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Running title: BENTHIC DIATOMS FROM THE ADRIATIC SEA

Abstract — Despite more than 30 years of investigations, the knowledge of the composition and
spatial distribution of marine benthic diatoms along both coasts of the Adriatic Sea is still
limited. The distribution and a checklist of marine benthic diatom taxa in the Mediterranean
sub-basin of the Adriatic Sea are presented based on literature data. The nomenclature is
brought up to date and synonyms are included. Eight hundred and twenty-two species belonging
to 70 families and 163 genera have been reported. The number of pennate species represented
was 719. Families with the highest number of genera were: Naviculaceae (8), Bacillariaceae
(7), Surirellaceae (6), Fragilariaceae (6). The highest number of taxa belonged to the
Naviculaceae (95) and Bacillariaceae (88). The most numerous genera were Mastogloia (65
taxa), Navicula (62), Nitzschia (53), Amphora (52), Diploneis (43), Cocconeis (37),
Halamphora (24), Achnanthes (22), Licmophora (22), Tryblionella (19), Fallacia (15),
Surirella (14), Grammatophora (13), and Lyrella (12). This study focused on the areas of
investigation according to the literature reviewed and showed that many areas have to be
investigated. Nevertheless, this first comprehensive checklist of marine benthic diatoms in the
Adriatic Sea, updated with recent literature, is a valuable tool. However, it is important that this
update has been progressive over time. Incorporating data on diatom taxa will improve the
overall diversity of microalgae and our knowledge of the ecology of coastal ecosystems.

Keywords: Adriatic Sea, Bacillariophyta, biogeography, epilithic, epipelic, epiphytic,
Mediterranean Sea, taxonomy

Microphytobenthos

The microphytobenthos (MPB) colonises the surface sediment layer (2 to 3 mm thick)
where strong chemical-physical gradients exist (Maclntyre et al. 1996). In temperate regions,
the microphytobenthic community is mainly composed of benthic diatoms, which are either
colonial or unicellular, either free-living or attached to a substrate through gelatinous
protrusions and play an important role in primary production in marine ecosystems (Falkowski
et al. 2004). Classification based on sediment typology reveals distinct groups: (i) epipelon,
diatoms living on sediment, (ii) epipsammon, diatoms adhering to sand grains, and (iii)



epiphyton, diatoms living on other photosynthetic organisms (Round et al. 1990). The
microphytobenthic community plays a key ecological role within the aquatic ecosystem,
regulating nutrient and oxygen fluxes at the water-sediment interface and contributing
significantly to primary production (Maclintyre et al. 1996). Due to their ecophysiological
characteristics, these microorganisms serve as valuable indicators for water quality assessment
and in paleoecological reconstructions (Stevenson and Pan 1999, Cibic and Blasutto 2011,
Barinova et al. 2019, B-Béres et al. 2023).

Microphytobenthic populations, particularly in shallow aquatic environments, are
frequently enriched by phytoplanktonic species that settle on sediments in conditions devoid of
turbulent movement, tidal currents, or water column stratification. Conversely, under
conditions of pronounced turbulence in the water column, microphytobenthic organisms may
be resuspended, infiltrating the phytoplankton community (Delgado et al. 1991, Macintyre et
al. 1996). Furthermore, identical species may be present both in the water column and in the
surface sediments, making it difficult to characterize the typical species in each habitat
ecologically (Cibic et al. 2022). In a two-year study (2003-2004) on MPB biodiversity
conducted in Northern Adriatic Sea, on average, 9% of the species in the sediment were
planktonic (Cibic et al. 2007a); however, they were predominantly in poor condition. Only
species with robust frustules, such as Pseudo-nitzschia seriata, were identifiable and likely still
photosynthetically active (Cibic et al. 2007b).

In recent years, the application of light microscopy (LM) and scanning electron
microscopy (SEM) has enabled the discovery of numerous diatom species in marine coastal
waters, greatly improving our understanding of diatom communities in different coastal
regions, such as the Black Sea, the Mediterranean Sea or Yellow Sea (Park et al. 2018, Kaleli
and Akcgaalan 2021, Zidarova et al. 2022). While various authors have previously compiled
checklists (Hendey 1974, Vili¢i¢ et al. 2002, Cibic and Facca 2010, Caraus 2017), the recent
and progressing systematics of diatoms has resulted in many synonyms and the transfer of taxa
to a new species of a genus (Li et al. 2018, Morales et al. 2019). A considerable proportion of
the studies conducted has predominantly focused on planktonic forms of diatoms, thus the
publications considered herein generally include both benthic and planktonic diatoms.

Mediterranean Sea

The Mediterranean Sea is a semi-enclosed continental sea that is almost entirely
landlocked between Europe, Africa and Asia and consists of several sub-zones, including the
Alboran Sea, the Balearic Sea, the Ligurian Sea, the Tyrrhenian Sea, the lonian Sea, the Adriatic
Sea, the Aegean Sea and the Levantine Basin. It is a concentration basin that receives relatively
low saline Atlantic Water (AW), which flows eastwards in the surface layer and gains salt due
to the positive Evaporation-Precipitation balance over the Mediterranean (Menna et al. 2022).
The northeastern Mediterranean Sea is influenced by the brackish waters of the Black Sea
through the Sea of Marmara. The shallowest part of the Mediterranean Sea is the northernmost
third of the Adriatic Sea (i.e., the Northern Adriatic Sea), a shelf with depths up to 100 m
(Vilibi¢ et al. 2023). The Mediterranean Sea is considered an oligotrophic basin with a few
biological production and biodiversity hotspots (Myers et al. 2000). The meadows of Posidonia
oceanica L. Delile, a species of seagrass endemic to the Mediterranean Sea, are the most
important ecosystem in the Mediterranean in terms of biodiversity. However, many alien and
invasive species have recently been reported along the eastern coasts of the Mediterranean and
Aegean Sea, originating from the Red Sea through the Suez Canal (Zenetos et al. 2005). The
Mediterranean Sea is an important basin, and its coasts have been heavily influenced by humans
through tourism, urbanization and maritime transport. Additionally, the Mediterranean Sea is
considered a hot spot of global warming, as it has been changing faster than the global ocean,



with recent studies agreeing on increases in sea level, sea surface temperature and salinity over
the past two decades, which have had a strong impact on the marine environment (Menna et al.
2022).

As far as modern diatom studies in the Mediterranean Sea are concerned, one of the
pioneering studies was published by Witkowski et al. (2000). While Witkowski et al. (2000)
published a monograph of diatom taxa from various marine coastal sites worldwide, Blanco
and Blanco’s monograph (2014) showed widespread taxa alongside site-specific taxa in the
Mediterranean region. In addition, several checklists with a combination of planktonic species
in the Mediterranean Sea have been published. Vili¢i¢ et al. (2002) published a phytoplankton
checklist for the eastern Adriatic Sea, while Kaleli and Akgaalan (2021) showed the diatom
flora of the Turkish coasts, Tas (2013) investigated the phytoplankton composition in the
Aegean Sea (Tas 2013), and Velasquez and Cruzado (1995) investigated the diatom flora of the
northwestern Mediterranean Sea. Most of the studies used a similar sampling technique,
specifically the use of a plankton net designed for phytoplankton sampling, with incidental
observations of benthic diatoms. Consequently, the use of the plankton net resulted in the
observation of relatively large cell sizes for the most commonly cited taxa.

In recent decades, the literature on the distribution of MPB species in the Mediterranean
Sea has been limited to the coastal regions of Spain and France (Delgado 1989, Barranguet et
al., 1996, Barranguet 1997, Riaux-Gobin et al. 1998). While these publications highlight the
importance of MPB as a primary producer within coastal or lagoon ecosystems, and report the
total MPB expressed as chlorophyll and pigment concentrations, they do not provide
information on the taxonomic composition or present a comprehensive taxonomic list. In recent
study, Pérez-Burillo et al. (2022) evaluated the advantages and limitations of LM and DNA
metabarcoding for the identification of benthic diatom communities in shallow coastal
environments of the Mediterranean Sea using biofilm samples from different substrates in the
Ebro delta bays (Spain). The compilation of the historic records of marine and brackish diatom
species and genera reported for the French coastal areas since 1888 to 2019, with information
on the geographical locations and ecology (e.g. sampled substrate, habitat, growth forms) for
most taxa by Ribeiro et al. (2022), provides a great dataset for the benthic marine diatoms of
French Mediterranean coast.

Before the compilation of the MPB checklist for the Italian seas (horthern and western
Middle Adriatic, and Ligurian Sea) by Cibic and Facca (2010), there were no time series data
(no continuous observations at specific sites over an extended period with constant abundance)
on the MPB in the Italian seas. The knowledge of MPB in Italian seas is low compared to
longer-term studies on phytoplankton (Cibic and Facca 2010). The list of Cibic and Facca
(2010) encompasses taxa derived from natural sediment samples collected from various
locations, including the Gulf of Trieste (Sdrigotti et al. 1999, Welker et al. 2002, Cibic et al.
2007a), the Venice Lagoon (Tolomio et al. 1999, 2002, Facca et al. 2002a, b, 2003, 2004,
Tolomio 2004, Facca and Sfriso 2007), the Adriatic coast from Ancona to the Po Delta (Totti
2003), the Lesina Lagoon (Gambi et al. 2003) as well as epibiontic microalgae on marine
hydroids Eudendrium racemosum in the Ligurian Sea (Romagnoli et al. 2007, 2014), epilithic
diatoms on different artificial hard substrates in the Conero area (Totti et al. 2007), and the first
colonisation stages of diatoms on artificial hard substrates at two stations in the Gulf of Trieste
(Bartole et al. 1991-94) and the Venice Lagoon (Tolomio and Andreoli 1989, Tolomio et al.
1991). Additionally, several recent papers provided benthic diatom checklists either in the main
text or as Supplementary Material. These studies cover the Gulf of Trieste (Franzo et al. 2014,
Rogelja et al. 2018) and the Grado Lagoon (Natali et al. 2023), the Adriatic coast from Ancona
to the Po Delta (Accoroni et al. 2016, Cibic et al. 2019), and the Venice Lagoon (Baldassarre
et al. 2023). Additionally, microbenthic community structure and trophic status of sediments of
the lonian Sea were studied in the period 2013-2014 (Rubino et al. 2016). The only available
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information regarding the microphytobenthic community of the Ligurian Sea refers exclusively
to epibiontic species associated with marine hydroids (Romagnoli et al. 2007, 2014), showing
that diatoms living on this marine invertebrate derive an advantage from both the host and the
environmental conditions due to the availability of nutrients and organic compounds (Cibic and
Facca 2010). Diatom assemblages from the Tyrrhenian Sea have been used to study the effects
of heavy metal contamination, where this group showed the presence of teratogenic forms in
response to this kind of pollution (Rogelja et al. 2016).

The epiphytic diatom communities of the endemic Mediterranean seagrass P. oceanica
are among the most thoroughly studied (Mazzella et al. 1994, De Stefano et al. 2000). Mazzella
etal. (1994) identified Cocconeis Ehrenberg species as the most abundant and frequent diatoms
on the leaves in all seasons and throughout the depth range of the seagrass distribution. De
Stefano et al. (2000) analysed eight species of Cocconeis on the leaves of P. oceanica using
SEM on samples collected around the island of Ischia (Gulf of Naples, Italy). Their results
showed that certain Cocconeis species such as C. scutellum var. posidoniae M.De Stefano,
D.Marino & L.Mazzella and C. neothumensis var. marina M.De Stefano, D.Marino &
L.Mazzella exhibit high abundance, forming a continuous, almost monospecific layer on the
colonised segments of the leaves (Mazzella et al. 1994). In a comparative study, De Stefano et
al. (2008) provided additional insights into C. scutellum Ehrenberg and its varieties and
presented information on the geographical distribution of all the analysed C. scutellum taxa,
including from the leaves of Posidonia in the Mediterranean region collected in spring 2005
and 2006 (the season when the density of epiphytic macroalgae is low) and covering almost the
entire Mediterranean Sea (including sampling sites along the coasts of Spain, Italy, Slovenia,
Croatia, Greece and Tiirkiye).

A comprehensive review of the existing literature reveals that there is only a limited
number of studies focused on the coastal waters of Tiirkiye (Kaleli and Akgaalan 2021). The
Sea of Marmara and the Aegean Sea were the most intensively studied areas, with 20 and 19
studies, respectively. Studies on benthic and planktonic species composition and biogeographic
distribution in the Mediterranean Sea and the Black Sea were rather sparse with only 11 and 14
studies, respectively (Kaleli and Akgaalan 2021). On the Turkish coast of the Aegean Sea, Altug
et al. (2011) and Aslan et al. (2018) investigated the composition of phytoplankton in the
northeastern Aegean Sea. Koray (2001) published a checklist of phytoplankton in the Turkish
seas. These studies focused mainly on the planktonic forms of diatoms. Several studies have
also been carried out on the benthic diatoms of the shores of Greece (Economou-Amilli 1980,
Belegratis 2002, Belegratis and Economou-Amilli 2002, Louvrou 2007). Foged (1985a, b)
published monographs on the diatom communities of the islands of Samos, Kos and Kalymnos.
In the southern Aegean Sea, periphyton colonisation in hydrothermal marine areas of the island
of Milos has been studied (Louvrou 2007). The author later described Detonia dobrinae
Louvrou, Danielidis & Economou-Amilli (Louvrou et al. 2006) and several taxa of Meloneis
I.Louvrou, D.B.Danielidis & A.Economou-Amilli (Louvrou et al. 2012). Loir (2010-2014)
published micrographs of diatoms from the Mediterranean Sea, including on the island of Crete.
Tas (2013) observed that diatoms and dinoflagellates were the dominant groups of
phytoplankton groups on the Datga peninsula. Cocconeis and Amphicocconeis M.De Stefano
& D.Marino have been studied extensively in the Aegean Sea (De Stefano and Marino 2003,
De Stefano et al. 2006, 2008, Majewska et al. 2014). These studies introduced several new
species and expanded knowledge of these genera using both LM and SEM. Recently, Konucu
and Develi (2021) reported two new monoraphid diatom species, Cocconeis sigillata Riaux-
Gobin et Al-Handal and Amphicocconeis rodriguensis Riaux-Gobin et Al-Handal, from
samples collected in the northeastern Mediterranean Sea.

Morphological studies by Pennesi et al. (2011, 2012) investigated the ultrastructure of
some marine Mastogloia Thwaites ex W.Smith species collected during opportunistic sampling
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of benthic diatoms from diverse geographical regions, including tropical, subtropical including
Indonesia and the Red Sea, and temperate zones, such as Patmos Island in the Aegean Sea,
Greece, where epiphytic diatom samples were collected from seagrasses and macroalgae in
September 2000. The genus Mastogloia has been reported in Turkish temperate inland waters,
exhibiting a presence in both pelagic and benthic diatom flora (Elmaci and Obal1 1998, Akbulut
and Yildiz 2002, Celekli and Kiilkdyliioglu 2006, Sivact et al. 2007, Colak Sabanci 2013).
Recently, several papers have been published on diatom communities in the Aegean Sea; Li et
al. (2018) described Gedaniella flavovirens (H.Takano) Chunlian Li, A.Witkowski & M.P.
Ashworth in the Fragilariaceae, and several taxa were introduced from the Aegean Turkish
coasts in the Iztuzu coast of Mugla (Kaleli et al. 2020). Additionally, diatoms from Iztuzu beach
and lIztuzu coastal lake (Kaleli 2019, Kaleli 2022), as well as the benthic diatom composition
in Homa Lagoon (Izmir) (Colak Sabanci1 2010, 2011, 2012a, b, 2013, Colak Sabanci and Koray
2010), have been studied. Some of these studies introduced new records for the Turkish flora,
while others documented diverse compositions.

In the African Mediterranean region, on the other hand, there have been very few studies.
Aleem (1950) contributed new taxa from the Levantine Basin of Egypt. Voigt (1963) worked
on Mastogloia species in the Mediterranean. Zalat (2001, 2002) and Zalat et al. (2019)
investigated the community structure of the Suez Canal and Egyptian coasts, describing new
species and showing their spatial distribution, focussing on habitat preferences and life forms.
Their studies revealed that most species are cosmopolitan, with a significant presence of
freshwater forms. More recently, a study on the distribution of diatoms on the Algerian coasts
has been published (Kaddeche et al. 2022).

Hydrographic and oceanographic characteristics of the Adriatic Sea

The Adriatic Sea, the northernmost embayment of the Mediterranean Sea, 800 km long
and 150 km wide, divided into three sections (Northern, Middle and Southern), is under
considerable continental influence and characterised by diverse water masses (Vili¢i¢ et al.
2002, Vilibi¢ et al. 2023, Verri et al. 2024). Water exchange with the Mediterranean Sea takes
place through the 800 m deep Strait of Otranto, with significant inflows into the Southern
Adriatic Sea in winter, driven by the "Bimodal Oscillating System" (BiOS). This internal
mechanism influences the biogeochemistry and biology of both the Adriatic and lonian Seas
(Civitarese et al. 2010, 2023, Ljubimir et al. 2017). The BiOS connects the deep thermohaline
cell of the eastern Mediterranean, which originates in the Southern Adriatic, with the Northern
lonian Gyre (NIG) and causes decadal shifts in circulation and redistribution of salinity
(Civitarese et al. 2023). The eastern Adriatic coast is influenced by high-salinity and nutrient-
poor inflows from the lonian Sea and freshwater discharges from oligotrophic karstic rivers
(Batisti¢ et al. 2014, Ljubimir et al. 2017). Saline waters enter the Adriatic Sea in intermediate
layers on the eastern side of the strait, while the Adriatic water mainly exits via the western
shelf and the deep section of the strait (Gaci¢ et al. 1996, Vilibi¢ et al. 2023). The nutrient levels
in the lonian Sea and the Adriatic Sea show similar variability, although the Adriatic Sea
generally has a lower nutrient content. By contrast, anticyclonic NIG enhances the inflow of
fresher, nutrient-rich Modified Atlantic Water (MAW) originating in the Western
Mediterranean, causing nutricline upwelling at the NIG border, decreasing Southern Adriatic
temperature, salinity, and density, and reducing winter convection, thereby increasing
ecosystem productivity (Civitarese et al. 2010). An overview of productivity across the
geographical regions of the Adriatic Sea shows that the Northern Adriatic, particularly the Gulf
of Trieste, Po River delta, and Rovinj area, has been the focus of most studies on primary
production (N=46). The Middle Adriatic has been notable for in situ primary production
measurements since the 1960s. Annual primary production ranges from 87.4-260.0 gC m2y!



in the Northern Adriatic and 70.0-177.4 g C m2 y! in the Middle Adriatic. The Southern
Adriatic is the least studied, with only daily estimates available (236-374 mg C m2 d!) (Matek
and Ljubesi¢ 2024). The occurrence of organisms from the Atlantic/Western Mediterranean and
the Eastern Mediterranean/temperate zones in the Adriatic correlates with the decadal
circulation changes (the anticyclonic and cyclonic circulations) of the NIG (Civitarese et al.
2010, 2023).

Review of diatom investigations in the Adriatic Sea

The study of diatoms in the Adriatic Sea began in the late 1800s and several species were
included in the diatom flora like Bacillaria adriatica Lobarzewski (Lobarzewski 1840). One of
the pioneering studies in the Adriatic region was conducted by Kiitzing, who described
Berkeleya adriatica Kiitzing (Kiitzing 1844) and Amphitetras adriatica Kiitzing (Kiitzing
1845). This was followed by the work of Grunow (1860), Cleve and Grunow (1880), and Van
Heurck (1881), who discovered additional new species. In the 1900s, Mastogloia adriatica
Voigt was described by Voigt (1963), and these records were followed by local studies in the
2000s.

In recent decades, several authors have published studies on phytoplankton composition,
such as Vilici¢ et al. (2002) with a checklist of phytoplankton in the eastern Adriatic Sea, Vili¢i¢
(2014) with a book on the ecology and composition of phytoplankton in the Adriatic, Neri et
al. (2024) with a comparative analysis of phytoplankton diversity in the Northern Adriatic Sea
using microscopy and metabarcoding etc. According to Vili¢i¢ et al. (2002), marine diatoms,
comprising 518 species (330 pennates and 174 centric), were the predominant phytoplankton
group in the eastern Adriatic. The study highlighted a regional distribution, with pennate
diatoms more abundant in the Northern Adriatic and centric diatoms dominating the offshore
Southern Adriatic.

In the Adriatic Sea, benthic diatoms have been reported from several areas, including: the
Gulf of Trieste (Bartole et al. 1991-94, Sdrigotti et al. 1999, Munda 2005, Cibic et al. 200743, b,
Cibic and Blasutto 2011, Franzo et al. 2014, Rogelja et al. 2018), Venice Lagoon (Tolomio and
Andreoli 1989, Tolomio et al. 1999, Facca et al. 2002a, b, 2003, 2004, Tolomio et al. 2002,
Facca and Sfriso 2007, Baldassarre et al. 2023), the northwestern Adriatic coast (Totti 2003,
Totti et al. 2007, Franzo et al. 2015, Accoroni et al. 2016, Pennesi and Danovaro 2017, Cibic
et al. 2019, Natali et al. 2023) and the eastern Adriatic coast (Buri¢ et al. 2004, Miho and
Witkowski 2005, Caput Mihali¢ et al. 2008, Levkov et al. 2010, Car et al. 2012, 2019a, b, 2020,
2021, Mejdandzic et al. 2015, Nenadovi¢ et al. 2015, Hafner et al. 2018a, b, Kanjer et al. 2019,
Seveno et al. 2023, 2024).

The Northern Adriatic Sea, the most intensively studied area (e.g. Sdrigotti et al. 1999,
Totti 2003, Munda 2005, Totti et al. 2007, Facca and Sfriso 2007, Mejdandzi¢ et al. 2015), is a
shallow sub-basin of the Adriatic Sea characterized by a morphologically complex coastline
leading to the formation of variable hydrodynamic and sedimentary environments. The
hydrology in this region is influenced by various factors such as winds and river discharge, and
the general circulation is cyclonic. Freshwater (mean flow of 1496 m® s! in the period 1917-
2008, Cozzi and Giani 2011) originates from major rivers along the northern and northwestern
coasts, with the Po River contributing nutrient-rich water, constituting approximately one-third
of the total freshwater input into the Adriatic Sea. The Po's freshwater flow, characterized by
relatively fresh and mesotrophic water, might form a thin surface layer over the northern sub-
basin in summer, while it is reduced in winter and flows directly south along the Italian coast
(Poulain 2001 and references therein). An analysis of the most recent decade (2013-2022)
shows a pronounced negative trend across the entire Adriatic Sea, indicating a consistent annual
reduction of —4.2% in freshwater input throughout the river basin (Aragao et al. 2024). The
sedimentation pattern is consistent with the hydrodynamic circulation (Ravaioli et al. 2003) and
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shows a narrow strip of recent sand along the coast, followed by a broad belt of muddy
sediments. Offshore, there is a muddy transition zone characterized by a gradual increase in
sand content, dominating a wide-open sandy shelf area with minimal recent sedimentation
(known as relict sands) (Franzo et al. 2015 and references therein). Although the Northern
Adriatic shelf is a relatively low-energy environment with low tidal ranges and wave heights,
ephemeral deposition of sediments occurs after high-tide events and is subsequently
remobilized by waves in dense currents (Traykovski et al. 2007). Sediments migrate southward
in a series of wind-induced resuspension events promoted by the Bora and Scirocco winds (Fain
et al. 2007). The main sources of biogenic elements are both autochthonous (plankton) and
allochthonous (atmospheric inputs and soil organic matter transported by rivers) factors (Franzo
et al. 2015). In line with the findings of Totti (2003), Franzo et al. (2015) also reported the
presence of the centric diatom Paralia sulcata (Ehrenberg) Cleve in sediments off the coast of
Emilia-Romagna (Northern Adriatic) in a study aimed at improving the understanding of
offshore benthic communities in the Adriatic Sea. Cibic et al. (2012) studied benthic diatom
community dynamics in relation to temperature, salinity, nutrient concentrations, freshwater
inflow, and mucilage in the Gulf of Trieste (Northern Adriatic Sea, Italy) over seven years
(1999-2005) at two sublittoral stations. They found that Nitzschia and Navicula showed a
positive trend with increasing temperature, while Pleurosigma exhibited a negative trend.
Navicula and Nitzschia appeared to be negatively affected by mucilage events in the summers
of 2000 and 2004, while Diploneis occupied the ecological niche temporarily vacated by
Navicula and Nitzschia. Diploneis had a negative relationship with temperature at the shallower
site. Although no significant correlations between bin-averaged salinity and diatom abundance
were found, Cylindrotheca was observed at high salinity levels. Despite the general seasonal
variability observed in benthic diatom communities, characterized by distinct summer and
winter assemblages (Cibic et al. 2012), Franzo et al. (2015) did not observe significant temporal
variability in microalgal composition.

In the Venice Lagoon, benthic diatoms from the surface sediment layer were studied to
investigate possible relationships between epiphytic diatoms and water quality in shallow
coastal areas characterised by marked physical and chemical gradients and significant
anthropogenic impacts (Facca and Sfriso 2007). In addition, Cibic and Blasutto (2011)
investigated the response of diatoms to different nutrient concentrations under nutrient-rich
conditions in a benthic diatom study at three sublittoral sites in the Gulf of Trieste (Italy). It can
be observed that the dominance of a single species leads to a decline in diversity. Under
oligotrophic conditions, without providing a competitive advantage for a single species when
diatoms faced limitations by more than one nutrient, diversity remained high (Cibic and
Blasutto, 2011). This study suggests that benthic diatoms, like macrobenthos, can serve as
useful indicators of nutrient enrichment and represent a potential and innovative tool for
biomonitoring.

The most interesting environments along the Middle Adriatic are highly stratified
estuaries formed by several small karstic rivers (Zrmanja, Krka), which are maintained by
sufficient river discharge and low tides (Vili¢i¢ et al. 2002). In the oligotrophic and highly
stratified Zrmanja estuary, the composition and abundance of diatoms in biofilm formed on
artificial substrates exposed at different depths were studied in July 2000 (Buri¢ et al. 2004,
Caput Mihali¢ et al. 2008). The study conducted by Caput Mihali¢ et al. (2008) focused on the
composition and abundance of diatoms within biofilms on artificial substrates exposed at
different depths in the Zrmanja estuary in July 2000. The predominant periphyton species
identified were Amphora coffeaeformis (C.Agardh) Kiitzing and Navicula veneta Kiitzing.
Shannon-Wiener index ranged from 0.87 to 2.08 at the upper estuary station and from 1.1 to
2.7 at the other station. Additionally, Buri¢ et al. (2004) investigated the abundance of
periphytic pennate diatoms, in particular Cocconeis scutellum, attached to artificial substrates



in the karstic Zrmanja estuary in the summer of 2000. The authors focused on comparing the
abundance of attached Cocconeis cells with those suspended in the planktonic phase.

Previous research focused mainly on the Northern Adriatic and estuaries (e.g. Buri¢ et al.
2004, Caput Mihali¢ et al. 2008, Levkov et al. 2010), resulting in a significant knowledge gap
regarding the diatom flora of the Southern Adriatic, especially before 2008. Although part of
the material for the taxonomic study by Levkov et al. (2010) came from the Ombla River estuary
near Dubrovnik (the Southern Adriatic), it focused mainly on 15 species of the genus
Rhoicosphenia based on LM and SEM. A literature review revealed not only a lack of studies
in the coastal waters of the Southern Adriatic before 2008, but also the absence of continuous
long-term observations of benthic diatoms at a consistent location. There was also a shortage
of information on the seasonal distribution and succession of epiphytic diatoms on macroalgae.
The most comprehensive study of diatom community structure in the Southern Adriatic was
conducted between autumn 2008 and autumn 2010 in areas inhabited by invasive Caulerpa
species (Car et al. 2012, 2019a, b).

Prior to the studies by Car et al. (2012, 2019a, b), there were no studies on diatom
communities associated with the marine green macroalga Caulerpa taxifolia (M.Vanhl)
C.Agardh (“killer seaweed", Bryopsidales, Chlorophyta), which outcompetes native seaweeds
and seagrasses in the Mediterranean Sea by forming dense carpets, leading to biodiversity loss.
The study by Kanjer et al. (2019) provided valuable insights into the biodiversity of threatened
P. oceanica meadows, affected by human activities and invasive species, while also providing
crucial information for the identification of taxa-specific epiphytic diatom communities in the
eastern Adriatic seagrass meadows. This study describes the epiphytic diatom community
living on the blades of the P. oceanica in the coastal region of the eastern Adriatic Sea (Dugi
Otok island). LM analysis of 21 samples revealed a diverse epiphytic diatom community with
68 taxa belonging to 30 genera across all depths (43 from 10 m depth, 41 from 15 m depth and
39 from 20 m depth), dominated by the genus Cocconeis, which is typical of the epiphytic
growth on the leaves of P. oceanica. All identified species are common in other marine benthic
periphytic and epiphytic habitats. Although there was no positional influence on community
structure, ANOSIM tests (P < 0.05) indicated significant depth-related differences.

In contrast to the study of Kanjer et al. (2019), the study by Car et al. (2019a) focused on
the taxonomy of epiphytic diatoms associated with invasive macroalgae of the genus Caulerpa.
These macroalgae are characterised by secondary metabolites such as caulerpenyne (CYN),
which act as chemical defence mechanisms against herbivores and epiphytes (Box et al. 2008,
2010). It is interesting to note that the CYN content varies between the different Caulerpa
species, e.g. Caulerpa prolifera has higher CYN concentrations than invasive Caulerpa species
under similar climatic conditions (Box et al. 2010). Epiphytic diatoms were studied in the
summer and autumn of 2010 on the eastern Adriatic coast (Hvar Island) on fronds of C. taxifolia
and, for comparison, on the autochthonous macroalgae Padina sp. and Halimeda tuna (J.Ellis
& Solander) J.V.Lamouroux. Qualitative analysis was performed using LM and SEM. The
Shannon-Wiener diversity index determined for C. taxifolia showed a wide range of values
(3.11-4.88), with a maximum in August and a minimum in October. While the number of taxa
on the fronds of C. taxifolia increased from June (41) to August (88), it decreased in autumn
due to the high relative abundance of Cocconeis caulerpacola Witkowski, Car and Dobosz, a
diatom typical of Caulerpa. On the other hand, the highest number of taxa on Padina sp. was
observed in September (82). The detailed composition of the epiphytic diatoms and the seasonal
dynamics in the area affected by the invasive macroalga Caulerpa taxifolia were determined
for the first time.

In a study by Car et al. (2012), a new diatom species, C. caulerpacola, was observed on
the green alga C. taxifolia over a wide geographical range; from the Adriatic (Stari Grad Bay,
Hvar Island, Middle Adriatic, Croatia), on the Mediterranean coasts (Saint Raphaél, west of
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Cannes, France), and on the east coast of Australia (Moreton Bay, southeast Queensland). It
has also been observed on Caulerpa cylindracea Sonder (syn. C. racemosa var. cylindracea
(Sonder) Verlaque, Huisman & Boudouresque), another Mediterranean invasive alga. LM,
SEM and TEM (transmission electron microscopy) were used for morphological and fine
structure analyses. The new species was compared with closely related species (C. borbonica,
C. diruptoides and C. pseudodiruptoides). Surprisingly, C. caulerpacola was commonly found
on C. taxifolia despite its reputation as a 'killer seaweed' in very high abundance, but its
occurrence seems to be very patchy. Indeed, C. taxifolia seems to be a suitable host for epiphytic
diatoms, especially for the tiny Cocconeis caulerpacola.

Furthermore, a study by Car et al. (2019b) compared the epilithic diatom community
structures at three sites on the eastern Adriatic coast (Croatia) in the presence of two different
invasive Caulerpa species, C. taxifolia and C. cylindracea, which have spread rapidly in the
Mediterranean in recent decades. Between November 2008 and October 2010, 40 samples were
collected seasonally at three sites (Hvar Island, Mljet Island and Dubrovnik). Qualitative
analyses using LM and EM identified 310 epilithic taxa from 65 genera. The predominant
genera were Mastogloia (48), Amphora (32), Diploneis (24), Nitzschia (23), Navicula (22) and
Cocconeis (19). A similar seasonal shift in growth forms was observed at all sampling sites,
with a doubling (Hvar, Mljet) or tripling (Dubrovnik) of the number of erect diatoms in spring.
Apart from erect forms, Dubrovnik and Mljet were characterised by adnate forms, while Hvar
was characterised by tube-dwelling forms. The highest values of the Shannon-Wiener diversity
index occurred in autumn and ranged from 5.26 to 5.34. Significant differences in diatom
communities among sampling sites were correlated with the presence of invasive macroalgae
(Hvar - C. taxifolia; Mljet and Dubrovnik - C. cylindracea). The main taxa contributing to the
community variance were Cocconeis scutellum var. scutellum, Rhopalodia pacifica Krammer,
Navicula ramosissima (C.Agardh) Cleve, and Berkeleya rutilans (Trentepohl ex Roth) Grunow.
While the spatial variation may reflect unmeasured environmental factors, the results suggest
the possible influence of invasive Caulerpa algae affecting the habitat through competition with
native algae. This study improves the understanding of diatom diversity in challenging
environments at both regional and broader scales.

A diatom community similar to the epilithic diatom in a study of Car et al. (2019b) has
also been reported for various hard substrates in the Adriatic Sea (Munda 2005, Totti et al.
2007). In a study examining seasonal fouling of artificial substrates by diatoms in the heavily
polluted and eutrophic area near Piran in the Gulf of Trieste, with concrete plates (50 x 50 cm)
used to observe the changes in diatom assemblages, Munda (2005) reported that the genera
Berkeleya, Navicula and Licmophora dominated and covered most of the experimental
surfaces. Achnanthes taxa were among the initial colonizers, while those belonging to Nitzschia
and some epipelic taxa settled in autumn. Regarding the depth distribution, the highest taxa
richness was observed in spring at 3 m depth and in autumn at 7 m depth (Munda 2005).

Additionally, the community structure of epilithic diatoms reported in Car et al. (2019b)
study is in agreement with the results from the Northern Adriatic Sea (Ancona region) in the
study by Totti et al. (2007), which was conducted on artificial hard substrates (marble, quartzite
and slate) to evaluate substrate-dependent differences in colonisation and to characterise the
seasonal variation of microepilithic communities in terms of abundance, biomass and
community structure from April 2003 to April 2004 on a seasonal basis, and showed a
dominance of motile taxa (Navicula spp., Nitzchia spp.), followed by erect (Grammatophora
marina, G. oceanica,), adnate (Halamphora coffeiformis and C. scutellum) and tube-dwelling
diatoms (B. rutilans). However, no significant differences in abundance and biomass were
observed in the three substrates. Although Totti et al. (2007) reported high seasonal variability
in epilithic microalgal communities, with lower cell densities in winter, the Car et al. (2019b)
data suggested that the variation in community structure in terms of relative abundances of
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diatom taxa was related to sampling sites and possibly to the presence of the two invasive
macroalgae considered, rather than to seasonal effects.

In addition, studies on benthic diatoms in Neum Bay (Bosnia and Herzegovina) in 2010
and 2011 (Hafner et al. 2018a, b) contributed significantly to the knowledge of diatoms in the
southeastern Adriatic. The study by Hafner et al. (2018a) aimed to expand the knowledge of
the MPB in the Adriatic Sea by investigating, for the first time the benthic diatom communities
in the small semi-enclosed oligotrophic Neum Bay (Bosnia and Herzegovina), where benthic
diatoms growing naturally on rocks and macroalgae were identified at a single station in 2010
and 2011. A total of 24 samples were taken at two different depths, 0.5 m and 8 m, and analysed
by LM and SEM. A total of 425 pennate and 58 centric taxa (species and infraspecific taxa)
belonging to 60 families and 115 genera were identified. The genera with the largest number of
taxa were: Mastogloia (46 taxa), Navicula (36), Diploneis (35), Nitzschia (34), Amphora (31),
Cocconeis (27), Achnanthes (14), Halamphora (12), Lyrella (11), and Surirella and
Licmophora (10 each). Amphora bigibba var. interrupta and Cocconeis scutellum were the most
common taxa, occurring in 87.5% of the samples. A total of 142 taxa were found only once
(sporadic taxa). Although the benthic diatom richness in the bay was high, the taxa were not
evenly distributed in time. Consistent quantitative and qualitative data are still needed to better
determine the seasonal and spatial changes of the epilithic assemblages in the region.

Two recent studies were conducted to understand the development of diatom
communities in relation to physico-chemical parameters (Hafner et al. 2018b, Car et al. 2020).
In the study by Hafner et al. (2018b) in Neum Bay (Bosnia and Herzegovina), the taxonomic
composition and structure of a marine epilithic diatom community was sampled from the
bottom of the two sites at monthly intervals from January to December 2011. While the
complete list of species and infraspecific taxa of benthic diatoms in Neum Bay from 2010 and
2011 (Hafner et al. 2018a) included 483 diatom taxa within 115 genera, the list of marine
benthic diatoms found in Neum Bay in 2011 included 264 taxa (species and infraspecific taxa)
belonging to 69 genera (Hafner et al. 2018b). Of these, 149 and 203 taxa occurred in the samples
from shallow (0.5 m depth) and deep (8 m depth) sites, respectively. The monthly distribution
of most diatoms was irregular, and many sporadic taxa were found. The difference between the
shallow and the deep sites was mainly due to the diatom taxa that were frequently found and
whose percentage abundance was high. These were Halamphora coffeiformis, Caloneis
excentrica, Cocconeis scutellum var. scutellum, Licmophora flabellata, Licmophora gracilis,
Licmophora sp., Navicula abunda, Rhabdonema adriaticum, and Striatella unipunctata.
Canonical correspondence analysis (CCA) showed that temperature, oxygen saturation
(02/02"), silicate concentration (SiO4) and salinity were the most important factors influencing
diatom community structure in the bay.

While recent studies have focused on benthic diatoms from natural substrates in the
Middle and Southern Adriatic (Car et al, 2012, 2019a, b, 2021; Hafner et al. 2018a, b, Kanjer
et al. 2019, Seveno et al. 2024), some earlier studies on benthic diatoms in the Adriatic Sea
were conducted on artificial substrates (e.g. Tolomio and Andreoli 1989, Tolomio et al. 1991,
Bartole et al. 1991-1994, Buri¢ et al. 2004, Munda 2005, Totti et al. 2007, Caput Mihali¢ et al.
2008, Mejdandzi¢ et al. 2015). Mejdandzi¢ et al. (2015) investigated biofilm formation on an
artificial substrate made of Plexiglas (polymer of methyl methacrylate) in the Northern Adriatic
Sea (Rovinj). The study, conducted in autumn 2013, at a depth of 5 m above the sea floor,
analyzed diatom and bacterial succession over a one-month exposure. Samples for algological
analysis were taken after 1 hour, half a day, a day or a few days, a week to one month. Selective
agar plates, epifluorescence, LM, electron microscopy (EM), and high-performance liquid
chromatography (HPLC) were used for pigment analysis. During the exposure, all biofilm
components increased in abundance; the bacterial community was dominated by heterotrophic
marine bacteria with 1.96 + 0.79 x 10* colony forming units (CFU) cm, the phototrophic
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component was dominated by diatoms (6.10 x 10° cells cm™), and fucoxanthin was the
dominant pigment (up to 110 ng cm2). The diatom community, led by Cylindrotheca closterium
(Ehrenberg) Reimann & J.C.Lewin and other pennate benthic diatoms, comprised 30 different
taxa, as revealed by detailed EM analysis. The study confirmed that a Plexiglas surface in a
marine environment was susceptible to biofouling within 30 days of contact. Bacteria and
cyanobacteria were initially involved in the colonisation processes, followed by diatoms, which
formed a primary biofilm in the sea.

The use of artificial substrates in diatom studies offers advantages such as reduced effort
and cost for sampling and processing, less habitat disturbance and higher sampling accuracy
(Lamberti and Resh 1985, Lane et al. 2003). The main advantage of using artificial substrates
over sampling natural habitats is the consistent standardisation between replicates. In addition,
the use of artificial substrates for monitoring purposes has no impact on algal colonisation and
allows global applicability without restrictions due to the natural life cycle and distribution
range of macroalgae (Carreira-Flores et al. 2020, Natali et al. 2023). Although artificial
substrates have been used for diatom studies for almost 100 years (Naumann 1915; cited in
Tuchman and Stevenson 1980, Hoagland et al. 1986, Barbiero 2000), there is still concern about
whether diatom communities that develop on artificial substrates accurately represent
communities that develop on natural substrates (Lane et al. 2003). Ideally, artificial substrates
should have community composition and abundance representative of natural substrates at the
same site (Tuchman and Stevenson 1980, Lamberti and Resh 1985, Lane et al. 2003). But
usually, the colonization patterns of artificial substrates differ from those observed on natural
substrates (Mejdandzi¢ et al. 2015). For example, diatom communities that develop on artificial
substrates may better represent the diatom community of a particular natural substrate (Lane et
al. 2003). Therefore, further comparative studies of diatom community structure on different
artificial and natural substrates are needed.

Since 2015, only two studies, conducted by Nenadovi¢ et al. (2015) in the Middle
Adriatic, and Car et al. (2021) in the Southern Adriatic, have explored the differences in
composition between artificial and natural substrates. The study by Nenadovi¢ et al. (2015)
focused on the initial colonization of diatoms in the periphytic community on various
submerged artificial substrates, characterized by diverse physico-chemical properties, was
situated in the coastal region of the Middle Adriatic Sea (Zadar region). The study analysed the
abundance and genus composition of diatoms in newly formed biofilms. Additionally,
comparisons were made with the diatom community on a natural substrate, specifically the
seagrass P. oceanica sampled from a nearby meadow, to evaluate differences in abundance and
composition on artificial substrates compared to an already established community on a natural
substrate. This study aimed to determine the differences in abundance and composition of the
diatom community on diverse artificial substrates and to discuss these differences by analysing
the affinity of diatoms for specific artificial materials. Comparative investigations indicate that,
while living organisms (macrophytes) and organic materials (wood, leaves) serve as
supplementary nutrient sources for attached communities, the introduction of newly deployed
inorganic artificial substrates (such as glass and plastic) into marine environments provides an
opportunity to study the initial development and the succession of diatoms in periphyton
communities (Nenadovi¢ et al. 2015). Furthermore, although Mejdandzi¢ et al. (2015) and
Nenadovi¢ et al. (2015) studied the development of periphytic diatoms on various artificial
substrates (plexiglass, asbestos, painted iron, wood, concrete, glass, plastic, etc.), their results
referred mostly to the generic level. The relevance of studying diatom affinity as an important
fouling community on different artificial materials is to gain a comprehensive understanding of
the impact of marine debris. This understanding is essential for systematic work on alleviating
the negative impacts of litter on the marine environment.
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In addition, to understand the differences in composition on artificial and natural
substrates, three habitats (epilithon, epiphyton and artificial substrate) were compared in a
recent diatom study by Car et al. (2021). Weekly samples were taken in August and September
2016 from the marine lake Mrtvo More in the Southern Adriatic. The study involved detailed
LM and, for the first time, SEM analyses of benthic diatoms from a marine lake. A total of 97
taxa within 42 genera were identified, with Cocconeis scutellum and Halamphora coffeiformis
being the most frequent. Shannon-Wiener diversity index (H') values varied from 1.78 to 4.52
throughout the year. Two groups were recognized (1): epilithon and artificial glass substrate,
(2) macroalgae. The analysis indicated that diatom communities on artificial substrates
corresponded exactly to those on rock substrates, suggesting their utility as representative
alternatives for studying epilithic diatoms in future experiments.

The influence of physico-chemical parameters on the initial colonisation of bacteria and
diatoms on a submerged artificial substrate and the development of diatom communities was
studied weekly from April to October 2016 at a station in the marine lake Mrtvo More in
southern Croatia (Car et al. 2020). The physico-chemical parameters (temperature, salinity,
oxygen saturation, Chl-a concentration, nutrients: silicate, phosphate, nitrate, nitrite,
ammonium) varied significantly according to month and season. According to the TRIX trophic
index, the lake showed different trophic characteristics: (i) oligotrophic (at the beginning and
end of the study), (ii) mesotrophic (end of June to mid-July), (iii) eutrophic (end of July to mid-
September). Heterotrophic bacteria peaked (69,268 cells cm-2) in early June when the diatom
abundance began to increase. Among the diatoms, adnate forms were the primary colonizers,
particularly Cocconeis dirupta W.Gregory var. flexella (Janisch and Rabenhorst) Grunow and
Cocconeis scutellum Ehrenberg var. scutellum, while motile taxa joined the fouling
communities from July to September. The lake has a high diatom species richness, with the
species diversity index being highest in August. The total number of diatom taxa (285 within
72 genera detected on an artificial glass substrate is comparable to some studies of epilithic
diatoms in the Southern Adriatic (Hafner et al. 2018b, Car et al. 2019b), but higher than in
previous studies of periphytic diatoms growing on artificial substrates in the Northern Adriatic
(Mejdandzi¢ et al. 2015, Nenadovi€ et al. 2015) or in a study of the surface sediment layer in
the Venice Lagoon (Facca and Sfriso 2007). However, we believe that this could be due, at least
in part, to differences in the methodology used. This study has shown that, among the physico-
chemical parameters, temperature, salinity and nitrate concentration have the greatest influence
on the abundance of diatom species and that species diversity increases with nutrient
enrichment. Strong correlations between environmental variables and diatoms were found and
shifts in dominance at the species level were observed.

Two of the most recent studies on benthic diatoms in the Adriatic Sea (Seveno et al. 2023,
2024) focused on blue Haslea species, known for the synthesis of blue-green water-soluble
pigments such as marennine, which have allelopathic, antioxidant, antiviral and antibacterial
properties. Recent descriptions of new species (H. karadagensis, H. nusantara, H. provincialis
and H. silbo) have deepened our understanding of these pigments. While their beneficial
properties have been demonstrated under laboratory conditions, the dynamics of blooms of blue
Haslea spp. in its natural habitat have been limited to oyster ponds. The study by Seveno et al.
(2023) is the first documentation of benthic blooms of Haslea spp. in open environments,
particularly on periphyton covering turf and macroalgae-like Padina. Two blue Haslea species
- H. ostrearia and H. provincialis — were recorded at monitoring sites in the Mediterranean
(Corsica, France and Croatia). The blooms followed the spring phytoplankton bloom and
occurred in shallow, calm waters, suggesting that light plays an important role in their
formation. The end of the blooms, marked by a warming of the upper water masses, coincided
with shifts in the biofilm community, highlighting the importance of environmental conditions
in regulating these unique benthic phenomena (Seveno et al. 2023).
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Most work on diatoms in the Adriatic Sea is based on LM and EM, while molecular
biology techniques are only sporadically used to analyse benthic diatom samples (Lobban et al.
2015, Witkowski et al. 2016, Li et al. 2019, Baldassarre et al., 2023). New molecular techniques
can expand our knowledge of a species and enhance the understanding of its morphological
range, biogeography and reproductive isolation (Medlin 2018). DNA sequencing has had a
significant impact on the phylogeny, evolution and systematics of diatoms at the species and
population level (Medlin and Kaczmarska 2004, Sorhannus 2007, Souffreau et al. 2011, Theriot
et al. 2010, Witkowski et al. 2016). DNA metabarcoding has established itself as an alternative
to LM-based identifications due to its speed, reproducibility and cost (Zimmermann et al. 2015).
However, it is well known that a species can produce different diatom morphologies depending
on the season or habitat (see references in Cox 2014), and it has been proposed that the
taxonomic level of forma be used to reflect morphologies that change with specific
environmental conditions (Cox 2014, Medlin 2018). Morphological changes are particularly
striking in pennate diatoms, but they may be more subtle in centric species (Medlin 2018).
Conflicts may arise between phylogenetic/molecular speciation and morphological speciation.
It is recommended that a combination of species-level methods (both molecular and traditional)
be used to resolve the species boundary issues. It cannot be assumed that the barcode of a single
individual of a species is representative of the species, as different individuals in a population
and individuals in different geographic populations may have slightly different barcode
sequences (Medlin 2018). To get a semi-quantitative overview of the diversity of an
environmental sample, we would theoretically first need to know the barcodes of all possible
organisms in the biosphere. Unfortunately, we are still very far away from such knowledge and
it is questionable whether we will ever know them. GenBank provides sequences for perhaps
five hundred identified species of marine and freshwater diatoms (out of an estimated 100,000
species). The problem is that these sequences are underpinned with few voucher images and
environmental data. A larger dataset of voucher sequences would improve DNA barcoding and
allow easier and faster identification of diatoms. This is otherwise a time-consuming process,
requiring diatom taxonomists to spend considerable time identifying and characterizing
assemblages under the microscope. Currently, the traditional LM method for identifying
diatoms in a mixed sample is still faster and more reliable than DNA barcoding of
environmental samples for an experienced diatom researcher (Jahn et al. 2007). However, the
combination of LM and DNA approaches provides stronger support for ecological studies of
benthic microalgal communities in shallow coastal environments than either approach alone
(Pérez-Burillo et al. 2022). In the study on the impact of MOSE (Experimental
Electromechanical Module) flood barriers on the microphytobenthic community of the Venice
Lagoon in 2019 and 2020, the integration of classical taxonomy with 18S rRNA gene
metabarcoding enabled a more comprehensive understanding of the potential of the whole
community and underlines the complementarity of these methods in ecological research
(Baldassarre et al. 2023).

Generally, SEM has revolutionised the systematics of diatoms by revealing ultrastructural
features visible that are invisible to LM, becoming essential for the delimitation of taxa; it is an
essential aid to diatom classification (Round et al. 1990). The introduction of multivariate
statistical methods has further advanced diatom studies by revealing complex morphometric
features. More recently, molecular biology techniques have provided even more insight into
variation and greatly facilitated species discovery and delimitation (Alverson 2008). Overall,
these tools have improved our ability to recognise subtle differences. In addition, collections
support the ongoing discovery, classification and revision of diatom species and genera,
contributing to the complex and dynamic taxonomy of diatoms. The first institutional collection
of permanent microscopic specimens of diatoms in Croatia, the Croatian National Diatom
Collection, was established in March 2018 at the University of Zagreb, Faculty of Science. The
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collection contains, among other things, type specimens of newly discovered species in Croatia,
which are no longer sent to other European collections, but are kept in Croatia as national
biodiversity treasures. Collections such as this represent an invaluable wealth of information
for biological research, providing insights into the diversity of diatom taxonomy, the
biodiversity of specific areas, species distribution and temporal and spatial changes. Taken
together, this information facilitates the effective protection of water ecosystems in Croatia
(Gligora Udovi€ and Ljubesi¢ 2021).

Since studies on the distribution of benthic diatom species along the Adriatic coast are
scattered in space and time and provide rather heterogeneous information in terms of
methodology, sample size and organisms studied, this review aims to provide an updated and
integrated picture of Mediterranean benthic diatoms in the coastal waters of the Adriatic Sea,
based on the studies conducted over the last 35 years. This paper aimed to compile a list of
benthic diatom species detected in the Adriatic coasts based on the results of the most important
studies carried out so far on marine diatoms and includes an updated nomenclature. The list
was created to consolidate all previously scattered data for future research on benthic diatoms
in Croatia, other coastal areas and beyond. This list aims to expand the knowledge of marine
diatoms in the Adriatic Sea by reviewing previous studies and including an updated
nomenclature.

Methodological approach

This study is based on literature records of marine diatoms recorded in the Adriatic Sea.
The literature search resulted in 52 references from 1989 to 2024 (On-line Suppl. Tab. 1),
including planktonic diatoms and marine benthic diatoms in the coasts, coastal lakes and
lagoons of the Adriatic Sea. References included articles, reviews, checklists, and PhD theses.

The diatom checklist was compiled using information from publications dating from 1999
to 2021. The old published data of diatoms from the Adriatic Sea by Vili¢i¢ et al. (2002) were
supplemented with more recent information. The main sources for the diatom checklist, besides
Vili¢i¢ et al. (2002), are Sdrigotti et al. 1999, Cibic et al. 2007a, Hafner et al. (2018a, b), Rogelja
et al. 2018, and Car et al. (2019b, 2020, 2021).

The results of this study depend on the correct identification by the authors of each
reference. In most cases, there are no photographs or illustrations of the taxa, so verification of
the records is difficult and some identifications may be incorrect. Despite efforts to avoid
synonyms or the changed names of longer established taxa, some taxa may be listed here twice
under different names.

For each species, information on its study areas was provided (Tab. 1, Fig. 1).

Tab. 1. Checklist of diatoms found in the Northern (NA), Middle (MA) and Southern (SA)
Adriatic Sea.

Taxa NA MA SA

Achnanthes apiculata (Greville) Riaux-Gobin, Compére, Hinz & Ector . +
Achnanthes brevipes var. brevipes Agardh + +
Achnanthes brevipes var. intermedia (Kiitzing) Cleve . +
Achnanthes brockmannii Hustedt +

+ o+ o+ o+

Achnanthes cf. ceramii Hendey
Achnanthes cf. javanica Grunow . +

+

Achnanthes cuneata Grunow
Achnanthes curvirostrum J.Brun . . +
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Achnanthes danica (Flogel) Grunow

Achnanthes fimbriata (Grunow) R.Ross
Achnanthes gracilis Lee

Achnanthes groenlandica (Cleve) Grunow
Achnanthes hyperboreoides A.Witkowski, Metzeltin & Lange-Bertalot
Achnanthes javanica Grunow

Achnanthes kuwaitensis Hendey

Achnanthes lemmermannii Hustedt

Achnanthes longipes C. Agardh

Achnanthes marginalis Hendey

Achnanthes parvula Kiitzing

Achnanthes pseudogroenlandica Hendey
Achnanthes separata Hustedt ex Simonsen
Achnanthes septata var. incurvata (Qstrup) A.Cleve
Actinocyclus alienus Grunow

Actinocyclus gallicus F.Meister

Actinocyclus ingens var. irregularis (Van Heurck) D.M.Harwood & T.Maruyama

Actinocyclus normanii (W.Gregory ex Greville) Hustedt
Actinocyclus ochotensis A.P.Jousé

Actinocyclus octonarius Ehrenberg

Actinocyclus roperi (Brébisson) Grunow ex Van Heurck
Actinocyclus splendens J.Rattray

Actinocyclus subtilis (W. Gregory) Ralfs

Actinoneis lorenziana (Grunow) Mereschkowsky
Actinoptychus adriaticus Grunow

Actinoptychus heliopelta Grunow

Actinoptychus senarius (Ehrenberg) Ehrenberg
Actinoptychus splendens (Shadbolt) Ralfs
Actinoptychus vulgaris Schumann

Amphicocconeis disculoides (Hustedt) Stefano & Marino
Amphiprora pseudoduplex (Osada & Kobayasi) Héllfors
Amphitetras antediluviana Ehrenberg.

Amphitetras subrotundata Janisch

Amphora abludens Simonsen

Amphora acuta Gregory

Amphora amoena Hustedt

Amphora angusta Gregory

Amphora arcus Gregory

Amphora arenaria Donkin

Amphora arenicola Grunow ex Cleve

Amphora beaufortiana Hustedt

Amphora bigibba var. interrupta (Grunow) Cleve
Amphora binodis Gregory

Amphora cf. amoena Hustedt

+

+ + + + + o+ o+ o+ o+

+ o+ o+ o+

+

+ + o+ o+ o+

+ + o+ o+
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Amphora cf. gacialis W.Smith

Amphora cf. ramsbottomi M.M.Salah

Amphora cingulata Cleve

Amphora constricta (Ehrenberg) W. Carruthers
Amphora copulata (Kiitzing) Schoeman & R.E.M.Archibald
Amphora corpulenta var. capitata Tempére & Peragallo
Amphora crassa W.Gregory

Amphora delicatissima Krasske

Amphora dubia Gregory

Amphora exilitata M.H.Giffen

Amphora gracialis W. Smith

Amphora gracilis Ehrenberg

Amphora graeffeana Hendey

Amphora graeffii Grunow

Amphora granulifera Cleve

Amphora grevilleana Gregory

Amphora helenensis Giffen

Amphora holsaticoides T.Nagumo & H.Kobayasi
Amphora immarginata Nagumo

Amphora insecta Grunow ex Schmidt

Amphora janischii A. Schmidt

Amphora jostesorum Witkowski. Lange-Bertalot & Metzeltin
Amphora laevis W.Gregory

Amphora laevissima W.Gregory

Amphora lineolata (Ehrenberg) Ehrenberg
Amphora lunata @strup

Amphora marina W.Smith

Amphora mexicana A.W.F.Schmidt

Amphora obtusa W.Gregory

Amphora ocellata Donkin

Amphora ovalis (Kiitzing) Kiitzing

Amphora pannucea Giffen

Amphora pediculus (Kiitzing) Grunow

Amphora piper Cholnoky

Amphora praelata Hendey

Amphora proteus W.Gregory

Amphora pusio Cleve

Amphora robusta W.Gregory

Amphora staurophora (Castracane) Cleve
Amphora turgida var. parallela Heiden
Amphora weissflogii A. Schmidt

Aneumastus maculosus (Donkin) Lange-Bertalot.
Anorthoneis hyalina Hustedt

Ardissonea formosa (Hantzsch) Grunow

+ + o+ o+
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Ardissonea robusta (Ralfs ex Pritchard) De Notaris
Astartiella stroemii (Hustedt) Bukhtiyarova
Asterolampra marylandica Ehrenberg

Asteromphalus flabellatus (Brébisson ) Greville
Asteromphalus heptactis (Brébisson) Ralfs
Asteromphalus hookeri Ehrenberg

Asteromphalus robustus Castracane

Aulacoseira granulata (Ehrenberg) Simonsen

Auliscus sculptus (W.Smith) Brightwell

Auricula adriatica H. Peragallo & M. Peragallo
Auricula amphitritis Castracane

Auricula complexa (Gregory) Cleve

Auricula decipiens (Grunow) & Cleve

Auricula intermedia (F.W.Lewis) Cleve

Azpeitia nodulifera (A.W.F.Schmidt) G.A.Fryxell & P.A.Sims
Azpeitia obscura (Greville) P.A. Sims

Azpeitia tabularis (Grunow) Fryxell et P.A. Sims
Bacillaria paxillifera (O.F.Miiller) T.Marsson
Bacillaria socialis (Gregory) Ralfs

Berkeleya micans (Lyngbye) Grunow

Berkeleya rutilans (Trentepohl ex Roth) Grunow
Berkeleya scopulorum (Brébisson ex Kiitzing) E.J.Cox
Biddulphia biddulphiana (J.E.Smith) Boyer
Biddulphia catenata Schussnig

Biddulphia spinosa (Bailey) Boyer

Biddulphia titiana Grunow

Biddulphiella tridens (Ehrenberg) P.A.Sims & M.P.Ashworth
Biremis ambigua (Cleve) D.G.Mann

Bleakeleya notata (Grunow) Round

Brachysira aponina Kiitzing

Brachysira estonarium Witkowski, Lange-Bertalot & Metzeltin
Brebissonia lanceolata (C.Agardh) R.K.Mahoney & Reimer
Caloneis bicuneata (Grunow) C.S.Boyer

Caloneis bioculata (Grunow) Hustedt

Caloneis clavicula Z.Levkov & Metzeltin

Caloneis egena (A.F.W.Schmidt) Cleve

Caloneis elongata (Grunow) Boyer

Caloneis excentrica (Grunow) Boyer

Caloneis fusioides (Grunow) Heiden & Kolbe
Caloneis latefasciata Grunow

Caloneis liber (W.Smith) Cleve

Caloneis linearis (Cleve) Boyer

Campylodiscus adriaticus Grunow

Campylodiscus biangulatus Greville

+ + o+ o+ o+

+ + o+ o+
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Campylodiscus clevei Leuduger-Fortmorel
Campylodiscus clypeus (Ehrenberg) Ehrenberg ex Kiitzing
Campylodiscus echeneis Ehrenberg ex Kiitzing
Campylodiscus fastuosus Ehrenberg
Campylodiscus giffenii Lobban & J.S.Park
Campylodiscus hodgsonii W. Smith
Campylodiscus imperialis Greville
Campylodiscus innominatus R.Ross & Abdin
Campylodiscus neofastuosus Ruck & Nakov
Campylodiscus punctulatoides M.Ricard
Campylodiscus thuretii Brébisson
Carinasigma latum (E.J.Cox) G.Reid
Carinasigma rectum (Donkin) G.Reid
Catacombas obtusa (Pantocsek) Snoeijs

Chamaepinnularia truncata (D.K6nig) A.Witkowski, Lange-Bertalot & Metzeltin

Cistula lorenziana (Grunow) Cleve
Climacosphenia moniligera Ehrenberg

Cocconeiopsis orthoneoides (Hustedt) Witkowski, Lange-Bertalot & Metzeltin

Cocconeis britannica Naegeli in Kiitzing

Cocconeis californica Grunow

Cocconeis californica var. kerguelensis H.Heiden

Cocconeis capensis (Cholnoky) Witkowski

Cocconeis cf. distantula Giffen

Cocconeis cf. irregularis (Schulz) Witkowski

Cocconeis convexa M.H.Giffen

Cocconeis costata var. hexagona Grunow

Cocconeis costata W.Gregory

Cocconeis dirupta var. flexella (Janisch & Rabenhorst) Grunow
Cocconeis dirupta W.Gregory

Cocconeis diruptoides Hustedt

Cocconeis discrepans A.W.F.Schmidt

Cocconeis distans W.Gregory

Cocconeis fasciolata (Ehrenberg) N.E.Brown

Cocconeis fimbriata Ehrenberg

Cocconeis fluminensis (Grunow) H. Peragallo & M. Pergallo
Cocconeis guttata Hustedt in Aleem & Hustedt

Cocconeis irregularis (P.Schulz) A.Witkowski in Witkowski
Cocconeis krammeri Lange-Bertalot & Metzeltin

Cocconeis latecostata Hustedt

Cocconeis maxima (Grunow) H. Peragallo & M. Peragallo
Cocconeis molesta Kiitzing

Cocconeis molesta var. crucifera Grunow

Cocconeis notabilis Pantocsek

Cocconeis nugalas M.H.Hohn & J.Hellerman

+ + + + o+
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Cocconeis pelta A. Schmidt

Cocconeis peltoides Hustedt

Cocconeis pinnata Gregory ex Greville

Cocconeis placentula var. euglypta (Ehrenberg) Cleve
Cocconeis pseudodiruptoides Foged

Cocconeis pseudomarginata W.Gregory
Cocconeis schmidtii Heiden

Cocconeis scutellum Ehrenberg

Cocconeis speciosa W.Gregory

Cocconeis stauroneiformis H.Okuno

Cocconeis woodii Reyes-Vasquez

Coronia decora (Brébisson) Ruck & Guiry
Coronia impressa (Grunow) Ruck & Guiry
Coronia limbata (Brébisson) Ruck & Guiry
Coronia samoensis (Grunow) Ruck & Guiry
Coscinodiscus asteromphalus Ehrenberg
Coscinodiscus centralis Ehrenberg

Coscinodiscus cinctus Kiitzing

Coscinodiscus curvatulus Grunow

Coscinodiscus fimbriatus Ehrenberg
Coscinodiscus gigas Ehrenberg

Coscinodiscus granii Gough

Coscinodiscus hauckii var. mesoleius Cleve
Coscinodiscus janischii Schmidt

Coscinodiscus marginatus Ehrenberg
Coscinodiscus obscurus A. Schmidt
Coscinodiscus oculus iridis (Ehrenberg) Ehrenberg
Coscinodiscus perforatus Ehrenberg
Coscinodiscus radiatus Ehrenberg

Coscinodiscus thorii Pavillard

Craspedostauros decipiens (Hustedt) E.J.Cox
Craspedostauros indubitabilis (Lange-Bertalot & S.1.Genkal) E.J.Cox
Craticula cuspidata (Kutzing) D.G.Mann
Craticula halophila (Grunow) D.G.Mann
Ctenophora pulchella var. lanceolata (O'Meara) L.Bukhtiyarova
Cyclophora tenuis Castracane

Cyclotella kiitzingiana var. pelagica Grunow
Cyclotella striata (Kiitzing) Grunow
Cylindrotheca closterium (Ehrenberg) Reimann & J.C.Lewin
Cymatoneis sulcata (Greville) Cleve

Cymatosira belgica Grunow

Cymatosira lorenziana Grunow

Delphineis minutissima (Hustedt) Simonsen
Delphineis surirella (Ehrenberg) G.W.Andrews

+ 4+ + o+ + 4+ o+ o+ +
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Diatoma elongata (Lyngbye) C.Agardh
Diatoma vulgaris Bory

Dickieia subinflata (Grunow) D.G.Mann
Dimeregramma marinum (W.Gregory) Ralfs
Diploneis aestuarii Hustedt

Diploneis adonis (Brun) Cleve

Diploneis advena (A. Schmidt) Cleve

Diploneis bombus (Ehrenberg) Ehrenberg
Diploneis caffra (M.H.Giffen) Witkowski, Lange-Bertalot & Metzeltin
Diploneis campylodiscus (Grunow) Cleve
Diploneis cf. parca (A.W.F.Schmidt) Boyer
Diploneis cf. smithii (Brébisson) Cleve
Diploneis chersonensis (Grunow) Cleve
Diploneis coffaeiformis (A.W.F.Schmidt) Cleve
Diploneis crabro (Ehrenberg) Ehrenberg
Diploneis decipiens var. parallela A.Cleve
Diploneis dalmatica (Grunow) Cleve

Diploneis didyma (Ehrenberg) Ehrenberg
Diploneis dilatata (M.Peragallo) Lange-Bertalot & Fuhrmann
Diploneis distortum W. Smith

Diploneis divergens (A.W.F.Schmidt) Cleve
Diploneis fusca (W.Gregory) Cleve

Diploneis incurvata var. dubia Hustedt
Diploneis incurvata (W.Gregory) Cleve
Diploneis littoralis (Donkin) Cleve

Diploneis littoralis var. clathrata (@strup) Cleve
Diploneis mediterranea (Grunow) Cleve
Diploneis mirabilis D.K6nig

Diploneis nitescens (W.Gregory) Cleve
Diploneis notabilis (Greville) Cleve

Diploneis novaeseelandiae (A.Schmidt) Hustedt
Diploneis papula (A.W.F.Schmidt) Cleve
Diploneis parca (A. Schmidt) Boyer

Diploneis rex S.J.M.Droop

Diploneis sejuncta f. constricta Hustedt
Diploneis smithii (Brébisson) Cleve

Diploneis smithii var. dilatata (Peragallo) Lange-Bertalot & Fuhrmann
Diploneis smithii var. recta Peragallo

Diploneis splendida Cleve

Diploneis stroemii Hustedt

Diploneis subovalis Cleve

Diploneis subcincta (A. Schmidt) Cleve
Diploneis suborbicularis (Gregory) Cleve
Diploneis vacillans (A.W.F.Schmidt) Cleve

+ o+ o+ o+
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Diploneis vacillans var. renitens (A.Schmidt) Cleve

Diploneis vetula (A.W.F.Schmidt) Cleve

Diploneis weissflogii (A.W.F.Schmidt) Cleve

Divergita toxoneides (Castracane) Theriot

Ehrenbergiulva granulosa (Grunow) Witkowski, Lange-Bertalot & Metzeltin
Ehrenbergiulva hauckii (Grunow) Witkowski, Lange-Bertalot & Metzeltin
Encyonema ventricosum (C.Agardh) Grunow

Entomoneis alata (Ehrenberg) Ehrenberg

Entomoneis corrugata (Giffen) Witkowski, Lange-Bertalot & Metzeltin
Entomoneis decussata (Grunow) K.Osada & H.Kobayasi

Entomoneis gigantea (Grunow) Nizamuddin

Entomoneis gigantea var. sulcata (O'Meara) Moreno, Licea & Santoyo
Entomoneis paludosa (W. Smith) Reimer

Entomoneis pulchra (Bailey) Reimer

Epithemia gibba (Ehrenberg) Kiitzing

Epithemia pacifica (Krammer) Lobban & J.S.Park

Fallacia aequorea (Hustedt) D.G.Mann

Fallacia bioculata (Grunow ex A.W.F.Schmidt) D.G.Mann

Fallacia cf. vittata (Cleve) D.G. Mann

Fallacia floriniae (M.Mgller) Witkowski

Fallacia forcipata (Greville) Stickle & D.G.Mann

Fallacia hyalinula (De Toni) Stickle & D.G.Mann

Fallacia litoricola (Hustedt) D.G.Man

Fallacia nummularia (Greville) D.G.Mann

Fallacia ny (Cleve) D.G.Mann

Fallacia nyella (Hustedt) D.G.Mann

Fallacia pygmaea (Kiitzing) Stickle & D.G.Mann

Fallacia reichardtii (Grunow) Witkowski, Lange-Bertalot & Metzeltin
Fallacia rogalli Voigt

Fallacia spatiata (@strup) Witkowski & Lange-Bertalot & Metzeltin
Fallacia versicolor (Grunow) D.G.Mann

Fogedia acuta (Salah) Witkowski, Lange-Bertalot & Metzeltin
Fogedia christensenii A.Witkowski, Metzeltin & Lange-Bertalot
Fogedia finmarchica (Cleve & Grunow) A.Witkowski, Metzeltin & Lange-Bertalot
Fragilaria barbatula (Kiitzing) Lange-Bertalot

Fragilaria capensis Grunow

Fragilaria improbula Witkowski & Lange-Bertalot

Fragilaria quebecensis (Poulin. Hudon & Cardinal) A.Witkowski. Lange-Bertalot & Metzeltin
Glyphodesmis distans (Gregory) Grunow in Van Heurck

Glyphodesmis williamsonii (W. Smith) Grunow

Gomphonella olivacea (Hornemann) Rabenhorst

Gomphonema apicatum Ehrenberg

Gomphonema coronatum Ehrenberg

Grammatophora angulosa Ehrenberg

+ o+ o+ o+ o+ +
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Grammatophora angulosa var. islandica (Ehrenberg) Grunow
Grammatophora arcuata Ehrenberg

Grammatophora gibberula Kiitzing

Grammatophora hamulifera Kiitzing

Grammatophora longissima Petit

Grammatophora macilenta W. Smith

Grammatophora marina (Lyngbye) Kiitzing
Grammatophora maxima Grunow

Grammatophora oceanica Ehrenberg

Grammatophora oceanica var. subtilissima (Bailey) De Toni
Grammatophora serpentina Ehrenberg

Grammatophora undulata Ehrenberg

Grunowago bacillaris (Grunow) Lobban & Ashworth.
Gyrosigma acuminatum (Kiitzing) Rabenhorst

Gyrosigma attenuatum (Kiitzing) Rabenhorst

Gyrosigma balticum (Ehrenberg) Rabenhorst

Gyrosigma balticum var. diminutum (Grunow) A.Cardinal, Poulin & Bérard-Therriault

Gyrosigma fasciola (Ehrenberg) J. W. Griffith & Henfrey
Gyrosigma lineare (Grunow) Cleve

Gyrosigma macrum (W.Smith) J.W.Griffith & Henfrey
Gyrosigma prolongatum (W.Smith) J.W.Griffith & Henfrey
Gyrosigma scalproides (Rabenhorst) Cleve

Gyrosigma strigilis (W.Smith) J.W.Griffin & Henfrey

Gyrosigma wansbeckii (Donkin) Cleve

Halamphora acutiuscula (Kiitzing) Levkov

Halamphora borealis (Kiitzing) Levkov

Halamphora coffeiformis (C. Agardh) Levkov

Halamphora costata (W.Smith) Levkov

Halamphora cuneata (Cleve) Levkov

Halamphora cymbifera (Gregory) Levkov

Halamphora exigua (W.Gregory) Levkov

Halamphora granulata (Gregory) Levkov

Halamphora holsatica (Hustedt) Levkov

Halamphora hyalina (Kiitzing) Rimet & R.Jahn

Halamphora hybrida (Grunow) Levkov

Halamphora interrupta (Heiden) Levkov

Halamphora kolbei (Aleem) Alvarez-Blanco & S.Blanco
Halamphora lineata (Gregory) Levkov

Halamphora luciae (Cholnoky) Levkov

Halamphora pseudoholsatica (T.Nagumo & H.Kobayashi) J.G.Stepanek & Kociolek
Halamphora pseudohyalina (Simonsen) J.G.Stepanek & Kociolek
Halamphora staurophora (Juhlin-Dannfelt) Alvarez-Blanco & S.Blanco
Halamphora subacutiuscula (Schoeman) J.G.Stepanek & Kociolek
Halamphora subangularis (Hustedt) Levkov

+ + o+ o+ o+
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Halamphora subholsatica (Krammer) Levkov

Halamphora terroris (Ehrenberg) P.Wang

Halamphora turgida (Gregory) Levkov

Halamphora veneta (Kiitzing) Levkov

Hantzschia cf. distinctepunctata Hustedt

Hantzschia cf. marina (Donkin) Grunow

Hantzschia elongata (Hantzsch) Grunow

Hantzschia leptocephala (@strup) Lange-Bertalot & Metzeltin
Hantzschia marina (Donkin) Grunow

Hantzschia virgata (Roper) Grunow

Haslea britannica (Hustedt & Aleem) Witkowski, Lange-Bertalot & Metzeltin
Haslea cf. balearica Witkowski

Haslea crucigera (W.Smith) Simonsen

Haslea duerrenbergiana (Hustedt) F.A.S.Sterrenburg
Haslea spicula (Hickie) Bukhtiyarova

Haslea stundlii (Hustedt) Blanco, Borrego-Ramos & Olenici
Haslea vitrea (Cleve) Simonsen

Hendeyella dubia (Grunow) Li, Witkowski & Ashworth
Hemiaulus hauckii Grunow ex Van Heurck

Hippodonta caotica Witkowski, Lange-Bertalot & Witkowski
Homoeocladia angularis (W.Smith) Kuntze

Homoeocladia distans (W.Gregory) Kuntze

Hyalodiscus radiatus (O'Meara) Grunow

Hyalodiscus scoticus (Kiitzing) Grunow

Hyalodiscus subtilis Bailey

Hyalosira delicatula Kiitzing

Hyalosynedra laevigata (Grunow) D. M. Williams & Round
Iconella linearis (W.Smith) Ruck & Nakov

Iconella spiralis (Kiitzing) E.C.Ruck & T.Nakov

Karayevia submarina (Hustedt) Bukhtiyarova

Lampriscus shadboltianus (Greville) Peragallo & Peragallo
Licmophora abbreviata C.Agardh

Licmophora communis (Heiberg) Grunow

Licmophora dalmatica (Kiitzing) Grunow

Licmophora debilis (Kiitzing) Grunow

Licmophora ehrenbergii (Kiitzing) Grunow

Licmophora flabellata (Greville) C. Agardh

Licmophora gigantea Mereschkowsky

Licmophora gracilis (Ehrenberg) Grunow

Licmophora grandis (Kiitzing) Grunow

Licmophora hastata Mereschkowsky

Licmophora hyalina (Kiitzing) Grunow

Licmophora lyngbyei (Kiitzing) Grunow

Licmophora juergensii Agardh

+ 4+ + o+ + 4+ + o+ o+ 4+ o+ o+
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Licmophora mediterranea Mereschkowsky
Licmophora paradoxa (Lyngbye) C. Agardh
Licmophora parasitica Mereschowsky

Licmophora pfannkuckae Giffen

Licmophora reichardtii Grunow

Licmophora remulus (Grunow) Grunow

Licmophora robusta H.Peragallo & M.Peragallo
Licmophora tenuis (Kiitzing) Grunow

Licmophora tincta (C.Agardh) Grunow

Lindavia glomerata (H.Bachmann) Adesalu & Julius
Luticola ventricosa (Kiitzing) D.G.Mann

Lyrella abrupta (W.Gregory) D.G.Mann

Lyrella amphoroides D.G.Mann

Lyrella cf. lyroides (Hendey) D.G.Mann

Lyrella clavata (W.Gregory) D.G.Mann

Lyrella david-mannii Witkowski, Lange-Bertalot & Metzeltin
Lyrella fogedii Witkowski, Lange-Bertalot & Metzeltin
Lyrella hennedyi (W.Smith) Stickle & D.G.Mann
Lyrella lyra (Ehrenberg) Karayeva

Lyrella lyroides (Hendey) D.G.Mann

Lyrella spectabilis (Gregory) D. G. Mann

Lyrella subforcipata (Hustedt) Gusliakov & Karayeva
Lyrella sulcifera (Hustedt) Witkowski

Martyana schulzii (C.Brockmann) Snoeijs
Mastogloia adriatica Voigt

Mastogloia affinis Cleve

Mastogloia angulata F.W.Lewis

Mastogloia apiculata W. Smith

Mastogloia baldjikiana Grunow

Mastogloia beaufortiana Hustedt

Mastogloia belaensis Voigt

Mastogloia binotata (Grunow) Cleve

Mastogloia biocellata (Grunow) G.Novarino & A.R.Muftah
Mastogloia borneensis Hustedt

Mastogloia braunii Grunow

Mastogloia cf. affirmata (Leudiger-Fortmorel) Cleve
Mastogloia corsicana (Grunow) H.Peragallo & M.Peragallo
Mastogloia crucicula var. alternans Zanon
Mastogloia crucicula (Grunow) Cleve

Mastogloia cuneata (F.Meister) Simonsen
Mastogloia cyclops Voigt

Mastogloia decipiens Hustedt

Mastogloia decussata Grunow

Mastogloia emarginata Hustedt
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Mastogloia erythraea Grunow

Mastogloia erythraea var. grunowii Foged
Mastogloia exigua F.W.Lewis

Mastogloia exilis Hustedt

Mastogloia fallax Cleve

Mastogloia fimbriata (T.Brightwell) Grunow
Mastogloia foliolum Brun

Mastogloia grunowii A.W.F.Schmidt
Mastogloia horvathiana Grunow
Mastogloia jelineckii (Grunow) Grunow
Mastogloia ignorata Hustedt

Mastogloia inaequalis Cleve

Mastogloia laminaris (Ehrenberg) Grunow
Mastogloia lanceolata Thwaites ex W. Smith
Mastogloia latecostata Hustedt

Mastogloia linearis Simonsen

Mastogloia macdonaldii Greville
Mastogloia manokwariensis Cholnoky
Mastogloia marginulata Grunow
Mastogloia mauritiana Brun

Mastogloia mediterranea Hustedt
Mastogloia obliqua Hagelstein

Mastogloia ovalis A.W.F.Schmidt
Mastogloia ovata Grunow

Mastogloia ovulum Hustedt

Mastogloia ovum-paschale (A. Schmidt) Mann
Mastogloia paradoxa Grunow

Mastogloia parva Hustedt

Mastogloia peragalloi Cleve

Mastogloia pseudoexigua Cholnoky
Mastogloia pseudolatecostata T.A.Yohn & R.A.Gibson
Mastogloia pumila (Grunow) Cleve
Mastogloia punctifera Brun

Mastogloia pusilla Grunow

Mastogloia quinquecostata Grunow
Mastogloia recta Hustedt

Mastogloia regula Hustedt

Mastogloia robusta Hustedt

Mastogloia similis Hustedt

Mastogloia smithii Thwaites ex W.Smith
Mastogloia splendida (Gregory) H.Pergallo
Mastogloia subaspera Hustedt

Mastogloia undulata Grunow

Mastogloia varians Hustedt
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Mastogloia vasta Hustedt

Melosira lineata (Dillwyn) C.Agardh

Melosira moniliformis var. octogona (Grunow) Hustedt
Melosira moniliformis C.Agardh

Melosira nummuloides C.Agardh

Melosira varians C.Agardh

Meridion circulare (Greville) C.Agardh

Metascolioneis tumida (Brébisson ex Kiitzing) Blanco & Wetzel
Microtabella interrupta (Ehrenberg) Round

Nanofrustulum cf. sopotense (Witkowski & Lange-Bertalot) E.Morales, C.E.Wetzel & L.Ector
Nanofrustulum krumbeinii (A.Witkowski, Witak & K.Stachura) E.Morales
Nanofrustulum shiloi (J.J.Lee, Reimer & McEnery) Round, Hallsteinsen & Paasche
Nanofrustulum sopotense (Witkowski & Lange-Bertalot) E.Morales, C.E.Wetzel & Ector
Navicula abunda Hustedt

Navicula agnita Hustedt

Navicula ammophila Grunow

Navicula apiculata Brébisson

Navicula aproximata Greville

Navicula arenaria Donkin

Navicula arenaria var. rostellata Lange-Bertalot

Navicula avenacea (Rabenhorst) Brébisson ex Grunow
Navicula bipustulata A.Mann

Navicula borneoensis Hustedt

Navicula cancellata Donkin

Navicula cf. fauta Hustedt

Navicula cincta (Ehrenberg) Ralfs

Navicula cluthensis f. rostrata (Simonsen) Hustedt

Navicula cluthensis var. cluthensis Gregory

Navicula crucifera Grunow

Navicula dehissa Giffen

Navicula digitoradiata (W.Gregory) Ralfs

Navicula directa (W.Smith) Brébisson

Navicula distans (W.Smith) Brébisson

Navicula eidrigiana J.R.Carter

Navicula erifuga Lange-Bertalot

Navicula flagellifera Hustedt

Navicula frigida Grunow

Navicula formentere Cleve

Navicula gregaria Donkin

Navicula grevilleana Hendey

Navicula grippii Simonsen

Navicula hauckii Cleve

Navicula johanrossii Giffen

Navicula kariana Grunow

+ + o+ + o+
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Navicula libellus Gregory

Navicula longa (W.Gregory) Ralfs

Navicula longa var. irregularis Hustedt

Navicula luciae A.Witkowski & Lange-Bertalot

Navicula lusoria M.F.Giffen

Navicula mediterranea Cleve et Brun

Navicula meniscus Schumann

Navicula nortumbrica Donkin

Navicula palpebralis Brébisson ex W.Smith

Navicula palpebralis var. angulosa (W.Gregory) Van Heurck
Navicula palpebralis var. minor Grunow

Navicula pavillardii Hustedt

Navicula pennata f. maxima (Cleve) Frenguelli

Navicula pennata A.W.F.Schmidt

Navicula peregrina (Ehrenberg) Kiitzing

Navicula phyllepta Kiitzing

Navicula pinnata Pantocsek

Navicula quarnerensis Grunow

Navicula ramosissima (C.Agardh) Cleve

Navicula recurvata Gran

Navicula rolandii S.Wunsam, A.Witkowski, & Lange-Bertalot
Navicula rostellata Kiitzing

Navicula salinarum Grunow

Navicula salinarum var. rostrata (Hustedt) Lange-Bertalot
Navicula salinicola Hustedt

Navicula subagnita Proshkina-Lavrenko

Navicula subrostellata Hustedt

Navicula superimposita A. Schmidt

Navicula vara Hustedt

Navicula viridula (Kiitzing) Ehrenberg

Navicula zostereti Grunow

Neidium trigonocephalum (Ehrenberg) A.Tuji & Y.Tanimura
Neobrightwellia alternans (Bailey) M.P.Ashworth & Sims
Neofragilaria burchardtiae (Witkowski, Metzeltin & Lange-Bertalot) E.Morales
Neofragilaria nicobarica Desikachary, Prasad & Prema
Neohuttonia reichardtii (Grunow) Hustedt

Nitzschia acuminata var. subconstricta Grunow

Nitzschia agnewii Cholnoky

Nitzschia agnita Hustedt

Nitzschia bartholomei (Grunow) Lange-Bertalot & Krammer
Nitzschia behrei Hustedt

Nitzschia bilobata W.Smith

Nitzschia bulnheimiana (Rabenhorst) H.L.Smith

Nitzschia capitellata Hustedt

+ + o+ o+

+ + o+ o+

+ + + o+ o+ o+
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Nitzschia carnicobarica Desikachary & Prema
Nitzschia cf. bulnheimiana (Rabenhorst) H.L.Smith
Nitzschia cf. commutata Grunow

Nitzschia cf. sigma (Kiitzing) W. Smith
Nitzschia commutatoides Lange-Bertalot
Nitzschia distans var. tumescens Grunow
Nitzschia fasciculata (Grunow) Grunow
Nitzschia fluminensis Grunow

Nitzschia frustulum (Kiitzing) Grunow
Nitzschia fusiformis Grunow

Nitzschia gazellae Karsten

Nitzschia grossestriata Hustedt

Nitzschia hybrida Grunow

Nitzschia improvisa Simonsen

Nitzschia incerta (Grunow) M.Peragallo
Nitzschia incurva Grunow

Nitzschia incurvata var. lorenziana R.Ross
Nitzschia insignis W.Gregory

Nitzschia laevis Frenguelli

Nitzschia lanceola Grunow

Nitzschia lanceolata var. minor (Grunow) H.Peragallo & M.Peragallo
Nitzschia lanceolata W. Smith

Nitzschia liebethruthii Rabenhorst

Nitzschia longissima (Brébisson) Ralfs
Nitzschia macilenta W.Gregory

Nitzschia marginulata var. didyma Grunow
Nitzschia microcephala Grunow

Nitzschia normannii Grunow

Nitzschia obtusa W. Smith

Nitzschia ovalis H.J.Arnott

Nitzschia peisonis Pantocsek

Nitzschia pellucida Grunow

Nitzschia plioveterana Lange-Bertalot
Nitzschia reversa W.Smith

Nitzschia scalpelliformis Grunow

Nitzschia sicula (Castracane) Hustedt
Nitzschia sigma (Kiitzing) W.Smith

Nitzschia sigma var. rigida Grunow ex Van Heurck
Nitzschia sigma var. rigidula (H.Peragallo & M.Peragallo) Grunow
Nitzschia sigma var. sigmatella Grunow
Nitzschia sigmaformis Hustedt

Nitzschia subconstricta Desikachary & Prema
Nitzschia valdestriata Aleem & Hustedt
Nitzschia ventricosa J.L.Palmer

+ + o+ o+ o+
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Nitzschia vermicularis (Kiitzing) Hantzsch

Odontella aurita (Lyngbye) C.Agardh

Oestrupia ergadensis (W.Gregory) Witkowski, Lange-Bertalot & Metzeltin
Oestrupia kinkeriana (Truan) Heiden

Oestrupia powellii var. vidovichii (Grunow) Heiden

Oestrupia powellii (F.W.Lewis) Heiden

Okedenia inflexa (Brébisson ex Kiitzing) Eulenstein ex De Toni
Opephora marina (W.Gregory) Petit

Opephora mutabilis (Grunow) Sabbe & Wyverman

Opephora pacifica (Grunow) Petit

Opephora schwartzii (Grunow) Petit ex Pelletan

Pantocsekiella ocellata (Pantocsek) K.T.Kiss & E.Acs

Paralia sulcata (Ehrenberg) Cleve

Parlibellus bennikei Witkowski, Metzeltin & Lange-Bertalot

Parlibellus berkeleyi (Kiitzing) E.J.Cox

Parlibellus calvus A.Witkowski, Metzeltin & Lange-Bertalot
Parlibellus cf. cruciculoides (C.Brockmann) Witkowski, Lange-Bertalot & Metzeltin
Parlibellus delognei (Van Heurck) E.J.Cox

Parlibellus hamulifer (Grunow) E.J.Cox

Parlibellus plicatus (Donkin) E.J.Cox

Parlibellus rhombicula (Hustedt) Witkowski, Lange-Bertalot & Metzeltin
Parlibellus rhombicus (W.Gregory) E.J.Cox

Petrodictyon gemma (Ehrenberg) D.G.Mann

Petroneis besarensis (Giffin) Witkowski, Lange-Bertalot & Witkowski
Petroneis humerosa (Brébisson ex W.Smith) Stickle & D.G.Mann
Pinnularia claviculus Schulz

Pinnularia quadratarea var. cuneata Qstrup

Pinnularia rectangulata (Gregory) Rabenhorst

Pinnularia trevelyana (Donkin) Rabenhorst

Placoneis flabellata (F.Meister) Kimura, H.Fukushima & Ts.Kobayashi
Plagiodiscus martensianus Grunow & Eulenstein

Plagiodiscus nervatus Grunow

Plagiogramma atomus Greville

Plagiogramma interruptum (W.Gregory) Ralfs

Plagiogramma laeve (Gregory) Ralfs

Plagiogramma minus (W.Gregory) Chunlian Li, Ashworth & Witkowski
Plagiogramma minus var. nanum (W.Gregory) Chunlian Li, Ashworth & Witkowski
Plagiogramma pulchellum Greville

Plagiogramma staurophorum (W.Gregory) Heiberg

Plagiogrammopsis vanheurckii (Grunow) Hasle, Stosch & Syvertsen
Plagiotropis elegans (W.Smith) Grunow

Plagiotropis gibberula Grunow

Plagiotropis lata (Cleve) Kuntze

Plagiotropis lepidoptera (W. Gregory) Kuntze

+ + o+ o+ o+ o+
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Plagiotropis tayrecta T.B.B.Paddock

Plagiotropis vitrea (W. Smith) Kuntze

Planothidium aff. engelbrechtii (Cholnoky) Round & L.Bukhtiyarova
Planothidium cf. campechianum (Hustedt) Witkowski, Lange-Bertalot & Metzeltin
Planothidium delicatulum (Kiitzing) Round & Bukhtiyarova
Planothidium dispar (Cleve) Witkowski, Lange-Bertalot & Metzeltin
Planothidium quarnerense (Grunow) Witkowski. Lange-Bertalot & Metzelin
Platessa conspicua (Ant.Mayer) Lange-Bertalot

Pleurosigma aestuari (Brébisson ) W. Smith

Pleurosigma angulatum (J.T.Quekett) W.Smith

Pleurosigma decorum W.Smith

Pleurosigma elongatum W. Smith

Pleurosigma formosum W.Smith

Pleurosigma itium Ricard

Pleurosigma longum Cleve

Pleurosigma nicobaricum Grunow

Pleurosigma normanii Ralfs

Pleurosigma rigidum W. Smith

Pleurosigma speciosum W. Smith

Pleurosigma strigosum W. Smith

Pleurosira laevis (Ehrenberg) Compére

Podocystis adriatica (Kiitzing) Ralfs

Podosira dubia (Kiitzing) Grunow

Prestauroneis protracta (Grunow) Kulikovskiy & Glushchenko
Proschkinia complanata (Grunow) D.G.Mann

Protokeelia cholnokyi (Giffen) Round & Basson

Protoraphis atlantica R.A.Gibson

Psammodictyon constrictum (W.Gregory) D.G.Mann
Psammodictyon panduriforme (W. Gregory) D.G.Mann
Psammodictyon panduriforme var. continuum (Grunow) Snoeijis
Psammodictyon roridum (Giffen) D.G.Mann

Psammodictyon rudum (Cholnoky) D.G.Mann

Psammodiscus nitidus (W.Gregory) Round & D.G.Mann
Pseudostaurosira perminuta (Grunow) Sabbe & Wyverman
Pseudopodosira westii (W.Smith) Sheshukova-Poretskaya & Glezer
Pseudostaurosiropsis geocollegarum (Witkowski) E.A.Morales

Pseudostaurosiropsis punctiformis (Witkowski, Metzeltin & Lange-Bertalot) Witkowski, Seddon & Plinski

Rhabdonema adriaticum Kiitzing

Rhabdonema arcuatum (Lyngbye) Kiitzing
Rhabdonema minutum Kiitzing

Rhaphoneis amphiceros (Ehrenberg) Ehrenberg
Rhaphoneis nitida (Gregory) Grunow
Rhizosolenia styliformis T.Brightwell
Rhoicosigma compactum (Greville) Grunow

+ 4+ + o+ o+ 4+ +
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Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot
Rhoicosphenia linearis @strup

Rhoicosphenia marina (Kiitzing) M. Schmidt

Rhopalodia acuminata Krammer

Rhopalodia gibberula (Ehrenberg) Miiller

Rhopalodia musculus (Kiitzing) Otto Miiller

Rhopalodia sterrenburgii Krammer

Sarcophagodes mutabilis E.A.Morales

Seminavis barbarae Witkowski, Lange-Bertalot & Metzeltin
Seminavis obtusiuscula (Grunow) Danieledis & D.G.Mann
Shionodiscus oestrupii (Ostenfeld) A.J.Alverson, S.-H.Kang & E.C.Theriot
Skabitschewskia borealis (A.Cleve) Lange-Bertalot & Kulikovskiy
Stauroneis plicata C.Brockmann

Stauroneis smithii Grunow

Stauroneis undata Hustedt

Staurophora amphioxys (W.Gregory) D.G.Mann
Staurosirella guenter-grassii (Witkowski & Lange-Bertalot) E.A.Morales, C.E.Wetzel & Ector
Staurosirella martyi (Héribaud) Morales & Manoylov
Stephanocyclus meneghiniana (Kiitzing) Kulikovskiy, Genkal & Kociolek
Stephanodiscus hantzschii Grunow

Stoermeria americana (Bailey) M.P.Ashworth & P.A.Sims
Striatella unipunctata (Lyngbye) C.Agardh

Surirella baldjicki Norman

Surirella brebissonii Krammer & Lange-Bertalot

Surirella ceylanensis var. oblongistriata F.Hustedt

Surirella comis A. Schmidt

Surirella crumena Brébisson ex Kiitzing

Surirella gemma var. reniformis Proshkina-Lavrenko
Surirella fluminensis Grunow

Surirella hybrida Grunow

Surirella intercedens Grunow

Surirella lata W.Smith

Surirella minuta Brébisson ex Kiitzing

Surirella ovalis Brébisson

Surirella striatula Turpin

Surirella venusta @strup

Synedra brockmannii Hustedt

Synedra commutata Grunow

Synedra distinguenda Hustedt

Synedra gaillonii (Bory) Ehrenberg

Synedra laevis Kiitzing

Synedra pulcherrima Hantzsch

Synedrosphenia baculus (W.Gregory) Lobban & Ashworth
Synedrosphenia crystallina (C.Agardh) Lobban & Ashworth

+ o+ o+ o+
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Synedrosphenia fulgens (Greville) Lobban & Ashworth
Tabularia fasciculata (C.Agardh) D.M.Williams & Round
Tabularia gaillonii (Bory) Bukhtiyarova

Tabularia investiens (W.Smith) D.M.Williams & Round
Tabularia ktenoeides M.Kuylenstierna

Tabularia tabulata (C.Agardh) Snoeijs

Talaroneis furcigera (Grunow) Sterrenburg

Tetramphora decussata (Grunow) Stepanek & Kociolek
Tetramphora ostrearia (Brébisson) Mereschkowsky
Tetramphora rhombica (Kitton) Stepanek & Kociolek

Tetramphora securicula (Peragallo & Peragallo) Stepanek & Kociolek

Tetramphora sulcata (Brébisson) Stepanek & Kociolek
Thalassionema frauenfeldii (Grunow) Tempére & Peragallo
Thalassionema nitzschioides (Grunow) Mereschkowsky
Thalassiophysa hyalina (Greville) Paddock & P.A.Sims
Thalassiosira angulata (Gregory) Hasle

Thalassiosira eccentrica (Ehrenberg) Cleve
Thalassiosira gravida Cleve

Thalassiosira hyalina (Grunow) Gran

Thalassiosira leptopus (Grunow) Hasle et Fryxell
Thalassiosira mediterranea (Schroder) Hasle
Thalassiosira nordenskioeldii Cleve

Thalassiosira subtilis (Ostenfeld) Gran

Toxarium hennedyanum (Gregory) Pelletan

Toxarium undulatum J.W.Bailey

Toxonidea balearica Grunow

Toxonidea insignis Donkin

Trachyneis aspera (Ehrenberg) Cleve

Trachysphenia australis Petit

Triceratium broeckii Lauduger — Fortmorel
Triceratium favus Ehrenberg

Triceratium finnmarchicum Grunow

Triceratium pellucidum (Castracane) Y.C.Guo, J.Ye & H.Zhou
Triceratium pelagicum (J.L.B.Schrdder) Sournia
Triceratium pentacrinus Wallich

Triceratium reticulum Ehrenberg

Trieres mobiliensis (J.W.Bailey) Ashworth & Theriot
Trigonium arcticum (Brightwell) Cleve

Trigonium formosum (Brightwell) Cleve

Tropidoneis maxima (W.Gregory) Cleve

Tropidoneis longa (Cleve) Cleve

Tryblionella acuminata W.Smith

Tryblionella acuta (Cleve) D.G.Mann

Tryblionella apiculata W.Gregory

+ + 4+ + + + + o+ o+ o+ +
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Tryblionella cf. littoralis (Grunow) D.G.Mann

Tryblionella coarctata (Grunow) D.G.Mann

Tryblionella compressa (Bailey) Poulin

Tryblionella debilis Arnott ex O'Meara

Tryblionella didyma (Hustedt) D.G.Mann

Tryblionella hantzschiana Grunow

Tryblionella hungarica (Grunow) Frenguelli

Tryblionella littoralis (Grunow) D.G.Mann

Tryblionella marginulata (Grunow) D.G.Mann

Tryblionella navicularis (Brébisson) Ralfs

Tryblionella pararostrata (Lange-Bertalot) Clavero & Hernandez-Mariné
Tryblionella persuadens (Cholnoki) K.P.Cavalcante. P.I.Tremarin & T.A.V.Ludwig
Tryblionella plana (W.Smith) Pelletan

Tryblionella punctata W.Smith

Tryblionella punctata var. elongata Grunow

Tryblionella scalaris (Ehrenberg) Siver & P.B.Hamilton

Ulnaria longissima (W.Smith) Van de Vijver & D.M.Williams
Ulnaria ulna (Nitzsch) Compére

Undatella lineata (Greville) Paddock & P.A.Sims

Undatella quadrata (Brébisson ex Kiitzing) Paddock & P.A.Sims
Vikingea promunturi (Giffen) Witkowski, Lange-Bertalot & Metzeltin
Zygoceros rhombus Ehrenberg

+

+ + + + + 4+ + o+

The freshwater species reported in some studies were not excluded due to river pressure

and altered salinity at different sites.
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’
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Figure 1. A) Major seas of the Mediterranean, B) Locations of the studies of diatom taxa from
the Adriatic Sea presented in Suppl. Tab. 1.

Taxonomic classification was done according to Round et al. (1990). Previously, some
species were given names that differed from those of the latest taxonomic order. An attempt
was made to classify the species with updated current names according to Guiry and Guiry
(2024), Kociolek et al. (2024) and the website Algaebase (http://www. algaebase.org/), which
is constantly updated and therefore has a different taxonomic hierarchy than the one previously
used.

The current status of marine benthic diatoms in Adriatic

The present work represents the first detailed list of marine benthic diatoms in the Adriatic
Sea. An overview of all 52 publications included in this review shows that diatoms from the
Northern Adriatic were analysed in most studies (N=32), followed by Middle Adriatic (N=15)
and Southern Adriatic (N=12). Only two studies analysed diatoms on a larger spatial scale
covering all regions of the Adriatic (On-line Suppl. Tab. 1). The literature was unevenly

35



distributed, with 30 papers for the Italian coast and 18 for the Croatian coast. The coast of
Bosnia and Herzegovina, on the other hand, has been the subject of 2 studies, while Slovenia
and Albania are represented by 1 study each (On-line Suppl. Tab. 1). The number of
publications on diatom research fluctuated, with the most productive period being that of 2000-
2024, during which 47 papers were published (On-line Suppl. Tab. 1). In certain periods,
research activity has increased considerably in particular areas, such as the recent intensive
studies of diatoms in the Southern Adriatic. Since the beginning of diatom studies mostly in
Northern Adriatic, several authors have made significant contributions to the composition of
diatoms over the years.

In this paper, we merge the data with the most recent nomenclature, focusing on the
current names of the cited taxa (On-line Suppl Tab. 2). A list of updated species nomenclature
(On-line Suppl Tab. 2) cited in the previous studies (Cited Name) was given (Tab. 1) and the
species/genus names were checked for validity using AlgaeBase (Guiry and Guiry, 2024).

Marine diatoms were represented by 822 species (163 genera and 70 families) (Tab. 1).
The number of pennate species represented was 719. Families with the highest number of
genera were: Naviculaceae (8), Bacillariaceae (7), Surirellaceae (6), Fragilariaceae (6).
Additionally, the highest number of species and infraspecific taxa belonged to the Naviculaceae
(95) and followed by Bacillariaceae (88). The taxonomic composition of benthic diatoms in the
Adriatic may be defined as the community characterized by genera such as; Mastogloia (65
taxa), Navicula (62), Nitzschia (53), Amphora (52), Diploneis (43), Cocconeis (37),
Halamphora (24), Achnanthes (22), Licmophora (22), Tryblionella (19), Fallacia (15),
Surirella (14), Grammatophora (13), Lyrella (12).

Altogether, 381 taxa were found in the Northern, 524 taxa in the Middle and 373 taxa in
the Southern Adriatic Sea. Among the total 822 diatom taxa, 177 taxa were found exclusively
in the Northern Adriatic, 195 were found exclusively in the Middle and 94 occurred only in
Southern Adriatic (Tab. 1). The studies used in this checklist have shown that many species
were documented as first records in the Adriatic.

The variation in findings of benthic diatoms across different geographical areas may also
be attributed to differing research methodologies. In the Adriatic Sea, benthic diatom analyses
are often conducted within the framework of other research studies, such as phytoplankton
investigations. Additionally, studies of benthic diatoms make use of various substrates, both
natural and artificial.

However, the number of diatom species on the Adriatic coasts is similar to the checklist
of marine diatoms from Turkish coastal waters (Kaleli and Akg¢aalan 2021), and the reason for
the low number of marine diatoms (767 taxa belonging to 183 genera, of which 567 taxa
belonged to Bacillariophyceae in Tiirkiye) may be attributed to the restricted scope of benthic
studies along these coastlines, as highlighted by Kaleli and Akgaalan (2021). However, recent
findings (Kaleli et al. 2020) suggest a potential increase in the number of taxa in forthcoming
studies for both the Turkish coastal waters and the Adriatic Sea, particularly with those
specifically geared towards the detection of benthic species.

This paper revealed the benthic diatom composition in the Adriatic coastal waters with
the latest nomenclature and could be used as a fundamental list for later studies.

Conclusion

The study of marine diatoms on the coasts of the Adriatic Sea began more than 100 years
ago, and in the last 35 years, extensive studies have been carried out. However, many
geographical areas have not yet been studied and their diatom composition remains unknown.
Therefore, this checklist aims to give an overview of the benthic diatoms that have been studied
in the last 35 years and to create a database with updated nomenclature to fill the gap regarding
marine benthic diatoms along the Adriatic coasts.
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So far, however, there has been very little information on benthic diatoms in the Adriatic
Sea. The knowledge of benthic diatom communities in the Adriatic Sea is poor compared to
longer-term studies on phytoplankton. In this work, studies on marine plankton and benthos
were combined to create a dataset that could be comparable for future studies in the Adriatic
and other regions. Although checklists existed for marine plankton, this study provided a list of
diatoms that included both forms from the Adriatic coasts. The inclusion of data on benthic taxa
improves the knowledge of overall microalgal diversity and of coastal and transitional
ecosystem ecology. The list included many benthic diatoms as well as the planktonic forms
mentioned above but showed that not all the taxa on the Adriatic coasts are fully covered. Future
studies should focus on the composition of benthic diatoms using LM and EM to provide
additional data for further implications. Morphological details of benthic diatoms would not
only increase the knowledge of taxonomy but also of species diversity and geographical
distribution. However, as many of the species were not illustrated, future studies may increase
the knowledge of accurate identification based on illustrated studies in the region. It should be
noted that there have been no changes in the taxonomy of genera and species. The nomenclature
has been updated for several taxa that have been transferred or are currently no longer in use.
Therefore, further studies should be carried out to clarify the problems of diatom systematics
in the Adriatic coastal waters.

This is the first exhaustive checklist of benthic diatoms of the Adriatic Sea, including the
latest papers, updated with very recent books and websites, and can be used as a valuable tool
for further studies. However, it should be noted that the checklist should be updated over time.
Further studies on the structure of the diatom flora would provide additional information that
would lead to a better ecological understanding and an approach to coastal ecosystem
monitoring to prevent damage to marine biodiversity, especially for the disturbed Adriatic
coasts. Nevertheless, knowledge of the composition and spatial distribution of marine benthic
diatoms along the coast of the Adriatic coast remains limited.
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