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1 INTRODUCTION

Capture Fisheries supply chains play a strategically important role in food security,
coastal livelihoods, and regional economic development, yet they remain among the most
structurally fragmented and operationally challenging agri-food systems. These supply
chains involve multiple heterogeneous actors—including Fishers, landing sites, processors,
distributors, and retailers—operating under varying regulatory environments and uneven
technological capabilities [1], [2]. Such fragmentation weakens coordination and
governance, adversely affecting efficiency, collaboration, and overall supply chain
performance [3]. These challenges are further amplified by the sector's strong
dependence on environmental and ecological conditions, making capture Fisheries
particularly vulnerable to climate variability and ecosystem dynamics that directly
influence supply continuity and operational stability [4]. Given the high perishability of
Fish products, delays or inefficiencies in handling, processing, and distribution can rapidly

lead to quality degradation, economic losses, and erosion of market trust [5], [6].

From a governance and operational perspective, persistent weaknesses in data
integration, visibility, and traceability remain central constraints in capture Fisheries
supply chains. Manual and non-standardized data recording practices generate
fragmented and unreliable information flows, limiting stakeholders' ability to monitor
product quality, inventory status, and regulatory compliance in real time [7]. Although
digital technologies such as blockchain, Internet of Things (IoT), and electronic logbooks
are increasingly promoted within sustainability and fisheries management agendas,
empirical evidence indicates that their impacts are often constrained when implemented
without corresponding process restructuring and institutional coordination [8], [9]
Technology-focused interventions alone frequently fail to address the underlying causes
of disruption, which are rooted in systemic challenges such as regulatory complexity,

limited organizational capacity, and weak inter-organizational coordination [10], [11].

The academic literature has extensively examined traceability and quality management
in Fisheries supply chains, particularly in relation to sustainability objectives, fraud
prevention, and the mitigation of illegal, unreported, and unregulated (IUU) Fishing [11].
Recent studies emphasize the potential of blockchain and related digital technologies to

enhance transparency and accountability [12][13] [14]. However, this body of work remains
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predominantly system-centric, treating traceability as an isolated technological artifact
rather than as an integral component of end-to-end operational [15]. Empirical
observations from fishing ports and landing sites further reveal that poorly structured
workFflows and continued reliance on manual record-keeping significantly undermine the
practical effectiveness of traceability systems, regardless of technological sophistication
[16][17]. These Findings highlight a clear research gap: the lack of process-oriented
analytical fFrameworks that systematically connect governance objectives, traceability

mechanisms, and operational execution in capture fisheries supply chains.

To address this gap, the objective of this study is to develop and apply a process-centric
analytical framework for capture fisheries supply chains. Specifically, the study aims to:
(1) structure capture fisheries activities using Porter's Value Chain as a strategic process
landscape; (Il) translate value-creating activities into interconnected end-to-end
operational processes using Business Process Model and Notation (BPMN); and (lIl)
identify process gaps, information discontinuities, and coordination Ffailures that

constrain traceability, quality control, and supply chain resilience.

The main contributions of this research are threefold. First, it advances the fisheries
supply chain literature by shifting the analytical focus Ffrom technology-centric
traceability systems toward process-oriented design and governance. Second, it
methodologically integrates Porter's Value Chain with BPMN, thereby linking strategic
value creation with detailed operational process analysis in a reproducible and
transferable manner. Third, it provides actionable insights for policymakers and
practitioners by demonstrating how enhanced process integration, standardized
information flows, and embedded quality and traceability controls can strengthen
transparency, regulatory implementation, and operational resilience in capture fisheries

supply chains.

2. METHODS

This study adopts a qualitative case study research design to analyse and redesign
business processes within a high-value capture fisheries value chain. This approach is

appropriate given that the objective of the study is not statistical generalization, but

rather to achieve an in-depth understanding of process dynamics, actor interactions, and
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operational vulnerabilities within a real-world context. To ensure methodological

transparency, the research is structured into a stepwise research framework consisting
of problem identification, data collection, process modelling, process analysis, process
redesign, and model validation. This Framework is illustrated in Figure 1 and explained in

detail in the following subsections.
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Figure 1. Research Framework
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2.1. Problem Identification and Research Gap Analysis

The First stage focuses on identifying operational challenges and research gaps through
a systematic literature review and contextual exploration of capture fisheries supply
chains. The literature indicates that while value chain frameworks are widely used, they
often emphasize structural and technological aspects, with limited attention to process-
level integration and execution. This stage establishes the analytical focus on Business
Process Management (BPM) as a means of bridging strategic value creation and

operational practice.

2.2. Case Selection and Justification

The study employs a single high-value fisheries enterprise as the case study. Case
selection was conducted purposively, based on the complexity of operations, involvement
of multiple actors, and high exposure to operational risks related to perishability and
traceability. Although the study focuses on a single case, the findings are intended to
provide analytical generalization rather than statistical generalization. The proposed
process-oriented framework can be transferred to other fisheries value chains with

comparable characteristics.

2.3. Data Collection

Primary data were collected through semi-structured interviews with middle-level
managers responsible for operational activities and For ensuring data completeness
related to traceability within the company, complemented by a one-week Field
observation. The interviews and Ffield observations aimed to identify and elucidate
challenges associated with mandatory data compliance and traceability processes that
influence the overall value chain and the end-to-end traceability of capture Fisheries
products. Secondary data were obtained from operational documents, internal reports,
operational problem and direct process observations to support data triangulation and
enhance the credibility of the Ffindings. This study adheres to ethical principles in
qualitative research. All participants provided informed consent prior to participation.
The identities of individuals and the organization were anonymized to ensure

confidentiality, and all collected data were used solely for academic research purposes.
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2.4. As-Is Process Modelling Using BPMN

Based on empirical data, existing (As-Is) business processes were modelled using Business
Process Model and Notation (BPMN). BPMN was selected due to its standardized syntax,
ability to represent cross-organizational workflows, and suitability for communicating
process logic to both technical and non-technical stakeholders. Process models were
developed for key operational stages across the Ffisheries value chain, enabling a

consistent representation of activities, information flows, and decision points.

2.5. Process Analysis
The As-Is process models were analysed using multiple analytical lenses, including:
1. Actor analysis, to identify roles, responsibilities, and interaction patterns;
2. Value chain analysis, to detect process gaps affecting performance and resilience;
3. BPM Pyramid analysis, to assess alignment between strategic objectives, business
processes, and operational execution.
This analysis aimed to identify inefficiencies, redundancies, and sources of process

vulnerability.

2.6. To-Be Process Design

Based on the analysis results, a To-Be process model was developed to enhance value
chain resilience. The redesign focuses on improving process integration, clarifying
decision logic, and strengthening control points across organizational boundaries. The
To-Be model is presented as a conceptual process architecture that can be adapted

according to organizational readiness and contextual constraints.

2.7. Model Validation

Model validation was conducted through expert review, stakeholder confirmation and
BPM software validation. This process ensured that both As-Is and To-Be models
accurately reflected operational realities and were feasible from a practical perspective.

Feedback obtained during validation was used to refine the final process models.

2.8. Synthesis and Research Output
The final stage synthesizes analytical findings to derive theoretical and practical
implications regarding the application of BPM and process-centric redesign in enhancing

the resilience of capture Fisheries value chains
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3. RESULTS AND DISCUSSION

3.1. Actor Identification and Fisheries Value Chain Structure

The fisheries supply chain examined in this study consists of Four key actors: fishing
vessels, landing sites and auctions, processing industries, and distributors/retailers, as
identified through interviews. Fishing vessels play a critical role in initial capture activities
and operate under heterogeneous environmental and operational conditions that directly
affect efficiency and productivity. Empirical studies indicate that the operational
performance of Ffish landing ports significantly influences overall supply chain
effectiveness, particularly in relation to human resource management and logistics

efficiency [18].

Landing sites and fish auctions function as essential intermediaries, facilitating price
discovery and supporting equitable transactions among stakeholders [19]. Auctions play
a stabilizing role in fisheries markets, especially for fishers who depend on transparent
and Ffair pricing mechanisms [19]. Processing industries contribute substantially to value
enhancement by improving product quality and extending shelf life. Prior studies
demonstrate that effective processing strategies can significantly reduce postharvest
losses and increase economic returns [20], [21]. Distributors and retailers serve as the
fFinal link between producers and consumers, shaping market accessibility and consumer
trust. The interdependence among these actors highlights the structural complexity of

achieving a sustainable and profitable fisheries system [22], [23].
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Figure 2. Fisheries Value Chain - Porter [24]
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Based on this actor analysis, Porter's Value Chain was applied to structure value-creating

activities. Figure 2 illustrates how value is generated through interrelated primary and
support activities. Primary activities begin with inbound logistics, encompassing Fishing
operations and transport to landing points, where initial freshness and handling quality
are critical to preventing quality degradation [24]. Processing operations—including
sorting, cleaning, and chilling—directly influence product quality and longevity [25].
Outbound logistics ensure timely delivery through appropriate packaging and cold
storage [26]. Marketing and sales activities connect products to consumers and expand
market reach [27], while service activities such as traceability verification and quality
assurance support operational integrity and recall readiness[14]. Support activities,
including technology development and human resource management, underpin all
primary activities and reinforce the importance of integrated quality and traceability
management across the value chain [27]. To explicitly link actors with operational
weaknesses, Table 1 summarizes the main responsibilities of each actor and the key

process gaps identified in the current system.

Table 1. Actors and Key Process Gaps in the Fisheries Value Chain

Actor Main Responsibilities Identified Process Gaps
Fishing Vessels Catching, initial handling, Manual data recording; subjective
onboard recording quality assessment; lack of

standardized capture identifiers

Landing Sites / Aggregation, grading, Inconsistent grading criteria; batch
Auctions pricing mixing; incomplete data transfer
Processing Processing, quality Retrospective traceability; fragmented
Industries control, packaging quality documentation

Distributors / Distribution and market  Limited visibility into upstream quality

Retailers delivery and provenance

3.2. BPM Pyramid and Process Architecture Analysis
To translate the strategic value chain perspective into operational processes, the analysis
was structured using the BPM Pyramid framework proposed by Dumas et al. (Figure 3).

This framework reveals misalignment across strategic, tactical, and operational levels.
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Level 1 - Process Landscape (Strategic Level):

a) Fragmented end-to-end process visibility
b) Traceability treated as a reporting requirement rather than an operational control
¢) Manual documentation practices limiting value generation related to freshness

and quality [28].

Level 2 - Business Processes (Tactical Level):
a) Catch recording, auction management, and processing executed in organizational
silos
b) Absence of standardized information exchange mechanisms
c) BPMN modelling reveals hidden discontinuities at inter-organizational handoff

points [29].

Level 3 - Sub-processes and Tasks (Operational Level):
a) Heavy reliance on manual judgment in grading and acceptance decisions
b) Lack of standardized decision gates and control criteria

c) High susceptibility to errors and inconsistent outcomes [30]

This analysis demonstrates that inefficiencies arise primarily from weak alignment across
BPM levels rather than isolated task-level failures, underscoring the need for process-

oriented redesign [31].

Level 1
Process

Landscape
(incl. Value Chains)

5 ez N\

Business Processes
(e.g. BPMN)

/ Level 3+ \

Sub-processes and Tasks
(e.g. BPMN)

Figure 3. Three Level Process Architecture [32]
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3.3. As-Is Process Analysis

The examination of existing process maps reveals significant inefficiencies that
compromise accuracy and decision-making. Fishing vessels predominantly rely on
handwritten records to document species, catch volume, and location, leading to
inconsistent and fragmented data [33]. Similarly, the absence of standardized sorting and
grading criteria generates classification inconsistencies that propagate downstream [29].
Figure 4 presents the Level 2 As-Is BPMN model, illustrating the core processes of Fish
Catching, Fish Auction, Fish Processing, and Product Selling & Distribution. Although these
processes are sequentially connected, information continuity across stages remains

limited.
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Figure 4. Second Level As-Is Condition of Fisheries Value Chain
At the subprocess level (Figure 5) below, the Fish Catching process operates

autonomously at the vessel level. Catch data are generated locally but are not

systematically transmitted downstream, resulting in fragmented traceability records [34].
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Figure 5. Third Level of As-Is Fish Catching Sub-Process

The lack of explicit data transfer protocols at handoff points further undermines
traceability integrity [35][36]. Two principal systemic deficiencies are identified: (1) Manual
and disjointed data recording with insufficient integration across actors. (2) Inadequate
and inconsistent documentation of product quality and traceability. Accepted and
rejected catches are often handled identically, preventing reliable quality differentiation
and verification [37]. The absence of formal decision logic leads to information loss
between vessel operations and auction processes, constraining informed decision-

making [38], [39].

3.4. To-Be Process Design and Implementation Considerations

To address these deficiencies, a To-Be process model was developed to embed
traceability and quality control directly into operational workFlows (Figure 6). In contrast
to the As-Is condition, traceability becomes an intrinsic component of process logic
rather than a retrospective documentation activity. The To-Be model integrates vessel
operations, auctions, processing, and distribution into a unified framework. Catch &
Onboard Quality Monitoring initiates digital capture recording linked to a centralized
traceability database [40]. Auction processes aggregate validated catches into traceable
batches [16][40]. Processing stages apply structured quality checkpoints [41][12], while
distribution authorization requires complete traceability verification prior to market
release [45][46]. Implementation challenges include digital infrastructure availability,

standardized training, and governance mechanisms For data ownership. Without
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sufficient organizational readiness, operational benefits may be constrained despite

conceptual robustness.
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Figure 6. Second Level of Expected To-Be Value Chain Mechanism

3.5. Illlustrative End-to-End Batch Flow in the To-Be Model

Following capture, species, volume, location, and time are digitally recorded and assigned
2 unique capture ID. Onboard quality inspection applies predefined criteria; accepted
catches proceed, while rejected catches follow corrective handling. At auctions, validated
captures are aggregated into traceable batches. Processing maintains data linkage at
each transformation stage. Prior to distribution, only batches with complete records are
authorized for release. Figure 7 demonstrates how the To-Be model preserves

information continuity from catch to consumer.
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Figure 7. Third Level of Expected To-Be Catch and Onboarding Monitoring Sub-Process
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3.6. Discussion

The findings indicate that the dominant sources of inefficiency in capture Ffisheries
supply chains are not technological scarcity, but structural fragmentation and weak
process integration across organizational boundaries. When Porter's Value Chain is
combined with BPM Pyramid—-guided BPMN modelling, it becomes clear that value erosion
concentrates at handoff points—particularly between vessels and landing/auction sites,
between auctions and processors, and between processors and distributors—where
information is manually recorded, inconsistently interpreted, or not transferred in a
standardized manner [29][31]. This helps explain why many actors appear operationally
competent when viewed in isolation (e.g, vessels can catch and handle Fish, auctions can
grade and sell, processors can transform and package), yet the end-to-end chain still
underperforms: the system lacks a shared process architecture that preserves data

continuity and decision logic as products move downstream [22][23](35](36].

Across the BPM Pyramid levels, the study exposes a recurring misalignment between
strategic intent and operational execution. Strategically, firms and regulators increasingly
expect traceability to support transparency, quality assurance, recall readiness, and IUU
risk mitigation [11][14]. Tactically, however, core processes such as catch recording, auction
grading, and processing documentation remain organized in silos with limited
interoperability, producing “islands of information” rather than a coherent chain of
custody [29][33][34]. Operationally, process maps reveal heavy reliance on subjective
judgement—especially in grading and acceptance decisions—and the absence of
standardized decision gates, which increases variability and makes outcomes difficult to
verify retrospectively [301[37]. In practical terms, this means traceability is often treated
as a reporting obligation that occurs after the Fact, rather than a real-time operational
control that protects product integrity and preserves value in highly perishable supply

chains [5][6][28][31].

The As-Is analysis further clarifies that traceability breakdown is tightly coupled with
quality loss. Manual logbooks, inconsistent grading criteria, and batch mixing at auctions
degrade both informational integrity and the ability to differentiate accepted versus
rejected catches, undermining downstream quality assurance and market confidence
[29](33][37]. Importantly, these are process design failures as much as they are data

Failures: when information transfer is not embedded into the workflow, the chain cannot
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reliably answer basic governance questions—what was caught, where, when, by whom,

how it was handled, and whether it met defined quality thresholds—without costly
reconstruction efforts [34][38][39]. This supports the study's broader argument that
traceability should be reframed as a value-generating capability that reinforces
freshness management, dispute resolution, compliance assurance, and resilience—rather

than as a compliance artefact appended at the end of operations [28][30][31].

The To-Be model demonstrates how these weaknesses can be reduced by redesigning
process logic so that traceability and quality control are produced by default as products
Flow through the chain. Embedding standardized identifiers (e.g, capture IDs), structured
quality checkpoints, and a centralized (or interoperable) traceability database transforms
traceability from retrospective paperwork into an operational “nervous system” that
supports governance, reduces ambiguity at handoffs, and increases end-to-end visibility
[401(41][42][43]. The redesigned control logic—such as validated aggregation at auctions
and distribution authorization conditioned on complete traceability records—directly
addresses the discontinuities identified in the As-Is model and improves the feasibility
of market-Facing claims about provenance and handling quality [16][40][45][46]. In
addition to supporting trust and transparency, this approach strengthens resilience by
enabling quicker root-cause analysis during disruptions, more targeted recalls, and better
coordination under supply variability driven by environmental and ecological conditions

[4](5](6].

However, the study also highlights that process-centric redesign will only translate into
real performance gains if implementation is matched with organizational readiness and
multi-stakeholder coordination. In fisheries contexts—especially those involving smaller
operators—digital infrastructure constraints, uneven digital literacy, and unclear
governance over data ownership can limit adoption even when the conceptual design is
robust [44][45]. This implies that implementation strategies should emphasize phased
rollout, role-based training, and simple, low-burden data capture tools at the vessel and
landing-site levels (where traceability integrity is First established) while aligning
incentives so that upstream actors benefit from compliance through improved market
access, pricing signals, or reduced disputes [7][10][11]. Without such enabling conditions,
technology risks being layered onto existing fragmentation, reproducing the same

traceability gaps in a digital Form [8][9].
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The primary study's contribution is leverage point for improving capture fisheries supply

chain performance lies in process governance and interoperability—clarifying decision
gates, standardizing data exchange, and designing handoffs that preserve both product
and information integrity—rather than in standalone technology adoption [28][29](31]. The
integrated Porter-BPMN approach provides a transferable way to connect strategic value
creation to operational execution, making it possible to pinpoint where value is lost and
how traceability can be operationalized as a capability that safeguards quality,

compliance, and resilience across the chain [22][23][31][42][43].

4, CONCLUSION

This study demonstrates that improving traceability and resilience in capture fisheries
supply chains requires process-oriented redesign rather than isolated technological
interventions. By integrating value chain analysis with BPMN-based process modelling,
the research identifies fragmented architectures and weak information continuity as
primary sources of inefficiency. The proposed To-Be model embeds traceability and
quality control directly into operational workflows, transforming traceability into an
operational governance mechanism. While conceptually feasible, implementation depends
on infrastructure readiness, institutional support, and capacity building. This study is
limited by its focus on a single high-value enterprise and reliance on qualitative modelling
rather than quantitative performance metrics. BPMN also does not capture behavioural
incentives influencing compliance. Future research should validate the framework across
diverse fisheries contexts, apply quantitative simulation, and integrate behavioural or
incentive-based models. Further work on interoperability standards and regulatory

alignment would strengthen policy relevance.
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