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Abstract: The ocean is increasingly affected by the rise in maritime activities. Increased anthro-
pogenic pressures have led to environmental impacts and also intensified competition for space and
resources among various socioeconomic sectors. To mitigate these impacts on marine ecosystems
and reduce conflicts, management tools and processes such as marine protected areas (MPAs) and
maritime spatial planning (MSP) have become more prevalent. Trade-offs are inherent to these,
and necessary to meet specific conservation and socioeconomic goals. In response, understanding
and managing these trade-offs has become crucial to achieving ocean sustainability. This study
performs a bibliometric review to identify the types of trade-offs discussed in the marine literature
and examines their operationalization for the conservation and sustainable use of marine resources.
The analysis reveals that trade-offs, particularly those between conservation and development, and
the interests of specific stakeholders, are most frequently addressed in the trade-off literature and are
typically approached through integrative methods. This comprehensive examination highlights the
significance of recognizing and addressing trade-offs to achieve effective marine management and
conservation, aligning ecological integrity with socioeconomic interests.

Keywords: marine conservation; trade-offs; marine protected areas; maritime spatial planning;
sustainable management

1. Introduction

Covering 70% of the Earth’s surface, oceans provide a vast array of ecosystem ser-
vices, including provisioning, regulating, maintenance, and cultural services. These ser-
vices play a critical role in climate regulation, coastal protection, food supply, marine
ecotourism, and various other functions that benefit human health and well-being [1,2].
However, the exploitation of coastal and marine ecosystems has been increasing signifi-
cantly [3,4]. Consequently, marine environments are facing escalating threats from human
activities such as overfishing, pollution, climate change, habitat destruction, and ocean
acidification [5-7]. These threats have led to a decline in marine biodiversity, impacting
essential biotic functions, preventing the spread of harmful species, and affecting ecosys-
tem engineers and keystone species. As a result, ecosystem services are also at risk [6,8,9],
endangering both natural environments and the human communities that depend on them.

The increasing impacts on marine ecosystems, coupled with growing competition for
space and resources from multiple sectors, such as marine renewable energy, seabed mining,
large-scale fisheries, shipping, and oil and gas companies [10], have heightened concerns
regarding social, ecological, and economic sustainability. This has intensified the necessity
of implementing effective maritime spatial planning (MSP), as well as conservation and
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management measures [3,11]. Additionally, the rising interest in sustainability has led to
increased pressure from society and stakeholders in economic sectors to address social and
ecological concerns [12].

MSP is a relatively new strategic planning process essential for analyzing and allocat-
ing the spatial and temporal distribution of human activities in marine areas, with the goal
of sustainability [13-15]. This process is particularly important in regions with intensive ma-
rine resource use, where balancing conservation efforts with human activities is crucial [3].
It also facilitates the identification and consideration of various trade-offs, integrating them
into the public decision-making agenda, which can be a decisive factor for its success [11].
Currently, MSP initiatives are implemented in nearly half of the world’s nations, each
facing multiple and varied challenges [16]. The growing adoption of MSP, including those
taking an ecosystem-based approach, reflects its importance as a management strategy to
promote the sustainable and balanced use of oceans [15,17-20], underscoring the relevance
of the blue economy.

Among the area-based management approaches to biodiversity conservation, marine
protected areas (MPAs) have been recognized as highly effective tools to achieve sustainabil-
ity [18,21]. Proposed in the late 20th century, MPAs were initially conceived to overcome
the limitations of traditional marine management methods by focusing on the protection
of specific species or habitats [22]. Over time, however, the concept of MPAs has evolved
significantly, expanding to embrace a broader spectrum of ecological, economic, and social
objectives. The establishment of the first MPA in 1935 in the United States served as a
pioneering model. Since then, international agreements, such as the Convention on Biologi-
cal Diversity (CBD) and various United Nations conferences, have been instrumental in
promoting the establishment of MPAs worldwide [23,24].

MPAs are frequently advocated as solutions that can simultaneously enhance bio-
diversity and improve livelihoods [25-27]. Well-managed MPAs have demonstrated the
potential to increase fish stocks, benefiting local fisheries over the long term [28,29], while
also stimulating tourism and providing economic opportunities for adjacent communi-
ties [30]. However, even though it is imperative to meet the social, economic, and ecological
objectives outlined in the Sustainable Development Goals (SDGs) set forth by the United
Nations in 2015 as part of the 2030 Agenda for Sustainable Development, aligning these
diverse objectives can be challenging and is sometimes considered unattainable [31-33].

Despite their potential benefits, MPAs encounter significant challenges and limitations
in practical implementation. Increasingly, researchers have called into question the univer-
sal benefits of MPAs, arguing that many MPAs fail to achieve simultaneous ecological and
economic benefits. Instead, there is the claim that trade-offs are inherent and necessary to
achieve specific conservation and socioeconomic objectives [25,31,32]. “Trade-offs” occur,
temporally and spatially, when advancements toward certain goals are achieved at the
expense of others [32].

Contflicts and trade-offs emerge during decision-making processes due to stakeholder
groups’ diverse preferences and interests regarding ecosystem services and
benefits [34,35]. These tensions can be exacerbated by inadequate stakeholder engage-
ment and the imposition of top-down management approaches [36,37]. For example,
conflicts may arise between conservation priorities and economic development, as well
as between environmental preservation and recreational or tourism uses, illustrating the
inherent challenges in marine conservation efforts [34,35].

Frequently, political decision-makers face the difficult task of making choices about
which parties will benefit and which will bear the costs [25]. As a result, decision-makers
need guidance on how to strategically zone the ocean to simultaneously minimize conflicts,
accommodate multiple uses, and conserve biodiversity. Despite the growing focus on
trade-offs in conservation science [38,39], practitioners frequently lack the essential tools
and decision-making processes to consider stakeholders’ values adequately. This shortfall
hinders stakeholder participation and prevents the equitable allocation of benefits and
costs among them [34].
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Considering the importance of recognizing trade-offs for identifying and managing
potential negative impacts, unintended consequences, and outcomes [40], the overarching
goals of this study were to enhance the understanding of trade-offs in marine environ-
ment and to provide insights for improving biodiversity preservation and sustainable
management of marine ecosystems. To achieve these goals, the research objectives included
(a) performing a bibliometric review to identify and understand the types of trade-offs
addressed in the marine environment literature, (b) examining how these trade-offs are
operationalized in MPAs and MSP, and (c) synthesizing the current state of knowledge to
maximize the effectiveness of MPAs and other marine conservation strategies.

2. Materials and Methods

A bibliometric analysis method was employed to pursue the established objectives.
This technique has gained considerable popularity in academic research due to its robust
capability to synthesize extensive datasets gathered through systematic literature reviews.
By leveraging this method, researchers can systematically compile and analyze large
volumes of data from various digital sources, such as Scopus (https://www.scopus.com)
and Web of Science (WoS; https:/ /www.webofscience.com, accessed on 30 June 2024), to
draw meaningful conclusions about specific research areas, contexts, or topics [41]. The
bibliometric analysis enables the identification of trends, patterns, and relationships within
the literature, providing a full overview of the research landscape and facilitating a deeper
understanding of the subject matter under investigation.

2.1. Data Collection

The initial phase of the research involved conducting an extensive literature review
(Figure 1). In March 2024, a search was conducted using the ISI WoS database, covering
publications from 2014 to 2024. The search was conducted in the “TOPIC” arena, which
encompasses the title, abstract, author keywords, and keywords plus published documents
to ensure complete coverage of relevant scientific publications. The search query employed
a combination of keywords and Boolean operators: TS = ((trade-off* OR tradeoff* OR nego-
tiat*) AND (“Marine governance” OR “Ocean governance” OR “Marine protected area*”
OR “Mari* spatial planning” OR “Mari* spatial manag*” OR “Marine biodiversity” OR
“Marine conservation” OR “Maritime sector*” OR “Marine manag*” OR “Mari* policy”)).
A new survey was conducted in June 2024 to include the articles published this year. This
systematic approach yielded a total of 529 bibliographic records. Subsequently, all available
data from this database were downloaded in Bibtex and CSV formats for further analysis.

2.2. Articles Pre-Selection

To target articles specifically addressing trade-offs, a preliminary screening process was
implemented by evaluating the abstracts of the retrieved publications (Figure 1). Abstracts
that addressed challenges, strategies, the necessity of achieving a balance between different
goals, or reconciling conflicting interests, as well as those discussing negotiations between
stakeholder objectives, implications of prioritizing one goal over others, methodologies for
facilitating negotiation and/or identifying trade-offs were selected for further examination.
This pre-selection process resulted in the identification of 219 articles deemed relevant for
detailed analysis and in-depth review. During this process, articles that only mentioned
trade-offs or potential tools without directly applying them were excluded. The selected
articles (n = 185) formed the basis for the subsequent phases of data analysis and synthesis
within the study.
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Figure 1. Trade-offs: bibliometric analysis and process steps.

2.3. Assessment Process

The resulting set of publications was evaluated using a two-step process. In the first
phase, a detailed bibliometric analysis was conducted using Biblioshiny software (part
of the bibliometrix package, version 4.0) in R Studio [41] to uncover prevalent patterns
within the bibliographic records and to offer relevant insights into the data (Figure 1).
This analysis focused on different important elements, including the spatial and temporal
distribution of the publications, which provided insights into where and when the research
was concentrated. Additionally, the main authors” keywords used in the publications were
evaluated using a co-occurrence network to identify the focal topics and trends over time.
In order to give a clearer overview of the predominant keywords, similar terms, such as
“maritime spatial planning” and “marine spatial planning”, were combined. In addition,
incomplete terms were removed (see list of synonyms and terms removed in Table Al).
The spatial distribution of the publications was mapped using QGIS version 3.28.0 [42].

In the second phase of the study, the selected publications underwent a detailed
screening process to delve deeper into their content and characteristics (Figure 1). This
analysis aimed to identify several key aspects within each study, including the specific
types of trade-offs addressed; the methodologies used in negotiations or assessments of
trade-offs, with the tools utilized in the process; and the specific objectives requiring trade-
offs. This screening enabled a nuanced understanding of how trade-offs are envisioned,
studied, and managed across different contexts within the realm of MSP and conservation.

The types of trade-offs addressed in the literature were grouped, based on
Fortnam et al. [34] and Gutierrez et al. [43], into the following categories: management
strategies; conservation/ecosystem services versus development outcomes; specific stake-
holder interests; short-term versus long-term benefits; and local versus regional/global
interests. The categories encompassed various subcategories that were incorporated in
the study, as they appeared in the publication, following the description presented in
Table A2. Importantly, the category of short-term versus long-term benefits appears across
various contexts, such as conservation and development. Therefore, only publications that
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explicitly mentioned the terms ‘short-term’” and/or ‘long-term’ in relation to trade-offs
were included in this category.

The tools identified in the reviewed articles were systematically categorized into six
distinct groups based on their primary applications (Table 1) to clarify the diverse range
of the available ones. These categories include an integrated approach, which combines
multiple components to create comprehensive frameworks for addressing complex, multi-
faceted interactions, as well as strategies that use more than one type of model or approach;
analytical and simulation tools, which focus on analyzing specific datasets or simulating
particular scenarios; mathematical and statistical models, generic models that use math-
ematical equations and statistical methods to represent and analyze systems; geospatial
and Geographical Information Systems (GIS) tools, designed to analyze spatial data and
facilitate the visualization and mapping of marine areas; frameworks and conceptual mod-
els, which provide structured approaches and theoretical foundations for understanding
complex systems; and participatory and stakeholder engagement tools, which include
varying degrees of stakeholder participation.

Table 1. Tools applied in the publications on trade-offs.

Tools Descriptions Examples
These tools combine multiple components to create
comprehensive frameworks that address complex, . . .
. . . . Lk Marxan with Zones; bioeconomic
multi-faceted interactions, enabling a holistic L. .
Integrated Approach models; participatory mapping (GIS

understanding and aiding decision-making. Strategies
that use more than one type of model or approach are
also included here.

and workshop).

Analytical and Simulation Tools

Tools focused on analyzing specific data sets or
simulating particular scenarios, these tools help in
predicting outcomes, testing hypotheses, and assessing
the impact of different variables. Analytical tools often
involve statistical methods and data analysis, while
simulation tools use computational models to replicate
the behavior of systems over time.

HIReefSim model

Mathematical and
Statistical Models

Generic models that use mathematical equations and

statistical methods to represent and analyze systems.
These models are fundamental tools for understanding
relationships between variables, predicting trends, and
making data-driven decisions.

Multivariate analysis; correlation
matrix; generalized linear
mixed model

Geospatial and GIS Tools

These tools are designed to analyze spatial data using
Geographic Information Systems (GIS), facilitating the
visualization and mapping of marine areas to aid in
spatial planning and resource management.

ArcGIS; GIS-based Logic Scoring
of Preference

Frameworks and
Conceptual Models

These models provide structured approaches and
theoretical foundations (pre-existent or not) for
understanding complex systems. They often guide the
development and application of specific models
and tools.

Community well-being framework;
Integrated Ecosystem Services
conceptual framework

Participatory and Stakeholder
Engagement Tools

These tools facilitate varying degrees of stakeholder
participation, ranging from basic consultation to
collaboration and empowerment.

Workshop; focus group discussions;
interviews; consultation meetings;
communities of practice;
working groups

A similar categorization process was applied to the objectives identified in the re-
viewed publications, resulting in five distinct groups (Table 2). These groups include
Marine Protected Areas and other effective area-based conservation measures (MPAs and
OECMs), focusing on the protection and management of specific marine areas; Maritime
Spatial Planning and zoning (MSP and Zoning), involving the strategic allocation of marine
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space to balance various uses and activities; Resource Use and Sustainable Development
(RUSD), addressing the sustainable exploitation and management of marine resources;
Policy, Governance, and Conservation Initiatives (PGCI), encompassing regulatory frame-
works, governance strategies, and international agreements; and Tourism, Recreation, and
Cultural Impact (TRCI), considering the effects of tourism and/or recreational activities on

marine ecosystems, and the integration of cultural values in marine management.

Table 2. Objectives identified in the publications on trade-offs.

Objective

Descriptions

Examples

MPA and other effective
area-based conservation measures

This group focuses on the designation, planning,
implementation, and management of areas
designated to protect marine ecosystems.

MPA; marine reserve design; no-take
zones network

Maritime Spatial Planning
and Zoning

This group focuses on the spatial planning of
ocean areas, excluding marine protected areas.

Ecosystem-based maritime spatial
planning; Ocean Special Area
Management Plan

Resource Use and
Sustainable Development

Focuses on the regulation and /or management
of living and non-living marine resources to
ensure sustainable exploitation
and conservation.

Fisheries co-management;
ecosystem-based management;
non-living resource exploitation

Policy, Governance, and
Conservation Initiatives

Focuses on the policies, governance frameworks,
and international agreements that guide marine
conservation and resource management.

Biodiversity Beyond National Jurisdiction
negotiations; International Commons
Management; Antarctic Treaty System

Tourism, Recreation, and
Cultural Impact

This group covers the impact of tourism and
recreational activities on marine environments
and the integration of cultural values in
marine management.

Cruise ship pathways; tourism and
recreation at offshore wind farm

A logistic model was fitted to each trade-off category to assess the effect of the objective
of the publications on the different trade-offs. Additionally, a Sankey chart was created to
effectively visualize the connections between the five main categories of trade-offs, their
associated objectives, and the tools used in the publications. This visualization, based on
articles that included tools (n = 158), illustrates the flow and relationships among these
elements, providing a clearer understanding of the various trade-offs involved in each
objective and the methods employed to assess and operationalize them. Both the model
and the chart were performed in R software (version 4.4.1), the latter being created using
the packages ggsankey and ggplot2. Flourish, a simple online tool, was also used for data
visualization (https:/ /flourish.studio, accessed on 15 August 2024).

3. Results
3.1. Bibliometric Analysis

The compiled bibliometric database consisted of 171 articles, 11 reviews, 1 book
chapter, 1 editorial, and 1 letter, in accordance with the WoS classification. Analyzing the
trend in annual scientific production, publications addressing trade-offs peaked in 2018
and have gradually declined since then (Figure 2).

3.1.1. Co-Occurrence Network

The co-occurrence network of keywords comprised a total of 60 individual keywords.
It illustrates the links and strengths of connection among research topics, which is indicated
by the proximity of the nodes and width of connecting lines, respectively. The size of the
node represents the prevalence of keywords. The network map revealed six clusters, with
“marine protected areas” being the most prevalent term, followed by “maritime spatial
planning”. MPA and MSP were grouped separately but showed a connection; they also

share common terms such as “management”, “governance”, and “systematic conservation
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planning”. The term “marine protected areas” appeared closely related to “fisheries” and
“conservation”, with these terms being strongly connected. They were also linked to many

Za

other relevant terms, such as “fisheries management”, “governance”, “marine reserves”,

V7,

“conservation planning”, “ecosystem-based fisheries management”, and “negotiation”.
The second most used term, “maritime spatial planning”, appeared linked to “offshore

V/a

wind energy”, “renewable energy”, “stakeholders”, “systematic conservation planning”,
“ecosystem approach”, “sustainable development”, “bio-economic model”, “marxan”,
“caribbean”, and “gis” (Figure 3).
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Figure 2. Annual scientific publications addressing trade-offs (2014-2024).
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Figure 3. Co-occurrence network of the main keywords from publications on trade-offs. Note: This
figure represents the co-occurrence network of keywords specifically selected by the authors of the
publications, rather than Keywords Plus, which are algorithmically generated by the platform. The
colors represent the different clusters of keywords identified in the analysis.
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3.1.2. Trend Topics

Regarding the trend topics in publications discussing trade-offs, there has been a
change in the terms used over the years. The most prominent terms, “marine protected
areas” and “maritime spatial planning”, were highly used in 2019 and 2018, respectively.
Although they continued to be used afterward, other terms began to gain prominence.
From 2020 onwards, topics related to the “high seas” started to become more frequent, with
“offshore wind energy” and “biodiversity beyond national jurisdiction” standing out in
2020 and 2021, respectively (Figure 4).

Trend Topics

biodiversity beyond national jurisdiction- e
offshore wind energy- ®
high seas - .
conservation planning- .
marine protected areas- @ Term frequency

g ® 20

5] ® 40

= fisheries - ® ® 0

trade-off- L

maritime spatial planning-

ecosystem-based management -

marxan -

2015 2017 2019 2021

Figure 4. Temporal variation of terms used as keywords by authors in publications on trade-offs,
demonstrating trending topics.

3.1.3. Countries of the Authors’ Affiliations

Trade-off publications are authored by researchers affiliated with institutions across
various countries or territories (Figure 5a). The majority of these publications originate
from institutions in the Global North, with the USA (284), Australia (170), and the UK (108)
leading in the number of publications. Notably, some countries in the Global South, such
as South Africa (44) and Brazil (24), also rank among the top 15 contributors to this topic,
likely reflecting collaborative efforts with institutions in developed nations, including those
three most productive countries in trade-off publications (Figure 5b). This argument builds
upon the results of Chalastani et al. [15] and is supported by the fact that the Global South
Authors are not often first authors on this theme, and/or are co-authoring larger groups of
Global North authors.

3.2. Navigating Trade-Offs
3.2.1. Types of Trade-Offs

A total of 5 categories and 25 subcategories of trade-offs were identified in the publi-
cations (Table A2). The most prevalent trade-offs were conservation/ecosystem services
versus development outcomes and specific stakeholder interests, present in 50.6% and
29.4% of the publications, respectively (Figure 6). Publications addressing conservation
trade-offs peaked in 2018, the year with the highest number of publications, and progres-
sively decreased afterward. Trade-offs related to stakeholders’ interests increased in 2015
and 2018 and have remained relatively stable over the years (Figure 7).
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Figure 7. Temporal variation in the number of publications addressing each trade-off category.

Regarding conservation trade-offs, the most discussed subcategories were ‘Conser-
vation versus Fisheries Livelihoods’ (n = 118), followed by ‘Conservation versus Tourism
and Recreational activities’, ‘Conservation versus Other Economic Activities’, and ‘Con-
servation versus Renewable Energy’ (52, 39, and 31 publications, respectively) (Figure 8a).
Among stakeholder interests, the most frequently discussed subcategory was ‘Exclusive
Uses versus Shared Uses’ (n = 56), representing 46% of the category (Figure 8b). In manage-
ment strategies’ trade-offs, ‘Project Effectiveness versus Capacity Building and Durability”
was the most discussed subcategory (n = 9), followed by “Ecological Imbalance due to
Management Measures’ (n = 4), ‘Success-Prone Areas versus Neglected Places’ (n = 4), and
‘Community Development Objectives versus Conservation Objectives’ (n = 3) (Figure 8c).
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3.2.2. Focal Objectives

The primary focus in the publications was on MPAs and OECMs (n = 60), which
explains the high prevalence of the term 'marine protected areas’ in the authors’ keywords.
This trend likely reflects the crucial role of trade-offs in conservation strategies. The second
most frequently addressed category, MSP and Zoning (n = 48), also appears frequently in
the authors’ keywords (Figure 9), suggesting an increasing recognition of spatial planning
tools as essential mechanisms for managing conflicting stakeholder interests. Following
this, the third major category, RUSD (n = 42), underscores the importance of balancing
ecological sustainability with resource use, highlighting the delicate trade-offs necessary
to achieve both objectives. According to the logistic model, there is a significant positive
difference in addressing specific stakeholder interests between publications focused on
MSP and Zoning compared to those focused on MPAs and OECMs (beta = 0.97, p = 0.030).
Besides the two most prevalent categories of trade-offs, another commonly addressed
category within these three main objectives was ‘'management strategies” (Figure 11).

Figure 9. Number of publications on trade-offs that addressed each type of objective.

3.2.3. Tools Assessment

The most frequently used tool in trade-off publications was the integrated approach,
presented in 68.8% of the studies (Figure 10). This approach demonstrates its prevalence and
versatility and is applied across a wide range of trade-off scenarios. Additionally, the second
most commonly used tool was ‘Frameworks and Conceptual Models,” which appeared in
13.8% of the publications (Figure 10). Notably, both of these prevalent approaches were
applied across all categories of trade-offs (Figure 11), underscoring their versatility and
importance in addressing diverse trade-off scenarios. Their widespread use highlights
the need for holistic and structured methodologies to effectively analyze and manage the
complexities associated with trade-offs in marine management and conservation.



Oceans 2024, 5

994

Tools

13.8

68.8

Integrated Approach B Frameworks and Conceptual Models B8 Geospatial and GIS Tools
B8 Participatory and Stakeholder Engagement Tools B Mathematical and Statistical Models
B8 Analytical and Simulation Tools

Figure 10. Percentage of publications on trade-offs using each type of tool.
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4. Discussion
4.1. Bibliographic Trends

The analysis of bibliographic patterns reveals that scientific publications addressing
trade-offs peaked in 2018, followed by a gradual decline. This peak likely corresponds with
the growing interest in marine ecosystem conservation, bolstered by international agree-
ments such as the CBD Aichi Biodiversity Targets also peaking at that time [23,24]. This
trend also explains the similar pattern observed for publications addressing conservation-
related trade-offs. Furthermore, the initial rapid growth of publications on MSP in the
literature is probably another factor contributing to this increase [15]. The impact of these
topics is further supported by the importance of the terms “marine protected areas” and
“maritime spatial planning” in the keywords used by authors in trade-off publications.

In addition to the strong prevalence of the term “marine protected areas”, MPAs and
OECMs have also emerged as the primary focal objective addressed in the literature. This,
combined with the association between MPAs and the term “negotiation”, emphasizes the
inherent nature of trade-offs in conservation plans [34,35]. Conservation efforts often con-
flict with development goals, which explains the prevalence of the conservation/ecosystem
services versus development outcomes category. Therefore, it is necessary to carefully
balance the interests of these sectors to ensure that both ecological integrity and human
socioeconomic well-being are maintained [43]. In addition, including trade-off analysis
in conservation planning is crucial, as it helps to identify the extent to which commercial
activities must be reduced to meet biodiversity objectives [43,44].

4.2. Balancing Conservation with Socioeconomic Development

Numerous studies have approached the trade-offs associated with fishing and marine
conservation [45,46]. This trend is also evident in this study, where the subcategory ‘Con-
servation versus Fisheries Livelihoods’ emerged as the most frequently discussed among
the 25 identified subcategories. Additionally, RUSD, which addresses the regulation and
management of marine resources to ensure sustainable exploitation, was the third most
discussed objective in the literature. This underscores the close relationship between MPAs
and fisheries, as well as their connection to concepts such as “ecosystem-based fisheries
management”, “fisheries management”, and “conservation”. This relationship clearly
demonstrated the critical necessity of balancing ecological preservation with the economic
and social needs of fishing communities.

The need to balance conservation with socioeconomic development extends beyond
fisheries, as evidenced by the high occurrence of subcategories such as ‘Conservation
versus Tourism” and ‘Conservation versus Other Economic Activities’, the latter including
navigation, aquaculture, military activities, and more. Similarly, the large number of
publications addressing trade-offs related to specific stakeholder interests, including the
frequently discussed subcategory ‘Exclusive Uses versus Shared Uses’, likely reflects the
increasing competition for space and resources among various sectors [10]. This competition
heightens the interest in balancing the different socioeconomic activity goals.

4.3. Maritime Spatial Planning as a Key Strategy

MSP emerged in the past decade as a pivotal strategy for integrated ocean management
and has been adopted as a primary approach worldwide [47]. It provides a comprehensive
planning process that considers diverse perspectives and balances competing objectives [48].
This may explain the prominence of MSP and Zoning as key objective discussed in trade-
off publications, as well as why publications addressing this objective approached more
specific stakeholder trade-offs compared to those with MPAs and OECMs as their primary
focus. However, a decline in the number of publications addressing MSP since 2020, as
noticed by Lukambagire et al. [49], likely indicates stabilization after an initial surge. This
decline may hinder the identification of essential processes and mechanisms for promoting
sustainable ocean governance, especially in the Global South [49].
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Analyzing the co-occurrence network of keywords reveals insightful connections. For
instance, MSP appeared connected to the term ‘stakeholders’. Since MSP involves stake-
holder engagement to address ecological, social, and economic objectives transparently [19],
this connection was expected. Stakeholder participation is critical in legitimizing trade-offs
in conservation decisions and enhancing sustainability [13]. Furthermore, stakeholders can
contribute to MSP by helping to determine priorities and goals, implement and enforce
plans, and evaluate outcomes [50,51]. Working in collaboration with stakeholders can
improve the understanding of the costs and benefits of each conservation intervention [52],
allowing for an equitable distribution of outcomes and, consequently, contributing to the
effectiveness of marine conservation planning and management [44].

4.4. Emerging Topics in Trade-Off Literature

Despite the widespread use of the terms “marine protected areas” and “maritime
spatial planning”, in recent years, certain topics have gained prominence in trade-off
literature. Notably, “offshore wind energy” has become increasingly prevalent, reflecting
global efforts to mitigate climate change impacts. The growth in offshore wind energy
installations, particularly in Europe, highlights its role in achieving carbon neutrality
goals and meeting the objectives of the Green Deal [53,54]. This trend aligns with the
urgency to transition towards sustainable energy sources. Importantly, this growth also
necessitates considering factors such as potential environmental impacts and inherent
conflicts of interest within the sector. This may shape discussions in MSP and conservation
strategies [55], explaining the considerable occurrence of the subcategory ‘Conservation
versus Renewable Energy’, as well as the link between the terms “offshore wind energy”
and “renewable energy” with “maritime spatial planning”.

Another significant topic that recently gained attention was Biodiversity Beyond Na-
tional Jurisdiction (BBNJ). The substantial gaps in institutional frameworks for negotiating
conflicting interests in Areas Beyond National Jurisdiction (ABN]) accentuate the impor-
tance of addressing trade-offs resulting from sector interactions in these areas [56,57]. The
urgent call to advocate for the sustainable use and conservation of marine biodiversity in
ABNJ has driven negotiations for an international legally binding instrument (ILBI) on
BBNJ [58,59]. These negotiations, which continued until 2023, have elevated BBNJ into a
widely discussed and contemporary issue [60]. Despite this and the recognized importance
of participatory approach, stakeholders’ participation is still not fully integrated at all
levels of the policy process [61]. In the future, this gap might create more opportunities
for trade-offs.

The observed increase in publications on conservation-development trade-offs, as
well as specific stakeholder interests, in 2015 and 2018, likely reflects a combination of
key factors. The adoption of the SDGs in 2015, which included specific targets for marine
conservation, along with the Paris Agreement, heightened the need to balance diverse
interests to achieve these global objectives [62]. Furthermore, the expansion of MSP ini-
tiatives, particularly in Europe following the EU directive on MSP in 2014, emphasized
the importance of addressing specific stakeholder concerns [15], potentially leading to a
rise in studies focused on these trade-offs. The growth of infrastructure projects, such as
offshore wind energy and marine resource exploration, has also exacerbated conflicts over
space use [63], increasing the demand for detailed analyses on reconciling these competing
interests. Finally, the emerging discussions on the conservation and sustainable use of BBNJ
have likely contributed to the surge in the literature on these trade-offs. This process began
in 2015 with the UN General Assembly’s adoption of a resolution focused on conserving
and sustainably using marine biodiversity. Preparatory committee meetings were held
between 2016 and 2017 to develop procedural recommendations for an ILBI, with formal
negotiations officially commencing in 2018 [56].

To fulfill the SDGs in line with the commitment to leave no one behind, trade-off
analysis must integrate principles of equity, justice, and acceptability into decision-making
processes and program development [34]. However, trade-offs related to management
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strategies and subcategories such as ‘Representative Body versus High-Quality Expertise’,
‘Community Support versus Rigorous Governance Strategies’, and ‘Power Disparities
among Stakeholders” have been insufficiently addressed. This highlights the need for
greater emphasis on these fundamental trade-offs.

There has been a slight increase in publications addressing trade-offs in management
strategies in 2023, which may suggest a growing interest in addressing these complexities.
This category was the third most frequently covered in publications focusing on MPAs and
OECMs, MSP and Zoning, and RUSD, pointing out its relevance in balancing socioeco-
nomic and ecological goals. Additionally, "Project Effectiveness versus Capacity Building
and Durability’ emerged as the most commonly addressed subcategory of management
strategies, emphasizing the importance of capacity-building of stakeholders and the dura-
bility of conservation projects for their success. Education and capacity-building initiatives
are particularly promising, as they foster collaboration, cultivate a sense of responsibility
for marine conservation, empower stakeholders, and promote the adoption of alternative
and sustainable livelihoods [64].

The trade-off between short-term and long-term benefits was the least addressed
in the publications. Despite the difficulty of thinking and planning for the long term, it
is important to recognize that this trade-off is present in various categories, including
conservation and development, which was the most prevalent category in the literature.
Therefore, the relatively low number of publications explicitly mentioning this trade-off,
which accounted for only 4.2% of the total, does not necessarily reflect a lack of interest in it.
Instead, it is likely a consequence of its broad distribution across other categories, making
it less prominent as a distinct focus in the literature.

4.5. Spatial Distribution of Trade-Off Research

Scientific research on trade-offs in marine areas was more prevalent in the Global
North. Countries such as the USA, Australia, the UK, and Canada have notably advanced
in investigating and documenting trade-offs. This is likely driven by the demands of
international agreements such as the SDGs, since navigating these complex trade-offs
has been identified as a major governance challenge in achieving these goals [33]. It is
important to note that international agreements, when integrated into other international
commitments (such as the entire European Union Member States block), become binding
instruments that must be developed within a set deadline, thus making them a strong
stress/driver. In contrast, academic production on this topic is less prevalent in the Global
South. This may be partly due to the predominance of top-down governance approaches,
where the need to negotiate the interests of various stakeholders is often neglected [65,66].
In such contexts, decisions are centralized, with local communities and other interest groups
having little influence on planning and management processes. This probably reduces the
perceived need to analyze and document trade-offs as extensively. Moreover, investment
in research in Global South countries is relatively low, and the presence of countries such
as South Africa and Brazil among those with a high number of publications is likely a
result of collaboration with developed countries, highlighting the importance of these
connections. This argument is based on the findings of Chalastani et al. [15], who observed
that Global South authors are frequently underrepresented as first authors in this field and
often participate as co-authors in larger teams led by researchers from the Global North.

4.6. Tools for Addressing Trade-Offs in Marine Environment

Addressing trade-offs can be challenging, especially when selecting the most appro-
priate tools. The integrated approach was the most commonly employed tool in trade-off
studies and was applied across all types of trade-offs identified in this study. This approach
emphasizes the importance of considering multiple factors simultaneously, providing a
comprehensive perspective on the complex interactions involved in trade-offs. Integrated
methods are essential for gaining a deep understanding of the diverse values that shape
human-nature interactions. These methods must take into account both socioeconomic
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and cultural factors that influence the use of resources and lead to disputes over shared
resources in coastal and marine environments [67].

The second most commonly used tool was Frameworks and Conceptual Models. This
approach, which was also applied to all types of trade-offs, offers structured ways to un-
derstand and analyze the dynamics of trade-offs, often providing theoretical foundations
and systematic methods for assessment. Some studies have demonstrated that combining
ecosystem-based management with an ecosystem services framework can help in identi-
fying trade-offs and guiding the management of human activities [68,69]. Furthermore,
some frameworks, such as the well-being framework, can facilitate the social process of
negotiating trade-offs among various management options and assist individuals who
have faced negative impacts in accepting policy decisions [70].

To align conservation efforts with socioeconomic interests, the environmental decision-
making process should be based on a robust conservation planning framework and effective
stakeholder engagement [71], emphasizing the importance of integrated approaches. An
inclusive and transparent decision-making process is fundamental to creating a harmo-
nious balance between these interests and promoting long-term ecological and economic
resilience [19,72]. It is important to emphasize that for more inclusive and effective man-
agement, it is essential to consider the local context, as socioeconomic factors influence
stakeholders” attitudes towards conservation measures [5,73].

The growing interest in participatory mapping, which integrates participatory and GIS
tools [51], further underscores the importance of stakeholder participation. Participatory
mapping is a direct method for collaboratively generating knowledge with stakeholders
and community members [74], enabling precise local-scale mapping of ecosystem utiliza-
tion and values. This approach provides a comprehensive dataset on these aspects [75],
optimizing trade-offs between conservation and socioeconomic interests. Hence, it can
enhance the success of protected areas and reduce enforcement costs over time; however, it
is frequently overlooked in MSP [76]. Importantly, assessing trade-offs can reveal planning
solutions that minimize conflicts and understand inevitable trade-offs among objectives
that efficient MSP alone cannot resolve [77]. For example, Gusatu et al. [78] demonstrated
how multi-use strategies in the North Sea Offshore Grid helped balance space for offshore
wind farms, marine protected areas, and fisheries, optimizing energy deployment while
reducing conflicts with ecological and economic interests.

5. Conclusions

This study reveals the central role of MPAs and MSP in the discourse on trade-offs
in marine conservation. Additionally, the high presence of the term “marine protected
areas” in the literature underscores the ongoing challenge of balancing conservation with
developmental goals, reinforced by the prevalence of trade-offs related to these objectives.
Trade-offs between fishing and marine conservation are particularly prominent, under-
scoring the critical need to consider both ecological preservation and the socioeconomic
needs of fishing communities. This delicate balance extends beyond fishing communities to
encompass a wider range of stakeholders, such as those in tourism and other economic ac-
tivities. The challenge lies in balancing diverse socioeconomic interests while safeguarding
the integrity of marine environments.

The high occurrence of specific stakeholder trade-offs, such as "Exclusive Uses ver-
sus Shared Uses’, illustrates the intensifying competition among various socioeconomic
activities. This category frequently emerged in publications focused on MSP and Zoning,
emphasizing the relevance of MSP in navigating these competing interests and optimizing
the allocation of marine spaces. The importance of the MSP is further highlighted by its as-
sociation with renewable energy developments, including offshore wind energy. A notable
trend towards incorporating renewable energy development into trade-off publications was
observed, reflecting the urgent global shift towards sustainable energy solutions and the
need to address the associated environmental and socioeconomic trade-offs. Furthermore,
the emergence of BBNJ as an important topic for trade-off analysis accentuates the necessity
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for robust international frameworks to sustainably manage these areas, evidenced by the
recent ILBI negotiations. The successful implementation of this measure will undoubtedly
require trade-offs to achieve global objectives.

Despite the advancements in trade-off research, some gaps remain, such as those
concerning community support, power disparities, and management strategies. This un-
derrepresentation underscores the need for a more comprehensive and inclusive approach
that equitably engages diverse stakeholders. The predominance of integrated approaches
and frameworks in the literature reflects a growing recognition of the complexity of marine
ecosystems and the necessity of holistic management strategies. Holistic approaches can
optimize decision-making processes by guaranteeing comprehensive consideration of all
relevant factors. Moreover, participatory mapping and stakeholder engagement are pivotal
in enhancing the effectiveness of marine conservation efforts, ensuring that diverse interests
are considered and conflicts minimized.

In conclusion, to advance sustainable ocean governance, it is crucial to foster a more
inclusive and integrative approach to trade-off analysis, ensuring that conservation efforts
are aligned with socioeconomic development goals. Continued research and international
collaboration are indispensable to developing innovative solutions that balance ecological
integrity with the sustainable use of marine resources, thereby securing the health of the
ocean for future generations.
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Appendix A

Table A1l. List of synonyms used for the bibliometric assessment on trade-offs.

Synonyms

Marine protected areas

Maritime spatial planning

Fisheries

marine protected areass, marine protected area, mpa, areas (mpas),
marine-protected, marine protected, marine-protected area, marine-protected
areas, marine protected area network, protected area, protected areas
marine spatial planning, msp, marine spatial planning (msp), marine spatial
zoning, spatial planning, ocean planning, ocean zoning, marine planning,
marine zoning, marine spatial management

fishing, fishery, fishers, fisher, fishermen, fisherman, small-scale fisheries,
large-scale fisheries

Areas Beyond National Jurisdiction areas beyond national jurisdiction (abnj), abnj
Biodiversity Beyond National Jurisdiction biodiversity beyond national, bbnj, jurisdiction (bbnj)
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Table Al. Cont.

Term

Synonyms

Coral reef
Ecosystem services
Offshore wind energy

Trade-off

Area-based management
Bio-economic model
Decision support tools

Ecosystem-based fisheries Management

Ecosystem modelling
GIS

Negotiation

Spatial conflicts

Well-being

Marine reserves
Governance

Protected areas

Integer linear programming

coral reefs, coral, coral reef ecosystem, coral reef ecosystems,

coral sedimentation
ecosystem service

offshore wind farm, wind energy, off-shore wind farm, off-shore wind farms,
offshore wind farms, off-shore wind energy, offshore wind energy conflict

tradeoff, trade-offs, tradeoffs

area based management, based management

bio-economic modelling, bio-economic modeling, bio-economic

decision support tool, decision-support tools, decision-support tool, dst
ecosystem-based fisheries management (ebfm), ebfm, ecosystem approach to
fisheries management (eafm), ecosystem approach to fisheries

management, eafm
ecosystem modeling

geographic information systems (gis), geographic information systems,
geographic information system

negotiations, negotiated
spatial conflict
wellbeing

marine reserve

marine governance
protected area

integer linear programming (ilp), (ilp)

Note: During the analysis, incomplete terms were removed to avoid errors in the evaluation. These include

At

“Marine”,

Spatial”, and “Planning”, which frequently appeared in combination (e.g., “Marine Spatial Planning”)

but were not analyzed individually as they lacked distinct meaning within the context.

Table A2. Categories and subcategories of trade-offs identified in the literature.

Trade-Offs

Trade-Offs Categories Subcategories

Description

Example

Ecological Imbalance
due to Management
Measures

Project Effectiveness
versus Capacity
Building and
Durability

Management Strategies

Equal Participation
versus Cultural
Norms

Community
Management versus
Conservation
Potential

Consider the potential
ecological imbalances that
protecting certain areas or
species may cause.

Decide between constructing
a process where time is
dedicated to capacity building,
resulting in a sustainable
long-term project, or aiming
for more efficient but
short-term results

Decide between include all
stakeholders in participation
with the risk of disrupting
cultural norms.

Balance the engagement of the
community in the
management process and the
potential for conservation.

Trophic cascade effects resulting from
protective measures [79] highlight the need
to consider the potential ecological negative
impacts of any intervention.

When establishing an MPA network,
investing in community training and
education about the importance of marine
conservation can ensure ongoing local
support and effective management of the
MPA network over the years [80].
Alternatively, implementing rapid protective
measures without such capacity building
might yield quicker conservation results but
may lack the local engagement necessary for
long-term success [34].

Balance prioritizing women’s participation
and the engagement of men and key
influencers [34].

Community-based management has the
potential to strengthen compliance, but may
be ineffective in surveillance, which can
undermine the potential of the conservation
measure [81].
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Table A2. Cont.

Trade-Offs Categories

Trade-Offs
Subcategories

Description

Example

Success-Prone Areas
versus Neglected
Places

Community
Development
Objectives versus
Conservation
Objectives

Site Preserva-
tion/Protection
versus Site Recov-
ery/Restoration

Incentives-based
Approaches and
Management Costs

MPA Location and
Differential
Ecological Outcomes

Climate Response
versus Other
Policy Goals

Multi-Objective
Hotspots versus
Single-Objective
Priorities

Balance between favoring
areas that are more likely to
succeed or more

relevant areas.

Decide between investing in
community development or
directly in conservation
measures

Balance between preserving
pristine/species-rich sites and
recovering degraded sites.

Balance the impact of
incentives on user behavior
and management costs

Balance the different
ecological outcomes related to
the spatial allocation of
protected areas.

Balance between mitigating
climate change impacts and
achieving other policy
objectives.

Balance between areas that
significantly advance multiple
goals and those excelling in
achieving one or two

specific objectives

When deciding where to implement an MPA,
it is crucial to balance between selecting
areas that are easy to protect and prioritizing
those where establishing or expanding a
MPA may be challenging or have previously
failed but remains critically important [80].
In conservation projects, it may be
challenging to decide whether to invest in
meeting the community’s basic needs,
potentially boosting their future conservation
engagement, or to concentrate resources
directly on conservation measures without
diluting efforts [34].

In conservation projects, it is important to
decide whether to prioritize efforts to
preserve untouched, species-rich areas or
focus on restoring degraded sites [34].
Decision-makers must weigh the benefits of
incentivizing users to adopt more careful
practices with the challenges posed by
unpredictable conservation funding and
increased uncertainty in management [82].
Reserves established in areas with moderate
to high human impacts can significantly
boost fish biomass, while reserves in areas
with minimal human impacts are more likely
to maintain crucial ecosystem functions [83].
Some climate change mitigation measures,
such as Ocean Negative Emission
Technologies, can negatively impact ocean
heath by altering its physical, biological, or
biogeochemical state, which are crucial for
achieving various global policy

objectives [84].

In an international collaborative conservation
effort, some provinces may present higher
conservation benefits for a single objective,
but low performance across two or more
other objectives, demonstrating the spatial
incompatibility of high-priority regions both
within and across countries [85].

Conservation/ES versus
Development Outcomes

Conservation versus
Fisheries Livelihoods

Conservation versus
Renewable Energy

Conservation versus
Non-living
Resources Extraction

Balance between conserving
an area/resource and the
socioeconomic importance of
fishing.

Balance between conservation
and the need to supply the
growing demand for
renewable energy.

Balance between conservation
and economic development
through resource extraction.

Conservation initiatives, such as MPAs, often
incur immediate high costs for fishery yields,
impacting fishing communities. Negotiating
these measures is crucial to ensure a fair
distribution of the benefits and costs of
protected areas [86].

Development of marine renewable energy
(MRE) may negatively impact species and
habitats; therefore, the growing need for both
MRE and MPAs makes negotiating space
between these different sectors essential [87].
The significant number of negative
environmental impacts caused by offshore
hydrocarbon operations, such as natural gas
leaks and oil spills, requires that the
development of this sector be balanced with
marine conservation [88].
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Table A2. Cont.

Trade-Offs Categories

Trade-Offs
Subcategories

Description

Example

Conservation versus
Other Economic
Activities

MPAs Benefits
versus Nearby
Ecosystem Pressures

Conservation versus
Tourism and
Recreational
Activities

Ecological versus
Cultural Values

Balance between conservation
and economic development of
different activities, such as
recreational fishing,
navigation, and diving.

Balance the benefits of
protecting a specific area with
the anthropogenic pressures
that adjacent areas may face.

Balance between conservation
efforts and the economic
benefits of tourism and
recreational activities.

Balance between the
preservation of cultural
heritage and
ecosystem health.

Some sectors, such as military operations
and shipping, stand out for their antagonistic
interactions, since they can affect the natural
capital base and operations of several other
sectors through, for example, the spread of
invasive species and chemical substances
with long-lasting risks [57].

Closing access to an area for protection can
lead to increased fishing pressure on
nearby areas [89].

Tourism-related activities can generate
income for local communities and support
conservation efforts [90]. However, they can
also lead to direct and indirect negative
effects, such as littering and emissions from
vehicles and boats, which may result in the
proliferation of certain species while
contributing to the decline of others [91].
Many measures aimed at protecting cultural
heritage, such as beach nourishment, can
cause negative impacts on coastal
environment [92].

Specific Stakeholder
Interests

Preservation of
Cultural Values
versus Economic
Growth

Preservation of
Cultural Values
versus Renewable
Energy

Socioeconomic
Well-being versus
Renewable Energy

Exclusive Uses
versus Shared Uses

Representative Body
versus High-Quality
Expertise

Balance the importance of
preserving cultural values
with the need for economic
development.

Balance the importance of
preserving cultural values
with the growing demand for
renewable energy.

Balance potential conflicts of
interest between renewable
energy initiatives and

other users.

Balance between restricting
access to a select group and
opening it up to a

broader group.

Balance between
evidence-based
decision-making and having a
representative body, which
may result in more
stakeholder support.

While economic development such as port
construction and the promotion of maritime
tourism is important, it is equally crucial to
safeguard cultural landmarks, such as areas
of historical and archaeological importance.
Achieving this balance requires careful
planning to ensure that infrastructure
improvements not only enhance
functionality and aesthetics but also preserve
these invaluable cultural assets [92].
Offshore wind farm installations may
physically harm sites of significant cultural
heritage, highlighting the need to balance
both interests [55].

Mobile gear fishing is usually restricted in
offshore wind farms due to the inability to
safely use their equipment between the
turbine spaces [63].

Optimizing marine tourism can reduce
capture fisheries’ effectiveness, as their
interaction is bidirectional. Overlapping
fishing grounds with tourism sites can lower
tourism satisfaction and income [93].
Although most decisions are made based on
expert opinions, it is important to balance
evidence-based decision-making and input
from representative members. This approach
helps minimize negative impacts on
livelihoods while ensuring broader
community support [94].
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Table A2. Cont.

Trade-Offs Categories

Trade-Offs
Subcategories

Description

Example

Power Disparities
among Stakeholders

Community Support
versus Rigorous
Governance
Strategies

Balance the interests of
powerful stakeholders and
marginalized groups.

Decide between
comprehensive governance
strategies and strict directives
that enhance the achievement
of environmental objectives or
flexible strategies that allow
regional adaptation and
secure robust

stakeholder support.

During MSP process, it is crucial to balance
the interests of all stakeholders. Favoring
powerful stakeholders, such as government
support for the installation of wind farms
without adequately considering their
potential negative impacts, while neglecting
the demands of local communities, can lead
to escalating tensions between the involved
parties [95].

Effectively managing cross-sectoral conflicts
often necessitates moving beyond traditional
top-down regulation, which tends to hinder
negotiation and collaboration among
stakeholders. Approaches such as
cooperative management and collective
choice rules delegate greater responsibilities
to the involved parties. These strategies may
be better equipped to adapt to changing
circumstances, potentially leading to
long-term commitment [96].

Short-term versus Long-term benefits

Decide between immediate
gains and lasting,
sustainable outcomes.

Choosing short-term gains can offer
immediate satisfaction or economic benefits,
but this often risks long-term repercussions
such as resource depletion or environmental
damage. On the other hand, focusing on
long-term benefits demands patience, careful
planning, and investments that may not
deliver instant results but can ultimately lead
to more sustainable and resilient

outcomes [51].

Local versus Regional/Global Interests

Balance between local,
immediate needs and
interests, and regional/global,
broader sustainable issues
and interests.

Local interests typically focus on addressing
the immediate concerns and needs of
communities, whereas regional and global
interests involve broader priorities. Many
regional conservation efforts strive to
coordinate resource management while
acknowledging the interconnected ecological
and social processes that cross borders.
Successfully navigating and balancing these
multiple objectives is essential for the success
of conservation initiatives [51,85].
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