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Abstract
Wild capture fisheries produce 90 million tonnes of food each year and have the 
potential to provide sustainable livelihoods for nearly 40 million people around the 
world (http://www.fao.org/3/a-i5555e.pdf). After decades of overfishing since in-
dustrialization, many global fish stocks have recovered, a change brought about 
through effective management. We provide a synthetic overview of three ap-
proaches that managers use to sustain stocks: regulating catch and fishing mortality, 
regulating effort and regulating spatial access. Within each of these approaches, we 
describe common restrictions, how they alter incentives to change fishing behaviour, 
and the resultant ecological, economic and community-level outcomes. For each ap-
proach, we present prominent case-studies that illustrate behaviour and the corre-
sponding performance. These case-studies show that sustaining target stocks 
requires a hard limit on fishing mortality under most conditions, but that additional 
measures are required to generate economic benefits. Different systems for alloca-
tion allow stakeholder communities to strike a locally acceptable balance between 
profitability and employment.

K E Y W O R D S

catch management, effort management, fishery management, spatial management, triple 
bottom line outcomes

…probably all the great sea fisheries…are 
inexhaustible…. And any attempt to regulate these 
fisheries seems, consequently, from the nature of the 
case, to be useless.

T.H. Huxley (1883)
Quoted in M. Graham, 1943, The Fish Gate, London, 
p. 111.

1  | INTRODUC TION

Huxley’s comment reflects the once widely held perspective, even among 
biologists, that the oceans could provide functionally limitless fish for 
human consumption. However, following the World Wars, a large influx of 
effort eventually outstripped the natural productivity of many fish stocks, 
driven by changes in fishing technology such as diesel engines, steel ves-
sels and mechanized gear, combined with the increase in demand from 
global markets made possible by refrigeration and rapid shipping.

www.wileyonlinelibrary.com/journal/faf
http://orcid.org/0000-0003-0472-7218
http://orcid.org/0000-0002-9313-9487
http://orcid.org/0000-0001-7346-5077
http://orcid.org/0000-0002-4127-7300
mailto:cmand@uw.edu
http://www.fao.org/3/a-i5555e.pdf


2  |     ANDERSON et al.

The 1982 UN Convention on the Law of the Sea allowed coun-
tries to establish 200-mile exclusive economic zones (EEZs), evicting 
foreign vessels in an attempt to reserve fish for their domestic fleets. 
New domestic vessels replaced the foreign capacity, and reports 
of stock collapses arose from global keystone fisheries (Weber & 
Gradwohl, 1995). With the Pew Oceans Commission (Panetta, 2003) 
identifying overfishing as a major threat, scientists documented a 
levelling of global catch—including dramatically falling catches 
within keystone fisheries—and made sensationalist headlines that 
the world would be out of fish in our lifetimes (e.g., Dean, 2006).

Propelled into action by this characterization of the impending 
collapse of fish stocks, over the last quarter century many govern-
ments have implemented management measures that have curtailed 
overfishing (Worm et al., 2009) and rebuilt fish stocks (e.g., Murphy, 
Kitts, Demarest, & Walden, 2015). However, not all countries have 
found the governance capacity or political will to regulate their har-
vesters, and not all of the adopted management methods have been 
equally successful; indeed, many fisheries had some form of man-
agement in place when global attention was drawn to overfishing.

Further, even where management has achieved sustainable har-
vests, it has not consistently led to profitable fishing businesses that 
offer stable, well-paying jobs that support the communities out of 
which the fisheries are based (Branch et al., 2006). A joint World 
Bank–FAO report estimates we forego US$83 billion per year in 
fishery benefits globally. These losses arise from stocks that have 
been fished beyond their optimal productivity, and from investing 
in more capacity than necessary to catch the available fish (World 
Bank 2017; cf. Costello et al., 2016). The impact of these losses is 
particularly acute in developing countries, where fisheries provide 
both food security and critical livelihoods in vulnerable communities 
(Béné, Hersoug, & Allison, 2010).

This paper provides a critical survey of the major approaches 
that fisheries managers have used to constrain the behaviour of fish 
harvesters in order to achieve sustainable fisheries. We identify ar-
chetypical case-studies to illustrate how individual fish harvesters 
respond to the incentives presented by each approach and offer an 
empirical characterization of the outcomes that arise. Our analysis 
is rooted in the bioeconomic model of harvester behaviour in order 
to extend our characterization of these management tools beyond 
their ability to achieve ecosystem health. We use the terminology 
“fish” throughout, but only for simplification as the characterization 
of these management schemes extends to fisheries targeting inver-
tebrates and chondrichthyans. We focus primarily on stock status as 
our measure of biological outcomes; harvesters’ profitability as our 
measure of economic performance; and employment and safety as 
our measures of social outcomes (cf. Anderson et al., 2015). While 
fisheries may select management programmes to achieve different 
objectives, we evaluate the extent to which each programme sup-
ports biological, economic and social performance.

This paper also contributes to the understanding of management 
tools by characterizing the relationships among the major fishery 
management approaches and representing them in a Venn diagram 
(Figure 1). Individual fisheries often try a succession of approaches 

and make refinements as they learn what does and does not work in 
each case (Branch et al., 2006) and as stakeholder communities act 
to improve their outcomes. We approach the diagram by describ-
ing the incremental effects of these adjustments along three typ-
ical paths: limiting catch, limiting effort and limiting spatial access. 
Managers’ choices among these paths are often governed by their 
specific enabling legislations, governance conditions and philoso-
phies of management. Each path begins with unregulated open ac-
cess and moves towards the centre of the diagram, with each step 
incorporating a new feature of management, while inheriting many 
of the traits from the previous step. The first path, characterized by 
limiting catch, travels down the left of the diagram, first establish-
ing limited entry to the fishery and then adding binding constraints 
on the total quantity of fish caught collectively or individually. The 
second path, characterized by limiting effort, travels down the right 
of the diagram, utilizing a system of restrictions on harvesting in-
puts such as time fishing or gear usage in order to reduce mortality. 
The third path, characterized by limiting spatial access, travels right 
to left across the bottom, specifying spatial regulated-take or no-
take zones, with a range of effort or catch controls where fishing is 
permitted.

2  | NO REGUL ATION: OPEN ACCESS

The outer region of Figure 1 represents unregulated open access, 
where there are no managerial constraints imposed on the fishery, 
neither limiting the number of harvesters that enter the fishery, nor 
limiting the quantity of harvested product. Although nearly every 
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fishery has basic restrictions on fishing practices (e.g., mist nets, dy-
namite) that are not calibrated to sustainable levels of effort, fish-
eries with only those measures are considered unregulated open 
access here.

The key decision for an individual harvester is whether, and how 
intensively, to participate in the fishery. This is represented in the 
bioeconomic model of harvester behaviour, which relates stock dy-
namics, fishing revenues and costs (see Field, 2008, ch. 13). If the 
revenue from catching additional fish is expected to be higher than 
the costs of doing so, new participants will decide to enter the fish-
ery, and existing harvesters will continue to invest in more harvest-
ing capacity, hoping to capture a larger share of the fish and profits 
for themselves. As a result, total fleet capacity and effort increase, 
each vessel pays more to operate their increased capacity, and the 
per-vessel harvest decreases due to increased competition and de-
clining stocks. This entry dynamic will only end once no harvester 
has an incentive to enter the fishery, which occurs when harvest-
ers would rather take other jobs. Economists consider this a “zero-
profit” outcome because economic profit represents benefits above 
what people or resources could earn in their next-best employment; 
a fishery can be “zero profit” while firms make an accounting profit 
and participants still make a normal wage. The result is an economic 
“tragedy of the commons” where, despite the fact that fish are pro-
vided for free, no profit is made (Gordon, 1954; Hardin, 1968; Scott, 
1955). Without regulation, self-interested harvesters will not slow 
fishing when the stocks reach low levels if there is still profit to be 
made. In many fisheries, by the time this zero-profit level of effort is 
reached, fishing pressure is higher than the stocks can sustain, lead-
ing to collapsing fish stocks and a biological tragedy of the commons.

These biological and economic tragedies are illustrated by the 
New England groundfish fishery, which had unregulated open access 

from the colonization of New England until the mid-1970s. Catches 
peaked in the 1860s, but the fishery remained stable until the 1960s. 
Sail-powered boats and an inability to refrigerate catches meant fish-
ing was costly enough per unit that participation was held in equi-
librium at low effort and high stock levels. The introduction of new 
technologies, such as diesel engines, made it possible for vessels to 
harvest more efficiently, and improvements in shipping and refrig-
eration expanded markets. As a result, per-unit costs decreased, 
revenues increased and profit opportunities returned. In response, 
existing vessels increased their harvesting power, and new ones 
entered: the fleet grew from 825 vessels in 1977 to 1662 in 1990, 
during which time the populations of key species declined 65%. With 
few fish, 14,000 fishing jobs were lost, remaining harvesters were 
unprofitable, and coastal communities suffered (Weber & Gradwohl, 
1995).

The same dynamic is currently playing out in the develop-
ing world, especially as export markets are established. In the 
Indonesian blue swimming crab (Portunus pelagicus, Portunidae) 
fishery, fishing effort increased 475% between 2006 and 2016, 
while catch increased only 52% (Hamid, Wardiatno, Lumbanbatu, 
& Riani, 2016). On Lake Victoria, gear used to catch Nile perch 
(Lates niloticus, Latidae) and tilapia (Oreochromis niloticus, 
Cichlidae) increased from 99,800 gillnets to 161,800 gillnets be-
tween 2000 and 2004, while catch of the two species fell from 
a combined 132,000 tonnes to 75,000 tonnes over the same pe-
riod (Njiru et al., 2007). As is typical of open access fisheries, the 
profits of early entrants in these fisheries attracted additional ves-
sels, leading to lower profits as fishing costs increased and high 
rates of exploitation resulting in the catch of smaller or immature 
individuals (De Alessi & Warmbrunn, 2014; Njiru et al., 2006). In 
both cases, as in many communities throughout the developing 

F IGURE  1 Venn diagram representing the relationships among common approaches to fishery management, with regions of greater 
overlap indicating additional restrictions. Beginning from unregulated open access, the diagram represents three pathways: 1) limiting catch, 
beginning with limited access and adding restrictions on total allowable catch, allocating harvest rights through catch shares, individual 
allocation through individual fishing quota (IFQ) and individual transferable quota (ITQ); 2) limiting effort through establishing non-binding 
harvest guidelines, imposing input restrictions and then transferable input rights; and 3) controlling spatial access by establishing regulated-
take or closed no-take areas, with the range of effort or catch controls applying within regions where fishing is permitted [Colour figure can 
be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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world, there are few other employment opportunities, so vulner-
able harvesters have turned to processors for loans, committing 
their future fish landings to individual buyers who need not pay 
competitive prices and exacerbating income inequality (De Alessi 
& Warmbrunn, 2015; Geheb et al., 2008). This pattern is mirrored 
in the small-scale fisheries of West Africa where the number of 
harvesters increased from 953,000 in the 1950s to 1.74 million in 
2010 and catch quadrupled, but, despite increases in landed value, 
fisher income is very low (Belhabib, Sumaila, & Pauly, 2015).

While entry eroded the profits of these potentially valuable 
fisheries, it is important to understand the tragedy of the commons 
as the consequence of the choices individual harvesters make in 
pursuit of their own profits. There are many fish populations with 
low market demand or high harvesting costs—like lanternfish 
(Myctophidae) and jellyfish (Medusozoa)—which are in bioeco-
nomic equilibrium at low fishing effort and sustainable stock levels, 
with little threat of overfishing even without regulation. In other 
cases, especially in the developing world, limited technology, lim-
ited capital or a limited population of potential harvesters may limit 
effort sufficiently to allow sustainable profitability. In the small-
scale fisheries of northern Sulawesi, large villages with better em-
ployment alternatives and villages that are less connected to urban 
demand centres see reduced levels of overfishing (Liese, Smith, & 
Kramer, 2007). However, when the target species is valuable, un-
regulated open access is characterized by over-exploitation, exces-
sive harvesting capital, little or no economic profit, and the collapse 
of fishing communities. Managers have attempted to address these 
negative impacts by adopting management measures from the 
three paths outlined below.

3  | PATH 1:  LIMITING C ATCH

The management approaches in this section attempt to limit catches 
by regulating who can fish and how much they can catch.

3.1 | Limited entry

Limited entry management forms the base of the first path of man-
agement approaches commonly used in commercial fisheries. This 
strategy limits the number of vessels or harvesters that participate 
in a fishery in an attempt to restrict total fishing mortality to sustain-
able levels. The number of vessels is often calibrated to an intended 
level of mortality, sometimes supported by limits on gear or per-trip 
landings quantities.

While the number of harvesters is capped, individual harvest-
ers find they can increase their catches by fishing more frequently, 
for longer amounts of time, or by investing in improved technolo-
gies. Harvesters make costly investments in vessel or gear improve-
ments, also known as “capital stuffing,” to outcompete others for 
a larger share of available fish (Townsend, 1985), often leading to 
higher levels of catch than managers intended. Although harvesters 
are not able to freely enter the fishery, limited entry fisheries have 

insufficient control over fishing mortality and often continue to ex-
hibit overfishing.

For example, although the U.S. West Coast groundfish trawl fish-
ery successfully reduced the number of vessels fishing with a lim-
ited entry programme that began in 1994, this management system 
failed to curtail the high levels of overfishing, resulting in low catches 
for valuable species and therefore depressed revenues (The Nature 
Conservancy, 2008). Ultimately, in 2000, the decreased catches led 
the US government to declare the fishery a federal disaster.

Other implementations of limited entry programmes in-
clude the Bristol Bay drift gillnet salmon (Oncorhynchus nerka, 
Salmonidae) fishery, which introduced 1669 limited entry permits 
in 1974 (Schelle, Iverson, Free-Sloan, & Carlson, 2004). These fish-
ermen compete to place their nets closest to “the line” where fish 
approach the mouth of the river in which they will spawn. Though 
boats are restricted to 32 feet, fishermen continually invest in 
stronger, more powerful vessels to race for position and push oth-
ers out of the way. Once pursued by one-tonne wooden sailboats, 
new vessels are aluminium, weigh 20–40 tonnes and can top 1,000 
horsepower. While in-season closures prevent overfishing, the 
fishery has at least five times the capacity necessary to harvest 
the available fish, meaning profits have been reduced by five times 
the necessary expenditure on vessels and fuel. Capital stuffing 
was also seen in the British Columbia salmon fishery, which im-
plemented limited entry to decrease the number of vessels from 
6500 in 1968 to 5300 in 1977. The value of the fleet increased from 
$73.4 to $273 million over the same period. This capital stuffing 
was paired with a decline in the quantity of harvesting jobs from 
9,600 to 8,600 labourers (Fraser, 1979).

Some short-lived, highly fecund species, such as shrimp, are ro-
bust enough to be adequately managed biologically through limited 
entry. In many of these fisheries, high recruitment variability and 
technological limitations prevent over-exploitation and dampen cap-
ital stuffing. For example, the South Australian Spencer Gulf prawn 
(Melicertus latisulcatus, Penaeidae) stock is estimated to be at or above 
maximum sustainable yield, and has seen increased catch per unit 
effort since implementing limited entry with supporting vessel and 
gear size restrictions, providing jobs and income to local communities 
(Dixon, Noell, & Hooper, 2013; Noell & Hooper, 2015). Similarly, the 
North Carolina brown shrimp (Penaeus aztecus, Penaeidae) fishery is 
biologically sustainable, though the high number of licensed vessels 
leads to inefficient competition and excessive costs, amounting to a 
20% reduction in revenue (Huang & Smith, 2014).

As a stand-alone management system, limited entry does little 
to disincentivize increases in fishing power to capture any existing 
profit. Like open access, limited entry programmes are characterized 
by biological over-exploitation, excess harvesting capital, and little 
or no economic profit.

3.2 | Total allowable catch

Once they experience the weak control over fishing mortality seen 
in limited entry systems, management agencies often move towards 
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the centre of Figure 1 and implement a fleetwide total allowable 
catch (TAC). TAC management establishes an annual or seasonal 
limit to fishing mortality, usually based on scientific advice or catch 
data. Catch is tracked during the season using a catch-accounting 
system, and a regulator closes the fishery once the TAC threshold is 
met so overfishing is unable to occur.

This strict control over the total quantity harvested supports bi-
ological sustainability. However, a TAC system establishes a compe-
tition among fishermen: the only way an individual can increase their 
catch is to catch it before other harvesters. This induces a “derby” or 
a “race-to-fish,” where participants invest in larger and faster boats, 
more powerful engines, additional gear and more crew, so as to give 
themselves an advantage. This continues until investing in more 
input does not yield more profit— another form of the economic 
tragedy of the commons where the total harvesting capacity of the 
fleet far exceeds what is needed to harvest the TAC, and fleetwide 
economic profit is zero.

Ecological success, coupled with poor economic performance, 
is seen in the British Columbia halibut (Hippoglossus stenolepis, 
Pleuronectidae) fishery, which was TAC-managed prior to 1991. 
With the impending threat of fishery closure, the harvesters en-
gaged in a competitive race-to-fish, which incentivized capital 
stuffing and increased crew size, rewarding vessels that invested in 
competitive catching power, thus dramatically increasing the cost 
to fish (Casey, Dewees, Turris, & Wilen, 1995). Over the 1980s, the 
race to catch the TAC shortened the open season from 2 weeks to 
merely one or two days a year. During these short seasons, har-
vesters would fish regardless of bad weather or hazardous working 
conditions, compromising safety for revenue. Since all the halibut 
was landed over a short period of time, these high landings re-
sulted in low market prices and low product quality, as processors 
sacrificed product development and opted for the frozen market to 
minimize landings waste (Casey et al., 1995). Other TAC-managed 
fisheries, like the “Deadliest Catch” Bering Sea Aleutian Island crab 
(Paralithodes sp. [Lithodidae] and Chionoecetes sp. [Oregoniidae]) 
fishery before implementation of quota shares (Fina, 2005), 
the Finnish herring (Clupea harengus, Clupeidae) fishery from 
2001 to 2016 (Kulmala, Peltomäki, Lindroos, Söderkultalahti, & 
Kuikka, 2007) and the Rhode Island fluke (Paralichthys dentatus, 
Paralichthyidae) fishery pre-2009 (Scheld, Anderson, & Uchida, 
2012) also observed sustainable stocks, but low economic effi-
ciency and social trade-offs: crew jobs were numerous, but dura-
tion, working conditions and safety were poor.

Once a management system includes a TAC as part of its man-
agement plan and moves within the TAC area on the diagram, if the 
TAC is scientifically informed and adequately enforced, the fishery 
typically maintains or increases target stocks (Da Rocha, Cerviño, 
& Villasante, 2012) and improves biological outcomes. However, 
it is important that the scientific TACs be followed. Under the EU 
Common Fisheries Policy, TACs are recommended by ICES scientists 
and approved by the EU, but then increased through the political 
process of allocating them among member countries, leading to bi-
ological and economic failure (Khalilian, Froese, Proelss, & Requate, 

2010). Similarly, if TAC recommendations are scientifically uncertain 
or heavily reliant on fisheries-dependent data where increases in 
catchability due to technological advances are not well accounted 
for, biological sustainability can be undermined (Eigaard, Marchal, 
Gislason, & Rijnsdorp, 2014; O’Leary et al., 2011).

3.3 | Catch shares

Mitigating the race-to-fish requires providing harvesters security in 
their shares of landings. Catch share management allocates a secure 
share of an established TAC to communities, cooperatives or individ-
uals for their exclusive use (NOAA 2017). Group-based catch shares, 
the focus of this section, allow groups of harvesters to cooperatively 
decide how to manage their collective catch quota allocation to max-
imize their benefits. Each group’s allocation is generally based on 
member harvesters’ catch history; harvesters typically need to join 
a group to participate in the catch share. In practice, most groups 
partition this historical share to individual harvesters to fish under 
cooperatively established rules, creating a de facto individual quota 
system, described in the following two sections.

Since catch share groups have a secure portion of the TAC to 
manage, they can cooperate to solve the internal allocation problem, 
eliminate the race-to-fish and address associated problems that limit 
the value of the fishery. Slowing fishing leads to decreasing costs, 
reducing capital stuffing and increasing efficient harvesting prac-
tices to maximize profit (Birkenbach, Kaczan, & Smith, 2017). Slower, 
more careful fishing may also allow harvesters to more fully utilize 
target and non-target quota to increase revenues within the group 
(Brinson & Thunberg, 2016). However, increases in utilization in a 
multispecies fishery can be limited due to relative TAC values that 
differ considerably from harvest ratios. For example, the US West 
Coast groundfish trawl fishery implemented catch limits designed 
to rebuild populations, but the constraining non-target species quo-
tas likely led to limited utilization of target species since the fish-
ery would stop once quota for jointly harvested non-target species 
was exhausted, regardless of the amount of target quota remaining 
(Kuriyama, Branch, Bellman, & Rutherford, 2016).

Overcapitalized like the Bristol Bay salmon fishery, 77 of 100 
salmon fishermen in Chignik, Alaska, formed a co-op which received 
a catch share allocation. They fished using only the 19 most efficient 
member vessels, but paid out dividends equally to all co-op mem-
bers. This consolidation of effort led to reduced maintenance, gas 
and labour costs. The co-op partnered with a processor to arrange 
for live fish deliveries, improving product quality. The salmon was 
marketed under a special brand, leading to a price premium (Metzner 
& Ward, 2002). This strategy led to a 20%-40% increase in net rev-
enues (Deacon, Parker, & Costello, 2008). Because proceeds were 
shared equally among members, the business owners who benefit-
ted most were those who would not have fished otherwise, while 
members in the top 25% of previous earners did not see increases or 
decreases in annual income (Knapp, 2008).

The Rhode Island fluke sector pilot programme was a group of 
eight mid-sized New England groundfish trawlers who organized a 
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catch share around an allocation of 11% of Rhode Island’s fluke TAC. 
The rest of the groundfish fleet targeted fluke jointly with other 
groundfish species, in a competitive derby, with a regulatory require-
ment to discard fluke once the landings limit was met. The sector 
members, by agreeing not to discard and count all catch against their 
catch share allocation, sat out the race-to-fish when the prices were 
low, and instead landed their allocation when other vessels were 
forced to discard and prices were high. This reduced dead discards 
of fluke, and raised revenue an average of $70,000 for sector mem-
bers, and a total of $250,000 for non-sector members, as less fish 
were landed in the derby (Scheld et al., 2012). Similar structures re-
laxing closed seasons have increased temporal flexibility and prices 
for groundfish fishermen on Cape Cod (Pinto da Silva & Kitts, 2006).

The business flexibility allowed by group-based catch shares is 
often provided to industry when strict biological reductions must be 
implemented. Following the 2010 implementation of allocations to 
17 self-identifying groups in the New England multispecies ground-
fish fishery, stocks are recovering under catch share management 
(Murphy et al., 2015). Flexibility in harvest strategies led to an esti-
mated 18% increase in ex-vessel revenue gains and an 8% increase in 
job duration in the first year of implementation (Scheld & Anderson, 
2014).

Also facing depletion of target stocks, Japanese coastal 
fisheries implemented community-based catch shares in 1949. 
Cooperative strategies have improved stocks and habitat, and 
harvesters have profited from increased revenue per unit effort 
(Ministry of Agriculture Forestry and Fisheries, 2016; Uchida & 
Makino, 2008). Japan’s coastal community has also benefited 
from an increase in employment opportunities in both the har-
vesting and processing sectors (Mcilwain & Hill, 2013; Ministry of 
Agriculture Forestry and Fisheries, 2016). Korean coastal cooper-
atives have seen similar improvements (Uchida, Uchida, Lee, Ryu, 
& Kim, 2010). Likewise, converting a fleetwide halibut by-catch 
cap to an allocation to co-ops in the Bering Sea/Aleutian Islands 
non-pollock groundfish fleet led to collaborative gear develop-
ment and information sharing about by-catch hot spots (Abbott 
& Wilen, 2010).

Group-based catch share systems have a record of resolving 
the race-to-fish, reducing costs and improving product quality and 
enhancing profitability. The extent of the cost reduction is deter-
mined by incumbent fishermen, who collectively determine a bal-
ance between harvesting efficiency and maintaining broad levels 
of employment within fishing dependent communities. Since fish-
ing mortality is based on a TAC, catch share fisheries inherit the 
positive ecological outcomes associated with TAC management for 
the target species. Enhanced cooperation and information sharing 
can also support improved quota utilization and by-catch avoid-
ance in multispecies fisheries. However, to realize these benefits, 
it is essential that the groups receiving the allocation be able to 
agree on an allocation and cooperate, and as a result, most coop-
erative catch shares have been implemented in community-based 
fisheries or fisheries with large industrial participants. When this 
does not happen, managers can set allocations for each harvester.

3.4 | Individual fishing quota

Individual fishing quota (IFQ) systems are a type of catch share 
where managers allocate non-transferable shares of the TAC to indi-
vidual vessels or fishermen, rather than a group. Typically, individu-
als are given quota shares, which are permanent and denominated in 
a percentage of the TAC. Annually, these quota shares beget quota 
pounds, or pounds that can be landed in the current year, reflecting 
the individual’s percentage quota share of the current year’s TAC. 
Like other catch share systems, IFQ management attempts to coun-
teract the harmful economic incentives associated with the race-to-
fish. It does so by focusing individual harvesters on increasing their 
profit per pound by improving market timing and handling practices 
to get the highest prices (Homans & Wilen, 2005) and by minimizing 
harvesting costs.

Individual fishing quota systems strengthen TAC-based manage-
ment strategies by disincentivizing discarding, quota overages and 
politically inflated TAC levels. Individual stakeholders are granted a 
secure stake in the future health of the fishery and are therefore 
driven to maintain or increase the value of their property via ensur-
ing the productivity of the fishery (GMFMC 2013; National Research 
Council 1999; SEDAR 2013). As a result, individual quota-based fish-
eries have a record of reducing overfishing and rebuilding stocks 
(Branch, 2009).

In 1991, the British Columbia longline halibut fishery imple-
mented a non-transferable quota system. Prior TAC-based manage-
ment saw extensive capital stuffing and a race-to-fish that reduced 
season length to 6 days (Dewees, 1998). In the first year of IFQs, 
fish were landed throughout the 8-month season and in smaller daily 
quantities that allowed 21% more processors to participate. Most of 
the new firms specialized in fresh products, increasing fresh market 
production from 42% to 94%—leading to a 55% increase in ex-vessel 
price (Casey et al., 1995). Crew sizes were somewhat smaller, but 
those crew that did work earned more money. While transferabil-
ity was initially prohibited out of concern for consolidation, after 
2 years (1991–1993) harvesters decided they wanted to scale their 
businesses and approved a set of rules for trading quota pounds, or 
leasing. Full transferability of quota shares followed in 1999 (Gilroy, 
Erikson, & Mactavish, 2011).

3.5 | Individual transferable quota

Individual transferable quotas (ITQs), found at the inner end of the 
limiting catch path in Figure 1, are IFQs that allow individual quota 
shares to be traded, or quota pounds to be leased, in exchange 
for money, other quota or a share of landings revenue. Quota 
share is an asset that, like a stock certificate, provides access to 
an annual stream of profits and is valued on that basis: to a fishing 
business, the value of a single-year lease of a quota pound is the 
increase in profit provided by the opportunity to harvest the addi-
tional pound; the value of quota share is the present value of that 
expected increase in profit into the future (Grainger & Costello, 
2016).
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The addition of transferability incentivizes inefficient harvesters 
to sell their quota to more profitable harvesters who are willing to 
pay more for the quota than the inefficient harvesters would earn by 
catching it themselves. As such, ITQs support the positive biological 
and individual-level profit maximizing outcomes of IFQ systems, but 
further improve the economic efficiency of the fishery as a whole, 
redirecting harvest towards those who can earn the most profit 
with it. Over time, the transferability of quota can reduce fleet over-
capacity and increase fishery rents, to varying extents based on the 
fishery (Connor, 2001; Färe, Grosskopf, & Walden, 2015; Haynie, 
2014; Yandle & Dewees, 2008).

ITQs inherit the positive biological outcomes of IFQ and TAC 
systems and retain the incentives to reduce cost and improve value 
through increased season length. This allows harvesters the flexi-
bility to land their fish during favourable market conditions with 
improved product handling, thereby increasing product quality and 
value (Ginter, 1995; Tveteras, Paredes, & Pena-Torres, 2011). For 
example, the Gulf of Mexico red snapper (Lutjanus campechanus, 
Lutjanidae) fishing season extended to year-round, from a pre-ITQ 
average of 109 days, enabling harvesters to improve their scale of 
operation and time their harvest to acquire higher sale prices (Agar, 
Stephen, & Strelcheck, 2014). Since quota prices reflect expected 
profits in the fishery, increases in quota share purchase and lease 
prices of 145% and 37%, respectively, from 2007 to 2011, show that 
profits increased (Agar et al., 2014).

While biological performance and profitability increase, fish-
eries transitioning to ITQs often undergo significant structural 
transformations (Brinson & Thunberg, 2016). Quota market forces 
drive changes, some of which may be undesirable to managers 
or stakeholders, especially adverse social impacts (Branch et al., 
2006). First, the transfer of quota to those who can use it most 
profitably often leads to consolidation, especially if implementa-
tion is accompanied by a reduction in TAC. For example, 61% of 
Bering Sea crab vessels exited in the first year of ITQ manage-
ment (NPFMC, 2017), the British Columbia halibut fleet decreased 
in size by 66% in the 12 years after legalizing full transferability 
(Gilroy et al., 2011), while the Gulf of Mexico red snapper fleet 
decreased in size by 17% in the first 5 years of its ITQ programme 
(Agar et al., 2014). This is often an intended outcome in fisher-
ies that are known to be overcapitalized, as quota sale provides 
a voluntary mechanism for some quota holders to leave the fish-
ery, with compensation from those who remain. However, this 
process can favour larger operations at the expense of small-scale 
harvesters or native communities (Carothers, Lew, & Sepez, 2010; 
Connor, 2001). Additionally, the profitability supported by ITQs 
leads to share price increases, which presents a high financial bar-
rier to entry by aspiring owners (McCay, 2004). Importantly, quota 
allocations are nearly always granted only to boat owners, so hired 
captains and crew are put out of work and not compensated when 
the new asset incentivizes high-cost owners to sell and the fleet 
consolidates; in isolated communities without other sources of 
employment, this effect can lead to social collapse (cf. Carothers, 
2008).

Second, transition to an ITQ system often results in changes in 
the character of employment in the fishery. Numerous short-term 
fishing jobs can be lost and replaced by fewer long-term jobs: in the 
Bering Sea king crab fishery, average season length increased 2–3 
times, with 87% of the remaining crew experiencing some increase 
in earnings (Abbott, Garber-Yonts, & Wilen, 2010). As the market 
decreases the total number of crew needed to harvest in an ITQ sys-
tem, the remaining or entering participants receive a higher poten-
tial income, as they each earn a higher share of revenue (Carothers 
et al., 2010). Furthermore, ending the race-to-fish means jobs are 
safer, as harvesters are less likely to go out in bad weather as in the 
US West Coast groundfish trawl fishery (Pfeiffer & Gratz, 2016) and 
the Gulf of Mexico red snapper fishery (Boen & Keithly, 2012). In the 
“Deadliest Catch” Alaska crab fishery, crew fatalities dropped from 
an average of over one per year to one total in the nine years follow-
ing ITQs (NPFMC, 2017).

More recent ITQ implementations often include measures to 
mitigate adverse social outcomes. One common strategy is to cap 
individual quota holdings, to limit consolidation. The pioneering New 
Zealand mixed-stock inshore and offshore quota management sys-
tem saw large companies acquire quota at the expense of small-scale 
harvesters, who now mostly fish-for-hire and express dissatisfaction 
with the system (Connor, 2001; Yandle & Dewees, 2008). In the Gulf 
of Mexico red snapper fishery, there was a restrictive 6.0203% cap 
on shares, which kept the market for shares competitive and pre-
vented market concentration (Agar et al., 2014). The Alaska halibut 
programme supplemented consolidation restrictions with prohibi-
tions on quota transfer from smaller to larger vessel categories, and 
a quota owner-on-board requirement. These measures have main-
tained benefits to active fishermen in the small boat fleet, but at a 
cost of $117 million in quota value (Kroetz, Sanchirico, & Lew, 2015).

Another approach to managing adverse community effects is to 
allocate some quota share to community groups. The rural western 
Alaska Community Development Quota (CDQ) programme grants 
a portion of the commercial groundfish and crab quotas for coastal 
communities (Ginter, 1995; Holland, 2000). Some CDQ quota is 
leased to harvesters, with the proceeds used to support community 
programmes, while other quota is distributed to community resi-
dents or leased with the expectation that landings be processed in 
the community. Over a 19-year period, this programme increased 
native organization assets from $13 million to $938 million USD 
and local jobs by more than sixfold (Haynie, 2014), demonstrating 
how ITQs can provide community benefits while enhancing fishery 
efficiency.

4  | PATH 2:  LIMITING EFFORT

In situations where governance and enforcement capacity are limited 
or not cost-justified, rather than monitor and regulate total catch, 
many fisheries instead choose to limit fishing mortality by regulat-
ing technical inputs with restrictions on fishing effort by size of ves-
sels, type and amount of fishing gear, or number of open fishing days 
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(Branch et al., 2006; Pope, 2009). This second path through Figure 1 
begins by establishing a biological goal and then layering restrictions 
to limit overall fishing mortality.

4.1 | Guideline harvest levels

When managers first recognize the need to constrain harvests, they 
often begin by identifying guideline harvest levels (GHLs) or target 
levels of fishing mortality that they hope the fishery will not exceed. 
GHLs can be based on past harvests that are believed to be sus-
tainable or estimates of sustainable mortality from advanced stock 
assessment models. GHLs differ from TACs in that a TAC will close 
the fishery once reached, whereas a GHL will not. Although a bio-
logical target exists, TACs or any other management measures are 
not implemented.

As a primary management tool, GHLs are prevalent where 
measuring fishing intensity is difficult, capacity to implement 
stronger measures is limited, or enforcement is poor. In these 
cases, stating a desired mortality with a GHL fails to provide an 
incentive for reducing catch or operating more profitably. For ex-
ample, eastern Atlantic sailfish (Istiophorus albicans, Istiophoridae) 
are targeted by small-scale fisheries in West Africa and caught 
incidentally by industrial tuna long-liners. While the International 
Commission for the Conservation of Atlantic Tunas (ICCAT) estab-
lishes a harvest guideline, it has not been able to coordinate mea-
sures to stay within the GHLs across the different fleets and flag 
states. As a consequence, there are no regulations to limit individ-
ual harvesters and this stock is currently heavily over-exploited 
(ICCAT, 2017), and the West African fishermen targeting sailfish 
from canoes are quite poor, with fewer than 40% having running 
water (Brinson, Die, Bannerman, & Diatta, 2009). Without any re-
strictions on effort or spatial access, GHLs result in the same del-
eterious economic and biological outcomes as unregulated open 
access.

4.2 | Input controls without guideline harvest levels

When a management agency lacks the necessary scientific or regu-
latory basis to establish biological targets, input controls are imple-
mented as the sole form of management. This is especially common 
in complex multispecies fisheries, especially reef fisheries, or where 
the objective is to protect traditional or historical fishing habits 
without a specific mortality goal. With limits on only some inputs, 
individual harvesters begin capital stuffing like in limited entry sys-
tems, scaling up all unregulated inputs to increase their harvesting 
power in the face of regulations. Without species-specific harvest 
guidelines, harvesters can increase earnings by targeting the most 
profitable species, accelerating their decline.

For example, in the East China Sea, fisheries managers have 
enacted seasonal closures, mesh size restrictions, gear restric-
tions and other input controls, to maintain production for the 
many subsistence harvesters that rely on this resource (Zou, 
2003). Absent limited entry, the number of vessels and their 

engine power has increased, leading to over-capacity (Yu & Yu, 
2008). While historical participation continues, the restrictions 
mandate the use of old, often inefficient technology, increasing 
the cost of fishing and diminishing profits for these harvesters, as 
catch per unit effort has decreased. This pattern of investing to 
scale up unregulated inputs and sapping profits while undermin-
ing ecological sustainability has also been observed in Malaysian 
marine fisheries (Saharuddin, 1995) and the Gulf of Thailand 
mackerel (Scomberomorus sp., Scombridae) fisheries (Panayotou & 
Jetanavanich, 1987).

4.3 | Input controls with guideline harvest levels

When selecting the level of input controls, fisheries managers often 
try to select restrictions that will achieve the GHL. However, even 
when input controls are well-calibrated to status quo effort levels, 
harvesters still increase their own catch by fishing more intensively 
through capital stuffing. This causes fishing mortality to decrease 
less than intended, or even continue to increase, exceeding the GHL 
and at a higher cost.

For example, the New England groundfish fishery implemented 
the Atlantic Demersal Fisheries Plan in 1985 to combat declining 
fish stocks. While this plan included input controls such as mesh 
size restrictions and seasonal limits, the rules resulted from a con-
tentious debate between the National Marine Fisheries Service, the 
New England Fishery Management Council and industry members, 
leading to strong political influence over the policy and lenient re-
strictions (Acheson & Gardner, 2011). Coupled with a large increase 
in the number of vessels due to federal loan programmes financing 
additional permits, these input controls did very little to limit effec-
tive fishing effort. As a result, stocks continued to plummet, Atlantic 
cod (Gadus morhua, Gadidae) continued to collapse, and total catches 
in New England declined from over 200 million pounds in 1983 to 
less than 50 million pounds in 1993 (Acheson & Gardner, 2011). This 
fishery demonstrates that lenient input regulations, especially with-
out limited entry, fail to curtail high fishing effort or end biological 
decline.

Beginning in 1993, the New England Fishery Management 
Council sought to further combat declining groundfish stocks by es-
tablishing a moratorium on new permits and by limiting harvesters 
to 88 days-at-sea each season (Acheson & Gardner, 2011). With re-
strictions on the time allotted for fishing, harvesters focused their 
effort on areas closer to shore and on higher value, often overfished, 
species to maximize their profits for each day allowed (Holland & 
Sutinen, 1999). They invested in the size and power of fishing vessels, 
so total fishing capacity was not reduced despite the time constraint 
on fishing. Ecologically, limiting the number of days-at-sea did not 
rebuild the most important overfished stocks, such as Atlantic cod 
(Brewer, 2011). Managers reacted by reducing annual days-at-sea 
fourfold to as few as 20, inducing considerable consolidation of the 
fishery, but with limited success in rebuilding key stocks (Acheson 
& Gardner, 2011; Brewer, 2011; Thunberg, Kitts, & Walden, 2007). 
Fishing towns throughout New England saw social collapse as a fleet 
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that supported 3,033 permits in 1994 had only 574 active permits by 
2007, with declines varying by port (Brewer, 2011). Distrust of man-
agement persisted as the remaining fishery participants faced rising 
costs, diminished profits and declining stocks (Acheson & Gardner, 
2011).

Empirically, the unregulated effort increases associated with 
input regulations are less problematic for highly abundant, highly fe-
cund species—such as small pelagic fish, skipjack tuna or shrimp—for 
which precise effort control is often less consequential. The Parties 
of the Nauru Agreement (PNA) established a vessel-day scheme for 
skipjack tuna (Katsuwonus pelamis, Scombridae), where distant water 
fishing nations (e.g., Korea and Japan) must bid for vessel-day units 
that allow them to fish within the EEZs of PNA countries (including 
Papua New Guinea, Kiribati and six other Pacific Island countries) 
with one vessel for 1 day. The auction efficiently allocates fishing 
rights to the harvester that can fish them the most profitably (Yeeting, 
Bush, Ram-Bidesi, & Bailey, 2016). While the input control does not 
tightly limit joint harvest of overfished bigeye tuna (Thunnus obesus, 
Scombridae), a majority of the catch is from the healthy skipjack 
tuna stock (Havice, 2013) by successful distant water fishing busi-
nesses. Still, capital stuffing occurs for these vessels, as the fishing 
operations utilize an increased number of fish-aggregating devices 
(FADs) to maximize their catch for a given vessel-day. While the use 
of these devices increases the total mortality of skipjack, the stock 
is sufficiently robust to this additional pressure, due to their high 
fecundity. However, the use of FADs has negative consequences for 
by-catch such as turtles and sharks (Yeeting et al., 2016). Revenue 
from the vessel-days has also allowed the developing PNA countries 
to capture economic benefits from fishing resources, though they 
are facing challenges associated with the transition to a cash-based 
economy, including social strain, shifting gender roles and a potential 
loss in historical participation in traditional fishing for food (Barclay, 
2010).

4.4 | Individual transferable input controls

Transferable input control systems, the end of the input control 
pathway through Figure 1, set a fisherywide cap on a given input, 
allocate it among fishermen and allow fishermen to trade it. This 
system combines the weak harvest limitations of input controls with 
incentives to transfer inputs to harvesters who can use them most 
profitably, like an ITQ system, while providing a voluntary mecha-
nism for some incumbents to leave the fishery with compensation 
from those who remain.

Adding transferability to an input control system does little to 
counteract the weak regulation of harvest associated with input 
controls, perhaps even exacerbating the problem as input controls 
are traded to the most effective and productive harvesters. As the 
number of days-at-sea allocated in the New England multispecies 
groundfish fishery declined below the level sustainable for all busi-
nesses, transfer of days-at-sea was introduced in 2004 (NEFMC & 
NMFS, 2003). During the first 3 years of the transferability pro-
gramme, the lack of mortality controls on vulnerable and valuable 

stocks allowed for the number of stocks that are both overfished 
and experiencing overfishing to increase from 7 to 11 (Northeast 
Fisheries Science Center, 2008). Despite a steep 69% reduction of 
total days-at-sea allocated between 2004 and 2006, harvesters 
were still incentivized to maximize their fishing power within the 
given input restrictions, by fishing more hours per day with more 
gear to maximize the value of the catch for each day-at-sea permit, 
regardless of the ecological health of the target stocks (Acheson & 
Gardner, 2011). The transferable days-at-sea programme also at-
tempted to control species-specific catch through stock-specific trip 
limits, intended to encourage harvesters to be more selective and 
avoid overfished stocks. However, these limits caused harvesters to 
discard—often dead—any of that species above the limit rather than 
avoid catching them, or return to port early. Such costly behaviours 
resulted in considerably reduced profits (NEFMC 2006).

As each year’s measures failed to curtail overfishing, and new 
ones were necessitated, social conflict and mistrust of the manage-
ment agency arose. Once again, the many input restrictions forced 
harvesters to undermine their own cost-effectiveness, spending 
more money to fish harder within the days allowed (Acheson & 
Gardner, 2011). Harvesters were frustrated that costly restrictions 
that were still ineffective at rebuilding stocks or increasing catch per 
unit effort, to the extent that when interviewed in 2008, only 17% of 
interviewed groundfish harvesters would recommend that their chil-
dren enter the industry (Acheson & Gardner, 2011). The consolidat-
ing effect of tradeable rights, combined with the continuing declines 
in days-at-sea, reduced the total number of active vessels from 515 
in 2004 to 328 in 2009 (Walden, 2013). However, the vessels that 
exited the fishery faced uncertain economic futures regardless, and 
the tradeable rights system allowed them to be compensated for ex-
iting by selling their days-at-sea. Furthermore, while total revenues 
fell by 21% in the first 2 years of the programme, the average vessel 
that remained saw an increase in revenue since fewer vessels were 
participating (NEFMC 2006; Walden, 2013).

5  | PATH 3:  SPATIAL ACCESS CONTROL S

The third major approach to regulating fishery effort is to imple-
ment physical boundaries for controlling fishery resources and 
associated ecosystem services. A wide range of terms are used, 
including marine protected areas (MPAs), marine reserves, ma-
rine parks and closed areas, but they are all applied regardless of 
whether fishing access is allowed (de facto or de jure) within the 
established boundaries. As a fishery management tool, no-take 
areas exclude fishing effort in order to preserve habitat and stock 
to serve as a seed population, with the expectation that dispersal 
will supply a sustainable fishery in adjacent areas (Hilborn et al., 
2004). In practice, the areas closed are typically prime fishing 
grounds because harvesters target areas of high abundance, 
and displaced harvesters shift their effort to the most profit-
able areas they may still access, a response that depends on the 
habitat and gear (Horta e Costa et al., 2013). When effectively 
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communicated and enforced, ecological outcomes within well-
designed and enforced no-take boundaries are typically positive, 
including increased size and abundance (Russ, Alcala, Maypa, 
Calumpong, & White, 2004). However, a recent meta-analysis 
showed that these improvements were most strongly predicted 
by increased staff and budget and were not without numerous 
examples of ineffective or inequitable management processes 
(Gill et al., 2017; Lester et al., 2009). For a static closure to im-
prove stock status, it must be appropriately scaled to the life his-
tory of the target species; most no-take areas are best suited to 
benthic fisheries that are less mobile throughout their life history 
(Hilborn et al., 2004).

Spatial management that identifies areas for regulated fishing 
typically designates a group—often local fishermen or leaders—to 
design the management system governing access and harvest. As 
with no-take areas, the ecological effectiveness of regulated-take 
areas is constrained by the biology of the target organisms, but eco-
logical success also requires that the governing body be capable of 
establishing and enforcing regulations that sustain the resource. In 
some cases, enabling legislation establishes TACs, creating a spa-
tially explicit catch share system. In general, fishermen will respond 
to the incentives for catching the available fish, and approaches that 
limit effort and achieve healthy stocks when applied fisherywide can 
sustain a healthy stock within a biologically appropriate MPA, as de-
scribed above.

Comparing spatial case-study outcomes to those from catch limit 
and effort limit approaches is challenging because spatial measures 
are often implemented with different objectives. First, spatial mea-
sures are often motivated primarily by preservation, or conservation 
interests drive project design even when fishery goals are articu-
lated (e.g., Castrejón & Charles, 2013). Second, while management 
objectives typically envision fisheries as enhancing communities’ 
wealth and employment by selling fish in an exchange economy (cf., 
Cunningham, Neiland, Arbuckle, & Bostock, 2009), spatial measures 
are often applied where implementers are more concerned about 
welfare concepts such as food security, equity of access and self-
determination (cf., Béné et al., 2010). As a result, many spatial ini-
tiatives do not track the same economic and social measures as are 
typically used to assess other approaches’ outcomes. This informa-
tion gap fuels a vigorous debate among development scholars about 
whether poor fishing communities are best supported by developing 
local management institutions or providing market opportunities 
(Foale et al., 2013).

We focus on case-studies that include a primary goal related to 
sustaining commercial fisheries and that specifically seek to improve 
fishery outcomes by constraining fishing effort. Whether a healthy 
stock is supported through a closed area seeding an adjacent fishery, 
or through effective management of effort within a designated area, 
access to that stock can be achieved through harvest guidelines, 
limited access, TAC limits, catch share cooperatives, input regula-
tions or transferable input rights. Since harvesters respond to the 
incentives present where they can fish, spatial management typically 
inherits the outcomes of those measures.

5.1 | Open access

In 1990, the Columbretes Islands in the Spanish Mediterranean 
established a no-take area to support lobster (Palinurus elephas, 
Palinuridae) breeding. By 1998, the benthic crustacean fishery saw 
an increase in lobster size within the reserve, paired with a 10% in-
crease in fishery catch outside of the reserve, due to the local spillo-
ver effect of this low-mobility species (Goñi, Hilborn, Díaz, Mallol, 
& Adlerstein, 2010). However, several vessels exited the area when 
the closure occurred, and during the subsequent study period, the 
number of vessels fishing the boundary of the reserve dropped from 
three to two. Thus, while catch slightly increased, the loss of the 
high-density fishing ground reduced the number of vessels the fish-
ery was able to support, underscoring that using spatial measures to 
address the biological tragedy of the commons does not necessarily 
resolve the economic tragedy of the commons associated with open 
access.

For example, the Galapagos Marine Preserve was designed in 
1999 as a network of closed and multi-use (fishing) areas. Since 
the fishery was open to any Ecuadorian resident, the number 
of vessels increased from 795 to over 1,200 in the first year; 
areas were finally closed in 2006 (Castrejón & Charles, 2013). 
Poorly enforced TACs led to over-exploitation of key cucumber 
(Isostichopus sp., Stichopodidae) and spiny lobster (Palinurus sp.) 
stocks. A race-to-fish has emerged as fishermen are investing in 
more equipment and faster vessels, and are diving in deeper wa-
ters, leading to more cases of decompression sickness (Castrejón 
& Charles, 2013).

Spatial restrictions are also sometimes used to prevent conflict 
or implement allocative policies between large-  and small-scale 
vessels. For example, Indonesia maintains waters within 12 miles 
of shore for vessels under 30 tonnes, and waters inside 4 miles of 
shore are reserved for vessels under 5 tonnes. Open access in each 
zone allowed vessels to enter, expanding the fleet 28% between 
2002 and 2013 (Stobutzki, Stephan, & Mazur, 2014), and fully or 
over-exploiting most stocks. Although more than 2.4 million people 
participate in capture fishing, many artisanal fishermen are poor and 
food-insecure (Stobutzki et al., 2014). In both examples, spatial re-
strictions without limited entry or well-enforced TACs function like 
open access, where fishers lack an incentive to exit or reduce their 
effort until it is no longer profitable to fish.

5.2 | Limited entry

In 1991, the Chilean government established management and ex-
ploitation areas with local-only access, and governance, for arti-
sanal dive fisheries targeting high-value benthic crustaceans, loco 
(Concholepas conchelepas, Muricidae), urchin (Loxechinus albus, 
Parechinidae) and stone crab (Metacarcinus edwardsii, Cancridae). 
Limited access or no-take areas saw significant overall increases 
in the size and abundance of loco and urchin relative to open ac-
cess areas (Castilla & Fernandez, 1998), with bigger differences in 
better enforced areas (Gelcich et al., 2012), but much smaller or no 
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gains for the more mobile stone crabs, underscoring that the scale 
of spatial management must match individual range and other char-
acteristics of the target species. A survey of 55 local associations 
indicated participants felt conservation goals had mostly been met, 
but despite the increased resource in no-take areas, a meaningful 
increase in aggregate harvest has not been realised (Gelcich et al., 
2010). The median fisher receives only 20% of their income from 
limited access areas, and only 15% of participants across territories 
have identified economic benefits (Gelcich et al., 2017). While local 
management led to various governance and access arrangements, 
aggregate results reflect that widely adopted limited access and 
no-take areas improve stock health, but additional measures are 
required to generate economic gains. Similar concerns about food 
security persist amidst stock improvements in a six-nation network 
of closed areas in the Coral Triangle Initiative (Christie et al., 2016; 
Foale et al., 2013).

The importance of controlling catch or effort in conjunction with 
spatial approaches is often confounded because spatial methods 
are often applied in contexts where the potential for entry is lim-
ited, because little capital is available and the human population is 
small relative to the size of the resource. For example, the small-
scale reef fishery in Apo Island, Philippines, implemented a no-take 
zone in 10% of the coral area for dive tourism, prohibited destructive 
methods and established local-only access to the area around the 
reserve. Biomass for the two target stocks increased substantially 
within 250 m of the reserve. With only 500 residents, 200 of whom 
fish, local-only access constrained entry enough that the CPUE of 
the hook fisheries increased 50% from 1998 to 2001 compared to 
years immediately preceding and concurrent with initial implemen-
tation of the MPAs (Russ et al., 2004).

Welfare objectives are primary in Samoa’s community-based 
fishery management programme, which provides technical as-
sistance from national entities to long-standing spatially explicit 
community tenure organizations. By working with the national gov-
ernment and its mandates, habitat-destroying fishing practices (e.g., 
dynamite fishing) and poisoning of fish were banned (King & Faasili, 
1998). As a result of central support, communities increased en-
forcement of access limitations as well as other national regulations 
within the spatial management area and seafood consumption in-
creased (Govan, 2011; Tiitii, Sharp, & Ah-Leong, 2014). However, no 
significant economic improvements or increases in income or market 
purchases were observed (Tiitii et al., 2014). As in the Philippines, 
this management is adequate to support local subsistence use, but 
may not be robust to changes in harvest technology or to harvesters 
shifting to sell into wider geographic markets (Cinner & McClanahan, 
2006).

In the English Beam Trawl fishery, managers used a spatial 
restriction to limit fishing within 12 miles of the coast to vessels 
under 9 m in length and 221 kW in engine power, reducing gear 
conflicts between small and large vessels and addressing a 20-fold 
increase in total effort between the 1970s and 1990s. Some larger 
vessels reduced their engine sizes to stay inshore, to reduce fuel 
costs and transit time. License restrictions prevented new entry, 

but as with limited entry without a spatial component, incumbents 
substituted unregulated inputs, weakening control over fishing 
mortality and increasing harvesting costs (Pascoe & Robinson, 
1998).

5.3 | Total allowable catch

In some instances, TAC limits are used in conjunction with spa-
tial closures in order to better achieve the desired biological out-
comes. In Japan, the snow crab (Chionoecetes opilio, Oregoniidae) 
fishery in Kyoto prefecture experienced a large decline in catch 
in the late 1970s. This decline was associated with increasing in-
vestment in harvest technology exerting pressure on stocks and 
high regulatory discard mortality of crabs in flatfish trawling ac-
tivity by the same vessels after the crab season. Both permanent 
and seasonal closures were implemented in the early 1980s, and 
expanded in 1991, and a TAC limiting take outside the areas was 
introduced in 1997. This led to an 8,300% increase in revenue 
per day in 2001–2005 as compared to the pre-MPA period; this 
increase was not seen in nearby regions that did not use MPAs 
(Makino, 2008). By capping the total removals outside the clo-
sures and creating areas without fishing pressure for the crab 
populations to grow, the management system encouraged re-
building populations, increased catch per unit effort and revenue 
per day.

5.4 | Using spatial approaches to limit growth 
overfishing

The US Atlantic scallop (Placopecten magellanicus, Pectinidae) 
fishery added rotating fishing areas into their management 
scheme in 2003, opening areas of several hundred square 
nautical miles only when the density of large scallops was suf-
ficiently high, yielding a much higher price due to their size 
(Edwards, 2001). Prior to adding this spatial element, limited 
access vessels were losing money (Edwards, 2001). Vessels are 
allocated days-at-sea for fishing inside the management areas 
and separate days-at-sea for fishing outside the management 
areas. In combination with trip limits, there is a de facto quota 
that maintains the fishery below the harvest guideline (Olson, 
2006). Although participants still race to the most productive 
patches within an area during openings, allowing the scallops 
to grow to the highest-valued market size has made this one of 
the most valuable fisheries in the United States, and vessels 
are extremely profitable (Georgianna, Lee, & Walden, 2017). 
Similarly, the Australian Bass Strait central zone scallop fish-
ery utilizes spatial closures and spatially explicit quota systems 
to ensure that no particular area is overharvested (Australian 
Fisheries Management Authority, 2017) For slow-moving or 
sessile organisms such as the Atlantic and Australian scallops, 
limiting spatial access combined with effort or catch limits has 
facilitated strong biological outcomes and growth of individual 
organisms leading to positive economic outcomes as well.
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6  | DISCUSSION

Historical attitudes towards fishing were that resources were avail-
able for access and that over-exploitation was impossible. While 
this may have been true with the technology and market conditions 
that prevailed for much of history, advances in harvesting technol-
ogy such as mechanization and refrigeration have led to widespread 
over-exploitation in the absence of limitations on catch. There is 
building evidence that science-based management methods are re-
ducing the incidence of biological overfishing (Worm et al., 2009), 
and in many cases, stocks are recovering (e.g., Murphy et al., 2015). 
This is largely the result of moving from management systems which 
less effectively restrict catch, towards the centre of Figure 1 to sys-
tems that enact biologically informed regulatory practices. But even 
in fisheries with good biological management, harvesters often still 

struggle to make money and support their communities (World Bank 
2017).

Table 1 facilitates direct comparisons of the observed triple bot-
tom line outcomes across management approaches. The left column 
relates the economic outcome to the behavioural change induced by 
the management approach. The behavioural changes observed in the 
fisheries reviewed above underscore that economic success requires 
more than selecting a target biomass which maximizes profit—often 
called BMEY in the bioeconomic model—given a fixed industry-wide 
cost and market structure. Rather, effort management induces be-
havioural responses to the need to compete for fish, which change 
the economic and social structure of the industry in predictable 
ways, at any target biomass. With open access or harvest guidelines, 
summarized in the top two rows, there is no restriction on entry, and 
additional harvesters enter whenever there is profit to be made. As 

TABLE  1 Summary of behavioural changes observed under each approach to effort management, with associated economic, ecological 
and community outcomes. Background shading indicates generally negative (red), mixed (yellow) or positive (green) outcomes; gradients 
reflect outcomes depend on other features of management [Colour in online version]

Management 
Approach Economic Ecological Community

Open Access
stocks, saturated markets 
or costs of competitive 

bioeconomic equilibrium.

Determined by stock 
pressure at point of zero 

Can be sustainable for 
species with limited 
markets.

High employment during 
depletion phase, but low 

poor jobs.  Displacement 
and community disruption 
when stocks collapse. 

Harvest 
Guidelines 

Unenforced guidelines do 
not change Open Access 
outcomes.

Unenforced guidelines do 
not change Open Access 
outcomes.

Unenforced guidelines do 
not change Open Access 
outcomes

Limited Access
in harvesting power to 

to bioeconomic equilibrium.

Effort increases by permit 
holders lead to higher 

stocks, except for short-
lived, highly fecund species 

poor jobs.  Displacement 
and community disruption 
when stocks collapse.

Input 
Regulations

Fishermen increase 
unregulated inputs, capital 

eliminated.

effort and stock pressure.
Employment can increase if 
crew not regulated input, but 

Tradable Input 
Regulations

Input rights shifted to those 
who can capital stuff most 

eliminated.

Shifting input rights to more 
effective capital stuffers 
exacerbates resource 
depletion.

Crew displaced from selling 
vessels; adverse effects 
in communities whose 
residents sell; remaining 
jobs still low-paying.

Total Allowable 
Catch (TAC)

Fishermen invest to 
compete more effectively for 

Correctly set and enforced 
TACs support sustainability. seasonal, high-paying and 

dangerous jobs.

Catch Shares

Groups receiving collective 
allocations can coordinate 
rather than compete, reduce 
costs to and improve price.

Correctly set and enforced 
TACs support sustainability.

Stakeholders make tradeoff 
between number and quality 
of jobs, but non-members 
disenfranchised.

Individual 
Fishing Quota 

(IFQs) by cutting costs, improving 
price.

Correctly set and enforced 
TACs support sustainability. reduce employment, but 

better paying.

Individual 
Transferable 
Quota (ITQs)

Like IFQ, but additionally 
quota moves to more 

Correctly set and enforced 
TACs support sustainability.

Crew displaced from 
consolidation; remaining 
jobs safer, better paying; 
disproportionate adverse 
effects in communities 
whose residents sell. 

Spatial 
Management

Behavioral response and 
economic outcomes from 

approach, above, in place 
there.

Closing areas calibrated to 
the life history of the species 
increases biomass within 
the area, and may create 
spillover to be caught.  

Community outcomes 

determined by approach, 
above, in place there.
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with the post-WWII New England groundfish fishery, entry drives 
the fishery towards bioeconomic equilibrium, unsustainable levels of 
effort, and low or no profits. Simply presenting scientific estimates 
of harvest guidelines, without regulations or enforcement to limit 
mortality, does not change these incentives, as efforts to manage 
Atlantic sailfish demonstrate. In these cases, declining stocks are un-
able to support those who entered when fish were more abundant, 
leading to community disruption. With a well-designed spatial com-
ponent (bottom row of Table 1), stock collapse can be averted, but 
Galapagos Marine Reserve demonstrates that the economic tragedy 
of the commons remains.

Limited access (third row of Table 1) and input regulations (rows 
four and five) attempt to control the effect of increases in effort 
through new entry, but fail: as in the Bristol Bay salmon fishery, 
limiting entry still induces incumbents to try to increase their share 
of the competitive harvest by capital stuffing. However, these 
competition-driven investments in vessels increase costs, and any 
biological benefit arises because the point where additional invest-
ment is no longer profitable is reached at higher biomass. Eigaard 
et al.’s (2014) survey concludes that the biological success of effort-
based management controls is highly dependent on the ability to an-
ticipate input substitution and changes in catchability attributable to 
technological change. New England groundfish’s efforts with limited 
access and days-at-sea demonstrate that sufficiently comprehensive 
controls are elusive, especially as transferability reallocated effort 
to those who could capital stuff more effectively, so that social and 
economic outcomes mirror those in unregulated fisheries.

When a hard total allowable catch is implemented (sixth row 
of Table 1), additional effort, through new entry or capital stuff-
ing, does not result in additional mortality. As in British Columbia 
halibut, an appropriately set and enforced TAC ensures biological 
sustainability, even in the face of increasing capital. With a spatial 
component, when the scale matches the range of the target spe-
cies’ life history, stock health can be improved, as in Japanese snow 
crab. However, harvesters must race to fish to effectively compete 
for a share of the catch, so they invest in more capital, engage in 
risky fishing practices and erode value through poor handling and 
flooding markets; those who refrain from the derby will lose market 
share to those who participate. Harvesters invest until the additional 
profits from more investment are less than its cost: a bioeconomic 
equilibrium at the TAC, with a combination of higher costs, lower 
revenue, increased employment volatility and reduced safety.

The competition for fish that drives overcapitalization and value-
dissipating behaviour can be eliminated by determining the alloca-
tion of TAC among fishermen through IFQs or ITQs (rows eight and 
nine of Table 1), or through a catch share programme (row seven). 
Unable to increase their catch through additional effort, harvesters 
instead focus on maximizing profit from their fixed allocation by re-
ducing costs and maximizing value. This shift from choosing effort 
to capture more, or a greater share, of the fish means the bioeco-
nomic model, and the prediction of bioeconomic equilibrium, no 
longer applies. Correctly set and enforced TACs ensure biological 
sustainability, and the focus on maximizing profits makes the fishery 

economically successful. This is exemplified by the British Columbia 
halibut harvesters’ development of a fresh market that more than 
doubled the value of the product and dramatically increased profit-
ability. Less intensive harvesting can affect the structure of the crew 
labour market, often reducing the number of short-season jobs in 
favour of fewer longer term, higher paying and safer jobs.

The Bering Sea crab fishery demonstrates that allowing the 
transfer of quota facilitates the compensated exit of high-cost op-
erators, further enhancing fleetwide profitability. However, trans-
ferability also lets the market determine who benefits from fishing, 
which often leads to adverse social effects. Smaller, more isolated 
communities, which are often more dependent on fisheries, may 
have less well-capitalized harvesters and higher cost processors, 
leading quota to flow to other communities where operations are 
more profitable. Although the boat owners who are typically initially 
allocated quota sell voluntarily, their local crew do not have a choice 
in the sale decisions that erode an essential employment base within 
a community of people or of place. Further, the additional profits 
may accrue to active fishermen, as in Alaska halibut, or initial quota 
holders can choose to collect lease payments without fishing, as in 
Bering Sea crab.

Catch share programmes mitigate these adverse community 
outcomes by allocating quota to groups rather than individuals. 
Allocations to fishing groups provide incentives to coordinate on 
harvest effort and joint marketing as in Chignik, and catch tim-
ing and by-catch management as in the Rhode Island fluke sector. 
Such groups can also collaborate to manage “choke” species or by-
catch species that limit the harvest of otherwise abundant species, 
by sharing information and establishing avoidance incentives (e.g., 
Holland & Jannot, 2012). Catch shares empower the community of 
incumbent harvesters, rather than markets, to determine alloca-
tions. Quota can be additionally allocated to non-harvester commu-
nity groups, as in the Alaskan CDQ programme, to generate local 
fishery benefits, giving other stakeholders control over who fishes 
and receives fishery benefits.

These new tools allow participants to strike a locally accept-
able balance between sustaining broad participation that provides 
high levels of social benefit, and providing high levels of economic 
benefits to participants. The collective experience in different man-
agement methods is that there is a trade-off, whose resolution de-
pends both on the priorities of regulators and on the structure of 
the fisheries: social benefits accrue differently based on whether 
vessel owners, crew, processing owners and their workers reside in, 
and spend their income in, the fishing community of concern, and on 
where benefits are created in the supply chain (Branch et al., 2006).

Approaches that require limiting access, in particular, often en-
gender controversy because designating a group that has the exclu-
sive right to fish implies designating a group that does not. This is 
often minimized by granting access to all incumbents. However, in 
some fisheries, there are loosely invested people, or people who 
leverage access only when other resources (e.g., other fisheries or 
agriculture) are performing poorly. In areas with diverse employment 
opportunities, forcing harvesters to specialize within the portfolio 
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of fisheries in which they have participated in the recent past in-
creases their exposure to risks of biological and market variations in 
those fisheries (e.g., Kasperski & Holland, 2013). In poorly integrated 
economies, fisheries are sometimes viewed as an “employer of last 
resort” for coastal residents who need subsistence food or income 
in the event of crop failure or personal financial shocks, and limited 
access exchanges better outcomes for incumbent fishermen for a 
social safety net.

Community-based management approaches are not separately 
included in Figure 1, because community management refers to who 
has the right to regulate access and harvest, not the approaches to 
regulating effort analysed here. Regardless of how incentives are 
established, we expect a community-based management process 
selecting any of the effort controls discussed to observe the same 
outcomes. However, involving the regulated community in the man-
agement process may still improve outcomes through two mecha-
nisms. First, involving the community in management draws on their 
expertise about the actual operations in the fishery, and provides 
managers a sense of what types of measures will meet management 
goals at least cost. This increases the legitimacy of management and 
increases compliance and effectiveness (Jentoft, Mccay, & Wilson, 
1998; Kuperan & Sutinen, 1998). Second, communities may be able 
to work together to establish a political consensus around more ef-
fective management methods. Both the Chignik co-op and Rhode 
Island Fluke Sector, which achieved significant triple bottom line 
successes for their fisheries, were discontinued following disagree-
ments by non-participating harvesters, reflecting the importance of 
community acceptance of even very effective measures.

The economic effectiveness of catch share programmes leads to 
a perverse argument that selling access and harvest rights makes it 
more difficult for new entrants to participate in the fishery. Fishing 
quota and permits are valued, like all assets, as the present dis-
counted value of the stream of profits to which the permit provides 
access. Entering open access fisheries is free, but that right also has 
little value because open access fisheries generate little profit. The 
value of a limited entry permit in a fishery where limited entry is 
binding is the present discounted value of the profits from fishing 
in that fishery. The value of an individual quota share is the present 
discounted value of the profits from fishing that quota. Therefore, 
if entry is more expensive in individual quota-based fisheries, it is 
because they are more profitable, which is likely to be the case given 
the incentives for maximizing market value and minimizing costs es-
tablished by individual allocation. In fact, quota which subdivides the 
fishery rents into more units may make participating in ownership 
more accessible, as younger fishermen can slowly acquire shares, in-
creasing their desirability as crew, without purchasing a critical mass 
of capital to have a fully independent business. Auctioning these 
permits or quota allows the government to capture much of the fish-
ery’s rent, rather than harvesters; allocating permits to community 
leaders, rather than members of the fishing industry, allows local po-
litical processes to determine who benefits.

Over the last three decades, fisheries management has demon-
strated the ability to attenuate overfishing and sustain stocks and 

global catches around 90 million tonnes (FAO, 2016). However, not 
all approaches to management lead to ecological success in all cases. 
Some are easily circumvented in most applications. Others may be 
effective for highly fecund species with a weak correlation between 
spawning stock size and the number of young (e.g., shrimp, forage 
fish), but not work with more structured stocks. Still others may sus-
tain stocks in geographically isolated fishing communities, but not 
be robust to the pressures of globalization. Even among biologically 
effective approaches, methods differ in how they trade off harvest-
ing at low cost and paying many fishermen, and how they distribute 
the benefits of fishing among industry and community stakeholders. 
How best to strike these balances in any fishery is ultimately not a 
question of science, but rather one of the politics: scientists’ role 
is to advise the decision-makers recognized by civil society on the 
most likely outcomes of alternative approaches. Scientists should 
help decision-makers draw the correct lessons from data, models 
and past experiences. That different sustainable approaches sup-
port different suites of outcomes provide a powerful policy lever 
that enables policymakers to select the fishery benefits that best 
suit the needs and values of their stakeholder communities.
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