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Preamble 

The establishment of a representative and well-connected network of Marine Protected Areas 

(MPAs) in Areas Beyond National Jurisdiction (ABNJ) under the BBNJ Agreement requires a 

scientifically grounded approach to defining ecologically meaningful regions. Bioregionalization 

provides a critical framework for this process, ensuring that spatial planning reflects ecological 

coherence, biodiversity patterns, and habitat connectivity. However, the integration of 

bioregionalization into conservation planning necessitates further refinement and alignment with 

existing classification frameworks. 

From March 12 to 14, 2025, the International Union for Conservation of Nature (IUCN) World 

Commission on Protected Areas (WCPA) High Seas Specialist Group and the Global Ocean 

Biodiversity Initiative (GOBI) will host a workshop at Duke University to develop guidance on the 

interpretation and application of bioregionalization in support of MPA network design under the 

BBNJ Agreement. This workshop will bring together experts in marine science, governance, and 

policy to examine lessons learned from past frameworks such as the Global Open Oceans and 

Deep Seabed (GOODS) classification, Spalding et al.’s pelagic provinces, CCAMLR’s Southern 

Ocean bioregionalization, and other regional and global approaches. 

This white paper serves as a background document for the workshop, synthesizing key 

approaches from these frameworks and identifying gaps that require further scientific and 

technical work. It aims to support the development of practical, science-based recommendations 

to inform decision-making under the BBNJ Agreement. By bridging policy commitments with 

practical conservation action, this effort will help ensure that bioregionalization is effectively 

applied to guide the establishment of an ecologically representative, resilient, and well-connected 

MPA network in ABNJ. 

Executive Summary 

Marine bioregionalization is a fundamental process for delineating ecologically coherent regions 

in the global ocean, particularly in Areas Beyond National Jurisdiction (ABNJ), where effective 

conservation requires a scientific understanding of spatial ecological patterns. This white paper 

examines the principles, methods, and applications of bioregionalization to support the 

implementation of Article 17(a) of the BBNJ Agreement, which calls for the establishment of a 

representative and well-connected network of Marine Protected Areas (MPAs). 

 

The report outlines the key concepts and definitions in bioregionalization, distinguishing between 

realms, bioregions, biogeographic provinces, and ecoregions, and clarifies the differences 

between bioregionalization and ecoregionalization—where the former integrates both biological 

and environmental data, while the latter may focus primarily on abiotic factors. It highlights the 

importance of hierarchical classification systems and their relevance to marine conservation and 

spatial planning. 
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The paper reviews past bioregionalization efforts, drawing on established frameworks such as the 

Global Open Oceans and Deep Seabed (GOODS) classification, Spalding et al.’s pelagic 

provinces, and CCAMLR’s regionalization of the Southern Ocean. It also examines recent 

quantitative methods, including machine learning approaches, geospatial modeling, and hybrid 

expert-driven and data-integrative techniques, which enhance the robustness and reproducibility 

of marine bioregionalization. 

 

A key challenge discussed is the integration of regional and global bioregionalization efforts to 

ensure consistency in conservation planning across ABNJ and Exclusive Economic Zones 

(EEZs). The report underscores the need for adaptive, dynamic models to accommodate the 

shifting boundaries of marine biogeographic units under climate change. Additionally, it highlights 

data gaps and proposes statistical and methodological solutions for data-poor regions, such as 

the Indian and South West Pacific Oceans. 

 

The findings and recommendations in this report aim to guide policymakers, scientists, and 

conservation practitioners in using bioregionalization as a tool to inform high-seas governance.  

 

Key recommendations include: 

 

- Establishing a standardized, integrative approach to marine bioregionalization that 

combines biotic and abiotic data. 

- Ensuring adaptability in classification systems to account for climate-driven changes in 

marine ecosystems. 

- Developing mechanisms for international data-sharing and collaboration to improve the 

integration of existing regional efforts into a cohesive, global framework. 

- Incorporating uncertainty assessments into decision-making to enhance the credibility and 

robustness of bioregionalization outputs in MPA network planning. 

 

By leveraging advanced methodologies and integrating existing frameworks, bioregionalization 

can serve as a cornerstone for marine conservation in ABNJ, ensuring that MPA networks 

established under the BBNJ Agreement are ecologically representative, resilient, and effective in 

protecting marine biodiversity. 
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1. Introduction 

The global ocean in areas beyond national jurisdiction (ABNJ) is a vast, dynamic and diverse 

system in which traditional national boundaries hold little ecological significance. In response to 

the urgent need for effective conservation, the BBNJ Agreement seeks to establish a framework 

for managing marine biodiversity in ABNJ through, inter alia, the establishment of a 

“representative and well-connected networks of marine protected areas” (Article 17(a)). Central 

to this process is bioregionalization – the delineation of ecologically coherent regions based on 

both biological and environmental data (Watling et al., 2013; Spalding et al., 2012). Over recent 

decades, quantitative methods have been developed to integrate large datasets, statistical 

models, and geospatial analysis (Hill et al., 2020). This white paper reviews these approaches 

and discusses how modern methods can be tailored to the unique challenges of ABNJ while 

integrating lessons from recent studies and past regional bioregionalization efforts that are 

already well integrated into regional decision-making. 

2. Terminology and Definitions 

Biogeographic classification frameworks vary in their approach to defining ecological regions, with 

distinctions often made between bioregionalization and ecoregionalization. Bioregionalization is 

a broad-scale classification method that synthesizes both biological and physical data, delineating 

areas based on evolutionary history, species assemblages, and environmental conditions. In 

contrast, ecoregionalization is more narrowly focused on environmental factors such as 

oceanographic properties, temperature, salinity, and substrate type, sometimes without direct 

reference to species distributions. This distinction means that bioregions are typically defined as 

large-scale units that integrate biodiversity patterns with ecological and physical processes, 

whereas ecoregions may be conceptualized either as finer-scale subdivisions of bioregions that 

reflect both biological and environmental characteristics (as in Spalding et al., 2007) or as regions 

classified solely by environmental variables (as used in oceanographic frameworks like 

Longhurst’s biogeochemical provinces). The definition of "ecoregion" thus varies depending on 

the context: in conservation and biogeographic studies, it often includes both biological and 

physical factors, while in environmental oceanography, it may refer strictly to abiotic 

characteristics. Recognizing these variations in terminology is essential for understanding and 

applying different classification frameworks effectively. 

2.1. Bioregion 

A bioregion is a large-scale geographic area that encompasses multiple ecosystems and is 

characterized by broadly homogeneous ecological features, including climate, oceanographic 

conditions, and shared evolutionary history (Woolley et al., 2020). Bioregions often contain 

multiple biogeographic provinces and serve as overarching biogeographic units that reflect large-

scale ecological processes. 
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2.2. Biogeographic Province 

A biogeographic province is a subdivision within a bioregion that exhibits a higher level of 

ecological distinctiveness, often reflected in endemism, species composition, and environmental 

variation. These differences typically arise from more localized environmental factors, such as 

water mass properties, substrate type, and ocean currents (Watling et al., 2013). 

 

Spalding et al. (2012) describe provinces as “large areas of ocean that can be defined by large-

scale, spatially and temporally stable (or seasonally recurrent) oceanographic drivers. Provinces 

host distinct species assemblages that share a common history of co-evolution. Oceanographic 

drivers may include major ocean gyres, equatorial upwellings, upwelling zones at basin edges, 

semi-enclosed pelagic basins, and large-scale transitional elements. Taxonomic refinement 

within provinces is often influenced by geographic isolation at the scale of ocean basins and 

hemispheres. 

2.3. Realm 

A realm represents the largest scale of bioregionalization, distinguishing broad ecological 

divisions such as coastal versus deep-sea environments (Costello et al., 2017). 

 

Spalding et al. (2012) define realms as "the largest scale units of phylogenetic organization in the 

oceans, paralleling the 'regions' described by some authors." These vast regions exhibit internal 

coherence at higher taxonomic levels, reflecting shared evolutionary histories. Realms often have 

high levels of endemism, with unique taxa at the genus and family levels. While individual species 

distributions may not span an entire realm, genetic and ecological similarities often persist at 

broader taxonomic levels. 

2.4. Ecoregion 

An ecoregion is a subdivision within a biogeographic province, characterized by relatively 

homogeneous environmental conditions, habitat structures, and species assemblages. Unlike 

provinces, which are shaped by large-scale oceanographic drivers, ecoregions are often defined 

by finer-scale ecological processes, such as coastal productivity zones, habitat connectivity, and 

localized species distributions (Spalding et al., 2007). 

 

Ecoregions play a critical role in conservation planning and ecosystem management, as they 

define areas where ecological interactions and environmental conditions remain relatively stable 

over time. Their classification can be based on either biological and environmental data (as in 

some conservation-focused frameworks) or purely environmental variables (as in some 

oceanographic classification systems). 
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2.5. Ecoregionalization vs. Bioregionalization 

While both terms refer to the classification of ecological regions, their focus differs. 

Bioregionalization integrates both biological and environmental factors, synthesizing species 

distributions, evolutionary history, and oceanographic conditions to define distinct ecological 

zones. In contrast, ecoregionalization primarily classifies areas based on environmental variables, 

such as temperature, salinity, depth, and water mass properties, often without direct reference to 

species assemblages. This distinction is important for applications in conservation planning, 

marine spatial management, and environmental assessments, where the choice of classification 

framework influences ecological interpretations and policy decisions. 

 

3. Principles of Marine Bioregionalization 

3.1. Ecological Homogeneity and Distinctiveness 

Bioregions are spatial units characterized by relatively homogeneous ecological conditions, 

species assemblages, and environmental processes, distinguishing them from adjacent areas 

(Woolley et al., 2020). This principle recognizes that environmental gradients—such as 

temperature, salinity, nutrient flux, and oceanographic drivers—play a key role in shaping species 

distributions and community structures (Watling et al., 2013). These factors contribute to the 

emergence of distinct biogeographic provinces and ecoregions within broader bioregions, 

reinforcing the hierarchical nature of marine bioregionalization. 

3.2. Scale Dependency 

Bioregionalization is inherently scale-dependent, meaning that spatial classifications must align 

with the ecological and management objectives at hand. Early classifications primarily delineated 

large-scale bioregions or provinces (e.g., deep ocean basins) (Watling et al., 2013). However, 

more recent efforts have adopted a nested hierarchical approach, distinguishing realms, 

bioregions, provinces, and ecoregions (Costello et al., 2017). This hierarchy allows for flexibility 

in conservation planning, as different processes operate at different scales. 

Selecting the appropriate spatial scale is critical for the effective application of bioregionalization 

to global conservation initiatives, such as the Biodiversity Beyond National Jurisdiction (BBNJ) 

framework. A key challenge is determining the most suitable geographic extent for defining marine 

bioregions. To ensure coherence and avoid fragmentation in high-seas governance, existing 

bioregionalization efforts must be integrated into a cohesive strategy for all Areas Beyond National 

Jurisdiction (ABNJ). 

3.3. Integration of Biotic and Abiotic Data 

A comprehensive bioregionalization approach requires the integration of both biological and 

environmental data. Biotic factors—such as species assemblages, biodiversity patterns, and 
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evolutionary history—must be combined with abiotic factors, including hydrography, substrate 

type, bathymetry, and ocean circulation (Hill et al., 2020). This dual approach ensures that 

bioregions reflect ecologically meaningful boundaries rather than being based solely on physical 

oceanographic divisions. 

The distinction between bioregionalization and ecoregionalization is relevant here: 

bioregionalization incorporates both biological and physical data, whereas ecoregionalization, in 

some contexts, may focus primarily on environmental variables. A robust classification system 

must balance these perspectives, ensuring that biological communities and their environmental 

drivers are adequately represented in conservation planning. 

3.4. Adaptability and Dynamism 

Bioregions are not static entities—they shift over time in response to climate change, 

oceanographic variability, and anthropogenic pressures (Reygondeau et al., 2020). As ocean 

temperatures fluctuate, currents alter their paths, and species distributions change, bioregions 

may need to be redefined to reflect these ecological shifts. 

To maintain relevance and accuracy, marine bioregionalization frameworks must be adaptive, 

incorporating new data and acknowledging uncertainty in species range shifts and ecosystem 

changes. This adaptability is especially crucial for dynamic conservation management in climate-

sensitive areas, such as polar regions and upwelling zones, where biogeographic boundaries may 

be in flux. Regular updates to classification systems will ensure that marine spatial planning 

remains ecologically sound and responsive to emerging challenges. 

 

4. Past Examples of Marine Bioregionalization 

4.1. Deep Ocean and Shelf Bioregions 

Early work on the deep ocean floor provided a global perspective by delineating biogeographic 

provinces based on water mass characteristics and organic flux (Watling et al., 2013). These 

studies underscored the role of physical oceanography in shaping species distributions. In their 

2013 paper, Watling et al. (2013) propose global biogeographic provinces for the lower bathyal 

and abyssal benthos (>800 m depths) to aid high seas management efforts. Since biological 

samples from these depths are sparse, the delineation of biogeographic provinces was initially 

hypothesized using oceanographic proxies and examined with documented locations of select 

benthic marine species. Their work builds on an initial set of provinces that were first developed 

by the Global Open Ocean and Deep Sea (GOODS) classification and was refined by Watling et 

al. (2013) by incorporating high-resolution hydrographic and organic-matter flux data for the 

seafloor. Their work resulted in the delineation of 14 lower bathyal and 14 abyssal provinces. 
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4.2. Pelagic Provinces 

Noting how management interventions have been hindered in part by the lack of a comprehensive 

biogeographic classification for the high seas, Spalding et al. (2012) introduced a classification of 

the world’s surface pelagic waters into nested pelagic provinces (Figure 1), emphasizing both 

taxonomic data and oceanographic drivers in setting biogeographic boundaries. Spalding et al. 

(2012) describe a nested system of 37 pelagic provinces of the world, nested into a system of 

four broad realms. Ecologically they also differentiated a system of 7 biomes1 which are spatially 

disjoint but united by common abiotic conditions. An important conclusion emerging from the 

review by Spalding et al. (2012) studies is that the dynamic nature of ocean currents, gyres, and 

fronts poses a considerable challenge to placing boundaries between biogeographic regions. 

 

Figure 1: Pelagic provinces of the world (source: Spalding et al., 2012) 

 

4.3. Mesopelagic and Lower Bathyal Zones 

Recent studies have extended bioregionalization into the mesopelagic (Sutton et al., 2017) and 

lower bathyal zones (Sutton et al., 2017), demonstrating that even data-poor, deep-sea regions 

can be effectively classified using a combination of expert opinion and quantitative methods. 

 

1 Biomes are groupings of provinces with common oceanographic processes (boundary current systems, mid-oceanic 

gyres etc.). These may be separated by large physical distances and have very different evolutionary histories. They 

would therefore be expected to host ecosystems with comparable structural and functional properties, but would not 

host the same species (Spalding et al., 2012). 
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4.4. Benthic Ocean Regionalization 

Preprints such as Maureaud et al. (2023) illustrate a global bioregionalization of the benthic 

ocean, highlighting the importance of incorporating vast, heterogeneous datasets to capture the 

complexity of ocean floor habitats. 

5. Proposed Methods for Bioregionalization 

5.1. Two-Stage Approaches 

Traditional two-stage methods first cluster biological data (e.g., species composition) into 

candidate regions and then relate these clusters to environmental predictors. Although effective, 

these methods treat biotic and abiotic data separately, which may limit their integrative potential 

(Hill et al., 2020). 

5.2. Single-Stage Approaches 

Single-stage approaches integrate biological and environmental data simultaneously using 

advanced statistical models and machine-learning techniques. These methods yield more holistic 

and reproducible bioregionalizations, particularly promising in data-poor environments like ABNJ 

(Hill et al., 2020). 

5.3. Hybrid and Adaptive Models 

Hybrid approaches combine expert input with statistical models to bridge data gaps and refine 

regional boundaries. Adaptive models, which can iteratively incorporate new datasets, are 

especially useful for dynamic systems experiencing rapid change (Ebach & Parenti, 2015). 

5.4. Key considerations and questions 

- How do different approaches to bioregionalization handle data gaps? 

- How should bioregionalization efforts proceed in data poor regions? 

- Should bioregionalization efforts be adaptive to ensure that the ecological representativity 

of MPA networks is maintained under a changing climate? 
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6. Application to Areas Beyond National Jurisdiction 

Area Beyond National Jurisdiction (ABNJ) comprises nearly two-thirds of the global ocean, 

providing habitat for diverse and ecologically significant marine life. However, these areas face 

increasing pressures from climate change, industrial fishing, deep-sea mining, and other human 

activities, necessitating a structured approach to marine spatial planning and conservation. The 

BBNJ Agreement seeks to establish a representative and well-connected network of Marine 

Protected Areas (MPAs) in ABNJ, and bioregionalization serves as a key tool to guide this process 

by identifying ecologically coherent units that should be prioritized for protection. 

 

6.1. The BBNJ Context and MPA Networks 

The BBNJ Agreement's Article 17(a) sets the establishment of MPA networks that are ecologically 

representative and well-connected as one of the core objectives of the Agreement. However, 

ensuring that these networks adequately capture biodiversity and ecosystem function in the high 

seas requires a scientifically robust foundation. Bioregionalization provides the necessary 

framework for classifying ABNJ into meaningful biogeographic units based on species distribution, 

environmental gradients, and oceanographic conditions. 

To be ecologically representative, the MPA network in ABNJ should: 

● Encompass a full range of marine biodiversity across different realms, bioregions, and 

provinces. 

● Be resilient to environmental change, including climate-driven shifts in species 

distributions. 

● Incorporate connectivity between protected areas to account for migratory species and 

ecosystem linkages. 

● Align with existing regional frameworks to promote harmonization and coherence in 

governance. 

 

6.2. Challenges in ABNJ 

The successful application of bioregionalization in ABNJ faces several key challenges: 

1. Data Limitations and Uneven Coverage 

o Biological data in ABNJ is scarce, patchy, and often biased towards well-studied 

taxa (e.g., commercial fish species and other vertebrates). 

o Many deep-sea habitats remain poorly explored. 

2. Environmental Variability and Climate Change 

o The dynamic nature of ABNJ ecosystems, driven by ocean currents, upwelling 

systems, and shifting water masses, challenges the delineation of stable 

bioregions. 
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o Climate change is altering oceanographic conditions, forcing species migrations 

and shifting biogeographic boundaries (Reygondeau et al., 2020). 

o Future bioregionalization efforts must account for projected climate-driven 

changes to ensure the long-term viability of MPAs. 

3. Integration Across Regional and Global Scales 

o Existing regional bioregionalization efforts, such as those developed for the Indian 

Ocean, South West Pacific, and Southern Ocean, must be aligned with global 

frameworks to prevent fragmentation in conservation planning. 

o Coherence between national, regional, and ABNJ management frameworks is 

critical to avoid jurisdictional conflicts and ensure cross-boundary ecological 

connectivity. 

4. Jurisdictional and Governance Ambiguities 

o The lack of a central governing body for ABNJ complicates the implementation and 

enforcement of MPAs. 

o Sectoral governance frameworks (e.g., Regional Fisheries Management 

Organizations, International Seabed Authority) often operate in isolation, making 

cross-sectoral integration difficult. 

o Effective bioregionalization strategies must be designed to fit within the existing 

legal and governance landscape while promoting cross-sectoral cooperation. 

 

6.3. Integrating Existing Regional Efforts 

Several regional bioregionalization frameworks already exist, providing valuable insights for 

global ABNJ planning. These include, among others: 

 

● Global Open Oceans and Deep Seabed (GOODS) classification (Watling et al., 2013) 

● Marine Ecoregions of the World (MEOW) (Spalding et al., 2012) 

● CCAMLR’s Southern Ocean Bioregionalization 

● Pelagic provinces (Spalding et al., 2012) 

● Indian Ocean and Southwest Pacific bioregionalizations (CSIRO/GOBI) 

 

Future bioregionalization efforts must complement—not undermine—these existing regional 

frameworks. Harmonization is essential to: 

 

● Ensure cross-regional connectivity, particularly for highly migratory species and dynamic 

oceanic features. 

● Facilitate international cooperation and governance alignment, avoiding duplication of 

efforts. 

● Promote data sharing and methodological consistency across bioregionalization 

initiatives. 
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An integrated, multi-scale approach could be pursued, recognizing that bioregions, provinces, 

and ecoregions must be defined within a broader global context while respecting regional 

governance structures. 

 

6.4. Addressing Data Gaps and Methodological Innovations 

The data scarcity in ABNJ requires innovative approaches to fill gaps and improve spatial 

classifications. Key solutions include: 

 

1. Hybrid Models Combining Multiple Data Sources 

o Integrating biological and environmental datasets (e.g., remote sensing, 

oceanographic models, fisheries data, species distribution models). 

o Using expert-derived classifications to supplement data-poor regions. 

o Applying machine-learning techniques to identify ecological patterns in large, 

fragmented datasets. 

2. Adaptive and Iterative Approaches 

o Bioregionalization should not be static—it must incorporate new data over time or 

climate change predictions. 

o Uncertainty assessments must be transparent, ensuring that policymakers 

understand data limitations. 

3. Standardized Data Collection and Sharing Protocols 

o Encouraging international collaboration through open-access data platforms. 

o Promoting consistent methodological standards to allow comparability across 

regions. 

o Developing best practices for incorporating uncertainty into future policy 

decisions. 

 

By adopting adaptive, integrative, and collaborative approaches, bioregionalization can provide a 

robust foundation for ABNJ conservation planning, ensuring that MPA networks established under 

the BBNJ Agreement remain ecologically meaningful, resilient, and adaptive to future challenges. 
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7. Case Studies 

7.1. Indian Ocean Bioregionalization Case Study 

Drawing on the detailed CSIRO and GOBI reports for the Indian Ocean (Dunstan et al., 2020a), 

the Indian Ocean has been subdivided into both pelagic (Figures 2 & 3) and benthic (Figures 4 & 

5) regions and provinces that reflect distinctive physical drivers—such as the influence of the 

North Equatorial Current, upwelling zones, and the Indo-Pacific warm pool—and biological 

productivity patterns. For instance, the Western Tropical Indian Ocean exhibits strong seasonal 

upwelling and nutrient enrichment that drives high primary production and supports major pelagic 

fisheries. These sub-regional delineations provide critical input for MPA network design, ensuring 

that areas with high ecological productivity and unique species assemblages are represented. 

 

Figure 2: Epipelagic regions in the Indian Ocean identified by Dunstan et al., 2020a. 
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Figure 3: Epipelagic provinces in the Indian Ocean identified by Dunstan et al., 2020a. 

 

 

Figure 4: Benthic regions in the Indian Ocean identified by Dunstan et al., 2020a. 

 

 



16 

 

Figure 5: Benthic provinces in the Indian Ocean identified by Dunstan et al., 2020a. 

7.2. South West Pacific Ocean Bioregionalization Case Study 

The CSIRO report for the South West Pacific Ocean (Dunstan et al., 2020b) offers a 

comprehensive bioregionalization that combines expert-derived models with novel statistical 

analyses. In this region, distinct pelagic provinces (Figures 6 & 7)—such as the Western Pacific 

Archipelagic Deep Basins and the Coral Sea Province—are identified based on factors like eddy 

kinetic energy, nutrient dynamics, and species-specific distribution patterns. For example, the 

Western Pacific Archipelagic Deep Basins are characterized by low particulate organic matter 

and unique nitrogen isotope signatures, which in turn influence the distribution of top predators 

and commercial fish species.  

Dunstan et al. (2020b) used the IPPM-RCP method to define benthic bioregions based on benthic 

habitats in the southwest Pacific Ocean (Figure 8). This analysis focused on three seafloor 

taxonomic groups: brittle stars (Ophiuroidea), squat lobsters (Galatheoidea and Chirostyloidea), 

and cold-water corals (Octocorallia). The study incorporated biological data from 363 brittle star 

species, 160 squat lobster species, and 14 coral species, each with at least 10 recorded 

observations across the region. These biological distributions were modeled using a combination 

of environmental and spatial variables, including latitude, longitude, depth, nitrate, oxygen, 
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silicate, and temperature, with both linear and quadratic terms. Environmental data were obtained 

from the World Ocean Atlas and interpolated to the seafloor using GEBCO bathymetry. To correct 

for potential biases due to variations in cell size at different latitudes, the log-transformed area of 

each cell was included as an offset in the analysis. 

 

Figure 6: Epipelagic regions and provinces in the South West Pacific Ocean identified by Dunstan et al., 2020b. 
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Figure 7: Benthic regions in of the South West Pacific Ocean identified by Dunstan et al., 2020b. 

 

 

Figure 8: Benthic provinces of the South West Pacific Ocean identified by Dunstan et al., 2020b. 
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7.3. CCAMLR Bioregionalization Case Study 

The Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) has 

developed a bioregionalization framework for the Southern Ocean that emphasizes the protection 

of Vulnerable Marine Ecosystems (VMEs) and species endemic to the Antarctic region. 

CCAMLR’s approach combines expert knowledge with quantitative assessments of physical 

oceanography (e.g., sea-ice dynamics, water mass properties) and species distribution data. 

Although developed for a distinct geographical context, the principles underlying CCAMLR’s 

bioregionalization—integrative data analysis, the incorporation of uncertainty, and adaptive 

management—are directly applicable to global efforts under the BBNJ Agreement. This case 

study highlights how a multi-faceted, science-based regionalization can inform the effective 

design and management of MPAs in challenging, data-poor environments. 

8. Ecoregionalization: Biogeochemical Provinces & 

Climate Change 

The global ocean is commonly partitioned into 4 biomes subdivided into 56 biogeochemical 

provinces (BGCPs) following the accepted division proposed by Longhurst in 1998. Each province 

corresponds to a unique regional environment that shapes biodiversity and constrains ecosystem 

structure and functions (Reygondeau et al., 2020).  Biogeochemical provinces are dynamic 

entities that change their spatial extent and position with climate and are expected to be 

perturbated in the near future by global climate change (Reygondeau et al., 2020). Reygondeau 

et al. (2020) characterized the changes in spatial distribution of BGCPs from 1950 to 2100 using 

three earth system models under two representative concentration pathways (RCP 2.6 and 8.5), 

not only predicting changes in the distribution of global BGCPs, but also the emergence of new 

environmental conditions (Figure 9). Global BGCPs were predicted to shift poleward by an 

average of 18.4 km per decade). 
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Figure 9: Distribution of the 56 BGCPs: (A) according to Longhurst (2007); and for (B) the average period 1970–2000, 
(C,D) for 2040–2060, and (E,F) 2080–2100 under representative concentration pathway 2.6 and 8.5, respectively. 
Distributions of each province were averaged across the three Earth System Models and three Environmental Niche 
Models. Each color represents a BGCP. Color coding refers to panel (A). (Source: Reygondeau et al. (2020)). 

 

 



21 

 
Figure 10: Bar plot of the mean latitudinal change of the BGCPs’ centroid (in km:year-1) and percentage of BGCPs 
area change by 2100 compared to the 1970–2000 reference period (in % :year-1) under RCP 2.6 and 8.5. The color 
code as well as acronyms are the same as Figure 9 A. (Source: Reygondeau et al. (2020)). 

 

9. Conclusion 

Marine bioregionalization is a fundamental tool for advancing scientifically grounded, ecologically 

representative, and resilient conservation strategies in Areas Beyond National Jurisdiction 

(ABNJ). By systematically classifying marine ecosystems based on both biotic and abiotic factors, 

bioregionalization enables the identification of distinct ecological units that can inform the design 

of Marine Protected Area (MPA) networks under the BBNJ Agreement. 

 

As the global ocean faces increasing pressures from climate change, industrial exploitation, and 

biodiversity loss, the need for a globally harmonized bioregionalization framework has never been 
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greater. Key challenges—including limited biological data, jurisdictional complexities, and shifting 

ecological boundaries due to climate change—necessitate robust, data-driven approaches that 

integrate emerging technologies such as machine learning, geospatial analysis, and hybrid 

statistical models. Furthermore, regional bioregionalization efforts must be aligned with global 

frameworks to ensure coherence in high-seas governance and cross-border ecological 

connectivity. 

Looking ahead, the success of bioregionalization in ABNJ will depend on: 

● Sustained international collaboration, ensuring that data-sharing initiatives and 

methodological standardization facilitate a globally consistent classification of marine 

biogeographic units. 

● A structured and systematic approach to classification, ensuring that conservation 

measures remain grounded in ecological principles and spatial planning needs. 

● Integration of regional case studies and governance mechanisms, bridging the gap 

between scientific research and policy implementation to support equitable and effective 

marine spatial planning. 

 

By leveraging cutting-edge methodologies and enhancing cooperation between scientific, policy, 

and conservation communities, bioregionalization can serve as a cornerstone for protecting 

marine biodiversity in ABNJ. Through science-based decision-making and global coordination, 

this approach will contribute to the establishment of resilient, well-connected, and ecologically 

meaningful MPA networks, ensuring the long-term sustainability of high-seas ecosystems. 
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