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ARTICLE INFO ABSTRACT

As increasingly large extents of the global oceans are being managed through spatial measures, it is important to
identify area characteristics underlying network distributions. Studies discerning spatial patterns in marine
management have disproportionately focused on global networks. This paper instead considers the single
country context of Japan to illuminate within-country drivers of area-based conservation and fishery manage-
ment. A dataset containing potentially relevant socioeconomic, environmental, and fisheries factors was
assembled and used to model prefecture-level counts of marine protected areas (MPAs) and territorial use
rights for fisheries (TURFs) throughout Japan's waters. Several factors were found to significantly influence the
number of TURFs in a particular area, whereas MPA patterns of use remain largely unexplained. TURFs are
frequently noted as more suitable for managing fisheries of low mobility species and our analysis finds greater
use of TURFs in areas that rely heavily on benthic catch. The number of trading ports was also found to be
positively related to TURF distributions, suggesting economic infrastructure may influence the use of this
fisheries management tool. In-line with global analyses, MPA patterns of use were not found to be significantly
related to any of the potential explanatory variables after correcting for the number of statistical comparisons
that were carried out. Differences in our ability to model the use of TURFs and MPAs may arise due to the
narrower objectives associated with the former (e.g., income, employment) in comparison to the often broad and
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varied goals that motivate use of the latter.

1. Introduction

Over one-third of the global population lives within 100 km of the
coast [1,2], and many in these regions depend on the numerous
ecosystem services provided by coastal and marine environments, such
as food provision, employment, natural disaster mitigation, and water
filtration [1,3]. Yet, threats including population growth, land use
change, overfishing, pollution, and climate change impair ecosystem
functioning through biodiversity loss and habitat fragmentation [4-7].
In response, spatially explicit ocean zoning approaches have gained
global recognition as a practical way to organize marine spaces and
minimize adverse impacts [8,9]. Ecosystem-based coastal and marine
spatial planning (MSP) is an integrated approach that assigns spatial
and temporal constraints on human activities in marine areas to balance
environmental, social, and economic objectives [10]. MSP aims to
explicitly assess user-user and user-environment interactions and trade-
offs to maximize the full range of ocean services [11,12]. Despite its
widespread use, research exploring the relative value, drivers, and
distributions of different forms of MSP in various socio-environmental

contexts is much needed and essential to understanding its implications
and benefits in achieving sustainable use of marine resources. Here, the
spatial distributions of two marine spatial management techniques in
Japan are examined, conservation-oriented marine protected areas
(MPAs) and production-focused territorial use rights for fisheries
(TURFs), in order to identify drivers for their use and better predict
and understand future expansion of MSP worldwide.

Setting aside marine and coastal regions as MPAs has become a
common MSP approach to achieving conservation and restoration
targets. Commonly defined as “any area of the intertidal or subtidal
terrain, together with its overlying water and associated flora, fauna,
historical and cultural features, which has been reserved by law or
other effective means to protect part or all of the enclosed environ-
ment” [13], MPAs may range from inaccessible no-take marine reserves
to multiple use areas. Successful MPAs can facilitate the conservation of
critical species and sensitive habitats, as well as enhance biomass,
density, and biodiversity within and around its boundaries [14-17].
The 2010 Convention on Biological Diversity (CBD) set the interna-
tional goal of implementing “protected areas and other effective area-
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based conservation measures” on at least 10% of the world's coastal and
marine area by 2020, with a focus on areas important for biodiversity or
ecosystem services [18]; currently, MPAs cover about 4.12% of all
oceans [19]. Global application has rapidly increased over the last
decade [20,21], and MPAs are now a major component of marine
conservation and management in many places worldwide.

Rights-based fisheries management (RBFM) has become increas-
ingly prominent as a fisheries management tool since overexploitation
and resource degradation are often associated with a lack of property
rights [22,23]. RBFM presents a potential solution by granting fishers
ownership of resources and thereby incentivizing sustainable resource
use [24-26]. TURFs are a widely implemented RBFM strategy that
allots individuals or communities a geographic area within which they
are allowed exclusive access to marine resources [27]. TURF use has
been shown to enhance managed species stocks [28], and well-enforced
TURFs may act similarly to MPAs by benefitting non-target population
growth and overall biodiversity [29-31]. Historical island fishing
communities like Fiji and Samoa have long practiced TURF manage-
ment through customary marine tenure rights [32-34], while other
nations have more recently distributed TURF rights to replace open
access areas or other forms of management (e.g., Chile transitioned to a
large system of coastal TURFs following the collapse of their loco
fishery in the late 1980s [28]).

Aside from the fact that both MPAs and TURFs rely on spatially
defined controls, the two management approaches differ substantially.
Despite multiple uses of many protected areas, MPAs often establish
zones of no use and are generally implemented as conservation
measures. TURFs, however, are primarily intended for managing
important fisheries and marine resources [35]. With the exception of
no-access areas, MPAs are public lands, whereas TURFs are rights-
based, private properties only accessible by certain user groups. MPA
management is typically top-down with authoritative bodies at the
national or state levels (with some notable exceptions; e.g., Alcala and
Russ [36]), while TURFs are frequently co-managed by individuals or
local fishing communities together with government agencies [35]. Due
to these distinctions, the implementation of each likely responds to
different sets of socioeconomic and biological conditions. Nevertheless,
there have to date been few comparative examinations of MPAs and
TURFs in a single spatiotemporal context (see Afflerbach et al. [37] for
an exception examining TURF-reserves globally).

Marinesque et al. [38] and Fox et al. [39] examined global MPA
distributions and both found little link between potential explanatory
factors and number or area of MPAs at the international level. The well-
documented ecological benefits of MPAs [14,40,41] suggest that spatial
patterns of establishment should be related to environmental condi-
tions. Depending on context, one might expect MPA implementation to
be positively or negatively correlated to ecosystem productivity or
services, e.g., by targeting vulnerable, yet productive, marine ecosys-
tems to maximize conservation benefits or by avoiding highly produc-
tive areas in order to minimize adverse impacts to fisheries [42-44].
Additionally, given the short-term costs of area closures to fisheries and
other maritime sectors, as well as the potential long-term fisheries
benefits of MPAs via spillover of larvae or adults to fished areas [45],
one might also predict MPA distributions to be linked to socioeconomic
factors. Despite these logical associations, global examinations have not
observed strong correlations between national MPA distributions and
biological or socioeconomic indicators [38,39]. These findings may be
due to extremely heterogeneous sociopolitical and environmental
contexts on a global scale, suggesting regional or national analyses
could yield useful insights.

While several studies have examined the relationship between TURF
characteristics and their effectiveness for resource management
[35,46], relatively less attention has been given to potential explana-
tory factors underlying TURF implementation and distributions. As a
fisheries management tool, the use of TURFs should depend upon the
presence of fishers and fisheries resources. Moreover, usage may be a
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function of the type and extent of marine resource exploitation in an
area. Spatially-explicit RBFM techniques are more appropriate for
managing low mobility species whose full life cycles are likely to be
contained within the tenured boundaries [35,47-49]. It is thus antici-
pated that TURF distributions are associated with high quantities of
sedentary and benthic species, as well as environmental conditions
which favor productive benthic communities. TURFs might also be
more plentiful in areas with fewer stakeholders competing for marine
space. Conflicts between coastal fisheries and other interests like
shoreline development, energy production, recreation, and conserva-
tion (MPAs) could deter TURF formation [50].

The goal in this study is to identify potential socioeconomic,
environmental, and fisheries drivers influencing the distributions of
these two MSP techniques within the maritime borders of one particular
country — Japan. By working within the framework of a single nation,
these regression models aim to identify spatial determinants that may
have been obscured by the extreme heterogeneity of national contexts
in other global surveys (e.g., Marinesque et al. [38]; Fox et al. [39]).
Japan provides an ideal setting for understanding MSP drivers as
marine resources play an important role from national to local levels
[51-53], and, therefore, one would expect a close link between
pertinent explanatory factors and MSP. In addition to hosting extensive
TURF networks [35] and committing to MPA expansion under CBD
agreements, Japan is subdivided into a set of states (i.e., prefectures)
that vary substantially in terms of socioeconomic characteristics and
marine ecosystems [52], presenting sufficient contrast to examine sub-
national differences in MSP use.

The rest of this paper is organized as follows. An overview of the
uses of MPAs and TURFs in Japan is provided, followed by descriptions
of the geographic, socioeconomic, and biological datasets used in this
study. Statistical methods to relate prefecture-level data to the use of
MPAs and TURFs are then described before presenting results. The
discussion then places the results in the wider context of national and
international use of MSP for conservation and fisheries management.

2. MPAs and TURFs in Japan

Japan has a coastline of around 29,750 km and the sixth largest
Exclusive Economic Zone (EEZ) in the world. Temperate to tropical
climates and distinct ocean currents support a range of coastal and
marine ecosystems including salt marshes, mangroves, seaweed beds,
rocky shores, and coral reefs. This biodiversity has formed some of the
world's richest fishing grounds. Most of the country's land area consists
of mountainous terrain which has led to particularly dense coastal
populations [52]. As coastal pressures continue to mount, efforts to
understand how Japan has allocated marine space with respect to
conservation and fishing sectors becomes increasingly important.

Although Japan is participating in the international commitment of
achieving 10% global MPA coverage, the country does not currently
have a centralized MPA management system. Several laws, including
the Natural Parks Law, Nature Conservation Law, and the Act on the
Protection of Fisheries Resources, can establish MPAs with various
goals and management types [54]. Supervision lies with the prefectural
governments and, depending on the legislation that established the
protected area, falls under the auspices of either the Ministry of the
Environment (MOE) or the Ministry of Agriculture, Forestry, and
Fisheries (MAFF) [54]. Therefore, in contrast to several other nations
(e.g., the European Natura 2000 network, the US National MPA Center,
and the French Agence d’Aires Marines Protégées), Japan lacks a single
administrative body for its collective MPA network. Nevertheless, the
Japanese government's 2011 Marine Biodiversity Conservation Strategy
aims to increase coordination between the two national ministries
responsible for MPAs by establishing guidelines for nationwide MPA
network expansion [55]. While the guidelines do provide direction for
future growth, only approximately 0.49%, or 19,940 km?, of Japan's
EEZ is currently protected [56].
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Fig. 1. National distributions of (a) MPAs and (b) FCAs in Japan.
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Japan has one of the world's oldest and most successful marine
fisheries co-management regimes [50,57]. For hundreds of years,
coastal fisheries were publicly owned and managed by local resource
users [50]. Then, during the feudal seventeenth century, coastal
villages were given sole property rights of the waters [51]. The Fishery
Law of 1949 established the current management system, which
operates via a nested structure and allows local communities to
maintain considerable control and management authority [51,58].
The MAFF presides at the national level, and sets total allowable catch
limits (TACs) for eight particularly important species. Each prefectural
government manages its coastal resources and allocates various fishing
rights to individuals, groups, and Fishery Cooperative Associations
(FCAs). FCAs represent community-level fishing entities that acquire
exclusive access rights and authorization to manage fisheries resources
[58]. Though FCA-managed areas operate within the nationally set
TACs and broad prefectural regulations, they are functionally TURFs in
that FCAs have exclusive access and establish their own input controls
such as gear type, fishing seasons, and area closures [52]. For species
without nationally set TACs, local management is even more autono-
mous. Fishery Management Organizations (FMOs) are groups of fishers
who operate beneath a parent FCA to collectively manage shared
fishing grounds and/or targeted species within or between TURFs [51].
Each TURF is managed by a single FCA, but may be affiliated with
several FMOs. Although there are notable exceptions [59], Japanese
coastal fishing entities (FCAs or FMOs) primarily focus on single-species
rather than multispecies or ecosystem-based management [51].

3. Methods
3.1. Data collection

National distributions of MPAs and TURFs in Japan were analyzed
by evaluating prefecture-level counts of each MSP tool. The World
Database on Protected Areas (WDPA) provided locational information
on Protected Areas in Japan. The national data sheet was filtered to
only include MPAs, and any MPA existing within multiple prefecture
boundaries was counted once per prefecture. Currently, there is no
existing data on the number of TURFs throughout Japan; FCA data
collected through Japan's 2008 Fisheries Census Survey was therefore
used as a proxy for TURFs since each FCA is assigned a single TURF. The
WDPA database also contains the areas of all recorded MPAs.
Unfortunately, similar TURF data is not available, and thus a compar-
ison of MPA and TURF extents could not be performed.

Prefecture-level socioeconomic, environmental, and fisheries data
were initially acquired from online databases in spreadsheet or GIS
format (detailed source data found in Table A.1). NASA and UNEP-
WCMC global databases provided geospatial environmental informa-
tion, but most other data were gathered from Japanese databases,
including the National Survey on the Natural Environment, the Portal
Site of Official Statistics of Japan, the Japan National Land Information
Download Service, and the Japan Fisheries Census. Prefectures’ marine
environments were characterized by the mean, extremes, and standard
deviation of physical oceanographic parameters (e.g., sea surface
temperature, productivity, bathymetry), as well as by the extent of
several important marine habitats (coral reefs, mangroves, seaweed
beds, tidal flats, wetlands). The size of the coastal fisher workforce, as
well as landings and production data, were used to provide an
indication of fisheries presence and resource usage. Metrics such as
population density, income per capita, and the numbers of trading and
fishing ports were used to quantify potentially important socioeco-
nomic factors. Trading and fishing port designations adhere to defini-
tions contained in the Port and Harbour Law and the Fishing Port Law
[60], respectively. Though not mutually exclusive, these two port
categories generally denote larger national and international ports with
commercial, as well as fishing, traffic versus smaller regional ports
primarily devoted to fishing.
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3.2. Data processing

The acquired spatial data was evaluated using ArcGIS (ESRI -
version 10.3) to assemble an appropriate database for analysis. Marine
characteristics were analyzed within prefectural territorial waters that
were established by buffering 12-nautical miles from an administrative
shoreline layer depicting Japan's coastline (coastline shapefile from the
Database of Global Administrative Areas (GADM) [61]). No Japanese
MPAs in the WDPA database were outside of these territorial waters,
and FCAs only extend beyond these limits in very rare cases. The
national territorial waters were manually cut following prefectural
boundaries to create territorial waters for each prefecture (Fig. 1).
Accurate boundaries were ensured by referring to CeisNet, a website
GIS application managed by the Japanese Coast Guard containing a
number of spatial layers aligned with prefecture boundaries [http://
www?2.kaiho.mlit.go.jp/]. Ocean productivity, sea surface temperature,
and bathymetry layers were summarized in terms of their means,
maximums, minimums, and standard deviations for the territorial
waters of each prefecture from raster data for each of these oceano-
graphic parameters. A point shapefile of the national distribution of
trading ports was also summarized by prefecture. Marine ecoregion
areas within the territorial waters of each prefecture were calculated by
intersecting the polygon shapefiles depicting habitat extents and
prefectural territorial waters, then expressing ecoregion coverage as a
percentage of the total territorial maritime area.

Prefectural coastal fisheries landings data were organized by
phylum and level of mobility (anadromous, benthic, demersal, pelagic)
and then the fraction of the total catch that each group represented was
calculated. A Simpson's diversity index (also known as the Herfindahl
index [62]) was calculated using these groups to measure landings’
diversity. Certain variables were standardized by coastline length (e.g.
trading ports is expressed as a quantity per km of coastline). The
initially compiled dataset included 36 predictors.

Cross-correlation analyses were then performed to identify signifi-
cantly correlated pairs of variables (r > 0.31, to correspond to
p < 0.05) and several redundant variables were removed (e.g., fishers
per km coastline was kept while fishing ports per km coastline was
discarded; see Fig. A.1 and Table A.2 for cross-correlation results and a
full list of redundant variables eliminated). Additionally, to alleviate
multicollinearity issues within catch composition data, and since
marine TURFs do not exclusively manage anadromous species, the
“anadromous fishes” variable was removed. The final dataset contained
21 predictors consisting of three socioeconomic, eight environmental,
and ten fisheries variables (Table 1).

Several of the explanatory variables, as well as both MSP techni-
ques, vary considerably among prefectures. Nationwide, FCAs out-
number MPAs 1078 to 270, with prefectures averaging 27.64 FCAs and
6.92 MPAs (Fig. 2). Population densities, calculated using the prefec-
ture's inhabitable area rather than the total area, range from 249 people
per km? on the vast island of Hokkaido to 9207 people per km? in
Tokyo. Marine environments also differ substantially, with coefficients
of variation of 1.49 and 0.91 for territorial maritime area and average
ocean productivity, respectively. Coral reef and mangrove distributions
are limited to the country's southern subtropical regions, whereas
numerous wetlands and tidal flats are scattered throughout the coast-
line [52]; despite being present in all prefectural waters, seaweed
coverage still has a coefficient of variation of 0.83. This array of abiotic
factors and resulting ecosystems supports Japan's diverse fishing
grounds, which is reflected in highly variable catch data. To uncover
any broad geographical differences or trends in MSP use, regional
indicator variables were constructed by dividing Japan's prefectures
into North, South, East, and West regions (Fig. 1).

3.3. Statistical analysis

Generalized linear models (GLMs) were used to evaluate the impacts
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Predictor variables and their data sources by category. Landings diversity variable is not included in the table but was calculated using landings data.

Category Variables Source
Environmental Territorial maritime area Derived from GADM layer in ArcGIS
Mean bathymetry NASA
Mean annual productivity UNEP-WCMC
Ecoregions (coral reefs, mangroves, seaweed beds, tidal flats, wetlands) National Survey on the Natural Environment
Socioeconomic  Population density Portal Site of Official Statistics of Japan
Income per capita
Trade ports per km coastline Japan National Land Information Download
Service
Fisheries Landings (algae, benthic crustaceans, benthic echinoderms, benthic molluscs, cephalopods, demersal fishes, Japan Fisheries Census

demersal eels, pelagic fishes)
Fishers per km coastline

Portal Site of Official Statistics of Japan

of socioeconomic, environmental, and fisheries variables on the number
of MPAs and FCAs in each prefecture. Relationships between manage-
ment (i.e., FCA and MPA numbers) and fisheries variables may be
endogenous, therefore two separate models explaining MPA and FCA
counts were run: one including only socioeconomic and environmental
variables, and another which also included fisheries factors. All
statistical analyses were performed in the statistical software R [63].
Regression-based tests for overdispersion contained in the package AER
[64] were first used to assess model dispersion and determine the most
appropriate GLM model structure to use. As overdispersion was found
in most of the models, a negative binomial distribution for the residuals
of predicted variables was used in all cases. GLMs were executed using
functions found within the MASS package [65]. Additionally, to correct
for the increase in family-wise Type 1 error rate associated with
multiple comparisons [66], p-values for the coefficients of each
explanatory factor in the models were adjusted utilizing the Dunn-
Sidak correction method [67,68], though both unadjusted and adjusted
p-values are reported in the results. Using the package pscl [69], pseudo
R? values were determined for each model to describe the amount of
variation in MPA and FCA counts explained by the prefectural data.

4. Results
4.1. MPAs

When fisheries variables are included, environmental and ecoregion
variables are significant: percentage seaweed beds and tidal flats have

significant positive relationships with MPA counts, while average ocean
productivity shows a significant negative relationship (Table 2). How-
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ever, the coefficients of these predictor variables are no longer
significant after correcting p-values for multiple comparisons. Surpris-
ingly, this model has a high pseudo R? despite there being no significant
predictors and having controlled for multicollinearity by eliminating
highly correlated covariates. The second model excluding fisheries
variables did not reveal any significant predictors at the p < 0.05 level
with or without correction for multiple comparisons (Table 2).

4.2. FCAs

The full FCA model indicates several statistically significant fish-
eries variables including landings’ diversity, fisher density along the
coast, and landing compositions of pelagic and demersal fishes,
cephalopods, and benthic organisms (Table 3). Maritime area and the
density of trading ports are also significant positive predictors. Coeffi-
cients for cephalopod and benthic organism landings, as well as
landings’ diversity, continue to be significant after adjusting p-values
for multiple comparisons. All significant predictors in the full model
were positively related to FCA counts, except for the landings’
Simpson's diversity index.

Several significant ecoregion and environmental parameters emerge
as significantly related to FCA counts once fisheries variables are
removed (Table 3). While coral and wetland coverage are negatively
related with FCAs, mangrove coverage shows a positive relationship.
Bathymetry is found to be positively related, while average ocean
productivity is a strong negative predictor of FCA counts. Territorial
maritime area and trading ports per km of coastline also have
significant positive relationships to FCA counts. Regional variables
indicated the presence of significantly more FCAs in eastern Japan.
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Fig. 2. GIS layer of Japan displaying buffered prefectural territorial waters and four geographic regions.



K.J. Nomura et al.

Table 2

Marine Policy 82 (2017) 59-67

Results of both GLMs estimating MPA counts. For each model, the ‘Estimate’ column signifies the direction of the variable's relationship with MPA counts and the following two columns

report 51gn1ﬁcance of the unadjusted and adjusted p-values. The model's overall pseudo R? and log-likelihood values are also included. Significance is denoted by: p < 0.001 = ‘***
,p<0.05=“*,p<01=°".

p <0.01="

Prefectural parameters

MPA counts (full model)

MPA counts (model without fisheries)

Estimate

Significance

Adjusted significance Estimate

Significance

Adjusted significance

Maritime area

Mean bathymetry

Mean annual productivity
Percent coral

Percent mangrove
Percent seaweed

Percent tidal flat

Percent wetland

Income per capita
Population density

Trade ports per km coastline
East prefectures

North prefectures

West prefectures

Fishers per km coastline
Algae

Benthic crustaceans
Benthic echinoderms
Benthic molluscs
Cephalopods

Demersal eels

Demersal fishes

Pelagic fishes

Landings Simpson Index
(Cragg & Uhler) Pseudo R?
Log-likelihood

+
+

+

+ + +

—76.38

+
+

+

+ +

0.40
—100.32

Table 3

Results of both GLMs estimating FCA counts. For each model, the ‘Estimate’ column signiﬁes the direction of the variable's relationship with FCA counts and the following two columns
report significance of the unadjusted and adjusted p-values. The model's overall pseudo R* and log-likelihood values are also included. Significance is denoted by: p < 0.001 = “***’,

P <0.01=%,p<0.05=",p<0.1=

Prefectural Parameters

FCA counts (full model)

FCA counts (model without fisheries)

Estimate

Significance

Adjusted significance Estimate Significance

Adjusted significance

Maritime area

Mean bathymetry

Mean annual productivity
Percent coral

Percent mangrove
Percent seaweed

Percent tidal flat

Percent wetland

Income per capita
Population density

Trade ports per km coastline
East prefectures

North prefectures

West prefectures

Fishers per km coastline
Algae

Benthic crustaceans
Benthic echinoderms
Benthic molluscs
Cephalopods

Demersal eels

Demersal fishes

Pelagic fishes

Landings Simpson Index
(Cragg & Uhler) Pseudo R?
Log-likelihood

P2

P

+ ke

P+ o+ o+

+ o+ o+ +
*

ok

0.66
—146.31

ek

Sk

*edk

64



K.J. Nomura et al.

After adjusting p-values, only maritime area, average ocean productiv-
ity, and coral and mangrove coverage remain significant.

5. Discussion
5.1. Understanding patterns behind MPA use

Factors influencing the number of MPAs throughout Japan were
examined, and although MPA counts were found to be related to a few
environmental factors, the relationships were weak and statistical
significance disappeared after adjusting p-values for multiple compar-
isons. This analysis is consistent with global analyses of the distribution
of MPAs across countries, which found similarly weak relationships
between the number or area of MPAs in a country and potential
biological or socioeconomic explanatory factors [38,39]. Surprisingly,
the driving factors behind implementation of MPAs are no clearer at the
finer spatial scale of a single nation.

A number of confounding factors might have obscured relationships
between MPA spatial trends and predictor variables. One explanation
contends that the inherently political process of MPA creation may
undermine the development of ecologically representative or otherwise
predictable networks [70,71]. As illustrated by rapid increases in large-
scale MPAs following international agreements [44,72], political
motivations to achieve coverage targets may influence interest in
expanding marine protection. Such MPAs might be located in remote
or already undisturbed marine regions where impacts of area closures
to resource users are minimal [44]. Japan's diverse and abundant
coastal stakeholders might similarly complicate the establishment
process. Proposals and planning discussions are often drawn into power
struggles between user groups striving to minimize costs to their own
operations, and the resulting MPA network could greatly differ from the
one initially proposed [73]. However, it is not immediately clear why
stakeholder conflicts would produce ambiguous relationships of pre-
dictor variables with MPA networks instead of close relationships
between socioeconomic predictors and MPAs.

A single set of drivers for Japan's MPA network may not exist given
the broad functionalities encompassed by the term ‘MPA.” Objectives
can range from biodiversity protection to fisheries rehabilitation,
recreational usages, and more. Further, based on their function,
Japanese MPAs are governed by separate entities and frequently come
to fruition through different processes. MPAs managed by the fisheries
agency, MAFF, are intended to protect fisheries resources and are
motivated from the bottom-up by coastal stakeholders, while the
environmental ministry, MOE, oversees MPAs designed to conserve
biodiversity through top-down regulations [54]. As a result, the
national network lacks uniformity regarding motives and processes of
establishment. Examining the drivers behind MPAs with shared func-
tions and/or management structures might yield stronger relationships
to explanatory factors.

Additional ambiguity may arise as official data only describes
legally imposed MPAs despite the existence of other legitimate MPA
candidates. For example, satoumi are particularly productive and
diverse marine extractive areas that Japanese fishers and other resource
users actively maintain through conservation activities including
critical habitat restoration, invasive species eradication, and water
quality improvement [31]. Given their widespread utility for conser-
ving biodiversity, it has been proposed that such areas in Japan be
considered in international MPA agreements [31]. Additionally, TURFs
with autonomous fishing regulations can, at times, be analogous to
legal MPAs intended to restore fisheries resources [28,30]. Future
research should focus on acquiring a comprehensive dataset of such
unreported or traditionally managed MPAs to better elucidate con-
servation trends in ocean management.

It is generally assumed that fishers oppose MPA implementation,
though this analysis shows no relationship between the amount or type
of fishing pressure and the number of MPAs in a prefecture. Japanese
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fishers might seek to enact self-imposed conservation measures such as
fishing regulations and satoumi rather than pursue legal MPAs [50,54].
Further, the strong tenure rights of Japanese coastal fishers prohibit
intrusion of legal MPAs onto fishing grounds and likely helps to avoid
conflicts between conservation and fisheries sectors. Additionally,
fishers’ perceptions of MPAs should not be generalized given that areas
intended for restoring fisheries resources presumably receive less
resistance than those with stricter conservation objectives. Considering
Japan's declining fisher population, identifying potential trends be-
tween fishers and MPAs will be useful to understand how the country's
ocean conservation network might respond to upcoming demographic
shifts.

5.2. Understanding patterns behind TURF use

The models used here revealed that the Japanese TURF distribution
(as proxied by FCAs) is more predictable than that of MPAs. One
explanation is that since TURFs are established solely for fisheries
production objectives, the reasons prompting their implementation are
more consistent than those behind the wide functioning MPA network.
National management consolidation of TURFs under the MAFF also
offers a more systematic approach to organizing the network compared
to the split federal management of MPAs. Further, the responsibility of
prefectures to grant fishing rights for TURFs generates subnational
decision-making processes from which distinct usage patterns could
arise.

In the model without fisheries variables, several environmental
covariates were found to be highly significant predictors of FCA (TURF)
counts. TURFs are generally more common along less productive
coastal zones in Japan, as well as where a smaller fraction of the
territorial waters are coral reefs or where a larger fraction are
mangroves. These significant environmental effects may arise due to
their associated fisheries impacts. In less productive coastal waters of
Japan, catches of low mobility benthic species and algae tend to
dominate. With respect to habitat coverage, there are fewer fishers
and catch in areas with large amounts of coral reefs. Prefectures with a
higher density of trading ports were associated with more FCAs,
indicating possible integration between the fishing and trading indus-
tries. Although increased maritime traffic could potentially disturb
nearby fishing grounds and operations, trading ports provide fishers
with processing and distribution infrastructure as well as access to non-
local markets for their harvested products. Such a relationship demon-
strates that spatial coordination of certain relatively low conflict sectors
might evolve within multiple use marine areas.

A clear positive relationship exists between the number of TURFs in
a prefecture and benthic landings (crustaceans, mollusks, echino-
derms), supporting the claim that TURFs are more suitable for mana-
ging less mobile species. Similarly, cephalopod landings are positively
associated with TURFs likely because relatively non-mobile, highly
valued octopus species dominate this catch category. Additionally, as
coastal fishing entities frequently focus on harvesting individual
species, prefectures that recorded more diverse catch compositions
had more TURFs. Japan's diverse fishing grounds may allow for
differentiated resource extraction, minimizing competition and promot-
ing the formation of numerous specialized TURFs.

6. Conclusion

MSP networks are emerging worldwide as an organizational tool for
sustainably managing multiple use marine environments. While mon-
itoring global progress is undoubtedly critical, the processes underlying
MSP implementation likely occur at much smaller scales. Here, the
distributions of MPAs and TURFs across prefectures throughout Japan
were examined. Predictive models confirmed that TURFs are related to
economic and fisheries factors, but attempts to capture drivers of MPA
use remained largely inconclusive. Japan's clear socioeconomic depen-
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dency on TURFs for coastal fisheries production, combined with a
coherent national management system, likely allowed common char-
acteristics to emerge in their distributions. Conversely, one MPA
network may encompass several diverse objectives and functionalities
that result from many separate and often competing factors. The
disjointed management of Japanese MPAs according to function may
further mask variables influencing MPA network expansion. More
insightful results might surface if analyses were restricted to a narrowly
defined set of spatial management controls commonly used in MPAs
(e.g., no take areas), or by only evaluating MPAs managed by a single
government agency (e.g., the MOE in Japan). A comprehensive analysis
including autonomous conservation management like satoumi or co-
ordinated area closures could also elucidate stronger spatial trends in
marine conservation. Detailed understanding of the processes trans-
forming marine management is essential to predict responses of MSP
networks to dynamic biological and socioeconomic environments.
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