
www.manaraa.com

Three pillars of sustainability in fisheries
Frank Aschea,b,c,1, Taryn M. Garlockb, James L. Andersonb,d, Simon R. Bushe, Martin D. Smithf,
Christopher M. Andersong, Jingjie Chuh, Karen A. Garrettb,i, Audun Lemj, Kai Lorenzena, Atle Oglendc,
Sigbjørn Tveterasc, and Stefania Vannuccinij

aFisheries and Aquatic Sciences, School of Forest Resources and Conservation, University of Florida, Gainesville, FL 32611; bInstitute for Sustainable Food
Systems, University of Florida, Gainesville, FL 32611; cDepartment of Industrial Economics, University of Stavanger, 4036 Stavanger, Norway; dFood and
Resource Economics Department, University of Florida, Gainesville, FL 32611; eEnvironmental Policy Group, Wageningen University and Research, 6708 PB,
Wageningen, The Netherlands; fNicholas School of the Environment, Duke University, Durham, NC 27701; gSchool of Aquatic and Fishery Sciences,
University of Washington, Seattle, WA 98195; hEnvironment and Natural Resources Global Practice II, World Bank, Washington, DC 20433; iPlant Pathology
Department, University of Florida, Gainesville, FL 32611; and jFisheries and Aquaculture Department, United Nations Food and Agricultural Organization
(FAO), 00153 Rome, Italy

Edited by Bonnie J. McCay, Stockton, NJ, and approved August 27, 2018 (received for review May 3, 2018)

Sustainability of global fisheries is a growing concern. The United
Nations has identified three pillars of sustainability: economic
development, social development, and environmental protection.
The fisheries literature suggests that there are two key trade-offs
among these pillars of sustainability. First, poor ecological health
of a fishery reduces economic profits for fishers, and second,
economic profitability of individual fishers undermines the social
objectives of fishing communities. Although recent research has
shown that management can reconcile ecological and economic
objectives, there are lingering concerns about achieving positive
social outcomes. We examined trade-offs among the three pillars
of sustainability by analyzing the Fishery Performance Indicators, a
unique dataset that scores 121 distinct fishery systems worldwide
on 68 metrics categorized by social, economic, or ecological
outcomes. For each of the 121 fishery systems, we averaged the
outcome measures to create overall scores for economic, ecolog-
ical, and social performance. We analyzed the scores and found
that they were positively associated in the full sample. We divided
the data into subsamples that correspond to fisheries manage-
ment systems with three categories of access—open access, access
rights, and harvest rights—and performed a similar analysis. Our
results show that economic, social, and ecological objectives are at
worst independent and are mutually reinforcing in both types of
managed fisheries. The implication is that rights-based manage-
ment systems should not be rejected on the basis of potentially
negative social outcomes; instead, social considerations should be
addressed in the design of these systems.
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Fishing, as the world’s last major hunting and gathering in-
dustry, supports livelihoods, food security, and human health

(1–4). However, it is unclear whether, and if so, how fishing can
achieve the aspirations of the United Nations that specify three
pillars of sustainability: economic development, social develop-
ment, and environmental protection (5). Several scholars have
argued that the pursuit of economic objectives in fisheries, such
as profit and trade, can lead to ecological decline and undermine
social objectives, including employment, safe working conditions,
and gender equality (2–4, 6). Such arguments have entered the
policy dialog surrounding fishery management through two
broad narratives. First, economic benefits require high harvest
levels that undermine ecological sustainability. Second, only
policies that limit access to a subset of fishers can reduce the
effect of high harvest levels, but when implemented, they po-
tentially compromise the achievement of wider social objectives.
Numerous studies in the fisheries literature support the first

narrative by arguing that the pursuit of economic objectives is
instrumental in overfishing and declines in marine ecosystems
(7–13). There are three main lines of argument in support of this
narrative. First, due to the commons problem, in which access is
poorly (or not at all) regulated, individual fishers make privately

beneficial decisions that lead to overexploitation of fish stocks
that eventually reduce profit (7, 8). Sole ownership of the fishery
resource, thought to be a solution to the commons problem (7,
14), does not necessarily prevent overfishing, and under some
conditions, a sole owner would find it profitable to drive a fish
stock to extinction (9). The implication is that fisheries require
some form of management to set, implement, and enforce
binding biological targets (15). Second, short-run profit motives
in managed fisheries can create one-sided political pressure to
set unsustainable harvest levels (10). New accountability mea-
sures and strengthened authority of scientific and statistical
committees in the 2007 reauthorization of the US Magnuson
Stevens Fishery Conservation and Management Act is one ex-
ample of a response to this sort of pressure. Finally, especially in
developing countries, the commoditization of fish and pursuit of
economic development through industrialization and market
expansion are the drivers of overexploitation and may be more
important than the weak institutions associated with limited
regulation of the commons problem (12, 13). Empirically,
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indicators of profitability (i.e., high price and low cost to exploit)
are correlated with declines in fisheries (11). These findings
could be consistent with any of the stories of conflict between
profits and ecological outcomes in fisheries.
Maintaining or improving the biological health of fish stocks

necessarily requires restricting fishers’ behavior, which is expec-
ted to reduce profitability in the short run (15). The perceived
conflict between economic and ecological objectives is then
ambiguous; profits and fish stocks may be positively correlated in
the long run but negatively correlated in the short run. Fishers
may prioritize short-term economic gains over the long-term
health of the fish stock if they are unable to capture the gains
of responsible stewardship. When management allows fishers to
capture these long-run gains, the cycle is broken, and the trade-
off disappears. Indeed, there is increasing evidence that with
effective management, ecological and economic objectives are
not in conflict (16–18). Establishing harvest rights through catch
shares, cooperatives, or territorial use rights for fisheries
(TURFs) is one way to break the cycle (16, 18–22). A recent
global modeling study even suggests that such management re-
forms create the potential for large long-run increases in both
fish stocks and fishing profits (23).
The second narrative implies a conflict between economic and

social objectives, although there are certainly examples in which
this is not the case (2). Some argue that market integration,
globalization of seafood markets, and the pursuit of neoliberal
development objectives can threaten social and ecological out-
comes in fisheries (24, 25). Particular attention has been given
to the potential negative effects of limiting access to a small
number of fishers—especially when managing with harvest rights
designed to generate the maximum economic rent and reduce
overcapacity in the fishery (26)—on the coherence and solidarity
of fishing communities (27, 28). Indeed, much of the economics
literature on fisheries focuses on rent maximization and not on
distributional consequences, employment, or other social out-
comes (23, 29–33). Critics argue that the focus on rent (or profit)
maximization in developing countries could even have poten-
tially disastrous consequences by limiting access to a source of
livelihood during times of need (34), especially in very poor
countries, where it may undermine macroeconomic growth (35).
Specific concerns about restricting access include reduced

employment in the harvest sector, loss of identity, emigration
from coastal communities, and promotion of economic in-
equality (34, 36–39). Exporting fish may also undermine local
food security (3). Much of the literature echoes similar concerns
about industrialization and commodification that are viewed as
compromising the biological health of fisheries (12, 13). Despite
growing attention to social issues (2–4, 40, 41), no published
studies have systematically examined whether social objectives
are in conflict with economic and ecological fisheries objectives.
In the present study, we investigated these issues using a global
dataset covering 121 fisheries from all continents and repre-
senting a wide variety of fishing technologies and manage-
ment systems.

Results
Assessing the triple bottom line in fisheries systems at a global
scale is challenging, because data are not available to compare
these systems’ social, economic, and ecological outcomes. In
many parts of world, especially in developing countries, where
dependence on fishery resources is often high, there are limited
data on fish stocks and even greater limitations on economic and
social data (2, 42). The data framework that we used to assess the
triple bottom line, the set of Fishery Performance Indicators
(FPIs), was designed to overcome these challenges and provide
global coverage using a consistent set of metrics (Fig. 1 and SI
Appendix, Tables S1, S2, and S4) (40). The FPIs include 68
outcome metrics grouped into 14 dimensions that can further be
aggregated into the three indicators of environmental (Ecology),
financial (Economics), and social (Community) performance (SI
Appendix, Table S1). The FPIs also include 54 input metrics,
partitioned into 11 dimensions (SI Appendix, Table S2). Al-
though developed independently, the FPI Community outcome
metrics incorporate key elements of a recent framework for
social responsibility in the seafood sector (4) (SI Appendix,
Table S3).
The first step in our analysis was to investigate the correlations

among the three sustainability pillars using the entire dataset of
scored case studies of fisheries from around the world (n = 121).
All correlation coefficients were positive and statistically signif-
icant (Table 1), suggesting that the pillars of sustainability overall
are complementary and not in conflict. This finding suggests that
there are no trade-offs on average. As such, findings of trade-offs
in the case study literature are likely due to specific institutional
designs rather than to fundamental conflicts between economic
profits and stock health, or between rights-based fisheries man-
agement and social objectives. Moreover, positive associations
on average relationships suggest that the negative outcomes are
avoidable. We used several methods to test the sensitivity of the
results to influential data points and outliers, and found the re-
sults to be robust, as there were no differences in statistical in-
ference and our conclusions remained unchanged.
Because the type of management can influence the perfor-

mance of a fishery (16, 17, 20), and the type of management
system often is the most contentious element in the discussions
of economic and social impacts of a fishery (34, 36, 39), we
continued analyzing the data by management system. The data

Fig. 1. Case study fisheries assessed with the FPIs (n = 121).

Table 1. Correlation results for the bottom line indicators of
ecological, economic, and community performance by
management system

Coefficient (P value)

Management system Ecology Economic Community

All management systems
Ecology 1.0 0.52 (<0.001) 0.23 (0.012)
Economic — 1.0 0.50 (<0.001)
Community — — 1.0

Open access systems
Ecology 1.0 0.20 (0.346) 0.09 (0.670)
Economic — 1.0 0.23 (0.287)
Community — — 1.0

Access right systems
Ecology 1.0 0.55 (<0.001) 0.25 (0.013)
Economic — 1.0 0.53 (<0.001)
Community — — 1.0

Harvest right systems
Ecology 1.0 0.67 (<0.001) 0.23 (0.260)
Economic — 1.0 0.52 (0.007)
Community — — 1.0
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are divided into three categories of management systems: open
access (i.e., fisheries with no or very limited management, in
which access to the fishery is not regulated through a licensing or
permitting process or restricted through technical measures, such
as fishing days), regulated access rights (i.e., limited access to the
fishery), and harvest rights (i.e., catch shares or territorial use
rights). Ninety-seven of our 121 fishery cases (80%) have
some form of regulatory restrictions or access rights. Of these,
26 fisheries with access rights also operate under a harvest
rights system.
Ecological and economic outcomes are positively associated

overall (Fig. 2 and Tables 1 and 2). When observations are
grouped based on the strength of management, the associations
are stronger with harvest rights, and there is no statistically sig-
nificant relationship between ecological and economic indicators
for open access fisheries (Fig. 2 and Tables 1 and 2). This indi-
cates that economic and ecological objectives reinforce one an-
other, but only with management that limits entry. The lack of
association for open access fisheries is consistent with overfish-
ing, the race to fish, and the tragedy of the commons (16, 20). In
harvest rights-based fisheries, the tragedy of the commons is
mitigated, and the economic benefits of healthy fish stocks can,
at least to some extent, be reaped by the fishers. Underlying the
economic incentives in rights-based fisheries are mechanisms for
harvesters to capture the benefits of sustainability, with the as-
sumption that fishers are induced to fish more sustainably because
it is in their best economic interest, as well as in the community’s
best interest (43–45).
Ecological and community indicators are weakly positively

associated in fisheries with access rights, but not in fisheries
with open access or harvest rights (Fig. 2 and Tables 1 and 2).
These relatively weak effects are not surprising given the many
overfished stocks around the world spanning subsistence to
industrial fisheries, and community outcomes are more likely to be
dependent on national economic and social policies that extend
beyond fisheries (1, 46). Nonetheless, the lack of negative cor-
relation provides no significant evidence of a trade-off between
ecological and social objectives.
Economic and community objectives are also positively asso-

ciated, counter to the second policy narrative outlined above
(Fig. 2 and Tables 1 and 2). As with ecology and economics,
there are statistically significant positive relationships for fish-
eries with access rights and harvest rights, but not for open access
or unmanaged fisheries. These correlations are consistent with

specific findings showing that the introduction of harvest rights
can enhance safety at sea (41) and does not necessarily reduce
employment (47). While communities are able to extract greater
economic benefits from fisheries that are regulated, and the
benefits are greater when there are harvest rights, the benefits do
not on average undermine noneconomic community objectives.
Instead, profits can reinforce social objectives, including through
expenditures in other sectors of the local economy. This align-
ment may reflect inclusive decision making in the management
process that reinforces social goals and enhances local economic
development (2, 43, 48).
To shed some light on the weaker effects of management on

social sustainability, it is useful to look at the 14 output dimen-
sions that are used to construct the three sustainability indicators
by management system. These are shown in Fig. 3. The first
dimension that relates to the ecological status of the system is
very clear; stock health clearly improves with stronger rights. For
the six economic dimensions, the results are more varied. With
respect to harvest performance, harvest asset performance, and
product form, there are clear improvements with stronger rights.
For risk and trade access, there is little benefit of access rights,
but improvement is observed under harvest rights, while the
value of postharvest assets appears to be largely independent of
management system. For the social indicators, the results appear
to be even less dependent on the management system. The sole
social dimension that uniformly improves with the strength of

Fig. 2. Correlations of FPIs by management system: open access (n = 24) (green), access rights (n = 97, of which 71 are limited entry only) (blue), and harvest
rights (catch shares; n = 26) (red). For open access fisheries, all correlation coefficients are statistically insignificant. For fisheries regulated with access rights,
all correlation coefficients are statistically significant. For fisheries regulated with harvest rights, all correlation coefficients are statistically significant, with
the exception of the relationship between ecology and community (Tables 1 and 2).

Table 2. Regression results

Outcome
variable

Predictor
variable Coefficient SE t P R2

EconomicU EcologyU 0.121 0.125 0.963 0.346 0.040
EconomicA EcologyA 0.359 0.057 6.311 <0.001 0.295
EconomicH EcologyH 0.537 0.137 3.923 <0.001 0.381
CommunityU EcologyU 0.040 0.093 0.431 0.670 0.008
CommunityA EcologyA 0.134 0.053 2.548 0.012 0.064
CommunityH EcologyH 0.136 0.137 0.989 0.332 0.038
CommunityU EconomicU 0.166 0.152 1.091 0.287 0.051
CommunityA EconomicA 0.427 0.069 6.150 <0.001 0.285
CommunityH EconomicH 0.426 0.136 3.129 0.004 0.282

Subscript U represents fisheries with open access (n = 24), subscript A
represents fisheries with access rights (n = 97), and subscript H represents
fisheries with harvest rights (n = 26)
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rights is access to health and sanitation and community services,
albeit to a small degree. Labor returns appear to be largely in-
dependent of management system, while managerial returns
decline with stronger rights. Local ownership, use of local labor,
and local career opportunities are best under open access man-
agement. While the aggregated results show no trade-offs among
the three main sustainability dimensions, the disaggregated in-
dicators show more nuanced differences among management
systems, especially in those related to the social dynamics of
fisheries sustainability.

Discussion
There are two key lessons from our analysis. First, the data show
that advancing the triple bottom line in fisheries is possible, and
that the three dimensions of sustainability reinforce one another,
albeit to different degrees depending on the management sys-
tem. Thus, the relationships among economic, ecological, and
social sustainability should not necessarily be viewed as funda-
mental trade-offs, and policies based on an assumption that such
trade-offs exist will be harmful for at least one sustainability
pillar. Therefore, a well-designed management system that takes
into account all three sustainability pillars appears to be a key to
realizing the full benefits of a fishery. This result largely rein-
forces previously reported results (15, 16, 23).
Second, the data do not support opposition to rights-based

management on the grounds that it undermines social objectives
(34). Because there are no negative correlations among the pil-
lars of sustainability, the data refute the claim that there is
necessarily a trade-off between social and economic perfor-
mance. Any particular policy design could have unintended
consequences for a specific social objective, as case study-based
research has clearly demonstrated (e.g., refs. 49–52). Our results
do not suggest that there are no examples of negative conse-
quences of rights-based management in specific fisheries, but
show that on average, increased profitability associated with the
extension of harvest rights does not undermine community out-
comes. The identification of negative social outcomes as a result
of some rights-based management system is more usefully viewed
as a call to pay close attention to policy designs and not as re-
jection of this general approach to fisheries management.
The fact that management system has less influence on the

association between the economic and social indicators (Fig. 3)
reflects a greater role for contextual variation. A more detailed

analysis of the separate indicators is an important topic for fu-
ture research, which may provide more information about ele-
ments in the system design that improve not only environmental
sustainability, but also economic and social sustainability. This
may well reveal a more nuanced story when examining the more
detailed aspects of the various management systems, including
potential trade-offs at a finer scale than the three pillars of
sustainability.

Methods
The FPIs are designed to assess “fishery management systems.” A fisheries
management system governs a fleet of similar fishing operations (usually
vessels) harvesting a species or group of species under similar rules for access
and harvest and selling into similar markets; it includes the environmental
area under management, as well as the communities in which the core
fishery production and postharvest activities occur. The fisheries manage-
ment systems do not necessarily correspond to spatial limits of national
borders; they may be local, national, or multinational. They also may be
single or multispecies systems. The FPIs were developed through an iterative,
consultative process of extensive piloting and revision. The approach was
designed to be an independent, objective, comparable, and accurate rep-
resentation of any fisheries management system (40).

Outcomes of fishery systems are assessed through 68 specific measures
scored on a scale of 1–5, with bins defined to capture global variation. Rather
than measuring few indicators with high precision, multiple measures are
scored accurately but possibly imprecisely. There are 14 output dimensions,
with several indicators in the assessment of each dimension intended to
reduce the effect of potential mismeasurement and to triangulate more
accurate values. The 14 dimensions are further designed to be aggregated to
a framework that reliably captures key dimensions of ecological, economic,
and community performance. The framework is described in detail in ref. 40
and is summarized in SI Appendix, Table S1. Ecological performance is cap-
tured in a single dimension reflecting the health of the stock, the degree of
overfishing, and the general environmental status of the ecosystem. Eco-
nomic performance measures whether the fishery is effectively generating
market benefits and is determined by such factors as season length, ex-vessel
and wholesale prices, and international trade. Community performance re-
flects the extent to which the fishery contributes to livelihoods and other
benefits within the community.

In the design of the FPI approach, considerable attention was given to
equity and fairness in fishery systems. Equity and fairness are multidimen-
sional and generally cannot be measured directly except in highly data-
intensive approaches to specific notions of equity (e.g., Gini coefficients).
The FPI approach uses several measures as proxies to capture equity and
fairness aspects. Data are collected for captains/vessel owners, crew, pro-
cessing plant owners, and processing plant workers in each of the following
areas: social standing, wages compared with nonfishery wages, wages

Fig. 3. Mean scores in FPI dimensions by management system.
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compared with average regional earning, access to education, and access to
health care. Data are also collected indicating the source of financial capital
and borrowing rates, local participation in ownership and labor, and indi-
cators of gender participation and management influence.

An essential feature of the FPI approach is the simultaneous collection of
54 similarly structured input metrics that reflect enabling conditions, such as
macroeconomic conditions, property rights, spatial management, data
availability and analysis (e.g., stock assessment), and infrastructure and are
summarized in SI Appendix, Table S2. Input measures were designed with
the intent of testing their causal effects with regard to ecological, economic,
and community performance; it is not assumed that higher numbers nec-
essarily represent “better”. The measure of rights reflects the strength of
access rights—those that grant the holder the right to participate in the
fishery such as a permit—and harvest rights—those that give the holder the
right to a specific quantity of the harvest, such as community or individual-
based quotas or TURFs. The strength of the right is determined by the ex-
istence of the rights and the transferability, exclusivity, durability, security,
and flexibility of the arrangements.

FPI assessments have been conducted for both data-poor and data-rich
fisheries using consistent metrics and can describe artisanal and industrial
fisheries, as well as fisheries in developing and developed countries around
the world (40). Over the past 7 y, FPI assessments have been completed for
121 fisheries systems across the globe. Each assessment is led by a scorer, or
team of scorers, who identifies the best available source of information for

each metric, drawing on targeted data, proxy data, and local expert
knowledge where data are not available. To minimize interscorer variation,
there is an extensive FPI manual that clearly explains the justification of each
metric and includes detailed examples for scoring (53). Finally, before en-
tering an observation into the FPI database, all assessments are vetted by at
least one experienced FPI analyst independent of the scoring team to ensure
consistency.

While our nonrandom sample represents places where we have had the
opportunity to score fisheries, it is the only available dataset with global
coverage of the world’s fisheries that has consistent and comparable data for
the three dimensions of sustainability: social, economic, and ecological.
Forty-two percent of the sample is from developed countries and 58% is
from developing countries; Asia represents 31% of the sample; North
America, 26%; Africa, 19%; South America, 6%; Europe, 6%; and Oceana,
3%. Artisanal fisheries systems are 36% of the systems assessed; industrial,
64%; 47% are multispecies and 53% are single species; 62% are near shore,
31% are offshore, 7% are inland; and 68% are finfish, 21% are crustacean,
7% are bivalve, and 4% are other.

ACKNOWLEDGMENTS. This work received funding from the Florida Agricultural
Experiment Station. The views expressed are those of the authors, and not our
respective employers or funding agencies. The findings, interpretations, and
conclusions expressed in this work do not necessarily reflect the views of The
World Bank, the FAO, or the governments they represent.

1. Smith MD, et al. (2010) Economics: Sustainability and global seafood. Science 327:
784–786.

2. Béné C, et al. (2016) Contribution of fisheries and aquaculture to food security and
poverty reduction: Assessing the current evidence. World Dev 79:177–196.

3. Golden CD, et al. (2016) Nutrition: Fall in fish catch threatens human health. Nature
534:317–320.

4. Kittinger JN, et al. (2017) Committing to socially responsible seafood. Science 356:
912–913.

5. UN General Assembly (2015) Transforming our world: The 2030 agenda for sustain-
able development, A/RES/70/1. Available at www.un.org/ga/search/view_doc.asp?
symbol=A/RES/70/1&Lang=E. Accessed May 14, 2016.

6. Pauly D, Christensen V, Dalsgaard J, Froese R, Torres F, Jr (1998) Fishing down marine
food webs. Science 279:860–863.

7. Gordon HS (1954) The economic theory of a common-property resource: The fishery.
J Polit Econ 62:124–142.

8. Smith VL (1969) On models of commercial fishing. J Polit Econ 77:181–198.
9. Clark CW (1973) The economics of overexploitation. Science 181:630–634.
10. Botsford LW, Castilla JC, Peterson CH (1997) The management of fisheries and marine

ecosystems. Science 277:509–515.
11. Sethi SA, Branch TA, Watson R (2010) Global fishery development patterns are driven

by profit but not trophic level. Proc Natl Acad Sci USA 107:12163–12167.
12. Mansfield B (2011) “Modern” industrial fisheries and the crisis of overfishing. Global

Political Ecology, eds Peet R, Robbins P, Watts M (Routledge, London), pp 84–99.
13. Pitcher TJ, Lam ME (2015) Fish commoditization and the historical origins of catching

fish for profit. Marit Stud 14:1–19.
14. Scott A (1955) The fishery: The objectives of sole ownership. J Polit Econ 63:116–124.
15. Hilborn R (2007) Managing fisheries is managing people: What has been learned? Fish

Fish 8:285–296.
16. Costello C, Gaines SD, Lynham J (2008) Can catch shares prevent fisheries collapse?

Science 321:1678–1681.
17. Essington TE (2010) Ecological indicators display reduced variation in North American

catch share fisheries. Proc Natl Acad Sci USA 107:754–759.
18. Birkenbach AM, Kaczan DJ, Smith MD (2017) Catch shares slow the race to fish.

Nature 544:223–226.
19. Dietz T, Ostrom E, Stern PC (2003) The struggle to govern the commons. Science 302:

1907–1912.
20. Beddington JR, Agnew DJ, Clark CW (2007) Current problems in the management of

marine fisheries. Science 316:1713–1716.
21. Gutiérrez NL, Hilborn R, Defeo O (2011) Leadership, social capital and incentives

promote successful fisheries. Nature 470:386–389.
22. Ostrom E (1990) Governing the Commons (Cambridge Univ Press, Cambridge, UK).
23. Costello C, et al. (2016) Global fishery prospects under contrasting management re-

gimes. Proc Natl Acad Sci USA 113:5125–5129.
24. Ruddle K, Davis A (2013) Human rights and neo-liberalism in small-scale fisheries:

Conjoined priorities and processes. Mar Policy 39:87–93.
25. Crona BI, Van Holt T, Petersson M, Daw TM, Buchary E (2015) Using social–ecological

syndromes to understand impacts of international seafood trade on small-scale
fisheries. Glob Environ Change 35:162–175.

26. Arnason R (1990) Minimum information management in fisheries. Can J Econ 23:
630–653.

27. McCay BJ, Jentoft S (1998) Market or community failure? Critical perspectives on
common property research. Hum Organ 57:21–29.

28. Degnbol P, et al. (2006) Painting the floor with a hammer: Technical fixes in fisheries
management. Mar Policy 30:534–543.

29. Clark CW, Munro GR (1975) The economics of fishing and modern capital theory: A
simplified approach. J Environ Econ Manage 2:92–106.

30. Reed WJ (1979) Optimal escapement levels in stochastic and deterministic harvesting
models. J Environ Econ Manage 6:350–363.

31. Boyce JR (1992) Individual transferable quotas and production externalities in a
fishery. Nat Resour Model 6:385–408.

32. Sanchirico JN, Wilen JE (2005) Optimal spatial management of renewable resources:
Matching policy scope to ecosystem scale. J Environ Econ Manage 50:23–46.

33. Huang L, Smith MD (2014) The dynamic efficiency costs of common-pool resource
exploitation. Am Econ Rev 104:4071–4103.

34. Béné C, Hersoug B, Allison E (2010) Not by rent alone: Analysing the pro-poor func-
tions of small-scale fisheries in developing countries. Dev Policy Rev 28:325–358.

35. Wilson JR, Boncoeur J (2008) Microeconomic efficiencies and macroeconomic in-
efficiencies: On sustainable fisheries policies in very poor countries. Oxf Dev Stud 36:
439–460.

36. Olson J (2011) Understanding and contextualizing social impacts from the privatiza-
tion of fisheries: An overview. Ocean Coast Manage 54:353–363.

37. Bromley DW (2009) Abdicating responsibility: The deceits of fisheries policy. Fisheries
34:280–290.

38. Pinkerton E, Davis R (2015) Neoliberalism and the politics of enclosure in North
American small-scale fisheries. Mar Policy 61:303–312.

39. Sumaila UR (2010) A cautionary note on individual transferable quotas. Ecol Soc 15:
36.

40. Anderson JL, et al. (2015) The fishery performance indicators: A management tool for
triple bottom line outcomes. PLoS One 10:e0122809.

41. Pfeiffer L, Gratz T (2016) The effect of rights-based fisheries management on risk
taking and fishing safety. Proc Natl Acad Sci USA 113:2615–2620.

42. Kleisner K, Zeller D, Froese R, Pauly D (2013) Using global catch data for inferences on
the world’s marine fisheries. Fish Fish 14:293–311.

43. McCay BJ (2004) ITQs and community: An essay on environmental governance. Agric
Resour Econ Rev 33:162–170.

44. Hilborn R, Orensanz JM, Parma AM (2005) Institutions, incentives and the future of
fisheries. Philos Trans R Soc Lond B Biol Sci 360:47–57.

45. Crona B, Gelcich S, Bodin Ö (2017) The importance of interplay between leadership
and social capital in shaping outcomes of rights-based fisheries governance. World
Dev 91:70–83.

46. Allison EH, Ellis F (2001) The livelihoods approach and management of small-scale
fisheries. Mar Policy 25:377–388.

47. Abbott J, Garber-Yonts B, Wilen JE (2010) Employment and remuneration effects
of IFQs in the Bering Sea/Aleutian Islands crab fisheries. Mar Resour Econ 25:
333–354.

48. Foley P, Mather C (2016) Making space for community use rights: Insights from
“community economies” in Newfoundland and Labrador. Soc Nat Resour 29:965–980.

49. Daw T, Gray T (2005) Fisheries science and sustainability in international policy: A
study of failure in the European Union’s Common Fisheries Policy. Mar Policy 29:
189–197.

50. Yandle T (2007) Understanding the consequences of property rights mismatches: A
case study of New Zealand’s marine resources. Ecol Soc 12:27.

51. Mascia MB, Claus CA, Naidoo R (2010) Impacts of marine protected areas on fishing
communities. Conserv Biol 24:1424–1429.

52. Carothers C, Chambers C (2012) Fisheries privatization and the remaking of fishery
systems. Environ Soc 3:39–59.

53. Anderson JL, Anderson CM, Chu J, Meredith J (2014) The Fishery Performance Indicators
Manual, version 1.2. Available at https://journals.plos.org/plosone/article/file?id=10.1371/
journal.pone.0122809.s004&type=supplementary. Accessed September 18, 2017.

Asche et al. PNAS | October 30, 2018 | vol. 115 | no. 44 | 11225

SU
ST

A
IN
A
BI
LI
TY

SC
IE
N
CE

SE
E
CO

M
M
EN

TA
RY

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 J
an

ua
ry

 1
, 2

02
2 

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1807677115/-/DCSupplemental
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0122809.s004&type=supplementary
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0122809.s004&type=supplementary

