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The ecosystem in Cempi Bay, Indonesia, is known for its diverse coastal ecosystems.
Gathering baseline data to understand the habitat and its fauna is essential. The study
aims to update macrobenthos data and identify natural patterns across sediment
gradients, specifically in the dry season. Cempi Bay has three distinct areas: the lower
reach (open sea), the middle reach (mixing water), and the upper reach (influenced
by freshwater). The most dominant classes in the macrobenthic assemblages were

Iéﬁ/ﬁz gf{DS' Gastropoda, Bivalvia, and Polychaeta, especially in the lower and middle reaches
Gastropoda, with sand and silty sand seabed textures. However, the upper reach area with sandy
Habitat category, silt textures showed a different pattern of macrobenthic assemblages, with fewer
Polychacta, classes, leaving only Gastropoda and Bivalvia. The feeding habits of macrobenthos

also varied, with carnivores, deposit feeders, and suspension feeders dominating the
lower and middle reach areas. It is important to continue monitoring macrobenthos to
understand if these patterns are natural or caused by environmental changes.

Sediment gradient
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1. Introduction

Coastal ecosystems are among the most diverse
marine ecosystems and play a vital role in supporting
global biodiversity and ecological processes (Klemas
2011; Laksmi 2021). These transitional zones between
land and sea include habitats along the shoreline and
nearby waters (Murthy and Reddy 2014) and are shaped
by dynamic processes such as waves, tides, sediment
supply, and river dynamics (Chandramohan et al. 1993;
Kumar et al. 2002). This natural process maintains
the stability of the coastal seabed, which is mainly
covered with sediments ranging from gravel to fine mud
(Snelgrove 1997). Sediments, ranging from gravel to
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fine mud, may originate locally (autochthonous) or from
other locations (allochthonous) and provide habitats for
benthic communities (Commey et al. 2021). Marine
sediments cover 70% of the Earth's surface and support
diverse organisms (Baker et al. 2021). Macrobenthos,
benthic organisms between 0.1 and >3 mm, play key
roles in nutrient cycling, sediment dynamics, and
food webs (Blackwell 2013; Vanden Eede ef al. 2014;
Szczepanek et al. 2021; Hale et al. 2024).

Sediment deposition in coastal zones influences
macrobenthos abundance, biodiversity, and assemblage
distribution (Commey et al. 2021). This deposition is
strongly affected by seasonal variations, with higher
precipitation and river runoff during the wet season and
lower discharge in the dry season (Sukartaatmadja et al.
2003; Lowe et al. 2022). These seasonal changes can


https://doi.org/10.4308/hjb.33.2.540-555
https://crossmark.crossref.org/dialog/?doi=10.4308/hjb.33.2.540-555&domain=pdf
https://creativecommons.org/licenses/by-nc/4.0/

HAYATI J Biosci

Vol. 33 No. 2, March 2026

alter macrobenthos assemblages by affecting the habitats
they occupy, the taxa present, and their density (Lamptey
and Armah 2008; Yu et al. 2020; Lowe et al. 2022).
Different habitats, in turn, host distinct macrobenthos
assemblages, shaped by feeding habits that determine
ecological roles and species interactions (Valentine
et al. 2002; Kanaya et al. 2005; Ieno et al. 2006).
Functional traits such as life form, life history, feeding
habits, and size provide better predictions of ecosystem
functioning than taxonomic richness alone (Micheli et
al. 2014; Laureto et al. 2015 Gagic et al. 2015; Chen et
al. 2022). Feeding habits, in particular, help identify how
macrobenthos contribute to food webs and ecosystem
processes (Nasi et al. 2017; Jayachandran et al. 2019;
Chen et al. 2022; Pratiwi et al. 2024). Despite numerous
studies on coastal macrobenthos in Indonesia, most focus
solely on taxonomic richness and biodiversity, while
investigations of habitat preferences based on feeding
traits remain lacking (Pratiwi et al. 2024).

Cempi Bay, on the northern coast of West Sumbawa
Island, West Nusa Tenggara Province, is an important
region in Indonesia (Yulianto ef al. 2016). Cempi Bay
exhibits high habitat heterogeneity, including mangroves
(Sentosa and Nastiti 2012), seagrass beds (Lestariningsih
et al. 2023), and coral reef ecosystems (Yulianto et al.
2016). Despite this, studies on macrobenthos in the area,
including their taxonomic abundance, diversity, and
feeding habits, remain limited. Most existing research
on fauna has focused on specific species, such as shrimp,
in the mangrove zones of the inner bay (Putri and
Nastiti 2017; Taufani et al. 2019), and comprehensive
assessments of the bay’s environmental conditions or
aquatic fauna are scarce. Unfortunately, so few studies
have been conducted on macrobenthos in Cempi Bay,
even though the bay receives sediments from multiple
rivers, which contribute to macrobenthos habitat
diversity (Sentosa and Nastiti 2012; Nakano et al. 2025).
Understanding macrobenthos distribution, assemblages,
and habitat preferences is essential for evaluating
their role in ecosystem services (Ji et al. 2024). This
preliminary study aims to characterize sediment grain
size as a habitat for macrobenthos, analyze macrobenthos
composition across habitat types, identify the dominant
macrobenthos groups within each habitat, and assess
habitat preferences based on macrobenthos traits.

2. Materials and Methods

2.1. Sample Collection
Sampling focused on the dry season, as studies
on coastal macrobenthos in Indonesia reported

higher abundance during this period (Sharani et al.
2018; Muskananfola et al. 2020). The wet season,
characterized by rainfall and runoff, may have short-
term effects on macrobenthos density and sediment
distribution. Accordingly, sampling was conducted in
July 2023, representing the dry season in the Cempi
Bay area. Seabed sediment and macrobenthos samples
were collected from 15 locations (MWQ-01 to MWQ-
15) in Cempi Bay, West Sumbawa Island, West Nusa
Tenggara Province, Indonesia (Figure 1, Table 1). While
the upstream inner bay was inaccessible due to shallow
depth (2-3 m), the closest accessible sites were selected.
MWQ-01-04 were in the inner bay, MWQ-05—12 at the
bay entrance, and MWQ-13-15 outside the bay (Figure
1). Depths at each site, measured with an Echosounder
GP-3700F (Furuno), ranged from 5.5 to 241 m (Table
1).

Replications were not possible due to environmental
and time constraints. Sediment samples were collected
using a 130 kg Van Veen grab sampler (28 L volume,
0.228 % 0.357 x 0.35 m). Multiple grabs were required
at MWQ-06, 09, 10, 12—15 due to rough substrate
and bedrock. Sediments were homogenized, placed
in pre-labelled, sealed bottles, chilled at 4°C, and sent
to Intertek Laboratory, Jakarta, for grain-size analysis
using the modified APHA 9223-B hydrometer method
(APHA 2017). Macrobenthos samples were collected
from similar sediment substrates, sieved through a 500
pm mesh, preserved in 10% formaldehyde (diluted
with filtered seawater), and delivered to the Macro Eco-
biology Laboratory, Bogor Agricultural University (IPB,
Bogor) for identification. Samples were examined under a
stereomicroscope as described by Rachman et al. (2016).
Macrobenthos density was expressed as individuals per
square meter (Ind./m?). Organisms were identified to the
lowest possible taxonomic level, classified primarily by
class, or by infraorder when taxonomic in formation
was insufficient (e.g., Sipunculidea). Taxonomic names
were confirmed according to Pennak (1953), Gosner
(1971), Fauschald (1977), Lovett (1981), Beesley et al.
(2000), and Dharma (2005), and cross-checked against
the World Register of Marine Species (WoRMS 2024).

2.2. Sediment Classification

The Shepard's diagram is commonly used to classify
sediments and identify sedimentary characteristics in
coastal-estuarine environments (Romano et al. 2017).
In this study, sediment grain size served as a proxy
for macrobenthos habitat at each location. Sediments
were classified into sand, silt, and clay proportions and
plotted on the sediment distribution triangle (Shepard
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Figure 1. Sampling locations of sediment and macrobenthos in Cempi Bay

Table 1. Sediment and Macrobenthos Sampling Locations in Cempi

1954) and on hydrodynamic and substrate-dominant

Bay : triangle diagrams (Pejrup 1988). Triangle dimensions
Location ID _ Coordinates Depth (m)  were adjusted using MS Excel v.365. The sediment
Lattitude Longitude . . Lo . .
triangle included 10 classes: silt, sandy silt, silty
MWQ-01 118°24°27.443” E 8°40°58.483” S 5.5 d d. cl it ol d. siltv cl d
MWQ-02  118°24°31.964” E 8°42°32.814”S 5.5 sand, sand, clayey sili, clayey sand, siity clay, sandy
MWQ-03 118°24°23.674” E 8°43°25.673” S 59 clay, clay, and sand-silt-clay (Jones et al. 2011). The
MWQ-04  118°23°25.426”E 8°45°00.014” S 7.1 hydrodynamic and substrate-dominant triangle assigned
MWQ-05  118°21"12.612”E 8°44°49.914” S 17 hydrodynamic classes [-IV (low to high energy) and
o 9 tE o E 9 . . . .
MWQ-06  118°18°35.039"E 8°44’55.446” S 18 sediment-dominant classes A—D (reflecting sediment
MWQ-07 118°22°08.836” E  8°47°24.443” S 30 i Th lassificati d basis f
MWQ-08  118° 19°34.459" E 8°47°47.177" S 109 propo }ops). ese classifications provide a basis for
MWQ-09  118°15°38.855" E 8° 47’ 08.696” S 34.35 categorizing benthic habitats in coastal estuaries based
MWQ-10  118°13°34.085”E 8°48’45.063” S 14 on sediment characteristics (Sutherland ef al. 2018).
MWQ-11 118°18°23.630” E  8°49°10.294” S 241
WNOR e merE SOSICY 2 23 Macrobenthos Trai
MWQ-14  118°27°46.550" E 8°53727.633” S 37 The.: species trait }Jsed .durm.g this study was based
MWQ-15  118°29°58.478" E 8° 53’ 15.508” S 87 on their feeding habit. This trait reflects their primary
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food sources, offering valuable insight into their dietary
preferences and ecological role within their habitat (De
Raedemaecker et al. 2011; Nasi et al. 2017). It also
determines their trophic level (food chain), distinguishing
among omnivores, herbivores, carnivores, and deposit-
and suspension-feeding organisms. We compiled
this trait from online literature (BIOTIC: MarLIN
2006; polytraits: Polytraits Team 2024; SeaLifeBase:
Palomares and Pauly 2024) and scientific publications
(Gaudéncio & Cabral 2007; Floyd et al. 2020; Chen et
al. 2022).

2.4. Data Analysis
2.4.1. Habitat Classification

Since none of the locations had replicates, direct
statistical comparisons were not possible. To address
this, locations were categorized based on Shepard’s
sediment texture classification. Previous studies have
shown a strong relationship between macrobenthos
communities and sediment texture (silt and sand)
(Arrighetti and Penchaszadeh 2010; Farsi et al. 2015;
Steffani ef al. 2015), allowing sediment classification to
serve as a proxy for macrobenthos habitat in this study.
A similar approach has been used when multiple grab
replicates were not feasible, by grouping locations based
on environmental characteristics (Hashim et al. 2024).
Correlations between sediment composition and
macrobenthos taxa-density were analyzed using BEST
(BIO-ENV) and DistL.M (Distance-based linear models)
in PRIMER v7 (Clarke and Gorley 2015). Macrobenthos
data were square-root transformed to reduce differences
between common and rare species (Fahlevy et al.
2018), and sediment data were normalized. Bray-
Curtis similarity and Euclidean distance were used
for macrobenthos and sediment distance matrices,
respectively. BEST analysis indicated that the sand-
silt combination correlated with taxa-density (0.510;
Supplementary Table 1), while silt alone had the highest
correlation (0.525; Supplementary Table 1). DistLM
showed that all three variables (clay, sand, and silt)
significantly explained variation in macrobenthos data
(marginal test: clay p = 0.013, sand p = 0.002, silt p =
0.001; Supplementary Table 2), with silt being the most
significant variable in stepwise selection (Supplementary
Table 2). These results support the use of sediment grain
size composition as a key determinant of macrobenthos
assemblages.

2.4.2. Macrobenthos Assemblages and Trait
Composition

Macrobenthos density and taxonomic composition
were calculated for each class and visualized using

chord diagrams. The chord diagrams were generated
using the 'circlize’ package in R version 0.4.16 (Gu et
al. 2014). Taxon distribution (species or genera) was
also shown using a heatmap created with the ‘ggplot2’
package in R (version 3.5.1; Wickham 2016). Non-
metric multidimensional scaling (nMDS) was performed
using the ‘vegan’ package (version 2.6-6.1; Oksanen et
al. 2024) to examine variation among habitat categories
based on macrobenthos density and taxa number. Before
nMDS, data were square-root transformed, and Bray—
Curtis similarity was used as the distance matrix. nMDS
plots were created with ‘ggplot2’, and locations within
each category were subsetted to visualize hulls. A
Similarity Percentage (SIMPER) analysis was conducted
in PRIMER V.7 (Clarke and Gorley 2015) on the Bray—
Curtis matrix to determine the contribution of each
macrobenthos class (Fahlevy et al. 2024).

To analyze feeding habit composition across
locations classified by sediment attributes (grain size),
we calculated community-weighted means (CWM)
using the ‘FD’ package (version 1.0-12; Laliberté et al.
2014). Two matrices were prepared: a trait matrix and
a taxa (species/genera)-density matrix. For categorical
traits (e.g., carnivore, omnivore), we applied “fuzzy
coding,” assigning scores from 0 to 1 for each feeding
habit (Darr et al. 2014). This ensures that scores sum to
1 for each species, reducing bias in subsequent analyses
(Bremner et al. 2003; Darr et al. 2014). Species with
dual feeding habits were assigned proportional scores
based on available information (e.g., suspension feeders
as larvae and carnivores as adults scored 0.2 and 0.8,
respectively; Hewitt et al. 2008).

CWM values for each location were calculated
using the ‘dbFD’ function, combining trait and species
density matrices (Laliberté et al. 2014). Similar nMDS
analyses were performed using CWM results to examine
assemblage differences between habitat categories based
on feeding habits, without square-root transformation.

3. Results

3.1. Sediment Grain Size Classification

The respective sand, silt, and clay ranges were
23.47-98.8%, 1.3-71.22%, and 0.2-6.1% (Figure
2). The triangular plots based on sand, silt, and clay
proportions (Shepard diagrams) revealed clay-free
sediment texture classifications for all 15 locations in
Cempi Bay during this dry season (Figures 3 and 5).
Within the ten available texture classes, our results
fall into three class outlines in the triangular plot: sand
MWQ-06, 07, 09, 10, 12-15), silty sand (MWQ-05,
08, and 11), and sandy silt (MWQ-01-04).
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During this dry season, a noticeable textural
gradient was identified in Cempi Bay, with sand
dominating the outer bay and fine sediment prevailing
in the inner bay. Based on the Shepard triangular plot,
the sediment samples (sand, silt, and clay ratios) of the
study locations during the dry season primarily fall
within hydrodynamic classifications IV, suggesting
highly energetic depositional conditions that favor a
silt-dominated texture along the sand gradient rather
than a clay-dominated texture (Figure 4). This range of
sediment composition indicates a strong hydrodynamic-
depositional gradient in the area.

The study locations (Figure 5) can be split into
three groups based on the triangular texture class: (1)
nearshore locations within the outer bay (MWQ-13—
15) and bay mouth (MWQ-06, 07, 09, 10, and 12) with
sand classification, (2) subtidal central axis locations:
within the bay mouth (MWQ-05, 08, and 11) with silty
sand, and (3) upper bay locations: within the inner bay
with sandy silt classification (MWQ-01-04). These
sediment classifications (sand, silty sand, and sandy
silt) were represented for the macrobenthos habitat
category.

3.2. Macrobenthos Composition
Actotal of 25 species and 21 genera of macrobenthos
from seven classes (Bivalvia, Echinoidea, Gastropoda,

O Sand
@ Silty Sand
O Sandy Silt

Clay (%)

Holothuroidea, Malacostraca, Ophiuroidea, and
Polychaeta) and one infraorder (Sipunculidea) were
identified at the sampling locations (Figure 6). The
highest to the lowest density and taxa composition
of macrobenthos were Gastropoda (density: 47%,
taxa: 46%), Polychaeta (density: 31%, taxa: 29%),
Bivalvia (density: 13%, taxa: 11%), Malacostraca
(density: 8%, taxa: 10%), and the four taxa with similar
portions (density and taxa: 1%), included Echinoidea,
Holothuroidea, Ophiuroidea and Sipunculidea (Figure
6).

The number of taxa varied from 3 taxa (MWQ-02)
to 12 taxa (MWQ-11), and the density of macrobenthos
ranged from 24 individuals/m? at MWQ-02 and MWQ-
15 to 144 individuals/m?* at MWQ-11 (Figure 7).
Among all organisms, none of the genera or species
were found at any of the locations during this dry-
season study. The most macrobenthos taxa found
were Nereis sp. and Paraonis sp. from the Polychaeta
class, which were found at 6 locations. The Nereis sp.
were discovered at locations MWQ-05, MWQ-06,
MWQ-07, MWQ-08, MWQ-09, and MWQ-13, while
the Paraonis sp. were found at MWQ-06, MWQ-07,
MWQ-08, MWQ-09, MWQ-10, and MWQ-13 (Figure
7). According to the habitat category, only Conasprella
viminea and Monilea callifera from the Gastropoda
class were found in all habitat categories (Figure 7).

100 » 0

100 a0 80 70 60

50 40

Sand (%)

Sediments
Figure 4. Sediment grain size-hydrodynamic classification. Sand: MWQ-06, 07, 09, 10, 12 — 15; Silty Sand: MWQ-05, 08, 11; Sandy Silt:

MWQ-01-04
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Figure 7. Macrobenthos occurrence and distribution in Cempi Bay during the dry season

3.3. Major Drivers of Community Assemblages

The macrobenthos assemblages showed clear
clustering between habitat categories in terms of
density and taxonomic richness (Figure 8). The sand
and silty sand categories had similar macrobenthos
assemblages, whereas the sandy silt category formed
a distinct cluster (see Figure 8). The direction and
length of arrows on the nMDS plot closely matched
the macrobenthos contributions to group similarity
as determined by SIMPER analysis (Figure 8; Table
2). According to the SIMPER analysis, the similarity
within the sand and silty sand habitats was primarily
driven by the habitat preferences of Polychaeta and
Gastropoda. In contrast, the similarity in sandy silt
habitat was mainly driven by Bivalvia and Gastropoda
(Table 2).

3.4. Feeding Habits and Habitat Preferences
The nMDS result based on feeding habits also
showed a pattern similar to that of the density and

taxa clusters, with a distinct group of sandy silt
(Figure 9). Based on the SIMPER analysis (Table 3),
carnivores and deposit feeders generally contributed
to the similarity matrix across all habitats, with their
influence most evident in the sand habitat, accounting
for up to 71% and 22%, respectively. The suspension
feeders notably contributed to the sandy silt habitat (up
to 44%; Table 3).

4. Discussion

Our study approach involves grouping locations
by sediment texture classification, which provides an
initial understanding of macrobenthos assemblages
and sediment in Cempi Bay during the dry season. The
sediment in Cempi Bay is mainly composed of sand
in nearshore locations at the bay mouth and in the
outer bay. In contrast, the nearshore locations within
the inner bay are predominantly made up of silt. In
addition, the subtidal central axis locations within the
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Table 2. Similarity percentage (SIMPER) analysis showing the contribution of the top macrobenthos classes based on density and number
of taxa to the Bray Curtis Similarity matrix

Category/class Avg. abundance Avg. similarity % contribution % cumulative
1. Density

1.1 Sand, average similarity: 50.29

Polychaeta 4.99 24.87 49.46 49.46
Gastropoda 3.76 22.45 44.65 94.11
Malacostraca 1.42 2.02 4.01 98.12
1.2 Silty sand, average similarity: 52.18

Polychaeta 3.39 19.32 37.02 37.02
Malacostraca 2.79 17.15 32.87 69.89
Gastropoda 6.19 15.71 30.11 100
1.3 Sandy silt, average similarity: 59.32

Gastropoda 5.25 41.93 70.69 70.69
Bivalvia 3.29 17.39 29.31 100

2. Number of taxa
2.1 Sand, average similarity: 51.73

Gastropoda 1.45 24.38 47.12 47.12
Polychaeta 1.62 24.05 46.48 93.61
Malacostraca 0.52 2.28 4.42 98.02
2.2 Silty sand, average similarity: 59.34

Malacostraca 1.14 22.07 37.2 37.2
Polychaeta 1.14 22.07 37.2 74.4
Gastropoda 1.8 15.19 25.6 100
2.3 Sandy silt, average similarity: 65.10

Gastropoda 1.61 43.97 67.54 67.54

Bivalvia 1.04 21.13 32.46 100
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Figure 9. Non-metric multidimensional scaling (nMDS) result for the macrobenthos feeding habits. The vectors depict feeding habits with

a Pearson correlation greater than 0.2 with nMDS axes

Table 3. Similarity percentage (SIMPER) analysis showing the contribution of the top feeding habits group based on the Bray Curtis

Similarity matrix

Category/class Avg. abundance Avg. similarity % contribution % cumulative
1. Sand, average similarity: 60.76

Carnivore 0.59 43.19 71.08 71.08
Deposit feeder 0.23 13.67 22.5 93.58
Suspension feeder 0.12 3.27 5.37 98.96
2. Silty sand, average similarity: 51.53

Carnivore 0.45 22.79 44.23 44.23
Deposit feeder 0.26 18.06 35.04 79.27
Suspension feeder 0.20 9.29 18.04 97.3
3. Sandy silt, average similarity: 41.06

Suspension feeder 0.41 17.99 43.82 43.82
Deposit feeder 0.2 11.53 28.09 71.91
Carnivore 0.35 10.61 25.83 97.74

bay mouth appeared to have a combination of high
sand and silt content, with silt slightly more prevalent
than sand. In general, Cempi Bay has shown typical
characteristics of the typical tidal estuary (Wells 1995),
with three distinct sections of typically estuarine area,
as identified by Pickard (1961) and Sutherland et al.
(2018): (1) a lower reach that characterized by marine
conditions and connected to the open sea, (2) a middle

reach characterized by intense mixing of marine
and freshwater, and (3) an upper reach with higher
freshwater outflows. These findings were aligned with
our results during the dry season, where we observed
(1) the lower reach dominated by sand, (2) the middle
reach consisting of sand to silty sand, and (3) the upper
reach characterized by sandy silt (Figure 5).
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According to Pejrup (1988), the sediments in Cempi
Bay during the dry season were deposited under intense
hydrodynamic conditions (Category IV). In assessing
the textural composition of estuarine sediment, it is
essential to consider the flocculation process and the
turbidity of estuarine waters (Pejrup 1981, 1988). The
suspended flocs in the water settle more slowly than
larger fractions, such as sand, which tend to settle
relatively quickly due to their weight (Pejrup 1988;
Sutherland et al. 2015). As a result, sediments deposited
under intense hydrodynamic conditions contain fewer
silt and clay particles and flocculated particles (Pejrup
1988; Sutherland et al. 2018). In addition, Hidayat et
al. (2025) showed that offshore waves exceeding 2 m
dissipate to below 0.5 m inside the bay, demonstrating
the strong sheltering effect of Cempi Bay’s semi-
enclosed geomorphology and bathymetry, which further
influences the energy available for sediment transport
and deposition. This supports the deposition of sand in
the nearshore locations of lower reach (outer bay) and
middle reach (bay mouth), the deposition of sand and
dominant sand-silt (silty sand) in the middle reach (bay
mouth), and lastly the deposition of dominant silt-sand
(sandy silt) in the upper reach (inner bay), as shown in
Figure 4 and Figure 5.

Our results highlighted a variation of macrobenthos
assemblages in Cempi Bay across different habitat
categories during the dry season. The macrobenthos
assemblages in subtidal central-axis locations with
silty-sand habitats were similar to those in nearshore
locations with sand habitats (Figures 8 and 9). In
contrast, nearshore locations in the inner bay with silty
sand showed a distinct pattern (Figures 8 and 9). During
this dry season, Gastropoda, Bivalvia, and Polychaeta
were the dominant classes found in Cempi Bay. This
result was consistent with other macrobenthos findings
in seabed ecosystems in Indonesia (Sharani ez al. 2018;
Muskananfola et al. 2020; Almaniar et al. 2021) and
other tropical/subtropical regions (Arrighetti et al.
2010; Lipi et al. 2020; Sukumaran et al. 2021).

During the dry season, we found fewer classes
of macrobenthos within the nearshore of inner bay
locations, which have a sandy silt habitat, comprised
of Bivalvia and Gastropoda. These two classes were
also found in the sand and silty sand habitat category.
This finding aligns with other studies showing a broad
distribution of bivalves and gastropods in sediment,
as they can thrive in both soft and hard substrates
(Pridmore et al. 1990; Wang et al. 2009; Sivadas et
al. 2012). In our findings, we identified Conasprella

viminea and Monilea callifera in all habitat categories.
These characteristics may correspond to the exceptional
adaptability and flexible feeding approaches of
gastropod snails (Sukumaran et al. 2021). Gastropod
snails possess strong muscular feet that facilitate
movement across different types of substrate (Pyron
and Brown 2015). This ability to move efficiently
enables them to search for food and avoid predators on
both soft and hard bottoms (Rochette and Dill 2000).

The other dominant class observed was Polychaeta,
commonly known as polychaete worms. The
composition of this class was mainly due to the density
of Paraonis sp., Nephtys sp., and Nereis sp. (Figure
7). During this dry season, these worms preferred
hard substrates over soft bottoms, as none of the
species in this class were found in nearshore inner-bay
locations characterized by sandy silt sediment. Hard
substrates may provide greater feeding opportunities,
as carnivorous polychaetes could prey on organisms
incapable of burrowing into the seabed to escape
(Kanhai 2022). Our findings also showed that most
of the polychaetes observed during this dry season in
Cempi Bay were carnivorous (Supplementary Table
3). Other factors observed to correlate with polychaete
distribution on hard substrates included salinity,
substrate type, and organic matter (Diaz-Castafieda and
Reish 2009).

Macrobenthos assemblages in the nearshore
locations of the lower and middle reaches, characterized
by sand and silty sand, comprised carnivores,
suspension feeders, and deposit feeders as the main
contributors (Figure 9 and Table 3). Meanwhile,
the upper reach, characterized by sandy silt, was
dominated by suspension feeders, with carnivores
and deposit feeders present in smaller proportions
(Figure 9 and Table 3). The structures of macrobenthos'
feeding habits often vary between ecosystems (Chen
et al. 2022). The availability of food sources, such
as organic matter and plankton (Lessin ef al. 2019),
within the inner bay is likely to have contributed to the
occurrence of these types of macrobenthos. In muddy
areas with soft bottoms, suspension feeders and deposit
feeders are among the most common feeding strategies
(Gilia et al. 2006). However, it is also noted that the
suspension feeders were restricted to the upper layer
of sediment due to their dependence on moving water
over the sediment for feeding (Wilson and Kritmanson
1979; Pan 2022).

Although our study provides valuable insights,
our valuations may be conservative for a several
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factors: as (1) our initial evaluation assumed that the
wet season would impact macrobenthos and sediment
composition, which may not be entirely accurate; (2)
macrobenthos-sediment relationships are complex,
while we solely focused on the physical aspect of grain
size of sedment that may neglecting other properties
that could influence macrobenthos communities e.g.
organic matter, dissolve oxygen, porosity (Sinu 2022);
and (3) the upstream areas of the inner bay could
display distinct assemblage patterns considering its
characteristic of semi-enclosed bay with potentially
finer sediment were not evaluated due to limited access.
Further, this study has limitations since it lacked
a replicate sample. A lack of replicates may mask
genuine effects or lead of misleading conclusions
(Hurlbert 1984). However, we have addressed
this constraint by using a grouping approach that
categorizes samples by sediment grain size. We
assumed that this method enhanced our analysis and
mitigated the effects of limited replication. In addition,
as it was primarily a preliminary assessment, extensive
statistical analysis was not required. Our focus was
not on comparing locations but rather on obtaining
an initial understanding of the current community
structure of macrobenthos assemblages, including their
feeding habits and sediment characteristics (grain size),
especially during the dry season. Therefore, our results
remained important for future studies, given the very
limited literature on macrobenthos assemblages in this
area.

In summary, we have observed some key findings
in sediment and macrobenthos assemblages in Cempi
Bay during this sampling period. There has been (1) a
noticeable sediment gradient: a coarser texture (sand)
found in the nearshore areas of the lower and middle
reaches of Cempi Bay, a mix of coarse and fine textures
(sandy silt) in the middle reach, and finer textures (sandy
silt) in the nearshore areas of inner Cempi Bay; (2) a
dominant class composition in the Cempi Bay during
the dry season comprises Gastropoda, Polychaeta, and
Bivalvia; (3) a greater variety of classes and feeding
habits in sand and silty sand categories compared to
the sandy silt category, and (4) carnivores and deposit
feeders were more prevalent in the sand and silty sand
categories. In contrast, the sandy silt category showed
fewer classes, highlighting the presence of suspended
feeders. Since our study was conducted only during the
dry season, future research should establish long-term
monitoring focused on macrobenthos structures in this
area to gain deeper insight into the factors shaping the
macrozoobenthos community.
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Supplementary Materials

Supplementary Table 1. Statistical results of BEST analysis

Supplementary Table 3. Continued

Variable(s) Correlation  Class Taxa Feeding habit
Silt 0.525 Holothuroidea  Holothuria sp. Suspension/Deposit feeder
Sand, Silt 0.51 Malacostraca  Callianassa sp. ~ Deposit feeder
Clay, Sand, Silt 0.469 Emerita sp. Deposit feeder
Gammarus sp. ~ Omnivore
Mysis sp. Omnivore/Suspension feeder
Supplementary Table 2. The results of DistLM analysis Penaeus sp. Carnivore/Suspension feeder
Variable(s) Contribution Pseudo-F P-value Solenocera sp. ~ Carnivore
1. Marginal test Ophiuroidea Ophiura sp. Suspension feeder
Clay 0.14963 2.2874 0.013 Polychacta Eteone sp. Carnivore
Sand 0.19251 3.0993 0.002 Glycera sp. Carnivore
Silt 0.19569 3.163 0.001 Lepidonotus sp. ~ Carnivore
2. Stepwise selection Lumbrineris sp. ~ Carnivore
Silt 0.19569 3.163 0.001 Nephys sp. Carnivore
Nereis sp. Carnivore
Notomastus sp.  Deposit feeder
Supplementary Table 3. Feeding habits of macrobenthos taxa found Paraonis sp. Deposit feeder
in Cempi Bay during the dry season Sipunculidea Sipunculus sp.  Deposit feeder
Class Taxa Feeding habit
Bivalvia Anadara inaequivalvis Suspension/Deposit
feeder
Anadara pilula Suspension/Deposit
feeder
Ciboticola lunata Suspension feeder
Donax faba Suspension feeder
Mactra violacea Suspension feeder
Serratina perplexa Deposit feeder
Tellina sp. Suspension/Deposit
feeder
Vasticardium sp. Suspension feeder
Echinoidea  Dendraster sp. Suspension feeder
Gastropoda  Aliculastrum cylindricum Suspension feeder

Cerithium coralium
Conasprella viminea
Conus leopardus
Coralliophila squamosissima
Lyncina carneola
Monilea callifera
Myurellopsis paucistriata
Nassarius glans

Oliva todosina

Pirenella cingulata
Polinices flemingianus
Polinices sp.

Rhinoclavis kochi
Strigatella scutulata
Terebra triseriata
Trochus maculatus
Turricula nelliae
Turricula tornata
Umbonium vestiarium

Detrivore/Herbivore
Carnivore
Carnivore
Carnivore
Herbivore
Carnivore
Suspension feeder
Carnivore
Carnivore
Deposit feeder
Carnivore
Carnivore
Carnivore
Carnivore
Carnivore
Herbivore
Carnivore
Carnivore
Suspension feeder




