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Abstract: This study evaluates the relative and combined effectiveness of seaweed rafts and light
traps in attracting juvenile fish, focusing on diel variations in juvenile fish assemblage in the tropical
coastal waters of Gaolong Bay, Wenchang City, Hainan Province. Sampling was conducted in
May 2023 during various time periods using self-made artificial drifting seaweed rafts and light
traps. The nonparametric Kruskal–Wallis was employed to compare the diversity and catch per
unit effort of juvenile fish across different time periods and sampling methods. The Permutational
Multivariate Analysis of Variance, heatmaps, and Principal Coordinates Analysis were used to
analyze and visualize the differences between juvenile fish assemblages. Our findings indicate
that light traps were particularly effective during nocturnal periods, capturing a diverse array of
species and achieving the highest richness and evenness indices. Seaweed rafts demonstrated the
lowest diversity indices, largely due to the dominance of specific species, which likely contributed to
the competitive exclusion of other species. Seaweed rafts showed significant effectiveness during
noon, providing critical habitat and shelter that attracted juvenile fish despite the lower diversity.
While each method demonstrated specific advantages, their combined approach did not significantly
improve juvenile fish aggregation compared to the individual method. These findings underscore the
importance of considering diel and tidal cycles in the selection of sampling methods, as aligning the
method with the time of day can greatly enhance the accuracy of biodiversity assessments, leading to
more informed conservation and management strategies for tropical coastal waters.

Keywords: juvenile fish assemblage; seaweed raft; light traps; aggregation effect; diel patterns;
sampling method

Key Contribution: Explores the comparative and combined efficacy of two juvenile fish sampling
methods: drifting seaweed raft and light traps. The results highlight the distinct advantages of
using drifting seaweed rafts during daytime and light traps during nighttime for effective juvenile
fish monitoring.

1. Introduction

Coastal zones are recognized for their high primary productivity and significant eco-
nomic contributions, serving as crucial nurseries for juvenile fish [1]. The intertidal and
shallow subtidal zones exhibit dynamic ecological interplay with mangroves, seagrass
beds, coral reefs, and other critical habitats, promoting ecological connectivity. These
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areas offer essential ecological services including spawning, nursing, and foraging habi-
tats, which are critical for the ontogenetic development of numerous marine fish species,
thereby supporting the reproductive and juvenile stages crucial for sustaining fish popula-
tions [2–4]. However, these nurseries are increasingly vulnerable to anthropogenic impacts,
underlining the importance of monitoring juvenile fish diversity and abundance. Such
assessments are integral to understanding the health and sustainability of fishery stocks
and the ecological integrity of these habitats [1,5–7]. They provide insight into the efficacy
of marine biodiversity conservation strategies and the resilience of fish populations, which
are pivotal for formulating adaptive fishery management practices [8].

Floating seaweeds, dislodged from the benthic zone due to physical or biological
forces, serve as floating microhabitats on the marine surface [9]. These floating seaweeds
are critically linked with marine life, particularly fish. Over 333 species across 96 families
are associated with floating seaweeds and other floating substrates, predominantly during
their juvenile stages [10,11]. Studies have shown that naturally floating seaweeds and
fresh seaweeds detached from the substrate attract juvenile fish and invertebrates [12–14].
Floating seaweeds contribute to habitat complexity and provide essential services such
as refuge and foraging grounds [15], facilitating juvenile fish survival by offering shelter
from predators and enhanced feeding opportunities [16]. Floating seaweeds predominantly
collect in dynamic marine areas like estuaries, nearshore regions, or oceanic fronts [9],
regions known for their elevated planktonic biodiversity compared to open ocean waters.
Field observations, particularly in regions like Hainan Island, China, highlight the practical
implications of these floating ecosystems, where local fishers exploit natural seaweed
rafts to capture juvenile fish for commercial purposes. Species such as Kyphosus lembus,
Caranx sexfasciatus, Histrio histrio, Siganus fuscescens, and Abudefduf vaigiensis, frequently
found around these natural assemblages, become targeted for ornamental and commercial
fisheries, reflecting a direct interaction between ecological phenomena and local economic
activities [17].

Previous research on floating seaweeds and their associated fish communities has
largely focused on open, deep waters (>50 m), primarily assessing the ecological significance
of these floating complexes. Preliminary findings have shown nocturnal predominance
in juvenile fish aggregation around floating seaweeds [18,19]. However, the influence of
diel variations, specifically changes in juvenile fish aggregation behavior between day and
night, remains underexplored. This gap limits our understanding of the role of floating
seaweed and other structures as fish aggregating devices. To address this gap, our research
compared the effectiveness of seaweed rafts and light traps during the diel cycle and light
traps at night in aggregating juvenile fish in Gaolong Bay, Wenchang coast, Hainan Island.
Specifically, we used seaweed rafts, light traps, and a combination of both at night to attract
nocturnal species that are sensitive to artificial lighting, whereas during the day, we utilized
seaweed rafts to observe natural aggregation behavior without the influence of artificial
light. By employing these two methods at various times of the diel cycle, our investigation
aims to determine the diel dynamics of juvenile fish assemblage and to provide novel
insights into species-specific preferences. Our findings could provide a foundational
approach for coastal juvenile fishery surveys, thereby improving the accuracy of juvenile
fish resource assessment and leading to more informed conservation and management
strategies for tropical coastal waters.

2. Materials and Methods
2.1. Study Area

Our research was conducted from 19 to 21 May 2023, in the shallow zone of Gaolong
Bay at Wenchang, located on the eastern coast of Hainan Island within the northern South
China Sea, which is rich in juvenile fish resources [20]. This region is characterized by
its tropical climate and ecological diversity (Figure 1). Governed by a tropical monsoon
climate, Gaolong Bay exhibits pronounced seasonal variations in inshore and wind currents,
significantly affecting local marine habitats. A critical ecological feature, the Qiongdong
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coastal upwelling, occurs from April to September, channeling substantial nutrients to-
wards the coast and substantially boosting primary productivity and biodiversity in the
region [21]. Furthermore, Gaolong Bay experiences mixed semi-diurnal tides, with tidal
levels fluctuating between approximately 0.5 m at neap tides and 2.0 m at spring tides. The
Gaolong Bay’s diverse benthic habitats, including sandy and stony substrates, seagrass
beds, and coral reefs, form a rich mosaic habitat supporting a wide spectrum of marine
organisms. This area’s heterogeneity makes it an ideal location for studying juvenile fish
assemblage, especially during their peak breeding season from April to September. During
this peak period, various juvenile fish species are observed seeking refuge shelter under
the naturally formed floating seaweeds on the water’s surface, such as Sargassum spp.,
coinciding with significant episodes of algal blooms, thereby providing a unique natural
laboratory for our research [22].
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Figure 1. Location of Gaolong Bay, Wenchang coast, Hainan Island, China, showing the sampling site
from 19 to 21 May 2023.

2.2. Fish Sampling

We developed simple sampling devices integrating elements from floating seaweeds
(Sargassum spp.) and artificial light traps (Figure 2). The devices were constructed using a
fine-mesh net (1 × 1 mm) with a 73 cm diameter at the opening, attached to a floater to
maintain its position just below the water surface (approximately 15 cm deep). An anchor
system was employed to stabilize the structure against tidal movements. To simulate
seaweed rafts, we collected local seaweeds from adjacent seabeds, ensuring they were fresh
and in a pre-decomposition state to optimize their attractiveness to fish, following protocols
suggested in prior studies [23]. Each seaweed raft was designed to approximate an area of
about 0.4 m2 and weighed around 4 kg when wet. The light traps comprised a waterproof,
white LED lamp capable of continuous operation for over 4 h, strategically placed within
the net to attract nocturnal and crepuscular juvenile fish.

We preconditioned all experimental setups in situ for 24 h before commencing the data
collection process. The experimental design included four distinct groups to evaluate the
efficiency of different sampling methodologies: the light traps, the seaweed rafts, the light
trap–seaweed raft, and the blank control. Each treatment was replicated three times within
each sampling session to ensure temporal consistency and minimize potential biases from
day-to-day variations. Samples were collected from three different locations about 50 m
from the shore, with 30 m separating each device, chosen based on similar environmental
conditions (depth, substrate type, and proximity to the shore) to ensure comparability. The
water depth during the study was 1.0 to 1.5 m.

Sampling sessions were structured to cover various times of the day: including late
night (01:00–03:30, ebb tide), dawn (04:00–06:30, flood tide), and early night (22:00–00:30,
flood tide), from 19 May to 21 May 2023. Additionally, the seaweed raft and the blank con-
trol groups were also conducted during noon (11:00–13:30, ebb tide) and dusk (17:00–19:30,
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flood tide), the time of sunrise and sunset in the study area is 06:00 and 19:00 in local
times, respectively. The entire research period coincided with a neap tide and the sea was
calm during the sampling sessions, with the highest wave less than 2 m. The mean wave
height was 1.0 ± 0.2 m during the study period (National Meteorological Data Center,
https://data.cma.cn/, accessed on 25 May 2023). To ensure independence of sampling
times, each set of devices was deployed and retrieved at the end of each sampling session,
and fish were collected by hand nets and removed before redeployment for the next session.
This approach prevented fish accumulation from previous periods, ensuring that each
sampling time represented an independent dataset.
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Figure 2. Self-made sampling devices used in the study, showing the main structures of four kinds of
sampling devices, including light trap (LT); seaweed raft (SR), light trap–seaweed raft (LS), and blank
control (BC).

Captured fish were immediately preserved in a 4% seawater formalin solution for 4 h,
and then stored in 75% ethanol for laboratory analysis. The growth stages of all collected
fish were determined through careful morphological examination. All fin rays were fully
developed, and scales were visible, with the only difference from adult fish being body
size proportions. Therefore, all specimens were classified as juveniles. Juvenile fishes were
identified morphologically to the lowest taxonomic level in the laboratory. The body length
(BL, mm) was measured using either a dissecting microscope (Nikon SMZ1270, Nikon
Corporation, Tokyo, Japan) or a vernier caliper, with an accuracy of 0.1 mm.

2.3. Analysis

The total number of fish captured by each sampling device within a specified time-
frame was quantified as the Catch Per Unit Effort (CPUE, ind./net). The Index of Relative
Importance (IRI) was calculated for each species into dominant species (IRI > 100), common
species (100 > IRI ≥ 10), or rare species (IRI < 10). The formula was IRI = N% × F%, where
N% is the percentage of individuals of a particular species relative to the total number of
individuals of all species captured, and F% is the percentage of samples of a particular
species to the total number of collected samples [24].

The Shapiro–Wilk test showed that the data did not meet the conditions of normality
after various transformations (e.g., natural logarithm, square, square root, and reciprocal).
Therefore, the nonparametric Kruskal–Wallis test was conducted to assess the influence
of different sampling methods and sampling times on CPUE and species diversity pa-
rameters. For instances where significant differences emerged, Dunn’s post hoc test was
applied for pairwise comparisons [25]. Permutational Multivariate Analysis of Variance
(PERMANOVA) was employed to assess whether sampling methods and sampling time
had an impact on juvenile fish assemblage [21]. A heatmap was constructed to display

https://data.cma.cn/
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clustering patterns, illustrating similarities within the juvenile fish assemblage. The similar-
ity percentage analysis (SIMPER) was applied to identify specific species that contributed
significantly to within-group similarity and between-group differences. Species diversity
of fish assemblage was measured using the Shannon–Wiener diversity index (H′), Margalef
species richness index (D′), and Pielou’s evenness index (J′):

H′ = −∑(Pi ln Pi), (1)

D′ = (S − 1)/ln N, (2)

J′ = H′/ln S (3)

where S represents the number of species in the sample, N is the total number of individ-
uals in the sample, and Pi is the proportion of the i-th species in the sample. Principal
Coordinates Analysis (PCoA) is a statistical method used to visualize the relative distances
between samples in a multivariate data set. In this study, PCoA based on the Bray–Curtis
similarity distance matrix was used to analyze the similarity among fish assemblage. Before
analysis, we transformed all original data using a log (x + 1) transformation to stabilize
the variance. The clustering heatmap, PERMANOVA, and Principal Coordinates Analysis
were conducted in the R programming environment using the “pheatmap”, “vegan” and
“ade4” packages, respectively. Species diversity calculations and SIMPER analyses were
conducted using the software PRIMER5 (Version 5.2.9).

3. Results
3.1. Diversity and CPUE of Juvenile Fish Assemblage

A total of 955 juvenile fish were collected, belonging to 15 families, 19 genera, and
21 species (Table 1). The blank control group only yielded 17 individuals, comprising
5 species from 5 genera in 5 families. Due to the significantly lower performance of the BC
group (p < 0.05) compared to the active sampling methods, data from the BC group were
excluded from further analysis to avoid skewing the results and to focus on comparing the
more effective sampling approaches. The control group was used primarily for qualitative
comparison to establish a baseline of natural aggregation in the absence of stimuli. To
evaluate the influence of diel patterns on fish assemblages and differentiate the performance
of the seaweed raft group at different times, we categorized the collections from the seaweed
raft into nighttime (including early night, late night, and dawn) and daytime (including
noon and dusk) groups. The nighttime seaweed raft group yielded 7 species from 6 genera
across 6 families, whereas the daytime seaweed raft group yielded 9 species from 7 genera
across 6 families. In comparison, the light trap method captured 12 species from 12 genera
across 11 families, and the light trap–seaweed raft combination collected 9 species from
9 genera across 8 families. A temporal analysis of species numbers across different periods
revealed that the late-night period had the highest species count, followed by dawn, noon,
early night, and dusk, with dusk yielding the fewest species.

Further analysis of fish assemblage diversity indices showed that the light trap group
(1.36 ± 0.51) had the highest species richness index (D’), followed by the light trap–seaweed
raft group (1.05 ± 0.37) and the daytime seaweed raft group (0.89 ± 0.21). The nighttime
seaweed raft group exhibited the lowest species richness (0.73 ± 0.25). In terms of evenness
(J’), the light trap–seaweed raft group (0.64 ± 0.06) ranked highest, followed by the light
trap group (0.59 ± 0.16) and the nighttime seaweed raft group (0.55 ± 0.05), with the
daytime seaweed raft group (0.49 ± 0.05) showing the lowest evenness. The Shannon-
Wiener diversity index (H’) mirrored these findings, with the light trap–seaweed raft group
(1.16 ± 0.48) having the highest diversity, followed by the light trap group (1.06 ± 0.24),
daytime seaweed raft group (0.79 ± 0.15), and finally the nighttime seaweed raft group
(0.75 ± 0.1). These diversity parameters did not show significant differences across the
groups. (Table 2, p > 0.05).
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Table 1. Species, body length range, index of relative importance (IRI), and occurrence of juvenile fish assemblage collected by seaweed raft and light traps in the
coastal water.

Species n N% f F% IRI BL (mm)
Range Dominance

Sim.contrib% Diss.contrib% Occurrence

GroupA GroupB AvsB Noon Dusk Early Night Late Night Dawn

Ambassis urotaenia 506 53.94 13 0.39 2125.09 13.9–33.5 dominant 61.16 88.66 42.12 SR LT, SR, LS LT
Siganus fuscescens 257 27.40 27 0.82 2241.71 17.1–34.4 dominant 30.89 0 19.96 SR DS LT, SR, LS LT, SR, LS LT, SR, LS
Gerres oyena 57 6.08 8 0.24 147.32 11.2–19.6 dominant 3.04 3.35 9.63 SR SR LT, LS
Terapon jarbua 33 3.52 8 0.24 85.29 10.4–12.3 common 4.33 0.35 8.33 DS LT, SR, LS LT
Liza carinata 33 3.52 4 0.12 42.64 27.5–60.9 common 0.12 6.56 4.55 LT, LS
Ambassis miops 13 1.39 2 0.06 8.40 20.0–27.6 rare 0.45 0 2.63 SR LT
Ophiogobius spp. 7 0.75 3 0.09 6.78 18.7–40.4 rare 0 0 2.2 SR LT
Ambassis dussumieri 7 0.64 1 0.03 2.26 19.5–23.3 rare 0 0 2.14 SR SR
Sillago japonica 6 0.53 2 0.06 3.88 18.6–26.9 rare 0 0.27 1.56 LT, SR
Megalops cyprinoides 5 0.43 2 0.06 3.23 28.3–38.5 rare 0 0 1.05 LS LS
Leiognathus equula 4 0.75 2 0.06 2.58 10.5–11.8 rare 0 0 0.92 LT
Lutjanus fulviflamma 2 0.21 1 0.03 0.65 22.5–23.4 rare 0 0.81 0.92 SR, LS
Planiliza affinis 2 0.21 2 0.06 1.29 34.9–37.2 rare 0 0 0.84 LS
Caranx djeddaba 1 0.11 1 0.03 0.32 28.5 rare 0 0 0.64 LT
Pelates quadrilineatus 1 0.11 1 0.03 0.32 14.8 rare 0 0 0.57 DS
Sardinella melanura 1 0.11 1 0.03 0.32 39.6 rare 0 0 0.57 LS
Seriola dumerili 1 0.11 1 0.03 0.32 23.9 rare 0 0 0.52 LT
Sphyraena barracuda 1 0.11 1 0.03 0.32 15.0 rare 0 0 0.49 SR
Stolephorus spp. 1 0.11 1 0.03 0.32 12.3 rare 0 0 0.36 LT
Ostorhinchus
doederleini - - - - - - 0 0 0 BC

Thryssa kammalensis - - - - - - 0 0 0 BC

Note: n is the number of the species, N% is the percentage of a species’ abundance relative to the total number of species (N = 938), f is the number of occurrences of that species, and
F% is the frequency of occurrence of that species (The total sampling times is 19). BL is the body length (mm). Sim.contrib% and Diss.contrib% represent the within-group similarity
contribution percentage and between-group dissimilarity contribution percentage, respectively, in the SIMPER analysis. The occurrence of juvenile fish species in light trap (LT); seaweed
raft (SR), light trap–seaweed raft (LS), and blank control (BC). Ostorhinchus doederleini and Thryssa kammalensis were only found in the BC, and excluded from the IRI analysis.
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Table 2. Juvenile fish assemblage diversity and the proportion of the dominant species by different
sampling methods.

Sampling Methods

Light Trap Light Trap–Seaweed Raft Seaweed Raft
(Nighttime)

Seaweed Raft
(Daytime)

Proportion of S. fuscescens 7.63% 34.68% 72.87% 8.65%
Proportion of A. urotaenia 67.18% 44.14% 20.74% 72.56%
Species number 12 9 7 9
CPUE (ind./net) 29.11 ± 36.85 24.67 ± 25.56 20.89 ± 14.69 44.33 ± 43.68
D′ 1.36 ± 0.51 1.05 ± 0.37 0.73 ± 0.25 0.89 ± 0.21
J′ 0.59 ± 0.16 0.64 ± 0.06 0.55 ± 0.05 0.49 ± 0.05
H′ 1.16 ± 0.48 1.06 ± 0.24 0.75 ± 0.1 0.79 ± 0.15

Note: Shannon–Wiener diversity index (H′), Margalef species richness index (D′), Pielou’s evenness index (J′).

The analysis of CPUE revealed no significant differences across the various sampling
methods (p > 0.05). However, a general trend was observed, where the daytime seaweed
raft had the highest CPUE, followed by the light trap and the light trap–seaweed raft,
with the nighttime seaweed raft group showing the lowest CPUE. Temporal factors were
identified as the primary drivers of CPUE variations (p < 0.05). Among the periods, CPUE
was highest at noon (ebb tide), followed by late night (ebb tide), early night (flood tide),
and dawn (flood tide), with dusk (flood tide) showing the lowest CPUE (Figure 3).
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Figure 3. CPUE, species composition and distribution of the juvenile fish assemblages collected by
light trap (LT), seaweed raft (SR), light trap–seaweed raft (LS) at different sampling times. The species
composition showed the domain, comment species, and all the rare species. Statistical significance was
assessed using the Kruskal–Wallis test, where identical letters above the bars indicate no significant
difference (p > 0.05) between groups, and different letters indicate a statistically significant difference
(p < 0.05).
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3.2. Dominant Species

The dominant species identified across all sampling methods included S. fuscescens,
Ambassis urotaenia, and Terapon jarbua. The body length distribution of A. urotaenia ranged
from 13.9 to 33.5 mm, with an average of 23.62 mm. For S. fuscescens, body lengths ranged
from 17.1 to 34.4 mm, with an average of 26.92 mm. The body length distribution of G. oyena
ranged from 11.2 to 19.6 mm, with an average of 16.42 mm (Figure 4). Common species
within the assemblages were Liza carinata and Gerres oyena, while the remaining 12 species
were considered rare. Among the dominant species, A. urotaenia was the most abundant,
accounting for 53.94% of all juvenile fish collected. However, S. fuscescens exhibited a higher
relative importance index (IRI) of 2241.71, compared to 2125.09 for A. urotaenia. Together,
these two species constituted 87.42% of the total fish count (Table 1). Heatmap analyses
revealed that S. fuscescens was consistently present across all sampling periods, whereas
A. urotaenia and T. jarbua were predominantly found during the late-night period and were
less frequent at other times (Figure 5). The proportion of S. fuscescens was highest in the
nighttime seaweed raft samples and during early night periods, whereas its presence was
lowest in light trap samples and during noon periods.
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Figure 5. The clustering patterns of the juvenile fish assemblages and group-specific contributions to
the differences of fish assemblages collected by light trap (LT), seaweed raft (SR), light trap–seaweed
raft (LS) during the diel periods. Abbreviations of the juvenile fish assemblages were formed by
sampling methods and sampling time; for example, SR-NO represents the fish assemblage collected
by seaweed raft during the noon. Sampling times: noon (NO), dusk (DU), late night (LN), dawn
(DA), early night (EN).

3.3. Differences in Juvenile Fish Assemblage Structure

There were no statistically significant differences in fish assemblage structure across
the different sampling methods (F = 1.17, p > 0.05), but significant differences were observed
across different sampling times (F = 11.09, p < 0.05). PERMANOVA analysis indicated
that the sampling method accounted for 5.2% of the variation in fish assemblages, while
sampling time explained 49.4% of the variation. The interaction between the sampling
method and time accounted for 5.2% of the variation. PCoA demonstrated that the first
and second principal coordinates explained 29.64% and 20.22% of the total variance in
fish assemblage structure, respectively, totaling 49.86% of the variance. When grouped by
sampling time (Figure 6), the 90% confidence interval ellipses for the early night and dawn
periods showed partial overlap, whereas the late-night period was distinctly separated
from the other time periods. This separation indicates that fish assemblages during the
late-night period may differ significantly from those at other times.
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Hierarchical clustering analysis further segregated the assemblages into two distinct
groups (Figure 5). Group A, which included data from the noon and late-night samplings,
displayed similar assemblage characteristics and differed significantly from Group B, which
encompassed assemblages from the other sampled time slots. SIMPER analysis revealed
an average dissimilarity of 80.75% between the two assemblage groups. This variation was
primarily driven by the species A. urotaenia, S. fuscescens, G. oyena, and T. jarbua, which
together contributed to more than 80% of the observed intergroup variance.

4. Discussion

Our study underscored the effectiveness of different sampling methods (i.e., the light
traps, the seaweed raft, the light trap–seaweed raft) in attracting and assessing juvenile
fish assemblages across various diel periods. Light traps proved particularly effective for
nocturnal sampling, yielding higher catch rates, especially for small and light-sensitive
species, as supported by previous studies [26,27]. This is evidenced by the highest richness
and evenness indices observed in the light trap group, highlighting the strong attraction of
artificial light at night, which draws in a greater diversity and number of juvenile fish [28].
The nocturnal light environment not only attracts fish but also influences their behavior
and ecological interactions [29,30]. Additionally, the gathering of fish in light devices may
be associated with the mass accumulation of plankton [31]. The juvenile fish from the light
trap–seaweed raft exhibited the highest Shannon–Wiener diversity index, suggesting that
the combination of light and seaweed provides a more complex and diverse habitat, which
helps to maintain high species diversity. Although one diversity index is slightly higher,
combining light traps and seaweed rafts does not significantly enhance the aggregative
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effect compared to using each method independently. The light trap alone resulted in the
highest abundance of juvenile fish, indicating a lack of synergistic effect when combining
light and seaweed for fish attraction. This finding is consistent with previous studies that
have shown that artificial light significantly increases fish abundance and diversity at
night [32].

The juvenile fish from the seaweed raft had the lowest diversity indices and abundance,
potentially due to the strong species-specific attraction of S. fuscescens, which may lead
to the competitive exclusion of other species. This effect reduces the overall diversity
as the habitat becomes dominated by a single species that monopolizes the available
resources [33]. This pattern suggests that floating seaweed acts as a miniature ecosystem
where competition for resources can drive changes in community structure, consistent with
Gause’s principle of competitive exclusion [34]. While floating seaweed and debris play
critical roles in attracting juvenile fish, their effectiveness is closely tied to their structural
complexity and the abundance of associated resources [19,35]. The benefits provided by
the structural complexity of the seaweed, such as shelter and food resources [30], may also
contribute to the survival and growth of juvenile fish [16,36]. However, this benefit can
be offset by reduced diversity when a dominant species monopolizes the habitat. This
creates an ecological trade-off where the advantages of shelter and food availability may be
outweighed by the competitive exclusion effect, particularly in habitats where one species,
like S. fuscescens, can dominate.

Our findings reveal distinct diel patterns in the aggregation of juvenile fish around
floating seaweeds, which were consistent with the nocturnal aggregation and daytime
dispersal behaviors observed in Seriola spp. juveniles [19,37]. Significant fish aggregations
were sustained during peak periods, particularly at noon and late night, while dispersal
mainly occurred at dawn and dusk (Figures 3 and 5). These patterns suggested an adap-
tive strategy among juvenile fish aimed at seeking refuge from predators and mitigating
exposure to harsh environmental conditions such as the intense midday sun. The observed
aggregation beneath floating seaweeds, potentially a response to negative phototropism
and shade provided, underscores a natural behavior aimed at vulnerability [35,38]. The
nocturnal gathering of juvenile fish around seaweeds likely serves as a deterrent against
night-time predators, enhancing survival rates [39]. Similarly, the observed daytime aggre-
gation under the floating seaweed rafts might reflect a similar survival strategy, offering
shelter against daytime threats [19]. The variances in fish group sizes during dawn and
dusk could be associated with changing light conditions, affecting fish visibility and preda-
tor susceptibility. Moreover, the variations of juvenile fish abundance could be linked to
the diel patterns of plankton, thereby influencing food availability [40]. Considering the
principles of foraging and predator avoidance, our results suggested that the observed diel
shift in juvenile fish assemblage patterns within seaweed rafts was primarily driven by
survival strategies. Seaweed rafts provide vital cover and protection during both night-time
and midday, while during the periods of dawn and dusk, juvenile fish may leave these
shelters to exploit feeding opportunities under reduced predation risk [13]. Specifically, the
aggregation observed at noon underscores the importance of shade provided by seaweed
rafts as a significant attractant and protective habitat in tropical coastal ecosystems.

The tide also affects the distribution of juvenile fish [41]. Our study found that the
abundance of juvenile fish is higher during the ebb tide (noon and late night) compared to
the flood tide (early night, dawn, and dusk). The ebb tide may expose more food resources
or make them more accessible to juvenile fish, as suggested by the “concentration of food
supply” hypothesis [11]. This hypothesis posits that floating seaweeds directly or indirectly
provide more food sources for fish. The reduced water volume during ebb tide could limit
the movement of larger predators, providing a safer environment for juvenile fish [42].
Additionally, juvenile fish might be using the ebb tide to move from deeper to shallower
areas, increasing their concentration around floating seaweeds, which serve as refuges [19].
This adaptive strategy highlights the critical ecological role of floating seaweeds within
coastal ecosystems as indispensable habitats that offer juvenile fish refuge from predators
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and reprieve from the rigors of their environment [43]. Additionally, we collected some
crustaceans, such as Brachyura, from the floating seaweed rafts. The presence of these
organisms could affect the aggregation of fish, either positively by providing additional
food sources or negatively by increasing competition or predation [12]. Floating seaweed
directly or indirectly provides more food sources for fish [11]. The ecological benefits of
floating seaweed may lead to the aggregation of juvenile fish [9].

5. Conclusions

This study highlights the effectiveness of three sampling methods (i.e., light trap,
seaweed rafts, and light trap–seaweed rafts) in evaluating juvenile fish assemblages within
tropical coastal ecosystems. Variations in species diversity and abundance were observed
depending on the time of day and night, emphasizing the importance of diel patterns in
fish behavior. Among these methods, light traps proved particularly effective for nocturnal
sampling, attracting a broad range of species and yielding the highest indices of richness
and evenness. Light traps are highly recommended for ecological studies and fisheries
assessments focused on nocturnal juvenile fish assemblages. The combination of light traps
with seaweed rafts did not produce a synergistic effect beyond what each method achieved
independently, indicating that while both methods are effective, their concurrent use does
not provide additional benefits for fish aggregation. Seaweed rafts, especially during
nocturnal and midday periods, served as critical habitats for juvenile fish, providing shelter
and resources that are essential for their survival and growth. The study also emphasizes
the role of diel and tidal patterns in shaping juvenile fish behavior and aggregation. Our
findings inform future research and management practices, emphasizing the importance
of selecting the most appropriate sampling method based on specific research goals and
the target species. Our study provides valuable insights for future research and manage-
ment practices aimed at conserving and enhancing juvenile fish populations in tropical
coastal water.
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