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Abstract. Luthfi OM, Risjani Y, Subramani N, Rybak M, Park J, Bgk M, Witkowski A. 2024. Diversity of epilithic diatoms from coral
reef ecosystem of Bawean Island, Indonesia. Biodiversitas 25: 4642-4663. This study investigates the diversity and community structure
of epilithic diatoms in the coral reef ecosystems of Bawean Island, Indonesia. A total of 137 taxa from 49 genera were identified from
coral rubble habitats across four distinct locations. The Shannon-Wiener Diversity Index (H') and Dominance Index (C) were used to
assess species diversity and dominance, revealing that Station 4 exhibited the highest diversity (H' = 3.88) and lowest dominance (C =
0.03), while Station 2 had the lowest diversity (H' = 2.55) and highest dominance (C = 0.09). Evenness values (E = 0.9) were consistent
across all sites, indicating a uniform distribution of species. The findings suggest that coral rubble provides unique microhabitats
conducive to diatom diversity, challenging the conventional understanding that habitat diversity correlates positively with species
diversity. The study also compares Bawean Island's diatom diversity with other regions, noting its intermediate diversity level, which
may be influenced by its geographical position between Kalimantan and Java. The presence of dominant species like Diploneis
crabro, Petroneis marina, Halamphora coffeiformis, and Trachyneis aspera underscores the ecological significance of these diatoms in
coral reef ecosystems. This research fills a significant gap in our understanding of the marine biodiversity and ecological dynamics of
Bawean Island, highlighting the importance of diatoms in maintaining the health and stability of coral reef ecosystems and its potential

implications for future research and conservation efforts.
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INTRODUCTION

The Indonesian archipelago's vast coral reef system,
spanning 51,000 square kilometers (Done 2011), represents
one of nature's most remarkable laboratories for studying
marine biodiversity and ecological interactions. Within this
complex ecosystem, our research has revealed intricate
relationships between coral communities and microscopic
diatoms that contribute fundamentally to reef health and
stability. The positioning of Indonesia within the Coral
Triangle has provided us with unprecedented opportunities
to study these interactions across diverse reef environments,
from fringing reefs to extensive barrier systems, supporting
approximately 574 coral species, representing 72% of the
world's total (Madduppa et al. 2021). The structural complexity
of coral reefs offers shelter and breeding grounds for many
marine organisms, contributing significantly to the overall
biodiversity of the ocean; for instance, the Great Barrier
Reef in Australia is home to over 1,500 species of fish and
4,000 species of mollusks (Glynn and Enochs 2010;
Claudino-Sales 2019). These reefs are further reinforced by
other calcareous biota, including coralline algae and

mollusks, which contribute additional calcium carbonate,
enhancing the reef's resilience and stability. Diatoms, a
type of microalgae, play a crucial role in the reef ecosystem
by contributing to primary production and forming the
basis of the food web. Diatom frustules are made of silica;
once diatoms die, their silica-rich frustules accumulate and
integrate into the reef matrix, providing additional strength
and stability. This process not only supports the physical
framework of the reef but also fosters a more resilient
ecosystem capable of withstanding environmental stressors.

The interaction between marine diatoms with coral
reefs in a direct way is unclear. However, as microscopic
algae, diatoms play a crucial role in the health and
productivity of coral reef ecosystems. They contribute
significantly to the primary production within coral reefs,
serving as a vital food source for various marine organisms
in reef ecosystems, enhancing nutrient cycling, and
promoting coral growth through the provision of essential
nutrients (Lobban et al. 2012). Marine diatoms mostly occur
in various substrates of the reef, such as colonizing sand,
macroalgae (Halimeda, Padina, Sargassum), marine plants
(seagrass), dead coral, coral rubble, and very view reported
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from life coral (Car et al. 2019; Majewska and Van de
Vijver 2020; Luthfi et al. 2023). Coral rubble in Bawean is
commonly found in reef flat areas and accumulates with
algae, forming a band or rampart. Coral rubble is
fragmented dead coral due to biology and mechanical
processes in nature (Wolfe et al. 2021). Despite coral rubble
creating unstable substrates, they create microhabitats that
support a diverse assemblage of marine life, from small
invertebrates (coral juveniles, sponges) and diatoms to
juvenile fish, enhancing the overall biodiversity of the reef.

Coral reefs in Bawean Island, Indonesia form a fringing
reef near the shore and patch reef offshore. Offshore patch
reefs in Bawean waters occur as isolated reef structures,
rising from deeper sandy substrates and reaching depths of
3-10 meters below the surface (Luthfi and Anugrah 2017).
These patch reefs, while smaller in extent compared to the
fringing reefs, often demonstrate higher coral cover
percentages and species diversity, potentially due to
reduced coastal influences and sedimentation impacts.
Despite the rich biodiversity of Bawean Island's marine
ecosystems, there has been a notable absence of research
specifically focused on epilithic diatoms in this region.
Epilithic diatoms, which grow on hard substrates such as
rocks and coral rubble surfaces, play a crucial role in
primary production and nutrient cycling within coral reef
ecosystems. The lack of studies on these diatoms on
Bawean Island represents a significant gap in our
understanding of the island's marine biodiversity and
ecological dynamics. The objectives of this research are to
assess the diversity and distribution of epilithic diatoms on
Bawean Island and to understand the ecological roles of
these diatoms in coral reef ecosystems.
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MATERIALS AND METHODS

Study area and diatom samplings
Diatom samplings

On 7 January 2021, diatom samples were collected from
four distinct locations on Bawean lIsland in the Java Sea,
Gresik District, East Java Province, Indonesia, i.e.: Gili
lyang Harbour, Mangrove Hijau Daun - MHD, Mombhul,
and Selayar Beach. These sites, detailed in Table 1 and
illustrated in Figure 1, were chosen for their representative
reef flat areas. The diatom samples were specifically
obtained from coral rubble, which consists of fragments of
dead coral.

Light microscopy

Diatom samples were carefully scraped from coral
rubble using a toothbrush and collected in 50 ml Falcon
bottles. To remove carbonate minerals, the samples were
treated with 10% hydrochloric acid (HCI) for two days.
Following this acid treatment, the samples underwent three
thorough washes with distilled water to eliminate any
residual acid. Subsequently, to remove organic matter, the
samples were treated with 37% hydrogen peroxide (H202)
and boiled for 4-5 hours. This boiling process ensures the
complete oxidation of organic materials. Finally, the
samples were washed five times with distilled water to
ensure the removal of any remaining chemicals. A water
suspension of the cleaned diatom samples was pipetted
onto coverslips and left at room temperature for 24 hours to
allow the water to evaporate (Kryk et al. 2021).
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Figure 1. Sampling sites are indicated by red dots, in Bawean Island, Gresik District, East Java Province, Indonesia
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Once dry, the coverslips were mounted onto glass slides
using Naphrax®. Light Microscopic (LM) micrographs were
then taken using a Zeiss Axio Scope Al light microscope
(Carl Zeiss, Jena, Germany). The microscope was equipped
with a 100x Plan Apochromatic oil immersion objective and
a Canon EOS 500D camera, ensuring high-resolution imaging
of the diatom frustules. Undamaged frustules/valves were
enumerated in the datasheet following the method described
by Hasle and Fryxell (1970).

Biodiversity, Dominance, and Evenness Indices

To assess the diatom community structure, we calculated
three ecological indices: Shannon-Wiener Diversity Index
(H", Simpson's Dominance Index (C), and Pielou's Evenness
Index (E). The Shannon-Wiener Index was computed to
measure species diversity, accounting for both abundance
and evenness of the species present. It is calculated by
summing the product of the proportion of each species and
the natural logarithm of that proportion, then multiplying
the result by -1 (Shannon 1948). Simpson's dominance
index was used to quantify the concentration of dominance
within the community, calculated as the sum of the squared
proportions of each species (Magurran 1988, 2003). Pielou’s
evenness index was calculated to represent how evenly the
individuals were distributed among the different species. It
is derived by dividing the Shannon-Wiener index by the
natural logarithm of the total number of species (Pielou
1966). Relative abundance was calculated as the percentage
of each species or taxon about the total number of
identified species from all stations. Dominant species were
defined as those comprising more than 1% of the total
valve count in any given sample (Risjani et al. 2021).
Furthermore, to determine the significance of diversity
among stations, a one-way Analysis of Variance (ANOVA)
was performed using MS. Excell software.

RESULTS AND DISCUSSION

Diatom classification
The diatom taxa are systematically categorized according
to the framework established by Ruggiero et al. (2015).

Phylum  : Ochrophyta Cavalier-Smith
Class : Bacillariophyceae Haeckel
Sub-class : Coscinodiscophycidae Round & R.M.Crawford

Fragilariophycidae Round
Bacillariophycidae D.G. Mann

Sub-class: Coscinodiscophycidae

Order: Coscinodiscales

Actinocyclus subtilis (W.Gregory) Ralfs, 1861 (Figure
2E). References: Witkowski et al. (2000), pages 450-451,
pl. 4, Figure 1; Lopez-Fuerte et al. (2020) page 39, Figures
9 (A-E). Dimensions: Diameter 31.9 um, areolae in valve
center 24 in 10 um.

Order: Melosirales

Hyalodiscus scoticus (Kitzing) Grunow, 1879 (Figure 2A).
References: Witkowski et al. (2000), pages 456-457, pl. 7,
Figures 3, 4. Dimensions: Diameter 41.9 pum, areolae in
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valve center 20 in 10 um, areolae on valve margin 20 in 10
pm.

Order: Paraliales

Paralia sulcata (Ehrenberg) Cleve, 1873 (Figures 2.F-
2.1). References: Lopez-Fuerte et al. (2020), page 40,
Figures 10 (G-L). Dimensions: Diameter 9.4-31.5 pm,
areolae on valve margin 18-20 in 10 pm. Comment:
Figure 2 (H) in different focal length plane

Order: Thalassiosirales

Thalassiosira sp. (Figures 2.C, 2.D). References:
Lopez-Fuerte et al. (2010), pages 111-112, Figures 5-8.
Dimensions: Diameter 16-21.5 um, areolae in valve center
10-12 in 10 um, fultoportulae 5 in 10 um. Comments: The
specimen is similar to Thalassiosira oestrupii (Ostenfeld)
Hasle with denser areolae

Order: Triceratiales

Plagiogramma cf. pulchellum Greville, 1859 var.
pymae (Figure 2.Q). References: Foged (1975), pages 80-
81, pl. VIII, Figures 1, 2. Dimensions: Length 25.6 um,
width 9.5 um, striae 18 in 10 um, areolae 20 in 10 pm.
Comment: The described specimen has distinctively finer
striae and areolae compared to the original report.

Plagiogramma rhombicum Hustedt, 1955 (Figure 2.R).
References: Witkowski et al. (2000), pages 464-465, pl.
11, Figure 33. Dimensions: Length 23.7 pum, width 6.9
pm, striae 10 in 10 pm.

Plagiogramma staurophorum (W.Gregory) Heiberg,
1863 (Figure 2.P). References: Witkowski et al. (2000),
pages 464-465, pl. 11, Figures 16-21. Dimensions: Length
33.1 um, width 13.6 pum, striae 8 in 10 um, areolae 8 in 10
pm.

Sub-class: Fragilariophycidae

Order: Ardissoneales

Ardissonea robusta (Ralfs ex Pritchard) De Notaris,
1871 (Figure 3.A). References: Beltrones et al. (2021),
page 15, Figure 9 (D,E). Dimensions: Length 205.2 um,
width 13.9 pm, striae 10 in 10 um, areola 28 in 10 pm.
Comment: Basionym Synedra robusta Ralfs.

Order: Licmophorales

Trachysphenia sp. (Figure 2.J). Dimensions: Length
24.3 pm, width 4.6 pm, striae 12 in 10 pm, areola 20 in 10
pm. Comments: Valve outline similar to Licmophora
abbreviata, which is not areolate in its striae

Tabularia fasciculata (C.Agardh) D.M.Williams &
Round, 1986 (Figure 2.0). References: Beltrones et al.
(2021), page 15, Figure 9 (j). Dimensions: Length 48.9
pm, width 26 pum.

Grammatophora angulosa var. islandica (Ehrenberg)
Grunow, 1881 (Figure 2.T). References: Witkowski et al.
(2000), pages 472-473, pl. 15, Figure 6. Dimensions:
Length 9.7 um, width 10.7 um.
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Grammatophora marina var. undata Cleve-Euler, 1949
(Figure 2.S). References: Witkowski et al. (2000), pages
472-473, pl. 15, Figures 9-12; Alvarez-Blanco and Blanco
(2014), pages 228-229, pl. 12, Figures 1-12; Foged (1975),
pages 78-79, pl. VII, Figure 5. Dimensions: Length 20.1
pm, width 10.6 pm.

Order: Rhaphoneidales

Psammodiscus  nitidus  (W.Gregory) Round &
D.G.Mann, 1980 (Figure 2.B). References: Navarro (1981),
page 429, Figure 22; Lobban et al. (2012), page 258, pl. 14,
Figures 6, 7; Al-Handal et al. (2016), page 11, pl. 1, Figure
6; Beltrones et al. (2021), page 54, Figure 3 (E); John
(2016), page 173, Figure 74. Dimensions: Diameter 38.6
pum, areolae in valve center 5 in 10 um, areolae on valve
margin 10 in 10 pm.

Rhaphoneis cf. amphiceros (Ehrenberg) Ehrenberg,
1844 (Figure 2.K). References: Foged (1975), pages 82-
83, pl. IX, Figure 2. Dimensions: Length 25.7 pm, width
17.5 pm, striae 7 in 10 pm, areola 6 in 10 pm. Comments:
It is different from typical specimens of Rhaphoneis
amphiceros with its quadrate areolae as well as broad and
short apices. It could be a new species.

Sub-class: Bacillariophycidae D.G. Mann

Order: Achnanthales

Amphicocconeis disculoides (Hustedt) Stefano &
Marino, 2003 (Figure 3.B). References: De Stefano and
Marino (2003), page 363, Figures 1-10. Dimensions:
Length 9.4 um, width 6 pum, striae 10 in 10 um, areola 15
in 10 um. Comments: This species has laterally elongated
areolae. Basionym: Cocconeis disculoides.

Cocconeiopsis (cf.) regularis (Hustedt) Witkowski,
Lange-Bertalot & Metzeltin (Figure 3.G). References:
Witkowski et al. (2000), pages 578-579, pl. 68, Figures 5-
8. Dimensions: Length 17.5 pm, width 11.7 pm, striae 18
in 10 um, areola 20 in 10 pm.

Cocconeis guttata Hustedt & Aleem, 1951 (Figures 3.1-
3.T). References: Beltrones et al. (2021), page 20, Figures
14 (A-G). Dimensions: Length 13.7-20.7um, width 9.3-
14.6, striae 8-22 in 10 um, areola 6-10 in 10 pm.

Cocconeis krammeri Lange-Bertalot & Metzeltin, 1996
(Figure 3.H). References: Witkowski et al. (2000), pages
510-511, pl. 34, Figures 4, 5. Dimensions: Length 24.2
pm, width 13.8 pum, striae 25 in 10 pum.

Cocconeis scutellum Ehrenberg, 1838 (Figure 3.D).
References: Witkowski et al. (2000), pages 518-519, pl.
38, Figure 11. Dimensions: Length 10.8 pum, width 6.9
pm, striae 18 in 10 pum, areola 16 in 10 pm.

Cocconeis sp. (Figure 3.F). References: Kryk (2016),
page 95, pl. 7, Figure 138. Dimensions: Length 15.4 um,
width 9.7 um, striae 22 in 10 um, areola 20 in 10 pm.

Cocconeis stauroneiformis (W.Smith) H.Okuno, 1957
(Figure 3.C). References: Witkowski et al. (2000), pages
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518-519, pl. 38, Figures 19-25. Dimensions: Length 10.5
pm, width 6.7 um, striae 24 in 10 pm, areola 30 in 10 pm.

Planothidium campechianum (Hustedt) Witkowski,
Lange-Bertalot, Metzeltin (Figure 3.E). References:
Witkowski et al. (2000), pages 538-539, pl. 48, Figures 3-
9. Dimensions: Length 13.1 um, width 5.2 pum, striae 16 in
10 um. Comment: With its short interstriae compared to P.
lilljerborgei. Planothidium campechianum was also
reported from Micronesia (Park et al. 2022).

Order: Bacillariales

Bacillaria paxillifer (Miller) Marsson (Figure 4.F).
References: Witkowski et al. (2000), pages 866-867,
Figures 9-12. Dimensions: Length 59.1 um, width 5.9 pm,
fibulae 8 in 10 pm.

Bacillaria socialis (Gregory) Ralfs, 1861 (Figure 4.E).
References: Witkowski et al. (2000), pages 834-835, pl.
196, Figures 5-7; pages 856-857, pl. 207, Figure 9.
Dimensions: Length 90.4 um, width 7.3 pm, fibulae 4 in
10 pm.

Fragilariopsis sp. (Figure 2.N). References: Witkowski
et al. (2000), pages 786-787, pl. 172, Figures 17, 18.
Dimensions: Length 36.5 um, width 6.1 um, striae 9 in 10
pm.

Hantzschia kaiseri A.Witkowski, H.Lange-Bertalot &
D.Metzeltin, 2000 (Figure 4.P). References: Witkowski et
al. (2000), pages 792-793, pl. 175, Figures 11-15; pages
880-881, pl. 219, Figures 1-5. Dimensions: Length 53.4
pm, width 7.4 pm, fibulae 9 in 10 um, striae 8 in 10 um.
Comment: Comparing others as H. kaiseri: 43-66 in 10
pm, fibulae 9-10 in 10 um; H. pseudomarina 46-65 in 10
pm, fibulae 10-13 in 10 pm.

Hantzschia virgata (Roper) Grunow, 1880 (Figure 4.0).
References: Witkowski et al. (2000), pages 794-795, pl.
176, Figures 1-3; John (2016), pages 404-405, Figure 128
L. Dimensions: Length 84.3 um, width 9.3 um, fibulae 5
in 10 um, striae 12 in 10 um, areola 16 in 10 um.

Nitzschia cf. coarctata Grunow, 1880 (Figure 5.H).
References: Witkowski et al. (2000), pages 808-809, pl.
183, Figure 13; pages 814-815, pl. 186, Figures 4-13.
Dimensions: Length 36.8 um, width 7.5 um, fibulae 17 in
10 pm, striae 16 in 10 pm, areolae 20 in 10 pm.
Comment: Similar to N. ligowskii has a very wide sternum
interrupting the transapical striae. This sternum would be
seen as hyaline depressions under LM.

Nitzschia distans var. tumescens Grunow, 1880 (Figure
13.G). References: Witkowski et al. (2000), pages 848-
849, pl. 203, Figure 10. Dimensions: Length 32.2 um,
width 3.6 pm, areolae 16 in 10 um. Comments: Girdle
view plane.

Nitzschia distans W.Gregory, 1857 (Figure 4.L).
References: Witkowski et al. (2000), pages 848-849, pl.
203, Figure 7. Dimensions: Length 48.6 um, width 4.8
pm, fibulae 11 in 10 pm.
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Nitzschia filiformis Hajds, 1959 (Figures 4.G-4.1).
References: Witkowski et al. (2000), pages 842-843, pl.
200, Figures 3-8. Dimensions: Length 59.1-67.6 pum, width
6.1-6.4 pum, fibulae 7-8 in 10 pum, striae 32-34 in 10 pm.

Nitzschia liebethruthii Rabenhorst, 1864 (Figure 4.K).
References: Krammer and Lange-Bertalot (1988), pages
354-355, pl. 69, Figures 22-32. Dimensions: Length 13.2
pm, width 2.4 pum, fibulae 15 in 10 pm, striae 26 in 10 um.

Nitzschia scalpelliformis Grunow, 1880 (Figures 4.A-4.D).
References: Witkowski et al. (2000), pages 844-845, pl.
201, Figures 10-12. Dimensions: Length 94.0-169.2 um,
width 5.7-7.0 um, fibulae 10 in 10 pum, striae 24-26 in 10 pum.

Nitzschia sigma (Kultzing) W.Smith, 1853 (Figures
4.M, 4.N). References: Witkowski et al. (2000), pages
854-855, pl. 206, Figures 1-10. Dimensions: Length 62.4-
69.2 um, width 5-6.6 pm, fibulae 12 in 10 um.

Psammodictyon panduriforme (W.Gregory) D.G.Mann,
1990 (Figure 5.B, 5.C). References: Witkowski et al.
(2000), pages 814-815, pl. 186, Figures 1-3. Dimensions:
Length 45.5-96.5 um, width 20.3-31.5 pm, fibulae 8-10 in
10 um, striae 15-18 in 10 um, areolae 12-16 in 10 um.

Psammodictyon sp. (Figure 5.D). Dimensions: Length
19.4 pm, width 22 pm, fibulae 11 in 10 pm, areola 32 in 10 pm.

Psammodictyon roridum (M.H.Giffen) D.G.Mann,
1990 (Figure 5.1). References: Witkowski et al. (2000),
pages 810-811, pl. 184, Figures 9-12. Dimensions: Length
41.6 pm, width 13.6 um, fibulae 14 in 10 um, striae 24 in
10 pum, areolae 30 in 10 um. Comment: Witkowski et al.
(2000) noted as Bacillaria rorida.

Tryblionella coarctata Peragallo (Figure 5.E, 5.F).
References: Witkowski et al. (2000), pages 814-815, pl.
186, Figures 4-13. Dimensions: Length 22.4-25.8 um,
width 6.5-8.5 um, fibulae 11 in 10 um, striae 22-30 in 10
pum, areola 30 in 10 um. Comment: Basionym Nitzschia
coarctata.

Tryblionella graeffei (Grunow ex Cleve) D.G.Mann,
1990 (Figure 5.A). References: Witkowski et al. (2000),
pages 826-827, pl. 192, Figure 1. Dimensions: Length
128.8 um, width 23.7 um, fibulae 6 in 10 pum, striae 12 in
10 pum, areolae 16 in 10 pm. Comments: First record in
Bawean Island, basionym Nitzschia graeffei Grunow ex
Cleve.

Tryblionella sp. (Figure 5.G). Dimensions: Length 29.3
pm, width 3.9 um, fibulae 14 in 10 pum, striae 38 in 10 um.

Order: Eupodiscales

Pseudictyota dubium  (Brightwell) P.ASims &
D.M.Williams, 2018 (Figures 2.L, 2.M). References:
Lopez-Fuerte et al. (2020). page 40, Figure 13 (E-K);
Beltrones et al. (2021), page 9, Figure 3 (G-1); Beltrones et
al. (2023), page 60, Figure A48 (F, G). Dimensions:
Length 128.8 pm, width 23.7 pum, fibulae 6 in 10 um, striae
12 in 10 pm, areolae 16 in 10 pum.
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Order: Lyrellales

Lyrella cf. robertsiana (Greville) D.G.Mann, 1990
(Figure 6.A). References: Stidolph et al. (2012), pl. 14,
Figures 1, 2. Dimensions: Length 93.5 um, width 43.5 pum,
striae 8-12 in 10 um. Comment: This specimen is not to be
conspecific with Figure 6 (B-C) in terms of lyra shape and
width as well as areolation of the striae. While al/a2 could
be conspecific with 'Navicula robertsiana f. typica’ Hustedt
1964 (Hustedt Kieselalgen 111, Figure 1544), not only does
the varied nomenclature is invalid, but also the species
seems to be a bit different from Navicula robertsiana
Greville 1865 which has been recombined as Lyrella
robertsiana.

Lyrella hennedyi (W.Smith) Stickle & D.G.Mann, 1990
(Figure 7.1). References: Witkowski et al. (2000), pages
632-633, pl. 95, Figure 3. Dimensions: Length 31.7 um,
width 20.1 pm, striae 14 in 10 um, areola 20 in 10 um.
Comments: Basionym Navicula hennedyi f. hennedyi W.
Smith.

Lyrella lyra (Ehrenberg) Karajeva, 1978 (Figures 6.B,
6.C). References: Foged (1975), pages 110-111, pl. XXIII,
Figure 1. Dimensions: Length 67.1- 93.5 um, width 30.7-
43.5 um, striae 8-12 in 10 pum.

Lyrella abrupta (Gregory) D.G.Mann, 1990 (Figures
7.L-7R). References: Witkowski et al. (2000), pages 640-
641, pl. 99, Figure 8. Dimensions: Length 20.0-27.3 um,
width 13.0-17.6 um, striae 16 in 10 pum. Comments:
Basionym Navicula lyra var. abrupta Gregory.

Petroneis cf. glacialis (Cleve) Witkowski, Lange-
Bertalot & Metzeltin (Figures 7.E, 7.S, 7.T). References:
Witkowski et al. (2000), pages 644-645, pl. 101, Figure 1;
pages 646-647, pl. 102, Figure 4. Dimensions: Length
25.3-29.9 um, width 17.2-19.2 pm, striae 18 in 10 pym,
areola 15 in 10 um. Comments: This specimen has
extended apical raphe endings, which are bent in the same
direction. This is also comparable to Petroneis glacialis yet
with smaller size and denser striae.

Petroneis marina Round et al. 1990 (Figures 7.A, 7.B).
References: Witkowski et al. (2000), pages 646-647, pl.
102, Figure 1. Dimensions: Length 35.7-65.4 um, width
19.9-25.4 um, striae 12 in 10 pm, areolae 10 in 10 pm.

Petroneis granulata (Bailey) D.G.Mann, 1990 (Figure
7.C). References: Park et al. (2018), page 108, Figure 27;
Al-Handal et al. (2018), page 118, Figure 18. Dimensions:
Length 44.1 pm, width 21.7 pm, striae 12 in 10 pm,
areolae 10 in 10 pm. Comment: Basionym Navicula
granulata Bailey. Algaebase.org noted as Petroneis
granulata D.G.Mann, nom. illeg. (illegitimate names).

Order: Mastogloiales

Mastogloia binotata (Grunow) Cleve, 1895 (Figure
3.R). References: Witkowski et al. (2000), pages 592-593,
pl. 75, Figures 15-17. Dimensions: Length 24.1 um, width
17.3 um, striae 16 in 10 um, areolae 12 in 10 pm.
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Figure 1. A. Hyalodiscus scoticus; B. Psammodiscus nitidus; C, D. Thalassiosira sp.; E. Actinocyclus subtilis; F-1. Paralia sulcata; J.
Trachysphenia sp.; K. Rhaphoneis cf. amphiceros; L-M. Pseudictyota dubium; N. Fragilariopsis sp.; O. Tabularia fasciculata; P.
Plagiogramma staurophorum; Q. Plagiogramma pulchellum; R. Plagiogramma rhombicum; S. Grammatophora marina var. undata; T.
Grammatophora angulosa var. islandica; U. Mastogloia sp. Scale bar: 10 um. LM: x1500

Mastogloia crucicula (Grunow) Cleve, 1895 (Figure
3.Q). References: Witkowski et al. (2000), 592-593, pl. 75,
Figure 3. Dimensions: Length 15 pum, width 7.8 pum, striae
20in 10 pum.

Mastogloia macdonaldii Greville, 1865 (Figure 3.S).
References: Witkowski et al. (2000), pages 598-599, pl.
78, Figures 7, 8. Dimensions: Length 30.7 um, width 13.2
pm, striae 24 in 10 pm.

Mastogloia manokwariensis Cholnoky, 1963 (Figure
3.P). References: Witkowski et al. (2000), pages 602-603,
pl. 80, Figure 11. Dimensions: Length 14.6 pm, width 6.3
pm, striae 28 in 10 um.

Mastogloia sp. (Figure 2.U). Dimensions: Length 13.3
pm, width 9.6 pm, striae 14 in 10 um. Comment: Visible
partecta in girdle view side.

Order: Naviculales

Biremis ambigua (Cleve) D.G.Mann, 1990 (Figures
13.E, 13.1). References: Witkowski et al. (2000), pages
752-753, pl. 155, Figures 2-6. Dimensions: Length 39.1-
45.3 um, width 6.4-10.5 pum.

Climaconeis lorenzii Grunow, 1862 (Figures 13.C, 13.D).
References: Lopez-Fuerte et al. (2022), page 23, Figure 10
(N, O). Dimensions: Length 82.9-105.9 pm, width 6.1-
66.0 um, striae 2 in 10 um, areolae 20-22 in 10 um.

Diademoides luxuriosa (Greville) K.-D.Kemp &
T.B.B.Paddock, 1990 (Figure 7.D). References: Kemp and
Paddock (1990), page 1. Dimensions: Length 35.7 um,
width 19.9 um, striae 12 in 10 um, areolae 10 in 10 um.
Comments: This specimen has featured an undivided
parietal chamber, with large areolae embedded in the
chamber walls. The species is the only member of the
genus with original report from Australia.
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Figure 2. A. Ardissonea robusta; B. Amphicocconeis disculoides; C. Cocconeis stauroneiformis; D. Cocconeis scutellum; E.
Planothidium campechianum; F. Cocconeis sp.; G. Cocconeiopsis (cf.) regularis; H. Cocconeis krammeri; 1-O. Cocconeis guttata;
P. Mastogloia manokwariensis; Q. Mastogloia crucicula; R. Mastogloia binotata; S. Mastogloia macdonaldii; T. Amphora sp. (sensu
lato); U. Amphora sp. 11; V. Amphora sp. 12; W. Amphora sp. 13; X, Y. Amphora sp. 14; Z. Catenula sp. (Catenula decusa); AA-
AC. Catenula sp. 1 (Paracatenula porostriata); AD, AE, AH, Al. Catenula javanica; AF, AG. Catenula adhaerens; AJ. Catenula sp. 2
(Catenula boyanensis); AK. Catenulopsis catenulafalsa; AL-AN. Catenula sp. 3 (Catenula densestriata). Scale bar: 10 um. LM: x1500

Diploneis cf. biremiformis S.J.M.Droop, 1998 (Figure
7.F). References: Droop (1998), page 345, Figure 27; page
353, Figures 48-50. Dimensions: Length 14.9 pm, width
6.9 pum, striae 16 in 10 pm.

Diploneis cf. mediterranea (Grunow) Cleve, 1894
(Figures 9.A-9.E). References: Cleve (1894), page 82.
Dimensions: Length 39.0-72.5 pm, width 14.5-17.5 pm,
striae 7-10 in 10 pm.

Diploneis cf. pneumatica S.J.M.Droop, 1998 (Figure
7.G). References: Witkowski et al. (2000), pages 616-617,
pl. 87, Figure 12. Dimensions: Length 11.9 um, width 6.2
pm, striae 20 in 10 pm.

Diploneis  chersonensis  Grove  (Figure 8.C).
References: Lobban et al. (2012), page 428, pl. 44, Figures
1-4. Dimensions: Length 61.2 pm, width 18.9 pum, striae
11in 10 pm, areola 2 in 10 pm.

Diploneis coffeiformis (A.W.F.Schmidt) Cleve (Figure
9.G). References: Lopez-Fuerte et al. (2024), page 14,
Figure 8 (I). Dimensions: Length 18.7 um, width 11.9 pm,
striae 12 in 10 pm.

Diploneis crabro (Ehrenberg) Ehrenberg, 1854 (Figures
8.A, 8.B). References: Lobban et al. (2012), page 428, pl.
44, Figure 5. Dimensions: Length 45.3-73.7 um, width
14.7-24.2 pm, striae 7-13 in 10 pm.

Diploneis littoralis (Donkin) Cleve, 1894 (Figures 9.N-
9.P). References: Witkowski et al. (2000), pages 620-621,
pl. 89, Figure 3. Dimensions: Length 36.2-41.1 pum, width
20.0-21.7 pum, striae 12 in 10 um, areola 10 in 10 pm.

Diploneis (cf.) litoralis var. clathrata (Ostr.) Cleve, 1896
(Figure 8.F). References: Witkowski et al. (2000), pages
620-621, pl. 89, Figures 5, 7-13. Dimensions: Length 32
pm, width 11 pm, striae 12 in 10 um, areola 10 in 10 pm.
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F. Bacillaria paxillifer; G-I. Nitzschia filiformis; K. Nitzschia

liebethruthii; L. Nitzschia distans; M, N. Nitzschia sigma; O. Hantzschia virgata; P. Hantzschia kaiseri. Scale bar: 10 pm. LM: x1500

Diploneis notabilis (Greville) Cleve, 1894 (Figure
9.M). References: Witkowski et al. (2000), pages 620-621,
pl. 89, Figures 15-21; Kryk (2016), page 98, pl. 10, Figure
294. Dimensions: Length 45.3 pm, width 30 pm, striae 11
in 10 pum.

Diploneis smithii (Brébisson) Cleve, 1894 (Figures 8.G-
8.J). References: Lobban et al. (2012), page 430, pl. 45,
Figures 3-6. Dimensions: Length 37.2-64.1 pm, width
17.6-25 pm, striae 9 in 10 pm.

Diploneis sp. 1 (Figure 9.F). Dimensions: Length 40.1
pum, width 10.3 pm, striae 8 in 10 pum.

Diploneis sp. 2 (Figures 9.H, 9.1). Dimensions: Length
33.6-47.5 um, width 11.8-14.7 pum, striae 8-10 in 10 um.

Diploneis sp. 3 (Figure 9.J). Dimensions: Length 45.3
pum, width 19.5 um, striae 13 in 10 um.

Diploneis sp. 4 (Figures 9.K, 9.L). Dimensions: Length
51.4 pm, width 15 pm, striae 10 in 10 um, areolae 20 in 10
pm. Comments: Figure 9 (k and I) same specimen with
different focal planes.

Diploneis vacillans (A.Schmidt) Cleve, 1894 (Figures
8.D, 8.E). References: Kryk (2016), page 98, pl. 10,
Figures 291-293. Dimensions: Length 32.0-50.7 yum, width
11.0-14.7 pm, striae 10-12 in 10 pm.

Fallacia cf. nummularia (Greville) D.G.Mann, 1990
(Figure 7.J). References: Witkowski et al. (2000), pages
584-585, pl. 71, Figures 10, 11. Dimensions: Length 29.6
pum, width 21 um, striae 14 in 10 um.
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Figure 4. A. Tryblionella graeffei; B-C. Psammodictyon panduriforme; D. Psammodictyon sp; E-F. Tryblionella coarctata; G.
Tryblionella sp.; H. Nitzschia cf. coarctata; I. Psammodictyon roridum. Scale bar: 10 um. LM: x1500

Fallacia nyella (Hustedt) D.G.Mann, 1990 (Figure
7.N). References: Witkowski et al. (2000), pages 582-583,
pl. 70, Figures 1-7. Dimensions: Length 12.7 pm, width
7.2 um, striae 28 in 10 um. Comment: Basionym Navicula
nyella.

Gyrosigma cf. plagiostomum (Grunow) Cleve (Figure
13.B). References: Meister (1932), page 29, Figure 66.
Dimensions: Length 88.5 um, width 13 um, transapical
striae 16 in 10 um, longitudinal striae 18 in 10 um, raphe
angle +7. Comments: Also recorded in Sabang Island,
Aceh, Indonesia.

Halamphora coffeiformis (C.Agardh) Mereschk. (Figures
10.A-10.E; 11.N). References: Witkowski et al. (2000),
pages 776-777, pl. 167, Figure 3. Dimensions: Length
24.5-39.3 pm, width 5.5-9.1 um, dorsal striae 16-20 in 10
pm, ventral striae 25-35 in 10 pum.

Halamphora holsatica (Hustedt) Levkov, 2009 (Figures
10.F-10.1, 10.R-10.T). References: Levkov (2009), pages
522-523, pl. 101, Figures 1-11; pages 782-783, pl. 227,

Figures 1-6; Al-Handal et al. (2016), page 64, pl. 8, Figures
2, 3. Dimensions: Length 23.7-32.6 um, width 6.4-8.2 um,
striae 13-14 in 10 pum. Comment: Al-Handal et al. (2016)
noted as Amphora holsatica.

Halamphora interupta (Heiden) Levkov, 2009 (Figures
10.L, 10.M, 10.AC). References: Levkov (2009), pages
550-551, pl. 113, Figures 13-15. Dimensions: Length 27.8-
52.1 um, width 8.4-10.9 pum, striae 12 in 10 um.

Halamphora kolbei (Aleem) Alvarez-Blanco &
S.Blanco, 2014 (Figure 10.Z). References: Witkowski et
al. (2000), pages 768-769, pl. 163, Figure 26. Dimensions:
Length 11.8 um, width 3.4 um.

Haslea nautica (Cholnoky) Giffen, 1980 (Figure 11.J).
References: Al-Handal et al. (2016), page 66, pl. 9, Figure
4. Dimensions: Length 48.3 um, width 9.3 um.

Hippodonta sp. (Figure 11.M). Dimensions: Length
14.6 um, width 4.9 um, striae 5 in 10 pm.
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Figure 5. A1 = A2. Lyrella cf. robertisiana; B, C. Lyrella lyra. Scale bar: 10 um. LM: x1500

Hippodonta sp. (Figure 11.L). Dimensions: Length
20.2 um, width 4.9 um, dorsal striae 12 in 10 pm, ventral
striae 20 in 10 um. Comments: Girdle view.

Lunella sp. (Figure 11.S). References: Kryk (2016),
page 95, pl. 7, Figures 182, 183. Dimensions: Length 26.9
pum, width 6.5 pm, striae 18 in 10 um. Comments: This
specimen is similar to Gen. et. sp. nov. indet. 4 Kryk
(2016).

Lyrella sp. (Figure 7.K). Dimensions: Length 35.1 um,
width 17 um, striae 14 in 10 um.

Navicula (cf.) viminoides M.F.Giffen (Figure 11.T).
References: Giffen (1975), pl. Ill, Figures 99-101.

Dimensions: Length 15.7 um, width 7.3 pm, striae 14 in
10 pum, areolae 25 in 10 pm.

Navicula athenea Witkowski, Lange-Bertalot, Metzeltin
(Figure 11.V). References: Witkowski et al. (2000), pages
700-701, pl. 129, Figures 15, 16. Dimensions: Length 18.6
pum, width 6.9 pum, striae 10 in 10 pum.

Navicula  carinifera  Grunow  (Figure  11.K).
References: Al-Handal et al. (2018), page 125, Figures 46-
48. Dimensions: Length 39.9 pm, width 12.7 pm, striae 14
in 10 pm.

Navicula directa (W.Smith) Brébisson (Figures 11.A,
11.B). References: Witkowski et al. (2000), pages 700-
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701, pl. 129, Figure 1. Dimensions: Length 52.4-70.8 um,
width 9.2-10.0 pm, striae 8-10 in 10 pm, areolae 25-30 in
10 pm.

Navicula kariana var. frigida (Grunow) Cleve (Figure
11.1). References: Witkowski et al. (2000), pages 706-707,
pl. 132, Figures 11-14. Dimensions: Length 52.8 pm,
width 16.2 pm, striae 22 in 10 pm.

Navicula mollis (W.Smith) Cleve (Figures 11.F-11.H).
References: Witkowski et al. (2000), pages 726-727, pl.
142, Figure 36. Dimensions: Length 40.6-55.3 um, width
9-9.4 um, striae 8 in 10 um, areolae 30 in 10 um.

Navicula sp. 1 (Figure 11.C). Dimensions: Length 63.2
pum, width 8.5 pum, striae 10 in 10 pm, areolae 25 in 10 um.

Navicula sp. 2 (Figures 11.D, 11.E). Dimensions:
Length 47.5-59.7 um, width 8.0-8.4 um, striae 10-11 in 10
pum, areolae 25 in 10 pm.

Navicula sp. 3 (Figure 11.U). Dimensions: Length 18.6
pum, width 7.6 pum, striae 12 in 10 um.

Parlibellus delognei (Van Heurck) E.J.Cox, 1988
(Figures 11.P-11.R). References: Witkowski et al. (2000),
pages 650-651, pl. 104, Figures 1-5. Dimensions: Length
27.6-33.4 pum, width 9.3-10.4 pm, striae 22 in 10 pum,
areolae 25 in 10 pm.

Parlibellus sp. (Figure 13.F). Dimensions: Length 28.8
pm, width 8.8 pum, striae 9 in 10 pm, areolae 16 in 10 pm.
Comment: Valves are linear, elliptic, broadly apices, raphe
straight, terminal raphe ends distant from each other,
central area wide depressed with 2-3 striae. Transapical
striae are punctate and parallel. In some point similar to
Dickieia, and Pinnularia, but Dickieia has rectangular
fascia, transapical slightly radiate. Pinnularia also has wide
transversely expanded fascia in the central area.

Parlibellus sp. (Figure 13.M). Dimensions: Length
28.8 um, width 9.4 um. Comments: The valve has broadly
rounded apices, raphe straight, and raphe ends bent to the
same side. Striation is not visible.

Plagiotropis sp. 1 (Figure 13.K). Dimensions: Length
43.4 um, width 8.4 um.

Plagiotropis sp. 2 (Figure 13.L). Dimensions: Length
37.4 pm, width 9.8 pm.

Pleurosigma sp. (Figure 13.A). References: Plinski and
Witkowski (2020), pages 306-307, Figure 459. Dimensions:
Length 158.4 pm, width 22.3 um, transverse striae 18 in 10
pm, diagonal striae 22 in 10 um, raphe angle +9.7.
Comments: The specimen closely resembles Pleurosigma
angulatum, with a valve width of 30-60 pm.

Sellaphora sp. (Figure 12.F). Dimensions: Length 45.3
pm, width 10.5 um. Comments: The specimen is similar
to Pinnunavis genustriata, but the striae of the
genus Pinnunavis are not areolate.

BIODIVERSITAS 25 (12): 4642-4663, December 2024

Seminavis robusta D.B.Danielidis & D.G.Mann, 2002
(Figure 11.0). References: Danielidis and Mann (2002),
page 440, Figures 39-47. Dimensions: Length 24.7-47.9
pm, width 4.9-10.2 pm, dorsal striae 16-30 in 10 pm,
ventral striae 16-22 in 10 pm. Comments: The specimen is
similar to Seminavis ventricosa, which has slender specimens
with very narrow ventral striae. Very similar specimens have
also been found on Java Island (Danielidis and Mann 2002).

Seminavis strigosa (Hustedt) Danieledis & Economou-
Amilli, 2003 (Figure 13.H). References: Danielidis and
Mann (2003), page 30, Figures 23-26. Dimensions: Length
38.2 um, width 4.8 um, dorsal striae 16 in 10 um, ventral
striae 12 in 10 pm.

Trachyneis aspera (Ehrenberg) Cleve, 1894 (Figures
12.A-12.D). References: Beltrones et al. (2021), page 27,
Figure 21 (I). Dimensions: Length 40.0-138.5 um, width
10.5-31.4 pm.

Trachyneis aspera ((Ehrenberg) Cleve, 1894 (Figure
12.E). References: Witkowski et al. (2000), pages 760-
761, pl. 159, Figures 1-6. Dimensions: Length 53.8 pum,
width 16.9 pum, striae 14 in 10 pm. Comments: Girdle view.

Trachyneis velata A.Schmidt (Figures 12.G-12.1).
References: Witkowski et al. (2000), pages 760-761, pl.
159, Figures 7, 8. Dimensions: Length 56.0-76.9 um,
width 12.1-19.5 um.

Order: Rhopalodiales

Epithemia gibberula var. baltica (O.Muller) J.S.Park &
Lobban (Figures 14.H, 14.1). References: Park et al.
(2022), page 47, Figures 61-62. Dimensions: Length 37.8-
47.6 um, width 10 um, striae 10 in 10 pum.

Epithemia gracilis Gerd Moser, 1998 (Figure 14.J).
References: Moser (1998), page 158, pl. 65, Figures 1-9.
Dimensions: Length 28.9 um, width 8.9 um, striae 4 in 10

pm.

Epithemia guettingeri (Krammer) Lobban & Park
(Figures 14.K, 14.L). References: Park et al. (2018), page
133, Figures 171-173. Dimensions: Length 18.9-23.0 pm,
width 5.9-6.4 pum, striae 9 in 10 um.

Order: Surirellales

Auricula intermedia (Lewis) Cleve, 1894 (Figure 13.J).
References: Al-Handal et al. (2018), page 140, Figure 102.
Dimensions: Length 48.7 pm, width 12.4 pm.

Campylodiscus neofastuosus Ruck & Nakov (Figures
14.A-14.D). References: Beltrones et al. (2021), page 40,
Figure 34 (A-D). Dimensions: Length 30.6-38.0 um, width
25.8-30.3 pm, fibulae 4 in 10 pm.

Coronia decora (Brébisson) Ruck & Guiry (Figures
14.E-14.G). References: Witkowski et al. (2000), pages
870-871, pl. 214, Figure 15; Lobban et al. (2012), page
306, pl. 65, Figures 1, 2. Dimensions: Length 6.4-49.0 um,
width 4.8-38.2 um, striae 4-16 in 10 um. Comment:
Witkowski et al. (2000) noted as Campylodiscus decorus.
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Figure 6. A, B. Petroneis marina; C. Petroneis granulata; D. Diademoides luxuriosa; E, S, T. Petroneis cf. glacialis; F.

Diploneis cf. biremiformis; G. Diploneis cf. pneumatica; H. Fallacia nyella; I. Lyrella hennedyi; J. Fallacia nhummularia;
K. Lyrella sp.; L-R. Lyrella abrupta. Scale bar: 10 pm. LM: x1500

Petrodictyon gemma (Ehrenberg) D.G.Mann, 1990
(Figure 14.M). References: Witkowski et al. (2000), pages
874-875, pl. 216, Figures 8, 9. Dimensions: Length 30.6-
38.0 um, width 25.8-30.3 um, fibulae 4 in 10 um.

Plagiodiscus nervatus Grunow, 1978 (Figure 14.N).
References: Park et al. (2018), page 133, Figures 168, 169.
Dimensions: Length 31.2 pm, width 21 um, fibulae 4 in 10
pm.

Order: Thalassiophysales

Amphora amoena Hustedt, 1955 (Figures 10.P, 10.Q).
References: Witkowski et al. (2000), pages 776-777, pl.

167, Figure 11. Dimensions: Length 20.1 um, width 5.4
pm, dorsal striae 18 in 10 um.

Amphora egregia var. interupta H. Peragallo & M.
Peragallo (Figure 10.AB). References: Peragallo and
Peragallo (1897), pl. XLVI, Figures 6, 7, 11. Dimensions:
Length 64.5 um, width 7.9 um, dorsal striae 10 in 10 pm.

Amphora marina Ralfs, 1861 (Figure 10.AE).
References: Beltrones et al. (2021), page 32, Figure 26 (H,
I). Dimensions: Length 48.4 pum, width 11 pm, dorsal
striae 10 in 10 pm, ventral striae 12 in 10 pm.
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Figure 7. A, B. Diploneis crabro; C. Diploneis chersonensis; D, E. Diploneis vacillans; F. Diploneis (cf.) litoralis var. clathrata; G-

J. Diploneis smithii. Scale bar: 10 um. LM: x1500

Amphora montgomeryi A.H.Wachnicka & E.E.Gaiser,
2007 (Figures 10.0, 10.W). References: Wachnicka and
Gaiser (2007), page 413, Figures 84-86. Dimensions:
Length 19.3-20.1 pm, width 5.5-6.7 um, dorsal striae 18 in
10 pm.

Amphora ostrearia Brébisson, 1849 (Figure 10.AF).
References: Witkowski et al. (2000), pages 782-783, pl.
170, Figure 23. Dimensions: Length 44.2 um, width 11
pm, dorsal striae 20 in 10 pum, ventral striae 14 in 10 um.

Amphora sp. 2 (Figure 10.J). Dimensions: Length 22.3
pum, width 5.2 um, dorsal striae 22 in 10 pm.

Amphora sp. 3 (Figure 10.U). Dimensions: Length 20
pum, width 4.6 pum, dorsal striae 14 in 10 um, ventral striae
14in 10 pm.

Amphora sp. 4 (Figure 10.V). Dimensions: Length
20.2 pm, width 4.8 pm, dorsal striae 18 in 10 pm, ventral
striae 26 in 10 pm.

Amphora sp. 5 (Figure 10.AA). Dimensions: Length
62.8 um, width 10.1 pm, dorsal striae 11 in 10 pum, ventral
striae 11 in 10 pm. Comment: This taxon resembles

Amphora spectabilis with raphe slits closer to the dorsal
side - see Witkowski et al. (2000) pages 774-775, pl. 166,
Figure 8, while in the other plate (pages 776-777, pl. 167,
Figures 25-26), the raphe is closer to the ventral side.

Amphora sp. 6 (Figure 10.X). Dimensions: Length 26.3
pum, width 5.8 um, dorsal striae 17 in 10 um.

Amphora sp. 7 (Figure 10.Y). Dimensions: Length 22.9
pum, width 5.6 um, dorsal striae 10 in 10 um.

Amphora sp. 9 (Figure 10.AD). Dimensions: Length
50.4 um, width 11.3 pum, dorsal striae 12 in 10 um.

Amphora sp. 10 (Figures 10.AG-10.AH). Dimensions:
Length 30.7-36.1 um, width 10.8-12 um, dorsal striae 12 in
10 um, ventral striae 12 in 10 um.

Amphora sp. 11 (Figure 3.U). Dimensions: Length
34.4 um, width 5.9 um, dorsal striae 14 in 10 um, ventral
striae 18 in 10 um.

Amphora sp. 12 (Figure 3.V). Dimensions: Length
33.9 um, width 8.3 um, dorsal striae 20 in 10 um.
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Figure 8. A-E. Diploneis cf. mediterranea; F. Diploneis sp. 1; G. Diploneis coffaeiformis; H, 1. Diploneis sp. 2; J. Diploneis sp. 3; K,
L. Diploneis sp. 4; M. Diploneis notabilis; N-P. Diploneis littoralis. Scale bar: 10 pm. LM: x1500

Amphora sp. 13 (Figure 3.W). Dimensions: Length 27
pm, width 4.8 pm, dorsal striae 24 in 10 um, ventral striae
32in 10 pum.

Amphora sp. 14 (Figure 14.X, 14.Y). Dimensions:
Length 24.3-25.2 pm, width 5.6-6 pum, dorsal striae 16-20
in 10 pm, ventral striae 16 in 10 pm.

Amphora sp. (sensu lato) (Figure 3.T). Dimensions:
Length 35.7-65.4 pm, width 19.9-25.4 um, striae 12 in 10
pm, areolae 10 in 10 pm.

Amphora sp. nov. (Figure 10.K). Dimensions: Length
22 pm, width 5.2 pm. Comments: Frustule with 4
sinusoidal gibbosities on dorsal valve margins.

Catenula adhaerens (Mereschkowsky) Mereschkowsky,
1903 (Figures 3.AF, 3.AG). References: Kryk et al.

(2021), page 10, Figures 69-104. Dimensions: Length
21.1-21.6 pm, width 4.2-4.4 um.

Catenula javanica Witkowski, Kryk, Risjani &
Yunianta (Figures 3.AD, 3.AE, 3.AH, 3.Al). References:
Kryk et al. (2021), page 8, Figures 49-68. Dimensions:
Length 20-22 pm, width 4.0-4.6 pm.

Catenula sp. (Figure 3.Z). Dimensions: Length 25.4
pm, width 4.4 pm. References: Luthfi et al. (2024), page
12, Figure 7. Comments: Catenula sp. identified as
Catenula decusa

Catenula sp. 1 (Figures 3.AA-3.AC). Dimensions:
length 22.1-24.3 um, width 4.2-4.3 um. References: Luthfi
et al. (2024), page 6, Figure 2. Comments: Catenula sp. 1
identified as Paracatenula porostriata.
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Figure 9. A-E. Halamphora coffeiformis; F-1. Halamphora holsatica; J. Amphora sp. 2; K. Amphora sp. nov; L, M, AC. Halamphora
interupta; N. Seminavis strigosa; O. Amphora montgomelyi; P, Q. Amphora amoena; R-T. Halamphora holsatica; U. Amphora sp. 3; V.
Amphora sp. 4; W. Amphora montgomelyi; X. Amphora sp. 6; Y. Amphora sp. 7; Z. Halamphora kolbei; AA. Amphora sp. 5; AB.
Amphora egregia var. interupta; AD. Amphora sp. 9; A. Amphora marina; AF. Amphora ostrearia; AG, AH. Amphora sp. 10. Scale

bar: 10 um. LM: x1500

Catenula sp. 2 (Figure 3.AJ). Dimensions: Length 17
pm, width 3.2 um. References: Luthfi et al. (2024), page
9, Figure 4. Comments: Catenula sp. 2 identified as
Catenula boyanensis.

Catenula sp. 3 (Figures 3.AL-3.AN). Dimensions:
Length 9.1-13.2 um, width 1.9-2.6 pm. References: Luthfi
et al. (2024), page 14, Figure 8. Comments: Catenula sp. 3
identified as Catenula densestriata.

Catenulopsis catenulafalsa Kryk & Witkowski (Figure
3.AK). References: Kryk et al. (2021), page 5, Figures 2-
35. Dimensions: Length 13.9 um, width 3.4 um.

Seminavis strigosa (Hustedt) Danieledis & Economou-
Amilli, 2003 (Figure 10.N). References: Witkowski et al.
(2000), pages 770-771, pl. 164, Figures 1-4; pages 774-
775, pl. 166, Figures 5-7; Danielidis and Mann (2003),

page 30, Figures 23-26. Dimensions: Length 21.1 pm,
width 5.3 um, dorsal striae 14 in 10 pm.

Taxonomic composition

A total number of 1,619 specimens representing 139
taxa and 50 genera of coral reef diatom from Bawean
Island were found. The abundance pattern of diatom taxa
from numerous species to scarce is shown in Figure 15.
The difference pattern species abundance smooth gradually
from the highest, D. crabro (53 individuals), to the lowest
one, N. kariana var. frigida, G. marina var. undata, A.
disculoides, P. campechianum, and C. stauroneiformis (1
individual respectively). The relative abundance data
shows that D. crabro is the most prevalent taxon, making
up 3.3% of the sample. P. marina and T. aspera follow
closely, with relative abundances of 3% (Table 2). In
contrast, taxa with the lowest relative abundance include
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species such as Navicula sp. and Achnanthes sp., each
contributing less than 0.1% to the total diatom population.

Diatom diversity and community structures

Comparing the diversity index (H’) across the stations
reveals no notable differences in species diversity. The
southern part has the highest diversity index at 3.88, while
the eastern site shows the lowest diversity at 2.64 (Table 1).
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The previous exhibits the lowest dominance index (0.03);
on the other hand, the latter has the highest dominance
index at 0.09. Evenness values across all sites are relatively
high (E = 0.91), indicating a fairly even distribution of
individuals among species. The diversity at each station
showed a significant difference, with a p-value of 0.03,
indicating that there is a statistically significant difference
in species diversity among these stations (Table 1).

Table 1. Localities of study and their GPS coordinates, slide accession number, structure communities, diversity indices by station, and

p-value

Site Location Habitat Coordinate Sample date Code Repository H* C E H'p-value
Station 1 Gili lyang Harbour Rubble 5°51'11.70"S; 112°38'51.10"E ~ 07-Jan-21 SZCzZ_27552 3.34 0.050.91 0.03
Station 2 Mangrove Hijau Daun Rubble  5°50'57.5"S; 112°43'3.6"E 07-Jan-21 SZCz_27554 2.55 0.09 0.9

Station 3 Mombhul Rubble 5°47'21.10"S; 112°44'32.30"E  07-Jan-21 SZCZ_27555 2.84 0.07 0.91

Station 4 Selayar Beach Rubble 5°51'21.40"S; 112°40'59.60"E  07-Jan-21 SZCZ_27560 3.88 0.03 0.91

Note: H'": Diversity Index Shannon-Wiener; C: Dominance Index; E: Evenness Index; p-value<0.05
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Figure 10. A, B. Navicula directa; C. Navicula sp. 1; D, E. Navicula sp. 2; F-H. Navicula mollis; 1. Navicula kariana var. frigida; J.
Haslea nautica; K. Navicula carinifera; L, M. Hippodonta sp.; N. Halamphora coffeiformis; O. Seminavis robusta; P-R. Parlibelus
delognei; S. Lunella sp.; T. Navicula (cf.) viminoides; U. Navicula sp. 3; V. Navicula athenea. Scale bar: 10 um. LM: x1500
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Figure 11. A-D. Trachyneis aspera; E. Trachyneis aspera girdle view; F. Sellaphora sp.; G-I. Trachyneis velata. Scale bar: 10 um. LM:

x1500

Discussion
Identified number of genera and species

The diatom flora of Bawean Island, as revealed in this
research, comprises 139 taxa from 50 genera. When
compared to other regions in Indonesia, the number of taxa
on Bawean Island is relatively similar to each other. For
instance, the South Coast of East Java hosted 365 taxa from
96 genera, while the North Coast of East Java has 156 taxa
from 56 genera. The East Coast of East Java records 77
taxa from 49 genera. In contrast, West Borneo exhibits a
significantly higher diversity, with 458 taxa from 131
genera. Similarly, Southeast Celebes and Southwest
Celebes show considerable diversity, with 390 taxa from
91 genera and 407 taxa from 114 genera, respectively
(Risjani et al. 2021). When extending this comparison to
regions in the Pacific, such as Guam and Micronesia,
Bawean Island's diatom diversity remains notable. Guam
hosts 273 taxa from 88 genera, while Micronesia has 148
taxa from 49 genera (Lobban et al. 2012; Park et al. 2018).

The high diatom taxa richness observed on Bawean
Island presents an intriguing contrast to ecosystems
examined in prior research, particularly given its focus on a

single habitat type: coral rubble. This finding challenges
the conventional understanding that habitat diversity
correlates positively with species diversity (Taxbock et al.
2020). For instance, Risjani et al. (2021) sampled diatoms
from nine distinct habitats, yet only 4.7% (43 taxa) were
found in dead coral (rubble). Similarly, Park et al. (2018)
investigated four different macroalgal habitats (Halimeda,
Padina, Sargassum, and Dictyota), while Lobban et al.
(2012) collected samples from various substrates in coral
reef areas. The exceptional diversity found in Bawean's
coral rubble habitat suggests that this substrate may offer
unigue microenvironments or niche opportunities for
diatoms. The complicated three-dimensional structure of
coral rubble, which may offer a wide range of
microhabitats, or particular chemical or physical
characteristics of the degrading coral skeleton that could
favor diatom colonization and diversification, could be
several elements contributing to this phenomenon (Bergey
et al. 2009; Wolfe et al. 2023). The findings of this study
are significant because they question traditional ideas about
habitat diversity and offer new ways to understand how
coral rubble affects diatom diversity.
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Figure 12. A. Pleurosigma sp.; B. Gyrosigma cf. plagiostomum; C, D. Climaconeis lorenzii; E, I. Biremis ambigua; F. Parlibellus sp;
G. Nitzschia distans GV; H. Seminavis strigosa; I. Pinnularia sp; J. Auricula intermedia; K. Plagiotropis sp. 1; L. Plagiotropis sp. 2; M.

Parlibellus sp. Scale bar: 10 um. LM: x1500

Biodiversity

All four stations on Bawean Island show an evenness
index of 0.9. This high and consistent value across all
stations suggests a highly even distribution of species
abundance across the diatom community; no single species
of diatom is disproportionately abundant compared to the
others. Two reasons might be addressed for this condition:
first, imply similar environmental conditions across the
sampling sites, i.e., coral rubble, and second, the diatom
community is well-adapted to any environmental conditions
that do exist (Lobo et al. 1995). The diversity of diatoms
between different stations on Bawean Island was
significantly different, with a p-value of 0.03. In our study,
southern part of island exhibited the highest diversity with
a Shannon-Wiener Index (H') of 3.88 (station 4), followed
by Station 1 with an H' of 3.34. The index for diatoms
indicates moderate diversity compared to nearby regions.
This range falls between the diversity levels reported for

various coastal areas of East Java and is generally lower
than that observed in West Borneo. Specifically, the East
coast of East Java exhibited an H' of 3.99, while the North
and South coasts showed H' values of 3.83 and 3.6,
respectively. In contrast, West Borneo demonstrated a
notably higher diatom diversity with an H' of 4.22 (Risjani
et al. 2021). The intermediate diversity observed on
Bawean Island may be attributed to its unique geographical
position between Kalimantan (Borneo) and Java,
potentially reflecting a blend of environmental conditions
characteristic of both larger islands.

Interestingly, this moderate diversity is notable when
compared to other volcanic islands and broader regional
studies. For example, the diatom community at Nosy Be
Island (sample site NB10G) in the western Indian Ocean
demonstrated a higher diversity with H' = 4.2 (Kryk et al.
2020). However, Bawean's diversity aligns more closely
with the ranges reported for larger geographical areas.
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Specifically, Redzuan et al. (2023) documented H' values
spanning from 1.0 to 2.6 in the Southern China Sea, part of
the Malaysian peninsula, which is higher in Pinang Island

BIODIVERSITAS 25 (12): 4642-4663, December 2024

(2018) reported a range of 4.6 to 6.1 for the Indo-western
Pacific region in the tidal flats of Guenso Bay on the west
coast of Korea.

at 2.93 to 3.25 (Salleh et al. 2023). In comparison, An et al.

Figure 13. A-D. Campylodiscus neofastuosus; E-G. Coronia decora; H-I.
Epithemia guettingeri; M. Petrodictyon gemma; N. Plagiodiscus nervatus.
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Epithemia gibberula var. baltica; J. Epithemia gracilis; K-L.
Scale bar: 10 um. LM: x1500

Taxa

Figure 14. Equitability number of identified individuals in dominated taxa

on Bawean Island, Indonesia
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Table 2. List of taxa with exceeding 1% of Relative Abundance
(RA)

Taxa RA (%)
Diploneis crabro 3.3
Trachyneis aspera 3.0
Halamphora coffeiformis 2.9
Petroneis marina 2.8
Lyrella abrupta 2.7
Diploneis vacillans 25
Coronia decora 25
Psammodictyon panduriforme 24
Paralia sulcata 2.3
Trachyneis velata 2.2
Parlibellus delognei 2.0
Halamphora holsatica 1.9
Diploneis smithii 1.9
Diploneis notabilis 1.9
Diploneis littoralis 1.7
Cocconeis guttata 1.7
Catenula sp. 1 1.6
Diploneis cf. mediterranea 1.6
Nitzschia filiformis 1.6
Thalassiosira sp. 1.4
Halamphora interupta 1.4
Catenula javanica 1.4
Auricula intermedia 1.4
Psammodiscus nitidus 1.3
Lyrella sp. 13
Diploneis sp. 4 13
Seminavis strigosa 1.2
Pseudictyota dubium 11
Catenula sp. 3 11
Petroneis cf. glacialis 1.1

In this study, we observed that two species exhibited
significant dominance on Bawean Island, with Relative
Abundance (RA) of 3% (T. aspera) and 3.3% (D. crabro).
Additionally, we identified four other species with RA
values equal to or greater than 2.5%, which included H.
coffeiformis, P. marina, L. abrupta, D. vacillans, and C.
decora. The genus Diploneis is widely recognized for its
prevalence in coral reef ecosystems across the Pacific
region, often coexisting with various other diatom species.
In Guam, a significant study by Lobban et al. (2012)
documented three dominant diatom genera, including
Mastogloia, Cocconeis, and Diploneis. Further research has
corroborated these observations in other parts of the
Pacific. For instance, studies conducted in the Great Barrier
Reef have reported Diploneis frequently occurring alongside
other genera such as Amphora, Nitzschia, and Navicula
(Gottschalk et al. 2007). These findings are substantiated
by research conducted in the Great Barrier Reef, where
Gottschalk et al. (2007) observed Diploneis frequently
occurring alongside five other genera: Mastogloia,
Cocconeis, Amphora, Nitzschia, and Navicula. This
consistent co-occurrence pattern suggests a potential
ecological relationship or similar habitat preferences
among these diatom genera. Additional evidence of
Diploneis' extensive distribution emerges from studies
across the Western Pacific, including Indonesia, Guam, and

4661

Palau, as well as Japan (Sato et al. 1983; Pennesi et al.
2017). These geographically diverse observations underscore
the genus's broad ecological niche. Diploneis can live in
many different marine environments, from warm tropical
waters to cooler temperate ones. It can also grow on
various surfaces and at different depths, showing how
resilient this genus is. This wide-ranging distribution led
Risjani et al. (2021) to classify Diploneis as a cosmopolitan
genus.

Diploneis is recognized for its ability to thrive in
diverse ecological settings, encompassing both freshwater
and marine environments. This diatom genus exhibits a
wide range of distribution across several aquatic
environments, hence demonstrating its remarkable
flexibility and persistence (Lange-Bertalot and Fuhrmann
2016). The genetic variability observed in Diploneis
populations is subject to the influence of diverse
environmental conditions, including pH, temperature, and
water quality. These factors have the potential to affect the
relative abundance of distinct species within the population
(Pumas et al. 2018). In particular, Diploneis species
demonstrate a highly complex valve system, which is
commonly acknowledged as one of the most extensive
among pennate diatom taxa. The morphology of valves
imparts  distinct microhabitats that facilitate the
establishment and proliferation of diatoms, hence
establishing an influence on the makeup of communities
inside coral rubble habitats (Idei et al. 2018; Wolfe et al.
2023).

The findings suggest that coral rubble provides unique
microhabitats conducive to diatom diversity, challenging
the conventional understanding that habitat diversity
correlates positively with species diversity. The study also
compares Bawean Island's diatom diversity with other
regions, noting its intermediate diversity level, which may
be influenced by its geographical position between
Kalimantan and Java. The presence of dominant species
like D. crabro, P. marina, H. coffeiformis, and T. aspera
underscores the ecological significance of these diatoms in
coral reef ecosystems.
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