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Abstract

Marine protected areas (MPAs) have proliferated to protect marine ecosystems and
manage unsustainable fishing, but their outcomes vary by economic and gover-
nance contexts. Drawing on a panel dataset spanning 1995-2021 and employing the
Pressure—State—Response framework, this study analyses how MPA coverage is associ-
ated with overexploited fish stocks and examines Official Development Assistance (ODA).
Results show MPAs in high-income countries are associated with lower overexploited catch
rates, reflecting robust governance. In low-income nations, however, limited capacity is
often linked to ‘paper parks’ with negligible impact. Multi-purpose ODA - supporting sus-
tainability goals — appears more effective than single-purpose ODA and is associated with
better conservation outcomes. Integrating MPAs with fisheries management, supported
by international assistance for enforcement, appears important for bridging disparities in
effectiveness. By highlighting the interplay among economic conditions, governance and
funding, this study offers higher-level insights into factors that shape MPA effectiveness,
contributing to broader policy discussions on marine conservation.

Keywords: fish stocks; marine protected areas; marine sustainability; Official Development Assistance; PSR
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1. Introduction

Global marine sustainability is a critical component of the United Nations Sustainable
Development Goal (SDG) 14, which aims to conserve marine ecosystems and ensure
their long-term viability (Ntona and Morgera, 2018; Scott, 2022; Haas, 2023). In par-
ticular, SDG 14.5 mandates that at least 10 per cent of coastal and marine areas
be protected by 2020, based on scientific and legal frameworks (United Nations,
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2015). Despite these efforts, coastal and marine environments remain under threat
from various unsustainable practices, especially overfishing, which depletes valu-
able fish stocks and encourages illegal, unreported and unregulated fishing activ-
ities (Chapman and Kramer, 1999; Edgar and Barrett, 1999; McClanahan et al.,
1999). Such harmful activities not only diminish biodiversity but also destabi-
lize marine ecosystems, compromising the availability of critical resources over
time.

To mitigate these pressures, marine protected areas (MPAs) have emerged as one
of the most important strategic tools for sustainable marine resource management
(Agardy, 1994; Gaines et al., 2010). MPAs designate specific marine or coastal zones
where activities are regulated to achieve conservation objectives, such as safeguard-
ing marine biodiversity, supporting sustainable fisheries and alleviating climate change
impacts (Kelleher, 1999). Initially designed with a narrow focus on conservation alone,
MPAs have evolved to encompass a broader range of sustainable-use activities (includ-
ing fisheries and tourism), reflecting the growing global emphasis on integrated marine
governance (Dudley, 2008). By 2019, the International Union for Conservation of
Nature (IUCN) clarified that MPAs must have a primary objective of nature conser-
vation. However, this does not exclude sustainable human activities such as fishing or
tourism, provided they align with conservation goals (Day et al, 2019). This evolu-
tion highlights the increasing recognition of the need to balance conservation with
sustainable use in global marine governance.

Global MPA coverage has expanded substantially in recent years, partly due to
international initiatives such as the Aichi Biodiversity Targets and SDG 14 (Grorud-
Colvert et al., 2019). As a result, the proportion of the world’s oceans under protected
status approached approximately 9.4 per cent by 2023 (Jang et al., 2022; Atlas of
Marine Protection, 2024). However, effectiveness varies widely, depending on design,
implementation and governance. Well-managed MPAs have been shown to mitigate
pollution, restore habitats and curb destructive fishing methods (Allison et al., 1998).
Yet, many MPAs often exist only on paper and are known as ‘paper parks, which
offer minimal actual protection due to insufficient enforcement, inadequate financial
resources or ineffective stakeholder engagement (Agardy et al., 2003, 2011; Rife et al.,
2013; Pelletier, 2020).

Such challenges are especially pronounced in developing countries where finan-
cial, technical and institutional constraints frequently undermine MPA governance
(Balmford et al., 2004; Mwebaze and MacLeod, 2013; Davis et al., 2019). Although
coastal resources are pivotal for livelihoods and food security in these regions, lim-
ited budgets and shortages of trained personnel hamper the effective implementa-
tion and monitoring of MPAs (Teelucksingh and Watson, 2013; World Bank, 2013).
Consequently, Official Development Assistance (ODA) has become a vital mechanism
for bolstering capacity and ensuring that marine conservation efforts achieve mean-
ingful results (Stepping and Meijer, 2018). ODA refers to government aid provided by
bilateral donors and multilateral institutions to promote the economic development
and welfare of developing countries. It is delivered in various financial forms, including
grants, concessional loans, debt forgiveness and interest subsidies, with eligible recipi-
ents being low- and middle-income countries on the OECD Development Assistance
Committee list.
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This study aims to provide a comprehensive, quantitative analysis of how MPAs
are associated with fish stock sustainability across countries with varying economic
backgrounds. Specifically, we employ the Pressure-State-Response (PSR) framework
to examine fishing pressure, fish stock status (FSS) and MPA policies. We also investi-
gate how single-purpose ODA contributes to expanding MPA coverage and improving
conservation outcomes. By assessing ecological, economic and governance-related
dimensions of MPA effectiveness, this study offers strategic insights into enhanc-
ing marine conservation and resource management in diverse national contexts.
Ultimately, our findings aim to offer higher-level insights into how economic and
governance contexts condition the effectiveness of MPAs, thereby contributing to
broader discussions on marine conservation and resource governance, particularly in
economically constrained settings.

2. Literature review
2.1. The ecological and socio-economic impacts of MPAs

MPAs are broadly recognized as vital instruments for conserving marine ecosystems
and enhancing fish stocks (Jennings and Polunin, 1995; McClanahan et al, 1999;
Francour et al., 2001; Roberts et al., 2001; Halpern, 2003). A large body of evidence
indicates that MPAs can lead to significant ecological improvements, such as increases
in biomass, species diversity and organism density (Kamukuru et al., 2004; Claudet
et al., 2006; Guenther et al., 2015; Favoretto et al., 2023). For instance, Lester et al.
(2009) reported that fully protected MPAs contributed to a 446 per cent rise in biomass,
a 166 per cent surge in density and a 21 per cent increase in species diversity, based
on a global analysis of 124 sites. Likewise, Ferreira et al. (2022) noted a 45 per cent
increase in biodiversity in fully protected areas in the Southwestern Atlantic Ocean,
underscoring MPAs’ potential to foster ecosystem recovery.

In addition to ecological gains, MPAs offer socio-economic benefits by protecting
critical habitats and promoting sustainable fishing practices (Francour et al., 2001;
Halpern, 2003; Sainsbury and Sumaila, 2003). Nevertheless, the effectiveness of MPAs
varies substantially depending on species mobility, habitat structure and local manage-
ment policies (Takashina and Mougi, 2014; Batista et al., 2015). For example, Davies
et al. (2021) observed that commercial fish species exhibited significant benefits under
MPA protection, whereas certain non-target species declined. These outcomes high-
light the need for holistic strategies that account for the entire ecosystem, not merely
commercially valuable stocks.

Conversely, research also documents cases in which MPAs have minimal or even
adverse effects due to weak design or inadequate enforcement. Freitas et al. (2022)
found that limited engagement with small-scale fishers undermined the effectiveness
of Brazil's Right Whale Environmental Protection Area. Magris (2021) argued that
large-scale MPAs often fail to reduce fishing pressure if monitoring and compliance
are insufficient, while Smith et al. (2023) indicated that MPA networks did not enhance
ecosystem resilience to marine heatwaves. Collectively, these findings underscore the
importance of effective governance, thorough policy design, and broad stakeholder
engagement as essential factors in realizing MPAs’ conservation objectives (Jones and
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De Santo, 2016; Pendleton et al., 2018; Alvarez-Fernandez et al., 2020; Hampton et al.,
2023).

2.2. The role of ODA in biodiversity conservation and MPA expansion

Developing countries often rely heavily on marine resources for food security and eco-
nomic development but face persistent constraints in managing and enforcing MPAs
(World Bank, 2012, 2013; Andradi-Brown et al., 2023). Financial and technical short-
comings diminish the efficacy of conservation measures, especially in regions where
government agencies lack consistent funding and institutional support (Niesten et al.,
2013). In these contexts, ODA has become integral to bridging capacity gaps, offering
critical funding and expertise to expand and manage MPAs (Stepping and Meijer, 2018;
Deutz et al., 2020).

ODA has substantially bolstered biodiversity-related initiatives in many low- and
lower middle-income countries by funding capacity-building efforts, infrastructure
development and ecological monitoring (Drutschinin et al., 2015). However, ensuring
long-term financial sustainability remains a major challenge, as MPAs demand con-
tinuous investment in enforcement and community engagement (Bohorquez et al.,
2019). Past research suggests that single-purpose ODA, focused narrowly on area
expansion, may overlook the broader ecological and governance needs required
to maintain effective MPAs (Hein et al., 2013; Waldron et al., 2013). In contrast,
multi-purpose ODA programmes, which address a range of marine sustainability
objectives such as pollution control, stakeholder outreach and climate resilience,
appear more likely to deliver sustained conservation gains (Fox et al., 2012; OECD,
2017).

Opverall, these studies highlight both the promise and the pitfalls of relying on
external funding for MPA management. While ODA is pivotal in helping to estab-
lish and sustain MPAs in low-capacity regions, the effectiveness of such aid depends
on well-designed programmes that integrate comprehensive governance frameworks,
local stakeholder participation and ongoing financial commitments. This underscores
the necessity of further empirical research to evaluate how different forms of ODA
can optimize ecological outcomes in MPAs, particularly in countries where marine
resources are crucial for both economic survival and environmental conservation.

3. The PSR framework

The PSR framework provides a systematic means of analysing environmental issues by
categorizing interactions among human-induced pressures, resulting environmental
states and societal responses (OECD, 2013; Huang et al., 2016). Originally conceptual-
ized in the 1970s and formally adopted by the OECD in 1989, this framework facilitates
both the design and evaluation of targeted environmental policies. It has been espe-
cially useful for examining complex marine resource management challenges, where
ecological, economic and governance elements intersect.

Within the PSR model, ‘pressure’ refers to direct and indirect human activi-
ties that affect the environment, including overfishing, coastal pollution and habitat
destruction. ‘State’ describes the condition of an ecosystem and its resources, as
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influenced by these pressures. ‘Response’ encompasses the actions taken by gov-
ernments, organizations, and other stakeholders to mitigate pressures and improve
environmental conditions - ranging from regulatory interventions to public awareness
initiatives.

When applied to marine conservation, the PSR framework underscores the neces-
sity for integrated strategies that address ecological resilience, economic viability and
institutional capacity. For instance, well-managed MPAs can reduce fishing pres-
sures and promote ecosystem health (Pelletier, 2020). Research has shown that MPAs
with stringent enforcement mechanisms often see measurable improvements in fish
stocks, biodiversity and reef conditions (Strain et al., 2019). However, variable suc-
cess rates among MPAs have also been documented. Huang et al. (2016), for instance,
attributed marine biodiversity decline in parts of Fujian Province, China, to pressures
such as pollution and unregulated tourism, pointing to the importance of manage-
ment approaches tailored to local context. Similarly, Pelletier (2020) highlighted how
stakeholder collaboration and robust scientific monitoring can substantially enhance
MPA governance and ecological outcomes. For our analysis, the PSR framework is
used as a heuristic lens to organize variables rather than to assume strict causal
pathways.

In this study, we employ a modified PSR framework specifically adapted to
assess MPA effectiveness and global marine sustainability. Here, ‘pressure’ is captured
through nearshore fish catch, representing the intensity of fishing activities that directly
influence marine ecosystems. ‘State’ is measured using the FSS index, which indicates
the proportion of catch originating from overexploited or collapsed stocks (Wolf et al.,
2022). ‘Response’ is represented by the share of a country’s Exclusive Economic Zone
(EEZ) designated as MPAs (Atlas of Marine Protection, 2024), reflecting a nation’s
commitment to safeguarding marine resources and conservation efforts.

This adapted framework enables comparative analyses of MPA performance across
various economic contexts. High-income countries often benefit from strong regula-
tory systems that effectively mitigate pressures and enhance the state of fish stocks. By
contrast, low-income countries may struggle with limited enforcement capacity, inad-
equate financial resources and the persistence of ‘paper parks, wherein official MPA
designations yield little real-world impact (Agardy et al., 2003; Rife et al., 2013).

Previous PSR-based studies reveal multiple drivers of MPA success. Effective gov-
ernance and consistent enforcement are commonly highlighted as cornerstones of
ecological benefits (Verheij et al., 2004; Bohorquez et al., 2019). Ramirez (2016)
underscored how rapid MPA establishment without thorough community engage-
ment can undermine long-term conservation outcomes. Furthermore, financial and
capacity-building mechanisms - such as ODA - are increasingly recognized as essen-
tial for advancing MPA coverage and effectiveness in resource-constrained settings
(Drutschinin et al., 2015; Deutz et al., 2020).

By adopting this holistic PSR perspective, our study aims to elucidate the key
factors and processes that are associated with MPA outcomes. In doing so, we pro-
vide evidence-based insights for policymakers and practitioners seeking to design,
implement and refine MPAs across diverse socio-economic environments (US EPA,
2006).
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4. Data and model specifications
4.1. Key variables

In alignment with the PSR framework, this study incorporates variables that capture
the multifaceted relationships among fishing pressures, environmental conditions and
interventions designed to enhance marine sustainability. The core variables reflect the
fundamental components of the PSR model.

FSS measures the proportion of a country’s fish catch obtained from overexploited
or collapsed stocks within its EEZ. A lower FSS value indicates reduced reliance
on overexploited stocks (Verheij et al., 2004), while a higher FSS implies a greater
reliance on unsustainable fish stocks. Conversely, a lower FSS suggests more sustainable
exploitation of marine resources. We treat FSS as a key indicator of the ‘state’ dimension
in the PSR framework.

MPA coverage is calculated as the percentage of a country’s EEZ designated as a
protected area (Atlas of Marine Protection, 2024). This metric reflects societal and gov-
ernmental ‘response’ to overfishing and other threats, serving as an essential measure of
policy efforts directed towards marine conservation (Kelleher, 1999; Day et al., 2019).

Catch refers to total fisheries production from nearshore waters, excluding aquacul-
ture and high-seas fisheries. While high catch volumes are not inherently problematic,
they often correlate with unsustainable fishing practices in the absence of effec-
tive management (Jesintha and Madhavi, 2020). Hence, catch represents a principal
‘pressure’ variable within the PSR framework.

ODA data, sourced from OECD’s Ocean Economy records, are used to evaluate
how international funding supports MPA expansion and improvements in marine sus-
tainability. We distinguish between single-goal ODA, which specifically targets MPA
coverage, and multi-goal ODA, addressing broader sustainability objectives, commu-
nity engagement and ecological monitoring. Because annual fluctuations in ODA tend
to be modest, we use cumulative values to better capture long-term influences on
marine conservation (Ferreira et al., 2022; Andradi-Brown et al., 2023).

Single-purpose ODA refers to funding streams in which SDG 14.5 is explicitly des-
ignated as a sub-target. For example, in 2010 the United Kingdom provided a standard
grant to Ecuador under the category of Biodiversity, for a project titled ‘Innovative
Governance Models for Marine Protected Area Management in Ecuador’. This project
explicitly referenced SDG targets 14.2 (Protect and Restore Ecosystems) and 14.5
(Conserve Coastal and Marine Areas), illustrating how donor support was directly
tied to strengthening governance models for MPAs in South America. By contrast,
multi-purpose ODA refers to funding that contributes to SDG 14 objectives but does
not explicitly specify target 14.5. For instance, in 2010 Denmark provided a standard
grant to Viet Nam under the category of Fishing policy and administrative manage-
ment, for a project titled ‘Small-scale activities aggregated. While not directly linked to
MPA expansion, this project exemplifies how donor assistance supported broader fish-
eries management in lower-middle-income countries, thereby indirectly contributing
to marine sustainability.

Moreover, our specification includes two sets of controls: coastline length and GDP
in the FSS equations; and - in the MPA expansion model - government effective-
ness (GVE) and trade openness (TO) to capture institutional capacity and market
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integration, with marine plastic pollution (MPP) used as a proxy for policy salience
(Fox et al., 2012; Jones and De Santo, 2016; Ramirez, 2016; OECD, 2017; Pelletier,
2020).

Table 1 summarizes the definitions and data sources for these key variables,
while Table 2 provides descriptive statistics.

Figures A1-A3 (online appendix) illustrate temporal trends of FSS, MPA coverage
and catch production, respectively, disaggregated by World Bank income groups.

4.2. Econometric models

Given that FSS and MPA coverage are bounded between 0 and 100, we use panel Tobit
models as a likelihood-based approach suitable for bounded outcomes (Alan et al.,
2011; Liu et al., 2020). This specification provides a coherent framework for modeling
variables with bounded support (Wooldridge, 2010). Formally, for country i in year ¢,
the observed dependent variable Y, is related to a latent variable Y}, through

0 ifY; <0,
Yy =1Y, if0<Y,< 100, (1)
100 if Y;; > 100.

The latent variable Y} is modeled as

Yy =XB+ i + &4 (2)
where X, includes our explanatory variables (e.g., catch, MPA coverage, ODA and con-
trols), 41; is a country-specific random effects and ¢;; is the idiosyncratic error term.
We estimate two main sets of equations: one focusing on FSS with lagged MPA cover-
age and other covariates as key predictors, and another focusing on MPA coverage to
evaluate how single-goal versus multi-goal ODA shapes MPA expansion.

This dual-model design enables an exploration of both the effectiveness of MPAs
in improving fish stock sustainability and the role of ODA in facilitating or imped-
ing the establishment and proper management of MPAs. By applying this integrated
approach across different income-level groups, we aim to determine whether the
same policy measures consistently yield comparable results in diverse economic con-
texts. It is important to note that our empirical strategy does not establish causal
relationships. The estimated associations between MPA coverage and FSS, as well as
between ODA and MPA expansion, should be interpreted as statistical correlations
rather than strict causal pathways. While we control for key observables and employ
lagged specifications to mitigate reverse causality concerns, unobserved heterogeneity
and potential simultaneity mean that our findings reflect patterns of association that
warrant cautious interpretation.

Overall, these methods allow us to address two core inquiries: whether expanded
MPA coverage is associated with reduced reliance on overexploited fish stocks under
varying governance conditions and economic scales, and whether targeted inter-
national assistance is associated with the implementation of MPAs, including how
broader sustainability-oriented ODA initiatives relate to more narrowly focused MPA
funding. Answers to these questions provide empirical insights for policymakers
seeking to reconcile conservation objectives with socio-economic realities, particularly
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Table 1. Data descriptions

Variable Description Source

FSS Fish stock status (%): Ratio of a coun- YCELP (Yale Center for
try’s fish catch from overexploited or Environmental Law and
collapsed stocks within its EEZ (%) Policy), Sea Around Us

MPA Marine protected area (MPA): Ratio of YCELP, World Database on
MPA to Territorial Waters by Country (%) Protected Areas

Catch Capture fisheries production (ton) FAO fish stat

Coastline Length of Coastline (km) CIA Report

GDP GDP (Current US$) World Bank

MPA Expansion ODA Slngle-GQal ODA for MPA Expansion (USD, BIEED), Bz 2Ty
Cumulative)

Marine Sustainability Multi-Goal ODA for Life Below Water

ODA (USD, Cumulative)

MPP Marine plastic pollution emissions (%) YCELP

TO Trade Openness (% of GDP) World Bank

GVE Government Effectiveness Index WGl

EEZ Exclusive Economic Zone area Flanders Marine Institute

Table 2. Descriptive statistics

Variable Mean Std.dev. Min Max Unit

FSS 37.86 25.65 0 100 Index (%)
MPA 19.06 32.92 0 100 Index (%)
Catch 669,699.6 1,629,603 0 1.47 x 107 Ton
Coastline 6,620.83 21,380.61 24 202,080 km

GDP 4.79 x 101 1.73 x 1012 0 2.33x10% Current US$
MPA Expansion  1.08 x 107 3.51x 107 0 3.72x 108 uss$

ODA

Marine 1.05x 107 2.03x 107 0 1.58 x 108 uss$
Sustainability

ODA

MPP 31.35 18.79 0 83.66 Index (%)
TO 63.61 41.74 0 222.17 % of GDP
GVE -0.44 0.7 -2.43 1.46 Index
EEZ 826,399.6 1,372,115 28,335.36 7,731,108 km?

in regions where marine resources are critical for economic development and food
security.

5. Estimation results and discussion

The panel Tobit estimations, summarized in Table 3, reveal a nuanced picture of
how lagged MPA coverage and other key factors are associated with FSS, with results
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Table 3. Results of panel Tobit model analysis (dependent variable: FSS)

(1) All (2)H (3)um (4) LM (5)L
Variable (1)-a (1)-b (2)-a (2)-b (3)-a (3)-b (4)-a (4)-b (5)-a (5)-b
MPA, 4 0.0004 -0.06 0.05 -0.01 0.17
(0.015) (0.01) (0.03) (0.03) (0.08)
MPA,_, 0.007 -0.04 0.07 -0.006 0.15
(0.015) (0.01) (0.03) (0.03) (0.08)
Catch,_, 0.008 0.04 0.73 0.16 -0.01
(0.08) (0.08) (0.17) (0.18) (0.46)
Catch, -0.03 0.001 0.53 0.16 -0.11
(0.08) (0.08) (0.16) (0.18) (0.51)
Log of coastline 5.82 5.57 2.96 2.78 11.65 11.69 5.68 4.96 10.22 9.89
(1.46) (1.46) (1.75) (1.73) (2.92) (2.91) (2.41) (2.39) (4.12) (4.09)
Log of GDP -7.31 -7.07 -3.74 -3.57 -11.65 -11.28 -5.82 -5.27 -6.75 -6.43
(0.49) (0.49) (0.98) (0.98) (1.32) (1.29) (0.99) (0.99) (1.55) (1.59)
Constant 171.39 167.45 101.07 97.41 229.39 220.57 135.68 127.92 134.01 129.26
(12.82) (12.87) (22.29) (22.17) (25.02) (24.69) (21.44) (21.3) (39.99) (40.42)
Log-likelihood -11153.43 -10663.29 -2910.52 2816.48 -2757.81 —-2637.12 -3293.3 -3124.33 -1925.39 -1828.55
Obs 2754 2647 771 748 677 656 815 778 491 465

Notes: (-) are standard errors. The catch variable is adjusted for the size of each country’s EEZ (Flanders Marine Institute, 2023).
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disaggregated by income group to capture economic-context-specific dynamics. In
high-income countries, the coefficient of lagged MPA coverage is consistently negative
and statistically significant, suggesting that expanding MPAs is associated with reduced
overexploitation of fish stocks. This finding aligns with the notion that robust insti-
tutional frameworks and rigorous enforcement capacities may support high-income
countries in more effectively implementing conservation policies.

By contrast, low-income countries exhibit a positive and significant coefficient
for lagged MPA coverage, suggesting that this pattern may be consistent with MPAs
that, as noted in prior studies, often exist primarily on paper and face challenges in
enforcement or resource management (Agardy et al., 2003, 2011; Rife et al., 2013;
Takashina and Mougi, 2014; Pelletier, 2020). This divergence suggests the relevance
of targeted capacity-building efforts, which may help low-income countries better
translate nominally protected areas into sites with tangible conservation benefits.

A similar pattern emerges for upper-middle-income countries, where short-term
changes in MPA coverage do not show a clear association with FSS. However, increased
MPA coverage from 2 to 5 years earlier is positively correlated with FSS (see Table A1,
online appendix). This result suggests that destructive fishing practices may gradu-
ally reemerge within or around MPAs, which is consistent with the possibility that
insufficient or incoherent management over time can diminish the intended benefits
of expansion efforts.

This divergent outcome in upper-middle-income countries warrants closer consid-
eration. Unlike high-income countries, where stronger enforcement capacity is often
associated with more effective MPA implementation, upper-middle-income countries
exhibit characteristics that may contribute to this divergence. In particular, many of
these countries combine sizable export-oriented industrial fisheries with relatively
weaker enforcement and monitoring capacity. As a result, MPA expansion in these set-
tings may coincide with destructive practices such as effort displacement, fishing the
line’ or nominal ‘paper parks’ This dynamic may help contextualize why lagged MPA
coverage is positively associated with overexploitation in the short to medium term.
The fact that lagged catch is statistically significant only for this income group is con-
sistent with the possibility that higher levels of industrial fishing 2-3 years earlier may
have been associated with more unsustainable exploitation patterns. However, the lack
of significant long-term associations may indicate gradual improvements in fisheries
management, even if immediate conservation gains remain limited.

More broadly, these findings suggest that expanding MPAs without addressing
enforcement and governance gaps may be associated with heightened exploitation
pressures. In particular, under weak enforcement and partial protection, mapped MPA
expansion can coincide with persistent threats (‘paper parks’), effort displacement
(including ‘fishing the line’) and non-compliance, all of which have been documented
as important factors in the literature (Kellner et al., 2007; Rife et al., 2013; Horta E
Costa et al., 2016; Cabral et al., 2017; Gill et al., 2017; Iacarella et al., 2021). Taken
together, this pattern underscores the relevance of coupling area-based conservation
targets with investments in sustained enforcement capacity and institutional support.

Additional findings provide insight into other variables associated with FSS. Catch
shows an insignificant or inconsistent association across most models. This pattern
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does not allow for any inference about enforcement conditions or oversight effective-
ness but simply indicates that aggregate catch volumes are not systematically associated
with variations in FSS in our specifications. However, a statistically significant associ-
ation emerges between catch from 3 to 5 years prior and lower FSS in some analyses,
suggesting the possibility that regulatory responses to overfishing may become more
apparent over longer horizons (see Table Al). Coastline length is positively associ-
ated with FSS in most income groups - except high-income countries - indicating
a statistical association between more extensive coastal areas and higher reliance on
overexploited stocks. In contrast, GDP shows a negative association with FSS across
multiple models. While this pattern aligns with the broad idea that economic capacity
and fishery sustainability may be linked, we limit our interpretation to this empirical
association.

Turning to the determinants of MPA coverage, Table 4 presents the auxiliary
analysis focusing on how ODA is associated with the expansion of MPAs.

Multi-purpose ODA, aimed at broader sustainability objectives, is consistently pos-
itive and significant in its association with MPA expansion (Ferreira et al., 2022;
Andradi-Brown et al., 2023). This pattern is consistent with the possibility that inte-
grated approaches — such as community engagement, ecosystem restoration and
enforcement capacity building — may be more conducive to supporting MPA expansion
than more narrowly focused, single-purpose ODA.

Environmental issues such as MPP also correlate positively with MPA coverage,
implying that escalation in visible pollution prompt greater public or political attention.
However, this pattern appears to reflect a largely reactive stance rather than a forward-
looking strategy. Longer coastlines similarly show a positive association with MPA
coverage, potentially reflecting a greater perceived need to protect extensive marine
territories. GDP also displays a positive association with MPA coverage, aligning with
arguments that wealthier states may be better positioned to mobilize resources for
conservation efforts. In contrast, GVE exhibits a negative coefficient, which may be
consistent with the possibility that ambitious MPA expansions occur in contexts where
governance is relatively weak, potentially reflecting top-down policy tendencies rather
than well-coordinated initiatives involving local participation (Ramirez, 2016). This
result should be interpreted cautiously, however, as GVE is a broad governance indi-
cator rather than a direct measure of institutional or enforcement capacity specific
to MPAs. TO does not display robust significance, indicating that it may not play a
decisive role in MPA establishment.

Overall, these findings indicate that the association between MPA coverage and FSS
tends to be stronger in settings with robust enforcement capacity and greater economic
resources. Multi-purpose ODA may contribute to more sustainable outcomes, particu-
larly in countries that lack the infrastructure or expertise to manage MPAs over the long
term. Nonetheless, the variability observed across income groups and governance con-
texts suggests that a one-size-fits-all approach may be insufficient. Accordingly, MPA
strategies could be more effective when tailored not only to local ecological condi-
tions but also to institutional realities, with attention to both short-term objectives -
such as enforcement and stakeholder engagement — and longer-term goals, including
systematic monitoring and adaptive policy refinement.
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Table 4. Results of panel Tobit model analysis for beneficiary countries (dependent variable: MPA)

(6) Beneficiary countries (83 countries)

Variable (6)-a (6)-b (6)-c (6)-d (6)-e (6)-f
MPA Expansion ODA -0.1(0.11) -0.1(0.12)

MPA Expansion ODA,_, -0.18 (0.14) -0.19 (0.14)

MPA Expansion ODA__ -0.17 (0.16) -0.2 (0.16)
Marine Sustainability ODA 0.24 (0.08) 0.23 (0.09)

Marine Sustainability ODA,_, 0.3(0.11) 0.3(0.11)

Marine Sustainability ODA,_, 0.25(0.13) 0.27 (0.13)
MPP 0.35(0.17) 0.46 (0.19) 0.58(0.21) 0.53(0.18) 0.66 (0.21) 0.86 (0.23)
Log of Coastline 7.64 (3.75) 8.97 (3.87) 10.47 (4.01) 5.39 (4.37) 7.58 (4.44) 9.21 (4.51)
Log of GDP 3.72(2.12) 3.11(2.24) 3.87(2.35)
GVE -10.16 (2.49) -10.22 (2.62) -10.63 (2.81)
TO -0.07 (0.03) -0.08 (0.04) -0.07 (0.05)
Constant -54.73 (29.92) -67.35 (31.22) -80.57 (32.64) -133.01 (50.45) -137.24 (53.67) -172.45 (56.95)
Log-likelihood -3113.6 -2909.28 -2627.07 -3187.83 -2839.39 -2559.99
Obs 884 830 747 913 803 722

Note: (+) are standard errors.
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6. Conclusions

Global marine conservation efforts have accelerated substantially in recent decades, as
evidenced by significant increases in MPA coverage worldwide (Toropova et al., 2010;
Grorud-Colvert et al., 2019; Atlas of Marine Protection, 2024). This study examined
the period from 1995 to 2021 to assess whether MPAs are associated with reductions
in overexploited fish stocks and to explore how different types of ODA - single-purpose
and multi-purpose - relate to MPA expansion and fish stock sustainability. By applying
the PSR framework, we provided an integrated approach that links fishing pressure
(catch), the state of fish resources (FSS) and policy responses (MPA coverage), thereby
offering comparative insights across different income-level groups.

The findings suggest that MPAs tend to be more effective in high-income countries,
where comprehensive regulatory structures, adequate funding and robust enforce-
ment capacities are more likely to support reductions in dependence on overexploited
stocks. In contrast, low-income and upper-middle-income countries often exhibit lim-
ited or even adverse outcomes despite increases in MPA coverage, potentially reflecting
systemic challenges such as resource constraints, governance gaps and insufficient
enforcement. Lower-middle-income countries do not exhibit negative effects, although
the results generally remain statistically insignificant, implying that increases in MPA
coverage may not be systematically associated with measurable conservation gains.
These disparities highlight the importance of institutional capacity and fiscal invest-
ment, which may be relevant for enabling MPA designations to be associated with more
tangible conservation outcomes.

Our analysis also indicates that ODA may contribute to the expansion of MPAs,
with its effectiveness depending heavily on programme design. While single-purpose
ODA focused narrowly on establishing protected areas shows limited association with
improved outcomes, multi-purpose ODA targeting broader sustainability agendas -
such as ecological restoration, enforcement capacity-building and stakeholder engage-
ment - appears more strongly associated with both increased MPA coverage and
improved fish stock sustainability. This pattern underscores the value of integrated
funding programmes that align with the complex ecological and socio-economic real-
ities of recipient countries, particularly in lower-income settings where high-level
political commitments may otherwise result in ‘paper parks.

From a policy perspective, our findings provide higher-level insights into how dif-
ferent economic contexts condition the outcomes of MPAs. In high-income countries,
coordination between MPA policies and broader fisheries management emerges as an
important theme, while in developing countries, the results highlight the persistent
need for international support to strengthen governance, enforcement and commu-
nity engagement. More broadly, the study highlights the relevance of ODA initiatives
that embed MPAs within comprehensive sustainability strategies, offering a potential
pathway to address disparities in conservation effectiveness across diverse economic
settings.

Despite adopting a global, comparative methodology, several limitations warrant
attention. First, the reliance on aggregated national-level data may obscure regional or
local nuances in MPA implementation and enforcement. Second, treating income-level
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groups as homogeneous clusters of countries can mask variations in governance qual-
ity, political stability and stakeholder participation. Third, the classification of ODA
into single-purpose or multi-purpose categories simplifies inherently complex funding
flows, limiting the ability to capture overlapping or evolving conservation goals. Finally,
this study does not distinguish among MPAs based on their ecological objectives,
management effectiveness or degree of protection — factors that can substantially mod-
ify conservation outcomes. Future research should incorporate local-scale analyses,
more granular governance indicators and qualitative assessments of MPA manage-
ment, thereby deepening our understanding of how best to protect and sustain marine
ecosystems worldwide.

Supplementary material. The supplementary material for this article can be found at https://doi.org/10.
1017/S1355770X2610045X.
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