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Abstract:

This Systematic Literature Review (SLR) explores the significance of spatial
boundaries in fisheries governance and management practice. Fisheries
governance often relies on spatial demarcations, but challenges arise due to
species migration, environmental changes, and human activities. The problem
addressed in this review is the need for more effective existing spatial
management strategies in ensuring sustainable fish populations. To address
these challenges, a comprehensive search and analysis of peer-reviewed
articles from databases such as Scopus and Web of Science was conducted,
focusing on research published between 2018 and 2024. The methodology
followed Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to ensure a rigorous selection process,
resulting in 26 high-quality studies being included in the final review. The
findings were divided into three themes: (1) spatial governance and
management in fisheries, (2) environmental drivers and species-specific
behavior, and (3) technological and methodological fisheries research. The
findings underscore the need for adaptive spatial boundaries that consider both
ecosystem dynamics and socio-political factors. In conclusion, the review
recommends dynamic spatial management practices that aim to strengthen
governance frameworks and enhance conservation outcomes.
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Introduction

The spatial boundaries of fisheries governance and management represent a critical intersection
between environmental stewardship, economic interests, and social responsibilities (Schuch,
Gabbert, and Richter 2021; Song et al. 2017). In an era of heightened awareness of
sustainability, the effective governance of fisheries resources has emerged as a pivotal concern
for both local and global communities. The management of fisheries resources is inherently
complex (Lewison, Johnson, and Verutes 2018), given the multifaceted nature of marine
ecosystems, the migratory patterns of fish species, and the diverse range of stakeholders
involved. At the heart of these complexities lie the spatial boundaries that define where and
how fisheries management practices are implemented (Luo and Chi 2023).

Fisheries governance encompasses a framework of rules, norms, and strategies that are
designed to manage fish stocks and ensure their sustainable use. The concept of spatial
boundaries within this governance structure is multifaceted, encompassing legal, ecological,
and socio-political dimensions. Legally, spatial boundaries are often delineated by national
jurisdictions, Exclusive Economic Zones (EEZs), and international treaties. These boundaries
determine which nations or organizations have the authority to manage and exploit marine
resources. However, the ecological reality often transcends these human-imposed boundaries,
as fish species frequently move across them, challenging traditional governance structures.

Literature Review

Spatial boundaries are fundamental in fisheries governance and management, as they delineate
the areas within which specific policies and regulations are applied. The creation of Marine
Protected Areas (MPAs) is a key strategy for managing fisheries within these defined
boundaries, aiming to conserve marine biodiversity and sustain fish populations by limiting
human activities (Khuu, Jones, and Ekins 2023). However, the effectiveness of MPAs is often
challenged by the migratory nature of many marine species, which can move across these
boundaries, complicating traditional governance structures (Hardesty-Moore et al. 2018). This
issue is further exacerbated by the varying degrees of enforcement and compliance across
different regions, particularly in areas where multiple countries share marine resources, leading
to inconsistencies in policy implementation and potential overexploitation (Liu and Molina
2021).

In addition to MPAs, spatially explicit management tools, such as Ecospace and ECOSIM
models, are increasingly used to simulate the impacts of different management scenarios within
spatial boundaries (Romagnoni et al. 2015). These models have been applied, for example, in
the Thermaikos Gulf in Greece, where they have demonstrated that combining spatial
boundaries with reduced fishing effort can significantly boost the biomass of exploited stocks.
However, there are concerns that fishing activities may shift to the edges of protected areas,
potentially increasing pressure on adjacent ecosystems and undermining the benefits of spatial
management. Thus, while spatial boundaries and management tools are essential for effective
fisheries governance, their success relies on comprehensive and coordinated management
approaches that address the ecological realities of species migration and the need for
international cooperation (Song et al. 2017).

In conclusion, the management of fisheries within spatial boundaries is a complex and

multifaceted issue that requires a holistic approach. The integration of ecological, legal, and
socio-political considerations is crucial for effective fisheries governance. The establishment
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of MPAs, transboundary management strategies, and the use of spatially explicit management
tools are all critical components of this approach. However, the success of these strategies
ultimately depends on the cooperation and coordination of all stakeholders involved. The need
for international collaboration and the development of adaptive management frameworks that
can respond to the dynamic nature of marine ecosystems is essential for ensuring the
sustainability of fisheries resources within spatial boundaries.

IJIREV

Methodology

The methodology employed in this study follows the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA), a widely accepted standard for conducting
Systematic Literature Reviews (SLRs). PRISMA ensures transparency, completeness, and
consistency throughout the review process. By adhering to these guidelines, the study
systematically identified, screened, and selected relevant literature, thereby enhancing the
accuracy and rigor of the analysis. PRISMA also emphasizes the importance of randomized
studies in minimizing bias and strengthening the evidence base. For this review, two major
databases, Scopus and Web of Science, were selected due to their comprehensive indexing of
peer-reviewed literature across diverse academic fields. While both databases offer broad and
reliable coverage, it is essential to acknowledge their limitations, such as content gaps or
variations in indexing detail, which were considered during the review process.

The PRISMA approach is organized into four key stages: identification, screening, eligibility
assessment, and data extraction. During the identification stage, relevant studies are located
through systematic database searches. This is followed by screening, where studies are
reviewed against predefined criteria to remove those that are irrelevant or of low quality. The
eligibility stage involves a closer evaluation of the remaining studies to confirm that they meet
the inclusion requirements. Finally, in the data abstraction phase, information is extracted and
synthesized from the selected studies to support meaningful and dependable conclusions. This
structured process enhances the rigor of the systematic review, ensuring the results are reliable
and helpful in guiding future research and practice.

Formation of Review Questions

Review questions are formulated to ensure the author complies with the vital steps of the SLR
process, including identification, screening, quality appraisal, data extraction, and report
development. (Haddaway, N. R., Macura, B., Whaley, P., & Pullin 2018; Lockwood, C., Munn,
Z., & Porritt 2015; Mohamed Shaffril, Samsuddin, and Abu Samah 2021). Moreover, a well-
defined review question helps readers determine whether the review addresses their
information needs (Lockwood, C., Munn, Z., & Porritt 2015). To formulate the review
questions, the authors employed the Population, Intervention, Comparison, or Context (PICo)
mnemonic, a framework commonly used in systematic reviews, to craft questions for
qualitative synthesis.

How do spatial management practices influence the sustainability and effectiveness of
fisheries governance across various marine ecosystems?

Population: Marine ecosystems and fisheries.

Interest: Influence of spatial management practices.
Context: Sustainability and effectiveness of fisheries governance.
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What are the key environmental drivers and species-specific behaviours that must be
considered for effective spatial governance in fisheries management?

Population: Marine species and their habitats.
Interest: Key environmental drivers and species-specific behaviors.
Context: Effective spatial governance in fisheries management.

In what ways do technological and methodological advancements enhance the capacity to
monitor and manage spatial boundaries in fisheries governance?

Population: Fisheries management practices.
Interest: Technological and methodological advancements.
Context: Monitoring and managing spatial boundaries in fisheries governance.

These review questions are designed to guide further investigation into key areas of fisheries
management, environmental impacts, and methodological approaches, each focusing on
critical aspects of conserving and managing fish populations in spawning habitats.

Systematic Searching Strategies

After forming the research question, the review implemented systematic searching strategies,
utilizing three primary processes in this stage: identification, screening, and eligibility (see
Figure 1). This process ensures that the review encompasses a comprehensive search.

Identification

This study followed key steps of the systematic review process to collect a substantial body of
relevant literature. The process began with the identification of keywords and related terms
through the use of dictionaries, thesauri, and existing research. Once all relevant terms were
established, search strings were developed and applied to the Scopus and Web of Science
databases (see Table 1). This initial phase of the review yielded 184 publications related to the
study topic from both databases.

Table 1: The Search String

Scopus  TITLE-ABS-KEY (demarcat* OR delineat* OR spatial* AND boundary*
AND area*) AND (“fish* govern* area*” OR “fish* manage* area™” OR
“fish* conserve™* area*” OR “fish protect™ area*” OR “marine* protect™
area” OR “river protect* area*”) AND (“river* fish*” OR “marine* fish*”
OR “sea fish*””) AND ( LIMIT-TO ( DOCTYPE, “ar”) ) AND ( LIMIT-TO
(SRCTYPE, “4”) ) AND ( LIMIT-TO ( LANGUAGE , “English”) ) AND (
LIMIT-TO ( PUBYEAR , 2018 ) OR LIMIT-TO ( PUBYEAR , 2019 ) OR
LIMIT-TO ( PUBYEAR , 2020 ) OR LIMIT-TO ( PUBYEAR , 2021 ) OR
LIMIT-TO ( PUBYEAR , 2022 ) OR LIMIT-TO ( PUBYEAR , 2023 ) OR
LIMIT-TO ( PUBYEAR , 2024 ) )
Date of Access: August 2024

WoS TS=(demarcat* OR delineat* OR spatial* AND boundary* AND area*)
AND ALL=(“fish* govern* area*” OR “fish* manage* area*” OR “fish*
conserve* area®™” OR “fish protect™® area™” OR “marine* protect® area” OR
“river protect® area*”) AND ALL=(“river* fish*” OR “marine* fish*” OR
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“sea fish*”) and 2018 or 2019 or 2024 (Publication Years) and Article
(Document Types) and English (Languages)
Date of Access: August 2024

IJIREV

Source: Authors (2024)

g Search process based on
-§ search string conducted in
= databases such as Scopus
8 and Web of Science
g (n=184)
Record excluded:
pre-2018; non-English;
o Article ready for screening review papers; conference
: _ paper; book.
§ (a=184) (m=117)
&
Articles excluded:
Duplicate record removed Due to the out of field for
(a=1) an example no focus on
2 delineation or
jé demarcation of fisheries
B management area and
ﬂ abstract not related on the
Article ready for eligibility objective of the study and
no full text access.
ke (n=30)
F
=
E, Article ready for quality Results of quality appraizal
. appraisal =3 marks=26
g’ (n=27) <3 marks =1
§ 2
gz
a8 g Article ready for
g - qualitative synthesis
e (n=26)

Figure 1. Systematic Searching Strategy

Screening
Screening constituted the second step in the systematic searching strategy, where the 184

articles were scrutinized to examine their suitability for inclusion in the review. The first
criterion was the publication timeline, which encompassed 2018 and 2024. Accordingly, the
authors’ examination and search process on the selected database between 2018 and 2024
yielded a sufficient number of articles, increasing the authors’ ability to select the most
appropriate and relevant articles for the review. The second criterion relates to the publication
type, where the authors only included journal articles (Linares-Espinos, E., Hernandez, V.,
Dominguez-Escrig, J. L., Fernandez-Pello, S., Hevia, V., Mayor, J., ... & Ribal 2018). Articles
published in journals undergo a rigorous peer-review process to ensure quality. Therefore,
selecting this publication type helps the authors maintain the quality of the content. The third
criterion stipulates that the selected articles must offer primary rather than review or secondary
data. The authors also focused on language in the context of this review. Only articles published
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in English were considered. Based on these criteria and the removal of one duplicated article,

117 articles were excluded from the review, resulting in 66 articles deemed suitable to progress
to the next step, the eligibility process.

IJIREV

Eligibility

In this step, the authors re-screened all selected articles to verify their relevance in line with
the study’s inclusion criteria, addressing all review questions. During this stage, the authors
conducted the screening process by reviewing the articles’ titles and abstracts and, where
necessary, examining the methodology section. Within this process, 39 articles were excluded
because they lacked a focus on fisheries governance and management. Additionally, some
articles were not directly related to the topic of boundaries. Consequently, the remaining 27
articles were deemed eligible for quality appraisal.

Quality Appraisal

The 27 articles selected for the quality appraisal process were crucial for minimizing bias and
ensuring the quality and integrity of the selected articles (Haddaway, N. R., Macura, B.,
Whaley, P., & Pullin 2018; Mohamed Shaffril et al. 2021). All authors conducted the quality
review through a group discussion in two sessions, initially by reading all the selected articles
and then discussing their quality. In this study, we apply the quality assessment framework
proposed by Anas Abouzahra et al. (2020), which consists of six questions for evaluating the
quality of our SLR. These questions are as follows: (1) Is the purpose of the study clearly
stated? (2) Is the interest and the usefulness of the work presented? (3) Is the study methodology
established? (4) Are the concepts of the approach clearly defined? (5) Is the work compared
and measured with other similar work? and (6) Are the limitations of the work mentioned?
(Abouzahra, Sabraoui, and Afdel 2020). The scoring procedure for evaluating each criterion
involves three possible ratings: “Yes” (Y) with a score of 1 if the criterion is fully met,
“Partially” (P) with a score of 0.5 if the criterion is somewhat met but contains some gaps or
shortcomings, and “No” (N) with a score of 0 if the criterion is not met at all. For a study to be
accepted for the next process, the total mark derived from summing the scores must exceed
3.0. This threshold ensures that only studies meeting a certain quality standard proceed further.

Data Extraction and Analysis

This study employed an integrative analysis as a key assessment strategy to examine and
synthesize a range of research designs, with a primary focus on quantitative methods. The aim
was to identify relevant themes and sub-themes within the field of fisheries management. The
process began with data collection, followed by a detailed review of 26 selected publications,
as presented in Table 2. The authors carefully analyzed these studies for insights and statements
aligned with the study’s focus. The methodologies and findings of each study were examined
to understand their contributions. Collaborating closely, the author and co-authors developed
preliminary themes based on the gathered evidence. Throughout the data analysis, a log was
maintained to capture reflections, interpretations, and emerging questions. These themes were
then refined to ensure coherence and accuracy. To validate the findings, the themes were
reviewed by three domain experts: one specializing in fisheries governance and two in
institutional analysis and fisheries management. Their feedback helped ensure the clarity,
relevance, and completeness of each sub-theme. Revisions were made based on expert input
and the lead author’s judgment to strengthen the study’s overall validity.
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Research Findings
Table 2. Background of Selected Articles
No Title and Author(s) Source Title Scopus  WoS
1 Spatiotemporal fishing effort simulations Ocean and /
and restriction scenarios in Thermaikos Coastal

Gulf, Greece (Northeastern Mediterranean Management
Sea) (Dimarchopoulou et al. 2024)
2 The spatio-temporal distribution of small- Fisheries /
scale fisheries along the northern Panay Research
Gulf, Philippines: Implications for
management (Nochete and Balena 2024)

3 Operationalizing a fisheries social- Journal of /
ecological system through a Bayesian belief ~ Environmental
network reveals hotspots for its adaptive Management
capacity in the southern North sea (Bacheler
et al. 2024)

4 A multi-scale tracking approach for Estuarine, /
conserving large migratory fish in an open Coastal and Shelf
coastal environment (Edwards et al. 2024) Science

5 Red Snapper connectivity in the Gulf of Marine and /
Mexico (Vaz et al. 2023) Coastal Fisheries

6 Spatial distribution and seasonal variation of Frontiers in /
fish larvae in the upper 200 m of the Marine Science
Philippine Sea (Fang et al. 2023)

7 Environmental drivers of sex-biased Avian /
foraging behavior in Magnificent Conservation and

Frigatebird in Baja California Sur, Mexico Ecology
(Giambalvo et al. 2022)

8 Identification of western South Atlantic Fisheries /
stocks of the Lane snapper (Lutjanus Research
synagris) from an otolith based multi-proxy
approach (Dos Santos et al. 2022)

9 A spatial statistical approach for identifying  ICES Journal of  /
population structuring of marine fish Marine Science
species: European sprat as a case study
(Lindegren et al. 2022)

10 Advances in the use of nighttime light data ~ Marine Policy /
to monitor and assess coastal fisheries under
the impacts of human activities and climate
and environmental changes: A case study in
the Beibu Gulf (Tian et al. 2022)

11 Opportunities to improve sustainability of a ~ Regional Studies /
Marine Protected Area: Small-scale fishing  in Marine
in Loreto, Baja California Sur, Mexico Science
(Armenta-Cisneros et al. 2021)
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13

14

15

16

17

18

19

20

21

22

23

24

Regionalization of benthic hard-bottom
communities across the Pourtalés Terrace,
Florida (Walker et al. 2021)

Identifying marine ecological production
units in Vietnam (Bell et al. 2021)

Habitat use and movement patterns of reef
manta rays Mobula alfredi in southern
Mozambique (Venables et al. 2020)
Marine spatial planning, brexit and the
island of Ireland (Ritchie et al. 2020)

Benthic diversity patterns and predictors: A
study case with inferences for conservation
(Vassallo et al. 2020)

Zoning of marine protected areas for
biodiversity conservation in Bangladesh
through socio-spatial data (Sarker et al.
2019)

Hydrodynamic controls on connectivity of
the high commercial value shrimp
Parapenaeus longirostris (Lucas, 1846) in
the Mediterranean Sea (Quattrocchi et al.
2019)

Patterns in fish biodiversity associated with
temperate reefs on the southeastern US
continental shelf (Bacheler et al. 2019)
Threats to marine biodiversity in European
protected areas (Mazaris et al. 2019)

Mapping fishing activities and suitable
fishing grounds using nighttime satellite
images and maximum entropy modelling
(Geronimo et al. 2018)

Ontogenetic partial migration is associated
with environmental drivers and influences
fisheries interactions in a marine predator
(Lea et al. 2018)

Spawning migration movements of Mutton
Snapper in Tortugas, Florida: Spatial
dynamics within a marine reserve network
(Feeley et al. 2018)

Home range and foraging habitat preference
of Scopoli’s shearwater Calonectris
diomedea during the early chick-rearing
phase in the eastern Mediterranean (Karris
et al. 2018)
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Deep-Sea
Research Part I:
Oceanographic
Research Papers
ICES Journal of
Marine Science

Marine Ecology
Progress Series

Irish Geography

Marine Pollution
Bulletin

Ocean and
Coastal
Management

Scientific Reports

Marine
Biodiversity

Science of the
Total
Environment
Remote Sensing

ICES Journal of
Marine Science

Fisheries
Research

Wildlife Biology

/

~
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25 Human-induced gradients of reef fish Aquatic /
declines in the Hawaiian Archipelago Conservation:
viewed through the lens of traditional Marine and
management boundaries (Friedlander et al. ~ Freshwater
2018) Ecosystems

26  Population genetic subdivision of Botanica Marina  /

seagrasses, Syringodium isoetifolium and
Thalassia hemprichii, in the Indonesian
Archipelago (Wainwright, Arlyza, and Karl
2018)

Source: Authors (2024)

Result and Finding

Spatial Governance and Management in Fisheries

The governance and management of fisheries resources are critical and complex within defined
spatial boundaries. The implementation and impact of spatial fisheries management strategies
in the context of MPAs highlighted that the home range of manta rays is within the existing
MPA boundaries (Venables et al. 2020). Similarly, identifying the size and location of
fisheries-restricted areas is crucial for rebuilding fish stock biomass to achieve sustainable and
healthy fish populations (Dimarchopoulou et al. 2024).

The success of spatial governance and management strategies is another significant aspect
discussed in the literature. The influence of environmental factors, such as bathymetry and
chlorophyll concentrations, on the distribution of core fishing areas has been demonstrated
using nighttime satellite imagery to map fishing activities in the Philippines (Geronimo et al.
2018). Additionally, the importance of accounting for oceanic conditions in predicting the
movement of predators, such as the tiger shark, must be emphasized (Lea et al. 2018). Local
knowledge has been utilized to define the dynamics of spatially located fisheries resources in
Baja California Sur, Mexico, which must also be identified (Armenta-Cisneros et al. 2021).
Similarly, the involvement of local communities in the Panay Gulf, Philippines, is essential for
identifying more effective management reforms. This approach underscores the necessity for
spatial management strategies that are responsive to environmental changes and adaptable to
dynamic environmental conditions (Nochete and Balefia 2024). The study found that these
environmental predictors are crucial for determining the effectiveness of conservation areas,
such as shark sanctuaries, suggesting that spatial management must be responsive to
environmental changes to maintain its effectiveness. The integration of local knowledge and
community involvement is highlighted as a critical factor in enhancing the effectiveness of
spatial management strategies in fisheries governance. It relies heavily on the active
participation of local stakeholders who provide valuable insights into the specific conditions
and needs of their fishing grounds.

In conclusion, the literature underlines the necessity of integrating scientific data,
environmental factors, and local knowledge into the spatial management and governance of
fisheries. The effectiveness of these strategies depends on their ability to encompass critical
habitats, adapt to environmental dynamics, and engage local communities in the decision-
making process. The findings across various studies highlight the importance of a holistic
approach to spatial management, where conservation efforts are aligned with the ecological
and socio-economic realities of the fisheries they aim to protect.
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Environmental Drivers and Species-Specific Behaviour

The theme in fisheries management highlights the critical role that environmental conditions
and species-specific behaviours play in shaping the spatial distribution, population structure,
and management needs of marine species. The reviewed literature offers valuable insights into
how these factors impact fisheries and conservation efforts across diverse marine
environments. The foraging behaviour of the Magnificent Frigatebird in Baja California Sur,
Mexico, has been explored utilizing GPS tracking to understand how environmental conditions
and species-specific behaviour affect foraging area selection. The study found that frigatebirds
preferred foraging areas close to their nesting colonies. However, some individuals ventured
further, indicating variability in foraging strategies that may be linked to differences in sex and
competition. This variability underscores the importance of incorporating behavioural data into
MPA planning to ensure conservation efforts align with the spatial needs of different
subpopulations. The study emphasizes the need for dynamic and flexible conservation
boundaries that reflect the environmental and behavioural factors driving species distribution
(Giambalvo et al. 2022).

The environmental and hydrodynamic factors influencing the connectivity of Parapenaeus
longirostris (a key commercial shrimp species) in the Strait of Sicily have been focused on.
The study employed particle-tracking models to assess connectivity between spawning and
nursery areas under varying environmental conditions, revealing significant decadal changes
in connectivity driven by hydrodynamic regimes (Quattrocchi et al. 2019). The study
emphasizes the importance of considering temporal and spatial variations in environmental
conditions when designing management plans, as static management boundaries may need to
accommodate the dynamic nature of fish resource ecosystems. The connectivity patterns of
Red Snapper in the Gulf of Mexico have been investigated. The study’s modelling approach
demonstrated that most Red Snapper recruitment occurred close to spawning sites. However,
there was also significant larval exchange across state boundaries, indicating the importance of
integrating environmental and behavioral data into management strategies. It requires interstate
cooperation and consideration of the environmental drivers that influence larval dispersal and
population connectivity (Vaz et al. 2023). Underwater video data have been used to identify
key environmental drivers of fish diversity, including depth, substrate type, and water
temperature, in reef fish biodiversity along the southeastern US Atlantic coast. The findings
indicated that the highest species richness was in areas with moderate depths and high substrate
relief (Bacheler et al. 2019). The study suggests that conservation strategies should focus on
preserving habitats that support high biodiversity, as these areas are critical for maintaining the
ecological integrity of fish populations.

Studies in the Florida Keys have revealed distinct spatial patterns driven by physiographic and
geological features, emphasizing the need to tailor the spatial heterogeneity of benthic habitats
to ensure the protection of fish ecosystems. Using habitat mapping to inform conservation
boundaries is crucial (Walker et al. 2021). The need for integrated management approaches
that account for the complex interactions between ecological, economic, and socio-cultural
factors is examined, with a focus on the spatial dynamics and the impact of environmental
changes. The integrated management emphasized the importance of considering detailed
spatial dynamics in Marine Spatial Planning (MSP) to enhance the resilience of fisheries’
Social-Ecological Systems (SES) in the face of environmental and anthropogenic pressures
(Bacheler et al. 2024). In conclusion, the reviewed literature underscores the critical
importance of considering environmental drivers and species-specific behaviours in the spatial
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management of marine resources. Effective fisheries governance requires dynamic and
adaptive management strategies that reflect the complex and often changing relationships
between species distribution, environmental conditions, and human activities. The integration
of environmental data, behavioural insights, and advanced modelling techniques is essential
for developing management plans that ensure the sustainability of marine ecosystems and the
species they support.

IJIREV

Technological and Methodological Approaches to Fisheries Research

Recent advancements in technological and methodological approaches to fisheries
management practice have significantly enhanced knowledge and understanding of meaningful
monitoring and assessment of marine and inland fisheries’ spatial boundaries, providing
valuable insights into ecological patterns. Statistical approaches to identifying fish populations
are one of the key technological innovations in fisheries research. Under changing climate
conditions, a study has identified regions with differences in spatial abundance patterns,
temporal dynamics, and population demographics and then demonstrated the application of a
statistical method to assess population boundaries for the European sprat (Sprattus sprattus)
(Lindegren et al. 2022). In areas with limited conventional monitoring tools, remote sensing
technologies have proven crucial in monitoring fisheries activities. Using nighttime light
remote sensing, they have enabled the mapping and monitoring of core fishing areas in coastal
light fisheries in the Beibu Gulf. It underscored the growing importance of remote sensing as
a tool for combating Illegal, Unreported, and Unregulated (IUU) fishing (Tian et al. 2022).

The Random Forest regression model has been employed to predict marine benthic diversity
patterns by analyzing environmental factors, including sediment characteristics, depth, and
distance from the coast. This methodological approach highlights the importance of
comprehensively capturing areas of high biodiversity for spatial models that consider both
biotic and abiotic factors in fisheries conservation planning (Vassallo et al. 2020). A study
related to telemetry techniques provides critical data for the spatial management role of
tracking the movement and behaviour of marine species. It demonstrates the effectiveness of a
multi-scale telemetry approach in the Wadden Sea. The study highlights the significance of
understanding migratory behaviour in conservation efforts for open coastal environments,
where protected areas may not encompass the entire range of a species” movement (Edwards
et al. 2024). Therefore, by aligning research with management strategies and telemetry,
informed spatial planning can increase conservation results.

In conclusion, integrating technology with advanced methodologies to understand the spatial
boundaries in the fisheries management environment has provided a comprehensive tool to
improve fisheries management and conservation strategies. As the field develops, this approach
will continue to evolve and become increasingly influential in addressing the complex
challenges of environmental change and anthropogenic pressures on fisheries resource
ecosystems.

Discussion and Conclusion

The limitation of current spatial management approaches is the need to conserve critical fish
habitats for effective resource management within designated areas (Abdullah, Omar, and
Yaakob 2016). The literature highlights the impact of research in Mozambique and Greece that
prevents overfishing, underscoring the need for more existing MPAs (Bohorquez et al. 2023)
to protect and expand protected areas. The success of spatial governance strategies and
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nighttime satellite imagery in the Philippines affects the core fish community’s area.
Additionally, studies on the movements of marine predators, such as tiger sharks, have
emphasized the importance of adapting spatial management to changing oceanic conditions.
Research in Mexico and the Philippines has demonstrated the importance of local input in
defining the distribution of fisheries resources by incorporating local knowledge and
community involvement to enhance the effectiveness of spatial management. Successful
spatial management in fisheries governance requires integrating scientific data, environmental
factors, and local knowledge to inform effective decision-making. These strategies must protect
critical habitats, adapt to environmental changes, and involve local communities in the
decision-making process. Therefore, a holistic approach to spatial management is vital to align
conservation efforts with ecological and socio-economic realities (Belton et al. 2020).
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The theme of “Environmental Drivers and Species-Specific Behaviour” in fisheries
management examines how environmental conditions and species behaviours influence the
distribution, population structure, and management strategies of marine species. Research on
Magnificent Frigatebirds in Baja California Sur revealed that environmental conditions and
behaviours influence foraging area selection, highlighting the importance of integrating
behavioural data into MPA planning. Studies on commercial species, such as Parapenaeus
longirostris, in the Strait of Sicily have shown how environmental and hydrodynamic factors
affect connectivity between spawning and nursery areas. Understanding these dynamics is
essential for sustainable exploitation and interstate cooperation in fisheries management.
Conservation efforts should prioritize habitats that support high biodiversity to preserve reef
fish populations. Detailed habitat mapping must inform conservation boundaries to protect
vulnerable deep-sea ecosystems. Enhanced MSP is crucial for resilient fisheries management.

Recent advancements in fisheries research have played a crucial role in improving the
management of spatial boundaries in marine ecosystems. The application of technological tools
has enabled more accurate monitoring and assessment of fisheries, yielding valuable insights
into ecological patterns and the impact of human activities on these ecosystems. Statistical
methods are now being utilized to identify population structures of marine species,
complementing genetic studies and helping to address the effects of climate change. These
methods are vital for informing spatial management strategies and enhancing sustainable
fisheries management practices. Remote sensing technologies, such as nighttime light
monitoring, have become essential for tracking fishing activities in regions where traditional
monitoring methods are insufficient. By mapping fishing areas and pressures, cross-regional
MPAs can be proposed for more effective management. Spatially explicit models have
contributed to a deeper understanding of biodiversity, highlighting the need to expand
conservation efforts to sedimentary habitats beyond existing MPAs. Telemetry techniques play
a critical role in tracking the movements and behaviours of marine species, particularly in
coastal environments lacking adequate protected areas. The integration of these advanced
approaches in fisheries research has significantly improved our comprehension of marine
spatial boundaries, paving the way for more informed management and conservation strategies
to address the challenges posed by environmental changes and human activities.

The governance and management practices of fisheries in Malaysia, Brunei, and Indonesia,
particularly on Borneo Island, can significantly benefit from the theoretical frameworks
provided by the Coral Triangle Initiative (CTI), Community-Based Management (CBM), and
the Southeast Asian Fisheries Development Centre (SEAFDEC). These frameworks address
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ecological and socio-economic complexities inherent to the region, providing pathways for
sustainable management and conservation of marine resources. The CTI focuses on preserving
the rich biodiversity within the Coral Triangle by promoting spatial governance strategies
tailored to protect critical marine habitats. The importance of aligning MPAs lies in the
migratory patterns of species, such as manta rays, which have been studied to determine how
these zones effectively support ecological balance (Venables et al. 2020). Within regions like
Borneo, such strategic alignment is crucial for maintaining ecological integrity across national
boundaries.

IJIREV

Furthermore, designing fisheries-restricted areas based on fish stock dynamics—a principle
crucial for sustainable fisheries management in biodiversity hotspots such as the Coral
Triangle—must be emphasized (Dimarchopoulou et al., 2024). CBM integrates local
knowledge and stakeholder engagement in decision-making processes, highlighting the role of
communities in fisheries governance. Armenta-Cisneros et al. (2021) demonstrated the
importance of utilizing local insights to develop effective resource management strategies. This
is particularly relevant in Borneo, where communities possess a profound understanding of
marine ecosystems. The involvement of local communities, as noted by Nochete and Balefia
(2024), ensures that governance strategies are contextually appropriate and enhance local
stewardship of marine resources.

SEAFDEC contributes to improving fisheries management by harnessing technological
advances and promoting regional cooperation. Studies by Lindegren et al. (2022) and Tian et
al. (2022) demonstrated the integration of remote sensing and statistical methods to monitor
fishing activities and enforce regulations, which are crucial for managing extensive and diverse
marine areas, such as those surrounding Borneo. These technological tools facilitate better data
collection and analysis, which is vital for adaptive management practices in the face of
environmental and anthropogenic pressures. Additionally, understanding environmental
drivers and species-specific behaviors is essential for effective management. Research by
Giambalvo et al. (2022) and Quattrocchi et al. (2019) highlighted the importance of flexible
management frameworks that respond to dynamic environmental conditions. Such adaptability
is vital for the Coral Triangle and Borneo, regions that are highly susceptible to climate
variability and ecological changes.

Spatial management and governance are essential for effective marine resource management
in fisheries. Current strategies, such as MPAs, often fall short of protecting vital habitats for
species conservation. Research indicates that only a small portion of species’ habitats are
within MPA boundaries, highlighting the need for more comprehensive management
approaches. Properly sizing and locating fishing-restricted areas is crucial to avoid
compromising conservation goals. Environmental factors, such as bathymetry and chlorophyll
concentrations, influence core fishing areas, emphasizing the importance of adaptable
management strategies. Local knowledge and community involvement are crucial in enhancing
the effectiveness of spatial management. Incorporating behavioural data into MPA planning is
crucial for the conservation of marine species. Spatially explicit models and telemetry
techniques play a crucial role in tracking the movements of marine species and enhancing
biodiversity conservation efforts. Technological advancements provide valuable insights into
ecological patterns and the impact of human activities on marine ecosystems, addressing the
challenges posed by environmental changes and anthropogenic pressures. In conclusion, the
integration of the CTI, CBM, and SEAFDEC frameworks provides a comprehensive approach
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to fisheries governance in Malaysia, Brunei, Indonesia, and the island of Borneo. These
frameworks emphasize the incorporation of scientific research, community involvement, and
technological advancement to achieve sustainable fisheries management that aligns with both
ecological and socio-economic needs.
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