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Abstract

Territorial Use rights in Fisheries (TURFs) are used around the world to manage small-scale
fisheries and they’ve shown varying levels of success. Our understanding of what leads to
different performance levels is limited due to several reasons. Firstly, these systems are
often present in areas with low monitoring capacity where data is scarce. Secondly, past
research has centered on the analysis of successful cases, with little attention paid to entire
systems. Thirdly, research has been ahistorical, disconnected from the development pro-
cess of TURF systems. Fourthly, TURFs are often viewed as homogenous ignoring the
socio-ecological conditions under which they develop. To address these gaps, the study
focuses on Mexico as a case study and context. The research first presents a historical
overview of the development of TURF systems in Mexico, including the institutional and
legal frameworks that have shaped their evolution. The paper then presents a TURF data-
base that maps all TURF systems in Mexico, including their geographical locations and
characteristics. In addition, the study presents case studies based on identified archetypes
that showcase the diversity of TURF systems in Mexico, highlighting the different types of
systems and the challenges they face. By presenting a comprehensive map of all TURF sys-
tems in Mexico, this research paper aims to make an important addition to the case studies
in the global literature on TURF systems and provide a valuable resource for marine
resource management policymakers, researchers, and practitioners.

1. Introduction

Small-scale fisheries (SSF; fishing activities that are carried out by individuals or communities,
instead of companies, using low-technology gear) account for over 90 percent of the world’s
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commercial fishers and are responsible for some 40 percent of global fish catch [1]. As such
they are critical to the livelihoods and food security of millions of people worldwide [2]. How-
ever, evidence suggests unregulated harvesting of marine species targeted by small-scale fishers
can become a problem, with potential detrimental consequences on the livelihoods of coastal
communities [3]. Some scholars argue these problems are associated with open access systems,
where fishing grounds are available to large user groups that compete for resources until
exhaustion (e.g. [4, 5]).

Solutions exist however, to encourage the sustainability of fisheries. For example, incentive-
based management tools, which allow fishers to benefit from fishing while excluding others
from those benefits through enforceable rights [6], whether species-based (i.e., catch shares /
ITQs) or area-based (TURFs), have the potential to support the economic and ecological sus-
tainability of fisheries [6-8]. One area-based management tool that has globally been used in
small-scale or artisanal fishing communities is known as Territorial Use Rights in Fisheries
(TURFs). This management tool falls within Other Effective Area-based Conservation Mea-
sures (OECMs) and specifically allocates one or more fishers exclusive access to a fishing terri-
tory in order to incentivize them to steward, not overexploit, marine resources and the
environment [9, 10]. Therefore, TURFs are underpinned by secure property rights and as such
can be considered a form of catch shares in which exclusivity in access to a portion of the fish-
eries catch is assigned spatially [8]. By securing access to the targeted resources, these systems
allow the development of long-term harvest goals and reduce the race to fish [10-12].

Studies conducted in various countries such as Mexico, Brazil, Philippines, Indonesia,
Japan, and Chile have found that TURFs exhibit significant variations in their design charac-
teristics. These variations include temporary or permanent status, being allocations or true
rights, the assignment to multiple or single species, and being standalone governance systems
or part of umbrella organizations [12-20]. The studies have also shown that TURFs can have a
positive impact not only on fish biomass but also on promoting social change towards more
sustainable fisheries, and that increase in coastal resource stewardship can occur even before
economic and ecological benefits are realized [12-18, 21]. TURFs have been particularly effec-
tive in promoting the recovery of benthic resources, as seen in the case of the Chilean loco [22,
23]. The Chilean TURF system has also played a significant role in enhancing the empower-
ment and social cohesion of coastal fishing organizations [24-29]. Lastly, TURFs have been a
particularly important tool in allowing coastal communities and indigenous groups re-gain
authority over the management of resources they depend on [30, 31]. As our need to better
manage marine resources increase, studying these tools becomes critical. In particular, coastal
regions with high population densities, where no take zones could impact food security, could
benefit from TURFs and other OECMs.

While TURFs show promising results as a management tool, challenges remain such as the
lack of support, enforcement capacity and compliance [27, 32-35]. Broader and international
literature on TURFs, and generally small-scale fisheries, highlights the need for a more com-
prehensive and holistic approach to management [36]. Past research on the role and use of
TURFs in small-scale fisheries has often been selective and limited in scope, focusing on spe-
cific species or sites (ex. [12-14, 48]). This selection bias can result in a lack of understanding
of the broader social, economic, and environmental factors that influence performance [37].
Additionally, research on TURFs has often been ahistorical, with limited consideration given
to the development processes that have led to their implementation, which substantially limits
our understanding of such systems and hinders the efforts for their improvement. TURF sys-
tems are also rarely viewed in their entirety, with a focus on individual sites rather than the
broader system. Furthermore, TURF systems are often viewed as homogenous entities rather
than heterogeneous ones even though they vary significantly depending on the social,
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economic, and environmental contexts in which they are implemented. Therefore, a more
nuanced understanding of TURFs is needed to assess their effectiveness and develop appropri-
ate management strategies.

This paper aims to develop an analytical framework to help fill these knowledge gaps by
exploring the Mexican TURF system. The study includes the history of small-scale fisheries
development in Mexico, the TURF database, case studies illustrating the diversity of TUREF sys-
tems, and insights into their effectiveness in improving fisheries management and the liveli-
hoods of small-scale fishers. Furthermore, the categorization of the system into different
archetypes enables the identification of potential areas for improvement and future research.
While previous efforts focused on a few case studies, this study analyzes the Mexican TURF
system in its entirety, providing a comprehensive view of its complexity, challenges, and
opportunities for the improvement of artisanal fisheries management nationally and globally.

Our manuscript highlights the need for a more comprehensive and nuanced understanding
of TURFs in the context of small-scale fisheries. By presenting a case study of Mexico, we show
the importance of considering the broader social, economic, historical and environmental fac-
tors that can influence the performance of TURFs. The primary form of TURFs in Mexico are
fishing concessions (we use the two terms interchangeably in the paper). The TURF database
and case studies provide a fertile ground to study the diversity and effectiveness of TURF sys-
tems in achieving sustainable fisheries management. This paper’s findings can inform the
development of more effective and holistic management strategies for small-scale fisheries
worldwide.

2. Methods

2.1. Building a historical timeline and literature overview of Mexican
TURFs

We conducted a literature search in Google Scholar, performed during June 10-18, 2022,
using 7 search terms, which returned a total of 1,164 publications (S1 Table). Out of these, 404
publications contained all the relevant search terms as intended, with the exclusion of dupli-
cate searches. We reviewed abstracts or introductions/conclusions when abstracts were not
available to further identify publications in which concessions were either part of the study’s
focus or were used to explain and/or support findings. We identified a total of 59 such publica-
tions, which we organized and evaluated based on year of publication, type of publication
(peer reviewed journal, book, book chapter, etc.), and geographic and institutional focus state
(S2 Table). We also used these publications to develop a historical timeline of concessions, bet-
ter understand their origin and development, and in that way create a better understanding of
the role they played in Mexican fisheries management.

2.2. Mapping the current Mexican TURFs landscape

In the fall of 2013, data on the locations of all Mexican concessions were requested through the
system of Mexican transparency (INFOMEX). In January of 2014, over 200 printed documents
containing concession titles and geographic coordinates of their respective territories were
provided by the Mexican government. In 2021, a request for updated documents was made
and a new set of documents was received. Our request was received by the INAI (request num-
ber 0819700021621) and redirected to CONAPESCA. We received photocopies of the titles of
active concession territories (which include the geographic coordinates of the or polygons)
between April 2000 and April 2020 and corroborated our previous map with the new informa-
tion received. However, the old concession polygons were retained for analysis, since some
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concessions were in the process of being renewed. The difficulty in access to constantly
updated data prompted us to create an interactive map (https://ereaceves.shinyapps.io/Tapp)
where stakeholders can review the map, access our dataset and provide comments, which will
allow the constant feedback of stakeholders familiar with the current state of Mexican TURFs.

The documents and coordinates for the Mexican concessions were systematically orga-
nized, reviewed, and summarized for analysis. Information for each concession included the
title of the cooperative or name of the private owner, targeted species, year the concession was
granted, duration of the concession, and the state in which the concession is located. The spa-
tial territory of each concession was mapped using Google Earth and ArcPro and polygons
were outputted for analysis in R software. Two-hundred and forty concessions were mapped,
however, discrepancies in metadata or erroneous spatial information required the exclusion of
several polygons from the map, which currently contains two-hundred and twenty-six poly-
gons. Additional concession shapefiles were obtained from the literature [38] and mapped
using QGIS georeferencing tool. Static maps and an interactive map were created in R pro-
gramming software with the Leaflet package. Features of the interactive map that are dynamic
include the ability to pan or zoom in or out across Mexico to see TURFs and when specifically
hovering over a TURF with a mouse, the color of the TURF outline changes and the name of
the fishing cooperative that owns the TURF.

We used the simple features (SF) R package to perform geometric measurements for each
concession. The relative polygon i overlap was calculated as the number of overlapping poly-
gons with polygon i divided by the maximum number of overlapping polygons in the country.
The maximum number of overlapping polygons had a value of nine and was in the state of
Sinaloa. The mean relative polygon overlap was then computed for each state and is presented
in Table 1.

2.3. Developing concession archetypes

Eight different archetypes of Mexican concessions were identified by grouping concessions
according to the sector that received the concession as well as the concession’s management

Table 1. Description of Mexican TURFs (i.e., concessions) in terms of their spatial distribution (per state), average size, and average species managed.

State Concession Concession polygons | Concession polygons Multi-resource Mean size Mean polygon Mean species
titles identified mapped concessions km>* overlap* managed*
Baja California 10 54 33 3 39 (67) 0.06 (.07) 1.2 (0.6)
Baja California 18 20 17 13 1,705 0.16 (.09) 3.0(1.9)
Sur (1882)
Chiapas 30 32 27 8 13 (16) 0.09 (.08) 1.7 (1.3)
Jalisco 1 1 1 1 3 (NA) 0 (NA) 3.0 (NA)
Sinaloa 122 124 98 0 30 (34) 0.24 (.19) 1.0 (0)
Sonora 3 10 10 0 17 (15) 0.30(.17) 1.0 (0)
Subtotal Pacific 184 234 186 25 - - -
coast
Quintana Roo 7 9 9 0 844 (588) 0.098 (.09) 1.0 (0)
Veracruz 19 19 14 12 58 (51) 0.11 (.09) 2.8(1.5)
Yucatan 5 5 5 0 4,577 0.08 (.09) 1.0 (0)
(2964)
Subtotal Atlantic 31 33 28 12 - - -
coast
TOTAL 215 267 214 37 - - -
*Mean (SD)

https://doi.org/10.1371/journal.pone.0286739.t001
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Sector

Management approach Resource focus Case studies

Mexican TURF system

Cooperative

Archetype I:
Single resource Punta Allen
(Quintana Roo)

Individual

Archetype II:
Bahia Magdalena
(Baja California Sur)

Multi resource

Private

Archetype llI:
Navachiste-Vinorama-Macapule
(Sinaloa)

Single resource

Joint

Archetype IV:
Tamiahua Lagoon
(Veracruz)

Multi resource

) Archetype V:
Single resource Coastline

(Baja California)

Individual

Archetype VI:
Not detected

Multi resource

Archetype VII:

Single resource
Not detected

Joint

Archetype VIII:
Not detected

Multi resource

Fig 1. Categorization of concessions into different archetypes according to sector in charge, management structure in place, and resource focus.

https://doi.org/10.1371/journal.pone.0286739.9001

structure and resource focus (Figs 1 and 2). Sector separates the concession user into coopera-
tive and private (business or individual permit holder) categories. Management structure indi-
cates whether concessions are managed individually or jointly. Resource focus relates to the
number of species managed with a concession and separates them into single resource and
multi resource. We chose these three variables based on the empirical considerations from the
literature and our own experiences given their influence in design and functionality of conces-
sions in Mexico. These three variables also allow dissecting TURFs into more uniform groups
that can be further reviewed in greater detail.

Out of the eight possible archetypes, we were able to identify five of them within our data-
set. We then selected a case study to exemplify each existent archetype, namely Punta Allen in
Quintana Roo for Archetype I, Bahia Magdalena in Baja California Sur for Archetype II, the
Navachise-Vinorma-Macapule lagoon complex (NVM) for Archetype III, The Tamiahua
lagoon complex for Archetype IV, and the sargassum TURFs of Baja California for Archetype
V. We performed a case-study selection based on our long-term involvement (>20 years) in
Mexican small-scale fisheries governance [11, 39-41]. Although the last three archetypes
(VI-VIII) do not currently exist in Mexico, they are possible given the current regulatory
framework and thus we considered necessary adding them to the archetype map.

A literature review was performed for all case studies to describe examples that fulfill each
archetype of TURFs. In cases that were not well documented in the literature, information
gathered from public sources was complemented by conversations with two key stakeholders.
This was a particular need for the Navachiste-Vinorama-Macapule and the La Joya-Buenavista

PLOS ONE | https://doi.org/10.1371/journal.pone.0286739  June 27, 2023 5/21


https://doi.org/10.1371/journal.pone.0286739.g001
https://doi.org/10.1371/journal.pone.0286739

PLOS ONE TURFs in Mexico

¥
4,

(=2

Legend

TURF Boundary

Cooperatives Lm Private <
Coordination

W
i Sector *w@‘? Resources c

Fig 2. Eight archetypes of Mexican concessions.
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lagoon systems, for which we had conversations with local contacts. Information drawn from
the literature and personal conversations included: a) a general description of the system (e.g.,
the ecosystem, main fisheries, current regulatory framework), b) description of the manage-
ment structure (e.g., how is access determined? how are fishing activities coordinated?), and c)
current challenges (e.g., state of the resources, observed conflicts, state of the governance
system).
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3. Results
3.1 Mexican TURFs in literature

Out of 59 analyzed publications, more than 50% were published after 2016, with the first
recorded publication that discussed Mexican TURF/concessions occurring in 1998 (S2 Table).
Majority of publications were in peer-reviewed journals (71%), master and doctoral thesis
(11.9%), and book chapters (8.5%). In terms of geographic distribution, concessions were dis-
cussed in the context of six states: Baja California, Baja California Sur, Quintana Roo, Sinaloa,
Sonora, and Yucatan. Out of these, the states of Baja California Sur (41.9%), Quintana Roo
(24.2%), and Sonora (16.1%) were the most prevalent in literature, considering that some pub-
lications included more than one state. In cases where publications contained information that
allowed us to specify a particular region of the state, two of the regions dominated the litera-
ture: the concessions of the Vizcaino desert (a.k.a. Pacifico Norte) region in Baja California
Sur (35.9%) and Sian Ka’an Biosphere Reserve in Quintana Roo (30.8%).

3.2 History of Mexican TURFs

The history of Mexican fishing concessions over the last 150 years can be broadly divided into
three periods, industrialist, socialist, and neoliberalist. Each period is characterized by an inter-
play of social, political, and economic forces at national and international levels.

During the industrialist period, which lasted from the late 19 century to the early 20 cen-
tury, fishing concessions, a form of territorial concessions that were also applied to railways,
mining, and oil, were seen as a policy tool used to attract national and foreign capital to a
nascent state, as well as to colonize remote and inhospitable territories [42-45]. During this
period, the principal focus of fishing concessions was the extraction of pearls along the coasts of
the Baja California peninsula. A large foreign demand for pearls led to high profits, quickly
attracting large investments needed to scale up harvesting equipment and infrastructure [46,
47]. The Porfirian government, eager to attract productive investments, provided institutional
assurances in the form of concessions that would grant exclusive access to this resource [48]. In
a period between 1884 and 1906 the federal government, through the Ministry of Development,
issued 26 fishing concessions although only 10 of those were actively used [45, 46]. These con-
cessions effectively enclosed the coast from Cabo San Lucas to the Colorado river delta and
from Acapulco to the border with Guatemala [46]. The legal duration of individual concessions
varied between 10 and 16 years with the possibility of renewal. Although the first concessions
were granted to six companies formed by businessmen from Baja California, foreign capital
quickly began to dominate the pearl mining, expanding its reach through a process of consoli-
dation. By the end of the 19th century, pearl mining became a virtual monopoly in the hands of
the British-owned Mangara Exploration Company Ltd., known locally as La Mangara [47].

The fall of the Porfiriato and the start of the Mexican Revolution in the early 20" century
mark the end of the industrialist period and a gradual move towards a socialist one, which
lasted until mid 1980s. During this time, the importance of marine resources for the economic
wellbeing of coastal communities and small-scale fishers was becoming more and more promi-
nent [49]. The principal emphasis during this period was on strengthening social aspects of
fisheries, mainly through the empowerment of worker collectives to which concessions played
an important role [49, 50]. One of the first actions of the post-revolutionary government of
President Francisco I. Madero was to revoke La Mangara’s concession on May 28, 1912. The
two main reasons for Madero’s decision were a high level of dissatisfaction with the company’s
practices and the need of independent fishers to access resources within the concession [47].
The initial government policy that affirmed the socialist focus in fisheries was the
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implementation of fishing zones, with preferential use reserved for the needs of adjacent coastal
communities, which was codified in the first Fisheries Law of 1925 [49]. Over the next five
decades, this trend would continue through the government’s active role in a promotion of fish-
ing cooperatives as a preferred form of social organization, which was also used as a political
instrument aimed at securing interests of a ruling party [49, 50]. With the implementation of
the Fisheries Law of 1947 fishing cooperatives were granted exclusive access to some fishing
resources including shrimp, oyster, abalone, lobster, totoaba, mullet, snook, and octopus, and
were given federal support in the form of subsidies and infrastructure projects [49, 51].

The fishing concessions played an important role in this shift from private to social charac-
ter, which was most visible in Sinaloa and Baja California peninsula. In the estuaries of south-
ern Sinaloa early concessions during this period were given to individuals and private entities
primarily for the exploitation of shrimp [50, 52]. The emergence of fishing cooperatives, which
started in 1924 with the creation of the La Unién de Pescadores de Escuinapa, S.C.L. and con-
sisting of 150 fishers, began the process of redistribution of concessions to social entities,
enabled by federal authorities [50]. Over the next 50 years, an additional 27 cooperatives were
formed in this region, many of which were granted concessions for the exploitation of shrimp
[50]. The proliferation of cooperatives led to frictions and disputes among them, often due to
the limitations in fishing activities posed by concessions, which resulted in changes of the spa-
tial arrangement and boundary distribution of already established concessions (re-
parcellation).

Along the Baja California peninsula, the first concession of the post-revolutionary regime
was granted to a Japanese company for the exclusive extraction of abalone that stretched from
the border with the USA to Magdalena Bay [53]. Its operations over the next 20 years led to
the emergence of several fishing communities along this stretch of the coast. When the com-
pany went bankrupt in early 1930 as a result of the economic crisis associated with the Great
Depression, local fishers continued to engage in the fishery and over time organized their
activities in the form of cooperatives [53]. The Vizcaino desert region (i.e., Pacifico Norte) was
the epicenter of the newly formed cooperatives, with the first one being the California de San
Ignacio S.C.L., formed by 45 members in April of 1939 (California de San Ignacio S.C.L. 2017).
Over the next 10 years, an additional five cooperatives were formed, each one receiving a fish-
ing concession [54].

The gradual opening and alignment of Mexican politics with the free-market policies,
which started in the mid 1980s, marked the end of the socialist period and a transition towards
a neoliberalist one, which is still ongoing. The key aspect of this period is implementation of
structural reforms aimed at deregulation of the markets, elimination of trade barriers, and
domination of private capital [55]. With the publication of the Fisheries Law of 1992, the over-
all goal was to make fishing more efficient and to attract private investments [52]. To achieve
this, cooperatives lost preferential treatment, which included elimination of their exclusive
right of capture for shrimp, oyster, abalone, lobster, totoaba, mullet, snook, and octopus.
According to our review of the official concession titles, the largest boom of fishing conces-
sions occurred in the period between 1994 and 1999 during which some 170 concessions were
granted. One explanation for this sudden rise is that many cooperatives sought concessions to
secure access to the historically preferential resources which would allow them to increase
competitiveness in the free market economy.

In general, and according to the current Mexican Fisheries Law [56], concessions can be
given to a natural (i.e., individual fisher) or a juridical (e.g., cooperative, business) person.
Each concession can be issued for one or multiple species, and a legal entity may hold more
than one concession. Duration of concessions varies, although most of them are issued for 20
years and can be renewed.
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3.3 Mapping the current Mexican TURFs landscape

We created static maps, an interactive map, and a summary table with information for 209
concessions and 206 concession holders (Fig 3, Table 1). All of the concessions are clustered
among the six regions (Fig 3). Most concession holders (97.1%) held a single concession title
and the majority of concession titles (89.8%) consisted of one concession polygon, with the
marked exception of the titles in Baja California where one of the concessions for marine algae
consisted of 38 polygons. Out of 206 concession holders, only three (1.5%) were private entities
while the rest were cooperatives.

Overall, we were able to map 87.6% of all identified concession polygons (Fig 3, Table 1).
Mapping revealed distinct patterns regarding the distribution, size, taxa, location of conces-
sions and polygon overlap. Geographic distribution of concessions indicated that out of 17
states with a coastline, about half—nine states—have concessions in their waters. Some 87% of
concessions were located along the Pacific coastline, with the majority found in the state of
Sinaloa (57%) (Fig 3, Table 1). Another distinct feature that emerged from the mapping effort
revealed that large parts of the coastline are lacking concessions. For example, within the Gulf
of California, the states of Baja California Sur, Baja California, and most of Sonora have no
concessions at all.

In terms of location, concessions can be separated into oceanic and estuarine. Majority of
the concessions, some 66%, are estuarine and they are primarily located along the coasts of
Sinaloa, Sonora, Chiapas, and Veracruz (Fig 3, panels C, D, and E). Concessions along the
coast of Baja California peninsula and the Yucatan Peninsula are mainly located in open water
(Fig 3, panels A, B, and F).

There were 26 taxa for which concessions were issued (S3 Table). All of these taxa, except
for finfish, were benthic. Furthermore, six out of 25 benthic taxa were sessile. The greatest

1 A
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Fig 3. Mexican concession polygons mapped in this effort. The red squares highlight areas where concessions have been
observed: A) Baja California Norte, B) Baja California Sur, C) Sinaloa/Sonora, D) Jalisco, E) Veracruz, F) Chiapas, G) Yucatan
Peninsula. For a detailed and interactive map of Mexican concessions please visit https://ereaceves.shinyapps.io/Tapp.

https://doi.org/10.1371/journal.pone.0286739.g003
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number of concessions were issued for shrimp (86.9%) lobster (13.1%), finfish (8.8%), and aba-
lone (6.1%). Despite the diversity of species managed under concessions, the majority (82%) of
them were for single species. Concessions in Quintana Roo, Sinaloa, Sonora, and Yucatan
were exclusively single species while concessions in Baja California Sur were the most diverse,
with an average of 4.2 species per concession (Table 1).

The average size of concessions is 424 km?, but the range substantially varies (0.04-9,110.84
km?). On average, the largest concessions were issued to cooperatives and found in Baja Cali-
fornia Sur, Quintana Roo, and Yucatan while the smallest ones were located in Sonora, Sina-
loa, Chiapas, Veracruz, Jalisco, and Baja California Norte. The smallest concessions were
assigned to shrimp and fish in estuarine waters, as well as for algae harvesting.

3.4. Archetypes of Mexican TURFs

For its analysis, the Mexican TURF system can be categorized according to the sector in
charge, the concession’s management system and the number of resources managed (Fig 1).
This categorization allowed us to envision eight archetypes that could exist under the current
regulatory framework, five of which are currently present in the country (Fig 2). It is important
to highlight that the management of multiple resources can be achieved through a single or
multiple concession titles. Archetype I comprise a concession that is given to a single coopera-
tive and is permitted to harvest only a single species or species group, such as abalone, lobster,
or shrimp. Archetype II is a concession also given to a single cooperative but is allowed to har-
vest multiple marine species within the exclusive fishing territory. Archetypes III and IV
include concessions that are jointly managed among two or more cooperatives either for a sin-
gle species or multiple species. Lastly, Archetype V consists of a concession given to a private
company or person for a single species. Although we could not find evidence from the litera-
ture or from concession documents on the existence of Archetypes VI-VIII, which describe
concessions given to a private person or company for multiple species or with joint manage-
ment, these are possible under the current Mexican regulatory framework. This finding sug-
gests a limited role of private persons or companies within the Mexican concession system.

Five case studies were chosen to exemplify each existing archetype, namely Punta Allen in
Quintana Roo for Archetype I, Bahia Magdalena in Baja California Sur for Archetype II, the
Navachise-Vinorama-Macapule for Archetype III, the Tamiahua lagoon complex for Arche-
type IV, and Agarmex for Archetype V.

3.5 Case studies

3.5.1 Archetype I: Concession of Vigia Chico fishing cooperative. The concession of
Vigia Chico is owned by a single cooperative, individually managed, and with a focus on a sin-
gle species. It is located in the southeast of Mexico in Bahia de la Ascension, in the state of
Quintana Roo. The territorial boundaries defining the concession are within the Sian Ka’an
Biosphere Reserve [57]. The bay is relatively large (760 km?) and shallow (average depth 3.5 m
and maximum depth 7 m), covered by a coral reef, and surrounded by estuarine vegetation
[58]. Meadows of mixed sea grasses and macroalgae provide necessary habitat for settlement
of juvenile spiny lobster (Panulirus argus) [58]. The estuary, in turn, functions as a nursery
ground where spiny lobster eventually recruit to the harvestable stock along the coral reef in
adult stages [58]. This area is also secluded, and, along the entirety of the Bahia de la Ascen-
sion, there is only one small fishing village, which has roughly 500 to 600 people [15, 58].

Specifically, the Vigia Chico Cooperative, founded in 1968, is composed of about 80 fishers
who use 55 small fishing boats [15, 57]. The only target species permitted to be harvested by
cooperative members within their concession is the Caribbean spiny lobster (Panulirus argus).
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In Bahia de la Ascension and Bahia Espiritu Santo, the principal fishing gear was first introduced
in 1960s and consists of a system of artificial habitats called “casitas” where lobsters aggregate [15,
59]. Aside from using casitas, the cooperative members have established individual fishing zones
called campos that have a 25-meter, no-take buffer area between each campo [15].

There is evidence of a strong collective action within the cooperative for managing the sus-
tainability of this fishery. The cooperative provides the processing infrastructure, access to
market and marketing tools and covers enforcement and monitoring costs for the concession
[15, 59]. Decisions are made through democratic processes involving all its members and
include aspects of monitoring and enforcement. For example, the self-organizing nature of the
cooperative was developed by local fishers themselves [59] and the surveillance system within
the Sian Ka’an Reserve is strengthened since local fishers have the capacity to create rules and
have independence from the government (Ex. [57]). Particularly important design features to
note for this cooperative and concession include the 20-year tenure that has a strong likelihood
of renewal, “clearly defined co-management responsibilities between the federal government
and the Cooperatives,” and the use of individual marine plots, or campos, to maintain the
accountability of members [15].

Overall, this system has allowed cooperative members to effectively perform a highly selec-
tive fishery through free diving to hand retrieve lobster (scuba and hookah are prohibited)
facilitating the compliance with minimum size limits, protecting reproductive females, and
maintaining a high quality of their products [59, 60]. Majority of the catch is sold internation-
ally [61]. Since 1982, the Vigia Chico cooperative has been known to be the most productive
fishing cooperative for lobster in the Mexican Caribbean [46]. The traditional fishing practices,
regulations and efficient operation of the cooperative have allowed this fishery to become a
model for sustainability and to obtain the Marine Stewardship Council certification [15].

Despite significant management efforts, the Vigia Chico Cooperative continues to encoun-
ter significant environmental and social challenges. In addition to dealing with the impact of
climate change on their fishery, the cooperative is periodically subjected to the effects of hurri-
canes, which can alter the ecosystem and result in damages to fishers’ property and the sur-
rounding villages, resulting in significant costs [57]. Mendez-Medina [57] also pointed out
that the cooperative faces considerable challenges due to inadequate government support for
monitoring and enforcement.

3.5.2 Archetype II: Concession of Bahia Magdalena fishing cooperative. The concession
of the Bahia Magdalena fishing cooperative is located within the Bahia Magdalena lagoon com-
plex (BMLC) which is a highly productive system of along the Pacific coast of Baja California
Sur [62]. Bahia Magdalena acts as critical nursery habitat and feeding grounds for many com-
mercially important species [63]. Given its high productivity, it is the most important fishing
region in Baja California Sur with a production around 60% of the total annual catch for the
state (the second most productive of the country), primarily from industrial catches of sardines
and tuna [62, 64].

The Bahia Magdalena fishing cooperative, founded in 1952, has a concession that grants it
exclusive access to capture abalone (Haliotis spp.) and red lobster (Panulirus interruptus). Its
58 members use small fiberglass boats (~ 6m in length) with outboard motors equipped with
traps for lobster and semiautonomous hookah diving system for abalone [63]. Both abalone
and lobster have minimum harvestable size limits and seasonal area closures [65] Furthermore,
abalone fishery has yearly catch limits, established by the regional government entity [65].
Majority of this catch is destined for international markets [61, 63]. The cooperative actively
engages with the regional government to monitor the conditions of the stock [63]. The cooper-
ative has also developed conservation strategies such as the designation of protection areas for
lobster [63].
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The major challenges to the management of concessioned taxa are environmental change
and illegal fishing. Impacts of heat waves and hypoxia related to El Nifio, which resulted in a
number of mass-mortality events of benthic taxa, require novel governance approaches [64,
66]. However, fishers from the area have expressed concerns over their ability to adequately
adapt to the environmental changes that are occurring in this region [64]. Furthermore, threats
from illegal fishing and poaching are especially acute, given that this region has the highest
concentration of fishers in BCS [63]. This situation constrains the capacity of the cooperative
to effectively monitor the use of its concession, which creates incentives for its members to
break their own rules [67]. Cardenas Carpio [63] explains that some of these governance fail-
ures are rooted in serious violations to the democratic principles of cooperatives, characterized
by flawed elections of the Board of Directors [63].

3.5.3 Archetype III: Concessions of the Navachiste-Vinorama-Macapule lagoon com-
plex. In the Navachiste-Vinorama-Macapule (NVM) lagoon complex of northern Sinaloa
several cooperatives have an agreement to jointly manage their individual concessions for a
specific resource, estuarine shrimp. Here, artisanal fishers mainly operate inside bays, coastal
lagoons, and estuaries where small shrimp, of lower value than the one captured by industrial
fishers, can be found [68, 69]. The fishery occurs in “pangas” (boats of 6 and 9 meters in length
with 50-100 hp outboard motors) with a diversity of permitted gear including small trawling
nets (“changos”), gill nets (“chinchorros de linea”), cast nets (“atarrayas”), and a traditional net
called “suripera” which is a modified cast net that fishers drag along the floor using sailboats
[69-72]. Fishers target mostly blue shrimp (Litopenaeus stylirostris), white shrimp (Litopenaeus
vannamei), and brown shrimp (Farfantepenaeus californiensis), of which blue shrimp and
white shrimp have the highest value in the market [68, 69]. The fishery is regulated by a sea-
sonal closure with variable dates (usually from March to September) that aims to protect the
reproduction and growth of shrimp. There are no quotas or minimum size limits [71, 72].

Due to the complexity of the landscape and the difficulty to forecast the movement patterns of
shrimp, the cooperatives had to find a way to expand their area of work beyond their concessions
and match their traditional fishing territories, which were historically defined by the areas of oper-
ation of the federations. Twenty-four fishing cooperatives from the NVM lagoon complex, which
used to belong to a single federation, came up with a novel solution. Soon after they were granted
concessions, in 1999, they signed two agreements. The first legal contract was an “conjoint agree-
ment” (“acuerdo de mancomiin”), where fishers agreed to share their fishing grounds with all
other signing cooperatives, creating the “conjoint concession” (concesion mancomunada”) entity.
In the second contract, “capture agreement” (“acuerdo de captura”), fishers agreed on a series of
fishing regulations, particularly gear types. Nowadays five of the original 24 cooperatives belong
to a different federation, but cooperatives still coordinate surveillance and lobbying efforts (e.g.,
towards federal and state agencies in charge of relevant fisheries programs and subsidies). Deci-
sions of the “conjoint concession” are made through a committee where each cooperative is repre-
sented by its president, however, in contrast with the federations, this committee has no authority
over the actions of the fishing cooperatives (Raul Leal Felix Pers. conv).

The biggest challenge for the implementation and management of conjoint concessions
stems from the ongoing fragmentation of the federations of cooperatives. As more and more
new federations are created, including many that harvest resources other than shrimp, devel-
opment of collaborative initiatives among cooperatives becomes more challenging. Further-
more, the sustainable use of resources continues to be highly impacted by the lack of
minimum size limits, illegal fishing practices, and impacts from inland activities that damage
the mangrove system such as agriculture, deforestation, and aquaculture [71, 72].

3.5.4 Archetype IV: Concessions of the Tamiahua lagoon complex. The Laguna de
Tamiahua is a shallow, coastal lagoon located in the state of Veracruz, Mexico. According to
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Castafieda and Contreras (2001), Tamiahua Lagoon is the third largest coastal lagoon in
Mexico and in 2005 it was designated as Ramsar site due to its mangrove forest, which is con-
sidered one of the best-structured and largest coastal forests located north of the Papaloapan
River [73].

Eight fishing cooperatives (SCPPs) hold fishing concession titles for multiple species within
the lagoon [73]. In 1995, these cooperatives signed a boundary agreement to define their oper-
ational areas and organize fishing activities within the lagoon [73]. These SCPPs include La
Ribera de Tampico Alto, Pescadores de Cabo Rojo, La Huasteca Veracruzana, Ostioneros del
Sur, Pescadores Unidos de la Reforma, Ostioneros de Saledero, Tamiahua, and Pescadores de
Tamihua. Through their concession titles all these cooperatives have access to more than one
species which can include oysters (Crassostrea virginica), various estuarine fish species, shrimp
(Farfantepenaeus aztecus and Litopenaeus setiferus), and swimming crab (Callinectes sapidus).
Opysters are the most significant fishery in terms of volume, followed by fish, shrimp, and
swimming crab [73]. The fishing gear used by these SCPPs includes gillnet, seine net, cast net,
gaff or rake, brass band, and swimming crab traps and hooks [73-75]

Despite the existent environmental regulations, the Laguna de Tamiahua faces significant
challenges. The major issues that have been detected in the area comprise of the mangrove
deforestation for construction, charcoal making and creating pastures, the process of eutrophi-
cation within the lagoon, pollution from various sources including garbage, wastewater, agro-
chemicals, thermal discharges, oil spills [75].

3.5.5 Archetype V: Sargassum concessions of Baja California. The Sargassum concession
of Baja California is registered to a company Agarmex S. A., founded in 1944 and located in
Ensenada, Baja California. It is one of the three concessions in our database that are not given
to fishing cooperatives. The company obtained its first concession in 1979 for the extraction of
red algae (Gelidium sp. and Gracilaria sp.), which is used for the production of agar-agar, a
jelly-like substance with a wide application in food as well as pharmaceutical and scientific
industries [76, 77]. The current concession consists of 38 polygons distributed along the entire
western coast of Baja California for the harvest of red sargassum (Gelidium robustum). The
fishery is performed with a fiberglass boat (~ 6m in length) equipped with an outboard motor
[78]. Algae is harvested using hookah diving, which consists of a diver connected to an air
compressor and one to two deck hands and a boat captain [78]. Interestingly, fishing coopera-
tives are frequently subcontracted by the company during the harvesting season [78]. Once
dried, the product is sold in international markets where it reaches high values (> 1,500 USD
per metric ton).

The fishery has to follow the guidelines of a management plan for the state of Baja Califor-
nia (Plan de Manejo Pesquero de Algas Marinas de Baja California), which determines har-
vesting techniques, harvest volumes and harvest seasons, in order to avoid risking the biomass
and algal diversity of the region [78]. The harvest has maintained relatively stable levels, at
around 1000 metric tons of dry weight annually for the most important species, Gelidium sp,
since the 1980s [78]. According to the estimates from a harvest in a period between 1985 and
1997, the resource was not overexploited [79]. However, the effects of climate change are likely
to affect available biomass over a longer-term horizon either directly or through changes in
community structure [79, 80].

4. Discussion

Previous studies of TURFs had mostly focused on a few successful case studies (e.g. [13-15,
57]). This is not surprising as successful stories are disproportionately represented in common
pool and socio-ecological systems scientific literature [37, 81]. Limiting small-scale fisheries
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studies to successful case studies of fisheries management can result in the implementation of
ineffective management strategies that may have adverse effects on both the environment and
the livelihoods of fishing communities. This is due to the risk of overgeneralizing management
approaches that may not be appropriate in different contexts [37]. It can also limit our under-
standing of the broader social, economic, and environmental factors that influence fisheries
management effectiveness, as it ignores the challenges and failures [37, 81].

Our study is a step towards improving this situation by initiating the analysis of a manage-
ment system in its entirety. Our dataset showed that TURFs are highly dynamic and heteroge-
neous entities that vary significantly depending on the social, economic, and environmental
contexts in which they are implemented. The nature of existing management arrangements
and their functioning is deeply rooted in the historical context within which they were formed
and further shaped by existing social and ecological dynamics. Our study further revealed the
need for a holistic research and management approach that considers the heterogeneity of
TURFs and takes into account the broader social, economic, and environmental factors that
influence their performance.

By mapping the Mexican system and creating a new dataset, we set the ground for a deep
analysis of both successful and unsuccessful case studies in the future. In particular, the typol-
ogy presented here can serve as a guideline to study other TURF systems globally and to
expand our understanding of the conditions that lead to successful TURFs, and other tenure
systems. The archetypes provide a way to simplify these systems by highlighting patterns and
identifying key variables. This provides a starting point for the development of models that
can predict how the system will respond to different inputs and perturbations. Moreover, as
the characterization of these archetypes evolves, it can serve as a common language for
researchers and practitioners across the world and facilitate cross-learning and collaboration.

Our analysis suggests that the Mexican concession landscape is much more extensive than
previously thought and largely dominated by fishing cooperatives, which is likely the product
of historical developments. Although concessions were first implemented for the benefit of pri-
vate companies, they became a tool to protect and empower social organizations during the
socialist and neoliberalists periods. The history of their development also determined their
geographic distribution and explains the currently unequal spread of TURFs along the country
and the diversity of systems in which they are present, from coral reefs and kelp forests to
coastal lagoons and mangroves.

The evaluation of the archetypes in Mexico further revealed the polylithic nature of the
TURE system. Archetypes I and II, which include large and mainly oceanic concessions, are
the best-known cases from Mexico. A number of studies have shown that cooperatives from
this archetype are capable of achieving sound social and ecological outcomes. Among the
cooperatives from the Pacifico Norte region of Baja California Sur, a high social capital has led
to sophisticated management strategies, such as voluntary no-take zones and the development
of systematic monitoring programs [82]. However, there remain many understudied TURFs
within these two archetypes, exposing the need for further studies.

Archetypes III and IV are likely the most numerous groups of TURFs and the one that has
been poorly analyzed in previous research efforts. Novelty of this type is represented by volun-
tary arrangements for joint concession management. Interestingly, all these TURFs are present
in lagoons and estuarine bodies that have been highly subdivided. As we will discuss later,
these agreements for joint concessions might be playing an important role in coping with poor
spatial TURF design and uncertainty in the distribution of the targeted species.

Lastly, archetype V is a sole representative of the private sector TURF system, which com-
prises 1.5% of all Mexican TURFs. Although presently sparse, our analysis of Mexico’s TURFs
history showed that this was, in fact, the earliest model of TURFs in the country.
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Our review of the Mexican TURF landscape made evident that although Mexico is home to
many successful concessions, there is room for improvement. The long-term sustainability of
a concession and its fisheries depends upon the legal, social, and ecological enabling conditions
[83]. As with other catch share schemes, spatial and temporal design characteristics determine
level of exclusivity in access and the performance of TURFs [84, 85]. Spatially, clarity on the
TURF boundaries, as well as matching the spatial distribution of the targeted species, are key
to achieve exclusivity in access and to facilitate enforcement [9, 83, 84]. Temporarily, for
TUREFs to operate successfully, they often need to provide security on access over long periods
of time and offer a high probability of renewal [86]. Although these conditions seem to be pres-
ent in some TURFs in Mexico, particularly successful case studies of archetypes I and II [13-
15,57, 59, 87], improvements are still necessary nationwide.

Spatially, the overlap in polygons, particularly in the state of Sinaloa, underscores a lack of
clarity in TURF boundaries, which can lead to conflicts and disincentivize stewardship. Poly-
gon overlap can create competition for resources between TURF owners and, without man-
agement agreements, lead to a race to fish and the over-exploitation of resources [84].
Furthermore, early concessions were large but frequently got subdivided as the number of
cooperatives within a particular region grew. This led to some of the TURFs to be relatively
small in size, compared to the dispersal capacity of the targeted species. In particular, the con-
cessions that are located along the coast of Sinaloa, Chiapas, and Veracruz (Fig 1, Panels C, E,
and F) that target mobile shrimp are relatively small, compared to the larger concessions that
target other mobile species elsewhere in Mexico (i.e. Baja California Sur) (Fig 1, Panel B).

The mismatch between movement capacity of a targeted species and the size of TURF is a
common problem in the implementation of spatial marine management tools [84, 88-91].
Two strategies emerge from previous studies that can help overcome social and ecological
scale mismatches. The first one is to implement management tools that expand over large
areas [84]. The second one, and far less studied, is the development of jointly managed conces-
sions between two or more cooperatives [11, 92]. The “conjoint” or “mancomunada” TURFs
in Mexico are an interesting new case study of inter-TURF cooperation that needs to be
explored far more broadly. It would be important to assess how these agreements help cooper-
atives deal with uncertainty in resource distribution. During the conversation with our contact
at the NVM system he explained that “it is better to make decisions during the closed season,
that is when things are calm, because it’s then when nobody knows where the shrimp will be”
(Raul Leal Felix Pers. conv). This exemplifies the significant weight that uncertainty in distri-
bution plays on decision making and the important role that joint concessions might be having
when environmental conditions lead to an uneven distribution of shrimp among TURF
owners.

Lastly, although concessions in Mexico are relatively long lasting (5-20 years; DOF, 2018),
the renewal process can be a considerable challenge. To get their concessions renewed, TURF
owners need to pay for a socio-environmental study. The process can take up to three years,
during which the cooperatives can’t legally enforce their areas. It is important to find ways in
which to make the renewal process more efficient. For example, currently the renewal process
does not take advantage of the catch records kept by these cooperatives, however many of
these cooperatives are careful about keeping the catch records and those could be used as a
measure of performance to speed up the renewal process.

Differences in the number of targeted species among Mexican TURFs also set the ground
for interesting future research. In contrast with the TURFs located in the Yucatan peninsula
(Quintana Roo and Yucatan states) where access rights are only granted for lobster, TURFs
from Baja California Peninsula (Baja California and Baja California Sur), Veracruz and Chia-
pas are assigned for the exploitation of more than one species. Access to a large portfolio of
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species can provide several advantages. First it facilitates surveillance as it limits the number of
species available for people outside of the owning cooperatives [83, 84]. Second, it promotes
resilience since having a large portfolio can allow fishers to switch between targeted species
and compensate for losses after market or environmental shocks [93]. However, the diversifi-
cation of the targeted species portfolio can also lead to design challenges. Each targeted species
may have a different area of distribution which may not perfectly overlap with the TURF area,
a problem that has also been identified in Marine Protected Areas [84, 91, 94]. Therefore, two
cooperatives could be sharing the same fishing ground leading to competitive behavior and
overharvest [11, 88]. Second, each species has particular management requirements. Develop-
ing a management plan for all the species they have under concession can be a great challenge,
as it has been for the SCPP Bahia Magdalena [64].

TURFs can provide many benefits as they promote long term sustainability and allow fish-
ers to gain stewardship and authority over the management of their resources [64]. Further,
past studies have shown that, when appropriately designed and managed, TURFs can lead to
strong social arrangements and improve the function of community led fisheries institutions,
such as cooperatives, ultimately leading to healthier resources [95, 96]. Mexico has a great
opportunity in its TURF system that can be expanded and improved.

Our research project has laid a solid groundwork for conducting fruitful research, serving
as an important initial step towards exploring the Mexican TURF landscape and building
strong, resilient small-scale fisheries locally. To achieve this goal, it may be necessary to con-
duct a comparative case study to investigate the diversity within individual archetypes. With
the current dataset, we can analyze the concessions’ spatial distribution, which can help evalu-
ate the impacts of various environmental factors, including those resulting from climate
change. Precisely, comprehending the spatial distribution of TURFs can facilitate the predic-
tion of the potential effects of species distribution alterations. By augmenting this dataset with
more information on each cooperative, including their governance structure, market strate-
gies, and catch trends, we can acquire a better understanding of the factors that contribute to
different performance levels. Furthermore, creating a robust documentation of the Mexican
TUREF system can inform the analysis and implementation of OECMs worldwide. Under-
standing the history, evolution, and performance of long-standing OCEM systems, such as
Mexico’s, provides a unique opportunity for enhancing similar systems globally. Our study
serves as a necessary starting point towards achieving this objective.

Supporting information

S1 Table. Outcome of the literature search in Google Scholar. The table includes terms
searched, the number publications found, and the number of relevant publications used in this
study.

(DOCX)

S2 Table. Characteristics of key studies. Includes characteristics of key studies (N = 59) used
to create a historical timeline and overview of Mexican concessions. List is arranged by geo-
graphical focus.

(DOCX)

S3 Table. Taxa extracted from concession titles (N = 215). All concession titles report both a
common name and a scientific name except for those that are marked in bold, which report
only a common name. The total number of unique taxa (i.e., excluding duplicate scientific
names or genera (e.g., Panulirus spp.) when species are listed (Panulirus argus, Panulirus graci-
lis, Panulirus inflatus, Panulirus interruptus) for which concessions have been issued is 26.

PLOS ONE | https://doi.org/10.1371/journal.pone.0286739  June 27, 2023 16/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286739.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286739.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286739.s003
https://doi.org/10.1371/journal.pone.0286739

PLOS ONE

TURFs in Mexico

Taxa in grey were not counted towards unique taxa.
(DOCX)

Author Contributions
Conceptualization: Eréndira Aceves-Bueno, Mateja Nenadovic, Amy Hudson Weaver.
Data curation: Claire Atkins-Davis.

Formal analysis: Eréndira Aceves-Bueno, Mateja Nenadovic, India Dove, Claire Atkins-
Davis.

Investigation: Eréndira Aceves-Bueno, Mateja Nenadovic, India Dove, Claire Atkins-Davis,
Juan Salvador Aceves-Bueno, Cristina Rivas-Ochoa, Salvador Rodriguez-Van Dyck, Amy
Hudson Weaver.

Methodology: Eréndira Aceves-Bueno, Mateja Nenadovic, Salvador Rodriguez-Van Dyck.
Project administration: Eréndira Aceves-Bueno.

Supervision: Eréndira Aceves-Bueno.

Validation: Salvador Rodriguez-Van Dyck, Amy Hudson Weaver.

Visualization: Eréndira Aceves-Bueno, Mateja Nenadovic, India Dove, Claire Atkins-Davis,
Abel Trejo-Ramirez.

Writing - original draft: Eréndira Aceves-Bueno.

Writing - review & editing: Eréndira Aceves-Bueno, Mateja Nenadovic, India Dove, Juan Sal-
vador Aceves-Bueno, Amy Hudson Weaver.

References

1. FAO; Duke University; WorldFlIsh. llluminating Hidden Harvests. lllum Hidden Harvest. 2023. https://
doi.org/10.4060/cc4576en

2. Canty SWJ, Deichmann JL. Do small-scale fisheries have the capacity to provide food security to
coastal populations? Fish Fish. 2022; 23: 708—718. https://doi.org/10.1111/faf. 12643

3. Costello C, Ovando D, Hilborn R, Gaines SD, Deschenes O, Lester SE. Status and Solutions for the
World’s Unassessed Fisheries. Science (80-). 2012; 338: 517-520. https://doi.org/10.1126/science.
1223389 PMID: 23019613

4. Gordon HS. The Economic Theory of a Common-Property Resource: The Fishery. J Polit Econ. 1954;
62. Available: https://econpapers.repec.org/RePEc:ucp:jpolec: v:62:y:1954:p:124

5. Hardin G. The tragedy of the commons. Science. 1968; 162: 1243-8. https://doi.org/10.1126/science.
162.3859.1243 PMID: 17756331

6. Grafton RQ, Arnason R, Bjgrndal T, Campbell D, Campbell HF, Clark CW, et al. Incentive-based
approaches to sustainable fisheries. Can J Fish Aquat Sci. 2006; 63: 699-710. https://doi.org/10.1139/
f05-247

7. Costello C, Gaines SD, Lynham J. Can Catch Shares Prevent Fisheries Collapse. Science (80-). 2008;
321:1678. https://doi.org/10.1126/science.1159478 PMID: 18801999

8. Nguyen Thi Quynh C, Schilizzi S, Hailu A, Iftekhar S. Territorial Use Rights for Fisheries (TURFs): State
of the art and the road ahead. Mar Policy. 2017; 75: 41-52. https://doi.org/10.1016/j.marpol.2016.10.
004

9. Aceves-Bueno E, Cornejo-Donoso J, Miller SJ, Gaines SD. Are Territorial Use Rights in Fisheries
(TURFs) sufficiently large? Mar Policy. 2017; 78: 189—-195. https://doi.org/10.1016/j.marpol.2017.01.
024

10. Wilen JE, Cancino J, Uchida H. The Economics of Territorial Use Rights Fisheries, or TURFs. Rev Envi-
ron Econ Policy. 2012; 6: 237-257. https://doi.org/10.1093/reep/res012

PLOS ONE | https://doi.org/10.1371/journal.pone.0286739  June 27, 2023 17/21


https://doi.org/10.4060/cc4576en
https://doi.org/10.4060/cc4576en
https://doi.org/10.1111/faf.12643
https://doi.org/10.1126/science.1223389
https://doi.org/10.1126/science.1223389
http://www.ncbi.nlm.nih.gov/pubmed/23019613
https://econpapers.repec.org/RePEc:ucp:jpolec:
https://doi.org/10.1126/science.162.3859.1243
https://doi.org/10.1126/science.162.3859.1243
http://www.ncbi.nlm.nih.gov/pubmed/17756331
https://doi.org/10.1139/f05-247
https://doi.org/10.1139/f05-247
https://doi.org/10.1126/science.1159478
http://www.ncbi.nlm.nih.gov/pubmed/18801999
https://doi.org/10.1016/j.marpol.2016.10.004
https://doi.org/10.1016/j.marpol.2016.10.004
https://doi.org/10.1016/j.marpol.2017.01.024
https://doi.org/10.1016/j.marpol.2017.01.024
https://doi.org/10.1093/reep/res012
https://doi.org/10.1371/journal.pone.0286739

PLOS ONE

TURFs in Mexico

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.

27.

28.
29.

30.

31.

32.

33.

34.

Aceves-Bueno E, Miller SJ, Cornejo-Donoso J, Gaines SD. Cooperation as a solution to shared
resources in territorial use rights in fisheries. Ecol Appl. 2020; 30: 1-10. https://doi.org/10.1002/eap.
2022 PMID: 31628874

Cancino JP, Uchida H, Wilen JE. TURFs and ITQs: Collective vs. Individual Decision Making University
of Rhode Island. Mar Resour Econ. 2007; 22: 391-406. http://mre.cels.uri.edu/MRE_AJourList.aspx

McCay BJ, Micheli F, Ponce-diaz G, Murray G, Shester G, Ramirez-sanchez S, et al. Cooperatives,
concessions, and co-management on the Pacific coast of Mexico. Mar Policy. 2014.

McCay BJ. Territorial use rights in fisheries of the northern Pacific coast of Mexico. Bull Mar Sci. 2017;
93: 69-81. https://doi.org/10.5343/bms.2015.1091

Cunningham E, Apel A, Ruiter P, Van Leuvan T. Mexican Vigia Chico Cooperative Spiny Lobster Terri-
torial Use Rights for Fishing Program. Environ Def fund. 2013.

McDonald G, Wilson M, Verissimo D, Twohey R, Clemence M, Apistar D, et al. Catalyzing sustainable
fisheries management through behavior change interventions. Conserv Biol. 2020; 34: 1176—1189.
https://doi.org/10.1111/cobi.13475 PMID: 32011772

Domondon PR, Tirona RS, Box S, Pomeroy R. Pathways to establishing managed access and net-
works of reserves. Mar Policy. 2021; 130: 104580. https://doi.org/10.1016/j.marpol.2021.104580

Kushardanto H, Jakub R, Suherfian W, Subarno T, Ansyori Al, Sara L, et al. Household finances and
trust are key determinants of benefits from small-scale fisheries co-management. Mar Policy. 2022;
145: 105284. https://doi.org/10.1016/j.marpol.2022.105284

Yamamoto T. Development of a Community-Based Fishery Management System in Japan. 1993; 10:
21-34.

Gelcich S, Fernandez M, Godoy N, Canepa A, Prado L, Castilla JC. Territorial User Rights for Fisheries
as Ancillary Instruments for Marine Coastal Conservation in Chile. Conserv Biol. 2012; 26: 1005-1015.
https://doi.org/10.1111/1.1523-1739.2012.01928.x PMID: 22971114

Yamamoto T. Development of a Community-Based Fishery Management System in Japan. Mar Resour
Econ. 1995; 10: 21-34. Available: http://www.jstor.org/stable/42629097

Castilla JC, Fernandez M. Small-scale benthic fisheries in Chile: On co-management and sustainable
use of benthic invertebrates. Ecol Appl. 1998; 8: 124-132. https://doi.org/10.2307/2641370

Gelcich S, Hughes TP, Olsson P, Folke C, Defeo O, Fernandez M, et al. Navigating transformations in
governance of Chilean marine coastal resources. Proc Natl Acad Sci U S A. 2010; 107: 16794-9.
https://doi.org/10.1073/pnas.1012021107 PMID: 20837530

Arias N, Stotz W. Sustainability analysis of the benthic fisheries managed in the turf system in Chile. Int
J Commons. 2020; 14: 344-365. https://doi.org/10.5334/ijc.1011

Castilla JC, Gelcich S. driver for self-governance of small. Case Stud Fish self-governance. 2008; 441.

Castilla JC. Fisheries in Chile: Small pelagics, management, rights, and sea zoning. 2010; 86: 221—
234.

Oyanedel R, Keim A, Castilla JC, Gelcich S. lllegal fishing and territorial user rights in Chile. Conserv
Biol. 2018; 32: 619-627. https://doi.org/10.1111/cobi.13048 PMID: 29114934

SAGARPA. Carta Nacional Pesquera. 2012.

Franco-Meléndez M, Cubillos LA, Tam J, Hernandez Aguado S, Quifiones RA, Hernandez A. Territorial
Use Rights for Fisheries (TURF) in central-southern Chile: Their sustainability status from a transdisci-
plinary holistic approach. Mar Policy. 2021; 132: 104644. hitps://doi.org/10.1016/j.marpol.2021.104644

Prado DS, Seixas CS, Futemma CRT. From self-governance to shared governance: Institutional
change and bricolage in Brazilian extractive reserves. Environ Sci Policy. 2021; 123: 106—113. https:/
doi.org/10.1016/j.envsci.2021.05.016

Basurto X. How Locally Designed Access and Use Controls Can Prevent the Tragedy of the Commons
in a Mexican Small-Scale Fishing Community. Soc Nat Resour. 2005; 18: 643—-659. https://doi.org/10.
1080/08941920590959631

Orensanz JM, Parma AM, Jerez G, Barahona N, Montecinos M, Elias |. What are the key elements for
the sustainability of “S- fisheries”? Insights from South America. Bull Mar Sci. 2005; 76: 527-556.

Gonzalez J, Stotz W, Garrido J, Lobo JM, Parma AM, Tapia C, et al. The Chilean turf system: How is it
performing in the case of the loco fishery? Bull Mar Sci. 2006; 78: 499-527. https://doi.org/10.1080/
08941920590915279

Bandin RM, Quifiones RA. Impacto de la captura ilegal en pesquerias artesanales bentonicas bajo el
régimen de co-manejo: el caso de Isla Mocha, Chile Impact of illegal catch in artisanal benthic fisheries
under co-management regime: the case of Mocha Island, Chile. Lat Am J Aquat Res. 2014; 42: 547—
579. https://doi.org/103856/vol42-issue3-fulltext-14

PLOS ONE | https://doi.org/10.1371/journal.pone.0286739  June 27, 2023 18/21


https://doi.org/10.1002/eap.2022
https://doi.org/10.1002/eap.2022
http://www.ncbi.nlm.nih.gov/pubmed/31628874
http://mre.cels.uri.edu/MRE_AJourList.aspx
https://doi.org/10.5343/bms.2015.1091
https://doi.org/10.1111/cobi.13475
http://www.ncbi.nlm.nih.gov/pubmed/32011772
https://doi.org/10.1016/j.marpol.2021.104580
https://doi.org/10.1016/j.marpol.2022.105284
https://doi.org/10.1111/j.1523-1739.2012.01928.x
http://www.ncbi.nlm.nih.gov/pubmed/22971114
http://www.jstor.org/stable/42629097
https://doi.org/10.2307/2641370
https://doi.org/10.1073/pnas.1012021107
http://www.ncbi.nlm.nih.gov/pubmed/20837530
https://doi.org/10.5334/ijc.1011
https://doi.org/10.1111/cobi.13048
http://www.ncbi.nlm.nih.gov/pubmed/29114934
https://doi.org/10.1016/j.marpol.2021.104644
https://doi.org/10.1016/j.envsci.2021.05.016
https://doi.org/10.1016/j.envsci.2021.05.016
https://doi.org/10.1080/08941920590959631
https://doi.org/10.1080/08941920590959631
https://doi.org/10.1080/08941920590915279
https://doi.org/10.1080/08941920590915279
https://doi.org/103856/vol42-issue3-fulltext-14
https://doi.org/10.1371/journal.pone.0286739

PLOS ONE

TURFs in Mexico

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

Gelcich S, Cinner J, Donlan CJ, Tapia-Lewin S, Godoy N, Castilla JC. Fishers’ perceptions on the Chil-
ean coastal TURF system after two decades: Problems, benefits, and emerging needs. Bull Mar Sci.
2017; 93: 53-67. https://doi.org/10.5343/bms.2015.1082

Andrew NL, Béné C, Hall SJ, Allison EH, Heck S, Ratner BD. Diagnosis and management of small-
scale fisheries in developing countries. Fish Fish. 2007; 8: 227—240. https://doi.org/10.1111/].1467-
2679.2007.00252.x

Magliocca NR, Ellis EC, Allington GRH, de Bremond A, Dell’Angelo J, Mertz O, et al. Closing global
knowledge gaps: Producing generalized knowledge from case studies of social-ecological systems.
Glob Environ Chang. 2018; 50: 1-14. https://doi.org/10.1016/j.gloenvcha.2018.03.003

Finkbeiner EM, Micheli F, Saenz-Arroyo A, Vazquez-Vera L, Perafan CA, Cardenas JC. Local response
to global uncertainty: Insights from experimental economics in small-scale fisheries. Glob Environ
Chang. 2018; 48: 151-157. https://doi.org/10.1016/j.gloenvcha.2017.11.010

Aceves-Bueno E, Cornejo-Donoso J, Miller SJ, Gaines SD. Are Territorial Use Rights in Fisheries
(TURFs) sufficiently large? Mar Policy. 2017;78. https://doi.org/10.1016/j.marpol.2017.01.024

Nenadovic M, Epstein G. The relationship of social capital and fishers’ participation in multi-level gover-
nance arrangements. Environ Sci Policy. 2016; 61: 77-86. https://doi.org/10.1016/j.envsci.2016.03.023

Nenadovi¢ M, Basurto X, Weaver AH. Contribution of Subsidies and Participatory Governance to Fish-
ers’ Adaptive Capacity. J Environ Dev. 2016; 25: 426—454. https://doi.org/10.1177/1070496516670448

Carifio M. Concesiones territoriales para la inversion extranjera en Sudcalifornia durante el siglo XIX.
In: Olveda J, editor. Inversiones y empresarios extranjeros en el noroccidente de México: siglo XIX.
1998. pp. 29-49. https://doi.org/10.1215/00182168-78.3.513

Marichal C. Las inversiones extranjeras en América Latina, 1850—1930: nuevos debates y problemas
en historia econémica comparada. 1sted. El Colegio de Mexico; 1996. Available: http://www.jstor.org/
stable/j.ctv51329t

Gomez Cavazos EE. El proyecto territorial del porfiriato en la peninsula de Baja California: ;una ocupa-
cion urbana a través de company towns? 2021. https://doi.org/10.5821/siiu.6398

Santos AO. Extractivismo marino-colonial. Apropiacién California (México) siglos XVI-XXI. 2021; 99—
117.

Carifio M, Valle E, Monteforte M, Arizpe O, Juan C, Aceves S. La creacion del area natural protegida:
actores, procesos y retos. Turismo y sustentabilidad en Cabo Pulmo, B.C.S. 2008.

Carifio-Olvera M, Monteforte M. Las Perlas y Los Hombres en el Golfo de California, 1500-2005. In:
Graciela Alcala-Moya, editor. Pescadores en América Latina y El Caribe: Espacio, Poblacién, Produc-
cion y Politica. UNAM, Facultad de Ciencias, SISAL-Yucatan, México; 2011. pp. 135-166. https://doi.
org/10.7770/cuhso-V22N1-art431

Carifio M, Monteforte M. Las minas marinas del Golfo de California: 2018; 11-39.

Soberanes Fernandez JL. Historia contemporanea de la legislacion pesquera en México. In: Gonzélez
Oropeza M, Garita Alonso MA, editors. El régimen juridico de la pesca en México. Secretaria de
Pesca: UNAM, Instituto de Investigaciones Juridicas, México; 1994.

Roman-Alarcén RA. Las cooperativas pesqueras de los esteros del Sur de Sinaloa 1924-1981. Anu del
Cent Estud Historicos “Prof Carlos S A Segreti” Cérdoba. 2015; 33—49.

Bennett A. The influence of neoliberalization on the success and failure of fishing cooperatives in con-
temporary small-scale fishing communities: A case study from Yucatan, Mexico. Mar Policy. 2017; 80:
96—106. https://doi.org/10.1016/j.marpol.2016.06.024

Ramos De La Torre DA, Anaya-Corona MC, Cifuentes-Lemus JL, Ponce-Palafox JT. Historical Back-
ground of Fishing and Cooperative Fisheries in Mexico (1917—2018): legal and institutional aspect. J
Agric Vet Sci. 2021; 14: 31-37. https://doi.org/10.9790/2380-1402023137

Alvarez P, Seingier G, Espejel . Environmental History of Adaptive Co-management in Two Fishing
Regions in Northwestern Mexico. Relac Estud Hist y Soc. 2018; 153: 41-67.

Arce-Leree R, Liera-Villavicencio F. 50 Aniversario Punta Abreojos. 2005.

Laurell AC. Three decades of neoliberalism in Mexico: The destruction of society. Int J Heal Serv. 2015;
45: 246—264. https://doi.org/10.1177/0020731414568507 PMID: 25813500

DOF. Ley General de Pesca y Acuacultura Sustentables (LGPA). ARTICULO 4o. Diario Oficial de la
Federacion 2018 p. 63. Available: https://www.fao.org/faolex/results/details/es/c/LEX-FAOC072880/

Méndez-Medina C, Schmook B, Mccandless SR. The Punta Allen cooperative as an emblematic exam-
ple of a sustainable small-scale fishery in the Mexican Caribbean. Marit Stud. 2015. https://doi.org/10.
1186/s40152-015-0026-9

Briones-Fourzén P, Candia-Zulbaran RI, Negrete-Soto F, Barradas-Ortiz C, Huchin-Mian JP, Lozano-
Alvarez E. Influence of local habitat features on disease avoidance by Caribbean spiny lobsters in a

PLOS ONE | https://doi.org/10.1371/journal.pone.0286739  June 27, 2023 19/21


https://doi.org/10.5343/bms.2015.1082
https://doi.org/10.1111/j.1467-2679.2007.00252.x
https://doi.org/10.1111/j.1467-2679.2007.00252.x
https://doi.org/10.1016/j.gloenvcha.2018.03.003
https://doi.org/10.1016/j.gloenvcha.2017.11.010
https://doi.org/10.1016/j.marpol.2017.01.024
https://doi.org/10.1016/j.envsci.2016.03.023
https://doi.org/10.1177/1070496516670448
https://doi.org/10.1215/00182168-78.3.513
http://www.jstor.org/stable/j.ctv51329t
http://www.jstor.org/stable/j.ctv51329t
https://doi.org/10.5821/siiu.6398
https://doi.org/10.7770/cuhso-V22N1-art431
https://doi.org/10.7770/cuhso-V22N1-art431
https://doi.org/10.1016/j.marpol.2016.06.024
https://doi.org/10.9790/2380-1402023137
https://doi.org/10.1177/0020731414568507
http://www.ncbi.nlm.nih.gov/pubmed/25813500
https://www.fao.org/faolex/results/details/es/c/LEX-FAOC072880/
https://doi.org/10.1186/s40152-015-0026-9
https://doi.org/10.1186/s40152-015-0026-9
https://doi.org/10.1371/journal.pone.0286739

PLOS ONE

TURFs in Mexico

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

casita-enhanced bay. Dis Aquat Organ. 2012; 100: 135—148. https://doi.org/10.3354/dac02465 PMID:
23186701

Sosa-Cordero E, Liceaga-Correa MA, Seijo JC. The Punta Allen lobster fishery: current status and
recent trends. Case Stud Fish self-governance FAO Fish Tech Pap. 2008; 504: 149-162.

Defeo O, Castilla JC. More than One Bag for the World Fishery Crisis and Keys for Co-management
Successes in Selected Artisanal Latin American Shellfisheries. Rev Fish Biol Fish. 2006; 15: 265-283.
https://doi.org/10.1007/s11160-005-4865-0

Elsler LG, Quintana A, Giron-Nava A, Oostdijk M, Stefanski S, Guillermo XB, et al. Strong collective
action enables valuable and sustainable fisheries for cooperatives. Environ Res Lett. 2022; 17. https:/
doi.org/10.1088/1748-9326/ac9423

Bizzarro JJ. A Review of the Physical and Biological Characteristics of the Bahia Magdalena Lagoon
Complex (Baja California Sur, Mexico). Bull South Calif Acad Sci. 2008; 107: 1-24. https://doi.org/10.
3160/0038-3872(2008)107[1:arotpa]2.0.co;2

Cardenas-Carpio Cl. Andlisis De La Vulnerabilidad En Las Sociedades Cooperativas Pesqueras: El
Caso De La Cooperativa Pesquera Bahia Magdalena. Instituto Politecnico Nacional (IPN). 2014. Avail-
able: https://tesis.ipn.mx/bitstream/handle/123456789/18933/cardenasca.pdf?sequence=
1&isAllowed=y

Ojeda-Ruiz MA, Marin-Monroy EA, Hinojosa-Arango G, Flores-Irigollen A, Cota-Nieto JJ, Cavieses-
Nufez RA, et al. Development of fisheries in Bahia Magdalena-Almejas: The need to explore new poli-
cies and management paradigms. Ocean Coast Manag. 2018; 161: 1—10. https://doi.org/10.1016/j.
ocecoaman.2018.04.014

INAPESCA. Carta Nacional Pesquera 2017. D Of la Fed. 2018. Available: http://dof.gob.mx/nota__
detalle.php?codigo=5284148&fecha=04/01/2013

Micheli F, Saenz-Arroyo A, Greenley A, Vazquez L, Espinoza Montes JA, Rossetto M, et al. Evidence
that marine reserves enhance resilience to climatic impacts. PLoS One. 2012; 7. https://doi.org/10.
1371/journal.pone.0040832 PMID: 22855690

Finkbeiner EM, Basurto X. Re-defining co-management to facilitate small-scale fisheries reform: An
illustration from northwest Mexico. Mar Policy. 2015; 51: 433—441. https://doi.org/10.1016/j.marpol.
2014.10.010

Gillet R. Global study of shrimp fisheries. FAO Fish Tech Pap. 2008; 475.
Dubay K, Tokuoka S, Gereffi G. A Value Chain Analysis of the Sinaloa, Mexico Shrimp Fishery. 2010.

Amezcua F, Madrid-Vera J, Aguirre-Villasefior H. Efecto de la pesca artesanal de camardn sobre la
ictiofauna en el sistema lagunar de Santa Maria la Reforma, suroeste del Golfo de California. Ciencias
Mar. 2006; 32: 97-109. https://doi.org/10.7773/cm.v32i12.1025

DOF. Acuerdo por el que se establece veda temporal para la pesca de todas las especies de camarén
en las aguas marinas de jurisdiccion federal del Océano Pacifico, incluyendo el Golfo de California, asi
como de los sistemas lagunarios estuarinos, marismas y ba. Mexico, D.F.: Diario Oficial de la Federa-
cion; 2019.

DOF. Acuerdo por el que se da a conocer el Plan de Manejo Pesquero Ecosistémico del Sistema Lagu-
nar Altata-Ensenada del Pabellén, ubicado en los municipios de Navolato y Culiacéan, del Estado de
Sinaloa. Mexico: Diario Oficial de la Federacion.; 2019.

Alvarez-Vela AC. Andlisis de las pesquerias de la Laguna de Tamiahua, México: aplicando un enfoque
espacio-temporal. Universidad Veracruzana. 2009. Available: https://cdigital.uv.mx/bitstream/handle/
123456789/46427/QuirozCortesMCarmen.pdf?sequence=2&isAllowed=y

Rodriguez-Castellanos R. Diagndstico socioambiental del Canal intracostero Tamiahua-Tuxpany la
Laguna de San Simén. Universidad Veracruzana. 2020.

Gordillo-Morales G, Cruz-Paredes L. Ficha Informativa de los Humedales de Ramsar (FIR). 2003.

DOF. Acuerdo mediante el cual se prorroga la concesion para la extraccion y aprovechamiento comer-
cial de algas marinas, otorgada a Sociedad Mercantil Agarmex, S.A. Mexico: Diario Oficial de la Fed-
eracion; 1993.

agarmex. agarmex. 2022 [cited 22 Feb 2023]. Available: https://www.agarmex.com/

DOF. Acuerdo por el que se da a conocer el Plan de Manejo para la Pesqueria de Macroalgas en Baja
California, México. Diario Oficial de la Federacion. SAGARPA; 2012.

Casas-Valdez M, Lluch-Belda D, Ortega-Garcia S, Hernandez-Vazquez S, Serviere-Zaragoza E, Lora-
Séanchez D. Estimation of maximum sustainable yield of Gelidium robustum seaweed fishery in Mexico.
J Mar Biol Assoc United Kingdom. 2005; 85: 775—778. https://doi.org/10.1017/S0025315405011689

PLOS ONE | https://doi.org/10.1371/journal.pone.0286739  June 27, 2023 20/21


https://doi.org/10.3354/dao02465
http://www.ncbi.nlm.nih.gov/pubmed/23186701
https://doi.org/10.1007/s11160-005-4865-0
https://doi.org/10.1088/1748-9326/ac9423
https://doi.org/10.1088/1748-9326/ac9423
https://doi.org/10.3160/0038-3872%282008%29107%5B1%3Aarotpa%5D2.0.co%3B2
https://doi.org/10.3160/0038-3872%282008%29107%5B1%3Aarotpa%5D2.0.co%3B2
https://tesis.ipn.mx/bitstream/handle/123456789/18933/cardenasca.pdf?sequence=1&isAllowed=y
https://tesis.ipn.mx/bitstream/handle/123456789/18933/cardenasca.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/j.ocecoaman.2018.04.014
https://doi.org/10.1016/j.ocecoaman.2018.04.014
http://dof.gob.mx/nota_detalle.php?codigo=5284148&fecha=04/01/2013
http://dof.gob.mx/nota_detalle.php?codigo=5284148&fecha=04/01/2013
https://doi.org/10.1371/journal.pone.0040832
https://doi.org/10.1371/journal.pone.0040832
http://www.ncbi.nlm.nih.gov/pubmed/22855690
https://doi.org/10.1016/j.marpol.2014.10.010
https://doi.org/10.1016/j.marpol.2014.10.010
https://doi.org/10.7773/cm.v32i12.1025
https://cdigital.uv.mx/bitstream/handle/123456789/46427/QuirozCortesMCarmen.pdf?sequence=2&isAllowed=y
https://cdigital.uv.mx/bitstream/handle/123456789/46427/QuirozCortesMCarmen.pdf?sequence=2&isAllowed=y
https://www.agarmex.com/
https://doi.org/10.1017/S0025315405011689
https://doi.org/10.1371/journal.pone.0286739

PLOS ONE

TURFs in Mexico

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

Harley CDG, Anderson KM, Demes KW, Jorve JP, Kordas RL, Coyle TA, et al. EFfects Of Climate
Change On Global Seaweed Communities. J Phycol. 2012; 48: 1064—1078. https://doi.org/10.1111/j.
1529-8817.2012.01224.x PMID: 27011268

Poteete AR, Ostrom E. Fifteen Years of Empirical Research on Collective Action in Natural Resource
Management: Struggling to Build Large-N Databases Based on Qualitative Research. World Dev.
2008; 36: 176—195. hitps://doi.org/10.1016/j.worlddev.2007.02.012

Villasefior-Derbez JC, Aceves-Bueno E, Fulton S, Suarez A, Hernandez-Velasco A, Torre J, et al. An
interdisciplinary evaluation of community-based TURF-reserves. PLoS One. 2019; 14. https://doi.org/
10.1371/journal.pone.0221660 PMID: 31442289

Poon SE, Bonzon K. Catch Share Design Manual, Volume 3: Territorial Use Rights for Fishing. Environ
Def fund. 2013; 161.

Aceves-Bueno E, Halpern BS. Informing the design of territorial use rights in fisheries from marine pro-
tected area theory. Mar Ecol Prog Ser. 2018; 596. https://doi.org/10.3354/meps12571

Costello C, Deacon RT. The efficiency gains from fully delineating rights in an ITQ fishery. Mar Resour
Econ. 2007. https://doi.org/10.1086/mre.22.4.42629566

Costello CJ, Kaffine D. Natural resource use with limited-tenure property rights. J Environ Econ Man-
age. 2008; 55: 20-36. https://doi.org/10.1016/j.jeem.2007.09.001

Villanueva-Poot R, Seijo JC, Headley M, Arce AM, Sosa-Cordero E, Lluch-Cota DB. Distributional per-
formance of a territorial use rights and co-managed small-scale fishery. Fish Res. 2017; 194: 135-145.
https://doi.org/10.1016/j.fishres.2017.06.005

White C, Costello H. Matching spatial property rights fisheries with scales of fish dispersal. Ecol Appl.
2011; 21: 350-362. https://doi.org/10.1890/09-1188.1 PMID: 21563568

Aceves-Bueno E, Adeleye AS, Feraud M, Huang Y, Tao M, Yang Y, et al. The Accuracy of Citizen Sci-
ence Data: A Quantitative Review. Bull Ecol Soc Am. 2017; 98: 278—290. https://doi.org/10.1002/bes2.
1336

Gaines SD, Gaylord B, Largier JL. Avoiding current oversights in marine reserve design. Ecol Appl.
20083; 13: 32—46. https://doi.org/10.1890/1051-0761(2003)013[0032:ACOIMR]2.0.CO;2

Gaines SD, White C, Carr MH, Palumbi SR. Designing marine reserve networks for both conservation
and fisheries management. Proc Natl Acad Sci U S A. 2010; 107: 18286-93. https://doi.org/10.1073/
pnas.0906473107 PMID: 20200311

Uchida H, Baba O. Fishery management and the pooling arrangement in the Sakuraebi Fishery in
Japan. No. 504. In: Townsend R.; Shotton R.; Uchida H, editor. Case studies in fisheries self-gover-
nance. No. 504. FAQO Fisheries Technical Paper. Rome, FAO.; 2008. pp. 175-190. Available: ftp:/ftp.
fao.org/docrep/fao/010/a1497e/a1497e16.pdf

Cline TJ, Schindler DE, Hilborn R. Fisheries portfolio diversification and turnover buffer Alaskan fishing
communities from abrupt resource and market changes. Nat Commun. 2017; 8. https://doi.org/10.1038/
ncomms14042 PMID: 28091534

Gaines SD, Lester SE, Grorud-Colvert K, Costello C, Pollnac R. Evolving science of marine reserves:
new developments and emerging research frontiers. Proc Natl Acad Sci U S A. 2010; 107: 18251—
18255. https://doi.org/10.1073/pnas.1002098107 PMID: 20978212

Gelcich S, Kaiser MJ, Castilla JC, Edwards-Jones G. Engagement in co-management of marine benthic
resources influences environmental perceptions of artisanal fishers. Environ Conserv. 2008; 35: 36—45.
https://doi.org/10.1017/S0376892908004475

Gelcich S, Godoy N, Prado L, Castilla JC. Add-on conservation benefits of marine territorial user rights
fishery policies in central Chile. Ecol Appl. 2008; 18: 273-81. Available: http://www.ncbi.nlm.nih.gov/
pubmed/18372572 https://doi.org/10.1890/06-1896.1 PMID: 18372572

PLOS ONE | https://doi.org/10.1371/journal.pone.0286739  June 27, 2023 21/21


https://doi.org/10.1111/j.1529-8817.2012.01224.x
https://doi.org/10.1111/j.1529-8817.2012.01224.x
http://www.ncbi.nlm.nih.gov/pubmed/27011268
https://doi.org/10.1016/j.worlddev.2007.02.012
https://doi.org/10.1371/journal.pone.0221660
https://doi.org/10.1371/journal.pone.0221660
http://www.ncbi.nlm.nih.gov/pubmed/31442289
https://doi.org/10.3354/meps12571
https://doi.org/10.1086/mre.22.4.42629566
https://doi.org/10.1016/j.jeem.2007.09.001
https://doi.org/10.1016/j.fishres.2017.06.005
https://doi.org/10.1890/09-1188.1
http://www.ncbi.nlm.nih.gov/pubmed/21563568
https://doi.org/10.1002/bes2.1336
https://doi.org/10.1002/bes2.1336
https://doi.org/10.1890/1051-0761%282003%29013%5B0032%3AACOIMR%5D2.0.CO%3B2
https://doi.org/10.1073/pnas.0906473107
https://doi.org/10.1073/pnas.0906473107
http://www.ncbi.nlm.nih.gov/pubmed/20200311
ftp://ftp.fao.org/docrep/fao/010/a1497e/a1497e16.pdf
ftp://ftp.fao.org/docrep/fao/010/a1497e/a1497e16.pdf
https://doi.org/10.1038/ncomms14042
https://doi.org/10.1038/ncomms14042
http://www.ncbi.nlm.nih.gov/pubmed/28091534
https://doi.org/10.1073/pnas.1002098107
http://www.ncbi.nlm.nih.gov/pubmed/20978212
https://doi.org/10.1017/S0376892908004475
http://www.ncbi.nlm.nih.gov/pubmed/18372572
http://www.ncbi.nlm.nih.gov/pubmed/18372572
https://doi.org/10.1890/06-1896.1
http://www.ncbi.nlm.nih.gov/pubmed/18372572
https://doi.org/10.1371/journal.pone.0286739

