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ABSTRACT

Seagrass ecosystems play a vital role in supporting coastal
biodiversity and ecological processes, particularly as habitats for fish
communities. This study aims to analyze the ecological role of
seagrass ecosystems in the coastal waters of Rutong by examining
physicochemical parameters, fish species composition and abundance,
stomach content composition, activity patterns, and seagrass density.
A qualitative descriptive approach with a field-based ecological survey
was employed. Data were collected through field observations, fish
sampling, stomach content analysis, and environmental
measurements, and analyzed using descriptive and thematic
techniques. The results showed that water temperature (28 °C), pH
(7.74), and salinity (33.3%0) were within optimal ranges for tropical
marine ecosystems. A total of 23 fish species with 156 individuals
were recorded, with the highest diversity and abundance found in
Station 2, indicating the influence of habitat complexity and resource
availability. Stomach content analysis revealed diverse feeding
strategies, including herbivorous, omnivorous, and carnivorous
behaviors, reflecting a well-structured trophic system. Feeding activity
was dominant, confirming the role of seagrass as a primary feeding
ground, while also functioning as shelter and nursery habitat.
Variations in seagrass density across stations further influenced fish
distribution and ecological interactions. This study highlights the
importance of seagrass ecosystems in maintaining biodiversity and
ecological balance in coastal waters and provides valuable insights for
conservation and sustainable coastal resource management.
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1. INTRODUCTION

Seagrass ecosystems are among the most productive and ecologically significant coastal
habitats in tropical and subtropical regions. These ecosystems provide essential ecological
functions, including serving as feeding grounds, nursery habitats, and shelter for a wide range of
marine organisms, particularly fish (Nordlund et al, 2017; Unsworth et al,, 2019). Seagrass
meadows also play a crucial role in maintaining coastal stability, enhancing water quality, and
contributing to carbon sequestration (Duarte et al., 2018; Macreadie et al., 2019). Despite their
importance, seagrass ecosystems are increasingly threatened by anthropogenic pressures such
as coastal development, pollution, overfishing, and climate change, which lead to habitat
degradation and loss of biodiversity (Jaxion-Harm et al., 2018). Indonesia possesses extensive
seagrass ecosystems that support coastal fisheries and local communities. The coastal waters of
Rutong Village, located in South Leitimur District, represent an area with diverse seagrass
habitats characterized by variations in substrate type, water quality, and vegetation density.
These environmental variations influence the ecological dynamics of fish communities
associated with seagrass beds (Ambo-Rappe et al, 2018; Hernawan et al,, 2020). However,
studies that comprehensively examine the relationships between environmental parameters,
seagrass characteristics, and fish ecological responses in this region remain limited. This
condition highlights the importance of conducting integrated ecological research to better
understand the functional role of seagrass ecosystems.

This study focuses on understanding the ecological interactions within seagrass ecosystems
in Rutong coastal waters. The main issues addressed include the influence of physicochemical
conditions on seagrass habitats, the variation in fish species composition and abundance across
different stations, and the relationship between feeding behavior, activity patterns, and habitat
characteristics. These aspects are essential for explaining how seagrass ecosystems support fish
communities and maintain ecological balance.

Previous studies have demonstrated that seagrass ecosystems play a fundamental role in
structuring marine biodiversity. Habitat complexity is widely recognized as a key factor
influencing species richness and abundance. Seagrass beds with higher density and structural
complexity provide greater protection from predators and increased availability of food
resources, thereby supporting more diverse fish assemblages (Henderson et al., 2017; Hori et al,,
2018). Empirical evidence from tropical coastal ecosystems consistently shows a positive
relationship between seagrass density and fish diversity (Jaxion-Harm et al., 2018; Lefcheck et
al, 2019). In addition, trophic interactions within seagrass ecosystems are highly diverse.
Herbivorous fish species primarily consume seagrass and associated algae, while omnivorous
and carnivorous species feed on plankton, benthic invertebrates, and crustacean larvae (Duffy et
al., 2019; Hyndes et al., 2018). Stomach content analysis has been widely used to identify feeding
strategies and understand energy flow within marine ecosystems. These studies emphasize the
role of seagrass ecosystems as important feeding grounds that support multiple trophic levels
(Whitfield, 2019).

Fish activity patterns further illustrate the multifunctional role of seagrass habitats. Seagrass
beds provide shelter and nursery areas that enhance survival rates, particularly for juvenile fish.
The structural complexity of seagrass vegetation reduces predation risk and creates
microhabitats that support diverse ecological functions (Becker et al., 2020; Bostréom et al,,
2017). However, many previous studies have examined these aspects separately, with limited
integration of environmental parameters, species composition, feeding ecology, and behavioral
patterns within a single framework.

This study aims to analyze the ecological role of seagrass ecosystems in supporting fish
communities in Rutong coastal waters by examining physicochemical parameters, fish species
composition and abundance, stomach content composition, activity patterns, and seagrass
density. The novelty of this study lies in its integrative approach, which combines multiple
ecological components to provide a comprehensive understanding of seagrass—fish interactions.
Furthermore, this research contributes empirical data from a relatively understudied coastal
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area, offering new insights into tropical seagrass ecosystems. The results of this study contribute
to both theoretical and practical aspects of marine ecology. Theoretically, this research enhances
understanding of habitat complexity, trophic interactions, and ecological functions within
seagrass ecosystems. Practically, the findings provide important information for coastal resource
management, particularly in the conservation and sustainable utilization of seagrass habitats.
The study also serves as a baseline for future research and supports the development of policies
aimed at protecting marine biodiversity and improving the sustainability of coastal fisheries.

2. MATERIALS AND METHOD
2.1 Research Design

This study employed a qualitative descriptive approach with a field-based ecological survey
design to explore the composition, feeding behavior, and activity patterns of fish associated with
seagrass ecosystems. The descriptive approach was selected to provide an in-depth
understanding of ecological interactions without manipulating environmental variables. This
design is suitable for capturing natural conditions and interpreting complex relationships
between seagrass habitats and fish communities (English et al., 2018; McKenzie et al., 2020).

2.2 Study Site

The study was conducted in the coastal waters of Rutong Village, South Leitimur District,
Ambon Island, Indonesia, characterized by diverse seagrass habitats and varying substrate types.
Three sampling stations were purposively selected based on ecological characteristics, including
substrate composition (sand, mud, and coral fragments) and seagrass density. Station 1
represented sandy substrate conditions, Station 2 muddy substrate with high nutrient input, and
Station 3 coral-fragment substrate with lower seagrass coverage. Sampling focused on capturing
representative species across stations. A purposive sampling technique was applied to ensure
that fish collected reflected the diversity of habitats and ecological conditions present in the
study area.

2.3 Data Collection Techniques

Data collection involved direct field observations, fish sampling, and laboratory analysis. Fish
samples were collected using appropriate fishing gear within transect plots established at each
station. Each station consisted of three transects with multiple observation plots to ensure
representative sampling. Collected fish specimens were preserved and transported to the
laboratory for identification using standard taxonomic references. Stomach content analysis was
conducted by dissecting fish specimens to identify dietary components, including seagrass, algae,
plankton, and other materials. Environmental parameters, including temperature, pH, and
salinity, were measured in situ using standard water quality instruments. Seagrass density was
assessed by counting the number of shoots within quadrats (1 m?) along each transect. To
ensure data validity, triangulation was applied by combining field observations, laboratory
analysis, and literature references. Ethical considerations included minimizing ecological
disturbance and ensuring proper handling of biological samples.

2.4 Research Procedures

The research procedure consisted of several systematic stages. First, preliminary
observations were conducted to determine sampling locations and station characteristics.
Second, field data collection was carried out, including fish sampling, environmental
measurements, and seagrass assessment. Third, laboratory analysis was conducted to identify
fish species and analyze stomach contents. Fourth, data organization and classification were
performed to group fish species, feeding types, and ecological roles. Finally, data interpretation
was conducted to understand patterns of fish distribution, feeding behavior, and habitat
utilization in relation to seagrass density and environmental conditions.
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2.5 Data Analysis Techniques

Data were analyzed using qualitative descriptive analysis supported by basic quantitative
summaries. Fish species composition and abundance were analyzed by calculating total
individuals and species richness across stations. Stomach content data were categorized into
major food groups to identify feeding patterns and trophic levels. Seagrass density was
calculated using standard ecological formulas based on shoot counts per unit area (ind./m?).
Environmental parameters were interpreted descriptively to assess habitat suitability. The
analysis followed thematic interpretation, focusing on key ecological themes such as habitat
complexity, trophic interactions, and species distribution. Data validity was ensured through
credibility (consistent field observations), transferability (clear site description), dependability
(systematic procedures), and confirmability (data-supported interpretation).

3. RESULTS AND DISCUSSION
3.1 Physicochemical Characteristics of Seagrass Waters

The physicochemical parameters of seagrass waters in the Rutong coastal area (Table 1)
indicate environmental conditions that are suitable for supporting seagrass ecosystems and
associated fish communities. The recorded temperature (28 °C), pH (7.74), and salinity (33.3%o)
fall within optimal ranges for tropical marine environments. These conditions are known to
enhance primary productivity and provide a stable habitat for marine organisms, particularly
seagrass-associated fish. The composition and abundance of fish species reveal spatial variation
across the three stations. A total of 22 species and 155 individuals were recorded, with Station 2
showing the highest diversity and abundance. This pattern is likely influenced by denser
seagrass cover and nutrient availability, which provide better shelter and feeding opportunities.
In contrast, Station 3 exhibited the lowest species richness, indicating less favorable habitat
conditions.

Table 1. Physicochemical Parameters of Seagrass Waters in Rutong Coastal Area.

Parameter Unit Value
Temperature  °C 28
pH - 7.74
Salinity %o (ppt) 33.3

Stomach content analysis further demonstrates that fish species in seagrass ecosystems
exhibit diverse feeding strategies. The dominant food items include seagrass, algae, zooplankton,
and phytoplankton, indicating a combination of herbivorous and omnivorous feeding habits. The
presence of gastropod larvae and crustacean larvae suggests that some species occupy higher
trophic levels. Variations in diet composition among stations reflect differences in resource
availability and habitat structure (Duffy et al., 2019). Fish activity patterns highlight that feeding
behavior is the most dominant ecological activity in seagrass beds, followed by sheltering and
nursery functions. Species such as Atherinimorus endrachtensis and Siganus spinus show high
activity levels related to feeding, emphasizing the role of seagrass as a primary feeding ground.
Additionally, several species utilize seagrass beds as nursery and refuge areas, supporting their
ecological importance in maintaining fish populations (Heck et al., 2017). Overall, the integration
of environmental parameters, species composition, feeding habits, and activity patterns confirms
that seagrass ecosystems in Rutong coastal waters play a crucial role in sustaining fish
biodiversity and ecological functions.

3.2 Fish Species Composition and Abundance Across Seagrass Stations

The composition and abundance of fish species across the three seagrass stations in Rutong
coastal waters (Table 2) reveal significant spatial variation in species distribution and population
structure. A total of 23 species belonging to multiple families were recorded, with an overall
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abundance of 155 individuals. The results indicate that seagrass ecosystems in the study area
support a relatively high diversity of fish species, reflecting their ecological importance as
productive coastal habitats. Station 2 exhibited the highest species richness and abundance, with
13 species and 109 individuals, compared to Station 1 (10 species; 34 individuals) and Station 3
(7 species; 13 individuals). This pattern suggests that environmental conditions and habitat
complexity differ among stations, influencing fish assemblage structure. The higher abundance
in Station 2 may be associated with denser seagrass coverage, finer substrate (muddy sediment),
and higher nutrient input from nearby freshwater sources, which together enhance food
availability and shelter. In contrast, Station 3, characterized by coarser substrate and less dense
seagrass, showed the lowest diversity and abundance, indicating less favorable ecological
conditions for fish habitation.

Table 2. Composition and abundance of fish species across three seagrass stations in Rutong Coastal
Waters.

No Family Species Station1  Station 2 Station3  Total
(n) (n) (n) (n)
1  Lutjanidae Lutjanus fulvus 1 - 1 2
2 Lutjanidae Lutjanus ehembergii - - 3
3  Siganidae Siganus canaliculatus 5 - - 5
4  Siganidae Siganus spinus 6 19 1 26
5 Siganidae Siganus vermiculatus - 1 1 2
6  Pomacentridae = Pomacentrus sp. 2 - - 2
7  Pomacentridae Dischistodus chrysopecilus 1 - - 1
8  Plotosidae Plotosus anguilaris 1 - - 1
9  Atherinidae Atherinimorus endrachtensis 9 50 - 59
10 Carangidae Caranx melampygus 2 - - 2
11  Nemipteridae Scolopsis lineata 4 9 - 13
12 Apogonidae Apogon melas 3 - - 3
13 Apogonidae Apogon nigrofasciatus - - 3 3
14 Apogonidae Sphaeramia orbicularis - - 1 1
15 Diodontidae Diodon holocanthus - 3 - 3
16  Geriidae Gerres oyena - 7 - 7
17 Lethrinidae Lethrinus harak - 2 - 2
18 Tetraodontidae Arothron reticularis - 1 - 1
19 Synodontidae Synodus dermatogenys - 1 - 1
20 Mugilidae Crenimugil crenilabis - 7 3 10
21 Mugilidae Chelon macrolepis - 5 - 5
22  Terapontidae Terapon jarbua - - 3 3
23 Gobiidae Amblygobius phalaena 1 1
Total Individuals 34 109 13 156
Total Species 10 13 7 23

In terms of species dominance, Atherinimorus endrachtensis was the most abundant species,
with a total of 59 individuals, predominantly found in Station 2. This species is known to
associate closely with vegetated coastal habitats, particularly seagrass beds, where it utilizes the
environment for feeding and protection. Similarly, Siganus spinus showed relatively high
abundance (26 individuals) across all stations, highlighting its adaptability and strong
association with seagrass ecosystems. The presence of herbivorous species such as Siganus
canaliculatus and Siganus spinus further emphasizes the role of seagrass as a primary food
source.

Several species exhibited restricted spatial distribution, occurring only in specific stations.
For example, Gerres ayena, Lethrinus harak, and Arothron reticularis were only found in Station 2,
while Apogon nigrofasciatus and Terapon jarbua were exclusive to Station 3. This distribution
pattern suggests niche differentiation and habitat preference among species, likely influenced by
variations in substrate type, seagrass density, and food availability (Gullstrom et al., 2018) The
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presence of Mugilidae species (Crenimugil crenilabis and Chelon macrolepis) further indicates
connectivity between seagrass ecosystems and adjacent habitats such as estuaries and
mangroves.

The observed variation in fish assemblages across stations can be explained by ecological
theories related to habitat complexity and resource availability. Seagrass beds with higher
structural complexity tend to support greater biodiversity due to increased shelter from
predators and enhanced feeding opportunities (Hemmingsen et al.,, 2019). The dominance of
certain species in Station 2 aligns with this concept, as denser seagrass vegetation provides more
niches and supports a more complex food web. Conversely, reduced habitat complexity in Station
3 limits the availability of ecological niches, resulting in lower species diversity. Furthermore, the
presence of both herbivorous and carnivorous species indicates a well-structured trophic system
within the seagrass ecosystem. Herbivorous species primarily rely on seagrass and algae, while
carnivorous species feed on zooplankton, crustacean larvae, and other small organisms. This
trophic diversity reflects the ecological function of seagrass beds as both feeding grounds and
nursery habitats. Juvenile fish, in particular, benefit from the protective structure of seagrass,
which reduces predation risk and increases survival rates (Whitney et al., 2021).

Overall, the findings demonstrate that seagrass ecosystems in Rutong coastal waters play a
critical role in supporting fish biodiversity and maintaining ecological balance. The variation in
species composition and abundance across stations highlights the importance of habitat quality
and environmental conditions in shaping fish communities. These results underscore the need
for conservation and sustainable management of seagrass habitats to ensure the ecological
functions and fisheries productivity in coastal ecosystems.

3.3 Stomach Content Composition of Fish Across Seagrass Stations

The stomach content composition of fish species across the three seagrass stations in Rutong
coastal waters is presented in Table 3. The stomach content composition of fish species across
the three seagrass stations in Rutong coastal waters reveals diverse feeding patterns and trophic
interactions within the seagrass ecosystem. The identified food items include seagrass, algae,
phytoplankton, zooplankton, gastropod larvae, crustacean larvae (megalopa), and inorganic
materials such as sand particles. This diversity indicates that seagrass ecosystems function as
productive feeding grounds that support multiple trophic levels. At Station 1, the diet
composition is dominated by seagrass, algae, and planktonic organisms. Herbivorous species
such as Siganus canaliculatus and Atherinimorus endrachtensis primarily consumed seagrass and
algae, while species like Pomacentrus sp. and Apogon melas relied on zooplankton and
phytoplankton. The presence of gastropod larvae in several species suggests opportunistic
feeding behavior and the availability of epifaunal organisms associated with seagrass leaves.
These findings highlight the role of Station 1 as a mixed feeding habitat supporting both
herbivorous and omnivorous fish.

Station 2 exhibited the highest diversity of food items, including seagrass, plankton, gastropod
larvae, crustacean larvae, and even sand particles. This indicates a more complex trophic
structure compared to other stations. Species such as Diodon holocanthus, Lethrinus harak, and
Arothron reticularis consumed animal-based food such as larvae, reflecting carnivorous feeding
strategies. Meanwhile, Crenimugil crenilabis and Chelon macrolepis consumed seagrass and
sediment, indicating detritivorous behavior. The presence of multiple trophic groups suggests
that Station 2 provides abundant and varied food resources, likely due to higher nutrient
availability and denser seagrass vegetation (Nagelkerken et al., 2017). In contrast, Station 3
showed a simpler diet composition, with fewer food types and several instances of empty
stomachs. Species such as Lutjanus fulvus, Siganus spinus, and Siganus vermiculatus exhibited
empty stomachs, which may be attributed to feeding periodicity, digestion processes, or limited
food availability. The dominance of basic food items such as seagrass and algae, along with
sediment ingestion, indicates lower trophic complexity. This pattern is consistent with the lower
seagrass density and reduced habitat quality observed in Station 3 (Klumpp et al., 2018).
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The variation in stomach content composition across stations reflects differences in habitat
characteristics and resource availability. Seagrass beds with higher density and structural
complexity tend to support more diverse food webs, allowing coexistence of herbivorous,
omnivorous, and carnivorous species (O’Farrell et al, 2017). The findings also indicate that
seagrass ecosystems serve not only as feeding grounds but also as habitats that facilitate trophic
interactions and energy transfer within coastal marine systems. Overall, the results demonstrate
that fish species in Rutong coastal waters exhibit flexible feeding strategies in response to
environmental conditions. This adaptability enhances their survival and contributes to the
stability of the seagrass ecosystem. The study underscores the ecological importance of seagrass
habitats in sustaining fish communities through the provision of diverse and abundant food
resources (Viana et al.,, 2020).

Table 3. Stomach content composition of fish species across seagrass stations in Rutong Coastal Waters.

N . . . .
o Species Station 1 Station 2 Station 3
1 Lutjanus fulvus Seagrass, phytoplankton Seagrass No food
2 Lutjanus ehembergii - - -
3 Siganus canaliculatus Seagrass, zooplankton, - -
gastropod larvae

. . Algae, seagrass,
4 Siganus spinus zooplankton Algae, seagrass, phytoplankton No food
5 Siganus vermiculatus - Gastropod larvae, seagrass No food
6 Pomacentrus s Zooplankton, - -

p- phytoplankton
7 Dischistodus Gastropod larvae, B _
chrysopecilus zooplankton

8 Plotosus anguilaris Algae, zooplankon, - -

phytoplankton
9 Atherinimorus S 1 S 1 _
endrachtensis eagrass, algae eagrass, algae
10 Caranx melampygus Zooplankton - -
11 Scolopsis lineata Phytoplankton Zooplankton -
12 Apogon melas Zooplankton - -

13 Apogon nigrofasciatus - - Algae / seagrass

(general)
14 Sphaeramia orbicularis - - No food
15 Diodon holocanthus _ Gastropod larvae, zooplankton, _

phytoplankton, seagrass

16 Amblygobius phalaena - Phytoplankton -
17 Gerres oyena - Zooplankton -
18 Lethrinus harak - Megalopa larvae (crustacean) -
19 Arothron reticularis - Megalopa larvae (crustacean) -
20 Synodus dermatogenys - No food -
21 Crenimugil crenilabis - Seagrass Seagrass
22 Chelon macrolepis - Sand particles -

23

Terapon jarbua

Sand particles/algae

3.4 Fish Activity Patterns in Seagrass Ecosystems

The activity patterns and ecological roles of fish species associated with seagrass ecosystems
in Rutong coastal waters (Table 4) demonstrate the functional importance of seagrass beds as
feeding, shelter, and nursery habitats. The data show that feeding-related activities dominate fish
behavior, indicating that seagrass ecosystems primarily function as productive feeding grounds.
The highest relative activity was recorded for Atherinimorus endrachtensis (37.82%), followed by
Siganus spinus (16.00%) and Scolopsis lineata (8.33%). These species are strongly associated
with feeding and foraging activities, suggesting that they actively utilize seagrass habitats to
obtain food resources. Herbivorous species such as Siganus spinus and Siganus canaliculatus rely
on seagrass and algae as primary food sources, highlighting the role of seagrass beds in
supporting primary consumers. Meanwhile, species such as Caranx melampygus, Lethrinus harak,
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and Synodus dermatogenys exhibit predatory feeding behavior, indicating the presence of higher
trophic levels within the ecosystem. This combination of herbivorous and carnivorous feeding
strategies reflects a well-structured trophic system supported by seagrass productivity (Olds et
al,, 2018).

In addition to feeding, several species demonstrate ecological roles related to shelter and
nursery functions. For instance, Crenimugil crenilabis (6.04%) and Apogon nigrofasciatus
(1.92%) are associated with shelter and protection, particularly for juvenile stages. Seagrass
vegetation provides structural complexity that reduces predation risk and offers a safe habitat
for growth and development. This structural function is critical for early life stages of fish, which
are highly vulnerable to predation (Kimirei et al.,, 2017). Species such as Pomacentrus sp. and
Apogon melas exhibit dual roles, utilizing seagrass beds for both feeding and shelter, reflecting
behavioral flexibility and adaptive habitat use in response to environmental conditions.

Table 4. Activity patterns of fish species in seagrass beds.

No Species Relative Activity (%) Ecological Role in Seagrass Beds
1  Atherinimorus endrachtensis 37.82 Feeding and foraging (herbivore)
2 Siganus spinus 16.00 Feeding and grazing
3 Scolopsis lineata 8.33 Feeding
4 Crenimugil crenilabis 6.04 Nursery ground & shelter
5 Gerres oyena 4.04 Feeding
6 Chelon macrolepis 3.02 Feeding (detritus/sediment)
7  Siganus canaliculatus 3.20 Feeding
8  Apogon melas 1.92 Shelter & feeding
9  Apogon nigrofasciatus 1.92 Shelter

10  Plotosus anguilaris 1.92 Feeding
11  Diodon holocanthus 1.92 Feeding
12 Terapon jarbua 1.92 Feeding
13 Pomacentrus sp. 1.28 Shelter & feeding
14  Caranx melampygus 1.28 Predatory feeding
15  Lutjanus fulvus 1.28 Feeding
16  Siganus vermiculatus 1.28 Feeding
17  Lethrinus harak 1.28 Predatory feeding
18  Arothron reticularis 1.00 Feeding
19  Synodus dermatogenys 1.00 Predatory feeding
20  Sphaeramia orbicularis 1.00 Shelter

The presence of detritivorous behavior, as observed in Chelon macrolepis, which feeds on
sediment and organic matter, further indicates the role of seagrass ecosystems in nutrient
cycling and energy transfer. Detritus derived from decomposed seagrass contributes significantly
to the food web, supporting species at different trophic levels and enhancing ecosystem
productivity (Jankowska et al., 2018). In addition, microbial decomposition processes within
seagrass sediments play an important role in transforming organic matter into bioavailable
nutrients, which are then utilized by various organisms within the ecosystem.

Overall, the variation in activity patterns among fish species reflects the multifunctional role
of seagrass ecosystems. These habitats support diverse ecological functions, including feeding,
protection, and reproduction, which are essential for maintaining fish population dynamics. The
dominance of feeding activities, combined with the presence of shelter and nursery functions,
confirms that seagrass beds in Rutong coastal waters play a critical role in sustaining
biodiversity and ecosystem stability. Furthermore, ecosystem connectivity between seagrass
beds and adjacent habitats such as coral reefs and mangroves enhances ecological resilience and
supports fish life cycles across different habitats (Berkstrom et al., 2020; Nagelkerken & van der
Velde, 2017; van der Linden & van der Vleuten, 2023).
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3.5 Seagrass Density

The average density of seagrass across the three sampling stations is illustrated in Figure 1,
showing significant spatial variation in both species’ composition and density values. These
variations reflect differences in environmental conditions, substrate characteristics, and nutrient
availability, all of which influence seagrass growth and distribution. At Station 1, the seagrass
community is characterized by relatively high density and moderate species diversity. The
dominant species, Enhalus acoroides, exhibits a density of 698.42 ind./m?, followed by Halodule
uninervis at 185.08 ind./m? and Halophila ovalis at 18.16 ind./m?. The presence of these species
indicates that Station 1 provides favorable ecological conditions, particularly for larger and more
established seagrass species such as E. acoroides. The sandy substrate observed in this station
likely facilitates root penetration and anchoring, while also allowing adequate water circulation
and nutrient exchange. The relatively high density contributes to increased habitat complexity,
which is essential for supporting fish assemblages by providing shelter, feeding grounds, and
nursery habitats. The coexistence of multiple species further enhances ecological stability by
promoting functional diversity within the seagrass ecosystem.

1000
900 - 803.75
800
700 -
600 -
500 A
400

300 17233
200 185,08 185.08

698.42

Density (individuals/m?)

100 54,33 67
1 18,16 0 0 0 0
Station | Station 2 Station 3
W [lalodule uninervis W Enhalus acoroides B8 Halophila ovalis W Cymodocea rotundata W Thalassia hemprichii

Figure 1. Average seagrass density histogram at Station 1, Station 2, and Station 3.

Station 2 demonstrates the highest seagrass density and species richness among all stations,
indicating optimal habitat conditions. The density of Enhalus acoroides reaches 803.75 ind./m?,
the highest recorded value, accompanied by Halodule uninervis (185.08 ind./m?), Cymodocea
rotundata (54.33 ind./m?), and Thalassia hemprichii (18.33 ind./m?). The presence of four
seagrass species suggests a well-developed and structurally complex ecosystem. This condition
is likely influenced by the muddy substrate and proximity to freshwater inputs, which contribute
to higher nutrient availability. Fine sediment particles enhance nutrient retention, promoting
seagrass growth and productivity. The dense vegetation increases surface area for epiphytic
organisms, which serve as food sources for various fish species. Consequently, Station 2 supports
higher biological productivity and trophic complexity, consistent with the higher fish abundance
observed in this area. The strong correlation between seagrass density and fish diversity
highlights the ecological importance of dense seagrass beds in sustaining coastal biodiversity.

In contrast, Station 3 exhibits significantly lower seagrass density and reduced species
diversity. Only two species were recorded, namely Enhalus acoroides (172.33 ind./m?) and
Halodule uninervis (67 ind./m?). The absence of other seagrass species and lower density values
indicate suboptimal environmental conditions. This station is characterized by a substrate
composed of coral fragments, which limits the ability of seagrass roots to anchor effectively and
reduces nutrient retention capacity. Coarse substrates generally provide less stability and lower
organic matter content, which can hinder seagrass growth (Booth et al., 2017). As a result, the
seagrass cover is less dense and less diverse, leading to reduced habitat complexity. This
condition likely contributes to the lower abundance and diversity of fish species observed in
Station 3, as fewer ecological niches and food resources are available.
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The variation in seagrass density across stations can be interpreted within the framework of
habitat complexity theory, which states that structurally complex habitats support higher
biodiversity due to increased availability of shelter and resources. In this study, Station 2
represents a highly complex habitat with dense vegetation and multiple species, resulting in
greater ecological functionality. Station 1 represents an intermediate condition, while Station 3
reflects a simplified habitat with limited ecological capacity. Furthermore, seagrass density plays
a critical role in ecosystem functioning, particularly in terms of primary production, nutrient
cycling, and trophic interactions. Dense seagrass beds enhance organic matter production, which
supports detritivores and higher trophic levels. They also act as sediment stabilizers, reducing
erosion and improving water clarity, which in turn benefits photosynthetic organisms. The
reduced density in Station 3 may therefore have cascading effects on ecosystem processes,
including lower productivity and diminished ecological resilience.

4. CONCLUSION

This study demonstrates that seagrass ecosystems in the coastal waters of Rutong play a
crucial role in supporting fish biodiversity and ecological functions. The physicochemical
parameters indicate that environmental conditions are within optimal ranges for tropical marine
ecosystems, contributing to the stability and productivity of seagrass habitats. A total of 23 fish
species were recorded, with spatial variation in composition and abundance across stations,
where Station 2 exhibited the highest diversity and abundance due to greater habitat complexity
and resource availability.

Stomach content analysis reveals diverse feeding strategies, including herbivorous,
omnivorous, and carnivorous behaviors, reflecting a well-structured trophic system. Feeding
activity dominates fish behavior, confirming the role of seagrass as a primary feeding ground,
while also serving as a shelter and nursery habitat. Variations in seagrass density further
influence habitat quality, with higher density supporting greater biodiversity and ecological
interactions.

Overall, seagrass ecosystems function as essential habitats that sustain marine life and
ecological balance. These findings highlight the importance of conserving seagrass habitats to
maintain biodiversity and support sustainable coastal fisheries. Future studies are recommended to
incorporate long-term monitoring and broader spatial analysis to better understand ecosystem
dynamics.

AUTHORS CONTRIBUTION

YR, and ES designed and conducted the research, SS analyzed and interpreted the data, and all
authors contributed to writing the manuscript.

CONFLICT OF INTEREST

The authors declare no conflicts of interest and take full responsibility for the content of the
article, including any implications of Al-generated art.

REFERENCES

Ambo-Rappe, R, Latuconsina, H., & Nessa, M. N. (2018). Relationship between seagrass cover
and fish assemblages in tropical waters. Biodiversitas, 19(3), 1021-1026.
https://doi.org/10.13057 /biodiv/d190333

Becker, A., Taylor, M. D., Folpp, H., & Lowry, M. B. (2020). Managing the development of artificial
habitats to support fish communities. Ecological Engineering, 148, 105786.
https://doi.org/10.1016/j.ecoleng.2020.105786

Berkstrom, C., Gullstrom, M., Lindborg, R.,, Mwandya, A. W, Yahya, S. A. S., & Kautsky, N. (2020).
Exploring seascape connectivity and its effects on fish communities. Marine Ecology Progress

27



https://doi.org/10.13057/biodiv/d190333
https://doi.org/10.1016/j.ecoleng.2020.105786

Rutumalessy et al., Rumphii Biol. Sci. J., Vol.1(1) April 2026

Series, 635, 183-196. https://doi.org/10.3354 /meps13202

Booth, D. ]., Gribben, P, Parkinson, K., & Rypel, A. L. (2017). Habitat complexity and substrate
type influence seagrass communities. Marine Environmental Research, 129, 65-72.
https://doi.org/10.1016/j.marenvres.2017.05.009

Bostrom, C., Pittman, S. ], Simenstad, C., & Kneib, R. T. (2017). Seascape ecology of coastal
biogenic habitats. Marine Ecology Progress Series, 427, 191-217.
https://doi.org/10.3354/meps09139

Duarte, C. M., Losada, 1. J., Hendriks, 1. E., Mazarrasa, 1., & Marba, N. (2018). The role of coastal
plant communities for climate change mitigation and adaptation. Nature Climate Change,
8(11),961-968. https://doi.org/10.1038/s41558-018-0291-8

Duffy, ]. E., Reynolds, P. L., Bostrom, C., Coyer, J. A., Cusson, M., Donadj, S., & Lefcheck, J. S. (2019).
Biodiversity mediates top-down control in seagrass ecosystems. Ecology Letters, 22(11),
1845-1857. https://doi.org/10.1111/ele.13352

English, S., Wilkinson, C., & Baker, V. (2018). Survey manual for tropical marine resources (2nd
ed.). Australian Institute of Marine Science. https://doi.org/10.26174/5c09e3b7f3b1le

Gullstrom, M., Berkstrom, C., Ohman, M. C., Bodin, M., & Dahlberg, M. (2018). Scale-dependent
patterns in seagrass-associated fish communities. Marine Ecology Progress Series, 590,
103-116. https://doi.org/10.3354/meps12485

Heck, K. L., Hays, G., & Orth, R. J. (2017). Critical evaluation of the nursery role hypothesis for
seagrass meadows. Marine Ecology Progress Series, 253, 123-136.
https://doi.org/10.3354/meps253123

Hemmingsen, S. A.,, McClanahan, T. R,, & Kairo, ]. G. (2019). Seagrass habitat complexity and fish
assemblages. Marine Biology, 166, 120. https://doi.org/10.1007/s00227-019-3576-5

Henderson, C. ]., Gilby, B. L., Olds, A. D., Connolly, R. M., Stevens, T., & Schlacher, T. A. (2017).
Seagrass and mangrove habitat connectivity. Estuarine, Coastal and Shelf Science, 196, 33-42.
https://doi.org/10.1016/j.ecss.2017.07.006

Hernawan, U. E. Sjafrie, N. D. M., Supriyadi, I. H., Suyarso, & Iswari, M. Y. (2020). Status of
seagrass ecosystems in Indonesia. Ocean & Coastal Management, 182, 104921.
https://doi.org/10.1016/j.ocecoaman.2019.104921

Hori, M., Suzuki, T, & Monthum, Y. (2018). Fish assemblage structures in seagrass meadows.
Fisheries Science, 84(3), 423-432. https://doi.org/10.1007/s12562-018-1185-3

Hyndes, G. A. Nagelkerken, I, McLeod, R. ], Connolly, R. M., Lavery, P. S., & Vanderklift, M. A.
(2018). Mechanisms and ecological role of carbon transfer. Marine Ecology Progress Series,
603, 1-21. https://doi.org/10.3354/meps12756

Jankowska, E., Michel, L. N., Zaborska, A., & Wtodarska-Kowalczuk, M. (2018). Sediment organic
matter sources and cycling in seagrass ecosystems. Marine Environmental Research, 141,
227-237. https://doi.org/10.1016/j.marenvres.2018.08.004

Jaxion-Harm, ]., Saunders, M. I, & Waycott, M. (2018). Impacts of seagrass loss on fish
communities. Global Change Biology, 24(1), 456-469. https://doi.org/10.1111/gcb.13837

Kimirei, I. A.,, Nagelkerken, 1., Trommelen, M., Blankers, P, van Hoytema, N., Huijbers, C. M., &
Mgaya, Y. D. (2017). Connectivity between seagrass and coral reef habitats. Marine Ecology
Progress Series, 570, 123-137. https://doi.org/10.3354 /meps12134

Klumpp, D. W, Salita-Espinosa, J. T,, & Fortes, M. D. (2018). The role of seagrass in fish nutrition
and  trophic  ecology. Marine  Ecology = Progress  Series, 596,  189-200.
https://doi.org/10.3354 /meps12566

Lefcheck, ]. S., Hughes, B. B., Johnson, A.]., Pfirrmann, B. W,, Rasher, D. B,, & Orth, R.]. (2019). Are
coastal habitats important for fisheries? Ecology, 100(3), e02522.
https://doi.org/10.1002 /ecy.2522

Macreadie, P. I, Anton, A, Raven, . A, Beaumont, N., Connolly, R. M., Friess, D. A,, & Duarte, C. M.

D0



https://doi.org/10.3354/meps13202
https://doi.org/10.1016/j.marenvres.2017.05.009
https://doi.org/10.3354/meps09139
https://doi.org/10.1038/s41558-018-0291-8
https://doi.org/10.1111/ele.13352
https://doi.org/10.26174/5c09e3b7f3b1e
https://doi.org/10.3354/meps12485
https://doi.org/10.3354/meps253123
https://doi.org/10.1007/s00227-019-3576-5
https://doi.org/10.1016/j.ecss.2017.07.006
https://doi.org/10.1016/j.ocecoaman.2019.104921
https://doi.org/10.1007/s12562-018-1185-3
https://doi.org/10.3354/meps12756
https://doi.org/10.1016/j.marenvres.2018.08.004
https://doi.org/10.1111/gcb.13837
https://doi.org/10.3354/meps12134
https://doi.org/10.3354/meps12566
https://doi.org/10.1002/ecy.2522

Rutumalessy et al., Rumphii Biol. Sci. J., Vol.1(1) April 2026

(2019). The future of Blue Carbon science. Nature Communications, 10, 3998.
https://doi.org/10.1038/s41467-019-11693-w

McKenzie, L. J., Yoshida, R. L., Grech, A., & Coles, R. G. (2020). Seagrass ecosystem monitoring and
mapping. Journal of Environmental Management, 260, 110125.
https://doi.org/10.1016/j.jenvman.2020.110125

Nagelkerken, I., Sheaves, M., Baker, R., & Connolly, R. M. (2017). The seascape nursery concept
revisited. Fish and Fisheries, 18(2), 362-381. https://doi.org/10.1111/faf. 12167

Nagelkerken, 1., & van der Velde, G. (2017). Are connected habitats essential for fish populations?
Estuarine, Coastal and Shelf Science, 191, 93-102. https://doi.org/10.1016/j.ecss.2017.04.009

Nordlund, L. M., Koch, E. W,, Barbier, E. B., & Creed, ]. C. (2017). Seagrass ecosystem services and
their variability across genera and geographical regions. PLOS ONE, 12(1), e0169942.
https://doi.org/10.1371/journal.pone.0169942

O’Farrell, S., Collard, F, & Poirier, A. (2017). Seagrass habitats and trophic interactions in coastal
ecosystems. Estuarine, Coastal and Shelf Science, 198, 1-10.
https://doi.org/10.1016/j.ecss.2017.08.026

Olds, A. D., Connolly, R. M., Pitt, K. A, & Maxwell, P. S. (2018). Habitat connectivity improves
ecological functions. Global Ecology and Biogeography, 27(1), 1-13.
https://doi.org/10.1111/geb.12626

Unsworth, R. K. F, Nordlund, L. M., & Cullen-Unsworth, L. C. (2019). Seagrass meadows support
global fisheries production. Conservation Letters, 12(1), e12566.
https://doi.org/10.1111/conl.12566

van der Linden, ], & van der Vleuten, C. (2023). Formative use of assessment to foster
self-regulated learning: The alignment of teachers’ conceptions and classroom assessment
practices. Assessment & Evaluation in Higher Education.
https://doi.org/10.1007/s41686-023-00082-8

Viana, I. G, Siriwardane-de Zoysa, R., Willette, D. A., & Gillis, L. G. (2020). Exploring how seagrass
food webs respond to environmental change. Frontiers in Marine Science, 7, 571838.
https://doi.org/10.3389/fmars.2020.571838

Whitfield, A. K. (2019). The role of estuaries and coastal habitats. Reviews in Fish Biology and
Fisheries, 29(2), 345-375. https://doi.org/10.1007/s11160-019-09552-1

Whitney, J. L., Donahue, M. ]., & Karl, S. A. (2021). Habitat use by juvenile reef fishes in seagrass
ecosystems. Coral Reefs, 40(2), 567-579. https://doi.org/10.1007/s00338-021-02067-1

270



https://doi.org/10.1038/s41467-019-11693-w
https://doi.org/10.1016/j.jenvman.2020.110125
https://doi.org/10.1111/faf.12167
https://doi.org/10.1016/j.ecss.2017.04.009
https://doi.org/10.1371/journal.pone.0169942
https://doi.org/10.1016/j.ecss.2017.08.026
https://doi.org/10.1111/geb.12626
https://doi.org/10.1111/conl.12566
https://doi.org/10.1007/s41686-023-00082-8
https://doi.org/10.3389/fmars.2020.571838
https://doi.org/10.1007/s11160-019-09552-1
https://doi.org/10.1007/s00338-021-02067-1

	TITLE 
	1. INTRODUCTION 
	2. MATERIALS AND METHOD 
	2.1 Research Design 
	2.2 Study Site 
	2.3 Data Collection Techniques 
	2.4 Research Procedures 
	2.5 Data Analysis Techniques 

	3. RESULTS AND DISCUSSION 
	3.1 Physicochemical Characteristics of Seagrass Waters 
	3.2 Fish Species Composition and Abundance Across Seagrass Stations 
	3.3 Stomach Content Composition of Fish Across Seagrass Stations 
	3.4 Fish Activity Patterns in Seagrass Ecosystems 
	3.5 Seagrass Density 

	4. CONCLUSION 
	AUTHORS CONTRIBUTION 
	CONFLICT OF INTEREST 
	REFERENCES 

