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ABSTRACT: Seagrass beds are important coastal ecosystems that functioned as primary
producers and habitats for various marine biota; however, their persistence was vulnerable to
environmental pressures. One of these pressures was the increase in epiphytic biomass on
seagrass leaves, which had the potential to inhibit photosynthesis. This study aimed to assess
the condition of Enhalus acoroides seagrass cover and to analyze the relationship between
epiphyte biomass and chlorophyll-a concentration in seagrass leaves in the waters of Sanur,
Bali. This study was based on seagrass ecological theory, the role of epiphytes, and
chlorophyll-a as an indicator of seagrass physiology and productivity. The research methods
included field observations using line transects and quadrats, measurement of seagrass cover,
analysis of chlorophyll-a in seagrass leaves using spectrophotometric methods, and calculation
of epiphyte biomass using gravimetric methods. The results showed that Enhalus acoroides
seagrass cover in Sanur waters was classified as moderate to dense, with water quality
conditions that still supported seagrass growth. The relationship between epiphyte biomass and
chlorophyll-a concentration indicated a weak negative correlation, in which an increase in
epiphyte biomass tended to be followed by a decrease in chlorophyll-a. The findings of this
study indicated that epiphytes had the potential to reduce the photosynthetic efficiency of
seagrass, although their influence was also affected by local environmental factors.
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1. Introduction

Seagrasses are marine angiosperms that have fully adapted to high-salinity environments and
play a fundamental role in coastal ecosystems worldwide by functioning as primary producers,
supporting coastal productivity, and providing critical habitats for a wide range of marine
organisms [1, 2]. Structurally complex seagrass meadows act as feeding, spawning, and nursery
grounds for fish and megafauna such as green turtles and dugongs, while also contributing to
shoreline protection through sediment trapping, wave attenuation, and seabed stabilization [3].
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The ecological performance and persistence of seagrass meadows are strongly linked to
their photosynthetic capacity, which is governed by chlorophyll-a as the primary light-
harvesting pigment in seagrass leaves, enabling the conversion of light energy into chemical
energy required for growth and survival [4]. Consequently, chlorophyll-a concentration in
seagrass leaves is widely used as a physiological indicator of seagrass health and environmental
quality.

In their natural habitat, seagrasses coexist with epiphytic organisms that colonize leaf
surfaces and form an integral component of seagrass ecosystems. Epiphytes may provide
ecological benefits by enhancing nutrient availability, particularly inorganic nitrogen, through
microbial activity on leaf surfaces, and by reducing harmful ultraviolet radiation exposure [5].
However, excessive epiphytic cover can negatively affect seagrass performance by reducing
light availability at the leaf surface, impairing photosynthetic efficiency, and inducing
physiological stress and cellular damage in seagrass tissues. The balance between the beneficial
and detrimental effects of epiphytes is highly sensitive to environmental conditions, especially
nutrient enrichment, water clarity, and hydrodynamic regimes [6].

Globally, seagrass meadows have experienced rapid declines, with estimated losses of
approximately 7% per year since the 1990s, largely driven by increasing anthropogenic
pressures in coastal zones [7]. The coastal waters of Sanur, Bali, represent a region where
seagrass meadows, dominated by Enhalus acoroides, coexist with intensive marine tourism
and increasing anthropogenic stressors. Previous studies have reported variable seagrass
density and coverage in this area, suggesting potential vulnerability to environmental changes
driven by human activities [8].

Despite the ecological importance of Enhalus acoroides and its dominance in Sanur
waters, quantitative assessments linking epiphyte biomass to chlorophyll-a concentration in
seagrass leaves remain limited. Understanding this relationship is essential for elucidating how
epiphyte proliferation influences seagrass physiological condition and productivity under
conditions of elevated nutrient input. Therefore, this study aims to analyze the relationship
between epiphyte biomass and chlorophyll-a concentration, particularly in relation to reduced
light availability and diminished photosynthetic efficiency. Such findings are expected to
provide valuable insights for seagrass monitoring, management, and conservation strategies in
heavily utilized coastal environments.

2. Materials and Methods
2.1. Description of the study area.

The study was conducted in the coastal waters of Sanur, Bali, Indonesia, located at 08°38'00"—
08°42'30" S and 115°14'30"-115°16'30" E, covering an area of approximately 1,548.27 ha
along an eastern coastal tourism destination in Denpasar City. This area is characterized by
intensive human activities, including hotel developments, fishing vessels, and tourist boats that
utilize the area as a harbor, which are considered potential sources of marine pollution and may
impact coastal organisms [9]. Increasing anthropogenic and tourism-related pressures in the
Sanur coastal waters have the potential to degrade seagrass communities beyond the
environmental carrying capacity, leading to a decline in ecosystem services such as carbon
sequestration and marine natural resources if seagrass meadows are degraded [8, 10].
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2.1.1. Sample and data collection.

Field sampling was conducted in October 2025 in the coastal waters of Sanur, Bali, to minimize
the effects of the rainy season on water clarity. Seagrass data were collected using a line
transect method, with three 100m transects established per station and five sampling points at
20m intervals along each transect, oriented from the shoreline toward offshore areas starting
from the frist occurrence of seagrass, more details location can seen at Figure 1. At each
sampling point, a 50 x 50 cm quadrat subdivided into four subplots was used to assess seagrass
cover, identify Enhalus acoroides, and record environmental parameters (temperature, salinity,
pH, and substrate type) following standart seagrass monitoring protocols [11,12]. Five
epiphyte-covered leaves of Enhalus acoroides were collected per sampling point by carefully
uprooting the plants and measuring growth depth. All samples were stored in ziplock bags,
kept in a cooler box, and transported to the Marine Science Laboratory, Faculty of Marine and
Fisheries, Udayana University. In the laboratory, epiphytes were carefully scraped from
seagrass leaves and their biomass was determined using a gravimetric method after rinsing with
filtered seawater and deionized water and oven-drying at 70°C to constant weight [13]. While
chlorophyll-a concentration in cleaned seagrass leaves was quantified using a
spectrophotometric method following DMSO extraction and absorbance measurements at 663
and 645 [14].
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Flgure 1. Field data collection research location along the Sanur Waters, Bali.

2.2. Data analysis.
2.2.1. Water quality parameters.

Water quality parameters were measured at each sampling point along the transects and
included temperature, salinity, pH, and substrate type. Temperature was measured in situ using
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a water thermometer, while salinity was determined using a refractometer and pH using a
portable pH meter. Substrate type was identified through direct visual observation.
Measurements from all sampling points were averaged and expressed as mean + standard
deviation for each station [11].

2.2.2. Analysis Leaf Area Index.

Leaf Area Index (LAI) of Enhalus acoroides was calculates to quantify leaf surface availability
for epiphyte attachment. Morphometric measurements of leaf length and width were conducted
for all collected samples using a ruler, and individual leaf area waas calculated accordingly.
Total leaf area per sampling unit was summed and divided by the observation area to obtain
LAI values, which were subsequently used to support analyses of epiphytic biomass and
seagrass chlorophyll-a concentration. Analyze Leaf Area Index (LAI) calculated using the
following equation [15]:

LAl =D x a

where LAI represents the Leaf Area Index, D is the shoot density (shoots/m?), and a is the
average leaf area per shoot (m?).

2.2.3. Seagrass Cover.

Seagrass cover was assessed using a 50 x 50 cm quadrat subdivided into four subplots placed
at each sampling point along the transects. Percent cover of Enhalus acoroides was estimated
using the seagrass checklist method following the COREMAP-LIPI (2017) protocol and
categorized into sparse, moderate, dense, and very dense cover classes at Table 1.

Total value of seagrass cover
4

Seagrass Cover (%) =

Table 1. Percentage Cover Categories
No Percentage Cover (%) Category

1 0-25 Sparse

2 26-50 Moderate
3 51-75 Dense

4 76-100 Very Dense

2.2.4. Seagrass Chlorophyll-a concentration.

Chlorophyll-a concentration in Enhalus acoroides leaves was determined in the laboratory
using a spectrophotometric method. Cleaned seagrass leaves (10-20 g) were extracted using
dimethyl sulfoxide (DMSO) and incubated at 70°C for 24 h to ensure complete pigment
extraction. Absorbance was measured at wavelengths of 663 and 645 nm, and chlorophyll-a
concentration was calculated using established equations [14, 16].

mg
chlorophyll — a (?) = (12.7. Aggz — 2.69 . Agys) X 1000w

where A663 and A645 represent absorbance values at 663 nm and 645 nm, respectively, V is
the volume of extract (mL), and W is the fresh weight of the sample (g).
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2.2.5. Epiphytic Biomass.

Epiphytic biomass was quantified using a gravimetric method. Epiphytes were carefully
scraped from seagrass leaves, rinsed with filtered seawater followed by deionized water to
remove salts, and oven-dried at 70°C until a constant weight was achieved. The dry epiphyte
mass was then normalized to leaf surface area to express epiphytic biomass per unit leaf area
[13].

. . mg Al — A°
Epiphytic Biomass (cm_z) = I

where A' is the weight of the cup containing dry epiphytes (mg), A° is the weight of the empty
cup (mg), and L is the seagrass leaf area (cm?).

3. Results and Discussion

Water quality parameters measured in the coastal waters of Sanur generally indicated
environmental conditions that remained supportive of the growth of Enhalus acoroides (Table
2). Water temperature across the three stations ranged from 31 to 31.5°C, slightly exceeding
the optimal range for tropical seagrass growth (28-32°C), yet still within the tolerance limits
of Enhalus acoroides, which is known for its adaptability to temperature fluctuations in shallow
tropical waters. The pH values recorded at Sindhu Beach (8.15 + 0.09), Karang Beach (8.23 =
0.07), and Semawang Beach (8.28 + 0.03) were relatively homogeneous and fell within the
acceptable range for marine waters (7.0-8.5). Salinity ranged from 30 to 31 ppt, with the
highest value observed at Semawang Beach and the lowest at Karang Beach. Although these
values were slightly lower than the optimal salinity range for seagrass (33-34 ppt), they
remained within tolerable limits for Enhalus acoroides. Substrate composition across all
stations was dominated by sand, a substrate type favorable for seagrass establishment due to
good light penetration and effective anchoring of roots and rhizomes.

Table 2. Water parameter matrix in Sanur Waters (Mean * SD).
Parameter  Standard Value Sindhu Beach  Karang Beach Semawang Beach

Temperature (°C) 28-32 31.5+0.00 31.0+£0.24 31.0+0.24
pH 7.0-8.5 8.15+0.09 8.23+0.07 8.28 +0.03
Salinity (ppt) 33-34 30.5+0.20 30.0+0.00 31.0+0.08
Substrate Type — Sand Sand Sand

Table 3 presents morphological observations showing that Enhalus acoroides at Sindhu
Beach, Karang Beach, and Semawang Beach exhibited similar overall plant structures, with
variations occurring primarily in leaf dimensions. Mean leaf length ranged from 25.12 + 3.5
cm at Karang Beach to 28.08 + 2.6 cm at Semawang Beach, while leaf width was relatively
uniform across all stations, ranging from 1.02 + 0.1 cm to 1.06 + 0.1 cm. The low standard
deviation values for leaf width indicate relatively homogeneous leaf morphology throughout
the study area, whereas greater variability in leaf length suggests site-specific influences on
leaf growth.

Table 3. Length and width of seagrass leaves Enhalus acoroides at the research station (Mean + SD).

Parameter Sindhu Beach Karang Beach Semawang Beach
Leaf Length (cm) 26.04 +3.7 2512 +35 28.08 +2.6
Leaf Width (cm) 1.06+£0.1 1.03+£0.1 1.02+0.1
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Figure 2 shows that the Leaf Area Index (LAI) at Sindhu Beach ranged from 0.05 to
0.18, with the highest values recorded at distances of 40 m (0.18) and 80 m (0.17), and the
lowest at 100 m (0.05). Karang Beach exhibited relatively lower and more stable LAI values,
ranging from 0.07 to 0.11 across all observation distances. Meanwhile, Semawang Beach
showed the most consistent LAI values, ranging from 0.10 to 0.11 at distances between 20 m
and 100 m. The highest overall LAI values were observed at Sindhu Beach, while Karang
Beach had lower average values compared to the other two locations.
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Figure 2. Leaf Area Index (LAI) Enhalus acoroides at the entire observation distance

Figure 3 illustrates that Sindhu Beach exhibited the highest seagrass cover in the mid-
zone (40-80 m), reaching a maximum of 81.25%, followed by a sharp decline at 100 m. In
contrast, Semawang Beach showed an increasing trend in seagrass cover with distance from
the shore, with the highest cover (56.25%) recorded at 100 m. Karang Beach displayed a more
fluctuating pattern, with peak cover values (50%) at 20 m and 60 m and a marked decrease at
0 m. These results indicate heterogeneous distribution patterns of Enhalus acoroides related to
site-specific environmental conditions and spatial gradients.
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Figure 3. Seagrass cover at each data collection point across all stations.
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Figure 4 boxplot analysis showed that epiphytic biomass and chlorophyll-a concentration on
Enhalus acoroides leaves exhibited site-specific variation across Sindhu, Karang, and
Semawang Beaches. Epiphytic biomass had similar median values (~5.0 mg/cm?) but greater
variability, especially at Karang and Semawang. In contrast, chlorophyll-a exhibited lower and
more consistent values, with a slight increasing trend from Sindhu (~0.55 mg/g) to Karang
(~0.58 mg/g) and Semawang (~0.62 mg/g). Sindhu showed the most stable distribution, while
Karang and Semawang displayed higher variability and several outliers.
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Figure 4. Epiphytic biomass and Chlorophyll-a concentration in seagrass leaves (Enhalus acoroides)

Figure 5 analysis illustrates a weak negative relationship between epiphytic biomass
and chlorophyll-a concentration in Enhalus acoroides leaves, as indicated by a decreasing
regression trendline with a coefficient of determination (R2 = 0.1916). This result suggests that
increases in epiphytic biomass tend to be associated with reductions in chlorophyll-a
concentration, although the strength of the relationship is relatively low.

Epiphytic Biomass (mg/cm?)
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Figure 5. Scatter plot of epiphytic biomass and Chlorophyll-a concentration in
seagrass leaves (Enhalus acoroides)
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Figure 6 shows that scatter plot analysis across all sampling distances revealed a
generally weak negative relationship between epiphytic biomass and chlorophyll-a
concentration in Enhalus acoroides leaves. At 20 m from the shoreline, increasing epiphytic
biomass tended to be associated with lower chlorophyll-a concentrations. At 40 m, the
relationship appeared more variable and weak, indicating a reduced influence of epiphytes
relative to other environmental factors. From 60 m to 100 m, negative trends became more
consistent across all stations, suggesting that higher epiphytic biomass was increasingly
associated with lower chlorophyll-a concentrations. Overall, these results indicate that
epiphytic biomass may suppress chlorophyll-a content in Enhalus acoroides, with the strength
of the relationship varying according to distance from the shoreline and local environmental
conditions.
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Figure 6. Scatter plot of the relationship between epiphytic biomass and Chlorophyll-a concentration
in seagrass leaves (Enhalus acoroides) at each observation point.

The water quality conditions in the Sanur coastal waters generally remained within
ranges suitable for the growth and persistence of Enhalus acoroides. Water temperature,
salinity, and pH values were comparable to those reported for tropical seagrass meadows in
Indonesia and the broader Indo-Pacific region [15]. The slightly elevated temperature observed
during the study period may increase metabolic activity and respiration rates in seagrasses;
however, such conditions are still tolerable for Enhalus acoroides, which is known for its high
physiological plasticity in shallow tropical environments. The dominance of sandy substrates
further supports seagrass establishment by enhancing light penetration and facilitating rhizome
anchoring. These relatively stable physicochemical conditions suggest that environmental
quality alone does not strongly limit seagrass distribution in Sanur, and that other biological or
anthropogenic factors may play a more important role in shaping seagrass condition [17,18].

Morphological analysis indicated spatial variation in the Leaf Area Index (LAI) of
Enhalus acoroides, primarily driven by differences in leaf length, while leaf width remained
relatively uniform across stations. Similar patterns of morphological variability have been
reported in seagrass populations exposed to heterogeneous environmental conditions,
particularly differences in nutrient availability and light regimes. Higher LAI values indicate
greater leaf surface area, which can enhance photosynthetic potential and carbon assimilation.
However, increased leaf surface area also provides more substrate for epiphytic colonization,
potentially increasing shading stress on seagrass leaves. This dual role highlights LAI as an
important morphological parameter linking seagrass productivity with vulnerability to
epiphytic overgrowth [8].

Seagrass cover of Enhalus acoroides in the Sanur coastal waters ranged from moderate
to dense, indicating that the structural integrity of the seagrass meadow remains relatively
intact. Similar cover conditions have been reported in other Indonesian coastal areas
experiencing tourism-related pressures, suggesting a degree of resilience at the community
level [10, 19]. Nevertheless, chlorophyll-a concentration in seagrass leaves showed spatial
variability and tended to be lower at stations (0.28 mg/g at Sindhu Beach, 0.33 mg/g at Karang
Beach, and 0.32 mg/g at Semawang Beach) with higher epiphytic accumulation (6.25 mg/cm?2
at Sindhu Beach, 6.75 mg/cm? at Karang Beach, and 6.20 mg/cm? at Semawang Beach).
Chlorophyll-a is widely recognized as a sensitive indicator of seagrass physiological condition,
particularly in response to light limitation [20]. Reduced chlorophyll-a concentrations
associated with epiphytic shading have been documented in both tropical and temperate
seagrass ecosystems, indicating that physiological stress may occur even when seagrass cover
remains relatively high [21].
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The relationship between Leaf Area Index (LAI), epiphytic biomass, and chlorophyll-a
content in Enhalus acoroides demonstrates interconnected patterns. A positive correlation is
observed between LAI and epiphytic biomass, as higher LAI provides a larger surface area for
epiphyte colonization [22]. However, increased epiphytic biomass tends to negatively affect
seagrass physiology, as indicated by the negative correlation between epiphytic biomass and
chlorophyll-a content. Dense epiphytic biomass can reduce light penetration to the leaf surface,
thereby limiting photosynthetic efficiency and lowering chlorophyll-a levels [23, 24].
Nevertheless, the strength of this negative relationship varies across sites, likely influenced by
differences in distance from the shore and local environmental conditions [25].

Epiphytic biomass exhibited variability between stations, reflecting spatial differences in
environmental conditions and anthropogenic influence. Previous studies in the Sanur waters
have shown that anthropogenic pressures such as tourism, fishing, and boat anchoring have
contributed to declines in seagrass cover and density, as well as degradation of seagrass
meadows. These disturbances may subsequently drive spatial variations in epiphytic biomass
across sampling stations [26, 27]. Elevated epiphyte biomass is commonly linked to nutrient
enrichment and reduced water clarity in coastal ecosystems, conditions often associated with
tourism activities and land-based runoff [17, 28]. Regression analysis revealed a weak negative
relationship between epiphytic biomass and chlorophyll-a concentration, indicating that
increased epiphyte accumulation tends to suppress chlorophyll-a content in Enhalus acoroides
leaves [29]. However, the relatively low coefficient of determination suggests that epiphytes
alone do not fully explain the observed variability in chlorophyll-a concentration. This finding
is consistent with previous studies highlighting the multifactorial nature of seagrass
physiological responses, where light availability, nutrient dynamics, turbidity, and
hydrodynamic conditions interact to influence seagrass health [13, 30]. Overall, these results
emphasize the importance of integrated environmental management to mitigate cumulative
stressors affecting seagrass ecosystems in tourism-intensive coastal areas such as Sanur.

4. Conclusions

This study demonstrates that Enhalus acoroides meadows in the coastal waters of Sanur exhibit
spatial variability in seagrass cover and Leaf Area Index. A weak negative relationship was
observed between epiphytic biomass and leaf chlorophyll-a concentration, indicating that
increasing epiphyte accumulation tends to reduce the photosynthetic pigment content of
seagrass leaves, although the strength of this relationship varies spatially. Overall, epiphytic
biomass plays an important role in influencing the physiological condition of Enhalus
acoroides and may serve as an early indicator of seagrass ecosystem health in the Sanur coastal
area.

Acknowledgments

The authors gratefully acknowledge Udayana University, Faculty of Marine and Fisheries,
Department of Marine Science, Bali, for providing access to equipment and research facilities
that supported this study. The authors also sincerely thank the anonymous reviewers for their
valuable comments and constructive feedback on this manuscript. Special thanks are extended
to Basheer Ahammed for providing helpful references to journals employing similar methods.

29



Tropical Environment, Biology, and Technology 4(1), 2026, 20-33

Author Contribution

Conceptualization: Janita Devi Adnyana Putri, Gede Astawa Karang, Satya Pratama Atmaja.
Methodology: Janita Devi Adnyana Putri, Gede Astawa Karang, Satya Pratama Atmaja. Data
Collection: Janita Devi Adnyana Putri. Data Analysis: Janita Devi Adnyana Putri. Writing:
Janita Devi Adnyana Putri, Gede Astawa Karang, Satya Pratama Atmaja. Supervision: Gede
Astawa Karang, Satya Pratama Atmaja. Funding: Janita Devi Adnyana Putri.

Competing Interest

The authors declare that they have no conflicts of interest related to the publication of this
research paper. No financial, personal, or professional relationships influenced this research
work.

References

[1] Graha, I.; Arthana, W.; Karang, A.G.W. (2016). Simpanan Karbon Padang Lamun Di Kawasan
Pantai Sanur, Kota Denpasar. ECOTROPHIC, 10(1), 46-53.
https://doi.org/10.24843/EJES.2016.v10.i01.p08.

[2] Shaffai, E.A.; Mettwally, A.S.; Mohamed, A.S. (2023). A Comparative Study Of The
Bioavailability Of Red Seagrass, Enhalus acoroides (L.f.) Royle (Leaves, Roots, and Rhizomes)
as Anticancer and Antioxidant with Preliminary Phytochemical Characterization Using HPLC, FT-
IR, And UPLC-ESI-TOF-MS Spectroscopic Analysis. Journal of Basic and Applied Sciences, 12,
41. https://doi.org/10.1186/s43088-023-00376-7.

[3] Saiful, R. (2022). Mengenal Padang Lamun (Seagrass Beds). Dream Litera. ISBN: 978-623-5775-
51-7.

[4] Mashoreng, S.S.; Alprianti, W.; Samad, R.; Isyirini; Inaku, D.F. (2019). Serapan Karbon Lamun
Thalassia hemprichii Pada Beberapa Kedalaman. Jurnal Illmu Kelautan, 5(1), 11-17.
https://doi.org/10.20956/jiks.v5i1.7031.

[5] Zubra, N. (2018). Pengenalan Padang Lamun Suatu Ekosistem yang Terlupakan. Sulawesi. Unimal
Press. ISBN: 978-602—-464-041-5.

[6] Ega, W.R.; Suryono, A.; Riniatsih, A. (2021). Perbandingan Tutupan Antar Lamun, Makroalga,
dan Epifit di Perairan Paciran Lamongan. Journal of Marine Research, 10(4), 509-514.
https://doi.org/10.14710/jmr.v10i4.31986.

[7] Waycott, M.; Duarte, C.M.; Carruthers, T.J.; Orth, R.J.; Dennison, W.C.; Olyarnik, S.; Calladi, A.
(2009). Accelerating Loss of Seagrasses Across The Globe Threatens Coastal Ecosystems.
Proceedings of the National Academy of Sciences of the United States of America, 106(30), 12377—
12381. https://doi.org/10.1073/pnas.0905620106.

[8] Lazaren, C.C.; Antara, M.; Astarini, I.A. (2020). Kondisi Ekosistem Dan Valuasi Ekonomi Lamun
Di Pantai Samuh, Nusa Dua, Bali. Journal of Environmental Science, 14(2), 201.
https://doi.org/10.24843/ejes.2020.v14.i02.p10.

[9] Aphrodita, V.S.; Santoso, A.; Riniatsih, 1. (2022). Analisis Kandungan Logam Berat Timbal (Pb)
Pada Air, Sedimen, dan Lamun Enhalus acoroides Di Perairan Pantai Sanur Kota Denpasar.
Journal of Marine Research, 11(2), 227-236. https://doi.org/10.14710/jmr.v11i2.31978.

[10] Faigoh, E. (2015). Distribusi Spasial Dan Identifikasi Biodiversitas Lamun Di Perairan Tanjung
Benoa. In Prosiding Seminar Nasional Sains dan Teknologi (Senastek). Denpasar, Bali, Indonesia.

[11] Lahope, P.E.; Kumampung, D.; Sondak, C.; Janny, D.; Veibe, W.; Kondoy, C. (2022). Kondisi
Padang Lamun Di Perairan Desa Ponto Kecamatan Wori Kabupaten Minahasa Utara. Jurnal
Pesisir dan Laut Tropis, 10(3), 246-253. https://doi.org/10.35800/jplt.10.3.2022.550009.

30


https://doi.org/10.24843/EJES.2016.v10.i01.p08
https://doi.org/10.1186/s43088-023-00376-7
https://doi.org/10.20956/jiks.v5i1.7031
https://doi.org/10.14710/jmr.v10i4.31986
https://doi.org/10.1073/pnas.0905620106
https://doi.org/10.24843/ejes.2020.v14.i02.p10
https://doi.org/10.14710/jmr.v11i2.31978
https://doi.org/10.35800/jplt.10.3.2022.55009

Tropical Environment, Biology, and Technology 4(1), 2026, 20-33

[12] Rahmawati, S.; Irawan, A.; Supriyadi, I. H.; Azkab, M.H. (2017). Panduan Monitoring Padang
Lamun. COREMAP-CTI LIPIL. Jakarta.
https://www.researchgate.net/publication/342435423 Panduan_Pemantauan_Penilaian_Kondisi
Padang_Lamun_Edisi_2.

[13] Garcia, M.A.L.; Benavides, C.J.; Rojas, B.C.J. (2024). Diversity, Productivity, and Biomass
Patterns of Epiphytes Along Successional Gradient in The Andean Colombian. Biodiversity
International Journal, 7(1), 13-20. https://doi.org/10.15406/bij.2024.07.00207.

[14] Basheer, A.K.K.; Karang, A.G.W.I.; Yasa, K.P.; Krisnanda, D.M.l.; Nuarsa, W.I.; Irfana, K.
(2025). Leaf Pigment Analysis and Spatial Variation in Thalassia hemprichii: A Case Study from
Southern Part of Bali Island Indonesia. BIO Web of Conferences, 176, 1-14.
https://doi.org/10.1051/bioconf/202517602011.

[15] Lacoste, E.; Boye, A.; Aline, B.; Destroy, N.; Auby, I. (2025). Regional and Local Variability in
The Morphometric Traits of Two Emblematic Seagrass Species (Zostera marina and Zostera
noltei) Along The French  Coast. Peer Community Journal, 5, 1-20.
https://doi.org/10.24072/pcjournal.524.

[16] Arnon, I.D. (1949). Copper Enzymes in Isolated Chloroplasts, Polyphenoloxidase in Beta vulgaris.
Plant Physiology, 24(1), 1-15. https://doi.org/10.1104/pp.24.1.1.

[17] Govers, L.L.; Lamers, L.P.; Bouma, T.J.; de Brouwer, J.H.F.; van Katwijk, M.M. (2014).
Eutrophication Threatens Caribbean Seagrasses — An Example From Curagao and Bonaire. Marine
Pollution Bulletin, 89, 481-486. https://doi.org/10.1016/j.marpolbul.2014.09.003.

[18] Pamungkas, T.W.M.; Jaelani, M.L. (2016). Pemodelan Persamaan Hubungan Kualitas Perairan
Menggunakan Citra Landsat 8 untuk Pendugaan Habitat Padang Lamun (Studi Kasus: Pantai
Sanur, Bali). Jurnal Teknik ITS, 5(2), 170-175. https://doi.org/10.12962/j23373539.v5i2.17184.

[19] Atmaja, P.S.P.; Suteja, Y.; Suardana, P.A.M.; Laharjana, K.A.K. (2025). Macro Debris
Accumulation in Seagrass Meadows Along Varying Levels of Tourism Pressure in Bali, Indonesia.
Regional Studies in Marine Science, 90, 104482. https://doi.org/10.2139/ssrn.5270818.

[20] Mabrouk, L.; Ben, M.; Hamza, A.; Mahfoudhi, M.; Bradai, M. (2014). Comparison of Abundance
and Diversity of Epiphytic Microalgal Assemblages on the Leaves of the Seagrasses Posidonia
oceanica and Cymodocea nodosa in Eastern Tunisia. Journal of Marine Biology, 2014, 1-10.
https://doi.org/10.1155/2014/275305.

[21] Banda, C.; Kamuzu, G. (2024). Seagrass Bed Ecology: Exploring the Relationship Between
Seagrass, Epiphytes and Fauna. Aquatic Ecosystems and Environmental Frontiers, 2(4), 24-28.
https://doi.org/10.70102/aeef/v2i4/5.

[22] Barcelona, A.; Colomer, J.; Serra, T.; Cossa, D.; Infantes, E. (2023). The Role Epiphytes Play in
Particle Capture of Seagrass Canopies. Marine Environmental Research, 192, 106238.
https://doi.org/10.1016/j.marenvres.2023.106238.

[23] Rosa, D.C.V.; Copertino, S.M.; Santos, R.; Crego, M.B. (2026). Bottom-up and Top-down Effects
on The Epiphytic Diatom Communities of The Seagrass Zostera noltei. Journal of Experimental
Marine Biology and Ecology, 594, 152147. https://doi.org/10.1016/].jembe.2025.152147.

[24] Marsiglia, N.; Belmar, B.M.; Mancuso, P.F.; Sara, G. (2025). Epibionts and Epiphytes in Seagrass
Habitats: A Global Analysis of Their Ecological Roles. Science, 7(2), 62.
https://doi.org/10.3390/sci7020062.

[25] Thomas, G.; Kay, W.T.; Fones, H.N. (2024). Life on a Leaf: The Epiphyte to Pathogen Continuum
and Interplay in the Phyllosphere. BMC Biology, 22, 168. https://doi.org/10.1186/s12915-024-
01967-1.

[26] Sulaksana, G.B.G.l.; Susianti, W.H.; Dianasari, L.M. (2023). Application of Eco-Tourism
Principles in The Development of Marine Tourism in Sanur. Tourism Research Journal, 7(1), 98—
109. https://doi.org/10.30647/trj.v7i1.201.

31


https://www.researchgate.net/publication/342435423_Panduan_Pemantauan_Penilaian_Kondisi_Padang_Lamun_Edisi_2
https://www.researchgate.net/publication/342435423_Panduan_Pemantauan_Penilaian_Kondisi_Padang_Lamun_Edisi_2
https://doi.org/10.15406/bij.2024.07.00207
https://doi.org/10.1051/bioconf/202517602011
https://doi.org/10.24072/pcjournal.524
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1016/j.marpolbul.2014.09.003
https://doi.org/10.12962/j23373539.v5i2.17184
https://doi.org/10.2139/ssrn.5270818
https://doi.org/10.1155/2014/275305
https://doi.org/10.70102/aeef/v2i4/5
https://doi.org/10.1016/j.marenvres.2023.106238
https://doi.org/10.1016/j.jembe.2025.152147
https://doi.org/10.3390/sci7020062
https://doi.org/10.1186/s12915-024-01967-1
https://doi.org/10.1186/s12915-024-01967-1
https://doi.org/10.30647/trj.v7i1.201

Tropical Environment, Biology, and Technology 4(1), 2026, 20-33

[27] Natalia, A.; Indrawan, G.S.; Ulinuha, D. (2025). Hubungan Kepadatan Echinodermata Terhadap
Tutupan Lamun di Kawasan Pantai Sanur, Kota Denpasar. Journal of Marine Research and
Technology, 8(2), 180-189. https://doi.org/10.24843.JMRT.2025.v08.i02.p09.

[28] Cardoso, P.G.; Pardal, M.A.; Lillebo, A.l.; Ferreira, S.M.; Raffaelli, D.; Marques, J.C. (2004).
Dynamic Changes In Seagrass Assemblages Under Eutrophication and Implications For Recovery.
Journal of Experimental Marine Biology and Ecology, 302(2), 233-248.
https://doi.org/10.1016/j.jembe.2003.10.014.

[29] Heijs, F.M.L. (1984). Annual Biomass and Production of Epiphytes in Three Monospecific
Seagrass Communities of Thalassia hemprichii. Aquatic Botany, 20, 195-218.
https://doi.org/10.1016/0304-3770(84)90087-1.

[30] Ozturk, E. (2024). The Impact of Climate Change on Seagrass. Ecological Dynamics in the Face
of Climate Change, 89-103. https://doi.org/10.69860/nobel.9786053359258.6.

® © 2026 by the authors. This article is an open access article distributed under the terms
@ et and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).

32


https://doi.org/10.24843.JMRT.2025.v08.i02.p09
https://doi.org/10.1016/j.jembe.2003.10.014
https://doi.org/10.1016/0304-3770(84)90087-1
https://doi.org/10.69860/nobel.9786053359258.6

