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Abstract

Transboundary marine protected areas (TMPAs) are designed to conserve ecological fea-
tures and processes that cross maritime jurisdictions. Still, effective designation requires
integrating ecological evidence with diverse legal, spatial-planning, institutional, and
management systems. This study develops an operational methodology for identifying,
delineating, designating, and managing offshore TMPAs, grounded in a structured analysis
of 288 scientific, legal, policy, technical, and institutional records in six languages. The
resulting framework adapts established concepts into a 20-component, stepwise procedure
that links ecological connectivity, spatial delineation, cumulative-pressure assessment,
regulatory equivalence, governance, monitoring, and adaptive management. We appraised
source authority, quality, relevance, and evidentiary strength using a source-specific hier-
archy and treated uncertainty qualitatively at each stage. We tested the methodology in
the South Baltic area, focusing on the Critically Endangered Baltic Proper harbor porpoise
(Phocoena phocoena), estimated at 400–500 individuals and exhibiting significant seasonal
concentrations. Six analytical steps operationalized the framework, resulting in a prelim-
inary spatial structure comprising three core areas, four ecological corridors, and three
supporting areas across Lithuania, Poland, and Sweden. Legal and institutional compar-
isons revealed substantial compatibility through shared European Union (EU) and Helsinki
Commission (HELCOM) frameworks, while also identifying differences in monitoring,
permitting, fisheries regulation, enforcement, and management arrangements. The case
study demonstrates the methodology’s internal coherence and operational applicability;
however, it provides no evidence of ecological effectiveness, as the proposed TMPA has
not been formally designated or prospectively monitored. Uncertainties persist regarding
species distribution, cumulative impacts, final boundaries, and the implementation of
equivalent measures across jurisdictions. Therefore, the model is reproducible and can
practically support decision-making for structuring TMPA planning and identifying key
ecological, legal, and governance requirements. The model’s future development should
focus on testing in non-EU settings and areas beyond national jurisdiction.

Keywords: ‘30 by 30’ objective; ecosystem-based management; marine migratory species;
marine protected areas; marine spatial planning
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1. Introduction
The marine environment is a natural realm for many endangered species, especially

migratory ones. It provides feeding grounds, habitats, and migratory corridors, so various
types of coastal and marine nature protection areas cover it. They are also considered
important for protecting the seas and oceans from overfishing [1], and for ensuring the
sustainable use of marine biological and mineral resources [2]. Marine protection areas
(MPAs) are an important element of biodiversity protection because of the number of
species found in the marine environments of these areas.

Since the beginning of the 21st century, the role of MPAs has been increasingly recog-
nised, and their number has grown [3]. The International Union for Conservation of Nature
(IUCN) defines MPAs broadly, including areas affected by tides, together with waters,
flora and fauna, and cultural or historical features located in these areas. They must be
protected by law or another effective form of protection [4]. However, no unambiguous
legal definition of an MPA covers all initiatives in this sector.

The idea of creating ecological networks comprising a series of MPAs is grounded in
the belief that preserving natural heritage requires thinking about space and perceiving it as
a continuous whole in structural, functional, and legal terms [5]. In this context, designating
transboundary MPAs (TMPAs) is necessary for marine ecological networks. Such designa-
tion creates a ‘virtuous circle’: a series of TMPAs yields a synergistic conservation effect [4].

In 2003, the First Joint Ministerial Meeting of the Baltic Sea Environment Commission
(Helsinki Commission or HELCOM) and the Northeast Atlantic Environment Commission
(Oslo–Paris Commission or OSPAR) took place in Bremen. There, the Member States of the
European Union (EU) represented in OSPAR and HELCOM, together with representatives
of the European Commission (EC), adopted the Joint Work Program [6]. This program
aimed to create a comprehensive system of MPAs in the Baltic Sea and the Northeast
Atlantic by 2010.

This EU development coincided with relevant United Nations (UN) initiatives, linking
regional developments to a broader international context. The Aichi Biodiversity Targets,
adopted in 2010 by the UN Convention on Biological Diversity (CBD), set 20 targets to
reduce global biodiversity loss from 2011 to 2020, including Target 3 to effectively conserve
and manage at least 30% of the world’s land, inland waters, and coastal and marine areas
by the year 2030. These targets also included Aichi Target 11, which aims to protect the
global marine environment.

Hence, a strong political commitment is essential to collaborate on establishing high-
seas TMPA networks [7,8]. Achieving global ocean conservation goals requires identifying
approaches that could scale up sustainable ocean management [9,10]. MPAs, particularly
TMPAs, are central to international maritime commitments [11]. Greater recognition of
the importance of healthy oceans must lead to concrete actions to reverse global ocean
degradation [10]. Yet, many priority areas, including designated Key Biodiversity Areas
(KBAs), remain unprotected [12].

Achieving an ambitious ‘30 by 30’ objective requires a comprehensive TMPA imple-
mentation strategy. Effective offshore TMPA management depends on programs that
integrate all marine sectors and coordinate efforts from the local to the global level [13].
Marine migratory species (MMS) are central to TMPAs for conserving marine biodiversity.
Hence, the Convention on the Conservation of Migratory Species of Wild Animals (CMS)
should serve as the primary framework for establishing TMPAs [14].

Summing up, the objective of the study was to propose a new methodological model
for establishing viable offshore TMPAs contributing to the ‘30 by 30’ objective in the
European seas. To address these objectives, this paper is organized as follows: First, we
describe the research methods using a comprehensive documentation analysis. Then we

https://doi.org/10.3390/jmse14191770

https://doi.org/10.3390/jmse14191770


J. Mar. Sci. Eng. 2026, 14, 1770 3 of 47

present the results and discuss their critical interpretation. Our central, original research
result is a functional scheme describing the executable TMPA designation procedures. Next,
we present the case study of a South Baltic offshore MPA spanning Exclusive Economic
Zones (EEZs) of Lithuania, Poland, and Sweden. Finally, we draw the conclusion based on
the evidence provided by this study.

International law plays an important role in protecting the marine environment and
its natural resources. There are strong arguments for using international legal regulation.
These include the international nature of navigation, seabed exploration, and exploitation.
They also include the transboundary nature of marine pollution and the diverse, unique
marine fauna, flora, ecosystems, and biodiversity [15]. The governance, management, and
regulation of maritime activities worldwide are guided by the UN Charter [13].

Several UN conventions set indicators and targets to measure progress toward sus-
tainable development and ocean health [10]. These include the CBD, the UN Framework
Convention on Climate Change (UNFCCC), the UN Convention on the Law of the Sea
(UNCLOS), and the UN 2030 Agenda for Sustainable Development, which outlines 17 Sus-
tainable Development Goals (SDGs). The UN 2030 Agenda for Sustainable Development
includes SDG 14 (Life Below Water). It aims to conserve and sustainably use the oceans,
seas, and marine resources for sustainable development [16].

International law has led to the creation of specific environmental regime areas that
are linked to maritime economic activities. These include Particularly Sensitive Sea Ar-
eas (PSSAs) under the International Convention for the Prevention of Pollution from Ships
(MARPOL) [17,18]. UNCLOS provides the overarching legal framework, including marine en-
vironment protection, for maritime zones. It covers territorial seas, exclusive economic zones,
continental shelves, high seas, and enclosed or semi-enclosed seas. It also transposes other UN
Charter principles to the sea, including the obligation not to cause environmental harm [13].

UNCLOS Articles 192–237 (Protection and Preservation of the Marine Environment)
are particularly relevant to the establishment of MPAs. They set out the general duty to
protect and preserve the marine environment. The EU is bound by UNCLOS and other
conventions to which it is a party [15]. Article 4 §6 of the UNCLOS states that obligations
from this act take precedence over EU law. It also makes clear that the Convention’s
primacy applies to both primary and secondary law [19]. This principle was confirmed by
the European Court of Justice (ECJ) [20].

However, UNCLOS alone does not provide a detailed protected-area regime for
offshore TMPAs. Its provisions must be implemented alongside biodiversity, fisheries, ship-
ping, regional seas, and species-conservation instruments. The CBD provides a biodiversity
framework, including the Kunming-Montreal Global Biodiversity Framework (2022) [21],
which established the ‘30 by 30’ objective, and the criteria for establishing Ecologically
or Biologically Significant Marine Areas (EBSAs). These criteria are highly relevant to
TMPA designation. They emphasize uniqueness, rarity, life-history importance, threatened
species, vulnerability, productivity, biological diversity, and naturalness of marine areas.

MMS frequently pass through multiple national jurisdictions and areas beyond na-
tional jurisdiction (ABNJ), making unilateral protection insufficient. CMS and its daughter
agreements, including the Agreement on the Conservation of Cetaceans of the Black and
Mediterranean Seas (ACCOBAMS), Agreement on the Conservation of Cetaceans of the
Baltic and North Seas (ASCOBANS), Agreement on the Conservation of Albatrosses and Pe-
trels (ACAP), and the Wadden Sea Seals Agreement, provide mechanisms for coordinated
protection of marine mammals, birds, and other MMS [22].

Duty to cooperate in protection of environment (including marine environment) is
not only included in numerous soft law and specific hard law instruments but is also
considered as “fundamental principle” of international law by international tribunals [23].
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This makes the creation of TMPA’s important tool of fulfilling international obligations of
states. Progress toward the ‘30 by 30’ goal in European seas is shaped by EU directives and
regional conventions, which together frame the development of offshore TMPAs.

The Habitats Directive (Directive 92/43/EEC), Birds Directive (Directive 2009/147/EC),
Marine Strategy Framework Directive (Directive 2008/56/EC, MSFD) and Maritime Spatial
Planning Directive (Directive 2014/89/EU, MSPD) mandate coordinated marine conserva-
tion among member states and encourage collaboration with non-EU neighbors to achieve
Good Environmental Status (GES). Regional environmental protection conventions such
as the Helsinki Convention for the Baltic Sea, the Oslo–Paris Convention for the North-
East Atlantic, the Barcelona Convention for the Mediterranean and Adriatic seas, and the
Bucharest Convention for the Black Sea reinforce these efforts.

The interplay of these instruments creates a complex legal and institutional land-
scape [24,25]. For example, many Baltic Sea (aka HELCOM) MPAs are designated simul-
taneously under HELCOM and as EU Natura 2000 sites. This overlap reflects an earlier
division: Natura 2000 areas focused on terrestrial protection, while the creation of MPAs
in maritime regions was left to international instruments [26]. Hence, HELCOM and
OSPAR agreed that marine Natura 2000 sites should meet the criteria for inclusion in the
OSPAR/HELCOM network of MPAs [27].

In the early years of Natura 2000 sites, there were opinions in the doctrine questioning
the possibility of using this instrument for MPAs, particularly regarding areas beyond the
territorial sea [28]. However, the ECJ ruled in 1993 that the EU had competence to introduce
environmental protection standards extending beyond the territorial framework of the EU
countries. This extent is within the framework of competences resulting from international
law [29].

The year 2012 was pivotal for the development of the network of marine Natura
2000 areas. The EU Action Plan envisaged setting management priorities and the nec-
essary conservation measures for Special Areas of Conservation (SACs) in the marine
environment, and establishing similar management priorities and conservation measures
for Special Protection Areas for Birds (SPAs) by 2012 [30]. These activities completed the
normative stage of shaping the Natura 2000 marine protection system and marked the sixth
Environmental Action Program [31].

However, the differences between HELCOM and OSPAR MPAs and marine Natura
2000 areas are evident in their approaches. The former prioritizes building an MPA network
of a few large protected areas. The argument goes that large MPAs conserve many habitats
and support large populations of species, especially MMS. The guidelines for creating
HELCOM MPAs set the minimum area at 3000 hectares [32]. Meanwhile, Natura 2000 series
reflect a conservation philosophy based on the metapopulation theory [30].

When discussing the instruments supporting TMPA development, the EU Maritime
Spatial Planning Directive (MSPD, Directive 2014/89/EU) plays a pivotal role. Adopted in
2014, the MSPD requires EU Member States to start marine spatial planning (MSP) process.
It should balance environmental protection with economic activities such as shipping,
fisheries, aquaculture, and offshore renewable energy. The Directive required Member
States to adopt their MSP documents by March 2021. It emphasizes the ecosystem-based
approach, stakeholder participation, the use of the best available data, and transboundary
cooperation. While the MSPD does not establish MPAs directly, it provides an MSP
framework that facilitates their designation and management.

In the Baltic Sea Region, the MSPD complements the objectives of the Helsinki Con-
vention and the HELCOM network of MPAs [33]. Through coordinated MSP, the Directive
contributes to the ecological coherence of MPAs and supports broader biodiversity conser-
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vation objectives. MSPD implementation strengthened cross-border cooperation among
Baltic Sea states. It also integrated MPAs into wider MSP processes [34].

Poland provides a useful example of MSPD implementation. Its Maritime Spatial Plan,
adopted in 2021, incorporates existing Natura 2000 sites and other environmentally valuable
areas. Thus, it creates a broader framework for managing competing maritime uses [35].
Similarly, Germany’s MSP for its EEZ integrates biodiversity conservation objectives. It
includes protecting ecologically important habitats and fish spawning grounds. Meanwhile,
it reduces conflicts with offshore energy development [36]. The HELCOM-VASAB MSP
Working Group aligned the national initiatives in 2022 across nine riparian states. It helped
prevent fragmentation of marine conservation [37].

The MSPD boosted the EU MPA coverage from 5% in 2014 to 12% by 2025 [34]. This
progress stems from the directive’s emphasis on monitoring and adaptive management
(Article 10). For example, Sweden’s MSP revisions after 2021 refined and reinforced MPA
boundaries around grey seal haul-outs [38]. However, despite these successes, challenges
persist, particularly in EEZs [39]. The MSPD lacks binding enforcement mechanisms. It
relies on voluntary compliance leading to asymmetric MSP approaches [40]. Climate change
worsens these challenges: rising sea temperatures shift species distributions, outpacing
static MSP zonation [41].

2. Materials and Methods
2.1. Material Sourcing and Content Analysis

We sourced study materials using Google Scholar, an academic and technical literature
search engine. The process aimed to ensure the construction and interpretation of the docu-
mentary knowledge base are reproducible. To reinforce transparency and replicability, we
formalized the collection and analysis procedure. It took the form of a sequential protocol
comprising identification and registration, eligibility screening, document classification,
content extraction, thematic coding, cross-source synthesis, methodology derivation, and
evidence appraisal. This procedure distinguishes the study from an unsystematic narrative
review. However, it is not a quantitative analysis designed to calculate intervention effect
sizes or meta-analytic estimates.

This approach delivers a structured methodological synthesis across heterogeneous
ecological, legal, institutional, and management evidence. Reproducibility is based on
explicit retrieval, eligibility, classification, coding, synthesis, and preserving the source-to-
conclusion audit trail. The information database does not contain an inter-coder reliability
statistic. No meta-analysis or statistical pooling of the records was attempted because
the database contains heterogeneous scientific, legal, policy, administrative, and spatial
information that does not share a common effect measure. The reproducible output of the
analysis is a traceable qualitative evidence synthesis and an operational methodological
model rather than a quantitative estimate.

We conducted the document search between 1 December 2025, and 28 February 2026,
utilizing sources in English, French, German, Lithuanian, Polish, and Swedish. The search
terms included: “environmental directives”, “international conventions”, “IUCN”, “marine
migratory species”, “marine protected areas”, “maritime spatial planning”, and “offshore
conservation”. In addition to scientific publications, we included legal instruments, policy
documents, institutional reports, conservation assessments, MSP documents, and other rel-
evant records identified through both direct searches and references within eligible sources.

When multiple versions of a document were available, we analyzed the most recent
version. Given that Google Scholar is a dynamic platform with evolving rankings and
indexed content, the reproducibility of the documentation database is grounded in the
documented search procedure and eligibility criteria rather than the ability to retrieve
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identical search results. For each information source, we recorded bibliographic or institu-
tional reference, thematic search term, and, where applicable, the DOI, institutional URL,
publication date, language, date accessed, and document type in the source register.

The initial searches identified 1021 potentially relevant records before eligibility screen-
ing. These included: (i) peer-reviewed empirical and review literature; (ii) international
treaties, EU legislation, national legislation, court decisions, and other primary legal sources;
(iii) intergovernmental or conservation-standard documents; (iv) spatial databases pertinent
to MPA; (v) governmental and regional monitoring or biodiversity assessments; (vi) MSP
and protected-area planning documents; and (vii) technical reports and project outputs
containing information directly relevant to TMPA identification, designation, management,
monitoring, or governance.

We determined source eligibility using predefined substantive criteria. Records were
retained if they contained substantive information on at least one predefined analytical
domain and were relevant to TMPA identification, designation, management, or evaluation.
Given that the study addresses issues at the intersection of ecology, law, planning, and
governance, documents were considered potentially relevant if they provided substantive
information on at least one component of the TMPA designation problem within nine
interconnected domains:

1. MPA or TMPA designation concepts and criteria;
2. MPA networks;
3. MMS and ecological connectivity;
4. international maritime jurisdiction applicable to marine conservation;
5. regional, EU, or national legal instruments applicable to marine conservation;
6. human uses and anthropogenic pressures on the sea;
7. ecosystem-based management or MSP;
8. MPA governance, zoning, monitoring, enforcement, and stakeholder participation;
9. ecological, legal, or institutional conditions relevant to the Baltic Sea and other Euro-

pean regional seas.

Records were excluded if they duplicated another retained record without adding
information, lacked substantive relevance to the research questions, referred to the search
terms only incidentally, could not be traced to an identifiable source, were inaccessible
and lacked sufficient information for coding, or provided only promotional or opinion-
based material without relevant information for the analytical framework. We documented
screening status and reasons for exclusion in the audit file and retained superseded legal or
policy instruments necessary to reconstruct institutional or policy development. Following
screening, we removed or consolidated 137 duplicates and excluded 596 records that did not
meet the eligibility criteria. Hence, the final analytical database contained 288 documents
and information records.

To strengthen the procedure’s credibility, we conducted a fast-track, high-level control
search for additional relevant sources in Scopus and Web of Science Core Collection (WoS
CC) in English, French, German, Lithuanian, Polish, and Swedish. The search terms were
the same. This fast-track, high-level control search aimed to confirm that no massive,
foundational documents on the designation and management of offshore TMPAs were
overlooked. This effort took place from 27–30 August 2026 and generated no additional
foundational documents in any language. Hence, this hedging procedure confirmed the
content saturation resulting from our original information search. All search results are
given in Appendix A.

The 288 retained records form the database used for qualitative analysis. We entered
each record into a structured extraction matrix, assigned it a unique identifier, and classified
it before substantive interpretation. Classification was conducted along four dimensions.
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First, source type differentiated primary legal instruments, official policy or institutional
documents, official datasets and assessments, peer-reviewed scientific publications, tech-
nical reports, spatial databases, and other information records. Second, geographical and
jurisdictional scope distinguished global, European, regional-sea, national, and case-study-
specific materials, and identified whether the information pertained to territorial waters,
EEZs, ABNJ, or multiple jurisdictions.

Third, substantive domain classified materials according to ecology and biodiversity,
species and critical habitats, ecological connectivity, anthropogenic pressures, conservation
law, institutional competence, MSP, management and zoning, stakeholder participation,
monitoring and enforcement, socioeconomic considerations, and data interoperability.
Fourth, analytical function distinguished evidence used to define criteria, justify method-
ological steps, characterize legal requirements, describe spatial or ecological conditions,
identify management options, or document uncertainty or knowledge gaps. Documents
were also mapped to the 20 information components presented in Table 2. This procedure
ensured a clear linkage between each synthesized proposition and its documentary source.

We examined 288 documents and information records using the ‘nuts-and-bolts’ ap-
proach described by Bowen [42]. It has been validated in the semantic analysis of coastal
and marine conservation documents [43–45]. This method involves an iterative process of
skimming, reading, and interpreting documents. The purpose is to systematically identify
relevant information, assess how documents address key aspects, and extract additional
knowledge to inform subsequent analytical steps. This procedure is time-intensive and
demands sustained, attentive review of the documents.

As Bowen (Ref. [42], p. 32) notes: ‘The process involves a careful, more focused
re-reading and review of the data. The reviewer takes a closer look at the selected data
and performs coding and category construction, based on the data’s characteristics, to
uncover themes pertinent to a phenomenon.’ We paid particular attention to distinguishing
between descriptive evidence, empirical observations, legal obligations, policy recommen-
dations, methodological guidance, and the authors’ synthesis. This approach ensured that
normative statements in policy documents were not misinterpreted as empirical evidence
of ecological or management effectiveness.

The thematic coding process followed an iterative, document-driven approach
grounded in the study’s objectives and established document-analysis procedures. The
initial coding framework was developed deductively. It drew from the research objectives
and conservation frameworks reviewed in the study. Principal analytical domains included
ecological value and conservation criteria; species and habitats; ecological connectivity;
human activities and impacts; legal and jurisdictional foundations; governance; MSP and
zoning; management and enforcement; monitoring and adaptation; socioeconomic and
stakeholder considerations; issues related to data availability and uncertainty.

Coding was not restricted to a single domain. Individual sources could contribute
evidence across multiple analytical domains. The procedure allowed for multiple codes
per source, reflecting the complexity of the evidence. During focused re-readings, we
introduced additional subcodes to capture recurrent or emerging themes not adequately
represented in the initial framework. This iterative expansion ensured that the coding
scheme remained responsive to the data.

Following Bowen’s document-analysis approach [42], the analysis involved repeated
cycles of skimming, focused reading, interpretation, coding, categorization, and synthesis.
Coding units included lines, phrases, sentences, paragraphs, legal provisions, tables, maps,
and database entries. Emphasis was placed on the meaning and evidentiary function of the
information. The coding record for each source identified the relevant TMPA problem or
criterion, the geographical and jurisdictional scale, the supported proposition (ecological,
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legal, management, or governance), any stated limitations, congruence or divergence
with other sources, and the source’s quality and evidentiary strength. This structure
distinguished between the existence of information and its evidentiary weight.

In the initial analytical cycle, we assigned descriptive codes to text segments to identify
their thematic focus, such as ecological criteria, pressures, legal obligations, and gover-
nance mechanisms. In the next cycle, we grouped these codes into higher-level categories
aligned with the major elements of the TMPA methodology. Particular attention focused
on statements specifying decision rules or operational requirements, such as criteria for
connectivity or enforcement.

The coding process required careful review of all relevant textual elements, considering
the document’s original purpose, target audience, and the credibility of the source and
author. Through this rigorous content analysis, the study established a filtered, structured
knowledge base that captures the core conservation and management practices of MPAs
from multiple perspectives. This provides a robust foundation for further analysis related
to the establishment and sustainable management of TMPAs. A single analyst conducted
all coding without cross-checking.

When done this way, the content analysis yields a filtered knowledge base that ade-
quately describes the key notions and tenets of the conservation and management practices
of MPAs from different perspectives. Yet, as with any other kind of semantic analysis,
the validity of the overall picture depends on the researcher’s alertness [46]. The content
analysis enabled us to identify the main aspects of interest in the conservation and manage-
ment practices of MPAs for further elaboration on the legal and management aspects of
establishment and sustainable management of TMPAs.

Cross-source content synthesis played a central role in developing a robust methodol-
ogy for establishing TMPAs. We synthesized information by subject matter and evidentiary
function. Legal propositions were evaluated using treaties, legislation, and official institu-
tional documents. Governance and implementation issues were triangulated across legal
instruments, policy documents, empirical case studies, and relevant scientific literature.
The synthesis approach emphasized the convergence of findings from independent source
types to reinforce the credibility of each proposition. Contradictions, spatial gaps, termi-
nological differences, or conflicting regulatory interpretations were acknowledged and
retained as sources of uncertainty.

The multi-layered synthesis began with individual coded statements, advanced to
broader requirements, and ultimately informed the operational pathway for TMPA desig-
nation. It proceeded through successive stages: (i) coded statements were organized into
principal components required for TMPA designation; (ii) statements from different source
classes were compared to identify recurrent ecological, legal, institutional, and management
requirements; (iii) differences among international, regional, EU, and national frameworks
were documented; (iv) synthesized requirements were translated into actionable steps that
formed the TMPA designation pathway; and (v) the applicability of the methodology was
validated using the South Baltic case study.

The final research step in developing a methodological model for establishing TMPAs
involved systematic comparing and consolidating relevant propositions across established
international frameworks. These elements were rendered to address the specific require-
ments of transboundary offshore conservation. The synthesis process yielded three princi-
pal outputs: (1) a set of transboundary ecological criteria, (2) a 20-component information
framework (Table 2), and (3) a sequential pathway for designation, zoning, management,
monitoring, and governance of TMPAs (Figure 1). The information framework ensured
that the TMPA methodological model is comprehensive and adaptable, grounded in best
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practices from relevant global frameworks and tailored to the unique challenges of trans-
boundary marine conservation.

Figure 1. TMPA designation workflow.

Rigorous evidence appraisal, traceability, reproducibility, and auditability were in-
tegral to the content analysis underpinning the methodological model development. An
evidence matrix linked each element to its supporting documentary sources. This matrix in-
cluded the document identifier, thematic code, corresponding methodological component,
source-quality assessment, and any identified limitations or uncertainties. Together with
the database inventory, coding dictionary, and search records, the evidence matrix formed
a comprehensive audit trail, enabling another researcher to reconstruct the analytical
pathway from source to methodological output.

For each substantive methodological proposition, the analytical matrix retained the
source identifier and the extracted supporting evidence. This approach ensured that the
connection from source to code, analytical category, and final output could be transparently
traced. We systematically documented any changes to codes or category definitions during
iterative analysis, preserving the integrity and auditability of the final coding structure.
Reproducibility was supported by four key auditable elements: a fixed 288-record database,
explicit eligibility criteria for source inclusion, a predefined classification and coding
structure, and a source-to-claim audit trail.

2.2. Conceptual Framework: From MPAs to TMPAs

We define a TMPA as either a single MPA that crosses two or more maritime jurisdic-
tions or a set of formally designated MPAs located in neighboring jurisdictions that are
managed as a coherent ecological unit through coordinated conservation objectives and
management measures. In this study, broader MPA networks, marine ecoregions, migra-
tion corridors, and dynamic spatial management measures are regarded as supporting
conservation mechanisms. The principal objective of a TMPA is to maintain biodiversity
and ecological processes that extend across jurisdictional boundaries [47,48].

The ecological rationale for TMPAs is based on ecological connectivity. Many marine
species and ecosystem processes transcend political boundaries through larval dispersal,
seasonal migrations, trophic interactions, and hydrodynamic linkages. Consequently,
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conservation outcomes often depend on coordinated protection across multiple jurisdictions
rather than on isolated protected sites [32]. TMPAs address this challenge by providing
management arrangements that maintain ecological continuity across maritime zones.

Large-scale transboundary conservation is particularly important in marine environ-
ments where ecological processes frequently operate at spatial scales exceeding individual
EEZs [32]. Such protection may be achieved through formally coordinated management
plans or through agreements that harmonize conservation measures among states shar-
ing ecologically connected habitats [47]. The legal basis for establishing TMPAs remains
challenging, especially in EEZs and ABNJ, where jurisdictional fragmentation may impede
conservation initiatives [49]. Nevertheless, even imperfect transboundary arrangements
may provide greater conservation benefits than uncoordinated national approaches [14].

Because TMPAs function simultaneously as conservation instruments and governance
arrangements, their effectiveness depends on the extent to which participating states align
conservation objectives, legal frameworks, monitoring protocols, enforcement mechanisms,
and management measures. As marine ecosystems contain fewer visible and stable bound-
aries than terrestrial environments, successful conservation frequently requires institutional
cooperation across national borders [32]. Experiences from the Adriatic–Ionian region
demonstrate that effective transboundary marine conservation depends on coordinated
governance both vertically, across levels of administration, and horizontally, across sectors
such as fisheries, shipping, energy, and nature conservation [50,51].

Hence, TMPAs are not only transboundary conservation areas but also cross-border
governance mechanisms. Their success depends on the degree to which participating coun-
tries align conservation goals, legal mandates, monitoring standards, enforcement practices,
and management measures. Aquatic environments have fewer natural boundaries than ter-
restrial ones, and those that exist are often difficult to detect from the surface [32]. Therefore,
achieving robust transboundary marine conservation requires close cross-border collabora-
tion, as demonstrated in the Adriatic–Ionian marine ecoregion [50]. It demands coordinated
responses at vertical (local-to-global) and horizontal (across all sectors, including fisheries
and extraction) levels [51,52].

Conservation strategies must be tailored to address specific threats to MMS within
TMPAs, using appropriate regulations and transboundary zoning [22]. It is particularly
important to manage the fisheries’ impacts. While MMS protection goals are acknowledged,
the definition of specific targets is necessary [14]. For example, the Northern Adriatic TMPA
shared by Italy, Slovenia, and Croatia is vital for conserving the common bottlenose dolphin
(Tursiops truncatus) and the loggerhead sea turtle (Caretta caretta) [50].

In some cases, establishing a TMPA may not be the most effective solution [53]. For
instance, reducing cetacean bycatch may be better achieved by enforcing gear-change
legislation rather than by creating a TMPA [14]. However, many MMS exhibit strong site
fidelity and occupy well-defined marine habitats implying the designation of a TMPA as a
priority option [54]. These habitats and their connecting corridors are strong candidates for
the TMPA designation.

Current MPA networks do not adequately support MMS conservation, and they must
be expanded to include KBAs, often through dynamic management techniques such as time-
and/or-area closures [22]. For example, the Natura 2000 network in EU waters has established
over 100 SACs for the common bottlenose dolphin (Tursiops truncatus) and the harbor porpoise
(Phocoena phocoena) [55]. Yet, these areas have been criticized for their small size [14].

Most existing MPAs were designated for purposes other than MMS conservation.
While it is possible to assess how often MMS use MPAs, few studies have done so, and
results are mixed [22]. Marine and flyway corridors are essential for providing passage,
supporting connectivity among populations across international boundaries, and max-
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imizing species’ potential ranges [56]. Stronger protection of these corridors is needed
to prevent habitat loss, erosion, or fragmentation. Without this, species may be lost, or
populations may become isolated and at risk.

2.3. Selection, Analysis, and Case-Based Validation Using the South Baltic Case Study

The South Baltic case study includes the offshore waters of Poland, Sweden, and
Lithuania. It serves as a test of the proposed methodological model for establishing TM-
PAs. The principal objective was to assess the model’s operational applicability, internal
consistency, and cross-jurisdictional functionality within a real-world transboundary ma-
rine environment. This case study was not intended as a before-and-after evaluation of
conservation effectiveness because the proposed TMPA has not yet been implemented and
no monitoring data are available. Therefore, the case study does not seek to demonstrate
ecological outcomes or biological responses associated with TMPA designation.

Instead, the case study focuses on methodological validation by examining whether
the conceptual and procedural elements developed through documentary analysis can be
coherently applied in practice, generate spatially and institutionally interpretable outputs,
and identify potential limitations or information gaps relevant to future implementation.
The selection of the South Baltic area reflects the objective to test the framework under
conditions where TMPA designation is both relevant and operationally challenging. The
case study does not aim to provide a statistically representative sample of all European re-
gional seas, but rather to evaluate the methodology’s robustness within a specific, complex
transboundary context.

Therefore, this case study demonstrates the model’s internal coherence and practical
applicability within a single European regional-sea context. It does not constitute external
validation of ecological effectiveness, legal enforceability, stakeholder acceptance, economic
efficiency, or broader transferability. The South Baltic case serves as a practical example of
how the proposed TMPA methodological model can be applied across multiple jurisdictions.
This application helps identify operational challenges that inform further refinement and
broader implementation.

Five factors made the South Baltic area, spanning the maritime jurisdictions of Lithua-
nia, Poland, and Sweden, suitable for this purpose. First, the area contains ecological
features and MMS whose distributions extend across national maritime boundaries. Of par-
ticular significance is the Baltic Proper population of harbor porpoise (Phocoena phocoena), a
genetically distinct and critically endangered group estimated at 400–500 individuals. Their
breeding, feeding, and movement areas span the central and southern Baltic Sea, making
conservation efforts ineffective if limited to isolated national sites.

Second, the study area includes both territorial waters and EEZs of three countries,
enabling examination of how the methodology addresses jurisdictional fragmentation.
Lithuania, Poland, and Sweden share major elements of international, EU, and HELCOM
law, while retaining distinct domestic legislation, administrative structures, monitoring
arrangements, and enforcement capacities. This mix allows for a robust test of regulatory
compatibility and equivalence across different national systems.

Third, the region includes a variety of existing conservation sites and frameworks,
including EU Natura 2000 sites, HELCOM MPAs, KBAs, and EBSAs, which could be con-
solidated into a broader transboundary network. The case therefore offers an opportunity
to assess the model’s capacity to integrate pre-existing MPAs.

Fourth, the South Baltic is characterized by spatially overlapping and competing
maritime activities such as commercial fishing, shipping, offshore wind-energy develop-
ment, submarine infrastructure, and military operations. This setting provides a realistic
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context for evaluating the methodology’s effectiveness in balancing ecological priorities
with cumulative and transboundary human pressures.

Fifth, sufficient ecological, spatial, legal, and planning information exists for the
region, allowing for all principal stages of the TMPA framework to be applied. The
area includes offshore zones like the Midsjö and Hoburg Banks, and while uncertainties
regarding population distributions and temporal dynamics remain, the evidence base is
strong enough to delineate boundaries and explicitly address such uncertainties.

The legal and institutional case comparison was delimited to Lithuania, Poland, and
Sweden. Adjacent Latvian waters contribute ecologically to the proposed conservation
network. However, Latvia was not included in the detailed comparative legal and institu-
tional assessment. It was restricted to Lithuania, Poland, and Sweden to maintain a clearly
defined three-country case. This delimitation prevents the ecological extent of the system
from being confused with the scope of the legal comparison.

The South Baltic case study used a six-stage analytical procedure to validate a trans-
boundary methodology for establishing a TMPA in the EEZs of Poland, Sweden, and
Lithuania. The Baltic Proper harbor porpoise population was identified as the primary
conservation target because of its conservation status, mobility, reliance on interconnected
habitats, and exposure to transboundary pressures. The primary objectives were to main-
tain ecological connectivity, protect biodiversity, reduce cumulative anthropogenic impacts,
and enhance coordinated monitoring.

Ecological and spatial data were consolidated within one unified geographical frame-
work. This encompassed harbor porpoise occurrence, breeding and feeding grounds,
seasonal movements, migration corridors, prey availability, habitat types, hydrographic
features, existing MPAs, and jurisdictional boundaries. The integrated data enabled a pre-
liminary spatial delineation of the proposed TMPA. It distinguished three functional zone
types: core areas critical for breeding, calving, feeding, or repeated porpoise aggregation;
ecological corridors connecting key habitats across national boundaries; and supporting
areas that maintain prey resources, habitat quality, or other ecosystem processes.

Furthermore, we evaluated existing conservation designations against this ecological
structure. Current and projected human activities, including shipping, fisheries, offshore
wind farms, submarine cables, military operations, underwater noise, pollution, and
eutrophication, were mapped and assessed for spatial distribution, intensity, seasonality,
regulatory status, and interactions with conservation objectives. The primary aim was to
evaluate the feasibility of differentiated and implementable management measures.

The study compared the legal and institutional systems of Lithuania, Poland, and
Sweden. It focused on international law, EU directives, HELCOM obligations, and na-
tional legislation for protected areas and marine management. It examined competent
authorities, MSP systems, monitoring, fisheries management, permitting, and enforcement.
The aim was to assess if different national instruments could deliver equivalent conser-
vation outcomes. The governance framework preserves national authority within each
country’s territorial sea and EEZ while enabling coordinated transboundary management,
monitoring, and data exchange, allowing joint stewardship of ecological units without
transferring sovereignty.

Summing up, the South Baltic case study focused on whether the model could be
operationalized in a real multi-jurisdictional context and determine key practical and insti-
tutional challenges. We tested the model across six analytical stages, each corresponding to
a key step in TMPA planning:

• Selection of a principal conservation feature (the Baltic Proper harbor porpoise, Pho-
coena phocoena) and definition of associated ecological objectives;

https://doi.org/10.3390/jmse14191770

https://doi.org/10.3390/jmse14191770


J. Mar. Sci. Eng. 2026, 14, 1770 13 of 47

• Spatial integration of ecological and human-use information, yielding a preliminary
network design;

• Differentiation of candidate spatial units into core areas, ecological corridors, and
supporting areas;

• Identification of major transboundary pressures and their relationship to manage-
ment requirements;

• Comparative assessment of national legal and institutional systems;
• Formulation of a governance model based on preserving national jurisdiction while

enabling transboundary management, monitoring, and evaluation.

The South Baltic case study does not provide data-based verification of ecological
effectiveness or conservation outcomes. Demonstrating these outcomes would require
formal designation, implementation of management measures, harmonized monitoring,
and assessment of biological and governance indicators. None of these requirements was
included in this validation exercise. Therefore, generalization from the South Baltic case
is conceptual. It demonstrates that the approach can be operationalized in one European
regional sea context but does not guarantee transferability to other regions or legal systems
without further testing.

2.4. Source Appraisal, Evidence Hierarchy, and Treatment of Uncertainty

The methodological model for establishing TMPAs was developed through a sys-
tematic appraisal of a heterogeneous documentary knowledge base. Each source was
appraised across four dimensions: (i) authority; (ii) methodological or documentary qual-
ity; (iii) relevance; and (iv) evidential strength. Authority evaluated the competence and
institutional status of the issuing body or author in relation to the claim. For legal and
jurisdictional propositions, we assigned the highest authority to primary legal sources such
as international conventions, EU and national legislation, judicial decisions, and officially
adopted regulatory instruments.

For ecological and empirical claims, we prioritized official monitoring data, regional
scientific assessments, and peer-reviewed scientific research, and determined authority
by the source’s provenance, mandate, and traceability. We also evaluated methodological
or documentary quality by assessing the transparency and robustness of the methods
or procedures used to generate information. For peer-reviewed scientific studies, we
considered methodological transparency, empirical basis, data provenance, spatial and
temporal coverage, analytical transparency, replication, and clear treatment of uncertainty.
Legal and policy materials were assessed by formal status, currency, issuing authority, and
jurisdiction. Relevance measured how directly a source addressed the analytical question.

Evidentiary strength was determined by the explicitness of the evidence. Monitoring
results, binding legal provisions, formal institutional mandates, and adopted spatial plans
were assigned greater weight than general recommendations. We maintained the evidence
profile for each proposition transparently so that the strengths and weaknesses of each
source were clearly reflected. Sources were grouped into five functional evidence levels,
applied according to the nature of the proposition being evaluated (Table 1). This hierarchy
was not used as an additive scoring system. Instead, it served as a claim-construction rule,
ensuring each source contributed according to its evidentiary function.

The analysis explicitly recorded and incorporated uncertainty. Uncertainty was recog-
nised in cases of incomplete, conflicting, outdated, or methodologically limited evidence;
geographical or temporal gaps; inconsistent national classifications; indirect transfer of
evidence from other marine regions; and model-dependent or preliminary assessments.
Uncertainty was classified as follows: (i) evidence uncertainty; (ii) spatial uncertainty;
(iii) temporal uncertainty; (iv) legal and institutional uncertainty. To mitigate these un-
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certainties, triangulation was used wherever feasible. Convergent evidence from inde-
pendent and methodologically diverse sources increased confidence. We assigned greater
weight to evidence that was more direct, authoritative, transparent, current, and geographi-
cally relevant.

Table 1. Functional evidence levels of the sources.

Evidence Level Source Category Principal Use in This Study

Level 1—primary
authoritative evidence

Binding international, EU, and national
law; official judgments; formal

designation acts; authoritative official
monitoring or regulatory data

Legal obligations, jurisdiction, formal
competence, protected-area status,

officially reported conditions

Level 2—peer-reviewed
empirical evidence

Empirical ecological, biological, spatial,
socioeconomic, and governance research

Species distribution, ecological processes,
pressures, connectivity, conservation

responses

Level 3—authoritative
assessment and standards

Intergovernmental or recognized scientific
assessments, standards, and databases

Conservation criteria, status assessments,
regional synthesis, standardized

methodological guidance

Level 4—planning and
technical evidence

MSP documents, environmental impact
assessment (EIA), institutional reports,
technical studies and project outputs

Spatial planning, management practice,
future development, implementation

conditions

Level 5—contextual and
supplementary evidence

Expert interpretation, stakeholder
information, local knowledge and other

relevant non-peer-reviewed material

Context, hypothesis generation,
identification of local pressures, conflicts,

or knowledge gaps

For synthesis purposes, confidence in each proposition was expressed qualitatively
as high, moderate, or low. High confidence required directly relevant primary or high-
quality sources. Moderate confidence was assigned where evidence depended on a single
principal source, partial extrapolation, incomplete coverage, or methodological deficiencies.
Low confidence was assigned to indirect, incompletely documented, outdated, lower-
authority, or contradicted evidence. These qualitative analyses did not represent statistical
confidence intervals or probabilities. The procedure ensured that conclusions stayed within
the available evidence and that the heterogeneous documentary material was not treated
as an undifferentiated body of evidence.

2.5. Methodological Originality and Novelty of the Proposed Approach

The methodological originality and novelty claimed in this study stem from a creative,
dedicated adaptation of marine conservation tenets, criteria, and legal notions. Estab-
lished frameworks, including HELCOM, CBD EBSAs, IUCN protected-area categories,
the KBA Standard, MSP instruments, and ecosystem-based management, provide the
basic ecological and governance concepts. This study emphasizes operational integration,
transboundary adaptation, and the systematic translation of these elements into a coherent
methodological model for designating TMPAs, especially in offshore contexts. The nov-
elty of this approach is integrative and operational, lying in the way these elements are
reorganized and connected for transboundary application.

The central innovation is converting established, often nationally focused criteria
and processes into explicitly transboundary decision rules. The methodology examines
how each criterion must adapt when features, pressures, and management responsibilities
cross maritime boundaries. For example, it assesses irreplaceability and uniqueness at
the marine-ecoregion scale; links connectivity to compatible cross-border management;
and incorporates adequacy by balancing ecological needs with regulatory feasibility across
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multiple jurisdictions. This approach treats political boundaries as governance variables
alongside ecological connectivity principles.

A second key contribution integrates ecological evidence with legal and institutional
feasibility through a regulatory equivalence test. The model examines whether different
national measures can deliver comparable conservation outcomes for shared ecological fea-
tures. Third, the methodology organizes the full TMPA designation sequence into a single
executable workflow (see Figure 1). It integrates ecological site selection, spatial delineation,
cumulative-pressure assessment, legal and institutional analysis, zoning, management plan-
ning, monitoring, enforcement, and adaptive review into one stepwise process.

Fourth, the methodology deploys a systematic information architecture for TMPA plan-
ning (see Table 2). Differences concerning terminology, categories, monitoring methods,
and metadata are treated as methodological challenges to resolve during the designa-
tion process. This makes cross-jurisdictional data comparability an explicit analytical
requirement. Fifth, the approach distinguishes core areas, corridors, and supporting zones,
associating each with MMS conservation requirements. This ecological–legal–institutional
coupling is central to the suggested approach.

Table 2. Key information components and primary sources for establishing a TMPA.

Key Component TMPA-Specific Information Requirements Primary Sources of Information

1. Physical and
oceanographic description

Bathymetry, seabed morphology, substrate
types, sediment characteristics, salinity
gradients, temperature, hydrography,
currents, stratification, exposure, and other
physical processes across the entire
transboundary area.

National hydrographic and
environmental agencies, marine research
institutes, regional monitoring programs,
regional databases, marine data
infrastructures, satellite-derived
products, oceanographic models,
research cruises.

2. Habitat identification,
distribution, and condition

Types and locations of valuable and
prevailing habitats and their diversity,
extent, size, naturalness, uniqueness,
representativeness, ecological condition,
and cross-border continuity;
Sub-features and attributes describing
habitat condition, including extent, physical
processes, typical species, and supporting
habitats for MMS.

National habitat inventories,
environmental agencies, regional
organizations such as HELCOM, Natura
2000 datasets, academic studies, benthic
surveys, remote sensing, seabed
mapping programs, local ecological
knowledge.

3. Species distribution,
populations, and
conservation status

Distribution across territorial, EEZ, and
neighboring waters; population locations
and estimates in each country; population
trends; degree of dependence on specific
habitats; threatened, declining, endemic,
migratory, or protected species; differences
between national protection regimes.

National biodiversity databases,
HELCOM monitoring and Red List
assessments, national and international
Red Lists, research institutes, museum
and occurrence databases, academic
surveys, citizen science, fisheries
surveys, species tracking datasets.

4. Critical habitats and
ecological connectivity

Feeding grounds, breeding and spawning
areas, nursery grounds, resting sites,
migration corridors, ecological stepping
stones, larval dispersal routes, and other
features connecting ecosystems across
national boundaries;
Dependencies between species and habitats
and the role of the area within wider
ecological networks.

Species tracking datasets, telemetry
studies, fisheries and spawning surveys,
oceanographic circulation and larval
dispersal models, seabird and marine
mammal monitoring, academic research,
national conservation agencies, local and
Indigenous knowledge.
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Table 2. Cont.

Key Component TMPA-Specific Information Requirements Primary Sources of Information

5. Ecological values,
functions, and ecosystem
services

Biodiversity significance, ecosystem
functions, nursery and spawning functions,
productivity, carbon storage, shoreline
protection, cultural values, and other
ecosystem services;
Ecological values that depend on processes
extending across borders.

Academic research, ecosystem
assessments, national environmental
agencies, joint regional assessments,
biodiversity inventories, fisheries data,
socioeconomic studies, local and
Indigenous knowledge.

6. Human activities and
uses

Type, intensity, location, seasonality, and
historical development of fishing, shipping,
tourism, recreation, military activities,
dredging, aggregate extraction, aquaculture,
renewable energy, cables and pipelines, and
other uses;
Activities originating outside the TMPA that
have transboundary effects;
Dependence of local communities and
economic sectors on these uses.

National sectoral authorities, fisheries
agencies, port and shipping authorities,
the Automatic Identification System and
the Vessel Monitoring System data, MSP
authorities and databases, tourism
statistics, permit registers, industry data,
local municipalities, stakeholder
interviews, participatory mapping, local
knowledge.

7. Anthropogenic pressures
and environmental effects

Pressures arising from human activities,
including physical disturbance, habitat loss,
underwater noise, bycatch, pollution,
nutrient enrichment, contaminants, litter,
invasive species, extraction, and collision
risk;
Biological indicators and responses.

National environmental monitoring,
regional assessments and monitoring
datasets, pollution inventories, fisheries
data, EIA, industrial monitoring, remote
sensing, research projects, monitoring
stations.

8. Cumulative and
transboundary impacts

Combined and interacting pressures across
jurisdictions, including pressures generated
outside the immediate TMPA or its zone of
influence;
Cumulative effects, spatial conflicts,
ecological tipping risks, and pressure
pathways crossing borders.

Integrated national datasets, HELCOM
data, MSP databases, environmental
assessments, satellite observations,
shipping and fisheries datasets,
pollution transport models, research
projects, cross-border planning
documents.

9. External threats and
Zone of Influence

Present and potential threats originating
beyond the immediate protected area,
including pollution transport, upstream
nutrient inputs, shipping routes, offshore
development, climate-related shifts,
invasive species pathways, and activities in
neighboring jurisdictions.

River-basin authorities, national
environmental agencies, regional
organizations, atmospheric and
oceanographic models, satellite imagery,
pollution inventories, MSP plans,
development proposals, environmental
assessments.

10. Sensitivity and
vulnerability of species and
habitats

Reaction of species, habitats, and ecological
processes to individual and cumulative
pressures;
Sensitive life stages, seasonal vulnerabilities,
recovery potential, and cross-border
dependencies.

Scientific literature, national and
regional assessments, experimental
studies, monitoring programs, expert
knowledge, EIA, species and habitat
databases.

11. Existing conservation
status and protected-area
network context

Existing conservation designations and
management categories in all participating
jurisdictions;
Overlaps, complementarity, inconsistencies,
gaps, and differences in conservation
objectives or protection levels.

National protected-area registers,
Ramsar inventories, regional MPA
databases, national legislation, regional
and international conservation
databases.
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Table 2. Cont.

Key Component TMPA-Specific Information Requirements Primary Sources of Information

12. Legal and institutional
status

Legal basis, designation procedures,
competent authorities, jurisdictional
responsibilities, enforcement mandates,
national, EU (if relevant), regional, and
international legislation;
Geographical scope of each area, legal gaps
or overlaps across borders.

National legislation, official gazettes,
competent ministries, MPA designation
acts, EU legal databases, international
agreements, regional conventions,
institutional mandates and
administrative documents.

13. Existing management
measures

Existing management plans, zoning
arrangements, sectoral restrictions, fisheries
measures, navigation rules, restoration
actions, emergency measures, and
climate-adaptation provisions;

MPA management plans, fisheries
regulations, MSP plans, national
environmental authorities, municipal
and regional plans, port authorities,
conservation agencies, stakeholders.

14. Monitoring systems
and indicators

Ongoing and planned monitoring of
biodiversity, ecological processes, human
activities, and anthropogenic pressures;
Differences in national monitoring
frequency, indicators, methods, and spatial
coverage and opportunities for coordinated
transboundary monitoring.

National and regional monitoring
programs, universities, research
institutes, fisheries surveys, remote
sensing programs, citizen science,
environmental impact monitoring.

15. Socioeconomic
dependence, conflicts, and
alternatives

Dependence of local communities and
sectors on marine resources; socioeconomic
conflicts, distributional impacts, cultural
values, and opportunities for transboundary
cooperation;
Alternatives to activities that degrade
habitats or reduce species stocks below
sustainable levels.

Census and economic statistics, fisheries
records, tourism data, household
surveys, stakeholder interviews, focus
groups, participatory mapping, local
authorities, industry associations,
community organizations.

16. Future developments
and scenarios

Planned infrastructure, offshore energy,
shipping expansion, port development,
aquaculture, fisheries change, climate
impacts, and other future activities with
potential cross-border effects; their
implications for ecological connectivity and
conservation objectives.

National development plans, MSP
documents, permit applications,
strategic environmental assessments,
sectoral strategies, climate projections,
industry plans, regional scenarios.

17. Knowledge gaps and
research priorities

Missing or inconsistent information, poorly
surveyed areas, incompatible datasets,
uncertain ecological connections, and
priority research questions relevant to joint
management.

Monitoring gap analyses, expert
workshops, academic literature, national
agencies, stakeholder consultations,
research institutions, metadata
catalogues.

18. Local and stakeholder
knowledge

Artisanal knowledge, community
observations, historical use patterns, local
habitats or seasonal processes from all
participating countries to prevent national
bias in TMPA planning.

Fishers, local communities, Indigenous
knowledge holders where applicable,
recreational users, NGOs, port
communities, local experts, historical
records.

19. Collaborative field
surveys and gap-filling
mechanisms

Establishing joint research among
universities and scientific institutions,
involving PhD and postgraduate
researchers in all participating nations.

Universities, research institutes and
fleets, fishing communities, NGOs,
regional projects, postgraduate research
programs, competent authorities.

20. Data integration,
interoperability, and
transboundary information
governance

Addressing differences in terminology,
classifications, languages, resolution,
licensing, confidentiality, and metadata.

National data portals, regional, MSP
databases, research infrastructures,
universities, environmental agencies,
satellite and model repositories.
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Next, the methodology treats uncertainty and information gaps as outputs of the
designation process. Where evidence is insufficient, the procedure applies the precautionary
principle, conducts targeted data collection, continues monitoring, and adapts. This ensures
TMPA design stays robust and auditable even under conditions of incomplete knowledge.
Finally, the technique’s practical applicability is examined through its testing in the South
Baltic area, the EEZs of Lithuania, Poland, and Sweden. Hence, the proposed approach
generates a reproducible chain of intermediate, auditable outputs, presenting a practical
pathway for TMPA designation.

3. Results
3.1. Delineation of TMPAs
3.1.1. Ecological Criteria for TMPA Designation

A scientifically credible, ecosystem-based TMPA should be designated using ecological
criteria that reflect the spatial and functional characteristics of the marine ecosystem.
Criteria from HELCOM, the CBD EBSA process, Important Marine Mammal Areas (IMMAs)
designated by the IUCN Species Survival Commission, the KBA Standard, and marine
World Heritage criteria provide useful foundations.

According to the HELCOM guidelines [48], a coastal or marine area of the Baltic Sea
Region can be designated as a HELCOM MPA if it meets at least one of the criteria outlined
below, if its proposed protection status corresponds to the IUCN protection categories, or if
it is a designated Natura 2000 or MSFD site. We adapted these criteria to make them more
applicable to transboundary offshore marine conservation in the Baltic Sea and broader
European and global context.

1. Uniqueness or Rarity
Definition: An area is characterized by the presence of unique, rare, or endemic

species, populations, or communities; unique, rare, or distinct habitats; unique or rare
biogeographic qualities or representation of biogeographic types; and the existence of
unique or unusual geological features.

Transboundary Perspective:

1. The uniqueness, rarity, or irreplaceability of marine habitats should be recognised at
the scale of the marine ecoregion, irrespective of jurisdictional boundaries, to prevent
artificial rarity resulting from political borders;

2. Transboundary irreplaceability implies that when a feature spans multiple jurisdic-
tions, justification must be provided for why protection on only one side is inadequate;

3. Assessments of irreplaceability should account for potential loss of ecological function
in addition to regional biodiversity;

4. Regionally unique offshore seabed features, as well as upwelling fronts, halocline-
driven features that support distinct, often rare, and vulnerable communities should
be given priority.

2. Significance of Life History Stages for Species
Definition: An area essential for the survival and persistence of a population, uphold-

ing ecological processes and life-support systems over short and long timeframes.
Transboundary Perspective:

1. Justification for TMPA designation requires comprehensive connectivity mapping
to demonstrate how the transboundary habitat network or corridor links spawning,
nursery, feeding, and wintering habitats, with particular attention to offshore and
coastal coupling;
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2. Effective marine conservation depends on coordinated transboundary efforts to imple-
ment seasonal and spatial closures for vulnerable MMS that correspond with reproduc-
tive periods, including the use of dynamic spatiotemporal zoning and management;

3. Offshore marine areas should be considered for TMPA designation if they are either
repeatedly used over multiple years for feeding, spawning, nursery, or migration, or
consistently develop conditions supporting these functions (such as oceanic fronts or
stratification boundaries);

4. If a series of marine habitats critical to different life-cycle stages of a species extends
across maritime boundaries, harmonized management measures, such as consistent
seasonal closures and fishing gear regulations, are required among all countries
sharing the TMPA, unless a documented rationale for asymmetrical measures exists;

5. Vertical connectivity, including pelagic and benthic coupling, as well as seasonal
aggregation areas such as wintering, molting, and staging sites, must be considered
in offshore TMPA designation, based on long-term species observation data.

3. Significance for Threatened or Endangered Species and Habitats
Definition: An area that provides habitat essential for the survival and recovery of en-

dangered, threatened, or declining species, as determined by the extent of its geographical
occurrence or the quality of habitat. This includes areas with significant assemblages of
such species, or areas themselves classified as endangered or declining based on habitat
extent or quality.

Transboundary Perspective:

1. A designated TMPA should encompass areas critical to recovery trajectories across all
countries within the shared marine ecoregion. This includes not only current habitats
or species presence but also sites where threat reduction is likely to result in species
or habitat recovery;

2. Each country sharing the remaining extent of a threatened, endangered, or declin-
ing habitat or biotope must protect its proportionate share and agree upon a joint
conservation target for the established TMPA;

3. Recovery pathway requirement: Each country sharing a threatened, endangered, or
declining habitat or biotope must identify the primary pressures limiting offshore
recovery and connect these to enforceable transboundary conservation measures;

4. Transboundary population monitoring and conservation of threatened, endangered,
or declining species, based on distribution and abundance, must be grounded in
clear population unit definitions. All participating countries must agree on whether
the TMPA targets a regional population, subpopulation, or stock unit spanning the
biogeographic region.

4. Vulnerability, Fragility, Sensitivity, and Slow Recovery
Definition: An area characterized by a relatively high proportion of sensitive habitats

or species that are functionally fragile, meaning they are highly susceptible to degradation
or depletion by human activities or natural events, or that exhibit slow recovery rates.

Transboundary Perspective:

1. Effective protection of sensitive transboundary habitats or MMS that are functionally
fragile requires a joint, scientifically grounded mapping of threats and correspond-
ing regulatory measures. This mapping should clarify regulatory responsibilities,
including International Maritime Organization (IMO) measures for shipping, joint
recommendations under the EU Common Fisheries Policy, national permits for off-
shore wind farms, and procedures for ABNJ, where applicable. Such coordination is a
prerequisite for the feasibility of offshore TMPA designation;
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2. Countries sharing fragile habitats should jointly assess the designated TMPA’s vulner-
ability to cumulative transboundary impacts and to pressures resulting from limited
governance control, such as shipping outside territorial waters and the landing of
offshore fish stocks;

3. Offshore TMPAs should account for the vertical vulnerability of the surface, water
column, and seabed system, particularly in cases where different activities impact
distinct layers;

4. When shipping risk constitutes a primary vulnerability, countries sharing the TMPA
should pursue an IMO pathway that incorporates special protective measures derived
from a PSSA status;

5. Justification for TMPA protection and zoning, such as the delineation of strict core and
buffer zones, requires a jointly agreed and scientifically substantiated recovery time
horizon for sensitive habitats or species: fast (1 to 5 years), medium (5 to 20 years), or
slow (over 20 years).

5. Biological Diversity
Definition: Area that contains comparatively higher diversity of ecosystems, habitats,

communities, or species, or has high genetic or functional diversity; an area that contains
species important for maintaining ecosystem resilience, e.g., keystone species.

Transboundary Perspective:

1. The value of offshore biodiversity is frequently determined by ecological function and
connectivity highlighting the importance of transboundary cooperation;

2. Offshore biodiversity should be assessed in relation to relevant offshore reference
strata, including depth, salinity, and energy regime; it is particularly important for
MMS and their transboundary migration corridors;

3. Transboundary conservation of biologically diverse marine areas should prioritize
persistent transboundary drivers such as bathymetry, hydrography, and recurring
productivity patterns extending beyond national territorial waters and EEZs;

4. Transboundary harmonization implies consistent habitat interpretation and classifica-
tion across countries to avoid the “same habitat, different label” problem.

6. Naturalness
Definition: An area characterized by a high degree of naturalness due to low levels of

human-induced disturbance or degradation. Ongoing economic activities must adhere to
principles of sustainable use and align with IUCN protection categories.

Transboundary Perspective:

1. Offshore habitats are limited in extent but frequently extend to EEZs and ABNJ;
2. Effective management of natural seabed features requires basin-scale coordination, as

ecological drivers and threats extend across maritime borders and EEZs;
3. In offshore TMPAs, naturalness is reflected in ecosystem integrity indicators such

as intact food webs, reference areas with low human pressure, and climate refu-
gia. These outcomes depend on effective transboundary regulation, not solely on
geographic remoteness;

4. All countries sharing a TMPA must acknowledge that offshore areas may appear
natural but can be affected by transboundary pressures, and must jointly establish a
baseline for assessment;

5. All countries sharing a TMPA must also reach consensus on reference zones, indicators,
and values to enable joint long-term assessment and monitoring of naturalness status
and its changes, using mapped pressure intensity and seabed condition as a basis.

7. Coherence at MPA network level
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The selection and designation of new HELCOM MPAs must align with the HELCOM
objective of establishing an ecologically coherent MPA network in the Baltic Sea. To this end,
HELCOM has established four criteria for assessing network coherence: representativity,
connectivity, replication, and adequacy. These criteria must be integrated into the TMPA
designation process.

7.1. Representativity
Definition: Representativity is achieved when a network reflects maritime subdi-

visions, encompassing a full spectrum of ecosystems, including both biotic and habitat
diversity. This concept also relates to ecological integrity, defined as the extent to which an
area, independently or together with other MPAs, encompasses a complete ecosystem.

Transboundary Perspective:

1. Transboundary offshore representativity means using the scale of biogeographic
provinces and offshore seascapes to cover offshore banks, basins, slopes, and pelagic
regimes, such as fronts and stratification zones, beyond littoral habitat types;

2. All countries sharing the marine ecoregion should treat representativity as achieved
when a TMPA or an MPA network covers the full offshore environmental gradi-
ent defined by depth, seabed, stratification, and oxygen regimes across the entire
transboundary system;

3. Representativity of an offshore network spanning different biogeographic subdivi-
sions of the marine ecoregion should include water-column features such as pelagic
habitats that are unique or rare, as conservation targets;

4. In transboundary contexts, all relevant countries must ensure that all key ecoregion’s
features are represented despite the borders.

7.2. Connectivity and spacing of HELCOM MPAs
Definition: Connectivity in network design refers to establishing linkages that enable

MPAs to benefit from exchanges of larvae and species, as well as functional connections
with other network sites. Considerations should include ocean currents, gyres, physical
bottlenecks, migration routes, species dispersal, detritus movement, and other functional
linkages. Isolated sites may also be incorporated.

Transboundary Perspective:

1. Connectivity must be assessed with transboundary mechanisms: larval dispersal,
migration corridors, stepping-stones, and currents or gyres that cross EEZ lines;

2. Transboundary offshore larval dispersal (currents), migration corridors, and stepping-
stone spacing need to consider vertical and seasonal connectivity (timed protections);

3. The countries sharing a marine ecoregion should follow the “connectivity to manage-
ment” principle: where a feature spans borders, the network must include compatible
measures in all territorial waters and EEZs or clearly justified alternatives;

4. Any designation of an offshore TMPA requires model-based connectivity evidence
appropriate to offshore systems, including larval dispersal, adult movement, genetic
structure, migratory corridors, or stepping-stone logic for migratory species.

7.3. Replication
Definition: Replication of ecological features necessitates that multiple sites within a

biogeographic area contain examples of a given feature. In this context, “features” refer to
naturally occurring species, habitats, and ecological processes in the biogeographic area.

Transboundary Perspective:

1. Transboundary replication rule: countries sharing the marine ecoregion should avoid
single-country replication that leaves other jurisdictions unprotected for the same
feature; replication should be spatially independent to avoid governance risk;
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2. It means that replication is not satisfied by multiple sites within a single EEZ if the
ecological feature is transboundary or the pressure regime is shared;

3. The countries establishing a TMPA should also aim to replicate key ecological func-
tions including spawning sites, foraging hotspots, and refugia across jurisdictions to
hedge against localized collapse, accidents, or regulatory changes;

4. The countries sharing a marine ecoregion should also align with the UN CBD EBSA-
type process framing (productivity, life-history importance, vulnerability).

7.4. Adequacy
Definition: Adequate and viable sites are those that possess sufficient size and pro-

tection to maintain the ecological viability and integrity of the features for which they are
designated. Adequacy and viability depend on factors such as site size, shape, buffer zones,
prevailing feature persistence threats, surrounding environment, physical constraints, scale
of ecological features and processes, and spillover or compactness.

Transboundary Perspective:

1. The countries sharing a marine ecoregion must make the concepts of adequacy and
viability explicit: the site designated as a TMPA is adequate only if enforcement and
compliance tools exist (common monitoring, controls, protocols, data sharing, etc.);

2. Designation of a TMPA requires replacing minimum-size guidance with feature-based
sizing offshore to meet transboundary adequacy and viability requirements;

3. Countries sharing the TMPA require an “adequacy vs pressures” statement to show
that chosen measures reduce the pressures enough to keep adequacy and viability.

3.1.2. Delineation of Critical Transboundary Marine Habitats

Building on this knowledge, establishing TMPAs requires harmonized governance
among neighboring countries. Only then it could effectively protect critical marine habitats
and MMS. Hence, the identification and delineation of critical habitats for TMPAs is
essential for this purpose. It is a multi-step process that integrates ecological, social, and
governance perspectives. Based on the extensive literature analysis, we identified a series
of steps to delineate critical transboundary marine habitats for TMPAs.

First, following the HELCOM Guidelines [48], the planners should compile detailed
catalogues of habitats and species recognized as conservation priorities under interna-
tional conventions, regional conventions (HELCOM, OSPAR, Barcelona, Nairobi), and
EU Directives, if relevant. Once baseline knowledge is established, attention shifts to the
identification and characterization of habitats essential for marine megafauna and other key
MMS. It implies systematic mapping of areas used for feeding, breeding, calving, nursing,
socializing, and migration, noting that habitat boundaries may change with seasonal cycles
or as populations recover [14].

To be effective in conserving migratory cetaceans, TMPAs must also protect prime fish-
rearing habitats, productive upwellings, and other “ecological factories” [50]. Therefore,
the mapping process should also cover marine areas that support the broader food web.
Detailed charting of migration routes reveals corridors connecting populations across
geopolitical boundaries. Prioritization and delineation follow, based on the understanding
that not all habitats can receive equal levels of protection [14,22].

Geographical Information System (GIS) and advanced decision-support tools are
essential for assessing ecological value, connectivity, vulnerability, and representativeness.
Existing networks of MPAs and KBAs [7] are overlaid and compared, revealing gaps
in shared regions that require attention. However, identifying priority zones remains
incomplete without a comprehensive assessment of the threats and pressures they face.
The cumulative effects of these pressures frequently transgress national boundaries.
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After critical habitats are identified and threats assessed, the final step in this stage is
to delineate the TMPA [51]. This phase requires negotiation and consensus-building among
neighboring countries. The goal is to determine spatial dimensions of critical habitats.
The planning region must be based on biogeographic instead of political boundaries [57].
Thus, the TMPAs for MMS may be established in the EEZs of neighboring countries as a
concerted effort.

Such a concerted effort could enable permanent prohibition of the exploitation of
MMS, regardless of optimum utilization objectives [58]. However, when MMS conservation
interests clash with fisheries interests, the likelihood of overexploitation risks increases
progressively with each additional EEZ the stock spans [59]. Therefore, despite the apparent
need, the MSP process in the EU has hitherto focused on strengthening cross-border
cooperation rather than on joint enforcement of fisheries regulatory plans [39].

In sum, ecosystem-based management is essential for balancing marine conserva-
tion and fisheries goals [14]. Selecting a transboundary region to establish a TMPA or a
transboundary network of offshore MPAs requires a coherent dataset on MMS and critical
habitats. Essential data are available from oceanographic and biological datasets such
as OBIS (Ocean Biogeographic Information System), Seabed 2030, the Marine Regions
database, Global Fishing Watch, and the MPA Atlas of UNEP-WCMC (UN Environmental
Program and World Conservation Monitoring Centre). The mapping helps clarify how
the criteria for establishing a TMPA are applied spatially by mapping migratory corridors,
shared ecosystems, and biodiversity hotspots.

3.2. Methodological Pathway to Establish TMPAs
3.2.1. Defining and Framing the Conservation Problem and Objectives

The establishment of a TMPA should follow a step-wise approach (Figure 1). The
first step is defining the conservation problem. Countries must determine whether the
primary purpose is marine biodiversity conservation, critical habitat restoration, MMS
protection, fish stock recovery, climate adaptation, cultural preservation, or multiple-use
ecosystem-based planning and management. In many TMPA contexts, these goals will
overlap. However, without clearly defined objectives, management effectiveness cannot be
assessed. Therefore, a broad array of stakeholders should be involved in the dialogue and
in defining the conservation problem and objectives.

Effective marine biodiversity conservation necessitates an ecosystem-based perspec-
tive that accounts for the complex interactions between human activities and marine
ecosystems. Public participation is a critical component of the ecosystem approach to
marine environmental protection and management [60–62]. This approach requires recon-
ciling potentially conflicting stakeholder interests and implies cross-sectoral cooperation in
defining the conservation problem and objectives [63,64].

According to the EC, ecosystem management should be adaptive and responsive to
environmental diversity and variability [65]. Therefore, all participating countries should
collaboratively develop and formally adopt the management plan to ensure recognition
and enforceability across relevant jurisdictions. The next step is to compile the legal and
institutional baseline, starting with an integrated planning framework. It must align
objectives, management measures, and monitoring across local, national, and international
governance levels. This process includes mapping relevant international treaties, regional
conventions, EU directives (where applicable), national laws, MSP instruments, fisheries
regimes, shipping regulations, and EIA procedures.

A legal matrix should identify jurisdictional authority, management mandates, en-
forcement powers, dispute-resolution mechanisms, and gaps in legal interoperability. This
approach enhances the plan’s suitability for interagency coordination and facilitates coop-
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eration among stakeholders from all participating countries. Planners must recognize that
each nation involved in establishing a TMPA has distinct social, economic, political, and
environmental priorities. Where feasible, each country’s national legal framework should
incorporate the authority to establish and enforce the plan, and reference it in relevant
international agreements.

3.2.2. Comprehensive Collection of Information

Kenchington and Kelleher [66] emphasize that collecting of information for a future
TMPA is most effective when a joint central agency coordinates it in collaboration with
consultants and research institutions from each participating country. This collaborative
approach underpins the development of joint agreements, which are essential to effec-
tively developing and governing a TMPA. The pressures and effects of human activities
in the future TMPA, and their interactions with external areas must be well understood
and prioritized through transparent, established methods [51]. This prioritization pro-
cess involves analyzing quantitative data to determine optimal locations for conservation
investments [50].

Comprehensive understanding of natural and anthropogenic processes and their
consequences can be achieved by integrating both historical and recent data with empirical
or dynamic modelling, where feasible [67]. The desired “favorable conservation status”
must be clearly and objectively defined [68]. For example, Touron-Gardic et al. [7] detail
the assembly of a comprehensive MPA inventory across seven countries for the IUCN West
Africa program. They found that essential discrepancies between the World Database on
Protected and Conserved Areas (WDPCA) and national censuses of the MPAs persisted due
to variations in reporting standards, delays in data updates, and differences in inclusion
criteria and interpretation.

The key information components necessary for establishing a TMPA and standardized
methods for its collection are provided in Table 2. The structure of Table 2 synthesizes
the information from [32,52,69,70]. The table suggests that the most important issue is
not merely collecting more information, but ensuring that information from different
jurisdictions is comparable and interoperable.

Lascelles et al. [22] emphasize that data on MMS distribution, abundance, behavior,
and threats should directly inform the design of effective conservation regimes within
TMPAs (Figure 1). Integrating such data into decision-making processes, particularly those
governing fisheries, shipping, and offshore energy facilities, ensures that management inter-
ventions are evidence-based and responsive to the needs of all involved countries (Table 2).
Hoyt [14] recommends the commissioning of coordinated field surveys for cetaceans and
other MMS throughout the transboundary ecoregion. Such surveys should aim to:

• Determine abundance and population trends;
• Map distribution patterns, including local movements, migrations, and seasonal shifts,

to guide area management;
• Assess behavior, including hunting and feeding preferences;
• Identify and delineate critical habitats such as feeding, mating, calving, and socializa-

tion areas, as well as culturally important sites;
• Monitor populations year-round, ideally for several years, to assess site fidelity and

find temporal shifts in area use that inform management.

Kenchington & Kelleher [66] suggest three guiding objectives for investigations:

1. Compiling existing information from publications, maps, and reports across jurisdictions;
2. Identifying key issues that require protection or management on a transbound-

ary scale;
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3. Determining information gaps regarding resources, uses, and impacts to inform the
design of practical, shared management measures.

TMPA planning needs pragmatism toward data gaps (Figure 1). Collaboration en-
courages moving ahead with management planning using the best available information.
Partners should also identify and prioritize key gaps for future action (Table 2). Regular,
joint evaluation of management effectiveness helps reveal which knowledge gaps matter
most for conservation and which can be filled over time through targeted research.

3.2.3. Advanced Information Synthesis

The application of GIS overlay mapping for data synthesis facilitates the analysis
of spatial relationships among seabed topography, bathymetry, geology, oceanographic
conditions such as water movement and temperature, biological factors, biodiversity
values, ecological processes, human activities, threats, conflict identification, jurisdictional
boundaries, and scenario modelling (Table 2). This approach is particularly relevant in the
context of external threats such as climate change. GIS overlay techniques can integrate
diverse datasets to illustrate specific support systems for species or ecosystems, for example,
by combining data on MMS migration corridors [52].

GIS is frequently employed to consolidate and visualize spatial data that are otherwise
challenging to represent. Overlay maps should delineate the TMPA’s proposed functional
zones according to ecological features, human activities, and identified threats (Figure 1).
Assigning market values to marine ecosystem services can help evaluate the impacts of
competing uses, including conservation. This approach enables informed decision-making
that balances human uses with conservation objectives [70]. When implementing GIS
and simulation modelling tools, it is essential to ensure that mapping techniques and
data-sharing protocols are compatible across national boundaries. Hence, establishing
transboundary agreements on shared standards and workflows is necessary (Figure 1).

Lascelles [22] demonstrated various simulation modelling techniques to predict species
distributions in areas with uneven survey coverage. Simulation modelling also guides the
design of TMPA to withstand future climate shifts. For MMS that cross borders, it is crucial
to focus on dynamic ocean features, such as fronts and upwelling zones, which can shift in
time and space (Table 2). However, critical data necessary for simulation modelling may
remain unavailable or incomplete.

Therefore, fusing Artificial Intelligence (AI) with automated data collection, transfer,
and processing can alleviate persistent monitoring bottlenecks and provide conservation
managers with more timely information, enhancing adaptive decision-making [71]. Is-
abelle & Westerlund [72] discuss AI-driven opportunities in species protection, monitoring,
prediction, and the detection of illegal or harmful resource use, positioning these applica-
tions within the wider context of achieving SDG 14. Cortes [73] describes an expanding
coastal and marine research landscape characterized by a move from traditional environ-
mental sensing to instantaneous monitoring and predictive modelling. Palarimath [74]
further shows how AI can extract ecological information from image, acoustic, spatial, and
environmental data streams at scales impossible through manual interpretation.

A second frontier entails integrating AI with passive acoustic monitoring, animal
telemetry, satellite observations, autonomous platforms, environmental sensor networks,
and vessel-tracking data [75,76]. Bakker [77] conceptualizes this advancement as part of
the emergence of “Smart Oceans” and AI-enabled mobile MPAs, in which conservation
boundaries and regulatory provisions can adapt as MMS move or as environmental con-
ditions change. In this context, AI facilitates a transition to conservation regimes that
dynamically adjust to the evolving marine “movescape” under climate change [77]. A third
frontier is the advancement of Explainable Artificial Intelligence (XAI). XAI methods are

https://doi.org/10.3390/jmse14191770

https://doi.org/10.3390/jmse14191770


J. Mar. Sci. Eng. 2026, 14, 1770 26 of 47

particularly important when computational outputs inform high-stakes decisions such as
MPA designation, fisheries regulation, restoration prioritization or MSP [78].

3.3. Finalizing the Management Plan for a TMPA
3.3.1. Selecting the Appropriate Conservation Category

The next step is selecting the appropriate conservation category and zoning model
for TMPAs (Figure 1). The Law of the Sea provides more than 1000 instruments and more
than 300 regulations concerning marine conservation [79]. Despite the extensive range of
instruments and regulations, effective TMPA conservation depends on shared expectations
that extend beyond the formalization of international agreements [80].

A single IUCN category may be unsuitable for large TMPAs with multiple uses. A
zoned model may be preferable, combining highly protected core areas with surrounding
buffer zones and sustainable use areas (Table 1). Sensitive habitats, spawning grounds,
and MMS hotspots may require Category Ia or Category IV protection, while broader
seascape-scale management may align with Category V or VI [48].

For TMPAs, the IUCN category should remain consistent across all participating
countries to ensure transboundary coherence of the conservation regime. Its objectives
should be aligned with the standard IUCN objectives [81]. The zoning enables a TMPA to
span territorial waters and EEZs provided that at least 75% of the TMPA is subject to the
same management objectives [82]. An alternative approach is to establish a transboundary
network of smaller MPAs ensuring coherent regulations and consistent IUCN catego-
rization for each MPA. However, assignment to a category does not reflect management
effectiveness. The category specifies the intended purpose of the site, not its operational
management [81–83].

Murphy et al. [10] argue that establishing a protected seascape (IUCN Category V)
offers an optimal cross-border conservation regime for a TMPA, assuming political and
financial institutions support and adopt it. The Seascape approach provides a foundation
for robust, resilient, and equitable transboundary management [84]. This approach directly
supports the ‘30 by 30’ objective. Ellet et al. [85] concur: Seascapes are large, multi-use marine
areas, scientifically and strategically defined, in which government authorities, private organizations,
and other stakeholders cooperate to conserve the diversity and abundance of marine life and promote
human well-being.

Marine peace parks promote international cooperation and peace-building by tran-
scending political boundaries to protect shared marine ecosystems [86]. Both the seascape
and marine peace park approaches encourage states to collaborate on marine conservation,
particularly in politically sensitive or resource-limited border regions [87]. The effectiveness
of these initiatives, however, relies on robust governance frameworks, active stakeholder
engagement, sustained political commitment, and continuous research and adaptive man-
agement to address region-specific challenges [88].

3.3.2. Management Zoning

Zoning serves as the primary tool for translating conservation objectives of TMPAs
into actionable, geographically defined management measures (Figure 1). In cross-border
contexts, zoning must address ecological processes that traverse jurisdictions, while har-
monizing differences in national laws, planning systems, data standards, enforcement ca-
pacities, and stakeholder interests (Table 2). An effective methodology is ecosystem-based,
evidence-driven, participatory, legally robust, digitally reproducible, and adaptive [89].
The initial phase requires the definition of clear management objectives for the TMPA and
operational objectives for each zone (Figure 1).
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Each objective should be translated into spatially explicit criteria and targets that ad-
dress ecological and socio-economic factors such as biodiversity, connectivity, vulnerability,
fishing dependence, and enforcement feasibility (Figure 1). Achieving joint agreement on
objectives and criteria among participating states is essential to prevent incompatible prior-
ities [50]. A comprehensive and harmonized geospatial database that integrates national
and international data sources should form the foundation of the zoning process (Table 2).
Particular attention must be given to critical habitats and anthropogenic pressures [90].

Functional zone boundaries should be assessed for both ecological effectiveness and
operational feasibility. They must consider habitat integrity, connectivity, potential displace-
ment of human uses, and enforceability [50]. They must also prioritize ecological thresholds
rather than political or economic convenience. Gradual transitions between zones sup-
port ecological connectivity and compliance (Table 2). Finally, legal and technical experts
convert draft zones into enforceable cross-border boundaries using precise geographic coor-
dinates and interoperable digital datasets [91]. Achieving regulatory equivalence between
countries is necessary to ensure comparable levels of protection [92]. Zoning plans must be
part of the TMPA management plans and periodically reviewed.

3.3.3. Delivery of a Joint Management Plan for a TMPA

The final step in designing a TMPA is the delivery of a joint management plan. It is
the principal mechanism through which the conservation objectives are translated into
coordinated operational action (Figure 1). Such a plan should affirm conservation objectives,
management measures, monitoring indicators, enforcement responsibilities, financing
arrangements, adaptive management procedures, and review mechanisms. It should also
establish GES as a long-term management benchmark (Table 2). A TMPA management plan
must reconcile conservation needs extending across political boundaries with differences
in legislation, administrative systems, institutional capacities, financing arrangements, and
monitoring practices.

The management plan must also account for stakeholder interests across all partic-
ipating countries. Adoption of concepts such as critical habitat, ecosystem-based man-
agement, transboundary conservation regimes, zoning, and networks facilitates effective
TMPA conservation (Table 2). To operationalize these concepts, the proposed structure
incorporates core TMPA requirements, with an emphasis on joint governance, legal har-
monization, and ecological connectivity. This structure is informed by a broad range of
sources [12–14,22,32,48,51,52,62,66,70,82,93].

Management measures, derived from agreed objectives and baseline assessments,
must be tailored to site-specific requirements while maintaining consistency across borders.
A comprehensive TMPA management plan should be supported by detailed Standard
Operating Procedures (SOPs) for surveillance, incident response, permitting, monitoring,
and enforcement. A joint monitoring program evaluates both ecological condition and
management effectiveness (Table 2). It uses indicators linked to conservation objectives,
including ecosystem states, human pressures, and management responses. Each indicator
is defined by specific metrics, baselines, targets, triggers, sampling designs, and reporting
formats. It ensures systematic data collection and adaptive management.

Adaptive management is implemented through a formal cycle of execution, moni-
toring, evaluation, learning, and revision. Predetermined triggers prompt reviews when
objectives are unmet, conditions change, or new threats arise. The management plan is
updated to reflect new evidence and evolving circumstances (Figure 1).

Stakeholder engagement is integrated throughout all stages, utilizing public consulta-
tions, workshops, focus groups, participatory mapping, and advisory forums. Transparent
documentation and structured conflict resolution processes enhance legitimacy and foster
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compliance. The draft management plan undergoes technical, legal, and public review
before finalization and approval. Last but not least, a smooth cross-border implementa-
tion is ensured by a joint matrix, which specifies responsibilities, outputs, deadlines, and
dependencies (Figure 1).

3.4. Participatory Planning and Governance
3.4.1. Risk and Threat Management and TMPA Governance

Ensuring the long-term sustainability and resilience of a TMPA requires implementing
comprehensive cross-border measures to systematically identify, analyze, prioritize, and
mitigate risks and threats (Figure 1). A comprehensive risk register should be developed
to encompass environmental (climate change, invasive species, pollution), governance
(jurisdictional conflict, enforcement gaps), socio-economic (livelihood impacts, equity), and
operational (funding, coordination) risks (Table 2).

Each risk must be evaluated for likelihood and potential impact using risk matrices,
scenario analysis, spatial analysis, and temporal differentiation between emerging and
long-term risks. Risk tolerance thresholds are established through stakeholder consultation,
and cost–benefit analyses should inform the selection of mitigation measures. Effective
governance of a TMPA relies on the preparedness of each country and the adequacy of its
institutional and legal frameworks to designate an MPA. It must be done within a coherent
transboundary network or to establish a TMPA spanning jurisdictions [94].

Legal equivalence may be compromised if participating countries have divergent legal
frameworks [13]. For example, in Germany, a management plan for MPAs is not legally
binding [95]. The legal tools regulating TMPA governance can be categorized as follows
(adapted from [96]):

1. Application—includes the legal tools that define the subject matter and jurisdictional
limits of the MPA legal framework;

2. Governance—legal tools to ensure that the MPA management overall is scientifically
and technically sound;

3. Protection and Conservation—legal tools to protect MPAs and their natural resources
from damage, destruction, and unwanted exploitation;

4. Surveillance and Control—practices define how the MPA conservation includes
surveillance and control, such as marine ecosystem monitoring and MSP parameters;

5. Restrictions and Prohibitions—focus on general and specific activities which the law
prohibits in MPAs;

6. Enforcement—focuses on general or specific authorities over MPAs, including their
powers to investigate, collaborate, collect, and share information, as well as the crimes
defined and the penalties that apply for violations;

7. Violations—standards and procedures that hold any party to a crime in MPAs respon-
sible for their actions, including those standards and procedures found in related civil,
administrative, and criminal legislation.

The effectiveness of marine conservation is influenced by the degree of asymmetry
between countries [47]. Non-compliance or inadequate management by one country
can undermine the conservation efforts of others. For instance, equitable international
cooperation among all countries and authorities along the same migration route is essential
for achieving successful MMS conservation outcomes [97]. At both global and regional
levels, legal instruments such as Multilateral Environmental Agreements (MEAs) prioritize
conservation actions for listed species [98].

In certain cases, dynamic zoning can effectively minimize conflicts between human
activities and conservation objectives [52]. For instance, while industrial fishing in critical
spawning grounds may appear insurmountable, implementing MMS protection during
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the spawning season and permitting fishing during the remainder of the year can be
mutually beneficial [99]. Comprehensive knowledge of MMS distribution and abundance
is therefore essential for establishing conservation priorities. However, acquiring these data
is challenging due to the high cost and complexity of necessary surveys [100].

3.4.2. Transboundary Enforcement of the TMPA Management Plan

Effective transboundary enforcement is essential for the success of a TMPA (Figure 1).
Enforcement objectives should be directly aligned with the TMPA’s conservation goals and
legal mandates, and supported by a unified enforcement policy to ensure compliance with
both national and international regulations. SOPs should be established for joint enforce-
ment activities, data sharing, and promote cooperation among environmental agencies,
coast guards, and fisheries authorities. Enforcement tools may include education, warnings,
penalties, and incentives, with clearly defined powers assigned to enforcement personnel.

3.4.3. Ensuring Public Participation in the TMPA Management

Guaranteeing broad participatory rights in environmental protection is now a standard
in Europe. The deteriorating state of the environment can negatively impact human
rights related to the natural environment [101,102]. Therefore, access to environmental
information and opportunities for public participation are key conditions for justice in
environmental protection [103]. Second, the high costs and relatively low efficiency of
authorities mean that ensuring participatory rights fosters greater public involvement in
environmental protection [104].

Public involvement can, in some cases, substitute for certain state functions, particu-
larly in monitoring and information gathering [105]. Access to environmental information
is essential for meaningful participation in protection efforts [106]. As early as 1922, Jan
Gwalbert Pawlikowski asserted that neither legislation nor state administration can protect
the environment without societal support and involvement [107]. This principle was later
affirmed and given normative status as soft law in Principle 10 of the Rio de Janeiro Decla-
ration. However, it is still debatable, whether this thesis is equally applicable to marine
environmental protection [106].

In legal conservation doctrine, public participation is the highest form of social engage-
ment [108]. The Aarhus Convention guarantees access to environmental information and
public participation in environmental decisions [109]. It guarantees three main participatory
rights: access to environmental information (Articles 4–6), participation in environmental
decision-making (Articles 6–8), and the right to a court in environmental protection matters
(Article 9) [110]. EU law ensures participatory rights that form the constitutional basis for
protection of the marine environment [55,79,111].

For instance, the legal nature of the Baltic Sea region justifies numerous guarantees of
participatory human rights in protecting the Baltic Sea’s marine environment [106]. It results
from the increasingly widespread adoption of the ecosystem approach in environmental
protection [62]. In the chapter “Raising awareness and capacity building”, the Joint Baltic
Sea Action Plan recommends that states and regional and local governments promote
public participation in decision-making. This chapter also provides for activities in the field
of raising environmental awareness and environmental education [112].

The EU Water Framework Directive (Directive 2000/60/EC, WFD) was among the first
regulations to combine these concepts and significantly affected the Baltic Sea’s environ-
mental conditions [113]. The Directive’s Article 14 requires that key tools for implementing
the ecosystem approach in water management be available for public comment. The Direc-
tive also extends consultation periods: three years for river basin management plans, two
years for interim reviews, and one year for draft water basin management plans. Poland’s
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similar regulation was criticized for allowing only 30 days for participation, viewed as
insufficient for effective input [114].

3.4.4. Adaptive Cross-Border Management of the TMPA

Adaptive management is a structured and iterative process for decision-making under
uncertainty [115]. The objective of cross-border adaptive management for TMPAs is four-
fold: (i) integrate monitoring results into a cyclical process; (ii) update management plan
objectives as new information becomes available; (iii) communicate outcomes to all partners
and stakeholders to foster support and enable adaptive responses; (iv) utilize ongoing
scientific research to refine management approaches, indicators, and actions. However,
adaptive management may lack clearly defined experimental controls and endpoints, and
no single indicator can fully represent ecosystem health [116].

Therefore, the cross-border adaptive management to the TMPA needs to focus on spe-
cific objectives that depend on the area’s conservation needs [117]. It requires a fundamental
understanding of the social and political contexts and specific biophysical features [118].
Without clear objectives, it becomes impossible to decide which stakeholder groups are
relevant for the TMPA adaptive management in question [119]. Hence, it is very important
that the objectives are well-founded and defined [120].

The overall goal for a wider network of TMPAs must be to establish a representative,
connected, and adequately protected marine area (ideally, 30% of the marine ecoregion
area) [121]. In the EU case, for the marine habitats listed in Annex I of the EU Habitat
Directive (Directive 92/43/EEC) we argue that the conditions imply: (1) the extent and
range of the habitat is maintained or increased over time and (2) the populations of the
consistent species of the habitat are maintained over time.

GES is the desired long-term state for the marine environment. It means ecologi-
cal processes, habitats, and species are healthy, resilient, and sustainable [122]. It is the
benchmark for marine environmental quality as defined by international and regional
agreements. Achieving and maintaining GES requires clear objectives and measurable indi-
cators. Ecosystem-based management must align with scientific understanding and policy
frameworks. This is essential for TMPAs, where cooperation and harmonized monitoring
are vital for success [123].

3.5. Case Study: Designation of the South Baltic TMPA
3.5.1. Approach

To evaluate the operational applicability and diagnostic capacity of the proposed
TMPA designation methodology, we implemented its principal analytical components in a
South Baltic case study encompassing the maritime jurisdictions of Lithuania, Poland, and
Sweden. From an ecological perspective, adjacent Latvian waters may contribute to this
marine conservation network. However, the legal and institutional comparison undertaken
in this case study is limited to Lithuania, Poland, and Sweden.

The case study applies essential parts of the proposed TMPA designation methodology
through six interrelated analytical steps:

1. Identification of principal conservation features and associated ecological objectives;
2. Compilation and integration of ecological and spatial data;
3. Delineation of ecological boundaries and functional zones of the TMPA;
4. Assessment of projected human uses and transboundary human pressures;
5. Comparative examination of national legislation, competent authorities, and regula-

tory criteria;
6. Analysis of maritime jurisdictions, sovereign rights, and possible governance

arrangements.
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The case study is based on a structured review of scientific literature, from sem-
inal works by Hoyt [14], Kelleher [82], and Agardy [124] to recent publications by
Dallison et al. [24] and Wenzel et al. [81], as well as legal instruments, policy and MSP doc-
uments, biodiversity assessments, monitoring reports, and regional conservation databases.
Digital spatial analysis overlays ecological data, maritime boundaries, existing MPAs,
shipping routes, fishing grounds, offshore energy zones, and oceanographic characteristics.

3.5.2. Ecological Basis for Designation

The main conservation goal of the proposed South Baltic TMPA is to support the
recovery and enduring viability of the Baltic Proper harbor porpoise (Phocoena phocoena)
population. This species was selected because it is listed in Annex II of the EU Habitat
Directive as one of the few MMS of Community importance. It is highly mobile. It regularly
crosses national maritime boundaries, depends on connected breeding and feeding habitats
and migratory corridors, and is exposed to pressures that no single Baltic Sea country can
address effectively.

The Baltic Proper harbor porpoise population is genetically distinct from the more
numerous Belt Sea population in the western Baltic Sea, Kattegat, and Belt Seas. It is
estimated at only 400–500 individuals and is classified as Critically Endangered in HEL-
COM and international assessments. Its principal threats include incidental capture in
fishing gear, underwater noise, reduced prey availability, habitat degradation, pollution,
and disturbance from offshore construction and maritime traffic.

Monitoring conducted through the international SAMBAH II project identified the
Mid-Sea Banks, including the Midsjö and Hoburg Banks southeast of Öland Island in
Swedish territorial waters and the EEZ, as important breeding, calving, and feeding areas.
Acoustic observations indicate seasonal concentrations in these areas, particularly between
May and December. Outside the breeding season, individuals disperse more widely
through the central and southern Baltic Sea, showing that conservation measures must
protect core reproductive habitats, movement corridors, and seasonally used feeding areas
(Figure 2).

Figure 2. Distribution of harbor porpoise (Phocoena phocoena) in the South Baltic (Source: HELCOM).

The harbor porpoise therefore functions both as a direct conservation target and as
an umbrella or indicator species. Measures designed to protect its full life cycle may also
benefit fish populations, especially the declining Eastern Baltic cod (Gadus morhua callarias),
benthic habitats, and seabirds, e.g., the long-tailed duck (Clangula hyemalis), also included
into the Annex II of the Habitat Directive and wider ecological processes. Declining cod
and sprat stocks, eutrophication, climate-related ecosystem change, and the deterioration
of offshore habitats further support the need for an ecosystem-based management.
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Accordingly, the ecological objective of the TMPA is to establish a connected and viable
transboundary ecological network of offshore habitats that support breeding, feeding,
migration, and seasonal dispersal of the Baltic Proper population of harbor porpoise.
Complementary objectives are the protection of associated biodiversity, the maintenance
of ecosystem connectivity, the reduction in cumulative transboundary anthropogenic
pressures, and the improvement in South Baltic-wide biodiversity monitoring.

3.5.3. Preliminary TMPA Boundary Demarcation and Zoning

We began the TMPA boundary demarcation process by identifying ecological features
that transgress existing jurisdictional divisions. Spatial data on harbor porpoise occurrence,
breeding areas, feeding grounds, migration routes, prey distribution, seabed habitats, hy-
drographic conditions, and ecological connectivity were combined in a common geospatial
framework (Figure 3). A zoned or network-based model may be more appropriate because
it can reduce administrative duplication and facilitate implementation through legal tools
available under national, regional (HELCOM), and EU law.

Figure 3. Map of the proposed South Baltic TMPA.

The analysis identified three key types and areas of functional zones:

• Core areas in which breeding, calving, feeding, or repeated seasonal aggregation
occurs (SE-1, SE-2, and PL-1 in Figure 3);

• Ecological corridors connecting core areas across national maritime boundaries (LT-3,
LV-2, PL-2, and SE-3);

• Supporting areas that maintain prey availability, habitat quality, and essential ecosys-
tem processes (LT-1, LT-2, and LV-1).

The initial ecological boundary was subsequently compared with existing Natura
2000 sites, HELCOM MPAs, national MPAs, MSP documents, KBAs, EBSAs, and other
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conservation designations. The proposed TMPA should incorporate and connect existing
protected sites (SE-1—the Midsjö and Hoburg Banks in Sweden, which are marine Natura
2000 sites, KBAs, and HELCOM MPAs, as well as LT-1, LT-2, and LV-1—the Klaipeda–
Ventspils Plateau is a cross-border EBSA, a KBA, and a HELCOM MPA).

Core areas should receive strict seasonal or permanent protection, while ecological
corridors and buffer areas could be subject to activity-specific management measures.
Such differentiation aligns regulation with ecological sensitivity, human use, and the legal
powers available in each jurisdiction. Scientific uncertainty should not justify postponing all
protective action [125]. Instead, uncertainty should be documented and addressed through
precautionary boundary setting, adaptive management, targeted research, and periodic
review [14]. Of particular value may be the long-awaited final report of the SAMBAH II
project. It will provide more details about the Baltic Proper harbor porpoise population
and its temporal and spatial dynamics.

3.5.4. Human-Use and Cumulative-Pressure Assessment

The ecological analysis was complemented by an assessment of current and projected
human activities. The most relevant uses in the South Baltic case include commercial
shipping, fishing, offshore wind farm development, submarine cables, and military activi-
ties. Each activity was evaluated according to its spatial distribution, intensity, seasonality,
regulatory status, and potential effects on conservation objectives. Particular attention was
given to cross-border pressures, including underwater noise, fishing and merchant fleet
traffic, pollution, military exercises, and eutrophication.

Offshore wind farm development is especially important because the South Baltic
region is expected to host many offshore wind farms, particularly in the Poland’s EEZ [126].
The development and operation of offshore wind farms generate construction noise, in-
crease vessel traffic, alter habitats, and create cumulative effects when several projects are
developed in adjacent national jurisdictions [127]. The approach requires that project-level
EIA and cost–benefit analyses be considered alongside regional EIA analysis.

Commercial fishing is similarly treated as a transboundary activity. Measures addressing
harbor porpoise bycatch in the Baltic Proper, such as seasonal closures, restrictions on high-
risk gear, and the use of acoustic deterrent devices, would be ineffective when implemented
inconsistently across neighboring jurisdictions. The proposed TMPA would consequently
require harmonized or mutually compatible fisheries measures, supported by common
monitoring and compliance standards. Core ecological requirements remain the principal
constraint, while socioeconomic information is used to identify management solutions that
achieve conservation objectives with proportionate social and economic effects [128].

3.5.5. Comparative Legal Framework

The legal feasibility of the South Baltic TMPA depends on the interaction of inter-
national law, EU law, regional Baltic Sea cooperation, and the domestic legislation of
the participating countries. Even at the national level, the international context remains
strong [15]. At the international level, UNCLOS provides the jurisdictional framework
within which Lithuania, Poland, and Sweden exercise sovereign rights and environmental
responsibilities in their territorial seas and EEZs. The HELCOM recommendations provide
a regional basis for coordinated marine conservation. EU law establishes additional obliga-
tions through the Habitats Directive, the Birds Directive, the MSFD, MSPD, and legislation
governing EIA and fisheries.

All three countries have established marine Natura 2000 sites and contribute to the
HELCOM MPA network. The Helsinki Convention and the recommendations issued by
HELCOM are at a higher level of nature conservation than national legislation [129]. In the
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Baltic Sea, marine Natura 2000 areas are Natura 2000 sites with a marine “component” [130].
Therefore, most of them are established in coastal and nearshore areas rather than offshore
areas. This common legal foundation creates a high degree of substantive compatibility
and supports cross-border coordination for the proposed TMPA.

Lithuania
Lithuania’s framework is based on the Law on Environmental Protection, the Law on

Marine Environment Protection, the Law on Protected Areas, and secondary legislation
regulating designation procedures, ecological assessment, monitoring, and public consulta-
tion. The law mandates that the Ministry of Environment coordinates environmental policy
across sectors, ensuring coherence among territorial planning, fisheries, and marine conser-
vation measures [131]. The Ministry of Environment provides strategic direction, while the
Environmental Protection Agency conducts monitoring, environmental assessment, data
management, and reporting.

The State Service for Protected Areas contributes to protected area administration and
management planning, forming the institutional basis for TMPA-related implementation.
Lithuania has incorporated the requirements of the MSFD, MSPD, and the Birds and
Habitats Directives into national law. Its principal implementation limitations concern
fragmented institutional responsibilities, limited long-term financing, and dependence on
externally funded monitoring and research projects. These factors may affect its capacity to
maintain intensive offshore monitoring and enforcement over an extended period and to
sustain TMPA measures.

Poland
Polish marine conservation is governed by the Act on Maritime Areas of the Republic

of Poland, the maritime administration legislation implementing the Natura 2000 frame-
work, and national environmental protection statutes [132]. Poland has designated several
marine Natura 2000 sites and HELCOM MPAs, including sites protecting reefs, sandbanks,
coastal and offshore habitats, harbor porpoises, grey seals, Eastern Baltic cod, and seabirds.
An important institutional issue is the division of authority between environmental bodies
and maritime administration bodies.

Directors of maritime offices exercise important powers pertinent to marine pollution,
permits, hydrographic monitoring, MSP, EIA, and projects affecting Natura 2000 sites. How-
ever, their broader mandate also includes managing and developing the maritime economy.
This may create tension between conservation objectives and sectoral development priori-
ties. Fragmentation among maritime offices, environmental inspectorates, national park
authorities, and regional environmental bodies can likewise complicate accountability and
the consistent application of TMPA-related rules [35].

Sweden
Sweden’s legal framework is centered on the Environmental Code, the Marine Envi-

ronment Ordinance, the Nature Conservation Ordinance, and legislation governing MSP.
The central role in marine policy, fisheries management, environmental monitoring, and
the implementation of national and EU marine strategies belongs to the Swedish Agency
for Marine and Water Management. County administrative boards participate in MPA des-
ignation, management planning, and licensing, while the Swedish Coast Guard contributes
to surveillance, inspection, and pollution response [133]. The Swedish system is specialized
and strongly connected to ecosystem-based management and MSP.

Adopted first in 2022, the MSP Act designates ecological core areas and zones of
limited use consistent with MPA targets [134]. As of 2023, the country had designated
570 HELCOM MPAs. These sites cover roughly 14.6 per cent of Sweden’s territorial and
EEZ waters [135]. Nevertheless, implementation difficulties remain, including differences
in capacity among county administrations, incomplete or uneven management arrange-
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ments for some protected sites, continuing pressure from eutrophication and fisheries, and
possible conflicts between conservation and offshore energy development.

3.5.6. Compatibility of Institutional Mandates and Regulatory Mechanisms

The comparative analysis shows that the three legal systems are sufficiently compatible
to support a coordinated TMPA, although they are not institutionally identical. Each
country has authorities responsible for marine strategies, protected areas, environmental
monitoring, pollution control, fisheries, and MSP. All three apply common EU concepts,
including GES, appropriate assessment of effects on Natura 2000 sites, ecosystem-based
management, and transboundary consultation.

The principal differences concern administrative specialization and the allocation of
responsibilities. Sweden has a dedicated national agency with an integrated mandate for
marine and water management. Lithuania relies on ministry-led coordination, with the
State Service of Protected Areas serving as the main operational center. Poland distributes
responsibilities among maritime administrative bodies and environmental institutions.

These differences do not preclude cooperation, but they influence the design of the
governance mechanism. A South Baltic TMPA would require each country to appoint a
national contact person to the joint coordinating authority and establish clear procedures
for cooperation among conservation, fisheries, maritime transport, energy, and spatial
planning bodies. The permanent joint coordinating authority could provide a platform for
joint planning, monitoring, data exchange, evaluation, and dispute resolution.

Regulatory compatibility is strongest where national bodies implement EU law or
HELCOM commitments. Potential inconsistencies remain in ecological-status classification,
monitoring intensity, permit procedures, fisheries regulation, enforcement capacity, and the
legal effect of management plans. The designation methodology should therefore include
a regulatory equivalence assessment. This would determine whether national measures
produce comparable conservation outcomes, even when their legal forms differ.

3.5.7. Maritime Jurisdiction and Sovereignty

The South Baltic region contains no ABNJ because the basin is divided among the
territorial seas and EEZs of the surrounding coastal states. The future TMPA would
therefore be situated within areas subject to national jurisdiction. Lithuania, Poland, and
Sweden each maintain a territorial sea extending up to 12 nautical miles, while their EEZs
are delimited through bilateral agreements and equidistance-based boundaries. Lithuania
possesses a compact maritime jurisdiction constrained by Latvia and Russia. Poland has a
larger EEZ that supports diverse interests. Sweden administers an extensive maritime area
divided into several MSP regions.

3.5.8. Proposed Governance Model

Designation of a TMPA would not transfer sovereignty or jurisdiction to a suprana-
tional body. Each country would retain authority within its own maritime zones and adopt
conservation measures through its domestic legal system. The transboundary character
of the TMPA would arise from the coordinated objectives, connected spatial design, com-
patible management measures, shared monitoring, and joint evaluation adopted by the
participating countries. Under this model, Lithuania, Poland, and Sweden would designate
corresponding national components of the TMPA using existing national, ecoregional
(HELCOM), and EU legal instruments.

These instruments should provide the legal basis for a joint management plan and
a trilateral agreement that establishes coherent marine EU Natura 2000 sites and HEL-
COM MPAs, as well as a joint management and monitoring framework. A joint scientific
advisory group should regularly evaluate ecological and biodiversity conditions and
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monitoring results, while a governmental coordination body should oversee legal imple-
mentation. Stakeholder participation through a dedicated forum, similar to the Wadden
Sea Forum, could include fisheries organizations, offshore-energy developers, shipping
interests, coastal and regional authorities, conservation organizations, research institutes,
and relevant coastal administrations.

4. Discussion
A TMPA, or a network of nationally designated MPAs managed as one ecological unit,

is an appropriate conservation model. The development of a robust methodology for desig-
nating TMPAs necessitates navigating a landscape characterized by significant legal and
governance complexities. Despite the comprehensive approach proposed in this research,
several challenges persist, particularly regarding legal jurisdiction and the harmonization
of conservation objectives across national and international boundaries. TMPAs are subject
to a patchwork of legal regimes. Within EEZs, coastal countries exercise sovereign rights
and may establish MPAs under national law, in accordance with international conventions
such as UNCLOS.

However, the applicability of instruments such as the EU Habitats and Birds Direc-
tives within EEZs remains ambiguous. It results in uncertainty for effective cross-border
management [136]. Beyond EEZs, in ABNJ, establishing TMPAs is even more challenging
due to the limited reach of national laws and the reliance on soft law or customary interna-
tional law [7]. The legal and institutional framework is further complicated by multiple
overlapping regimes, including fisheries management, international shipping regulations
under the IMO, and regional environmental agreements.

This fragmentation raises two central questions [96]: (1) To what extent do exist-
ing international, regional (e.g., HELCOM), and EU (if applicable) laws support marine
conservation activities? (2) How readily can policies be harmonized across jurisdictions?
Addressing these questions is essential, as transboundary conservation efforts, particularly
those involving MMS that traverse territorial waters, EEZs, and ABNJ, require consistent
protection along their migratory routes [22,137].

A set of issues that require particular attention from decision-makers and planners
includes addressing legal mandates, governance structures, jurisdictional authority, stake-
holder roles, regulatory coherence, and conditions for reclassification or decommissioning.
For instance, to secure a truly transboundary perspective, marine conservation must recog-
nize and designate ecological corridors that extend beyond national boundaries, thereby
safeguarding migratory routes and facilitating genetic exchange among MMS populations.
This process may be lengthy and complex. However, it is essential for ensuring effective,
enforceable and viable protection of the TMPA.

Joint efforts in data collection, sharing, and spatial analysis are also critical for identi-
fying habitats and informing management decisions. Harmonizing conservation policies
across borders is particularly pivotal to ensure compatibility with international goals, such
as the ‘30 by 30’ objective. Linking TMPAs with existing regional and global networks
promotes ecological connectivity and increases ecosystem resilience. Hence, integrating
TMPAs into regional networks further enhances ecological resilience and the effectiveness
of management strategies. In situations of scientific uncertainty, a precautionary approach
should be adopted to protect potentially critical habitats.

As we have mentioned several times, the delineation and designation of TMPAs
should be guided by the principles of connectivity, coherence, equivalence, representa-
tivity, replication, and adequacy. These principles require that conservation objectives,
management measures, monitoring, enforcement, and legal outcomes are aligned across
participating countries. Where identical legal or technical steps are not feasible, countries
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must ensure equivalent conservation outcomes. Proposed TMPAs should be developed
through ecosystem-based MSP, which facilitates the assessment of conservation priorities
alongside a broad range of maritime uses.

5. Conclusions
This study puts forward an integrated methodological model for identifying, delin-

eating, designating, and managing TMPAs, developed through documentary analysis
of 288 scientific, legal, policy, and technical records. The model synthesizes established
ecological, spatial, legal, and governance criteria and adapts them into a transboundary
workflow that systematically links ecological evidence with human pressures, legal compe-
tence, regulatory equivalence, governance, monitoring, and adaptive management. The
principal methodological contribution involves operationalizing existing concepts from
MPA, HELCOM, EBSA, IUCN, KBA, and MSP into a stepwise procedure suitable for
cross-jurisdictional application.

The model sets up a transparent sequence of planning decisions, guiding practitioners
from defining the conservation problem and spatial rationale to assessing cumulative
pressures, legal authority, enforceable management measures, and arrangements for coordi-
nated monitoring and iterative review. It provides a 20-component structure for assembling
comparable information and assessing compatibility throughout jurisdictions. Application
of the model to the South Baltic, using the Baltic Proper harbor porpoise as the focal con-
servation feature, demonstrates its internal coherence and operational applicability. The
case study enabled identification of core areas, ecological corridors, and supporting areas,
assessment of major transboundary pressures, and comparison of legal and institutional
systems in Lithuania, Poland, and Sweden.

The proposed South Baltic TMPA has not been formally designated or subjected to
before-and-after ecological assessment. Significant doubts remain about species distri-
bution, cumulative impacts, the compatibility of national enforcement and management
measures, and the socioeconomic consequences of alternative setups. Consequently, the
proposed boundaries and governance structures should be considered preliminary and
subject to revision as new biological, regulatory, and socioeconomic information emerges.

Accordingly, the evidence supports a restrained conclusion: the suggested method-
ological model is operationally applicable and sufficiently specified to structure real-world
transboundary planning, methodically identifying ecological, spatial, legal, and gover-
nance requirements and gaps. Its value lies in providing a reproducible, transparent basis
for organizing the evidence and decisions needed for TMPA designation. Ultimately, the
model’s applicability will depend on evidence quality, the legal capacity and commitment
of participating states, and long-term monitoring to assess whether planned ecological and
governance objectives are achieved.
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Abbreviations
The following abbreviations are used in this manuscript:

ABNJ Area Beyond National Jurisdiction
ACAP Agreement on Conservation of Albatrosses and Petrels
ACCOBAMS Agreement on Conservation of Cetaceans in the Black and Mediterranean seas
AI Artificial Intelligence
ASCOBANS Agreement on Conservation of Small Cetaceans in the Baltic and North seas
CBD UN Convention on Biological Diversity
CMS Convention on the Conservation of Migratory Species of Wild Animals
EBSA Ecologically or Biologically Significant Marine Area
EC European Commission
ECJ European Court of Justice
EEZ Exclusive Economic Zone
EIA Environmental Impact Assessment
EU European Union
GES Good Environmental Status
GIS Geographical Information System
HELCOM Baltic Sea Environment Commission
HELCOM MPA Baltic Sea Marine Protected Area
IMMA Important Marine Mammal Area
IMO International Maritime Organization
IUCN International Union for Conservation of Nature
KBA Key Biodiversity Area
MARPOL International Convention for the Prevention of Pollution from Ships
MEA Multilateral Environmental Agreement
MMS Marine Migratory Species
MPA Marine Protected Area
MSFD EU Marine Strategy Framework Directive
MSP Maritime Spatial Plan
MSPD EU Maritime Spatial Planning Directive
OSPAR Northeast Atlantic Environment Commission
PSSA Particularly Sensitive Sea Area
SAC Special Area of Conservation
SDG Sustainable Development Goal
SOP Standard Operating Procedure
SPA Special Protection Area for Birds
TMPA Transboundary Marine Protected Area
UN United Nations
UNCLOS UN Convention on the Law of Seas
UNEP UN Environmental Program
UNFCCC UN Framework Convention on Climate Change
WCMC World Conservation Monitoring Center
WFD EU Water Framework Directive
XAI Explainable Artificial Intelligence
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Appendix A

Table A1. The search string format, initial raw search hits and evaluation process outcome.

Search String Potentially Relevant Records Ineligible Records Eliminated Duplicates Ultimately Selected Records

Scholar
Google Scopus WoS CC Scholar

Google Scopus WoS CC Scholar
Google Scopus WoS

CC
Scholar
Google Scopus WoS CC

“environmental directives” 65 65 59 22 18 2 2 47 57 41 0 0

“international
conventions” 73 71 54 24 19 0 4 52 54 45 0 0

IUCN 71 83 69 33 13 0 6 70 69 32 0 0

“marine migratory species” 65 22 53 45 1 4 6 21 49 14 0 0

“marine protected areas” 42 65 33 29 10 1 2 55 32 11 0 0

“maritime spatial
planning” 48 47 48 34 0 3 6 47 45 8 0 0

“offshore conservation” 45 12 40 27 0 0 7 12 40 11 0 0

“directives
environnementales” 39 25 34 29 2 0 5 23 34 5 0 0

“conventions
internationales” 37 36 16 29 1 0 5 35 16 3 0 0

l‘UICN 23 22 19 15 0 0 4 22 19 4 0 0

“espèces migratrices
marines” 13 13 12 7 2 2 3 11 10 3 0 0

“zones marines protégées” 72 24 48 65 0 1 5 24 47 2 0 0

“planification spatiale
maritime” 49 26 11 41 1 1 4 25 11 4 0 0

“conservation en mer” 15 5 12 9 0 0 3 5 12 3 0 0

Umweltrichtlinien 27 24 20 15 1 2 5 23 18 7 0 0

“Internationale
Konventionen” 48 45 42 37 1 0 6 44 42 5 0 0
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Table A1. Cont.

Search String Potentially Relevant Records Ineligible Records Eliminated Duplicates Ultimately Selected Records

Scholar
Google Scopus WoS CC Scholar

Google Scopus WoS CC Scholar
Google Scopus WoS

CC
Scholar
Google Scopus WoS CC

“Internationale Union zur
Bewahrung der Natur” 19 11 21 11 0 1 5 11 20 3 0 0

“Wandernde Arten” 11 3 11 5 0 0 2 3 11 4 0 0

Meeresschutzgebiet 22 22 17 16 1 0 3 21 17 3 0 0

Meeresraumplanung 17 13 17 7 0 0 4 13 17 6 0 0

Meeresschutz 38 27 18 25 5 0 5 22 18 8 0 0

“aplinkosaugos
direktyvos” 5 0 1 2 0 0 1 0 1 2 0 0

“tarptautinės konvencijos” 6 1 3 3 0 0 1 1 3 2 0 0

“Pasaulinė gamtos
apsaugos organizacija” 6 2 3 2 0 0 1 2 3 3 0 0

“ migruojančios rūšys” 4 1 1 0 0 0 2 1 1 2 0 0

“saugomos jūros
teritorijos” 2 0 2 0 0 0 0 0 2 2 0 0

“erdvinis jūrų planavimas” 1 0 2 0 0 0 0 0 2 1 0 0

“ jūros gamtosauga” 1 0 1 0 0 0 0 0 1 1 0 0

“dyrektywy
środowiskowe” 11 4 11 5 0 0 3 4 11 3 0 0

“konwencje
międzynarodowe” 12 5 12 5 0 1 2 5 11 5 0 0

“Międzynarodowa Unia
Ochrony Przyrody” 12 1 11 5 0 1 4 1 10 3 0 0

“ gatunki wędrowne” 13 12 13 8 0 0 3 12 13 2 0 0

“obszary chronione
morskie” 15 13 13 10 1 2 3 12 11 2 0 0
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Table A1. Cont.

Search String Potentially Relevant Records Ineligible Records Eliminated Duplicates Ultimately Selected Records

Scholar
Google Scopus WoS CC Scholar

Google Scopus WoS CC Scholar
Google Scopus WoS

CC
Scholar
Google Scopus WoS CC

“planowanie przestrzenne
obszarów morskich” 11 7 11 5 0 2 4 7 9 2 0 0

“ochrona przyrody na
morzu” 1 1 1 0 0 0 0 1 1 1 0 0

miljödirektiv 12 6 9 0 0 0 3 6 9 9 0 0

“internationella
konventioner” 17 5 17 9 0 0 4 5 17 4 0 0

“Internationella
naturvårdsunionen” 12 2 3 5 0 0 2 2 3 5 0 0

“migrerande arter” 8 0 8 0 0 0 3 0 8 5 0 0

Havsskyddområden 7 5 7 3 0 0 2 5 7 2 0 0

Havsplanering 12 12 12 2 0 0 3 12 12 7 0 0

havsnaturskydd 14 10 14 7 0 1 4 10 13 3 0 0

1021 748 809 596 76 24 137 672 786 288 0 0

https://doi.org/10.3390/jmse14191770

https://doi.org/10.3390/jmse14191770


J. Mar. Sci. Eng. 2026, 14, 1770 42 of 47

References
1. HELCOM. Ecological coherence assessment of the Marine Protected Area network in the Baltic. Balt. Sea Environ. Proc. 2016, 148,

1–74.
2. Spadi, F. Navigation in Marine Protected Areas: National and International Law. Ocean Dev. Int. Law 2000, 31, 285–302. [CrossRef]
3. Franck, V. The European Community and Marine Environmental Protection in the International Law of the Sea: Implementing Global

Obligations at the Regional Level; Martinus Nijhoff Publishers: Utrecht, The Netherlands, 2006; p. 481.
4. Day, J.; Dudley, N.; Hockings, M.; Holmes, G.; Laffoley, D.; Stolton, S.; Wells, S.; Wenzel, L. Guidelines for Applying the IUCN

Protected Area Management Categories to Marine Protected Areas, 2nd ed.; IUCN: Gland, Switzerland, 2019; p. 36.
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