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Abstract: Giant clams (Tridacnidae) play an important ecological role in coral reef
ecosystems; however, their populations continue to decline due to habitat
degradation and overexploitation. Despite increasing conservation efforts, site-
specific information on habitat preference, particularly related to substrate
composition, remains limited in many Indonesian reef systems, including Bama
Waters, Baluran National Park. This study aimed to assess the community structure
and substrate habitat preferences of giant clams in this area. Field surveys were
conducted at four stations using belt transect and quadrat methods, complemented
by underwater photo transect analysis for substrate characterization and
measurement of key environmental parameters. Community structure was analyzed
using density and the Shannon Wiener diversity index, while habitat preference was
evaluated using Ivlev's electivity index. A total of three giant clam species were
recorded with Tridacna crocea dominating with a density of 0.52 ind/ha. Diversity was
categorized as low to moderate and varied spatially in relation to substrate
composition. Stations with mixed substrates, particularly hard coral and rubble,
supported higher diversity values. Electivity analysis revealed species-specific habitat
preferences, with T. crocea favoring rocky substrates, T maxima associated with hard
coral and rubble, and T. squamosa showing weaker habitat specialization. This finding
shows that substrate composition plays an important role. It also influences species
distribution. This study provides site-specific ecological information that may support
more effective conservation and management strategies for giant clams in coral reef
ecosystems.

The wurgency of giant clam conservation

Introduction

Giant clams (Tridacnidae) are ecologically important
bivalves inhabiting shallow tropical coral reefs, where they
contribute to reef productivity, nutrient cycling, and
habitat complexity through their symbiosis with
photosynthetic zooxanthellae (1, 2), which plays a key role
in sustaining energy flow within coral reef ecosystems. By
filtering seawater and assimilating dissolved nutrients,
giant clams function as natural biofilters and enhance local
primary production, thereby supporting reef resilience.
Despite these roles, populations of giant clams have
declined markedly across the Indo-Pacific due to
overexploitation, habitat degradation, and reduced
recruitment success (3). Of the nine recognized species
worldwide, seven occur in Indonesian waters, yet most are
currently listed under CITES Appendix Il and categorized
as threatened or vulnerable by the IUCN (4).

exacerbated by their slow growth rates, late sexual
maturity, and low juvenile survival, which limit population
recovery following disturbance (5). Habitat characteristics,
particularly substrate type and coral reef condition,
strongly influence giant clam distribution, density, and
species composition (6). Recent studies in Indonesian coral
reef ecosystems have further demonstrated that variations
in substrate composition and reef condition are closely
associated with differences in community structure,
density, and spatial distribution of Tridacnidae populations
(7). Species-specific substrate preferences have been
documented, with Tridacna crocea commonly associated
with rocky substrates, while T maxima and T. squamosa
preferentially occupy hard coral and rubble habitats (8).
Similar patterns have been reported in eastern Indonesian
waters, where differences in substrate type were shown to
significantly influence the distribution and dominance of
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Tridacnidae species across reef habitats (9). These findings
collectively indicate that substrate heterogeneity plays a
fundamental role in shaping species distribution and

community structure of giant clams across reef
ecosystems.
However, increasing sedimentation, coastal

development, and reef degradation in Indonesian waters
continue to modify substrate availability and habitat
suitability, posing significant challenges for effective
conservation planning (1, 10). Although previous studies
have provided valuable insights into giant clam ecology,
most have primarily focused on general distribution
patterns and coral reef conditions rather than
quantitatively assessing habitat selection. As a result, site-
specific understanding of how substrate availability
influences species-specific habitat preference remains
insufficient, especially in relatively understudied reef
systems.

Bama Waters, located within Baluran National Park,
East Java, represent a heterogeneous reef system with
high conservation value. Previous studies in Baluran
National Park have largely focused on nearby sites such as
Tanjung Bilik, reporting low giant clam diversity and spatial
variability in habitat associations (8, 11). However, detailed
ecological assessments specifically addressing the
relationship between substrate composition and habitat
preference of Tridacnidae in Bama Waters are still lacking.
This limitation constrains the development of site-based
conservation strategies that are tailored to local ecological
conditions. Addressing this gap, the present study aims to
assess (i) the community structure of giant clams,
including density and diversity, and (i) their substrate
habitat preferences using Ivlev's electivity index. It is
hypothesized that giant clam distribution in Bama Waters
is strongly influenced by substrate type, with higher
preference for stable substrates such as hard coral and
rock compared to unstable substrates such as sand. This
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study provides site-specific ecological evidence to support
science-based management and conservation strategies
for giant clams within Indonesian coral reef ecosystems.

Methodology

Study Design and Study Area

This study employed a quantitative field-based ecological
survey to examine the community structure and substrate
habitat preferences of giant clams (Tridacnidae) in a
shallow coral reef ecosystem. This approach allows direct
observation of species—habitat interactions under natural
environmental conditions.

The research was conducted in Bama Waters, Baluran
National Park, East Java, Indonesia, a marine protected
area with heterogeneous reef flat substrates. The site was
selected based on preliminary surveys and literature
indicating high biodiversity potential and the presence of
giant clam habitats. Site selection used a random sampling
approach after field reconnaissance to ensure spatial
representativeness while reducing sampling bias from
habitat heterogeneity and anthropogenic disturbance
across the study area.

Four sampling stations were established to represent
different substrate characteristics and reef conditions. The
geographic positions of the stations were as follows:
Station 1 (7°50'44.17"S; 114°27'43.25"E), Station 2
(7°50'39.51"S; 114°27'51.77"E), Station 3 (7°50'43.04"S;
114°27'54.61"E), and  Station 4  (7°50'44.90"S;
114°27'47.19"E). The spatial distribution of sampling
stations is shown in Figure 1. The positions of Stations 1-4
are indicated in Figure 1 to provide spatial reference of
the sampling design.

Field surveys were carried out during the east
monsoon season (August-September 2022) to ensure
optimal underwater visibility and stable environmental
conditions for benthic observations (12).
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Figure 1. Study area map.
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Sampling Design and Giant Clam Survey

Station placement followed a random sampling approach
after  preliminary  field observation to  ensure
representativeness of the study area. Four sampling
stations were established and georeferenced using a
handheld GPS to capture spatial heterogeneity in
substrate composition and reef condition. At each station,
giant clam abundance and species composition were
assessed using the Benthos Belt Transect (BBT) method
following standardized megabenthos survey protocols
(13). The BBT method was chosen due to its effectiveness
in assessing relatively large and sparsely distributed
benthic organisms such as giant clams.

A 100 m transect line was laid parallel to the
shoreline, and all giant clams observed within 1 m on
either side of the transect line were recorded, resulting in a
sampled area of 200 m? per transect. Each transect survey
was conducted in triplicate to ensure data reliability and
representativeness. This transect size was selected to
balance spatial coverage and survey efficiency, ensuring
adequate representation of giant clam populations while
maintaining manageable observation effort. Surveys were
conducted by snorkeling at depths of < 5 m. The belt
transect configuration is illustrated in Figure 2.

Each individual was identified to species level based
on shell morphology, mantle coloration, and size (15).
Shell length (cm) was measured in situ. To reduce observer
bias, species identification followed standardized
taxonomic references, and observations were conducted
consistently by trained personnel. The substrate type
directly beneath each individual was recorded and
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classified into standardized benthic categories (hard coral,
rubble, dead coral with algae, rock, sand) following (16).

Benthic Substrate Assessment

Benthic substrate composition was quantified using the
Underwater Photo Transect (UPT) method (17). This
method enables objective and reproducible estimation of
benthic cover compared to direct visual assessment. Along
each transect, underwater photographs were taken at 1 m
intervals using a digital underwater camera positioned 60
cm above the substrate, covering a 58 x 44 ¢cm? quadrat
frame.

Photographs were analyzed using CPCe software
(Coral Point Count with Excel) with 30 randomly generated
points per image to estimate percentage cover of coral
lifeforms and substrate categories (18). The use of random
point analysis reduces subjective bias and increases the
reliability of substrate classification. The photographic
sampling design is presented in Figure 3. Reef condition
was classified based on live coral cover thresholds
established by KEPMEN LH No. 4/2001.

Physicochemical Parameters

Key physicochemical parameters including temperature
(°Q), salinity (ppt), pH, dissolved oxygen (mg L"), and
water transparency were measured in situ using standard
oceanographic instruments, including a thermometer,
refractometer, pH meter, and dissolved oxygen meter,
following standard marine monitoring procedures (19).
Measurements were conducted at each station during the
sampling period to capture spatial variation in
environmental conditions. Water transparency was
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Figure 3. Data analysis processing using CPCe software (Researcher, 2022).
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determined using a Secchi disk.

In addition, water samples were collected using clean
sampling bottles and transported to an accredited
laboratory for analysis of nutrient concentrations,
including nitrate and phosphate to provide a more
comprehensive assessment of water quality conditions.
These parameters were included to ensure that
environmental conditions remained within suitable ranges
for giant clam survival and to control for potential
confounding factors affecting species distribution and
habitat preference patterns. The selection of these
parameters was based on their ecological relevance in
influencing metabolic processes, growth, and distribution
of marine benthic organisms, particularly Tridacnidae.

Data Analysis

Giant clam density (individuals m™) was calculated as the
number of individuals recorded per unit transect area.
Community diversity was quantified using the Shannon
Wiener diversity index (H"), as shown in Eq. 1. This index
was selected because it accounts for both species richness
and evenness, making it suitable for ecological community
analysis.

where p; is the proportion of individuals of speciesi
(20).

Substrate habitat preference was assessed using
Ivlev's Electivity Index (E This index was selected because it
provides a quantitative measure of habitat selection by
comparing resource use with environmental availability,
making it particularly suitable for ecological studies of
benthic organisms with discrete habitat associations.

The use of Ivlev's index has been widely applied in
previous ecological studies to evaluate habitat preference
and feeding selectivity, allowing standardized comparison
across species and environments. In this study, the index
enables assessment of whether giant clams exhibit
preference, neutrality, or avoidance toward specific
substrate types relative to their availability in the reef
system, and it is expressed in Eq. 2.

Where represents the proportional use of substrate
type ( by giant clams and represents its proportional
availability in the environment (21).

H = — Z(Pz Inp;)

Ti + D
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Electivity values range from -1 (avoidance) to +1
(strong preference). This approach allows direct
comparison between substrate use and availability,
providing a robust measure of habitat selection. To ensure
data reliability, all field observations followed standardized
protocols, and data recording sheets were cross-checked
after each survey. Photographic data were re-evaluated to
minimize classification errors during substrate analysis.

Ethical and Regulatory Compliance

All field activities were conducted under the authorization
of Baluran National Park and complied with Indonesian
regulations concerning protected marine species. Data
collection was strictly observational and non-destructive,
with no removal or physical disturbance of giant clams or
reef substrates.

Results

Species Composition and Density of Giant
Clams

A total of three species of giant clams were recorded in
Bama Waters, Baluran National Park, namely T croceaq,
Tridacna maxima, and Tridacna squamosa. Among these, T
crocea was the most abundant and widely distributed
species across all sampling stations, whereas T. squamosa
exhibited the lowest occurrence. This dominance pattern
indicates a community structure strongly skewed toward a
single species, suggesting uneven species distribution
within the study area.

The spatial distribution of giant clam species varied
among sampling stations. T crocea was consistently
observed at all sampling stations, indicating a broad
distribution across the study area. In contrast, T maxima
and T squamosa exhibited more limited distributions,
being recorded only at specific stations with suitable
substrate conditions. These patterns indicate that species
distribution is strongly influenced by local habitat
characteristics, particularly substrate type and reef
condition. Representative photographs of the recorded
species are presented in Figure 4.

(Eq. 1)

(Eq. 2)

Lol

Figure 4. Representative giant clam species recorded in Bama Waters: (A) Tridacna squamosa, (B) Tridacna maxima, (C)
Tridacna crocea.
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Figure 6. Shannon-Wiener Diversity Index (H') of giant
clams in Bama Waters, Baluran National Park.

Overall giant clam density varied spatially among stations,
with the highest density observed at stations characterized
by a high proportion of hard substrate and coral rubble. T.
crocea showed the highest density (0.52 ind/ha), followed
by T maxima (0.18 ind/ha) and T. squamosa (0.14 ind/ha).
Stations dominated by unstable substrates such as sand
exhibited consistently lower densities, indicating a strong
association between substrate stability and species
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occurrence. Detailed species composition and density
values are presented in Figure 5. The dominance of T.
crocea contributed substantially to total density values
across all stations.

Community Diversity

The Shannon-Wiener diversity index (H') indicated low to
moderate diversity levels across the study area. The
Shannon-Wiener diversity index (H') ranged from 0.41 to
0.66, indicating low diversity. The relatively low diversity
values reflect limited species richness combined with
dominance of T crocea, which reduces overall community
evenness. Diversity values were relatively higher at stations
with greater substrate heterogeneity and live coral cover.
This demonstrates that structurally complex habitats
provide a wider range of ecological niches, supporting
higher  species  coexistence. — Conversely, stations
dominated by unstable substrates such as sand and dead
coral with algae exhibited lower diversity values. The
Shannon-Wiener diversity index (H') values for each
station are presented in Figure 6.

Benthic Substrate Composition

Benthic substrate analysis revealed that hard coral, coral
rubble, dead coral with algae, rock, and sand were the
dominant substrate categories in Bama Waters. Hard coral
dominated the substrate (41%), followed by dead coral
algae (24%), rubble (14%), sand (7%), and rock (5%). The
percentage cover of each substrate category at all stations
is presented in Figure 7.

Substrate Habitat Preference

Habitat preference analysis using Ivlev's electivity index
demonstrated species-specific substrate selection patterns
. T. crocea showed a high preference for rock substrate (E =
0.77). T maxima showed a preference for hard coral and
coral

rubble, while T squamosa displayed weak to

Figure 7. Kima Habitat Substrates in TNB Waters: (A) Hard coral, (B) Dead Coral Algae, (C) Rubble, (D) Rock (Researcher,
2022).
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Figure 8. Habitat preference index (E) of giant clams
across substrate types.

moderate electivity values, lower habitat
specificity.

Negative electivity values were observed for sandy
substrates across all species, indicating substrate
avoidance. Electivity index values for each species and

substrate type are presented in Figure 8.

indicating

Environmental Parameters

Physicochemical measurements indicated that water
quality parameters in Bama Waters were within ranges
suitable for giant clam survival and growth (19). Water
temperature averaged 29 + 141°C, salinity was
approximately 35 ppt, and dissolved oxygen reached 6.48
mg/L. These values fall within the optimal range for marine
benthic organisms, particularly Tridacnidae. Variations in
nutrient concentrations and sedimentation rates among
stations were relatively low and did not exceed thresholds
associated with severe reef degradation.

Discussion

The dominance of T crocea in Bama Waters is consistent
with previous studies in Indonesian coral reef systems,
which report that this species is highly adaptable to
shallow reef flats and resistant to moderate environmental
disturbance due to its boring behavior and small shell size
(8, 11). This ecological strategy allows T. crocea to exploit
microhabitats ~ within ~ hard  substrates,  reducing
competition and increasing survival probability under
variable environmental conditions. Its ability to embed
itself within hard substrates likely reduces predation risk
and physical dislodgement, contributing to higher survival
and density. In contrast, the lower abundance of T
squamosa may be attributed to its larger shell size and
preference for stable substrates, which are limited in the
study area. Similar patterns have been reported in other
Indonesian marine protected areas (1, 5).

These dominance patterns are closely linked to
variations in substrate composition across the study area.
Stations characterized by mixed substrates, particularly
hard coral and rubble, exhibited higher diversity values,
likely due to increased habitat complexity and niche
availability. This finding underscores the role of substrate
composition as a primary driver of giant clam distribution,
which is consistent with previous studies (7, 9). In contrast,
sand-dominated substrates exhibited low suitability for
giant clams, likely due to instability and limited attachment
or boring opportunities. These conditions restrict
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settlement and post-larval survival, resulting in reduced
abundance and diversity (3).

In line with these habitat characteristics, the electivity
analysis further highlights species-specific ecological
strategies. The strong preference of T crocea for rocky
substrates is consistent with its obligate boring behavior,
whereas T maxima exhibits a greater dependence on
exposed hard substrates for secure attachment and
efficient light acquisition for photosynthesis. In contrast,
the relatively weak electivity values observed in T
squamosa indicate lower habitat specialization, which may
constrain its competitive performance in shallow reef
environments (8). The generally low electivity values of T.
squamosa suggest broader habitat tolerance but lower
competitive ability in shallow reef flats. These species-
specific preferences underscore the importance of
maintaining diverse substrate types within marine
protected areas to support multi-species assemblages
22).

Beyond substrate-related factors, environmental
conditions also play a supporting role in shaping species
distribution.  Measured  environmental  parameters
indicated that Bama Waters remain within suitable ranges
for giant clam persistence. Water quality parameters
included temperature of 29 + 1.41°C, salinity of 35 ppt,
and dissolved oxygen of 6.48 mg/L. Therefore, substrate
characteristics appear to play a more dominant role than
physicochemical parameters in shaping distribution
patterns within the study area. However, localized
sedimentation and nutrient inputs may pose long-term
risks by altering substrate composition and reducing light
penetration, which is critical for zooxanthellae
photosynthesis (17). The results highlight the ecological
importance of hard substrates and reef structural integrity
in  sustaining giant clam populations.  Effective
conservation strategies should therefore prioritize
substrate  protection and minimize anthropogenic
disturbances that lead to sedimentation and reef
degradation.

Nevertheless,  several limitations should be
acknowledged. The number of sampling stations was
relatively limited, which may not fully capture the spatial
variability of the reef ecosystem. In addition, temporal
variation was not assessed, as sampling was conducted
within a single season. Future studies should incorporate
broader spatial coverage and multi-season observations to
provide a more comprehensive understanding of giant
clam habitat dynamics.

Conclusion

This study demonstrated that the community structure
and substrate habitat preferences of giant clams in Bama
Waters were characterized by low to moderate diversity
(H' = 0.41-0.66) and dominance of T. crocea (0.52 ind/ha),
indicating a community structure strongly influenced by
species-specific habitat adaptation and environmental
filtering processes related to substrate availability. Habitat
preference analysis indicated species-specific patterns,
with T crocea favoring rocky substrates, T maxima
associated with hard coral and rubble, and T squamosa
showing weaker habitat specialization, suggesting the
important role of stable substrates in shaping distribution
and overall community composition across reef habitats as
well as reinforcing the importance of habitat
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heterogeneity in maintaining species coexistence within
coral reef ecosystems. However, the study was limited by
spatial and temporal sampling constraints; therefore,
broader and multi-season studies are needed to better
understand habitat dynamics and support more effective
conservation planning and long-term management of
giant clam populations in coral reef ecosystems under
changing environmental and anthropogenic pressures.
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