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Abstract
Fisheries provide nutrition and livelihoods for coastal populations, but many fisheries
are fully or over-exploited and we lack an approach for analysing which factors affect
management tool performance. We conducted a literature review of 390 studies to
assess how fisheries characteristics affected management tool performance across
both small-scale and large-scale fisheries. We defined success as increased or maintained abundance or biomass, reductions in fishing mortality or improvements in
population status. Because the literature only covered a narrow set of biological factors, we also conducted an expert elicitation to create a typology of broader fishery
characteristics, enabling conditions and design considerations that affect performance. The literature suggested that the most commonly used management tool in a
region was often the most successful, although the scale of success varied. Management tools were more often deemed successful when used in combination, particularly pairings of tools that controlled fishing mortality or effort with spatial
management. Examples of successful combinations were the use of catch limits with
quotas and limited entry, and marine protected areas with effort restrictions. The
most common factors associated with inadequate biological performance were ‘structural’ issues, including poor design or implementation. The expert-derived typologies
revealed strong local leadership, high community involvement and governance
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capacity as common factors of success across management tool categories (i.e. input,
output and technical measures), but the degree of importance varied. Our results are
designed to inform selection of appropriate management tools based on empirical
data and experience to increase the likelihood of successful fisheries management.
Keywords Fisheries management, input controls, management effectiveness,
output controls, small-scale fisheries, spatial management
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Introduction
Wild-capture fisheries are a critical source of food
and employment. They provide dietary protein and
micronutrients for impoverished communities that
may not have access to alternative sources of
nutrition (FAO, 2014) and contribute to livelihoods and income for an estimated 260 million
people worldwide (Teh and Sumaila 2013). In
many parts of the developing world, these livelihood and nutritional benefits from marine
resources are derived locally, from communities
that fish in coastal and inland waters near their
homes (FAO, 2014). Given the importance of wildcapture fisheries as a sustainable resource that
provides essential nutrition and livelihoods, effective management is necessary to ensure productivity and maintain these benefits.
Several analyses have examined the factors that
contribute to the successful implementation of a
2

particular management tool (e.g. catch shares;
Essington et al. 2012) or management approach
(e.g. co-management; Gutierrez et al. 2011; Cinner
et al. 2012), but none have explored the factors
that impact the performance of a suite of management tools. Many studies suggest that management tools may be more or less successful
depending on the context, that is governance
structure, which determines the rules of access
and whether fisheries are communal property or
governed by individual or collective rights-based
management (Stefansson and Rosenberg 2005;
Mahon et al. 2008; Gutierrez et al. 2011; Cinner
et al. 2012; Essington et al. 2012; Yamazaki et al.
2012; Maggs et al. 2013; Wielgus et al. 2014).
Defining ‘success’ in fisheries management can
be challenging given different management objectives. Historically, a primary goal of fisheries management is the control of fishing mortality such
that stocks can maintain themselves at levels
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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capable of providing desired yields on a continuing
basis (Hilborn and Walters 1992). However, the
broader reasons for maintaining sufficient yields
are often context-specific and can include increasing or maintaining profitability for private operators and the fishing industry, increasing national
export revenue, improving local food security
(B!en!e et al. 2006) or maintaining cultural identity
(Urquhart and Acott 2014). The diagnosis and
design of fisheries management options must recognize and reflect the particular mix and priority
of stakeholder objectives in a given location
(Andrew et al. 2007; Poon et al. 2013). This may
be especially true in small-scale fisheries because
those involved in the fisheries have close ties to
the community or in co-managed fisheries where
governance may occur at multiple levels including
the community scale (Weeratunge et al. 2013).
Management tools provide a means to help
achieve these objectives across both small- and
large-scale fisheries.
Here, we considered three general categories of
fishery management tools: input controls, output
controls and technical measures (Table 1; Sutinen
and Soboil 2003). In general, input controls limit
the amount of fishing effort as a way to control
the amount of fish caught, while output controls
are direct limits on the amount of fish harvested.
For the purposes of this paper, technical measures
are controls on where and when fishermen may
fish and the size of fish they may harvest. Because
of the scale (spatial, temporal, jurisdictional, etc.)
at which different management tools are implemented and the type of control they exert, they
may have direct or indirect effects on achieving
fisheries management objectives. Additionally, the
effectiveness of all management interventions can
be limited to varying degrees by the scale at which
important biological, ecological, socioeconomic

and governance processes apply to a particular
species or suite of species on which the fishery is
operating. For example, a catch limit could result
in a desired level of fishing mortality across an
entire fishery, whereas an MPA (or network of
MPAs) typically reduces fishing mortality in a relatively small portion of a stock’s range, potentially
resulting in a smaller impact on total stock-level
biomass. While acknowledging these difficulties,
we attempted to generally categorize direct and
indirect effects of different management tools
(Table 2), noting that the borders between these
categories are not rigid and assignments may vary
depending on context and location.
We took two approaches to assessing the performance of different management tools. The first
approach was a systematic literature review to
determine how fishery characteristics, including
geography, scale of fisheries management and
type of stock, affect the performance of different
fisheries management tools. In the literature
review, we considered both small-scale and largescale marine fisheries because both types can provide useful information about factors that affect
performance and we wanted to examine all management tools, some of which were more or less
common in small- or large-scale fisheries. We
evaluated management tool performance using a
relatively narrow definition of success. We defined
‘success’ as an improvement in or maintenance
of the abundance or biomass of the species, a
reduction of fishing mortality or an improvement
in the status of the population to sustainable
levels.
There are many other metrics of performance
across social, cultural and economic axes (B!en!e
et al. 2006, 2010; Allison et al. 2012; Weeratunge et al. 2013; Hicks et al. 2014). Our definition of success focused on biological improvement

Table 1 Input, output and technical management tools considered in this study based on Sutinen and Soboil (2003).
Input

Output

Technical measures

Limited entry (e.g. licensing)
Time restriction
(i.e. days at sea, seasonal restrictions)

Total allowable catch
Individual transferrable quotas,
catch shares1

Gear restrictions

Territorial user rights ﬁsheries
(TURFs)

Marine protected areas
Time–area closures
(i.e. seasonal area
closures, temporary closures)
Size limits

1

Catch shares are deﬁned here as species-based shares. TURFs are deﬁned as area-based shares.
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Table 2 Goals associated with different management tools. A direct effect is defined as a tool that is designed to
produce a desired goal (e.g. limiting the amount of fishing that can be taken will theoretically result in lower fishing
mortality). An indirect effect provides a control mechanism that operates on a different facet of the system, but can
achieve the desired goal (e.g. an ITQ can protect habitat if the deployment of habitat damaging gear is limited).
Goals

Management tools

Control ﬁshing mortality

Limited entry (e.g. licensing)
Gear restrictions
Time restrictions
Total allowable catch
Quotas (e.g. catch shares and ITQs)
Territorial user rights ﬁsheries
Marine protected areas
Time–area closures
Size limits

I
I
I
D
D
I1
I1
I1
I

Restore age-structure

Protect marine
habitat

D

D

Protect subpopulation
structure to preserve
genetic diversity

D2
I
I
I1
I1
I1
D

I
D
D
D

D
D
I

ITQs, individual transferrable quotas.
Indicates that a tool could be used to achieve that goal if it is large enough.
2
Indicates that the tool could be effective if implemented during spawning season.
1

because biological metrics were the only indicators
consistently reported across studies. The lack of
consistent reporting outside of biological variables
is a known problem in evaluating fisheries management, particularly for measuring social and
contextual factors (Wamukota et al. 2012; Marchal et al. 2016). Our efforts to quantitatively
assess performance were constrained by what was
available in the literature. Therefore, we did not
evaluate whether management resulted in any
trade-offs or increases in seafood availability,
improvement in livelihoods or other socioeconomic
factors because this information was generally not
consistently reported in similar metrics or was
simply not available from the majority of studies
we reviewed.
We also used this particular definition of success
as a means of standardizing responses because
success can be context-specific and management
tool-related. For example, a stringent catch limit
or large MPA that almost eliminates fishing activity might be viewed as ‘successful’ from a conservation perspective, but may be considered by
others to be socially or economically inadequate
(Anderson et al. 2015). If a management tool did
not achieve the objectives of ‘biological success’ as
we defined them, it was considered ‘inadequate’.
4

Although we could not find consistent metrics
other than those related to ‘biological success’, the
literature review did enable us to understand geographic patterns in the application of management
tools, quantify current rates of success and identify
which biological fisheries characteristics may be
related to performance.
To capture other dimensions of ‘success’ across
multiple fisheries scales and because the set of fishery characteristics that were consistently discussed
in the literature was limited to functional aspects
of the fishery and biological metrics (e.g. fisheries
region, mobility of target species, single- vs. multispecies fishery, gear type, habitat type, fisheries
management approach and scale of management),
we solicited the input of experts to create performance typologies. These complementary expert
elicitation typologies included not only a broader
set of fisheries characteristics than what could be
directly evaluated from the literature, but also the
enabling conditions and design considerations
important to the successful implementation of
management tools. The expert elicitation focused
on how various factors may affect conditions in
small-scale fisheries in particular, but results are
applicable across both large- and small-scale
fisheries.
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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We designed this study only to help managers
determine which management tools may have a
greater probability of biological success given the
particular characteristics of their fishery. The available data were not sufficient to determine the ‘best’
management tool for a given context particularly
given the lack of available social, economic or cultural metrics from the literature review, nor do we
feel it would be appropriate to aim for this level of
determinism. Nonetheless, our results can be used
to facilitate a design approach that considers the
local context and management goals to select the
appropriate management tool based on empirical
information from the literature and expert experience on the factors that affect performance over
time in a given context.
Methods
Literature review
The goal of the literature review was to find examples of the efficacy of various management tools
and strategies from English-language primary and
grey literature with a focus on small-scale fisheries
in developing countries (Fig. 1), but including
industrial fisheries in developed countries as well.
As mentioned above, we characterized the application of a management tool as a ‘success’ if there
was biological improvement, defined as an
increase in the abundance, biomass or evidence of

stock recovery, in the population or group of species being managed as determined by the author
of the specific publication or case-study. If it was
unclear whether or not there was an improvement
in the abundance of the stock or group of species,
we did not include the study in our review. A
management tool was defined as ‘inadequate’ if
there was a decrease in abundance, biomass or
stock status below a level that was deemed sustainable. In other words, some reduction in biomass might be acceptable with some management
tools such as catch, size or effort limits if the goal
is to reduce the stock to a reference level such as
the biomass level at maximum sustainable yield
(BMSY). However, reductions beyond such a reference limit would indicate that the management
tool was performing inadequately. Studies that
reflected partial improvement, that is goals were
not completely met, but there were some positive
biological changes noted, were also classified as
‘successful’ in the analysis because the trajectory
reflected an improvement.
Where possible, we also attempted to classify
the reasons for inadequacies, noting whether management tools performed poorly due to ‘structural’
shortcomings, ‘external pressures’ or ‘compliance’related issues. Structural shortcomings were
defined as problems associated with planning and
implementation including those due to design, for
example the choice of the wrong management tool
for the situation or a process, or inadequate

Figure 1 The 13 regions analysed, grouped by EEZ areas. These regions do not pertain to actual political or ecological
boundaries, but were based on the major regional groupings found in the literature review.
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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consultation and dialogue with stakeholders during the planning stages. External pressures were
defined as pressures from outside the fishery such
as climate change or external fishing pressures, for
example foreign commercial fishing. Finally, compliance issues were defined as those that arise
when rules and regulations are not respected or
enforced. The reasons that tools did not performed
adequately can highlight the importance of considering the social and governance context in which
tools are implemented.
Although there are many important ecosystemlevel management approaches and indicators, we
limited our literature review to management tools
(Table 1) for species or groups of species that are
caught for human consumption and are directly
targeted (i.e. not by-catch) to maintain analytical
tractability. We used a structured search on key
terms for the major categories of management
tools under the input, output and technical measure categories (Sutinen and Soboil 2003;
Table S1) for studies from 1990 to 2014. In order
to define a unique record, we identified individual
stocks when possible by region, which were identified by fishing country and major oceanic area
(e.g. North-west Atlantic) or body of water. When
more than one study describing the same management strategy or tool in the same area was available, we selected the most recent study (typically
in the 2000s) and included information from the
older study within the record when it provided
key supporting information on the outcome of the
management tool. When two individual studies
presented information on the use of different management tools for the same stock in the same
region, we created two unique records. We did not
include studies that dealt only with theoretical
applications of management tools and restricted
our analysis to those citing actual improvements
to the fishery for a given species or set of species
that are fished for direct consumption, by commercial fisheries, that is not recreational or trophy
fishing.
The assignment of particular management tools
to the categories of input, output and technical
measures can be considered somewhat subjective.
Input controls are generally considered to be limits
on the amount or type of effort fishers put into
their fishing activities, indirectly controlling the
amount of fish caught (Kura et al. 2004). Here,
we considered limited entry (e.g. licensing) and
time and gear restrictions to be input controls.
6

Output controls directly limit the amount of fish
that can be harvested. Output controls consist of
overall limits on the catch of a given stock (i.e.
total allowable catch [TAC]), which can then be
either fished on a competitive basis or divided up
between the participants in the fishery so that
each fisher or group has a defined share of the
catch (Fujita et al. 1996; Poon et al. 2013). We
analysed species-based catch shares including individual transferable quotas (ITQs), as a group, and
territorial user rights fisheries (TURFs), separately.
‘Catch share’ is a general term for several fishery
management strategies that allocate a specific portion of the total allowable fishery catch to individuals, cooperatives, communities or other entities.
Each recipient of a catch share is directly accountable to stop fishing, when its exclusive allocation
is reached. Here we defined catch shares and ITQs
as a single management tool, which we refer to as
‘quotas’, even though transferability can affect
catch share performance (Criddle and Strong
2013), because the papers were not always clear
whether the quotas were transferrable or not. In
this study, technical measures were considered to
be marine protected areas (MPAs), time–area closures and limits on the size of fish that can be
caught (Sutinen and Soboil 2003). MPAs were
defined here as a long-term restriction on the
types of activities that can occur within spatial
boundaries. MPAs can include both no-take
reserves (where all fishing is restricted) and multiuse areas where only particular gears or certain
types or times of fishing are restricted.
In assessing each example, we evaluated
whether the given management tool or tools used
in each case-study was biologically successful.
Additional information was gathered in order to
try to characterize factors that might relate to this
success (Table 3). These variables were limited to
what was consistently reported in the literature.
As a measure of robustness, we asked an independent researcher to review 10% of the 390
studies and conduct the same classification we did
to ensure that our classification was repeatable.
We used a random number generator to select the
studies for which the researcher repeated the classification. We then compared how much congruence there was between the classification of
‘success’ vs. ‘inadequate’. We also compared the
congruence between the independent researcher’s
classification and our initial classification for all
other variables we used in the analysis, including
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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Table 3 Fishery characteristics identified in the literature review. Note that coastal population and Human
Development Index were external globally available variables that were assigned based on the country listed in each
study.
Fishery characteristic

Category

Body of water or ocean region

Eastern Central Paciﬁc (ECP), Indian Ocean (IO)/SW Africa, Mediterranean
(Med), North-east Atlantic (NEA), North-east Paciﬁc (NEP), North-west
Atlantic (NWA), North-west Paciﬁc (NWP), South-east Atlantic (SEA),
South-East Asia/Oceania (SEAO), Southwest Atlantic (SWA), South-east
Paciﬁc (SEP), the Southern Ocean (SO) and Western Central Atlantic
(WCA)
Sessile/Low mobility (S) or Mobile (M)
Single target species or multiple target species
Benthic (B), Demersal (D), Pelagic (P), Reef (R), Benthic/Demersal (B/D),
Pelagic/Demersal (P/D)
Bottom trawl, Dredge, Hand harvest, Line ﬁshing, Longline, Nets,
Purse seine, Traps
Yes, No
Ecosystem-based, rights-based, yield optimization, customary marine tenure,
conservation approach
Community (C), co-management (Co-M), national (N)
Yes, No
Low (<50% quartile), medium (50% quartile), high (75% quartile)

Mobility
Single or multispecies ﬁshery
Habitat or ecosystem ﬁshed
Main gear used
Transboundary stock
Fisheries management approach
Scale of ﬁsheries management
Is tool used in combination with other tools?
Coastal population within 100 km of coastline
(CIESIN, 2012)
Classiﬁed Human Development Index
(United Nations Development Programme 2011)

Low (<50% quartile), medium (50% quartile), high (75% quartile)

single vs. multispecies, degree of mobility, the
ecosystem within which the tool was implemented,
the particular tool or tools that were implemented
and the management approach used.
Classification trees
We used classification trees to determine which
fisheries characteristics were most related to the
successful implementation of each management
tool, individually (De’ath and Fabricius 2000).
Classification trees were implemented in the R
package rpart (Therneau et al. 2014). We tested
several independent categorical variables gleaned
from each study: the mobility of the species,
whether the fishery targets a single or multiple
species, ecosystem type, fisheries management
approach, scale of management and whether or
not that management tool was used in combination with other management tools (Table 3). In
addition to these variables derived from the literature, we also included globally available indicators
such as Human Development Index score (HDI;
United Nations Development Programme, 2011),
and coastal population density within 100 km of
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S

the shoreline (CIESIN, 2012) (Table 3) because
degree of development and population characteristics may impact the resources available for management. Because we examined factors of success
that related to a given management tool, unequal
sample sizes between tools should not have an
effect on results across tools, although smaller
sample sizes may reduce confidence in patterns for
a particular tool.
Classification trees are particularly useful for the
evaluation of multiple decision points when the
data are binomial and categorical (Loh 2011).
Classification trees are designed for dependent variables that take a finite number of unordered values. One of their key benefits is that they provide
a visual interpretation of patterns. However, one
of the drawbacks is that prediction error is measured in terms of misclassification cost, a measure
that is not as robust as prediction error measured
by the squared difference between the observed
and predicted values. Prediction error measured in
these terms would be attainable from a regression
tree, which are used when the dependent variables
take continuous or ordered discrete values (Loh
2011).
7
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Classification tree validation
To generally validate the classification trees and
because regression trees were not appropriate for
our data, we ran binomial generalized linear models (GLMs) with link = ’logit’ for all tools to confirm the first split in the classification trees. We
chose not to use GLMs exclusively because they
will not determine broader thresholds where a tool
may have greater success (e.g. low HDI vs.
medium–high HDI) and because we wanted to
evaluate multiple decision boundaries (e.g. a particular tool may work best if both X and Y conditions are present), which is a strength of the
classification tree approach. However, classification
trees are prone to overfitting, a drawback to which
GLMs are more robust. GLMs will only determine
which factor level within each variable is most significant. We only present trees for tools that had
enough observations to be evaluated with the
binomial GLMs (i.e. they could not be used for
time restrictions, TACs or TURFs) and also pruned
the trees to illustrate only the first two splits. Splits
beyond the second node of the trees are based on
too few observations and may present erroneous
patterns. The binomial GLMs were then used to
confirm the splits in the trees. The GLMs were
conducted on the same categorical variables we
used for the classification trees. Because of the
inherent statistical differences in the methods, we
did not expect to have congruence between the
factor levels deemed significant, but instead used
the GLM to confirm the general importance of the
categorical variable defining the first split in the
tree.

Expert-derived typology
We convened an expert working group of 19
diverse fisheries scientists, economists and resource
managers with expertise on fisheries in Senegal,
South Africa, the Philippines, the Solomon Islands
and broader regional experience with fisheries in
the Caribbean, South America, Europe, the USA
and South-East Asia to vet the literature review,
address potential publication bias and consider a
wider variety of potential factors of success by
drawing on their experience with a broad range of
fisheries. Working group members were asked to
identify key fisheries characteristics that might
determine whether a particular management tool
would be successful. For example, if a species has
8

high mobility, management tools that are spatially
fixed may be less effective. For the most part, the
expert working group focused on fisheries characteristics that were not consistently reported in the
literature.
In addition to fishery characteristics, working
group members also identified a series of enabling
conditions that may affect performance. Enabling
conditions generally encompass a suite of governance, community and capacity-related factors
that can vary over space and time and may influence the degree of success of a particular management intervention. Enabling conditions generally
could not be extracted from the literature review
because there tended to be a separation between
papers that assessed management success in biological terms and those that described the socioeconomic context of fishing communities. Very few
papers covered both aspects (but see Moreno-Sanchez and Maldonado 2013; Batista et al. 2011)
and analysing interactions across separate studies
was not tractable. Experts were able to specify
links between certain kinds of enabling conditions
and potential success of different management
tools. For example, nesting catch limits within a
governance structure that provides secure harvest
privileges (e.g. ITQs or collectively held privileges)
can alleviate race-to-fish behaviour, improving
compliance with the catch limit and reducing discard rates. Secure harvest privileges are also correlated with the implementation of conservation
measures by fishery cooperatives (Ovando et al.
2013).
Experts agreed that in addition to fishery characteristics and enabling conditions, several design
considerations for each management tool were
also important determinants of success. Many of
these factors should be considered during the
design phase of any management tool. Some factors may affect the success of the acceptance of
the management tool by local communities and
the likelihood that they will comply with the regulations. Like enabling conditions, design considerations were not generally available from the
literature review, as most studies did not include
a discussion of the process used to implement the
management tools. Experts ranked each of the
fishery characteristics, enabling conditions and
design considerations by their degree of importance for the successful implementation of a
given management tool to create three typology
tables.
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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Results
Literature review findings
We had 390 studies that had information that
could be used to classify the performance of different management tools (See Supporting Information for references of studies used in our analyses).
The majority of the studies were post-2000, but a
few were from the late 1990s. The studies came
from 13 regions (Figs 1 and 2): Eastern Central
Pacific (ECP), Indian Ocean (IO)/SE Africa,
Mediterranean (Med), North-east Atlantic (NEA),
North-east Pacific (NEP), North-west Atlantic
(NWA), North-west Pacific (NWP), South-east
Atlantic (SEA), South-East Asia/Oceania (SEAO),
South-west Atlantic (SWA), South-east Pacific
(SEP), the Southern Ocean (SO) and Western Central Atlantic (WCA). Of the 390 studies, 159 dealt
specifically with small-scale fisheries (SSF) and 72
dealt with a combination of small-scale and largescale fisheries.
In the literature, the types of management tools
that were implemented varied by region, but all
regions included input, output and technical measures (Table S2). In most regions, the ratio of
input to output and technical measures was relatively even. However, output controls were less
common in the Mediterranean and the SE Atlantic

(West African coast), and input controls were less
common in the SE Pacific (Pacific coast of South
America), where TURFs, quotas and MPAs dominate (Table S2). MPAs were implemented most frequently in the Eastern Central Pacific, the Indian
Ocean, the Mediterranean and SE Asia/Oceania
according to the literature available. Quotas were
also frequently applied (Table S2) and were more
successful in the North Atlantic and the Southern
Ocean regions (Table 4). Success rates were also
affected by whether a management tool was
implemented alone or in combination. For example, in the NW Pacific, limited entry and time–area
closures were used in combination with other
tools in 78% of the successful cases.
We also identified the most common ‘inadequate’ management tool in each region. We found
that different tools had varying rates of inadequate
performance in different regions. Importantly, we
found that structural shortcomings (i.e. problems
in the planning or implementation stages) were
the most common reasons for poor performance,
followed by compliance issues (Fig. 3).
The robustness test of our classification suggests
that our methods were repeatable. There was very
high congruence (95%) in the classification of successful vs. inadequate performance between the
independent classification and our classification.
For all other factors assessed – identification of

Figure 2 Map illustrating the number of studies per EEZ. Many regions where there are small-scale fisheries were not
well represented in the literature. Generally, there were a greater number of studies in higher income countries. Studies
that were transboundary were counted in each of the relevant EEZs.
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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Table 4 Most common ‘successful’ management tools. The ‘Percentage of cases used in combination’ refers to the
number of times the most frequently reported successful management tool for a region was used in combination with
other management tools. Note that MPA ‘success’ in increasing abundance or improving status generally refers to finer
scale changes within and immediately beyond MPA borders, whereas ‘success’ of other management tools can refer to
impacts at the scale of the entire fishery or stock.

Region

Total number of successes

Management tool

Success (%)

Percentage of cases
used in combination

Eastern Central Paciﬁc
Indian Ocean
Mediterranean
North-east Atlantic
North-east Paciﬁc
North-west Atlantic
North-west Paciﬁc

18
30
29
51
17
16
9

South-east Atlantic

1
1
51
9
10
10
19

MPAs
MPAs
MPAs
Gear restriction
Quotas
Quotas
Limited entry
Time–area closure
Quotas
MPAs
MPAs
Size limits
Quotas
Limited entry
Gear restriction
Quotas
Time–area closure

67
57
86
63
82
81
78
78
n/a
n/a
49
561
60
70
42
42
42

171
31
71
57
291
38
78
78
n/a
n/a
12
561
301
70
42
37
32

South-East Asia/Oceania
South-east Paciﬁc
Southern Ocean
South-west Atlantic
Western Central Atlantic

MPAs, marine protected areas.
1
Indicates that the management tool was used alone or in combination ﬁve or fewer times.

management tools, mobility, single or multispecies,
ecosystem and management approach – there was
an average 86% congruence. The greatest issues
were in identifying the management approach. In
particular, whether or not the tool was managed
at the community level, national level or under
co-management was sometimes unclear within the
studied papers.
Classification trees
We used classification trees pruned to two nodes
to determine which explanatory factors were most
related to the successful or inadequate implementation of a given management tool. The relative
success or inadequacy of a given management tool
and associated factors can be estimated by looking
at the ratios of inadequate to successful implementation provided along each branch of the tree. To
this end, we computed classification trees with all
factors, and with (Fig. 4) and without region (Figure S1). We confirmed the variables identified in
the classification trees with binomial GLMs.
Because of low sample size, classification trees and
10

binomial GLMs could not be computed for time
restrictions, TURFs or for time–area closures. For
all computed trees, the binomial GLMs confirmed
the first variable split in each tree (Table 5;
Tables S3–S8). A factor level deemed significant in
the GLM may not directly correspond to a combined factor level split in the classification trees
because of differences in the two statistical
approaches (see Supporting Information for further
explanation).
With respect to limited entry, there were more
successes reported overall than inadequate performances (55% success). The first split in the classification tree was on the Human Development Index
(HDI) scores, with more successes for medium or
high index scores. At low HDI levels, there were
more successes at medium and higher coastal population levels. For gear restrictions, there were
more reported successes (68% success) compared
to those with inadequate performance. The first
split was on coastal population, with greater success when the coastal population was at medium
levels. When coastal population was either low or
high, there was more success in benthic, demersal,
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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Figure 3 The distribution of reasons for inadequate performance as determined by the studies from each region.
Overall, structural shortcomings in the design or implementation process were the most common reason for inadequate
performance followed by compliance issues.

pelagic/demersal or reef habitats. The classification
tree for quotas (i.e. catch shares and ITQs) looked
similar to the tree for limited entry. Quotas also
had more reported successes overall (68% success)
compared to those with inadequate performance.
The first split in the tree was on HDI, with more
successes at medium and high levels of development. At low HDI levels, there was more success
at medium and higher coastal population levels.
MPAs had a high reported success rate overall
(77% success), and generally more success when
HDI scores were medium or high. At low HDI
levels, there was more success when MPAs were
used on their own and not as part of a combination of tools. Similarly, for time–area closures
there were more reported successes (70% success)
and this management tool was generally more
successful at medium or high HDI. At low HDI,
time–area closures were more successful in benthic
ecotypes or combinations of pelagic and demersal
ecotypes. Size limits had more reported successes
(76% successful) at low and medium coastal population levels. At higher population levels, size limits were more successful when the fishery was
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S

targeting a single-species rather than multispecies
fisheries.
When region was included in the classification
trees, it was the first split defined in all trees, indicating that differences in contextual factors that
vary by location are important. However, results
from trees that included region were difficult to
generalize and there was a higher degree of uncertainty because the sample size for each management tool by region was low (Figure S1).
Expert-derived typology
The expert typologies and literature review were
largely complementary in that they considered distinct sets of potential factors that related to the
performance of a given management tool. Several
patterns emerged from our expert-derived typologies. In general, management tools within each
category (i.e. input, output and technical measures, individually) tended to have similar patterns
in the fishery characteristics that were important
for management tool implementation, but the
degree of importance of these characteristics for a
11

Figure 4 Classification trees by management tool. The trees illustrate the dominant factors that define the ‘success’ or lack of success in implementation of a particular
management tool. Factors that contribute to more successes are noted in blue colours and factors that contribute to more inadequacies are noted in green, with darker colours
pertaining to higher ratios of successes or inadequacies. Ratios of failure (left value) to success (right value), and the percentage of observations at each branch (lower values) are
listed in each box. Percentages tally to 100% for each node (split) in the tree. Trees are not displayed for time restrictions, TACs or TURFs due to low observation numbers for
those management tools. [Colour figure can be viewed at wileyonlinelibrary.com].
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Table 5 Tools analysed with classification trees and the
dominant factor for success when region was not
included in the trees.
Management
tools
Limited entry
Gear restriction
Quotas
MPAs
Time–area
closure
Size limits

First node deﬁned in classiﬁcation tree
Human Development Index (medium
Coastal population (medium)
Human Development Index (medium
Human Development Index (medium
Human Development Index (medium

to high)
to high)
to high)
to high)

Coastal population (low to medium)

specific management tool varied (Table 6). In the
typologies, experts identified whether a given factor was likely to be important for the successful
implementation of a management tool. These classifications do not preclude use in other scenarios,
for example input tools may also be useful in areas
with decentralized landing sites, but centralized
landing sites were thought to improve their
chances of success. Input tools were generally considered more effective for multiple target species
and species with high market value as well as in
regions with high fisher density and centralized
landing sites (Table 6). However, TURFs (an output tool) and MPAs and time–area closures (technical measures) were also considered effective for
multispecies fisheries. Gear restrictions were the
only input tool that experts determined could be
effective for fisheries with high habitat degradation
(Table 6). Size limits were distinctly different in
that they did not closely follow the patterns of
other tools (Table 6). Output tools were deemed
particularly relevant for single-species fisheries
(and in multispecies fisheries that use TURFs),
stocks with high monetary market value, in fisheries with low fisher density, and with centralized
landing sites (Table 6). Spatial technical measures
were considered to be particularly effective for fisheries that have low-mobility species, consistent
spawning seasons or locations and multiple target
species. They were also found to be effective for
fisheries that have high stock or habitat degradation (Table 6).
The group of experts generally believed that
enabling conditions for input and technical tools
track each other, with the magnitude of importance
for different factors and the necessity for conflict
management being the key differences (Table 7).
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S

However, time–area closures were thought to rely
more heavily on the existence of formal regulations
than MPAs (Table 7). For output tools, the existence of formal regulations and legal regimes, the
need for large amounts of information and national
or municipal governance capacity were identified
as key enabling conditions (Table 7). The presence
and participation of fisherfolk organizations was
considered highly important for the application of
TURFs, but was also important for gear restrictions,
limited entry, catch shares and ITQs, and MPAs
(Table 7).
Experts identified several design considerations
that could affect the success of a management tool
(Table 8). These factors may affect the successful
acceptance of the management tool by the community and the likelihood that they will comply
with the regulations. The type of governance
structure, a legitimate process of rule-setting and
whether local communities were engaged in the
design process were considered important design
considerations for all management tools (Table 8).
Discussion
Together, results from the literature review and
expert-derived typologies can help managers identify which management tools may be more effective given the characteristics of their fishery.
Because the literature review likely reflects some
biases in reporting and geography in the available studies, it can only give a general indication
of which factors may drive management tool performance in a biological context. Many regions
where small-scale fisheries are known to be
important were not well represented in the literature and key factors including social, economic
and cultural metrics, which may be more relevant to defining ‘success’ in a small-scale fishery,
were not reported. For this reason, we also developed expert-derived typologies to bridge these
gaps by examining a broader suite of fisheries
characteristics, enabling conditions and design
considerations to determine which factors may be
most important for the effective implementation
of different management tools (Tables 6–8). All
management processes will require learning and
adaptation to further improve underperforming
management scenarios or the development of
new management approaches. Ideally, our results
should be used in the design process to help to
catalyse innovation.
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★★

★

Multiple target
species

High stock
degradation

Single target species

★

★

★

★★

Output

★★

Output

Output

★

★★

★★

★

Input

TURFs
(area closures)

Consistent spawning
season or location

Input

Input

TACs

Quotas
(catch
shares
and ITQs)

★★

Limited entry
(e.g. licensing)

Gear
restriction

Time restriction
(e.g. days
at sea)

Low-mobility species

Fishery
characteristics

Management tools

★★

★★

★★

★

Technical

Time–area closure
(e.g. closed season)

★★

★★

★★

★★

Technical

MPAs

★

★

★

Technical

Size limits

Spatial management tools and size
limits may be effective for lowmobility species and relatively
straightforward and cheaper to
implement.
Tools that protect a spawning area or
size class may be more effective if
spawning is consistent in time and
space.
Setting quotas and monitoring size
limits may be easier in a ﬁshery with
a single target species.
Tools that are spatial or limit the
amount or type of effort (i.e. input
tools) may be easier to implement in
multispecies ﬁsheries.
Tools that close a particular area to
ﬁshing or prevent the use of gears
that have high impact on the stock or
sensitive life histories may allow for
stock recovery, but the scale of the
beneﬁts will be constrained by the
spatial scale of the tool relative to
that of the stock. TURFs can also
help regulate ﬁshing pressure on
sensitive stocks.

Explanation

Table 6 Expert-derived typology of fisheries characteristics. For each fishery characteristic, the expert group identified whether it was highly important (★★) or weakly important
(★) for the effectiveness of a given tool. If a tool-fishery characteristic combination was left blank, this indicates that the fishery characteristic would be less likely to have a direct
impact on the effectiveness of the tool.
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★

★

★

★

High ﬁsher density

Centralized
landing sites
★

★

★

★

Input

Time restriction
(e.g. days
at sea)

★★

★

★

Output

TACs

★★

★★

★★

Output

Quotas
(catch
shares
and ITQs)

★★

Output

TURFs
(area closures)

★

★★

Technical

Time–area closure
(e.g. closed season)

★

★★

Technical

MPAs

TACs, total allowable catch; ITQs, individual transferrable quotas; MPAs, marine protected areas; TURFs, territorial user rights ﬁsheries.

★

★★

★★

★

High market
monetary
value of target
species
Low ﬁsher density

Input

Input

★★

Limited entry
(e.g. licensing)

Gear
restriction

Management tools

High habitat
degradation

Fishery
characteristics

Table 6 Continued.

★

★

★

★

Technical

Size limits

Setting a TAC for fewer ﬁshers may
be easier to enforce. For quotas, it
may make allocation easier.
Tools including input controls or
technical measures can be applied
regardless of ﬁsher density and may
be easier to implement and regulate
compared with other tools.
Centralized landing sites may facilitate
catch monitoring for TACs and
quotas as well as enforcement for
input controls or size limits.

Tools that prevent destructive ﬁshing
either through gear regulation or
area closure may facilitate stock and
habitat recovery if the scale of tool
implementation is large enough.
Tools that control ﬁshing effort may
be effective in reducing pressure on
high-value species.

Explanation
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★★

★

High community
involvement or buy-in

★

Existence of formal
regulations or legal
regime

★

★

Presence of a
ﬁsherfolk cooperative

★★

Input

Input

★

Limited entry
(e.g. licensing)

Gear
restriction

Strong local leadership

Enabling conditions

Management tool

★

★

Input

Time
restriction
(e.g. days
at sea)

★

★★

★

Output

TACs

★

★★

★

★

Output

Quotas
(catch shares
and ITQs)

★★

★★

★★

★★

Output

TURFs
(area closures)

★

★★

★

Technical

Time–area
closure
(e.g. closed
season)

★★

★

★★

Technical

MPAs

★

★

Technical

Size limits

Strong local leadership has been shown
to be important for the successful
implementation of most tools, although it
may be more important for tools that are
often applied at local scales.
Fisherfolk cooperatives may provide
legitimacy for licensing and gear
restrictions. They are an essential
element of TURFs and can be useful for
negotiating quotas. If cooperatives are
stakeholders in MPA implementation,
buy-in and compliance may be greater.
Tools that require formal regulations or
legal regimes often need these
structures for their implementation or
enforcement. Other tools may be
implemented more informally.
Community involvement and buy-in may
facilitate compliance with regulations.
Other tools may require high community
buy-in if local communities will be highly
affected by their implementation.

Explanation

Table 7 For each enabling condition, the size of the star indicates the importance, for example highly important (★★) or weakly important (★), for the effectiveness of a given
tool, as determined by the expert group. A blank indicates that the enabling condition would be less likely to have a direct impact on the effectiveness of the tool. Several of the
enabling conditions depend on the scale at which the tool was implemented. We assumed that the fishery was managed at the scale pertinent to the enabling condition.
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★

★

★★

★★

★★

Output

Quotas
(catch shares
and ITQs)

★★

★

★

Output

TURFs
(area closures)

★

★

★★

Technical

Time–area
closure
(e.g. closed
season)

★★

★

★

Technical

MPAs

TACs, total allowable catch; ITQs, individual transferrable quotas; MPAs, marine protected areas; TURFs, territorial user rights ﬁsheries.

High capacity for conﬂict
management and
collective
action

★★

Output

★★

★

Input

TACs

High national or municipal
governance capacity

Input

Input

Time
restriction
(e.g. days
at sea)

★★

Limited entry
(e.g. licensing)

Gear
restriction

Management tool

High degree or availability
of information

Enabling conditions

Table 7 Continued.

★

Technical

Size limits

Effectiveness of all tools may improve
with more information. However, many
input controls can be applied without
precise knowledge of ﬁshery status.
More biological information is needed to
set quotas or successfully place a time–
area closure or MPA.
Most tools require high governance
capacity, but many tools can be
implemented at local community scales,
making formal governance competence
less necessary. More capacity may be
needed to deal with ‘free-riders’.
All tools require some capacity for conﬂict
management, but TURFs, quotas, time–
area closures and MPAs require more
collective agency.

Explanation
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U

U

U

Legitimate process
of rule-setting

U

U

Input

U

U

Input

Input

U

Limited entry
(e.g. licensing)

Gear
restriction

Time
restriction
(e.g. days
at sea)

Builds on traditional
management regimes

Recognizes customary
uses or ownership

Build on local knowledge

Long-term NGO or
academic partnership

Ecologically relevant
placement and size

Design considerations

Management tool

U

U

Output

TACs

U

U

U

Output

Quotas
(catch shares
and ITQs)

U

U

U

U

U

U

Output

TURFs
(area closures)

U

U

U

U

U

Technical

Time–area
closure
(e.g. closed
season)

U

U

U

U

U

U

Technical

MPAs

U

U

U

Technical

Size limits

Ecologically relevant placement and size
are particularly important for tools that
include spatial or temporal management.
Partnerships can provide data or capacity,
which may be important for tools
requiring more knowledge for successful
design.
Local knowledge can help to inform
design of management tools that involve
modiﬁcations to ﬁshing methods or that
can incorporate local knowledge on
timing and spatial patterns of key
species to design tools.
Tools that limit physical entry or spatial
access will have greater success by
recognizing customary uses or
ownership.
Traditional management regimes can
include restrictions on when and where
to ﬁsh in addition to taboos of taking
juveniles or large, gravid females. Tool
design can incorporate these practices
where relevant.
Legitimate process of rule-setting that is
respected by all stakeholders is required
for all tools, regardless of scale.

Explanation

Table 8 Expert-derived design considerations. A check mark indicates that the design consideration is important for the successful implementation of that tool.
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U

U

U

Input

Time
restriction
(e.g. days
at sea)

U

U

Output

TACs

U

U

Output

Quotas
(catch shares
and ITQs)

U

U

Output

TURFs
(area closures)

U

U

Technical

Time–area
closure
(e.g. closed
season)

U

U

Technical

MPAs

TACs, total allowable catch; ITQs, individual transferrable quotas; MPAs, marine protected areas; TURFs, territorial user rights ﬁsheries.

U

Governance structure

U

Input

Input

U

Limited entry
(e.g. licensing)

Gear
restriction

Management tool

Engages local
communities

Design considerations

Table 8 Continued.

U

U

Technical

Size limits

Even though many tools will be
implemented at national or municipal
levels, engagement from local
communities is necessary for the
successful implementation of any tool at
any scale. Local engagement promotes
buy-in, compliance and effective tool
design.
The governance structure that the tool is
implemented within may have a major
impact on whether it is successful.

Explanation
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From the literature review, we found that the
most commonly implemented management tool in
a region was also generally judged the most successful in biological terms (Tables 4 and S2).
Exceptions to this general result were found in the
Eastern Central Pacific where gear restrictions
were the most commonly reported tool, but MPAs
had higher rates of biological success, and the
North-east Atlantic where time–area closures were
more common, but gear restrictions had higher
rates of biological success (Tables 4 and S2). The
review also indicated that implementing multiple
management tools can lead to greater success.
Several studies have found similar patterns with
combinations of different tools (Stefansson and
Rosenberg 2005; Mahon et al. 2008; Little et al.
2011; Ovando et al. 2013). Some of the key successful combinations in our study were the use of
TACs with ITQs and limited entry; the use of gear
restrictions with TACs, time–area closures and
MPAs; and the use of MPAs with management
tools that restrict effort.
There are likely to be several distinguishing
characteristics between what is most successful in
large- vs. small-scale fisheries. While we could not
explicitly analyse differences between large- and
small-scale fisheries due to small sample size, our
literature review suggests that the frequency with
which a tool was implemented varied between
large-scale vs. small-scale fisheries, as defined by
Allison and Ellis (2001). Frequency of tool implementation may relate to the biology of the fishery
itself or the governance, social or cultural context
of the fishery. In our literature review, MPAs and
TURFs were implemented 60% and 70% of the
time in small-scale fisheries, respectively, whereas
quotas and TACs were implemented in large-scale
fisheries nearly 85% of the time. Therefore, lessons
learned with respect to these tools are largely associated only with the scale of fishery within which
they were applied. Much may still be learned
about what may be needed for success if they are
to be applied in other contexts than what is
reported. In addition, large- and small-scale fisheries may have different metrics for success beyond
the biological metrics that we studied, although
these will vary by fishery (B!en!e et al. 2006, 2010;
Allison et al. 2012; Weeratunge et al. 2013; Hicks
et al. 2014). For example, large-scale fisheries outcome objectives may relate to profitability and efficiency (Sethi et al. 2010) whereas small-scale
fisheries metrics for success beyond biological
20

characteristics may be more related to aspects of
human well-being including but not limited to
issues of employment, identity, economics and
safety (Allison et al. 2012; Weeratunge et al.
2013, FAO, 2015). Consistent reporting and
large-scale assessments of social and economic
metrics of success in small-scale fisheries will be
needed to gain a better understanding of tool performance in an exclusively small-scale fisheries
context.
There are many potential reasons for the pattern of greater success in more frequently implemented tools. Positive reinforcement from the
successful implementation of a tool can often spur
an increase in the implementation of that tool as
it becomes more familiar (Wejnert 2002). In addition, a success or handful of successes with a particular tool or tools may catalyse greater
investment in the resources necessary for further
successful implementation. When a tool is selected,
the degree of financial and human resources and
planning can all influence its success, making it
hard to distinguish whether the tool itself was
intrinsically better or whether the resources dedicated to it increased the chances for success. In
some cases, the existing enabling conditions are
barriers for the implementation of a particular tool
in some geographies (Diekert et al. 2010). Finally,
reporting biases in the literature may also contribute to the pattern of greater successes amongst
the most frequently implemented tool(s) in a certain place.
In fact, the classification trees based on the literature review results suggest that some extrinsic
factors including the level of human development
as measured by the Human Development Index
(HDI) and the density of the coastal population
have a relatively stronger relationship to the performance of most of the management tools than
other factors examined here. In general, limited
entry, quotas, MPAs and time–area closures were
more successful when the HDI was at medium to
high levels. This suggests that countries or regions
with the resources to invest in fisheries management and enforcement were more likely to report
successful tool implementation. This pattern may
also reflect other differences such as scientific and
administrative capacity and rule of law in a particular fishery, but our literature review could not
systematically assess such factors.
Size limits were more successful when coastal
population levels were low to medium.
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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Monitoring can be more challenging in fisheries
with many participants (Anderson and Seijo
2010), so lower human population levels could
increase the potential for success. Also, size limits
have been shown to alter population structure
because they force fishermen to select a particular component of the population, for example
adults over juveniles (Borrell 2013). This may
reduce the productivity of the population if larger
individuals have higher reproductive output.
Therefore, in areas with lower coastal populations
and possibly fewer fishery participants, size limits
may impose less pressure on significant components of the population. Difficulty in controlling
access at high coastal population levels may also
be an issue with gear restrictions. However, our
results suggested that gear restrictions were also
less successful at low coastal population levels,
which may indicate that other factors we did not
assess, such as the vulnerability level of the species being fished (Brewer et al. 2013), may also
play a role in the successful implementation of
gear restrictions.
The degree of access limitation may be important for the successful implementation of many
tools, although it was not something we were able
to consider in our analysis because it was not
often reported in the literature. Management tools
can be overwhelmed by increasing numbers of
fishers (Geheb and Binns 1997) or a lack of secure
fishing rights (Committee on World Food Security
and FAO, 2012; Grimm et al. 2012, FAO, 2015).
Critically, the nature and distribution of fishing
rights can also have strong effects on buy-in and
compliance (Allison et al. 2012). Fishers who do
not have secure rights may be unable to obtain
the benefits of compliance directly, because they
accrue to the entire fleet. A recent study of the
importance of this phenomenon to conservation
performance found a strong positive relationship
between the presence of spatial harvesting rights
(TURFs) and the establishment of MPAs by fishing
cooperatives (Ovando et al. 2013). At the extreme,
inequitable distribution of fishing rights or systematic barriers to access and benefit sharing by poor
and marginalized groups may spur conflict
(Pomeroy et al. 2011; Allison et al. 2012).
Experts identified strong local leadership, community involvement or buy-in and municipal or
national governance capacity as being particularly
important for the implementation of every management tool (Table 7). Even when management
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S

tools are implemented nationally, local leadership
can be critical for helping to ensure a successful
implementation process, including buy-in from the
community (Gutierrez et al. 2011). High national
or local governance capacity refers to the ability of
the relevant level of government to design, implement and enforce a management tool (Fanning
et al. 2013). Many management tools can be
implemented successfully at the local scale with
more informal governance structures. However, at
the local or community scale, adequate capacity is
still required to design a management approach,
secure local buy-in and enforce regulations. In
some cases, though, informal regulations may
result in confusion or cause conflict with more formal national and local regulations. Clear communication and coordination between different
authorities on formal and informal regulations is
essential.
Many of the reasons that management tools
were deemed inadequate were related to ‘structural’ factors, which included both poor design
and implementation (Fig. 3). Structural issues
were most common in fisheries in the Northern
Hemisphere, potentially because output controls,
which require more thorough monitoring and
enforcement, were applied there more often. Compliance failures were common in the regions
where MPAs are most frequently applied. Understanding compliance necessitates a broader understanding of the actors and the context, but
compliance failures broadly reflect a failure in the
attitude towards compliance (e.g. due to a failure
to obtain stakeholder buy-in) or the absence of an
effective compliance management or enforcement
strategy (McClanahan 1999; Arias 2015). Inadequacies associated with using MPAs as a fisheries
management tool can also be exacerbated by a
failure to successfully manage surrounding fisheries (Mesnildrey et al. 2013). Interestingly,
though, external pressures were not commonly
listed as a reason for poor performance. However,
this result may reflect the use of narrow success
metrics (e.g. a biomass increase within MPA
boundaries) or the difficulty in monitoring pressures like climate change, cumulative human
impacts or illegal fishing (Fig. 3). The exception
was for South-East Asia/Oceania where climate
change-related factors were listed as the main drivers, potentially due to the sensitivity of relatively
well-studied coral reef fisheries to losses in coral
cover as a result of climate change impacts (Bruno
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and Selig 2007; Munday et al. 2008; Allison et al.
2009).
Fisheries management tools are often implemented with different goals and at different scales
(Table 2). A successful outcome for one management tool may not be realized at the same spatial
scale as the outcome of another, depending on
how it is implemented. For example, spatial scale
may be a particularly important consideration
when assessing area-based management tools
such as time–area closures, MPAs and TURFS.
Biological performance indicators such as fish
abundance, density and size may increase within
and near borders, but fishery-level outcomes will
depend on the characteristics of the species
involved, the scale of implementation, the effective
use of other management tools and whether managed areas are networked. No-take marine
reserves can have different performance outcomes
than multiuse MPAs (Lester and Halpern 2008;
Sciberras et al. 2015) and factors of success may
be different as well. In addition, the fishery characteristics themselves affect the performance of
management tools at various scales. For example,
the Human Development Index was an important
factor for limited entry, quotas, MPAs and time–
area closures, but it is calculated at a scale
beyond which most fisheries management tools
are implemented. Overall, it is important to recognize that the factors that affect the successful
implementation of a management tool may not
always be at the management scale. Therefore, it
is prudent to consider the wider socioeconomic
and governance context within which a tool is
implemented (Andrew et al. 2007; Ratner et al.
2012).
The appropriate temporal scales for achieving
and evaluating success also differ by management
tool and conditions, including the state of the fishery when management is initiated. In addition,
because we defined success in biological terms, we
were not able to determine whether a management tool was successful in increasing seafood
availability to local communities or in improving
livelihoods. If designed and implemented with a
sole focus on increased biomass, an MPA or other
management tool that did achieve biological ‘success’ might still be viewed by the community as
inadequate if it reduced well-being by impairing
access to seafood or income. In addition, our analysis does not preclude a change in success rates
for a given tool over time.
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Patterns within management tool categories
We examined patterns within our three major tool
categories in both the literature and expert typologies, because they often exhibited similar factors
relating to their success. It should be noted that
when we discuss success within a given tool category, we are not comparing across tool categories.
In addition, application of a tool in a context other
than the one we highlight does not preclude
success in other circumstances.
Input controls
Input controls were used relatively frequently in
most regions, with limited entry and gear restrictions used more often than time restrictions. Limited entry (e.g. licensing) was found to be more
successful in countries where HDI was higher
(Table 5). Gear restrictions were generally more
successful when used in combination with other
tools (Table 4). The typologies generated by the
experts generally showed that input tools would
be most effective for multiple target species, species
with high market monetary value, centralized
landing sites, and could be applied at either low or
high fisher density (Table 6).
Input controls have been thought to be easier to
implement and less costly to monitor and enforce
than output controls (FAO Fisheries Department,
2003). However, input controls can require
administrative and monitoring capacity to determine how much effort is really being exerted by
each fishing vessel and catch per unit effort may
not be constant if the stock size varies (FAO Fisheries Department, 2003). More recent research
has shown that because vessels can vary greatly
in their efficiency and technology, quantifying and
managing effort can be challenging (Villasante
and Sumaila 2010). Effort creep, increased fishing
effort that reduces the management effect of the
input control, may limit input tool effectiveness
(Kompas 2005; Grafton et al. 2006). For example,
gear restrictions like trawl bans have been effective
in protecting benthic invertebrates and lower
mobility fish in certain contexts (Rice 2006), but
less so in others because of gear substitutions or
modifications (Kompas et al. 2004). The typologies
generated by the experts suggest that the existence
of formal regulations may be important for limited
entry, but less so for gear or time restrictions
(Table 7), which can be applied informally
through the use of customary behaviours (e.g.
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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particular gears are used or avoided, NickersonTietze 2000) and cultural taboos (e.g. no fishing
on a particular day, Harkes and Novaczek 2002).
Output controls
Expert typologies suggested that TACs as well as
quotas (i.e. catch shares and ITQs) would be easier
to implement in fisheries that have a single target
species, relatively low fisher density and centralized landing sites because monitoring catch levels
would be easier under those conditions (Table 6).
Monitoring is a key challenge for output controls
(Hersoug and Paulsesn 1996, FAO Fisheries
Department, 2003). In spite of those challenges,
output controls were implemented with nearly
equal frequency in targeted and multispecies fisheries (Table S2). The use of TACs on their own
was often found to be ineffective, a result that is
also highlighted in the literature (e.g. Baudron
et al. 2010; Huang and Ou 2012). This was likely
due to the fact that a ‘race to fish’ may be induced
if TACs are implemented in the absence of a governance structure or economic instruments that
counteract incentives to maximize catch. However,
in combination with quotas and limited entry,
TACs had more success (Table 4; e.g. Orensanz
and Seijo 2013). Additionally, TACs were more
successful in fisheries operating on benthic or
demersal habitats, although the mechanisms driving their success were not clear from our review.
Ensuring high compliance with TACs may
require expensive monitoring and control systems,
and significant administrative capacity. Catch
share and ITQ programmes can ameliorate these
impacts by allowing fishers to transfer quotas and
legally land fish that are caught incidentally,
reducing discard rates (Grimm et al. 2012). The
expert typologies found similar enabling conditions
for quotas and TACs. However, the presence of
fisherfolk cooperatives and the capacity for conflict
management were thought to be important when
negotiating allocations for quotas in small-scale
fisheries (Table 7). Output controls that are implemented in the absence of a governance structure
that encourages collective action or stewardship
behaviour may not address race-to-fish (derby)
dynamics, which can result in lower profits, high
discards, habitat impacts and other adverse effects
(Turner 1997; Hoggarth et al. 1999).
Although we considered TURFs to be output
tools because they can restrict the amount of fish
that an individual can take, they also control
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S

where those resources may be harvested (Finlay
et al. 2013). In addition, they are often considered
to be a form of rights-based management because
they are predicated on secure and exclusive rights
to harvest in certain areas. As a result, TURFs
tended to have more in common with other spatial
management tools and were considered to work
best in fisheries with low-mobility species, consistent spawning seasons or locations and multiple
target species (Table 6). TURFs also had more in
common with other output tools in terms of
enabling conditions (Table 7).
Technical measures
The expert typologies suggest that MPAs and
time–area closures would work best in fisheries
with low-mobility species, consistent spawning
seasons or locations and multiple target species
(Table 6). Spatial management tools were also
deemed to be reliant on ecologically relevant
placement and size (Table 8). This reflects the fact
that closed areas may work best in some situations
when they are part of a network and when they
are linked to broader-scale fishery management
measures. Size limits had similar characteristics,
but were more effective for single target species
and with centralized landing sites (Table 6). Time–
area closures and MPAs were most successful
when used in countries with relatively high HDI
values (Table 5, Fig. 4), potentially reflecting the
capacity needed to design and monitor them
(O’Keefe et al. 2013).
Successful outcomes for MPAs are often
restricted to the rebuilding of fish density and agestructure within or nearby MPA boundaries, that
is localized improvements, rather than at the scale
of whole fisheries or stocks. For example, MPAs
were often reported to be successful in the
Mediterranean (Table 4), but this high rate of
reported success of MPAs should be interpreted
with caution due to the fact that the scale of these
impacts do not appear to have fishery-wide effects
and many Mediterranean fisheries are overfished
(Colloca et al. 2013).
In general, experts felt that more information
about stock structure, migratory patterns and
other life-history traits would need to be available
when implementing a time–area closure vs. an
MPA because a time–area closure relies on understanding both temporal and spatial dynamics
(Table 7). However, the temporal flexibility of a
time–area closure may have greater appeal in
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Figure 5 Overall management design process for selecting management tools. The typologies can be used once fishery
characteristics and enabling conditions for a given fishery are identified. The process is a feedback loop as fishery
characteristics and enabling conditions can change.

areas where there is a desire to maintain some
fishing. Time–area closures were also thought to
rely more on the existence of formal regulations or
legal regimes than MPAs, but this finding is likely
highly dependent on the governance scale of the
MPA and whether it is a no-take zone or a more
complex multiuse area. The degree to which stakeholders acknowledge the legitimacy of and comply
with informal regulations is also an important
consideration. Time–area closures are temporary,
so the need for conflict management was thought
to be less than what would be needed for permanent closures like TURFs and MPAs (Table 7).
Integrating ‘lessons learned’ into the process of
determining a fisheries management approach
Lessons from our analyses can be applied within a
broader management design process (Fig. 5). During the management design process (Fig. 5), stakeholders can identify the applicable fishery
characteristics and enabling conditions for their
fisheries and compare them to the typologies to
determine which tools or sets of tools may have
the greatest likelihood of biological success. For
example, if we consider a hypothetical coral reef
fishery that targets multiple reef-affiliated species
with relatively low mobility and consistent spawning seasons, potential tools would include TURFs,
time–area closures, and MPAs, or possibly combinations of those tools. A hypothetical fishery for
highly mobile pelagic species with high market
value and low fisher density could consider a different suite of potential tools that may include
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gear restrictions or quotas. Stakeholders would
also need to consider the suite of design considerations applicable to a given fishery. We designed
our typologies to be used as guidance for deliberation within the context of an overall multistakeholder management process (Fig. 5).
How this process is conducted may be a crucial
factor in determining whether or not a tool will be
effectively implemented. Experts felt that three
design considerations were particularly important
for the successful implementation of any tool – a
legitimate process of rule-setting, an understanding
of the governance structure that the tool would be
embedded within and a process that engages local
communities (Table 8). A rule-setting process was
considered essential because it provided the foundation for any subsequent buy-in (i.e. stakeholders
must feel that the rule-setting has been legitimate
and responsive to local conditions) and compliance
(i.e. everyone understands what the rules are). The
type of governance structure was also thought to
be important because it may have a strong impact
on whether the tool or set of tools can be successfully implemented or not. For example, because
governance structure may affect access rights, the
ability to engage in collective negotiation or action
and capacity for stakeholder engagement, it would
have major impacts on the successful implementation of many output tools. Additionally, because
governance may affect compliance, it could also
have major impacts on the success of input controls and technical measures.
Engagement of local communities was also
viewed as crucial, regardless of the scale of
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S
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implementation, because lack of engagement will
likely result in poor buy-in, stewardship and compliance with regulations, which can be especially
problematic in fisheries lacking high enforcement
capacity. In other words, even a top-down management tool implemented at the national scale
should engage local communities because doing so
would improve compliance (Walmsley and White
2003). Engaging local communities may also help
to guide a more effective design of the tool itself.
Fishers or stakeholders who have been affected
directly by the implementation of tools that have
been successful or inadequate can provide valuable
perspectives on how to better design tools. Several
management tools, including MPAs, TURFs and
size limits, can build on local knowledge about the
fishery, incorporate customary uses or ownership
or build on traditional management regimes.
(Table 8; Harkes and Novaczek 2002). Engagement with a non-government organization (NGO)
or academic partner can also help to build local
management capacity or provide data that can be
used in the design of the tool (e.g. the size and
placement of an MPA).
Decisions about which tools may work best in a
given place can be improved with the use of additional quantitative and qualitative data. We generally only considered English-language studies
here, but a systematic review that includes other
languages may provide context for other geographies. Our literature review and classification tools
indicated that the geographic location where a
tool is implemented appears to be an important
determinant of its success, but our sample size for
understanding how region affects other factors
was too small to be informative. If more studies
can be included, we may be able to get a better
understanding of the role of place in determining
the success of a given tool. Additionally, although
we explored which combinations of tools were
implemented together and whether they were successful, we could not systematically determine
which factors led to their success. We were also
unable to fully consider combinations of tools in
our expert-derived typologies, but their success
suggests this is an important area of future
research.
Because of the structure of our analysis and current data limitations, we were not able to assess
‘success’ beyond biological criteria from the literature, compare performance across tools or delve as
deeply into specific issues for small-scale fisheries
© 2016 John Wiley & Sons Ltd, F I S H and F I S H E R I E S

with respect to tool implementation. Although
social and economic criteria are important for
assessing the degree of management success in
both large-scale and small-scale fisheries, they are
perhaps even more exigent for assessing smallscale fisheries where aspects of human well-being
are so closely tied to how management is implemented. If more data on other success metrics
become available, a broader consideration of ‘success’ that includes more dimensions than the biological ones considered in our literature review
may be possible. In addition, the inclusion of a
broader set of criteria in assessing performance
such as those outlined in the FAO’s Voluntary
Guidelines for Securing Sustainable Small-Scale
Fisheries (2015) would allow for greater assessment of poverty, food security and other social–
economic dimensions. A greater focus on the
specific set of issues in small-scale fisheries would
be improved by on-the-ground surveys with communities, managers, civil society organizations
and fishers’ organizations as well as further expert
elicitations to get a broader range of perspectives
in different regions. A comprehensive framework
such as this would need to be created before the
relative utility of these tools in various contexts
can be fully understood, and the trade-offs
amongst them appreciated, particularly in smallscale fisheries.
Nonetheless, our results can inform several key
stages of the management design process. We built
on existing work by considering a full suite of management tools and systematically assessing their
biological performance in the literature. We also
considered a much wider array of factors that may
contribute to successful management as defined
through expert input. Using the complementary literature review and expert typology approaches,
our results can serve as an initial step in identifying a potential suite of tools to consider for a particular fishery, their associated enabling conditions,
and which combinations of tools are likely to be
particularly effective in different situations. The
findings presented here may also provide guidance
in the learning and adaptation that is part of any
management process. Expert-derived design considerations can be used to help guide the successful
development of a management plan and implementation of management tools. Together, our results
can help managers learn from past experiences so
that they can increase the likelihood of effective
management decisions in their own fisheries.
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