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ABSTRACT

The Sawu Sea National Park (SSNP) is a critical marine conservation area that supports the sustainability of fish resources and the
livelihoods of coastal communities in Rote Ndao Regency; however, there are indications of various socio-ecological dynamics in the
use of fisheries resources. The objectives of this study are identify the spatial patterns and actors involved in fish resource utilization
within the TSF sub-zone in Rote Ndao Regency, assess the ecological and social impacts of fishing activities, and formulate adaptive
and participatory policy recommendations to support sustainable small-scale fisheries in marine conservation areas. A mixed-methods
approach was applied, including a quantitative survey, in-depth interviews, field observations, and GIS-based spatial analysis. The
findings reveal the presence of external fishers utilizing modern fishing gear within the TSF sub-zone, leading to increased exploitation
pressure and rising conflict potential. Declines in CPUE, fish size, and the disappearance of particular species are early signs of
overfishing. Overlapping fishing grounds among fleets exacerbate social tensions and threaten ecological sustainability. Strategic
recommendations include enhanced monitoring, evidence-based adaptive zoning, participatory conflict resolution, habitat restoration,
and incentives for eco-friendly fisheries. This study underscores the importance of participatory and collaborative governance
approaches to sustain fish resources in conservation areas.
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INTRODUCTION

Indonesia, as the world's largest archipelagic However, utilization of this sub-zone is not
state, harbours exceptional marine biodiversity, exclusive to local communities. Fishers from outside
making it a priority area for global marine the region—including those from Kupang City,
biodiversity conservation efforts (KKP 2020; Kupang Regency, Alor, and even other provinces
Salayan et al., 2024). Among Eastern Indonesia's such as West Nusa Tenggara and South Sulawesi—
critical marine conservation zones is the Sawu Sea also exploit the area. These external actors employ
National Park (SSNP), spanning 3.35 million more advanced fishing technologies, such as purse
hectares and encompassing vital habitats, including seines and diving compressors, which exert greater
coral reefs, seagrass beds, and tropical pelagic exploitation pressure and trigger horizontal conflicts
waters. Beyond its ecological role, SSNP is a socio- with local fishers.
economic pillar for coastal communities that Warning signs such as declining catch per unit
predominantly rely on small-scale fisheries (Paulus effort (CPUE), reduced fish sizes, and overfishing of
etal.,2023). high-value species like snapper (Lutjanus spp.) and

Rote Ndao Regency is a strategic area within grouper (Epinephelus spp.) have raised serious
SSNP, where traditional fishing practices dominate sustainability concerns (Suebpala, 2018). The
coastal residents' livelihoods (Paulus et al., 2023; overlap in fishing grounds between local and
Turisno et al., 2024; Rahmadhan et al., 2024). Local external fleets, coupled with weak compliance with
fishers primarily use low-tech gear such as gillnets, conservation zoning regulations, undermines the
handlines, bottom longlines, and lampara nets. effectiveness of current fisheries management
According to SSNP's zoning plan, a significant systems (Castrejon et al., 2024; Oyanedel, 2021).
portion of Rote Ndao’s waters is designated as the Previous studies have primarily focused on fish
Traditional Sustainable Fisheries (TSF) sub-zone, stock assessments and general conservation
which is intended to ensure resource sustainability management but have yet to explore the specific
and safeguard local fishers' access rights. socio-ecological ~dynamics in Rote Ndao,
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particularly concerning fisher migration, gear
distribution, and potential user conflicts. Therefore,
this study offers a location-based analysis to
understand better the dynamics of fish resource use
within the TSF sub-zone of SSNP.

The objectives of this study are to (1) identify the
spatial patterns and actors involved in fish resource
utilization within the TSF sub-zone in Rote Ndao
Regency, (2) assess the ecological and social impacts
of fishing activities, and (3) formulate adaptive and
participatory policy recommendations to support
sustainable small-scale fisheries in marine
conservation areas.

MATERIAL AND METHOD

This study employed a mixed-methods
approach to analyze the dynamics of fish resource
utilization within the Traditional Sustainable
Fisheries (TSF) sub-zone of the Sawu Sea National
Park (SSNP), focusing on the Rote Ndao Regency
(Lindkvist et al., 2022; Thurstan et al., 2020). An
exploratory case study design was adopted to
comprehensively capture the spatial, ecological, and
socio-economic dimensions of small-scale fisheries
(Ahedo et al. 2021; Ullah et al., 2023).

Time and Study Area

This research is based on results from 2017
research and is updated with data collected in 2023.
The research was conducted along the coastal region
of Rote Ndao Regency within SSNP. Site selection
was based on the intensity of fishing activities and
the representativeness of different local conditions.
The selected villages included: a) Oelua, located in
northwest Rote Island, representing areas with high
fishing activity; b) Oeseli, located in the southwest,
with moderate fishing intensity; and c¢) Sotimori,
situated in the northeast, representing low-intensity
fishing zones (Figure 1).
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Figure 1. The location for data collecting in Rote
Ndao Regency

Data Collection

Data collection involved both quantitative and

qualitative methods:

® (uantitative surveys were conducted among
fishers using structured questionnaires. A
stratified random sampling approach was
applied based on fishing gear type and fishers’
origin.

® In-depth interviews were conducted with local
and non-local fishers, SSNP managers, and
community leaders to gather perceptions
regarding resource utilization dynamics and
conflict issues.

® Field observations were used to document
fishing activities, types of gear used, and the
condition of fish habitats and ecosystems.

® Secondary data were obtained from official
Ministry of Marine Affairs and Fisheries
documents, SSNP annual reports, and relevant
scientific literature.

Data Analysis

An integrated analysis combined quantitative and

qualitative dimensions:

® Survey data were analyzed using the Catch per
Unit Effort (CPUE) indicator to evaluate fishing
efficiency and exploitation pressure on fish
stocks.

® Interview data were analyzed thematically to
reveal patterns of social interaction, actor
conflicts, and governance effectiveness.

® Spatial data from the GPS coordinates of fishing
activities were processed in ArcGIS. The
resulting maps illustrated fleet mobility, spatial
use concentration, and operational overlaps
between fishing groups.



RESULT AND DISCUSSION

Dynamics of Fish Resource Utilization

The Traditional Sustainable Fisheries (TSF)
subzone within the Sawu Sea National Park (SSNP)
was designated to secure local fishers' access and
promote the sustainable use of marine resources.
However, in practice, this subzone reveals complex
utilization dynamics involving diverse external

actors and significant shifts in spatial fishing patterns.

Four primary categories of fishers were
identified in the TSF sub-zone (Figure 2):

a) Local fishers from coastal villages in Rote

Ndao, located in the TSF zone,

b) Fishers from other sub-districts within Rote

Ndao located outside the TSF zone,

c) Fishers from neighboring regions such as

Alor, Kupang City, and Kupang Regency,

d) Fishers from other provinces, including

West Nusa Tenggara and South Sulawesi.

External fishers typically use larger vessels and
modern fishing gear such as lampara nets, trolling
lines, bottom long lines, and diving compressors. In
contrast, local fishers rely on traditional gear such as
gillnets and handlines (He et al., 2021; Idris et al.,
2022).

Fishing mobility patterns indicate that
administrative boundaries do not constrain fishing
activities (Dubik et al., 2019; Havice, 2018).
External fleets operate intensively across broader
areas, including zones beyond conservation limits,
resulting in unevenly distributed spatial pressure
(Havice, 2018).
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Figure 2. Dynamics of fish resource utilization
in the TSF sub-zone of SSNP in Rote Ndao
Regency
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As shown in Figure 2, there is a clear overlap
between the fishing grounds of local and non-local
fishers, leading to spatial conflicts and increased
pressure on marine ecosystems. Local fishers tend to
fish within 1-2 nautical miles of the coast, while
external fleets may reach areas around northern
Timor Island and even near the Indonesia—Australia
border. External actors' use of modern gear allows
for higher catch volumes and accelerates the decline
of fish stocks.

Figure 3 illustrates disparities in spatial reach and
resource access. The presence of external fleets with
higher fishing intensity has led to increased
ecosystem stress. Indicators such as declining CPUE,
reduced fish sizes, and the disappearance of high-
value species (e.g., Lutjanus spp. and Epinephelus
spp.) signal severe overfishing (Castagnino et al.,
2023; Ulman et al., 2020). Weak compliance with
zoning regulations and inadequate spatial monitoring
further exacerbate the situation (Mwaura & Odera,
2021).
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Figure 3. Spatial reach of small-scale fisheries in
Rote Ndao Regency

These dynamics underscore the need for
adaptive management approaches incorporating
spatial data and local participation (Divsalar et al.,
2024). Zoning systems must be redesigned based on
actual usage patterns rather than static formal maps.
Participatory approaches are essential to ensure
zoning serves as an administrative tool and a
responsive mechanism to real-time socio-ecological
dynamics (Gourguet et al., 2021; Nugroho & Uehara,
2023).



Fisheries Utilization Networks and Governance
Challenges

The fish resource utilization network in Rote Ndao
Regency reflects a complex socio-economic and
spatial configuration involving diverse actors and
overlapping access to fishing grounds. This
complexity illustrates interregional socio-economic
linkages and a contested access and market control
structure.

Three main categories of actors were identified:

a) Local fishers generally use traditional fishing
gear, such as gillnets, handlines, /ampara nets,
and lift nets.

b) Fishers from other parts of Rote Ndao and
neighboring regencies, such as Kupang,
operating outside the TSF sub-zone;

c) Fishers from outside SSNP, including those from
West Nusa Tenggara, South Sulawesi, and Alor,
often use diving compressors, spears, and
handlines.

Each group has differential access to fishing
grounds and marketing chains, indicating a structural
inequality in utilization. Local fishers sell their catch
within Rote Ndao or transport it to Kupang by sea. In
contrast, non-local fishers frequently export their
catch directly to their home regions or process it in
Rote Ndao before sending it as dried products to
external markets.

The figure 4 illustrates a multipolar structure
involving actors, fishing zones, and marketing flows.
This network reveals economic and logistical flows
that transcend administrative boundaries. Actors
outside the region—equipped with capital, advanced
fleets, and broader market access—enjoy greater
benefits. Conversely, local fishers face logistical and
technological limitations, making them
economically vulnerable (Stacey et al., 2021).

This pattern echoes trends across Southeast Asia,
where integration with national and regional markets
has enabled external actors to dominate local value
chains. Small-scale fisheries thus face competition
not only in ecological terms but also in the political-
economic domain.
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Figure 4. Fish resource utilization network in
Rote Ndao Regency

The recommendation address to these inequalities,
fisheries governance must extend beyond ecological
zoning to  incorporate  economic  justice.
Recommended strategies include strengthening local
fisher cooperatives, improving market access
through infrastructure, increasing transparency in
supply chains and pricing, and regulating inter-
regional trade using functional zoning frameworks.
(Lowitt et al. 2020) states that integrating small-scale
fishers into community-based distribution systems
can enhance income, marketing efficiency, and
sustainability.

Conflict Potential in Fish Resource Utilization

The multi-actor use of the TSF sub-zone has
given rise to several conflicts rooted in unequal
access, technological disparities, and differing
perceptions of resource rights. These conflicts
threaten social cohesion and undermine the
effectiveness of conservation and resource
governance (Tuda et al, 2019; Warren &
Steenbergen, 2021).

Observations and
major conflict types:
a) Horizontal conflicts between local and external

fishers (Chuenpagdee & Jentoft, 2018)

b) Conflicts between fishing gear technologies—

traditional versus modern (Hu et al., 2021).

interviews revealed three



c) Conflicts between resource users and
conservation managers regarding zoning
legitimacy and access rights (Muhl & Sowman,
2020).

Technological inequality is a major driver.
External fishers bring advanced gear, such as purse
seines and diving compressors, while locals rely on
simple, low-reach tools. This disparity fuels
perceptions of spatial injustice, often escalating into
open confrontation.

Figure S highlights overlapping fleet operations
in critical areas such as meeting and posing, which
are primary fishing hotspots. Discrepancies in
perceived resource rights further exacerbate tensions.
Some external fishers claim historical usage of the
area before zoning enforcement, asserting legitimacy.
In contrast, local communities perceive their
presence as threatening traditional fishing space and
sustainability.
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Figure 5. Conflict potential among fishers in
the TSF sub-zone based on actor type and fleet

Similar patterns have been observed in the
Banda Sea and Lembeh Strait, where limited
community participation in conservation zoning
triggered resistance. These tensions are exacerbated
by weak trust in management authorities and a lack
of formal, inclusive mechanisms for conflict
resolution.

Ecological conflicts are also prevalent.
Destructive fishing methods, such as diving
compressors and bottom trawls, damage key habitats,

including coral reefs and seagrass beds—critical
spawning areas. Such degradation directly reduces
catch yields for local fishers and worsens their
economic conditions.

Recent studies indicate that habitat loss due to
spatial conflict can reduce fishery productivity by up
to 40% within a decade. Similar ecological disputes
have been reported in marine protected areas in the
Philippines and Tanzania.

Currently, conflict resolution in SSNP is
informal and ad hoc. No formal, cross-community
mechanism exists to address the diverging interests.
Dialogue platforms involving local and external
fishers and conservation authorities have yet to be
systematically established. Conflict resolution thus
remains dependent on personal networks or informal
leaders.

This institutional vacuum risks escalating
conflicts as resource pressures grow. Successful
marine conservation governance depends on
building institutional legitimacy and facilitating
conflict mediation. Best practices from other
conservation areas show that community-based
mediation and participatory spatial planning can
reduce conflict and improve compliance.

CONCLUSION

1. The utilization of fisheries resources in the
Traditional Sustainable Fisheries (TSF)
subzone of the SSMNP exhibits complex
socio-spatial dynamics involving local
fishermen within the TSF subzone, fishermen
from outside the TSF subzone, and fishermen
from outside the SSMNP.

2. Fishing activities result in unequal access,
increased exploitation intensity, and weak
monitoring, contributing to excessive
pressure on fish stocks and critical habitats.

3. Sustainable small-scale fisheries
management must integrate ecological
zoning with considerations of spatial and
social equity involving communities, data-
based  monitoring, and institutional
strengthening.
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