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Fisheries are critically important for nutrition, food security, livelihoods, and culture of hundreds of millions of people globally. As climate
impacts on ocean ecosystems increase, policy-makers are asking critical questions about how to implement reforms at local and national lev-
els to reach goals around improving performance of management systems, sustainability, equity, and resilience to climate change. These goals
can be achieved by enhancing the structure, function, and biodiversity of marine ecosystems as climate change proceeds, together with adap-
tive, sustainable management. However, resource, technical, and governance capacities vary widely across management systems. These capaci-
ties will determine, in part, the best policy approaches to build resilience and overcome systemic challenges to equity and sustainability to
stressors such as climate change. To illuminate how fisheries resilience can be improved within the constraints imposed by these capacity lim-
its, we present case studies from Myanmar, Belize, Peru, and Iceland, which offer a spectrum of capacity conditions to explore social–ecologi-
cal resilience challenges and solutions. Using a set of nine social–ecological resilience criteria, we examine each system’s attributes that may
confer or undermine resilience and explore interactions between them. We use this assessment to identify policy approaches that can help
build resilience in each particular context.
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Introduction
Climate change is affecting the distribution, abundance and pro-

ductivity of marine biota from primary producers to top preda-

tors, creating challenges for fishers and fishery managers that

require new solutions and ways of thinking (e.g. Poloczanska

et al., 2013; Free et al., 2019; Garcı́a Molinos, 2020). Free et al.

(2020) found that despite the forecasted declines in productivity

of global marine fisheries, implementing climate-adaptive fisher-

ies management reforms could help protect yields and profits,

and ameliorate many of the negative outcomes for livelihoods

and food provisioning from climate change. Researchers have

noted that there will be differences in the scale, scope, and sever-

ity of climate effects resulting in disproportionate impacts on dif-

ferent regions and groups of people (Cheung et al., 2010; Lotze

et al., 2019; Österblom et al., 2020), and that the inherent capacity

of different ecological and socio-economic components of each

system will affect the ability to deal with particular changes. These

differences mean that there will likely not be one silver bullet
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solution (Ojea et al., 2020), and how a particular fishery system

can implement reforms will be highly nuanced and context

dependent.

Against this backdrop, it is important to bring principles of

fairness and equity forward to guide policies that promote sus-

tainability and resilience in fisheries (Österblom et al., 2020).

Here, we are referring to sustainability as the ability to maintain

ecosystem benefits (Zanotti et al., 2020). Resilience is the ability

of a social–ecological system to continue to deliver ecosystem

benefits across a range of perturbations. Resilient systems do this

in three main ways: (i) by resisting the perturbation and retaining

their structure and function; (ii) by recovering their basic struc-

ture and function after a perturbation changes them; or (iii) by

transforming into another system state or type of system such

that ecosystem benefits continue to be delivered but by a funda-

mentally altered system (Ojea et al., 2017; Zanotti et al., 2020).

Fairness and equity considerations are fundamental for stake-

holder buy-in and cooperation among groups, and thus critical

to attaining desired outcomes from management design and deci-

sion-making processes (Campbell and Hanich, 2015; Klinsky

et al., 2017; Cisneros-Montemayor et al., 2019; Österblom et al.,

2020). Lack of fairness and equity with regard to procedural jus-

tice and/or outcomes may also create conflict, lack of compliance,

and low social capital, thereby reducing the capacity of the system

to deliver benefits across a range of perturbations (i.e., reducing

its sustainability and resilience). Desired outcomes may include

more common, resource-based values such as yields, profits, live-

lihoods, and food security. However, they also extend to a range

of socio-cultural domains including the realization of values be-

yond yield and profits (Thornton and Kitka, 2015), varying from

recreational pursuits to the consideration of local knowledge, to

spiritual and cultural well-being (Donkersloot et al., 2020). The

need to prioritize equity and fairness in fisheries management is

brought into even sharper relief as climate change affects access

to marine resources and ecosystem services unevenly. This results

in adverse effects to the environment, livelihoods and financial

opportunities, food security and nutritional outcomes, and hu-

man health, producing greater impacts to vulnerable populations

(e.g. Golden et al., 2016; Thiault et al., 2019). Equity principles

must therefore help guide policy approaches for responding to

climate change in fisheries.

Fisheries are complex social–ecological systems (SES) that have

some common features, but are comprised of many different

actors and processes that vary dramatically among them

(Ostrom, 2009). Hence, fishery SES are appropriate foci for evalu-

ating resilience to climate change (e.g. Ojea et al., 2017; Free

et al., 2020) across a range of social and ecological contexts.

Dealing with various challenges, including climate change, will

depend largely on the system’s ability to adapt and respond—that

is, whether species, habitats, ecological processes, and human

interactions with ecosystems can adjust in a timely manner such

that desired outcomes are maintained. In practical terms, the sys-

tem’s inherent management and governance capacities, and the

willingness of stakeholders to alter practices and embrace adapta-

tions, will determine the ability to adapt. These capacities include

the ability to assess how the system is responding to stressors and

evaluate necessary strategies; financial resources and personnel to

effectively execute a positive adaptive response; the ability of the

governance system to adequately mobilize, coordinate, and man-

age the response needed; and the ability to engage in cooperation

and foster buy-in of new policies (Bennett et al., 2014; Pinsky and

Mantua, 2014; Ojea et al., 2020). A system with few economic

resources and limited governance, scientific, technical and/or so-

cial capacity should have a more limited range of responses avail-

able relative to a system with more of these capacities.

Furthermore, even in systems with relatively high capacities,

responses may be limited by the need to allocate resources to

other priorities, and be constrained by investment in a sophisti-

cated (but perhaps less adaptive) infrastructure and management

system, as well as by the need to ensure fairness and equity in the

allocation of, and access to, resources (Österblom et al., 2020).

Understanding these limitations, and also where the most impact-

ful leverage and intervention points are in a given system, will be

critical for identifying the changes needed and the optimal

approaches for achieving them.

Developing a framework for adaptive policy approaches
Researchers and practitioners have identified some basic ele-

ments of fisheries management that can help to make fisheries

systems more sustainable and resilient that may be broadly ap-

plicable, but that need to be tailored to specific contexts in prac-

tice. For example, there are nine working principles for fisheries

management presented in the Food and Agriculture

Organization’s Fishery Managers’ Guidebook (Cochrane and

Garcia, 2009). We can broadly summarize these principles into

three main approaches:

A. Develop inclusive, participatory management systems in

which power is shared and responsibilities are devolved appro-

priately. This can take the form of co-management at the local,

regional, or national scales (Gutierrez et al., 2011; Wilson

et al., 2018) and includes procedurally just decision-making

processes at larger scales (e.g., for highly migratory species;

Pentz et al., 2018),

B. Employ effective data collection and monitoring systems

(Barange et al., 2018; Bradley et al., 2019), which become in-

creasingly important as climate change affects the distribution

and productivity of stocks, and

C. Adopt adaptive, science-based management approaches

designed to deliver benefits sustainably by managing human

impacts based on objective observations of stock and fishery

status. These approaches become even more critical in the face

of climate change as conditions are altered (Pinsky and

Mantua, 2014).

More recently, studies of climate change impacts and adapta-

tion (e.g. Pinsky et al., 2018; Holsman et al., 2019; Free et al.,

2020; Holsman et al., 2020) have noted several related approaches

for achieving climate-resilient fisheries, including:

D. Use forward-looking science to inform management, which

is focused on managing towards future conditions (e.g. cli-

mate adaptive approaches) rather than for past conditions

that will not exist in a climate-altered future,

E. Improve cooperation and coordination through the effective

use of subnational and international transboundary agree-

ments and collaborations across borders as stock distributions

and productivities change, and

F. Consider the interplay of wider socio-economic and ecosys-

tem components to help to build whole-system resilience.

This should include attempts to mitigate the effects of
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systemic inequities that can be exacerbated by climate change,

make societies inherently vulnerable to such change, and limit

the benefits and resilience of a system overall.

Together, these six approaches for achieving equitable, sustain-

able, resilient fisheries can be considered as examples of adapta-

tion policy approaches. These approaches are not independent,

or mutually exclusive, in that they do not represent six distinct or

unique routes for a fishery. Instead, depending on the situation in

a given fishery system, combinations of the six approaches may

be needed. Furthermore, as these approaches have been identified

through an examination of the literature, they necessarily repre-

sent only those interventions which have been previously tried or

suggested. As fisheries work to build socio-ecological system resil-

ience in their own contexts, and to adapt to the specific impacts

that manifest in their systems, it is possible that novel and inno-

vative policy approaches may be identified in the field, which are

not yet represented here.

In general terms, fisheries managers might begin by focusing

on approaches A–C that help bolster sustainable fisheries man-

agement, which may then lay a foundation for engaging in

approaches D–F that help build social-ecological resilience to a

range of ecosystem impacts, including climate change (Cochrane

et al., 2011; Gaines et al., 2018). For example, an adaptive man-

agement system (C) may first be needed to initiate approach D

to effectively adjust planning that incorporates new scientific

forecasts (Free et al., 2020). However, these approaches do not

need to be pursued in a strict stepwise manner. In particular,

building awareness around the inequitable impacts that climate

change will have on fisheries and vulnerable societies (F), both

due to the disparate impacts of climate change and the magnifi-

cation of existing inequalities, is something that would be worth-

while to engage on as early as possible. Building societal equity

can be helpful in improving the economic growth and potential

of developing countries and can help to build system resilience

(Hewawasam and Matsui, 2020; Klassen and Murphy, 2020).

Successfully implementing any of the approaches could serve as

an entry point depending on the particular resource, technical,

and governance capacity limitations in a system, and cumula-

tively, their implementation can enhance overall system sustain-

ability, equity and resilience. As more of the approaches are

implemented successfully, the system’s ability to adapt should

improve, potentially allowing for the continued production of

desirable levels of ecosystem services, and for more equitable dis-

tributions of risks and benefits, even as climate change and other

stressors interact unpredictably over time.

In order to respond to climate change and other stressors effec-

tively at the local and regional scales, managers could focus on the

specific policy approaches that are most needed in their context,

and that are most feasible given their current levels of capacity.

Using this framework as a guide, we explore whether managers

could focus capacity-building efforts on enabling pursuit of the

remaining approaches, as appropriate and necessary. Given that

fisheries are SES (e.g. Ostrom, 2009; Basurto et al., 2013; Palomo

and Hernández-Flores, 2019), assessments of resilience to stressors

should be integrated across ecological and social domains and

scales. Not addressing resilience in such a multifaceted manner

precludes an understanding of the tradeoffs and synergies between

these dimensions, compromising the identification of the appro-

priate policy approaches.

In this article, we describe a way to diagnose the status of so-

cial-ecological resilience criteria in specific case studies of fisheries

in Myanmar, Belize, Peru, and Iceland that vary in their inherent

resource, technical and governance capacities. We use these diag-

noses to recommend context-specific policy approaches for build-

ing sustainable, equitable, resilient systems. The case studies

examined here exemplify highly disparate fishery systems in terms

of system properties and characteristics (e.g. capacities, manage-

ment goals, ecosystem properties like biodiversity and foodweb

intricacy, climate impacts etc.), whose resilience can be qualita-

tively evaluated with nine social-ecological criteria defined by

Ojea et al. (2017) for fisheries (definitions provided in Table S1).

In addition to different levels of capacity in each of these systems,

we consider, to the extent possible, the conditions promoting or

hindering equity and fairness (e.g. whether or not these consider-

ations are incorporated into management goals), as well as antici-

pated climate related impacts. We also examine how particular

social–ecological resilience criteria may exhibit tradeoffs or en-

hance other criteria, which we view as a necessary step in evaluat-

ing which of the policy approaches might minimize these

tradeoffs, and be a logical entry point to improving the sustain-

ability, equity, and resilience of each system.

Methods
Our framework for analysis (Figure 1) is designed to help close

the gap between general recommendations about the required

responses to climate change in fisheries and the specific policy

approaches that can be implemented at the local and national lev-

els. We combined information on capacity shortfalls and socio-

ecological resilience in several case studies, and we used resilience

criteria from Ojea et al. (2017) to characterize the fisheries sys-

tems in Belize, Iceland, Myanmar, and Peru. We then used these

characterizations to identify gaps in capacity and resilience com-

ponents that allow us to discuss the best resilience policy

approaches to better address the challenges of future climate

change. To the extent possible, we considered the expected future

conditions in the system under climate change or other stressors,

and the extent to which fairness and equity are considered in

management goals and may affect system resilience.

Understanding the system context is key to determining what

policy approaches are most needed and most feasible.

Fisheries social-ecological resilience
Ojea et al. (2017) defined three ecological resilience criteria and

six social resilience criteria for assessing fisheries resilience.

Supplementary Table S1 provides definitions and information on

each criterion’s ability to promote resilience, sustainability, and

equity. We present these nine SES resilience criteria with an ex-

planation of which climate adaptation policy approaches (A–F)

they most closely link to in order to help us identify potential

strategies to address specific resilience gaps (Table 1). For exam-

ple, when a fishery system has a low qualitative score in one of

the resilience criteria, this table helps us identify which policy

approaches may result in increased resilience. This allows us to

operationalize the resilience criteria and use them as a diagnostic

instrument for the case studies.

Ojea et al. (2017) acknowledged that these ecological or social

resilience criteria can interact. These interactions create a compli-

cated set of tradeoffs between criteria that necessitate a clear
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understanding of goals and objectives, and the likelihood for op-

timizing across goals in multiple dimensions (social, economic,

and ecological). In particular, Ojea et al. (2017) noted tradeoffs

occur when implementing management interventions to achieve

ecological criteria, impacting social resilience. Those authors sug-

gest that ecological criteria like ‘Supporting sustainable and age-

diverse populations’ and ‘Conserving biodiversity’ can have both

ecological and social benefits (e.g. increased income from sustain-

ably managed stocks), but there may be less optimal societal out-

comes as well (e.g. small vessel fishers with limited mobility and

high fishery dependence may be disproportionately impacted by

spatial restrictions and fishing mortality controls aimed at achiev-

ing these goals). We looked for evidence of tradeoffs and syner-

gies in the case studies, and also hypothesized how particular

criteria may interact in different ways.

Four case study systems
Using these nine social–ecological resilience criteria identified in

Ojea et al. (2017), we evaluated the resilience of fishery systems in

four countries that were selected because they represent a spec-

trum of governance and capacity settings (Figure 2). We explored

the resilience of each fishery system across the nine criteria using

a set of 21 open-ended questions (see Supplementary Materials)

that we used to solicit answers posed to eight external experts fa-

miliar with each system (Supplementary Table S2). The questions

were designed to capture information that could be used to assess

each of the resilience criteria. Questionnaires were administered

by telephone, video call, or email correspondence by the case

study leads (i.e. designated case study co-authors, see

Supplementary Table S2), who all have experience working in

each of the case study regions. They were undertaken voluntarily

by the external experts in English for Myanmar, Iceland, and

Belize, and in Spanish for Peru. The case study leads synthesized

answers from the participating external experts to obtain a nu-

anced picture of resilience along each of the criteria and produced

a case study narrative for each country. The level of detail pro-

vided by the external experts varied with their areas of expertise.

The case study leads used information obtained with the ques-

tionnaire to assess, to the degree possible, how resilience along

one criterion might support or detract from resilience along an-

other criterion, summarized in Table 2. These assessments were

reviewed by the rest of the co-authors and were also provided to

the external experts for their review and validation. In the case of

Myanmar, we were only able to obtain cross-validation reviews

from one of three external reviewers due to extenuating

Figure 1. Framework for identifying potential global social-ecological resilience policy approaches (a–f). First build an understanding of the
system context by considering the expected climate impacts and any inherent equity issues (dark blue boxes). In this study, we focus on the
elements in the light blue box: assessing the existing resilience to climate change across systems with different resource, technical, and
governance capacities (grey box) using social-ecological resilience criteria (green box), and using this information to determine appropriate
policy approaches to build equitable, sustainable system resilience (yellow box). *Note that we have broadened one of the original Ojea et al.
(2017) resilience criteria, “Community-based management” to “Participatory co-management structures” to be more inclusive of a wider
array of inclusive management systems.
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circumstances (COVID-19 pandemic and coup d’etat in January

2021). We then determined, based on consideration of

approaches for building sustainable and resilient fisheries (Figure

1), particular policy approaches that might be most critical for

each fishery system to focus on to build stronger and more cli-

mate resilient fisheries management. Finally, we used the qualita-

tive responses from each case study questionnaire to synthesize

examples of synergies and tradeoffs among the resilience criteria

and present this information in a synthesis table (Table 3), identi-

fying examples we noted in the case studies along with some ad-

ditional theoretical examples.

Results
Myanmar’s nearshore small-scale fisheries
Historical records from the late 1880s suggest that Myanmar’s

coastal waters once contained a great diversity of fish species

across large coral reef, estuarine, and mangrove habitats (Day,

1889). Until the 1960s, Myanmar’s marine fisheries were consid-

ered to be lightly exploited owing largely to a preference for fresh-

water fish among the domestic population and a lack of major

investments in seagoing vessels, ports, and other infrastructure

(Tezzo et al., 2018). However, over the past six decades, a variety

of factors have coalesced to increase pressure on the country’s

marine resources both for domestic consumption and export,

and they are now generally considered to be severely over-

exploited. The rise in fishing pressure in Myanmar traces back to

1962 when the People’s Pearl and Fisheries Board was established,

and domestic marine fishing activity using motorized vessels de-

veloped (Tezzo et al., 2018). Over-use and poor management of

agricultural resources drove many former farmers into the fishing

industry. Then, in the 1970s, international agencies contributed

to fishing capacity enhancements by providing funds for fisheries

development. Beginning in 1989, foreign countries began to lease

fishing rights from the Myanmar government to fish in offshore

waters (Tezzo et al., 2018). This rapid influx of foreign vessels in-

creased fishing mortality and stock depletion substantially during

the 1990s.

Currently, the government divides management of marine

fisheries between inshore and offshore sectors, with inshore fish-

eries taking place within 10 nautical miles of shore and consisting

of relatively small vessels (9 m in length, engines limited to 25

horsepower). Offshore fisheries occur outside 10 nautical miles

and consist of larger vessels using more intensive gear types, as

well as foreign vessels that have leased fishing rights from the gov-

ernment (Pe, 2004). Today, inshore marine fisheries in Myanmar

are generally small-scale in terms of numbers of fishers employed

and domestic importance, and predominantly employ gillnet,

driftnet, and long line gears (Tezzo et al., 2018). Offshore fishers

predominately using trawls and, increasingly, light-boat purse

seines generate most of the fish that are exported by Myanmar.

Myanmar has seen considerable economic growth in recent

years, reporting an annual GDP growth rate of 6.4% compared to

an average for ASEAN countries of 5% (The World Bank, 2017a).

This has stemmed in part from fisheries, which are the second

most important sector in the country, following agriculture, for

its economic value and nutritional contribution. However,

Myanmar also has the highest share of its population living below

the poverty line of all ASEAN countries (Asian Development

Bank, 2019), and rural areas in Myanmar, which include most

coastal small-scale fishing communities, tend to be the most

impoverished in the country (The World Bank, 2017b). Fisheries

are a key source of nutrition and income for many coastal com-

munities in Myanmar (Tezzo et al., 2018). Predicted climate-

driven stock shifts are therefore likely to increase levels of poverty

as well as the risk of malnutrition for these already vulnerable

communities (Golden et al., 2016). Thus, improving the sustain-

ability of fisheries and the health and resilience of the ecosystems

Figure 2. Map of the case study systems with a qualitative (high ¼ green, medium ¼ yellow, and low ¼ red) assessment of each countries’
governance, resource, and technical capacities.
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they depend on will be critical to addressing existing and future

inequities in this country.

While recent efforts have been made to characterize small-scale

fishing communities in discrete locations in Myanmar (e.g.

MacKeracher et al., 2021; Mizrahi et al., 2020; Exeter et al., 2021),

the condition of marine resources in Myanmar remain poorly un-

derstood, and there is little peer-reviewed documentation of catch

or other data that can help assess the status and health of fisheries

in this region (Tezzo et al., 2018). Evidence from fishery-indepen-

dent research cruises, anecdotal records, historical natural history

observations, and local sources suggests that years of inadequate

management and heavy exploitation has led to the near-collapse

of many marine fish stocks, including the depletion of many

predatory species (e.g. Day, 1889; Strømme, 1981; Krakstad et al.,

2014; Akester, 2019). Indeed, survey data from a Norwegian/FAO

research vessel, the “Dr. Fridtjof Nansen,” suggest that a signifi-

cant prey release has occurred as a result of relatively unmanaged

fishing activity and the subsequent reduction of upper trophic

level predators (Krakstad et al., 2014). The relative lack of data

collection and capacity to assess the diversity of multi-species

stocks in this region has contributed to a significant decline in the

fisheries in this country, and the ability to maintain sustainable

and age-diverse populations (one of the nine social-ecological re-

silience criteria assessed; Table 2) has suffered. Recently, the

Department of Fisheries (DoF) outlined a vision and set of objec-

tives for managing fisheries to rebuild resources and improve the

lives of people dependent on them (although it is not known

whether these objectives will be prioritized by the government go-

ing forward in light of the recent coup d’état in January 2021 (The

results presented in the Myanmar case study pertain to the pre-

coup d’état period. We note this as a caveat as there may be effects

on fisheries management and social well-being that may affect the

interpretations made here.)). In addition to these spatial divi-

sions, Myanmar’s fishing regulations include licensing, seasonal

closures, species-specific protected areas, co-management areas,

gear limitations, and bans on blast fishing. Additionally, closed

areas have been established to protect juveniles and other wildlife.

However, Myanmar suffers from a lack of resources to adequately

monitor and enforce regulations, so illegal fishing and violations

are common (Tezzo et al., 2018; MacKeracher et al., 2019;

Mizrahi et al., 2019).

In addition, the ability to conserve biodiversity and habitats and

to manage external stressors has been hampered by weak manage-

ment and low governance capacity and a lack of monitoring and

enforcement in Myanmar (Table 2). The country’s marine ecosys-

tems have suffered damage due to direct impacts stemming from

coastal development, effects of population growth and increasing

demand for fish, and the impacts of climate change, including in-

creasing seawater temperatures and acidity, sea level rise, and in-

creased frequency and intensity of storms and coral bleaching

events (Vivekanandan et al., 2016). Climate-driven losses in fish-

ery productivity threaten to increase rates of malnutrition for the

most vulnerable and fisheries-dependent communities through-

out the equatorial tropics, and the coastal communities of

Myanmar are no exception (Golden et al., 2016). Furthermore,

the impacts of overfishing have been exacerbated in Myanmar by

upstream impacts, including increased runoff due to extensive

deforestation, altered water flow patterns due to damming and ir-

rigation, and pollution resulting from poor waste management,

infrastructure, and agriculture (Rao et al., 2013). The result of

these compounding stressors is that Myanmar’s marine

ecosystems are far less complex, diverse, and abundant now com-

pared to several decades ago, and are dominated by species at rel-

atively low trophic levels. Together, these changes have led to

drastically altered habitat structures and ecosystem mosaics

throughout the country’s coastal waters, which reduce system re-

silience, fishery productivity, and the ability for vulnerable coastal

communities to support themselves now and into the future.

The low level of governance capacity in Myanmar (especially

in light of the recent coup d’état) underscores the need for multi-

level governance (Table 2) as a means to fishery reforms in this

country. Polycentric or multi-level governance systems can par-

tially safeguard management decisions through periods of na-

tional-level governance transition and turmoil. Furthermore,

Myanmar’s highly centralized governance structure tends to re-

sult in management that does not fully account for the local con-

text, and therefore decisions are taken that do not have support

from all stakeholders (Tezzo et al., 2018). Most management reg-

ulations are created at the national level with minimal regional

variation, and are generally applicable to both offshore industrial

and nearshore small-scale fisheries. Furthermore, the very limited

financial resources and personnel capabilities of the central gov-

erning agency further limit the efficacy of fishery regulations

(Table 2). A multi-level governance structure would promote col-

laboration, connectivity, and learning across institutions and

scales, enabling faster responses to change and disturbance.

In addition to decentralization, Myanmar’s fisheries would

benefit greatly from the development of a participatory co-man-

agement structure to facilitate community-based management

(Table 2). Such a system could greatly increase the equitability of

the management process by ensuring all impacted stakeholders,

and especially groups who have historically been marginalized in

this sector and country, such as women, ethnic and religious mi-

norities, are represented in management decision-making.

However, the cultural complexity that exists in many coastal soci-

eties within Myanmar appears to be a limiting factor for the prog-

ress rate of community-based management, meaning that in

some places effective decentralization of fisheries management

may face stiff challenges (Crawford et al., 2006). Myanmar has re-

cently begun implementing secure fishing rights as part of the im-

plementation of locally managed marine areas (LMMAs), with

similar efforts taking place in the fishery co-management system

for the nearshore, small-scale fisheries. This can help to ensure

the benefit flows from fishery reforms are distributed equitably

(as the rights-holders will be the ones who gain from increased

productivity as overfishing is reduced and stocks recover). Co-

management systems have been implemented in some small-scale

fisheries along the coast of Myanmar, such as one for crab conser-

vation in 2017, a co-management area applied to multi-species

management in 2018, and the establishment of several LMMAs

that secure exclusive fishing rights for island communities in the

Myeik Archipelago. Additionally, the crab conservation area is

expanding to safeguard multiple species via more protections for

mangrove nursery areas and important fishing grounds for sev-

eral historic fishing communities in the area. Currently, the gov-

ernment of Myanmar is developing a set of Co-Management

Guidelines under the Department of Fisheries, and is in the pro-

cess of establishing a Marine Protected Area Policy, under which

the co-management areas would also fall. Recently, the govern-

ment was approving co-management plans that do not conflict

with national level regulations and that demonstrate sufficient ca-

pacity to manage a fishery. However, given that the Department
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of Fisheries will continue to be the party responsible for enforce-

ment actions and approval of co-management plans, it is unclear

how these roles and processes will continue moving forward. The

capacity for local community associations to develop manage-

ment plans and petition for a co-management area are limited;

however, several communities have expressed the goal of better

stewardship, and are working with NGOs for technical guidance.

Success of these co-management systems may provide incentives

for promoting long-term stewardship, which are currently lacking,

and allow for an increase in adaptive management if managers are

more directly involved with their fisheries and have the ability to

tailor regulations to the system. However, time will be needed to

assess these types of outcomes (Table 2).

Alternative income sources are scarce for Myanmar’s near-

shore, small-scale fishing communities (Mizrahi et al., 2020),

which makes these communities especially vulnerable to any

shocks to this industry. Often the only alternatives to fishing in

these areas, which are typically remote with variable accessibility

depending on the season, are seasonal agriculture or animal hus-

bandry. The women in these communities are active participants

in post-harvest activities and have even fewer income opportuni-

ties available to them. Women are thus one of the most vulnera-

ble groups within a vulnerable sector (small-scale fisheries), in a

highly vulnerable country (Weeratunge et al., 2010; Harper et al.,

2013). Other vulnerable groups include marginalized ethnic com-

munities, such as the Moken (https://www.frontiermyanmar.net/

en/moken-fear-a-sea-grab-in-the-myeik-archipelago/), whose

well-being is particularly vulnerable due to their cultural ties to

fishing and their history as an ocean-based nomadic society, and

Rohinga Muslims (Human Rights Watch, 2020). Myanmar’s

nearshore fishing communities would clearly benefit from diversi-

fied livelihoods (Table 2) to help increase socio-ecological system

resilience, particularly as members of some of these communities

report that illegal fishing during closed seasons is especially high

due to the lack of other sources of income (K. MacKay, pers.

comm.). Fisheries in Myanmar are highly multi-species, and

while nearshore fishers may seek to target certain high value spe-

cies on their trips, they catch and sell a wide variety of species

(Mizrahi et al., 2020; Exeter et al., 2021). This characteristic may

in fact confer some resilience, as fishers and buyers may be more

able to adapt to changing mixes of species that occur as suitable

oceanographic and habitat conditions for species are altered by

climate change. In this sense, there is a limited amount of fisher

mobility to allow catch of a variety of stocks, which may create en-

abling conditions for adaptive management (Table 2). However,

this mobility is limited by the high costs of switching gears, mean-

ing most fishers specialize on different functional groups of fish

(i.e. pelagic or demersal). In many areas, small-scale fishers are

also able to travel to a wide range of nearshore fishing grounds.

However, with the establishment of co-management areas, this

movement is likely to be limited, demonstrating a tradeoff be-

tween two of the socio-ecological resilience criteria.

In Myanmar, low resource, governance, and technical capacity

has severely limited the ability to institute effective and robust

fisheries management, which has reduced socio-ecological resil-

ience and reinforced systemic inequities, with disproportionate

poverty and vulnerability impacting rural small-scale fishing

communities, and especially women and other marginalized

groups. The barriers to effective management, and the ongoing

degradation of stocks has also curtailed a sense of long-term stew-

ardship, which has compounding effects for the ecological

resilience criteria. Community-based co-management is in the

early stages of development in Myanmar, and has the potential to

promote long-term stewardship, appropriate levels of decentrali-

zation of governance, and the use of adaptive management.

Future and ongoing co-management endeavours can help address

inequities by including marginalized ethnic groups and women in

the co-management development process. However, this transi-

tion is in jeopardy as the democratically elected government has

recently been overthrown in a coup. The lack of livelihood diver-

sification and low fisher mobility both act to concentrate ties to

the resource, which may place greater strain on the resource in a

given area, and it is important to note that assignment of rights

in particular areas may further impede fisher mobility. However,

with the right incentives in place, low levels of diversification out-

side of the fishery, and low mobility within the fishery, could ac-

tually work to improve stewardship and possibly community-

based management via the strengthening of ties to the resource

and community, and potentially reduce engagements in other ac-

tivities that are damaging to the ecosystem.

Belize’s reef-based fisheries
The waters of Belize contain a large section of the Western hemi-

sphere’s largest coral reef ecosystem, the Mesoamerican Reef

(MAR), which sustains high-revenue fisheries for spiny lobster

(Panulirus argus) and queen conch (Lobatus gigas), as well as fin-

fish resources that are critical for local sustenance, reef health,

and tourism, the nation’s greatest economic driver. The MAR

ecosystem is species-rich, with more than 500 species of finfish

and large numbers of invertebrate species. Nearly 3000 Belizeans

are engaged in fishing; most of them are small-scale operators,

and most work within a cooperative structure for marketing pur-

poses (Mayhew and Basurto, 2016; Fujita et al., 2019). Key reve-

nue fisheries have experienced significant increases in

exploitation through the 1990s, with a fairly stable, though fluctu-

ating, production level since about 2004 (Fujita et al., 2019).

Heavy exploitation has resulted in conch being depleted through-

out its range, and highly desirable species like Nassau grouper

(Epinephelus striatus) and goliath grouper (Epinephelus itajarra),

which aggregate to spawn, are regionally depleted and listed as

critically endangered on the IUCN Red List. As in Myanmar and

other places throughout the coral world, multi-species finfish

fisheries with high diversity and low levels of production for each

individual species make traditional species-by-species manage-

ment difficult, especially given the limited resources available for

management in the developing tropics. Maintaining sustainable

and age-diverse target populations is therefore challenging in this

context (Table 2). However, as discussed above, multi-species

fisheries may prove to be an enabling condition for adaptive man-

agement in some cases (Table 2). Belize has seen some success on

both fronts due to recent conservation and management

strategies.

Belize has been a leader in traditional marine conservation for

many years. The national government, private philanthropies,

non-governmental organizations, and others have made major

investments to establish a network of Marine Protected Areas

(MPAs) beginning in the late 1980s. General fisheries manage-

ment proceeded under an old law adopted in 1948, expanded in

1980, and revised in 2000 that focused on the basics of marine

fisheries management (licensing, compliance and enforcement,

etc.). However, significant conservation outcomes were achieved
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in 2009, when the take of algal grazers (e.g. parrotfishes) was pro-

hibited, and catch of depleted Nassau groupers was more strictly

managed through a combination of size limits and closures of

spawning sites (Usher, 2018). In 2020, the government unani-

mously passed a new Fishery Law, providing a legal framework to

increase national efforts on the sustainable use and management

of all fisheries resources. The new Fishery Law formalizes the

adoption of ecosystem-based management for the country of

Belize and institutes the development of a fisheries advisory coun-

cil to allow fishing communities to more actively participate in

decision-making. Thus, the law creates enabling conditions for

both conservation of biodiversity and habitats and for multi-level

governance (Table 2).

While Belize had done relatively well in terms of implementing

national efforts to conserve biodiversity and habitats up through

the mid-2000s, even large MPA systems by themselves are known

to be inadequate to achieve conservation of coral ecosystems at

scale (Cox et al., 2017). In general, with coral, mangrove, and sea-

grass habitats, there are many additional threats including coastal

development and pollution, which are exacerbated by climate

change, and cascading effects such as acidification, rapid sea level

rise, and storm intensification. At present, the health of the MAR

ecosystem remains in doubt, although the most recent MAR

“Report Card” noted an improvement from overall poor condi-

tion to fair (McField et al., 2020) indicating that there has been

some improvement in managing existing stressors (Table 2).

In 2008, local fishers began to work with local and interna-

tional non-governmental organizations (NGOs) to establish two

area-based management pilot sites in 2011, at Glover’s Reef and

Port Honduras Marine Reserve. The goal of these pilots was to

test the effectiveness of providing secure fishing rights within des-

ignated areas to eligible fishers who were already fishing in those

areas, with the aim of enhancing resource stewardship by reduc-

ing illegal fishing, improving catch reporting, and incentivizing

higher compliance with conservation regulations. These pilots

were seen by experts as highly successful (Fujita et al., 2019).

Fishers who historically depended on these areas for their liveli-

hoods were granted secure and exclusive rights to fish there, and

were expected to become actively engaged in management design

and integrated into co-management committees for each site. In

essence, these pilots promoted good long-term stewardship of these

areas because participants were able to reap the potential benefits

associated with adherence to regulations, including higher sus-

tainable catch rates (Table 2). Fishing permits were no longer is-

sued to ineligible out-of-area fishers, which reduced the total

number of fishers using these areas. Illegal fishing violations re-

portedly dropped by more than 60% in the pilot sites. Catch rates

appear to be increasing in Glovers Reef Managed Access Area

(MAA), and seagrass, mangrove, and coral cover appear to have

stabilized in both Managed Access pilot sites (Fujita et al., 2019),

countering the regional trend of decreasing coral cover (McField

et al., 2020). Importantly, fisher support is broad and deep; in

2015, the Belizean government implemented a strong participa-

tory community-based co-management program across the country

(Table 2). A participatory process engaged about 2000 of Belize’s

2700 fishers in the design of the national Managed Access system,

led by a team that included fishers, government officials, and

NGOs. Elected Managed Access committees for each of Belize’s

eight MAAs determine who is eligible for Managed Access. Based

on the success of the pilots and the participatory process, this ex-

panded the MAA program to all of the territorial waters of Belize

in 2016 (Fujita et al., 2017; Fujita et al., 2019; Government of

Belize, 2019; Wade et al., 2019), a highly inclusive and participa-

tory process that involved the majority of the country’s fishers

(Fujita et al., 2019).

Management of lobster and conch is proceeding under newly

developed adaptive management plans, both developed through

the Adaptive Management Framework of McDonald et al. (2017),

and NGOs are working with the fishery cooperatives on their im-

plementation. Conch had a hard quota for the first time in 2017–

2018, and the season closed when the quota filled. These examples

of effective adaptive management relied on data-limited stock as-

sessment and management protocols, which are far simpler to ap-

ply and require less data, time, and money than conventional

methods (Table 2). Available performance information suggests

that such tools, properly applied, can effectively prevent overfish-

ing and generate desirable levels of sustainable yield, when key

assumptions are met (Babcock and MacCall, 2011; Carruthers

et al., 2014; Fulton et al., 2016). A critical remaining step for sus-

tainable fisheries management in Belize will be to add effective

finfish management and standardized data collection to the MAA

program, enabling the implementation of the Adaptive

Management Framework, based on best-available data-limited

approaches. Belize’s existing co-management entities are adding

capacity to the government’s efforts to establish adaptive manage-

ment plans for finfish.

Additionally, the success of the MAA program helped stimu-

late a resurgence of interest in expanding the no-take components

of Belize’s MPA network. The government proceeded to work

with all stakeholders, including quasi-government and non-gov-

ernmental organizations and actors, through formal consultation,

which represented a relatively effective multi-level governance pro-

cess (Table 2). The result was the expansion, in 2019, of the no-

take components from 4% to 12% including key areas on Belize’s

border with Honduras and Guatemala that may help with con-

trolling existing stressors (Table 2), such as illegal fishing and na-

tional security (Government of Belize, 2019). This expansion

would not have been possible without the success of the MAA

program.

The MAA program was designed to empower traditional fish-

ers by ensuring greater participation in the decision-making pro-

cess. However, some components of the program have been

viewed neutrally or negatively by many fishers. This reaction may

stem in part from fishers feeling more locked into fishing by their

investments into the program, thereby diminishing their ability

to diversify livelihoods (Table 2). Restrictions that limit fishing to

particular areas, while beneficial for monitoring and enforcement

and reducing pressure on the resource, may also reduce fisher mo-

bility (Table 2). Additionally, the participatory and multi-stake-

holder driven process, while allowing for greater inclusion, has

raised questions about the feasibility and potential success of the

program without more funding and resources dedicated to facili-

tating collaboration. An important consideration in Belize is the

fact that the new and comprehensive laws just adopted have not

yet had time to be translated into detailed implementation pro-

grams, which is limited by resource scarcity. Global stressors like

the COVID-19 pandemic have exacerbated these effects with

huge reductions in incomes from tourism. These management

changes in Belize represent a great step forward but will require

time and resources to succeed in the future.

There are several resilience criteria in Belize that may be exhib-

iting tradeoffs with other criteria. In particular, the extensive
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MPA network, funded initiatives to reduce stressors, adaptive

management of high value stocks, and the community-based co-

management structure of the MAAs have reduced existing stres-

sors, improved conservation of marine biodiversity and habitats,

increased the scope for adaptive management, and generated

incentives for long-term stewardship. Equity in terms of secured

access to marine resources among individual fishers has long

been a contentious issue. The MAA program represents an im-

portant step forward in promoting equity and participation

among individuals. However, MAA conservation efforts may re-

duce fisher livelihood and increase dependence on fishing. Since

most fishing is by small vessels, fisher mobility is limited and

could be constrained by the MAA system, which, without robust

management, could place additional stress on resources in a par-

ticular area.

Peru’s artisanal giant squid fishery
The Humboldt Current region (Chile, Peru, and southern

Ecuador) produces more fish per unit area than anywhere else in

the world, more than 20% of global landings in some years

(Chavez et al., 2008; FAO, 2020). It is home to the biggest single-

species fishery in the world by volume, Peruvian anchoveta

(Engraulis ringens), which is caught mainly by industrial vessels

and used mostly for fishmeal and fish oil production (FAO,

2020). Peru’s fisheries are nourished in large part by the

Humboldt Current, which drives intense upwelling, supporting

high levels of primary productivity—the base of a rich food web

(see Gutiérrez et al., 2017 and references therein). Interannual

variability in basin-scale processes such as El Nino Southern

Oscillation modulates upwelling intensity in the region, causing

fluctuations in biomass and species composition. This variability,

compounded by climate change, has created challenges for Peru’s

fisheries managers that have pushed them to find adaptive, for-

ward-looking, science-based approaches to ensure sustainability

in the anchoveta fishery. However, these advances have not yet

translated to the management of other fisheries.

Peru defines several fisheries sectors: (i) the industrial sector

operates vessels over 32.6 m2 hold capacity, (ii) the artisanal sec-

tor operates vessels up to 32.6 m2 hold capacity and up to 15 m in

length, generally with manual fishing gear, and (iii) the small-

scale sector with vessels of up to 32.6 m2 of hold capacity that use

modern equipment and fishing systems. For most industrial fish-

eries, the Instituto del Mar de Peru (IMARPE) estimates biomass,

calculates total allowable catches (TACs), and makes technical

recommendations to the Ministry of Production (PRODUCE).

Two industrial fisheries are managed by individual fishing quotas:

Peruvian anchoveta and Peruvian hake (Merluccius gayi perua-

nus), and there are about a dozen other major fisheries, including

giant squid (Dosidiscus gigas) (which we focus on here) that are

managed with a fishery-wide TAC. Most minor commercial fish-

eries, especially the artisanal sector, do not yet have TACs. In

terms of climate-adaptive management, Peru’s industrial ancho-

veta fishery has long been hailed as exemplary in terms of capacity

to frequently monitor current and near-term future physical and

biological conditions on the water and quickly make necessary

changes (Gutiérrez et al., 2017). The robust science-to-manage-

ment process for this fishery has helped to ensure adherence to

quotas by the industry and allowed the government to streamline

the flow of revenue from licensing fees and other payments to

fund a portion of fisheries science and monitoring. Such effi-

ciency is necessary, but lacking, in most other fisheries in Peru.

The second most important species fished in Peru is giant

squid, which, as of 2011, is caught only by Peru’s artisanal fishing

fleet operating at least 4000 vessels, with annual landings of

around 500,000 tonnes (FAO, 2020). Since the early 2000s, the ar-

tisanal fleet has developed a large dependence on giant squid as

oceanographic regime shifts and overfishing reduced abundance

of other fisheries. Equity in terms of access to particular fisheries

in Peru between the industrial fleet and the artisanal fleet has

long been a contentious issue. In 2008, legislation was passed in

Peru that granted exclusive individual catch quotas per vessel to

the industrial vessel owners in the anchovy fishery. This decree

prompted the artisanal fleet, particularly in northern Peru, to

push for exclusive access to the giant squid fishery, which was

achieved in 2011 (Paredes and De la Puente, 2014). It is impor-

tant to note that there is no legal impediment to the development

of a Peruvian industrial squid fishery beyond 200 nautical miles.

Recently, giant squid has become an even more important fish-

ery due to increasing demand from Asian and European markets,

representing more than 845 million US$FOB in exports during

2019 according to PRODUCE. Because giant squid is caught

solely by Peru’s artisanal fleet, which remains largely unmanaged

and without secure fishing rights, this fishery is essentially open

access. While squid vessels are small (<15 m in length) with lim-

ited storage capacity and manual fishing gears, they are capable of

fishing far offshore and spending up to two weeks at sea when gi-

ant squid shifts offshore (Csirke et al., 2018). Most squid landings

are exported, but a smaller, still significant, proportion is sold for

direct human consumption in Peru, highlighting the importance

of this species for local livelihoods and food provisioning.

However, the importance of this species has not yet resulted in

robust assessment and management although a portion of the

fleet does use acoustic technology to estimate biomass. Direct

monitoring by observers is believed to be the better approach to

determine whether sustainable and age-diverse populations of gi-

ant squid are being maintained (Table 2). Prior to 2011, when the

industrial fleet (mainly comprised of distant water vessels from

Asia) was allowed to fish for squid, observers were onboard each

vessel. However, this measure has not been adopted for the arti-

sanal sector, which currently has very limited observer coverage

(Yamashiro et al., 2018).

Giant squid are a highly mobile, widespread stock, found in

pelagic and coastal waters of neighboring countries, and in the

High Seas. Fished with highly selective gear, impacts on oceanic

habitats are likely minimal. However, it is common practice to

gut giant squid at sea, generating large amounts of organic waste

that are thrown overboard as bait to attract more squid, but

which may exacerbate anoxic conditions in shallow areas with

high concentrations of fishing vessels (Rovegno, 2017). This spe-

cies has proved to be resilient to a changing climate as they are

voracious, omnivorous predators, and are habitat generalists, tol-

erating relatively low oxygen conditions (Trueblood and Seibel,

2013).

These characteristics have caused management challenges for

Peru and other nations that fish this species in terms of adaptive

management of this stock (Table 2). This is mainly due to difficul-

ties in measuring and monitoring changes in distribution and

productivity, and understanding effects of predation on other

species (Ibá~nez, 2013). In particular, current quotas for giant

squid are based on simple surplus production models, which
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account for environmental variability in a limited manner, but

only assess post-facto stock declines, thereby limiting nimble, and

forward-looking management responses. Additionally, monitor-

ing is a challenge because, although Peru’s research surveys collect

a variety of important physical oceanographic data critical for un-

derstanding changes in squid habitat, the surveys were originally

designed to assess pelagic finfish biomass and are not equipped to

capture the full picture of squid biomass and distribution.

However, since 2015, specific research surveys for giant squid

have begun (Csirke et al., 2018), which may help improve the ca-

pacity for adaptive management. In general, an expansion of

Peru’s research cruises to allow for more comprehensive multi-

species, ecosystem-based assessments would also help the country

realize goals for improving conservation of biodiversity and habi-

tats and managing existing stressors (Table 2). In 2017, in an at-

tempt to improve the management of giant squid and to better

account for wider ecosystem considerations and stressors, the

South Pacific Regional Fisheries Management Organization

(SPRFMO) took over the assessment and monitoring of giant

squid. Their goal is to achieve a more integrated stock assessment

by 2022 across multiple countries and determine appropriate

management measures by 2023.

A critical goal for the management system is to increase social

capital and organization of the fishery through formalization of

the artisanal sector in Peru. Secure fishing rights would help in-

centivize long-term stewardship, which is currently lacking (Table

2). In addition, the artisanal fishers that fish giant squid have very

little ability to influence management through participatory co-

management structures due to the low levels of social capital and

high fragmentation within the different fishing organizations.

Multi-level governance is lacking in Peru and management decrees

are issued through a top-down process, with only a small window

for public commentary on regulations before publication (Table

2). There is very little coordination between national and local

levels of government in Peru, despite coordination at the interna-

tional level with the SPRFMO. This centralization makes it chal-

lenging for the government to perceive needs at local scales,

resulting in informal and disorderly growth of the fleet (Rovegno,

2017).

Poor supply chain dynamics within the artisanal sector have

resulted in low ex-vessel prices and fisher dependency on

intermediaries for financing fishing activities. Fortunately, many

of the artisanal fishers are diversified within the fishing sector,

allowing them flexibility to fish other species to supplement their

income or in response to changes in squid abundance. Likewise, a

growing number of artisanal fishers are increasing participation

in other sectors of the value chain, illustrating an ability to diver-

sify livelihoods, which gives them additional income and helps to

diversify risk (Table 2). However, the relatively low level of eco-

nomic development in Peru may preclude some fishers from leav-

ing the fishing sector. This is especially worrisome, as it has been

estimated that giant squid fishers’ income has been oscillating

both above and below the minimum wage over the past few years

(De la Puente et al., 2020). The ability to target other species does

confer relatively high levels of fisher mobility; fishers move both

along Peru’s coast to fish, and also, to some extent, far offshore,

providing them ample opportunity to increase their catch, but of-

ten at the expense of their own safety (Table 2).

Overall, the key challenges for building resilience in Peru’s gi-

ant squid fishery are the highly centralized governance structure,

the exclusion of the artisanal fleet from this governance, and the

lack of recognition of community-based management by the cen-

tral government, factors which limit equity and participation, and

which are also likely negatively affecting ecological criteria. Some

potentially positive signs are the relatively recent management of

giant squid by the SPRFMO, which should help improve the sci-

ence and management for this stock resulting in positive effects

on the ecological resilience criteria. However, adaptive capacity in

the giant squid fishery is relatively low due to limited monitoring

and assessment capacity, which complicates the implementation

of timely management measures, and may negatively affect other

ecological resilience criteria, and long-term stewardship.

Although giant squid fishers are highly mobile, target other pe-

lagic species, and a growing number are expanding their partici-

pation in the value chain, there are very few other livelihoods

options outside of the fishing sector. Additionally, a considerable

number of giant squid fishers have very little influence and nego-

tiating power when selling their catch, as they work with

intermediaries that finance their fishing trips and set prices to

their convenience. This can encourage an increase in catches that

may lower prices, influencing stock abundance. Likewise, lack of

formal regulation over artisanal fisheries in Peru could negatively

affect the ecological resilience criteria if the engagement in other

livelihoods has negative impacts on the ecosystem or if there are

adverse effects on the resource over larger areas. Finally, conflicts

can arise when a community landing area becomes oversaturated

with landings from other communities, an issue that is likely to

be exacerbated by lack of community-based and adaptive

management.

Iceland’s demersal fisheries
Iceland is a global fishing powerhouse, ranking among the world’s

20 top producers in marine fisheries (FAO, 2020). Converging

warm Atlantic and cold Arctic currents interacting with subma-

rine ridges create highly productive waters around Iceland

(Astthorsson et al., 2007). These waters support abundant popu-

lations of demersal species such cod (Gadus morhua) and had-

dock (Melanogrammus aeglefinus), fished with bottom trawls, and

pelagic species such as capelin (Mallotus villosus) and Atlantic

mackerel (Scomber scombrus), fished with pelagic trawls and purse

seines (Knutsson et al., 2011). From 2010 to 2019, Iceland’s fish-

eries landed around 1.2 million tonnes annually, with fisheries

and fish processing directly contributing on average 7.8% of GDP

according to Statistics Iceland (https://www.statice.is/statistics/

economy/national-accounts/production-approach/, last accessed

17 September 2020).

Given the economic importance of fisheries and Iceland’s high

governance and technical capacity, fishery management is com-

prehensive, tightly monitored, and highly technical. As of 1990,

Iceland manages nearly all fishing activity (�98% of catch)

through a nation-wide multi-species individual transferable quota

(ITQ) system, which we focus on here. Key features of the ITQ

system include annual scientific surveys and stock assessments to

advise the TAC set each year, a ban on discards, real-time catch

data sharing, and the ability to convert quota among species to

account for fluctuations in catch (Knutsson et al., 2011; Knútsson

et al., 2016; Chambers and Carothers, 2017). Additionally, perma-

nent and temporary spatial closures protect spawning areas and

nursery grounds for particular species, and gear restrictions pre-

vent bycatch of small individuals (Knutsson et al., 2011).
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The ITQ system was developed out of concern over collapsing

stocks and has been credited with promoting sustainable and age-

diverse target populations (Table 2) and bringing overfishing un-

der control (Arnason, 2005; Kokorsch et al., 2015). Fisheries

management explicitly focuses on commercially exploitable

stocks rather than broader efforts toward conserving biodiversity

and habitats (Table 2), but Iceland is party to international biodi-

versity conventions and its 2000 Nature Conservation Act

includes provisions for protecting “sites of natural interest at

sea.” Iceland performs highly in environmental quality evalua-

tions (such as the Organization for Economic Cooperation and

Development’s Environmental Performance Review), but manag-

ing existing stressors in Iceland’s marine environment has not his-

torically been a policy focus (OECD, 2014). The impacts of

coastal development, expanding tourism, and heavy industry may

represent emerging concerns for Iceland’s marine ecosystems

(OECD, 2014).

Individual quota systems are thought to promote long-term

stewardship (Table 2) by eliminating the “race to fish” and foster-

ing self-interest in preserving stocks (Costello et al., 2008). While

Iceland’s ITQ system does appear to have prevented stock col-

lapse, it was primarily economic forces (consolidation and verti-

cal integration) that drove reductions in fishing effort and fleet

overcapacity (Arnason, 2005; Knutsson et al., 2011). Surveys of

fishers have revealed perceptions that the economic goals of the

ITQ system have overshadowed environmental goals, incentiviz-

ing environmentally damaging behavior if it maximizes value

within catch limits (Arnason, 2005; Chambers and Carothers,

2017). For example, fishers report continued “high-grading,” or

illegally dumping lower-value fish to maximize profits, enabled

by limited observation and enforcement mechanisms (Chambers

and Carothers, 2017; Gisladottir et al., 2020). A common critique

of the ITQ system is that there are no formalized participatory

management structures (Table 2) and social equity has been de-

prioritized in relation to economic goals (Benediktsson and

Karlsdóttir, 2011; Kokorsch et al., 2015; Chambers and Carothers,

2017). Small-scale fishers, particularly those in rural communities

and/or who do not possess quota, have felt especially disenfran-

chised in part due to a lack of community-based management

(Chambers and Carothers, 2017).

Iceland developed its ITQ system through an adaptive manage-

ment process (Table 2), experimenting with various quota and ef-

fort restriction arrangements before expanding the ITQ

(Kokorsch et al., 2015). The resulting management system

includes sophisticated mechanisms for continued adaptive re-

sponse to change, including through the annual TAC and quota-

setting process and provisions for incorporating new species into

the quota system. Additionally, the flexible quota transfer system

and data accessibility allows fishers to make finely honed deci-

sions about what and when to fish, for example, maximizing their

catch value by metering their quota for holiday demand, or

avoiding competition by specializing in underutilized species

(Knútsson et al., 2016).

As a highly centralized system, Iceland’s fisheries management

does not exhibit multi-level governance at the sub-national level

(Table 2). Apart from fishing organizations’ efforts to lobby the

Fisheries Minister, who ultimately sets TAC levels, there is little

opportunity for fishers to participate in decision-making

(Kokorsch et al., 2015; Chambers and Carothers, 2017). A com-

munity quota system implemented in 2003 provides municipali-

ties some flexibility in allocation, but stakeholders report that the

amount (�5% of TAC) is insufficient to empower communities

or reverse inequalities (Chambers and Carothers, 2017; Kokorsch,

2018; Kokorsch and Benediktsson, 2018). At the international

level, Iceland engages in bilateral agreements with neighboring

fishing countries over trans-boundary stocks (Knutsson et al.,

2011). However, the 2007 “mackerel war,” in which the move-

ment of Atlantic mackerel into Iceland’s waters led to a break-

down of negotiations with the EU and overexploitation of the

stock, points to a need for more effective international gover-

nance for climate-driven species shifts (Pinsky et al., 2018).

The ITQ system does not limit spatial effort, so fisher mobility

is quite high (Table 2); indeed, larger trawlers with at-sea freezing

capacity can operate in deep and distant waters (Knutsson et al.,

2011). However, consolidation of processing facilities around

Reykjavik and other regional hubs following the implementation

of the ITQ system may limit options for landing sites (Kokorsch

and Benediktsson, 2018). In terms of ability to switch to other

fisheries such as non-ITQ options, individuals who possess quota

tend to be the most flexible, whereas the cost of quota can be pro-

hibitive for non-ITQ fishers or newcomers (Chambers and

Carothers, 2017), another indication of inequities in this system.

Many rural coastal communities in Iceland were built around

fishing and/or a single processing facility, and the high value of

quota following ITQ implementation created a form of gilded

trap (Steneck et al., 2011), where towns committed to retaining

quota became deeply indebted and unable to invest in new indus-

tries (Kokorsch and Benediktsson, 2018). Thus, options for liveli-

hood diversity have become concentrated along with processing

facilities (Table 2), while more remote towns have experienced

unemployment and depopulation due to fishery consolidation

(Kokorsch and Benediktsson, 2018). Those towns that relin-

quished quota and diversified into tourism, marine research, and

development, the arts, and aluminium smelting have maintained

more stable populations (Kokorsch, 2018).

In summary, Iceland’s highly centralized and adaptive gover-

nance system has created positive synergies with ecological crite-

ria and fisher mobility, but incurred trade-offs with those social

resilience criteria that promote equity and participation. Rich

natural resources and effective governance have allowed managers

to focus on efficiently maintaining sustainable stocks without

needing to divert resources toward conserving biodiversity or

addressing other stressors, but this focus limits integration with

other sectors and other governance levels. Efforts to address social

equity and international cooperation may reduce this adaptive-

ness and efficiency if groups have different or competing objec-

tives and timelines. Finally, future trade-offs and/or negative

synergies between ecological and social criteria could arise

depending on how communities develop and diversify liveli-

hoods, and whether lack of community ownership and participa-

tion erodes long-term stewardship.

Synergies and tradeoffs between resilience criteria
As noted in each of the case studies, it was possible to observe

some indications of synergies and tradeoffs between individual

social-ecological resilience criteria. This was particularly the case

when a fishery scored medium-high or high on a particular resil-

ience criterion (Table 2) as was observed in the case studies for

Belize, Peru, and Iceland. These interactions are noted for the

particular case study where they were observed (Table 3). In

Myanmar, the low or medium-low assessments of each of the
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resilience criteria resulted in compounding negative feedbacks.

For example, low levels of community-based management is

likely curtailing long-term stewardship, which in turn may nega-

tively affect the ecological resilience criteria. Similarly, in

Myanmar there is a tradeoff between the need for secure tenure

and increased flexibility for fishers. In addition, we hypothesize

general ways in which a particular resilience criterion may serve

to promote another criterion in both negative and positive ways.

Some of these theoretical interactions are presented in Table 3 to

encourage critical thinking about system changes as a fishery

works to improve particular aspects of resilience. It is important

to note, however, that these social–ecological criteria could inter-

act in many nuanced ways and that there may also be a temporal

component to interactions that should be considered. One exam-

ple is that conserving biodiversity may reduce access to a particu-

lar resource in the near-term but may provide more harvesting

opportunities in the longer-term that allow for greater mobility

and livelihoods options.

Identification of adaptive policy approaches
Each of the case study systems examined represents different ca-

pacities and contexts that must be accounted for when determin-

ing best approaches for improving the sustainability and

resilience of the fishery system. There may be multiple approaches

that should be taken, and some approaches may be able to be

implemented sooner than others depending upon particular ca-

pacities and contexts (Table 4). We present the rationale for pri-

oritizing particular approaches for implementation in the near-

and longer-terms in each case study system below.

Myanmar is a tropical, multi-species fishery that is expected to

experience disproportionate negative effects (relative to countries

in higher latitudes) from climate change due to impacts such as

species distribution and productivity shifts away from warming

waters, loss of biodiversity, sea level rise, and ocean acidification.

Small-scale fishing communities, and particularly the women and

other marginalized groups in these communities, face significant

risks of loss of livelihoods and increased malnutrition due to

these impacts (Harper et al., 2013; Lau et al., 2021). Low levels of

the resilience criteria across the board are accentuating the chal-

lenges for building social–ecological resilience in Myanmar’s

nearshore, small-scale fisheries. Highly centralized governance

with few financial and personnel resources is a key issue. Given

the success of early co-management projects and low scientific ca-

pacity, approaches A and B could be logical entry points to im-

proving overall fisheries management and general resilience in

this fishery system. In particular, approach A, developing inclu-

sive, participatory co-management systems, would help to engen-

der a sense of ownership, stewardship, attention to issues of

fairness and equity, and trust in local stakeholders, who are more

in tune with local needs and goals (e.g. food provisioning, access

to resources, livelihoods needs). Additionally, approach B, build-

ing a better system to monitor, assess, and manage these fisheries,

will be critical to help improve overall outcomes for the nearshore

fisheries in Myanmar, helping to provide the information needed

to assess changes in resource levels and health. If these monitor-

ing systems were built to inform local managers (following imple-

mentation of approach A), then this could help to build a sense

of long-term stewardship. The other approaches (C–F) would be

unlikely to realize successful implementation in the current con-

text, given the low levels of capacity and resilience, but might

eventually be achieved if approaches A and B are successful.

Approaches that are currently being implemented versus those

that could reflect nearer-term and longer term options, as well as

approaches that would require additional building for robust en-

gagement for each case study system are identified in Table 4. Of

course, the success of these recommended approaches are uncer-

tain now with the current government upheaval.

In Belize, higher governance capacity has led to recent

improvements in conservation and management strategies. In

particular, more inclusive and participatory co-management

structures (approach A) and more effective adaptive management

strategies (approach C) that rely on data-limited stock assessment

and management protocols have helped to reduce the propensity

for overfishing on key resources like lobster and conch. Going

forward, the goal is to expand the Managed Access Area (MAA)

program to all finfish, based on best-available data-limited

approaches. Doing so will necessitate engaging approach B,

employing effective data collection and monitoring systems, so

that data are available for assessment. The recent adoption of eco-

system-based management in Belize should help to lay the foun-

dation for approach F, consideration of the wider socio-

economic and ecosystem context. The capacity for co-manage-

ment and multi-level governance should help foster the need for

and use of this type of information in goal setting and planning

Table 4. Summary of recommendations for prioritization of adaptive policy approaches based on context and capacity in the four case
studies.

Adaptive Policy
Approach:

A: Develop
inclusive,

participatory
management

systems

B: Employ
effective data
collection and

monitoring
systems

C: Adopt
adaptive, science-

based
management
approaches

D: Use forward-
looking science to

inform
management

E: Improve
collaboration and

cooperation

F: Consider the
interplay of wider

socio-economic
and ecosystem

components

Myanmar Near-term priority
approach

Near-term priority
approach

Requires increased
capacity

Requires increased
capacity

Requires increased
capacity

Requires increased
capacity

Belize Progress underway
or goal attained

Near-term priority
approach

Progress underway
or goal attained

Requires increased
capacity

Requires increased
capacity

Longer-term
priority
approach

Peru Near-term priority
approach

Near-term priority
approach

Longer-term
priority
approach

Requires increased
capacity

Progress underway
or goal attained

Requires increased
capacity

Iceland Longer-term
priority
approach

Progress underway
or goal attained

Progress underway
or goal attained

Near-term priority
approach

Longer-term
priority
approach

Longer-term
priority
approach
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processes. Continuing to build adaptive management capacity in

Belize (approach C), may also pave the way toward more for-

ward-looking science (approach D) so that the effects of climate

change can be built into planning efforts. Although Belize is still

relying on data-limited approaches within its adaptive manage-

ment strategies, there are examples of how to account for climate

impacts in fisheries policy decisions in other data limited contexts

(e.g. Cisneros-Mata et al., 2019).

Peru’s management of giant squid could be improved through

approach A, the development of inclusive, participatory co-man-

agement systems, specifically through efforts to ensure inclusion

of the artisanal sector into management at local, national, and in-

ternational levels. Successful implementation of approach A via

the establishment of secure fishing rights would help to ensure

that managers consider issues of fairness and equity, especially

with respect to markets and supply chain dynamics, to find

means for addressing inequities, which help to ensure long-term

stewardship. Both the inclusion of the stock into the SPRFMO

and collaborative fisheries approaches, which engage fishers and

researchers, may improve outcomes for monitoring and data col-

lection (approach B) and adaptive management (approach C),

both of which should continue to be priorities for improving

management of this important resource. Additionally, given the

widespread distribution of giant squid and its propensity for ex-

pansion with changing climatic conditions, the engagement with

the SPRFMO is a positive sign of fostering international coopera-

tion (approach E), but more must be done to ensure that interests

of the artisanal sector are represented within this international

management forum. Peru’s government science agency, IMARPE,

has high technical capacity as witnessed by the exemplary adap-

tive management in place for Peruvian anchoveta. Currently,

given the commercial importance of anchoveta to the country,

the bulk of financial and human resources are devoted to improv-

ing the management of this species. Allocation of more funds, in-

cluding from the establishment of fishing rights in the giant squid

fishery, to allow for a holistic multi-species, ecosystem-based fish-

eries science approach would help to promote forward-looking

science for other resources (approach D) and would allow for

better understanding of the wider socio-economic and ecosystem

conditions (approach F). This could help with ensuring equitable

outcomes for fishers as climate change impacts stock distribution

and abundance.

With the highest levels of capacity of the four systems, Iceland

is well situated to incorporate forward-looking science (approach

D) into management to help understand and plan for changes,

which may include climate “benefits” as many species continue to

shift poleward with warming waters. Incorporating scientific fore-

casts could enable Iceland to capitalize sustainably on these new

fishery opportunities by proactively adapting managing and mon-

itoring frameworks, and improving fisher portfolio and supply

chain flexibility. As stocks shift into and out of national waters,

Iceland could also work towards better international cooperation

(approach E) to ensure stocks are not overfished. Iceland might

also improve opportunities for participation and inclusion in

fisheries by looking for opportunities to ensure marginalized sec-

tors (e.g. small-scale operators) and communities can meaning-

fully participate in the management system (approach A) by

considering the wider socio-economic outcomes (approach F) of

the quota management system, especially under climate change.

Such considerations, carried out through an inclusive process,

will help in goal-setting and evaluating tradeoffs between

participation/equity/multi-level governance and adaptive man-

agement/sustainable stocks/profitability. Pursuing approach F

will also help in planning efforts to navigate tradeoffs between

new or alternate livelihoods like heavy industry and conservation

of coastal habitats, biodiversity, and sustainable stocks.

Discussion
Fisheries have always had to cope with fluctuations in stock abun-

dance and distribution. However, climate change is accelerating

the magnitude and frequency of these types of fluctuations, and is

also introducing new challenges. Active measures to increase the

resilience of fisheries to climate change will be necessary in order

to maintain the yields and profits necessary to support food secu-

rity and the tens of millions of jobs that depend on fishing.

Because fisheries vary dramatically in many ways, they will re-

quire different kinds of interventions to increase resilience to cli-

mate change.

In general, higher resource, technical, and governance capacities

allow more options for building social-ecological resilience among

the case study systems presented here, as exemplified by the con-

trast between the systems in Iceland and Myanmar (see Table 4).

Additionally, some resilience criteria, such as the management of

existing stressors, conservation of biodiversity and habitats, the

ability to maintain sustainable and age-diverse populations, and

adaptive management are explicitly linked to the capacities of a

system. For example, conducting robust stock assessments in a

species-rich system, or developing an ecosystem-based fisheries

model, requires sound and plentiful data, and technical scientific

capacity to build these models and interpret results (e.g.

Townsend et al., 2019). Implementing data collection systems and

developing scientific and technical capacity require financial

resources. Similarly, effective spatial conservation measures, like

MPAs, require enforcement and compliance capabilities, which

can be expensive depending on the location and expanse protected

(Gill et al., 2017). Critically, in high capacity systems with rela-

tively robust management reforms in place, not accounting for

wider social implications of goals and policies can disadvantage

particular groups of people, eroding the equity and social resil-

ience of the system and potentially resulting in declining support

for particular policies (Benediktsson and Karlsdóttir, 2011;

Chambers and Carothers, 2017; Human Rights Watch, 2020).

However, even in low capacity settings, certain policy

approaches can lay the foundation for building a more sustain-

able, equitable, and resilient fisheries system, improving long-

term stewardship and investment, and paving the way for more

robust monitoring, assessment, and management (Cochrane

et al., 2011). Indeed, not having an entrenched or highly devel-

oped fisheries management system may actually allow for greater

adaptive capacity and scope for realizing system changes that ben-

efit both the ecosystem and humans, if the governance system is

equipped to allow for inclusive, participatory co-management

approaches (Cinner et al., 2018). For example, low capacity fish-

eries often lack long time-series of historical data, thus requiring

analytical methods that use other types of more readily available

and shorter time-series data such as data on length frequencies in

the recent catch. Just a few years of length-frequency data can be

used to implement methods such as length-based spawning po-

tential ratios (LBSPR) or length-based integrated mixed effects

model (LIME; Rudd and Thorson, 2018). In the case of LIME,

the minimum requirement is a single year of length data and ba-

sic biological information that could be obtained from FishBase
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(www.fishbase.org) but can utilize multiple years of length data,

catch, and an abundance index if available. These methods have

been shown to perform as well as other catch-based methods in

many scenarios (Pons et al., 2020), and may be conducive to

adaptive management as they can be performed frequently with

relatively low investments of time, money, and expertise. This is

certainly the case in Myanmar where the fisheries governance sys-

tem is functioning at very low levels or is, in some aspects, non-

existent, requiring basic steps be taken to improve marine re-

source health and the ability to derive livelihoods from them.

Taking these steps will help the fishery system improve now, and

will also contribute to building system resilience for the future.

In this article, we focus on capacity constraints, and tradeoffs

and synergies between resilience criteria across four systems, as

understanding these dimensions can help point to the best policy

approaches for building the sustainability, equity, and resilience

of a fisheries system. To bound our study, we focused on highly

disparate cases, but this approach would be straightforward to

replicate across additional systems with similar and different fea-

tures. Additionally, more detailed analysis of anticipated climate

impacts on a given system, via climate modeling of habitat alter-

ation and spatial changes in species distributions, phenology of

life history events, and direct impacts on fishery outcomes (i.e.

yield, profits, quota allocations, etc.) would help tailor specific cli-

mate resilience responses from particular policy approaches.

Further research on how system capacities impact the synergies

and tradeoffs between resilience criteria would also allow for a

more nuanced look at whether a particular system might be better

served by coping, adapting, or transforming in response to a

stressor (Supplementary Figure S1). Such an analysis will require

a deep understanding of the intensity of and the transactional

costs associated with the stressor. We view such an analysis as a

logical next step to the current analysis.

The framework presented here illustrates ways in which any

fishery can work to build resilience, regardless of capacity. It also

explores trade-offs among resilience criteria that can occur even

in high capacity settings, underscoring the importance of clear

management goals that encompass sustainability and equity (e.g.

Iceland’s well-documented prioritization of economic efficiency

and ecological sustainability, which has reduced social equity and

inclusion). A more inclusive, participatory multi-layer gover-

nance may be one way to ensure all impacted parties are included

in the decision-making, to help avoid such conflicts. A robust as-

sessment of system resilience should therefore consider the likely

magnitude and type of climate change impacts, the capacity of

the system to allow for adaptation, whether goals of management

consider and address issues of fairness and equity, and the inher-

ent resilience characteristics of the system. Understanding these

dimensions can help point to the best policy approaches for

building the sustainability, equity, and resilience of the fisheries

system. Such assessments will become ever more necessary as cli-

mate impacts increase in the future.
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Mar Perú, 33: 222–252.

Zanotti, L., Zhao, M., Johnson, J. L., Johnson, D. R., Yu, D. J.,
Burnham, M., and., and Carothers, C. 2020. Sustainability, resil-
ience, adaptation, and transformation: tensions and plural
approaches. Ecology & Society, 25: 1–11.

Handling editor: Mitsutaku Makino

572 K. M. Kleisner et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/79/2/552/6303758 by U
niversity of C

alifornia-SB user on 17 August 2022


