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Abstract

Diatoms are one of the components in the littoral zone and the most productive in terms of O, production and primary produc-
tion. Despite their importance in these coastal ecosystems, the diatoms of littoral zones of Turkish coastlines have been understud-
ied. In this report, we document the littoral diatoms from Dalyan Iztuzu Beach at the southeast coasts of Aegean Sea. Samples
were collected from 6 stations in Dalyan Beach between 2012 and 2016. We report here on the occurrence of 9 genera including,
Catenula Mereschkowsky, Cymatosira Grunow, Dimeregramma Ralfs, Diplomenora Blazé, Eunotogramma Weisse, Meloneis
Louvrou, Danielidis & Economou-Amilli, Neohuttonia Kuntze, Plagiogramma Greville and Tetramphora Mereschkowsky, as
well as 40 taxa as newly-recorded from Turkey. The newly-recorded diatoms are characterized in terms of their morphology and

illustrated with light micrographs. For each species, their habitat and geographic distribution along the coasts are discussed.

Keywords: Benthic; Diatom; Marine; New Records; The Mediterranean Sea; Turkish coast.

Introduction

The marine littoral zone is an important area in the
oceans due to its high primary productivity, O, produc-
tion and for the determination of the ecological status of
the coasts (Desrosiers et al., 2013). Diatoms are one of
the components in the littoral zone and the most produc-
tive in terms of O, production and the primary production
(Coelho et al., 2007).

Previous studies in Turkey indicated that diatoms are
generally the most abundant group amongst phytoplank-
ton (Bat et al., 2007; Tas, 2014). Tas (2014) indicated
that in the Datca Peninsula, diatoms and dinoflagellates
were found as dominants in the phytoplankton. The oth-
er records from the Sea of Marmara revealed that dia-
toms were one of the major groups in the phytoplankton
(Deniz & Tas, 2009; Balkis & Toklu-Alicli, 2014; Balkis
& Tas, 2016). Also, a few studies (e.g. Ozman-Say &
Balkis, 2012) were carried out in the Mediterranean Sea,
with similar results.

A pioneering study on Turkish marine benthic dia-
toms was performed in the first half of 19" Century by
Ehrenberg (1844). His interest in Turkish marine diatoms
concerned the Sea of Marmara and Bosporus (Istanbul)
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regions. Ehrenberg described three new species from the
Sea of Marmara (Achnanthes bacillaris, Cocconeis mar-
garitifera, and Navicula decussata) and one new species
from Bosporus (Gallionella asperula). Then, in the early
20" Century, Hustedt (1930-1966) described Achnan-
thes orientalis (=Karayevia amoena (Hustedt) Bukh-
tiyarova), Stauroneis decipiens Hustedt and Nitzschia
capitellata Hustedt from the Sea of Marmara. Hustedt
also published some diatom records from Golden Horn,
Bosporus, which included the presence of Melosira du-
bia Kiitzing, M. nummuloides Agardh, Cocconeis notata
Petit and Mastogloia pumila Cleve (Hustedt, 1930-1966).
Recently, research on the diatoms from Western Turkey
was initiated and this activity resulted in the publication
of several diatom checklists (Koray 2001; Balkis, 2004;
Aysel, 2005; Tas & Okus, 2006). These checklists includ-
ed some benthic diatoms but they were primarily dedi-
cated to planktonic forms. Additionally, research on the
benthic diatom composition from Homa Lagoon, [zmir
province, resulted in some species being recorded for the
first time for the Turkish marine flora, including species
from Cocconeis, Fogedia, Mastogloia, Seminavis, Syne-
dra and Trachysphenia (Colak Sabanci, 2013; Colak Sa-
banci ef al., 2010, 2014). More recently, 31 new records
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of marine diatoms from the Black Sea coast at Sinop were
published by Kaleli et al. (2017).

Turkey has coasts on several seas (Black Sea, Marma-
ra, and the Mediterranean Sea), each differing from one
another in terms of environmental conditions. The signif-
icant factors differing throughout the year between the
marine coasts are salinity and water temperature (Tsim-
plis et al., 2004; Coll et al., 2010). The study area for
the present report is part of the southeastern Aegean Sea
coasts. This area has been shown to be a marine biodiver-
sity hotspot, exposed to alien species via the Suez Canal
(Coll et al., 2010).

The aim of'this study is to document the diatom species
observed for the first time on the Turkish Mediterranean
coasts of Dalyan, expand biogeographical knowledge of
marine diatoms, and contribute to a fuller understanding
of the Turkish marine diatom flora. For certain taxa treat-
ed here, we also indicate specific relationships between
taxa and their habitats.

Material and Methods

Dalyan Iztuzu Beach (36. 4202° N, 28. 4131° E) is
located on the southeastern coast of the Aegean Sea (Fig.
1). The Iztuzu Coast, which is 4.7 km long, is one of the
protected areas of the Turkish coasts, due to the presence
of nesting grounds of Caretta caretta (Linnaeus, 1758),
the loggerhead sea turtle. In the southern part of the coast,
Siiliiklii Lake is present. This lake is shallow and has a
mostly sandy bottom (Kaleli, 2019). In the northern part
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Aegean Sea

of the coast, the Dalyan River reaches the coast via the
Delta of Dalyan.

Sampling was carried out between 2012-2016 from 6
different locations along the coast of Dalyan. Epilithic di-
atom samples were collected from stones and rocks from
the southern coast by brushing, and epiphytic samples
were collected from both the northern and southern parts
of the beach by using plastic bags to collect host plants
and dislodge the epiphytes. Sand samples were taken
from the shoreline. Epipelic samples from Siiliiklii Lake
was collected with a spoon.

Samples were treated with 10 % HCI and washed
several times with distilled water in order to remove
carbonates. Then, the samples were prepared by boiling
with H,O, and washed with distilled water. Frustules
were air-dried and mounted with Naphrax. Light micro-
scopic (LM) observations were performed with Olympus
BX-51 microscope in the Biology Department and Nikon
Eclipse Ci-E microscope at Advanced Research Center
(DPU-ILTEM) of Kiitahya Dumlupinar University.

Diatom identification was aided with the following
references: Peragallo & Peragallo (1897-1908), Hustedt
(1930-1966), Hendey (1964), Simonsen (1987), Hartley
et al. (1996), Loir & Novarino (2014), Witkowski et al.
(2000), Witon & Witkowski (2006a), Wachnicka & Gais-
er (2007), Riberio (2010), and Alvarez-Blanco & Blanco
(2014).

Taxonomic classification and nomenclatural updates
on genera and taxa names were checked with Fourtanier
& Kociolek (2011), Guiry & Guiry (2019) and Kociolek
et al. (2019). Previously published phytoplankton check-
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Fig. 1: Overall view of Sampling Location (SS = Sampling Sites).
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Table 1. New recorded taxa list according to their presence in the substrates observed.

Taxa / Habitat

Epilithon

Epiphyton

Epipsammon

Achnanthes danica (F16gel) Grunow

Amphora cymbamphora Cholnoky

Anorthoneis vortex Sterrenburg

Ardissonea crystallina var. dalmatica (Kiitzing) Mills
Brachysira estonarium Witkowski, Lange-Bertalot & Metzeltin
Caloneis liber (Smith) Cleve

Catenula adhaerens (Mereschkowsky) Mereschkowsky
Cocconeis diaphana Smith

Cocconeis dirupta Gregory

Cocconeis pelta Schmidt

Cocconeis peltoides Hustedt

Cymatosira belgica Grunow

Cymatosira lorenziana Grunow

Delphineis minutissima (Hustedt) Simonsen
Dimeregramma minus var. nanum (Gregory) Van Heurck
Diplomenora cocconeiformis (Schmidt) Blazé
Eunotogramma marinum (Smith) H. Peragallo & M. Peragallo
Fallacia pseudony (Hustedt) Mann

Fallacia schaeferae (Hustedt) Mann

Grammatophora angulosa var. mediterranea Grunow
Licmophora ehrenbergii f. grunowii (Mereschkowsky) Witkowski
Mastogloia crucicula (Grunow) Cleve

Mastogloia emarginata Hustedt

Mastogloia ovalis A. Schmidt

Meloneis mimallis Louvrou, Danielidis & Economou-Amilli
Navicula arenaria var. rostellata Lange-Bertalot

Navicula lusoria Giffen

Neohuttonia reichardtii (Grunow) Hustedt

Nitzschia aequorea Hustedt

Nitzschia amabilis Suzuki

Nitzschia nanodissipata Chunlian Li & Witkowski

Nitzschia valdestriata Aleem & Hustedt

Plagiogramma pulchellum var. pygmaeum (Greville) H. Peragallo &

M. Peragallo
Plagiogramma tenuissimum Hustedt

Planothidium lilljeborgei (Grunow) Witkowski, Lange-Bertalot &
Metzeltin

Proschkinia bulnheimii (Grunow) Karayeva

Psammodictyon panduriforme var. continuum (Grunow) Snoeijs
Tetramphora sulcata (Brébisson) Stepanek & Kociolek
Trachysphenia acuminata Peragallo

Tryblionella marginulata (Grunow) Mann

—+

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

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

+ o+ o+ o+ o+ o+

+

+

+ o+ o+ o+
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lists by Koray (2001), Balkis (2004), Tas & Okus (2006)
and Goniilol (2018) were compared for the new records.

Results

This is the first study on benthic diatoms carried out
in the region. As a result, taxa belonging to 9 genera, in-
cluding Catenula Mereschkowsky, Cymatosira Grunow,
Dimeregramma Ralfs, Diplomenora Blazé, Eunotogram-
ma Weisse, Meloneis Louvrou, Danielidis & Econo-
mou-Amilli, Neohuttonia Kuntze, Plagiogramma Gre-
ville, and Tetramphora Mereschkowsky and a total of 40
species were identified as new records for marine benthic
flora of Turkish coasts. Descriptions and micrographs of
the diatoms follow below with information, including
habitat distributions (Table 1). For each taxon, valves
were measured and individual (n) valves are given in the
dimensions.

Description of the Taxa

Biddulphiaceae

Neohuttonia Kuntze, 1898

Neohuttonia reichardtii (Grunow) Hustedt (Fig. 2. A)

Basionym: Cerataulus reichardtii Grunow

References: Hustedt (1930-1966/1), p. 863, fig. 514;
Hustedt (1955), p. 9, pl. 4:23, 24; Witkowski et al. (2000),
p. 33, pl. 3: 12, 13; Al-Yamani & Saburova (2011), p. 55,
pl. 19: a-d

Dimensions: Valve length 23.3-37.0 pm, breadth 9.0-
11.9 um and 9-10 pervalvar rows in 10 um. (n=3).

Remarks: Found in rock scrape (epilithon) and sand
(epipsammon) samples. The taxon was first described
from the Adriatic Sea by Grunow (Cerataulus reichard-
tii), later observed at Milos Island, South Aegean Sea
(Louvrou, 2007). The distribution of N. reichardtii from
the Mediterranean was expanded to other oceans with re-
ports from the Virgin Islands and the Caribbean Sea by
Boyer (1927) and tropical and subtropical waters by Wit-
kowski et al. (2000).

Eunotogramma Weisse, 1854

Eunotogramma marinum (Smith) H. Peragallo & M.
Peragallo (Fig. 2. B)

Basionym: Himantidium marinum Smith

References: Peragallo & Peragallo (1897-1908), p.
343, pl. 82:36; Witkowski et al. (2000), p. 32, pl. 10: 1-3

Dimensions: Valve length 20.5-26.3 um, breadth 3.8
pum, 4 septa in 10 pm. (n=2).

Remarks: A few valves observed in the materials.
Valves semi-lanceolate and transapical ribs observed
both in girdle and valve view. The species was described
from the Atlantic coasts of France (Peragallo & Per-
agallo, 1897-1908) and also reported from western Baltic
Sea by Witkowski et al. (2000). Hendey (1974) reported
the species from the British coasts, and it was reported
from Guadeloupe Island in the western Atlantic coast
(Loir, 2011-2014).
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Plagiogrammaceae

Dimeregramma Ralfs, 1861

Dimeregramma minus var. nanum (Gregory) Van
Heurck (Fig. 2. C)

Basionym: Denticula nana Gregory

References: Hustedt (1930-1966/11), p. 119, fig. 641;
Witkowski et al. (2000), p. 29, pl. 11:3-9; Li et al. (2015).

Dimensions: Valve length 6.2-12.8 um, breadth 3.5-
5.6 pm and 10-15 striae in 10 pm. (n=5).

Remarks: Observed in epilithon. Valves rhombic
with sternum broader than in the nominate variety, also
differ in size. Here, the number of transapical striae (10-
15 in 10 pm) is lower than the values given by Hustedt
(1930-1966) and Witkowski et al. (2000) (14 in 10 um).
Distributed widespread in the oceanic coasts and the
Mediterranean; Japan (Sato et al., 2008), South Africa
(Giffen, 1975), Atlantic Ocean, Québec, (Poulin et al.,
1984), and the Mediterranean, (Hustedt 1930-1966; Lou-
vrou, 2007).

Plagiogramma Greville, 1859

Plagiogramma pulchellum var. pygmaeum (Gre-
ville) H. Peragallo & M. Peragallo (Fig. 2 D)

Basionym: Plagiogramma pygmaeum Greville

References: Peragallo & Peragallo (1897-1908), p.
338, pl. 82:3; Hustedt (1930-1966/11), p. 104, fig. 634;
p- 338, pl. 82:3; Witkowski et al. (2000), p. 38, pl. 10:13;
11:29, 30

Dimensions: Valve length 21 pum, breadth 6.4 pm 7
striae in 10 pm. (n=1).

Remarks: Rarely occurred in the epilithic samples.
Differs from the nominate variety by the smaller size.
The taxon was reported from the Persian Gulf (Hendey,
1970). observed by Peragallo & Peragallo (1897-1908)
from the Balearic Sea in the Mediterranean and Hustedt
(1930-1966/11), from Oman and New Caledonia by Wit-
kowski et al. (2000).

Plagiogramma tenuissimum Hustedt (Fig. 2. E)

References: Hustedt (1956), p. 106, fig. 6-8

Dimensions: Valve length 7.3-14.7 um, breadth 2.0-
2.7 um, which is in accordance with original description
by Hustedt (1956). (n=11).

Remarks: A few valves occurred in epilithon and
epipsammon. Valves elliptical, in girdle view rectangu-
lar. Two internal, transapical ribs (pseudosepta) visible in
both valve and girdle view. Hustedt (1956) described this
species from Lago Maracaibo in Venezuela. Witkowski et
al. (2000), p. 23, pl. 10: 33-35, identified this diatom as
Anaulus minutus Grunow. Plagiogramma tenuissimum 1is
recorded from the type habitat, Lago Maracaibo, Vene-
zuela, a coastal lagoon that connects with the Caribbean
Sea (Hustedt, 1956; Rodriguez, 2001) but also as an epip-
hyte from Brazilian coastal lagoons (Da Rosa & Garcia,
2015). Recently recorded for the first time for Black Sea
flora from Crimea (Nevrova, 2016)

Cymatosiraceae

Cymatosira Grunow, 1862
Cymatosira belgica Grunow (Fig. 2. F)

Medit. Mar. Sci., 21/1 2020, 201-215
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Fig. 2: A. Neohuttonia reichardtii (Grunow) Hustedt; B. Eunotogramma marinum (Smith) H. Peragallo & M. Peragallo; C. Di-
meregramma minus var. nanum (Gregory) Van Heurck; D. Plagiogramma pulchellum var. pygmaeum (Greville) H. Peragallo &
M. Peragallo; E. Plagiogramma tenuissimum Hustedt; F. Cymatosira belgica Grunow; G. Cymatosira lorenziana Grunow; H.
Grammatophora angulosa var. mediterranea Grunow; 1. Licmophora ehrenbergii f. grunowii (Mereschkowsky) Hustedt; J. Tra-
chysphenia acuminata Peragallo; K. Delphineis minutissima (Hustedt) Simonsen. Scale bar =10 pm.

References: Peragallo & Peragallo (1897-1908), p.
337, pl. 82:25; Witkowski et al. (2000), p. 27, pl. 10:18-
22; Dabek et al. (2017) fig. S1.: b.

Dimensions: Valve length 10.1-19.9 um, breadth 3.1-
5.0 pm and 11-13 striae in 10 pm. (n=11).

Remarks: Observed in epilithon. Marine and brackish
water species (Kociolek et al., 2019). Possibly cosmopol-
itan species in marine coasts and brackish waters. It was
reported from different coasts like Belgium, France (Per-
agallo & Peragallo, 1897-1908), Adriatic Sea (Vilicic et
al. 2002), and the Atlantic coasts of Argentian and Brazil
(Garibotti et al., 2011; Garcia, 2016).

Medit. Mar. Sci., 21/1, 2020, 201-215

Cymatosira lorenziana Grunow (Fig. 2.G)

References: Peragallo & Peragallo (1897-1908), p.
337, pl. 82:24; Foged (1984), p. 31, pl. 28:1-3; Witkowski
et al. (2000), p. 27, pl. 11:12-15; Al-Yamani & Saburova
(2011), p. 56, pl. 20: e-g; Dabek et al. (2017), fig. S1: c.

Dimensions: Valve length 12.3-24.3 pum, breadth 7.6-
9.6 pm and 8-11 striae in 10 pm. (n=9).

Remarks: Found in epilithic samples. Differs from
C. belgica by size and thombic valve outline with acute
endings. Species was described from the Adriatic Sea by
Grunow and reported by Hafner ef al. (2018a) also in the
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Mediterranean observed by Hustedt (1930-1999/1) and
Peragallo & Peragallo (1897-1908) from Villefranche
coasts and reported from Kuwait (Hendey, 1970; Al-Yama-
ni & Saburova, (2011) and Aegean Sea (Economou-Amil-
li, 1980; Foged, 1986). Taxa also have distribution in river
estuary found in the USA (Manoylov & Dominy, 2013).

Grammatophoraceae
Grammatophora Ehrenberg, 1840
Grammatophora angulosa var. mediterranea

Grunow (Fig. 2: H)

References: Peragallo & Peragallo (1897-1908), p.
358, pl. 88:18

Dimensions: Valve length 9.3-14.4 um, breadth 9.3-
16.8 um in girdle view and 15-17 striae in 10 um. (n=14).

Remarks: Found in epiphytic samples. Differs from
the nominate variety by the striae density. This taxon is
similar to G. hamulifera. However, in the latter taxon
undulating septa end with a ridge in the middle. In G.
angulosa var. mediterranea septa undulation is continu-
ous. Observed valves agree with the description given by
Peragallo & Peragallo (1897-1908).

Licmophoraceae

Licmophora Agardh, 1827

Licmophora ehrenbergii f. grunowii (Mereschkows-
ky) Hustedt (Fig. 2 1)

Basionym: Licmophora grunowii Mereschkowsky

References: Hustedt (1930-1966 / IT), p. 70, fig. 594;

Dimensions: Valve length 84.1 um, breadth 15.1 pum
and 9 striae in 10 pm. (n=1).

Remarks: This taxon occurred as an epiphyte on sea-
weeds. Differs from L. ehrenbergii f. ehrenbergii in terms
of size and blunt wedge-shaped head pole. In the material
studied, the nominate forma of L. ehrenbergii was found
in epilithon samples and separated from L. ehrenbergii
f. grunowii by wide wedge-shaped head-pole and larg-
er size. Honeywill (1998) mentioned that the nominate
forma of L. ehrenbergii has cuneate valve shape in gir-
dle view and spathulate and robust valves. Taxa reported
from the Black Sea, the Adriatic Sea and the Mediterra-
nean Sea (Guiry & Guiry, 2019). Giffen (1971) found the
species from the Atlantic Ocean coasts of South Africa
(Gordon’s Bay, Cape province).

Fragilariaceae

Trachysphenia Petit, 1877

Trachysphenia acuminata Peragallo (Fig. 2. J)

References: Hustedt (1955), p. 14, pl. 4:50-54; Wit-
kowski et al. (2000), p. 84, pl. 24: 17-19

Dimensions: Valve length 11.5-17.8 pm, breadth 3.6-
4.2 um and 14-16 striae in 10 pm. (n=2).

Remarks: A few valves observed in epilithic samples.
This taxon is distinguishable by produced rostrate apices
and rhombic valves. According to Hustedt (1955), valve
shape is characteristic and separates this species from 7.
australis. Reported from Mexican coasts (Lopez-Fuerte
& Siqueiros-Beltrones, 2016).

Rhaphoneidaceae
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Delphineis Andrews, 1977

Delphineis minutissima (Hustedt) Simonsen (Fig. 2. K)

Basionym: Rhaphoneis minutissima Hustedt

References: Simonsen (1987), p. 252, pl. 374:10-16;
Witkowski et al. (2000), p. 45, pl. 22: 11-14; Watanabe et
al. (2013), fig: 1-15

Dimensions: Valve length 7.6 um, breadth 6 pm, 12
transapical striae in 10 um. (n=1).

Remarks: A few valves were observed. Valves are
oblong with a very narrow sternum, transapical striae are
punctate. It is easily overlooked due to the very small size.
Taxa were described by Hustedt from North Sea (1939)
and distributed to brackish waters of UK (Watanabe et
al., 2013) to Atlantic coasts of Argentina (Sar et al., 2007)

Diplomenora Blazé, 1984

Diplomenora cocconeiformis (A. Schmidt) Blazé
(Fig. 3. A)

Basionym: Coscinodiscus cocconeiformis Schmidt

References: Witkowski ez al. (2000), p. 46, pl. 22:1, 2;
23:8-11; Al-Yamani & Saburova (2011), p. 62, P1. 24: a-f

Dimensions: Valve diameter 18.2-23.3 um and 13-15
striae in 10 pm. (n=6).

Remarks: Found in epilithic and epiphytic materials.
Hendey (1970) observed the species from Kuwait and
pointed out that the specimens he studied were almost
circular. Reported from the same location by Al-Yamani
& Saburova (2011), and from the oceanic coasts of South
Africa, New Zealand and Australia (Giffen, 1966; Foged
1978, 1979). Needs further biogeographic investigation
for the Mediterranean, can be confused with Neodetonia
superba (C. Janisch) S. Blanco.

Meloneis Louvrou, Danielidis & Economou-Amilli,
2013 (Fig. 3. B)

Meloneis mimallis Louvrou, Danielidis & Econo-
mou-Amilli

References: Louvrou ez al. (2012), p. 2, Figs. 1: A-E;
2:A-E

Dimensions: Valve length 19.6-30.4 pm, breadth
13.1-18 um and 7-9 striae in 10 um. (n=22).

Remarks: Observed on seaweeds but also in epili-
thon. This species has been described from the Greek
coasts of the Aegean Sea (Louvrou et al., 2012). Valves
observed have broader morphological distribution on the
Turkish coast of the Aegean Sea. Reported from the Mal-
lorca in the Mediterranean (Alvarez-Blanco & Blanco,
2014).

Ardissoneaceae

Ardissonea De Notaris, 1870

Ardissonea crystallina var. dalmatica (Kiitzing)
Mills (Fig. 3. C)

Basionym: Synedra dalmatica Kiitzing

Heterotypic synonym: Ardissonea fulgens var. dal-
matica ‘Kiitzing’ Mills 1933

References: Peragallo & Peragallo (1897-1908), p.
311, pl. 79:4

Dimensions: Valve length 129.1-129.8 um, breadth
8.0-10.8 um and 16-18 striae in 10 pm. (n=2).
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Remarks: Found in epilithic samples. In the mate-

rial studied A. crystallina var. dalmatica accompanied Achnantheceae
A. crystallina. Ardissonea crystallina was observed and Achnanthes Bory, 1822
illustrated on Izmir region coasts by Aktan (2001) and Achnanthes danica (F1gel) Grunow (Fig. 3. D)

Sabanci (2008). Ardissonea crystallina var. dalmatica Basionym: Cocconeis danica Flogel

differs from the nominate variety by the stria density. In References: Peragallo & Peragallo (1897-1908), p. 7,
the Mediterranean coasts, reported from Naples (Peragal-  pl. 2:1, 2; Witkowski ez al. (2000), p. 88, pl. 51:23-25

lo & Peragallo, 1897-1908). Dimensions: Valve length 29.0-35.8 um, breadth
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Fig. 3: A. Diplomenora cocconeiformis (Schmidt) Blazé; B. Meloneis mimallis Louvrou, Danielidis & Economou-Amilli; C.
Ardissonea crystallina var. dalmatica (Kiitzing) Mills; D. Achnanthes danica (Flogel) Grunow; E. Planothidium lillieborgei
(Grunow) Witkowski, Lange-Bertalot & Metzeltin; F. Anorthoneis vortex Sterrenburg; G. Cocconeis diaphana W. Smith; H. Coc-
coneis dirupta Gregory; 1. Cocconeis pelta Schmidt; J. Cocconeis peltoides Hustedt. Scale bar =10 pm.
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11.0-11.5 pm and in SV (sternum view) 14 striae in 10
pm. (n=2).

Remarks: Found in the epilithic samples. The spe-
cies is very similar to Achnanthes fimbriata. A. fimbriata
has lanceolate valves with acutely rounded apices while
A. danica has elliptic-lanceolate valves with slightly pro-
duced valve endings. In Witkowski et al. (2000) valve
dimensions are given higher than A. fimbriata and A.
danica has less stria in SV. Reported from the northern
European coasts (Witkowski et al., 2000).

Planothidium Round & Bukhtiyarova, 1996

Planothidium lilljeborgei (Grunow) Witkowski,
Lange-Bertalot & Metzeltin (Fig. 3. E)

Basionym: Achnanthes lilljeborgei Grunow

References: Schmidt (1874-1959), pl. 420:8, 9; Pera-
gallo & Peragallo (1897-1908), p. 8, pl. 2:6; Witkowski
et al. (2000), p. 121, pl. 49:1, 51:27-29; Witon & Wit-
kowski (2006a), figs.156, 157

Dimensions: Valve length 13.7-22.7 um, breadth 6.4-
8.8 pm and 10-13 striae in 10 pum. (n=4).

Remarks: Found in the epilithon. Only SV was ob-
served. Distinct with a wide sternum covered by puncta.
Loir (2010-2014) reported this taxon from the Adriatic
Sea coast of Greece. Found in the Faeroe Islands (Witon
et al., 2006b), Northern European coasts (Hustedt & Al-
eem, 1951).

Cocconeidaceae

Anorthoneis Grunow, 1868

Anorthoneis vortex Sterrenburg (Fig. 3. F)

References: Witkowski er al. (2000), p. 98, pl. 42:
23-25; Lobban et al. (2012), p. 286, pl. 39:5

Dimensions: Valve length 12.4-13.8 pm, breadth
11.6-11.8 um and 16-18 striae in 10 pm. (n=3).

Remarks: Observed both in epilithic and epiphytic
samples. This species is similar to Anorthoneis excen-
trica in valve outline and hyaline central area, however,
A. vortex is smaller. A marine, euryhaline species, it has
been reported from Guam (Lobban et al., 2012), Baltic
Sea (Snoeijs & Vilbaste, 1994) and British Islands by
Hendey (1964) and as 4. excentrica as mentioned in Wit-
kowski et al. (2000).

Cocconeis Ehrenberg, 1836

Cocconeis diaphana Smith (Fig. 3. G)

References: Smith (1853), p. 22; fig. 254; Alva-
rez-Blanco & Blanco (2014), p. 18, pl. 22:9; 23: 21-25

Dimensions: Valve length 19.5-24.0 pm, breadth
12.1-13.4 pm. (n=2).

Remarks: Marine species. Striae barely visible in
LM. In the material studied, only SV was observed. Re-
ported from the Atlantic coasts of France (Smith, 1853)
and Murcia in Spain by Alvarez-Blanco & Blanco (2014).
This taxon resembles Cocconeis molesta Kiitzing. How-
ever, C. molesta has narrower valves (7-8 pm broad, Wit-
kowski et al., 2000; Riaux-Gobin & Compere, 2008) as
compared to C. diaphana. Type material illustrations of
C. molesta in Riaux-Gobin & Compére (2008) reveals
distinctly bent raphe endings whereas C. diaphana the
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raphe endings are straight in SV.

Cocconeis dirupta Gregory (Fig. 3. H)

References: Schmidt A. (1874-1959), pl. 191, fig. 55;
Hustedt (1930-1966 / 1I), p.354, fig. 809; Witkowski et
al. (2000), p. 105, pl. 39: 1-5; 51: 5-8

Dimensions: Valve length 20.2 pm, breadth 11.4 pm
and 23 striae in 10 um. (n=3).

Remarks: A few valves were observed in the ma-
terial studied. This species resembles C. diaphana, but
its RV (raphe view) is characterized by the presence of a
sigmoid raphe, and transverse fascia. Widespread in the
Faeroe Islands (Witon et al., 2006b) and more broadly, in
the Atlantic Ocean (Stidolph, 2012). In the Adriatic re-
ported by Hafner ef al. (2018b).

Cocconeis pelta Schmidt (Fig. 3. 1)

References: Schmidt A. (1874-1959), pl. 191, fig.
6; Giffen (1970), p. 271, fig. 27, 28; Witkowski et al.
(2000), p. 111, pl. 41: 7-10

Dimensions: Valve length 17.3 um, breadth 12.3 pm
and 22 striae in 10 pm. (n=1).

Remarks: Only one SV valve was observed. It has a
wide sternum. This taxon is spread across warmer waters
(Giffen 1970; fig. 27) and also from the Baltic Sea (Wit-
kowski et al., 2000). This taxon also resembles Cocco-
neis germainii Riaux-Gobin, Witkowski & Romero. C.
germainii valves are small, narrower and elliptic (Ilength:
9.7-13.2 pm, breadth: 5-7.4 pm; length: 11-15.2 pm,
breadth: 5.8-8.5 um) (Riaux-Gobin et al., 2007, 2011, re-
spectively), material observed in this study has broader
valves but striae counts are similar to C. germainii (SV:
22.5-27in 10 um and 19.6-23.5 in 10 um) Riaux-Gobin et
al., 2007, 2011, respectively). Sar et al. (2003) observed
the species with lower striae count (14-18 in 10 um).

Cocconeis peltoides Hustedt (Fig. 3. J)

References: Snoeijs & Vilbaste (1994), p. 31, fig.
119; Hartley et al. (1996), p.122, pl. 53:1; Witkowski
et al. (2000), p. 112, pl. 38:1-9; Al-Yamani & Saburova
(2011), p. 83, pl. 53:g, h

Dimensions: Valve length 9.0-10.4 pum, breadth 6.1-
7.3 um and 12-14 striae in 10 um. (n=13).

Remarks: This is a cosmopolitan marine species. In
SV valves the transapical striac are crossed by longitu-
dinal lines between the valve middle and the margin. In
the material studied here, the striaec count was 12-14 in
10 um, which is slightly lower than given in Witkowski
et al. (2000). Hendey (1964, 1970) observed this species
in mud, on dead seaweeds or attached to sand grains.
In Dalyan, this taxon was observed in the epilithon and
epipsammon. In the Mediterranean observed in Neum
Bay, Bosnia & Herzegovina (Hafner et al., 2018Db).

Sellaphoraceae

Fallacia Stickle & Mann, 1990

Fallacia pseudony (Hustedt) Mann (Fig. 4. A)

Basionym: Navicula pseudony Hustedt

References: Hustedt (1955), p. 22, pl. 8:6,7; Simon-
sen (1987), p. 408, pl. 611:20-24; Round et al. (1990) p.
669, Witkowski et al. (2000), p. 210, pl. 71:23-30
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Dimensions: Valve length 8.9-12.0 pm, breadth 6.2-
6.7 um and 29 striae in 10 pm. (n=2).

Remarks: Observed in samples from the epilithon
and epiphyton. Simonsen (1987) and Witkowski et al.
(2000) agree F. pseudony is conspecific with F. oculi-
formis (Hustedt) Mann. Giffen (1975, 1976) reported
the species on the coasts of South Africa found the taxon
with lower stria density (21 in 10 um.). Hustedt’s type
habitat was Beaufort Bay, East Coast of the United States
(1955). This species has a very broad distribution in the
Atlantic Ocean and elsewhere (e.g., Riberio, 2010).

Fallacia schaeferae (Hustedt) D.G. Mann (Fig. 4. B)

Basionym: Navicula schaeferae Hustedt

References: Hustedt (1930-1966/1I), p. 545, fig.
1583; Simonsen (1987), p. 491, pl.751:20-22; Witkowski
et al. (2000), p. 212, pl. 70:29

Dimensions: Valve length 30.5-36.8 pm, breadth 7.3-
9.1 um and 26 striae in 10 pm. (n=5).

Remarks: Valves were found in the epipsammon.
Transapical striae of this species are difficult to resolve in
LM. In valves illustrated here, the stria density is slightly
lower than indicated in the description of Hustedt (1930-
1966) (28-32 in 10 um). It was previously recorded in the
North Sea (Hustedt 1930-1966) and from the Mediterra-
nean Sea (Witkowski et al., 2000).

Mastogloiaceae

Mastogloia Thwaites in Smith, 1856

Mastogloia crucicula (Grunow) Cleve (Fig. 4. C)

Basionym: Orthoneis crucicula Grunow

References: Cleve (1895), p.148; Hustedt (1955), p.
19, pl. 6:12; Hendey (1970); p. 145, pl.1:8; Witkowski et
al. (2000), p. 242, pl. 75:3; Lobban et al. (2012), p. 270,
pl. 26:6-7; 27:1; Loir & Novarino (2014), p. 25 pl. 6: b

Dimensions: Valve length 9.9-18.6 um, breadth 6.1-
8.4 pm and 18-21 striae in 10 pm. (n=7).

Remarks: Commonly occurred in epiphytic samples
from the Dalyan beach and Siiliiklii Lake. This taxon
possesses a distinct transverse fascia in the middle which
reaches the valve margins. Partecta interrupted in the
middle, 4 partecta in 10 um observed. Reported by Loir
(2010-2014) from the Greek Islands and Louvrou (2007)
from Milos Island. Foged (1986) observed reported taxa
from the Aegean coasts of Greece. In the Adriatic Coasts
found by Hafner et al. (2018a) and in the Mediterranean
by Loir (2011-2014).

Mastogloia emarginata Hustedt (Fig. 4. D)

References: Hustedt (1930-1966 / 1I), p. 476, fig.
896; Simonsen (1987), p. 94, pl. 134:5-7

Witkowski et al. (2000), p. 245, pl. 77: 9-12

Dimensions: Valve length 19.8 um, breadth 9.5 pm
and 23 striae in 10 pum. (n=1).

Remarks: This taxon was observed in the epilithon.
Partecta is weakly silicified. The raphe is slightly undu-
lating. Witkowski et al. (2000) indicated in Hustedt’s
drawings and Simonsen’s micrographs there are two dif-
ferent taxa present. Here, our specimens agree with the
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micrographs in Witkowski et al. (2000). The species was
previously reported from the Aegean Sea by Loir (2010-
2014) and Foged (1986).

Mastogloia ovalis Schmidt (Fig. 4. E)

References: Witkowski er al. (2000), p. 255, pl.
75:11-13; Lobban et al. (2012), p. 279, pl. 33:4-6; Loir &
Novarino (2014), p. 39, pl. 17: a

Dimensions: Valve length 14.5-17.1 pm, breadth 8.2-
9.8 um and 16-19 striae in 10 um. (n=9).

Remarks: Observed both in the epilithic and epiphyt-
ic samples. Valves elliptic, partecta in the middle, 3 in 10
um. Reported from the Mediterranean by Hustedt (1930-
1966) and Aegean Sea (Foged, 1986; Loir, 2010-2014).

Brachysiraceae

Brachysira Kiitzing, 1836

Brachysira estonarium Witkowski, Lange-Bertalot
& Metzeltin (Fig. 4. F)

References: Witkowski et al. (2000), p. 160, pl.
134:1-4

Dimensions: Valve length 19.6-26.4 pm, breadth 3.6-
4.0 um. (n=4).

Remarks: This taxon was observed in epilithic sam-
ples. This is a marine to brackish water species. This tax-
on resembles B. aponina; however, B. estonarium valves
are smaller and narrower (Witkowski et al. 2000 indicat-
ed B. aponina 14-35 pm long and 4-5.5 pm wide and B.
estonarium 11.5-29 pm long and 3-3.5 pm wide). Striae
of both species are not resolvable in LM. This species
was observed from Estonia and Mississippi Delta by Wit-
kowski et al. (2000), Karstic wetlands of Central America
(La Hee, 2010) and in samples from the Adriatic Sea sur-
rounding the Dubrovnik area (Witkowski & Car, unpub-
lished observations).

Naviculaceae

Caloneis Cleve, 1894

Caloneis liber (Smith) Cleve (Fig. 4. G)

Basionym: Navicula liber Smith

Heterotypic Synonyms: Navicula maxima Grego-
ry 1855, Navicula liber var. maxima (Gregory) Grunow
1867, Caloneis liber var. maxima (Gregory) Jorgensen
1905, Caloneis liber var. maxima (Gregory) Frenguelli
1939

References: Cleve (1894-1895), p. 54; Peragallo &
Peragallo (1897-1908), p. 71, pl. 9:5, 6; Hendey (1964),
p.229, pl. 29:2; Hartley et al. (1996), p. 102, pl. 43:1;
Witkowski et al. (2000), p.166, pl.152:9

Dimensions: Valve length 49.7-51.4 pm, breadth 8.5-
8.9 um and 18 striae in 10 um. (n=2).

Remarks: This taxon was found in the material stud-
ied. The species is considered cosmopolitan, an inhabitant
of the marine littoral zone. This species has been reported
from the Aegean Sea by Economou-Amilli (1980). In the
Adriatic Sea reported by Hafner ef al. (2018b). Caloneis
liber var. linearis was observed in the brackish Homa La-
goon in central Aegean coasts of Turkey (Colak Sabanci,
2008).
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Navicula Bory, 1822

Navicula arenaria var. rostellata Lange-Bertalot
(Fig. 4. H)

References: Witkowski et al. (2000), p. 267, pl. 116:
18-20; 129: 29

Dimensions: Valve length 32.1 pm, breadth 7.5 pm
and 9 striae in 10 um. (n=1).

Remarks: This taxon is differentiated by having a
large central area where transapical striae are interrupted
at the margins. Navicula arenaria var. rostellata differs
from the nominate variety by the linear-lanceolate valves.
It occurred in epilithon samples in the present study and
was previously reported from Crete by Loir (2010-2014).

Navicula lusoria Giffen (Fig. 4. 1)

References: Giffen (1975), p. 84, figs. 75-77; Wit-
kowski et al. (2000), p. 289, pl. 129: 11-14

Dimensions: Valve length 24.3 um, breadth 7.8 pm
and 13 striae in 10 um. (n=1).

Remarks: Valves are elliptical, with transapical striae
in the middle strongly radiate. This taxon was described
from South Africa Giffen (1975) and has also been report-
ed from Mexico (Lopez-Fuerte & Siqueiros-Beltrones,
2016), from Crete (Loir, 2010-2014) and the Aegean Sea
(Louvrou, 2007).

Proschkiniaceae

Proschkinia Karayeva, 1978

Proschkinia bulnheimii (Grunow) Karayeva (Fig. 4. J)

Basionym: Navicula bulnheimii Grunow

References: Witkowski et al. (2000), p. 340, pl. 147:
14-17

Dimensions: Valve length 28.9 um, breadth 4 pm.
(n=1).

Remarks: This taxon was found in the epilithic mate-
rial, but scarce. In the central area, a fistula is resolvable
in LM. Proschkinia bulnheimii can be differentiated from
the similar taxon P. complanata by size dimensions (P.
bulnheimii, 15-31 um long, 5-8 um broad; P. complanata,
25-75 um long and 4.0-7.5 um broad) (Witkowski et al.,
2000). This is a widespread marine species (Kociolek et
al.,2019).

Catenulaceae

Amphora Ehrenberg ex Kiitzing, 1844

Amphora cymbamphora Cholnoky (Fig. 4. K)

References: Witkowski et al. (2000), p. 136, pl. 164:
26-28

Dimensions: Valve length 33.5-36.5 pm, breadth 5.9-
7.0 pm and 12-13 dorsal striae in 10 um. (n=6).

Remarks: This species was observed in epipsammic
samples, inhabiting brackish to marine waters. Distinct
with the narrow axial area and straight ventral margin.
Valves observed here are slightly longer than reported by
Witkowski et al. (2000). Also, it was observed in the
brackish Siiliikli Lake near the coast of Dalyan. Louvrou
(2007) reported the species from the Aegean Sea.

Catenula Mereschkowsky, 1903
Catenula adhaerens (Mereschkowsky)
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Mereschkowsky (Fig. 4. L)

Basionym: Navicula adhaerens Mereschkowsky

References: Witkowski et al. (2000), p. 168, pl. 170:
1-12

Dimensions: Valve length 16.0-18.3 pum, breadth 2.0-
2.5 um. (n=4).

Remarks: This taxon was observed in epilithon sam-
ples. Valves are semi-elliptic in shape. Striae discernible
in LM. Sabbe & Vyverman (1995) and Tremarin & Lud-
wig (2008), reported on the occurrence of C. adhaerens in
estuarine sites. Widespread taxa (Guiry & Guiry, 2019).

Tetramphora Mereschkowsky, 1903

Tetramphora sulcata (Brébisson) Stepanek & Koci-
olek (Fig. 4. M)

Basionym: Amphora sulcata Brébisson

References: Peragallo & Peragallo (1897-1908), p.
213, pl. 47:7; Wachnicka & Gaiser (2007), p. 418, figs.
113-115; Stepanek & Kociolek (2016), p. 128, figs. 22-30

Dimensions: Valve length 27.7 pm, breadth 5.3 pm
and 20 dorsal striae in 10 pm. (n=1).

Remarks: This taxon was observed in samples from
the epilithon. Specimens observed in this study are slight-
ly smaller than given by Stepanek & Kociolek (2016, 35-
58 um long). However, other characters, including arched
dorsal margin and bi-arcuate raphe, agree well with the
description of Stepanek & Kociolek (2016) and illustra-
tion in Peragallo & Peragallo (1897-1908).

Bacillariaceae

Nitzschia Hassall, 1845

Nitzschia aequorea Hustedt (Fig. 4. N)

References: Simonsen (1987), p. 262, pl. 382:15-20;
Witkowski et al. (2000), p. 367, pl. 210: 14, 15

Dimensions: Valve length 18.1-22.9 pum, breadth 3.1-
3.8 um and 15-16 fibulae in 10 pm. (n=4).

Remarks: This taxon was observed widely, but was
somewhat more abundant in epilithon samples. Valves are
lanceolate with weakly capitate endings, while the tran-
sapical striae are discernible in LM. Reported from South
African coasts by Cholnoky (1961) and Giffen (1975).

Nitzschia amabilis Suzuki (Fig. 4. O)

Heterotypic Synonym: Nitzschia laevis Hustedt
1939, non Nitzschia levis (laevis) Frenguelli 1923

References: Witkowski et al. (2000), p. 387, pl.
190:1-6; Suzuki et al. (2010), p. 223; Rivera & Cruces
(2011), p. 95, fig. 1

Dimensions: Valve length 14.4-15.6 pm, breadth 4.5-
5.8 um and 9-10 fibulae in 10 um. (n=2).

Remarks: This taxon was found in epilithon samples.
This species resembles Psammodictyon rudum in terms
of valve outline. However, N. amabilis is less constrict-
ed in the middle, and the valve endings are short, ros-
trate, while in P. rudum the apices are roundly produced.
A new name was proposed by Hid. Suzuki in Suzuki et al.
(2010) for this taxon. Reported from Chile coasts (Rivera
& Cruces, 2011). Widespread marine species (Witkowski
et al., 2000).
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Fig. 4: A. Fallacia pseudony (Hustedt) Mann; B. Fallacia schaeferae (Hustedt) Mann; C. Mastogloia crucicula (Grunow) Cleve;
D. Mastogloia emarginata Hustedt; E. Mastogloia ovalis Schmidt; F. Brachysira estonarium Witkowski, Lange-Bertalot & Met-
zeltin; G. Caloneis liber (Smith) Cleve; H. Navicula arenaria var. rostellata Lange-Bertalot; J. Navicula lusoria Giffen; 1. Pro-
schkinia bulnheimii (Grunow) Karayeva; K. Amphora cymbamphora Cholnoky; L. Catenula adhaerens (Mereschkowsky) Mere-
schkowsky; M. Tetramphora sulcata (Brébisson) Stepanek & Kociolek; N. Nitzschia aequorea Hustedt; O. Nitzschia amabilis
Suzuki; P. Nitzschia nanodissipata Chunlian Li & Witkowski; Q. Nitzschia valdestriata Aleem & Hustedt; R. Psammodictyon
panduriforme var. continuum (Grunow) Snoeijs; S. Tryblionella marginulata (Grunow) Mann. Scale bar =10 pm.

Nitzschia nanodissipata Chunlian Li & Witkowski
(Fig. 4. P) terial. It may be confused with Nitzschia dissipata; how-

References: Witkowski et al. (2016), p. 188, fig. 3-d  ever, N. nanodissipata is much smaller. Dimensions of

Dimensions: Valve length 13.7 um, breadth 2.7 pm specimens studied here conform to those of N. nanodissi-
and 8 fibulae in 10 um. (n=1). pata (Witkowski et al., 2016).

Remarks: This taxon occurred in the epiphytic ma-

Medit. Mar. Sci., 21/1, 2020, 201-215 211



Nitzschia valdestriata Aleem & Hustedt (Fig. 4. Q)

References: Aleem & Hustedt (1951), p. 19, fig. 5; Si-
monsen (1987), pl. 551:9-13; Snoeijs & Vilbaste (1994),
p. 86, fig. 174; Hartley et al. (1996), p. 402, pl. 193:3;
Witkowski et al. (2000), p. 407, pl. 203:19-21; 207:14-16

Dimensions: Valve length 4.3-16.8 um, breadth 2.1-
2.8 um and 16-19 striae in 10 um. (n=120).

Remarks: This taxon was observed in epilithon and
epiphyton samples, but dominant in the epiphytic sam-
ples. This taxon is characterized as a cosmopolitan ma-
rine to freshwater species (Guiry & Guiry, 2019).

Psammodictyon D.G.Mann, 1990

Psammodictyon panduriforme var.
(Grunow) Snoeijs (Fig. 4. R)

Basionym: Nitzschia panduriformis var. continua
Grunow

Heterotypic synonym: Nitzschia panduriformis var.
continua Grunow 1880

References: Krammer & Lange-Bertalot (1988), fig.
38:6, 7; Snoeijs & Balashova (1998), p. 88; Witkowski et
al. (2000), p. 398, pl. 183:6

Dimensions: Valve length 12.2-17.1 pm, breadth 4.9-
6.3 pm and 20-21 striae in 10 pm. (n=3).

Remarks: This taxon was observed in epilithon sam-
ples. It differs from the nominate variety by its small-
er size and panduriform valve shape (Witkowski et al.,
2000). Snoeijs & Balashova (1998) reported taxa from
the Baltic Sea, also found in the Adriatic (Hafner, 2018b)
and the Black Sea (Nevrova, 2016)

continuum

Tryblionella Wm.Smith, 1853

Tryblionella marginulata (Grunow) D.G.Mann (Fig.
4.5)

Basionym: Nitzschia marginulata Grunow

References: Round ez al. (1990), p. 678; Witkowski
et al. (2000), p. 392, pl. 183: 4,5

Dimensions: Valve length 35 pum, breadth 10.7 um
and 16 striae in 10 um. (n=1).

Remarks: This taxon was observed in epilithic sam-
ples. It is a marine to brackish-water species. It was re-
ported previously from Aegean coasts (Loir, 2010-2014)
and Black Sea (Nevrova, 2016).

Discussion

Marine benthic diatom taxonomy of Turkish coastal
waters is a relatively new area of research. Some previ-
ous studies and checklists regarding marine diatoms have
been prepared; however, the number of taxa reported
so far is relatively low. Checklists (Koray 2001; Balkis,
2004; Aysel, 2005; Tas & Okus, 2006) and some other
taxonomical research (Ehrenberg, 1844; Hustedt, 1930-
1966; Colak Sabanci, 2013; Colak et al., 2010, 2014,
Kaleli et al., 2017) revealed that 65 centric diatoms and
249 pennate diatoms (for a total of 304 taxa) have been
documented for the Turkish coasts so far. In these sur-
veys, the Black Sea and Sea of Marmara were the areas
where most taxa have been reported. Navicula (46 taxa),
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Nitzschia (30 taxa) and Mastogloia (22 taxa) are the gen-
era with the highest numbers of taxa represented. This
study contributes additional taxa to the checklist of ma-
rine diatoms of Turkey for these genera: 2 for Navicula,
4 for Nitzschia and 3 for Mastogloia. Additionally, this
study adds nine additional genera to the list of Turkish
marine benthic diatoms. However, insufficient data from
the region has been a difficulty for comparisons of spe-
cies distributions in the Aegean Sea. The present report is
the first study of marine diatoms from the Dalyan region.
On the other hand, there have been a few previous stud-
ies on marine diatoms (Colak, 2008) from Turkey, and
from the other side of the Aegean Sea (Economou-Amil-
li, 1980; Foged, 1986; Louvrou et al., 2012; Loir, 2010-
2014). In these studies, some taxa were discussed biogeo-
graphically and taxonomically. Although there were not
many records of diatoms from the region, some species
habitat information was mentioned as additional data in
these studies.

From a biogeographic point of view, Neohuttonia re-
ichardtii was reported from the tropics and subtropics (in
Kuwait by Al-Yamani & Saburova (2011) and in Tanzania
by Foged (1975). Cymatosira belgica and C. lorenziana
were found in the epilithon in Dalyan coasts. These taxa
were previously reported from the Mediterranean (Al-
varez-Blanco & Blanco, 2014) and Greece (Loir, 2010-
2014), being more abundant from warm waters (Witkow-
ski et al. 2000). Meloneis mimallis was described from
Aegean coasts of Greece (Louvrou et al. 2012); this is
the second record of that species from the Aegean Sea.
Planothidium lilljeborgei has been reported from Faeroe
Islands Fjords (Witon & Witkowski, 2006a) extending its
biogeography to cold waters. Other species also reported
by Witon & Witkowski (2006a,) such as Cocconeis dir-
upta, were also observed at Dalyan.

A number of the recorded taxa and their distributions,
in general, reveal that this coastline integrates species
from both warm water environments as well as cold wa-
ter environments. That might indicate that the flora could
be quite extensive; unique not in new species, but unique
in community composition, supporting species from very
different temperature regimes.

Acknowledgements

Authors thank anonymous reviewers for their help-
ful comments on this manuscript. The authors also thank
Prof. Dr. hab Andrzej Witkowski for the opportunity to
work at the Institute of Marine and Environmental Scien-
ces (University of Szczecin, Poland) and to Genowefa
Daniszewska-Kowalczyk and Agnieszka Kierzek for
their assistance with the literature. This study is support-
ed by Kiitahya Dumlupiar University Foundation (Grant
no 2017-38).

Medit. Mar. Sci., 21/1 2020, 201-215



References

Aleem, A.A., Hustedt, F., 1951. Einige neue Diatomeen von der
Stidkiiste Englands. Botaniska Notiser, 1, 13-21.

Al-Yamani, F.Y., M.A., Saburova, 2011. [llustrated guide on the
benthic diatoms of Kuwaits Marine Environment. Primera
ed. Kuwait Institute for Scientific Research, Kuwait, 364 pp.

Aktan, Y., 2001. Studies on the Epiphytic and Epipelic Diatom As-
semblages and Their Seasonal Variations in the Littoral Zone
of Izmit. Ph.D. thesis. Istanbul University, Turkey, 95 pp.

Aysel, V., 2005. Check-list of the freshwater algae of Turkey.
Journal of Black Sea/Mediterranean Environment, 11,
1-124.

Balkis, N., 2004. List of phytoplankton of the Sea of Marmara.
Journal Black Sea/Mediterranean Environment, 10, 123-141.

Balkis, N., Tas, S., 2016. Phytoplankton of the Sea of Marma-
ra: A Review. In: The Sea of Marmara: Marine Biodiver-
sity, Fisheries, Conservation and Governance. p. 326-343.
Ozsoy, E., Cagatay, N., Balkis, N., Balkis, N., Oztiirk, B.,
(Eds). Turkish Marine Research Foundation (TUDAV), Is-
tanbul.

Balkis, N., Toklu-Ali¢h, B., 2014. Changes in phytoplankton
community structure in The Gulf of Bandirma, Marmara
Sea in 2006-2008. Fresenius Environmental Bulletin, 23,
2976-2983.

Bat, L., Sahin, F., Ustiin, F., Kideys, A., Satilm1s, H.H., 2007.
The qualitative and quantitative distribution in phytoplank-
ton and zooplankton of southern Black Sea of cape Sinop,
Turkey in 1999-2000. [EEE Oceans’07, IEEE Catalogue
Number: 07EX1527C; ISBN Number: 1-4244-0635-8; Li-
brary on Congress: 2006932314, 6 p.

Blanco, I.A., Blanco, S., 2014. Benthic Diatoms from Medi-
terranean Coasts. Bibliotheca Diatomologica Vol 60. Sch-
weizerbart Science Publishers, Stuttgart, 409 pp.

Blazé, K.L., 1984. Morphology of Diplomenora gen. nov. (Bacil-
lariophyta). British Phycological Journal, 19,217-225.

Boyer, C.S., 1927. Synopsis of North American Diatomaceae.
Proceedings of the Academy of Natural Sciences, 228 p.

Cholnoky, B.J., 1961. Ein Beitrag zur Kenntnis der Diatomeen-
flora der venetianischen Lagunen. Hydrobiologia, 17 (4),
287-325.

Cleve, P.T., 1894-1895. Synopsis of the naviculoid Diatoms.
1I. Kongliga Svenska Vetenskaps Akademiens Handlingar,
27 (3), 1-219.

Coelho, S., Gamito, S., Pérez-Rufaza, A., 2007. Trophic state of
Foz de Almargem coastal lagoon (Algarve, South Portugal)
based on the water quality and the phytoplankton communi-
ty. Estuarine Coastal and Shelf Science, 71,218-231.

Coll, M., Piroddi, C., Steenbeek, J., Kaschner, K., Ben Rais
Lasram, F. et al., 2010. The biodiversity of the Mediterra-
nean Sea: estimates, patterns, and threats. PLoS ONE, 5(8),
el11842, 1-36.

Colak Sabanci, F., 2008. Taxonomical investigation on the
epipelic, epiphytic and epilithic diatom communities in
Homa Lagoon (Izmir Bay, Aegean Sea) and these relation-
ships between environmental factors. Ph.D. thesis.
Ege University, Turkey, 211 pp.

Colak Sabanc, F., 2013. Species of Mastogloia (Bacillariophy-
ceae) - new for the Aegean coast of Turkey. Mediterranean
Marine Science, 14, 129-140.

Medit. Mar. Sci., 21/1, 2020, 201-215

Colak Sabanci, F., Koray, T., 2010. Four new records for the
benthic diatoms (Genera Cocconeis, Seminavis, Synedra,
and Trachysphenia) from the Aegean Sea. Turkish Journal
of Botany, 34, 531-540.

Colak Sabanci, F., Witkowski, A., 2014. Fogedia giffeniana
(Foged) Witkowski, Lange-Bertalot, Metzeltin & Bafana a
benthic diatom new to the Turkish Aegean Sea. Ege Journal
of Fisheries and Aquatic Sciences 31, 133-136.

Dabek, P., Ashworth, M.P., Witkowski, A., Li, C., Bornman,
T.G. et al., 2017. Towards a multigene phylogeny of the
Cymatosiraceae (Bacillariophyta, Mediophyceae) I: novel
taxa within the subfamily Cymatosiroideae based on mo-
lecular and morphological data. Journal of Phycology, 53
(2), 342-360.

Da Rosa, V.C., Garcia, M., 2015. Ecological guilds of epiphyt-
ic diatoms (Bacillariophyta) on Acrostichum danaeifolium
Léangst. & Fisch in a subtropical wetland in southern Brazil.
Acta Limnologica Brasiliensia, 27 (3), 311-321.

Deniz, N., Tas, S., 2009. Seasonal variations in the phytoplank-
ton community in the north-eastern Sea of Marmara and a
species list. Journal of the Marine Biological Association of
the United Kingdom, 89, 269-276.

Desrosiers, C., Leflaive, J., Eulin, A., Ten-Hage, L., 2013. Bio-
indicators in marine waters: Benthic diatoms as a tool to
assess water quality from eutrophic to oligotrophic coastal
ecosystems. Ecological Indicators, 32, 25-34.

Economou-Amilli, A., 1980. Marine Diatoms from Greece. I. Di-
atoms from the Saronikos Gulf. Nova Hedwigia, 32, 63-104.

Ehrenberg, C.G., 1844. Uber den Gehalt an unsichtbar kleinen
Lebensformen aus einigen von Hrn. Prof. Koch aus Con-
stantinopel eingesandten Proben der Meeres-Ablagerun-
gen im Marmara-Meer und im Bosporus. Bericht iiber
die zur Bekanntmachung geeigneten Verhandlungen der
Koéniglich-Preussischen Akademie der Wissenschaften zu
Berlin, 1843: 253-257.

Foged, N., 1975. Some littoral diatoms from the coast of Tanza-
nia. Bibliotheca Phycologica, 16, 1-127.

Foged, N., 1978. Diatoms in eastern Australia. Bibliotheca
Phycologica, 41,1-243. J. Cramer, Vaduz.

Foged, N., 1979. Diatoms in New Zealand, the North Island.
Bibliotheca Phycologica, 47,1-225. J. Cramer, Vaduz.

Foged, N., 1984. Freshwater and littoral diatoms from Cuba. Bib-
liotheca Diatomologica, Vol. 5. J. Cramer, Germany. 123 pp.

Foged, N., 1986. Diatoms in Gambia, diatoms in the Volo Bay,
Greece. Bibliotheca Diatomologica, 12, 1-221.

Fourtanier, E., Kociolek, J.P., 2011. Catalogue of Diatom
Names, California Academy of Sciences. http://research.
calacademy.org/research/diatoms/name s/index.asp (Ac-
cessed 26 January 2018).

Garcia, M., 2016. Taxonomy, morphology and distribution of
Cymatosiraceae (Bacillariophyceae) in the littorals of Santa
Catarina and Rio Grande do Sul. Biota Neotropica, 16 (2),
€20150139.

Garibotti, I.A., Ferrario, M.E., Almandoz, G.O., Castafios, C.,
2011. Seasonal diatom cycle in Anegada Bay, El Rincon eu-
starine system. Diatom Research, 26 (2), 227-241.

Giffen, M.H., 1966. Contributions to the diatom flora of South
Africa. IIl. Diatoms of the marine littoral regions at Kidd’s
Beach near East London, Cape Province, South Africa.
Nova Hedwigia, 13, 245-292.

213



Giffen, M.H., 1970. Contributions to the diatom flora of South
Africa. IV. The marine littoral diatoms of the estuary of
the Kowie River, Port Alfred, Cape Province. Beihefte zur
Nova Hedwigia, 31 (Fr. Hustedt Gedenkband), 239-312.

Giffen, M.H., 1971. Marine and littoral diatoms from the Gor-
don’s Bay region of False Bay, Cape Province, South Afri-
ca. Botanica Marina, 14, 1-16.

Giffen, M.H., 1975. An account of the littoral diatoms from
Langebaan, Saldanha Bay, Cape Province, South Africa.
Botanica Marina, 18, 71-95.

Giffen, M.H. 1976. A further account of the marine littoral di-
atoms of the Saldanha Bay Lagoon, Cape Province, South
Africa. Botanica Marina, 19, 379-394.

Goniilol, A., 2018. Turkish algae electronic publication. http://
turkiyealgleri.omu.edu.tr (Accessed 26 January 2018).

Guiry, M.D., Guiry, G.M., 2019. AlgaeBase. World-wide elec-
tronic publication, National University of Ireland, Galway.
http://www.algaebase.org (Accessed 8 January 2019).

Hafner, D., Jasprica, N., Car, A., 2018a. Taxonomic survey of
benthic diatoms in Neum Bay, Southeastern Adriatic. Natu-
ra Croatica, 27 (1), 1-26.

Hafner, D., Car, A., Jasprica, N., Kapetanovi¢, T., Dupci¢
Radi¢, 1., 2018b. Relationship between marine epilithic
diatoms and environmental variables in oligotrophic bay,
NE Mediterranean. Mediterranean Marine Science, 19 (2),
223-239.

Hartley, B., Barber, H.G., Carter, J.R., 1996. An Atlas of British
Diatoms. Biopress Ltd, Bristol, 601 pp.

Hendey, N.1., 1964. An Introductory Account of the Smaller Al-
gae of British Coastal Waters. Part V: Bacillariophyceae
(Diatoms). Fishery Investigations, Series IV. Her Majesty’s
Stationery Office, London, 317 pp.

Hendey, N.I., 1970. Some littoral diatoms of Kuwait. Nova
Hedwigia, 31,107-67.

Hendey, N.I., 1974. A revised check-list of British marine dia-
toms. Journal of the Marine Biological Association of the
United Kingdom, 54, 277-300.

Honeywill, C., 1998. A study Of British Licmophora species
and a discussion of its morphological features. Diatom Re-
search, 13,221-271.

Hustedt, F., 1930-1966. Die Kieselalgen. Dr. L. Rabenhorst’s
Kryptogamen-Flora von Deutschland, Osterreich und der
Schweiz. Bd. V11, part I, i-xii, 1-920; part I, i-ix, 1-845; part
111, 1-816. Leipzig. Schweiz.

Hustedt, F., 1955. Marine littoral diatoms of Beaufort, North
Carolina. Duke University Marine Station Bulletin, 6, 1-67.

Hustedt, F., 1956. Diatomeen aus dem Lago de Maracaibo in
Venezuela. Ergebnisse der deutschen limnologischen Vene-
zuela-Expedition 1952, Band 1. Deutscher Verlag der Wis-
senschaften Berlin, 93-140 pp.

Hustedt, F., Aleem, A.A., 1951. Littoral diatoms from the
Salstone, near Plymouth. Journal of the Marine Biological
Association of the United Kingdom, 30 (1), 177-196.

Kaleli, A. 2019. Benthic Diatom Composition of Iztuzu Coastal
Lake, Dalyan (Aegean Sea, Turkey). Aquatic Sciences and
Engineering, 34 (4), 122-130.

Kaleli, M.A., Kulikovskiy, M.S., Solak, C.N., 2017. Some new
records for Marine Diatoms of Turkey from Akliman, Si-
nop (Black Sea). Turkish Journal of Fisheries and Aquatic
Sciences. 17, 1387-1395.

214

Kociolek, J.P., Balasubramanian, K., Blanco, S., Coste, M.,
Ector, L. et al.,, 2019. DiatomBase. http://www.diatombase.
org on 2017-08-31 (Accessed 8 January 2019).

Koray, T., 2001. A check-list for phytoplankton of Turkish
Seas. E.U. Journal of Fisheries & Aquatic Sciences, 18 (1-
2), 1-23.

Krammer, K., Lange-Bertalot, H., 1988. Bacillariophyceae,
2. Teil: Bacillariaceae, Epithemiaceae, Surirellaceae. In:
Siifswasserflora von Mitteleuropa, Band. 2/2. Ettl, H., Ger-
loff, J., Heynig, H., Mollenhaues, D. (Eds). G. Fischer Ver-
lag, Stuttgart, 596 pp.

La Hee, J.M., 2010. The Influence of Phosphorus on Periphy-
ton Mats from the Everglades and Three Tropical Karstic
Wetlands. Ph.D. thesis. Florida International University,
Florida, 200pp.

Lange-Bertalot, H., Genkal, S.I., 1999. Diatoms from Siberia I.
Islands in the Arctic Ocean (Yugorsky Shar Strait). Icono-
graphia Diatomologica, 6, 1-295.

Li, C.L, Ashworth, M.P, Witkowski, A., Dabek, P., Medlin, L.K.
etal., 2015. New insights into Plagiogrammaceae (Bacillar-
iophyta) based on multigene phylogenies and morphologi-
cal characteristics with the description of a new genus and
three new species. PLoS ONE 10(10): ¢0139300.

Lobban, C.S., Schefter, M., Jordan, R.W., Arai, Y., Sasaki, A. et
al., 2012. Coral-reef diatoms (Bacillariophyta) from Guam:
new records and preliminary checklist, with emphasis on
epiphytic species from farmer-fish territories. Micronesica,
43, 237-479.

Loir, M., 2010-2014. Marine benthic diatoms. http://www.di-
atomloir.eu/Site Diatom/Communities.html. (Accessed 20
January 2018).

Loir, M., Novarino, G., 2014. Marine Mastogloia Thwaites ex
W. Smith and Stigmaphora Wallich species from the French
Lesser Antilles. In: Diatom monographs 6. Witkowski, A.,
(Ed.), Koeltz Scientific Books, Konigstein, 133 pp.

Lopez-Fuerte, F.O., Siqueiros-Beltrones, D.A., 2016. A check-
list of marine benthic diatoms (Bacillariophyta) from Mex-
ico. Phytotaxa, 283, 201-258.

LouvRou, 1., 2007. Periphyton and its colonization in marine
hydrothermal regions of island Milos (Greece). Ph.D. The-
sis, University of Athens, Greece, 447 pp.

Louvrou, 1., Danielidis, D.B., Economou-Amilli, A., 2012.
Meloneis gen. nov., a new epipsammic genus of Rhaphonei-
daceae (Bacillariophyceae). PLoS ONE, 7 (3), 1-7.

Manoylov, K.M., Dominy, J.N., 2013. Changes in epipelic dia-
tom diversity from the Savannah River estuary. Journal of
Enviromental Protection, 4, 172-179.

Nevrova, E.L., 2016. The composition and structure of the ben-
thic diatom taxocene (Bacillariophyta) near Cape Fiolent
(the Crimea, the Black Sea). Russian Journal of Marine
Biology, 42 (5), 392-401.

Ozman-Say, A.N., Balkis, N., 2012. Phytoplankton assembla-
ges in the coastal zone of the Gulf Of Iskenderun - North
Eastern Mediterranean. Pakistan Journal of Botany, 44,
1785-1798.

Peragallo, H. & Peragallo, M., 1897-1908. Diatomees marines
de France et des district maritimes voisins. M.J. Tempere,
Grez- sur-Loing, 491 pp.

Riberio, L.L.C.S., 2010. Intertidal benthic diatoms of the Tagus
estuary: taxonomic composition and spatial-temporal vari-

Medit. Mar. Sci., 21/1 2020, 201-215



ation. Ph.D. Thesis. University of Lisboa, Lisboa, 441 pp.

Riaux-Gobin, C., Compere, P.,2008. New Cocconeis Taxa from
Coral Sands off Réunion Island (Western Indian Ocean).
Diatom Research, 23, 129-146.

Riaux-Gobin C., Compére, P., Al-Handal, A.Y., 2011. Species
of the Cocconeis peltoides group with a marginal row of un-
usual processes (Mascarenes and Kerguelen Islands, Indian
Ocean). Diatom Research, 26, 325-338.

Riaux-Gobin, C., Witkowski, A., Romero, O.E., 2007. Cocco-
neis germainii sp. nov. and related taxon from Kerguelen
Archipelago (Austral Ocean, Indian Sector). Diatom Re-
search, 22 (2), 329-340.

Rivera, P., Cruces, F., 2011. Primer registro para Chile de las
diatomeas marinas Nitzschia amabilis, Nitzschia elegantu-
la'y Chaetoceros muelleri var. subsalsum. Revista de Bi-
ologia Marina y Oceanografia, 46 (1), 95-99.

Rodriguez, G., 2001. The Maracaibo system, Venezuela. In:
Coastal Marine Ecosystems of Latin America. Ecological
Studies 144. Seeliger, U., Kjerfve, B. (Eds). Springer, Ber-
lin, 47-60 pp.

Round, F.E., Crawford, R.M., Mann, D.G., 1990. The Diatoms.
Biology & Morphology of the genera. Cambridge Universi-
ty Press, Cambridge, 747 pp.

Sabbe, K., Vyverman, W., 1995. Taxonomy, morphology and
ecology of some widespread representatives of the diatom
genus Opephora. European Journal of Phycology, 30, 235-
249.

Sar, E.A., Romero, O., Sunesen, 1., 2003. Cocconeis Ehren-
berg and Psammococconeis Garcia (Bacillariophyta) from
the Gulf of San Matias, Patagonia, Argentina. Diatom Re-
search, 18 (1), 79-106.

Sar, E.A., Sunesen, 1., Fernandez, P.V., 2007. Marine diatoms
from Buenos Aires coastal waters (Argentina). II. Thalas-
sionemataceae and Rhaphoneidaceae. Revista Chilena de
Historia Natural, 80, 63-79.

Sato, S., Watanabe, T., Crawford, R.M., Kooistra, W.H.C.F.,
Medlin, L.K., 2008. Morphology of four plagiogrammace-
an diatoms; Dimeregramma minor var. nana, Neofragilaria
nicobarica, Plagiogramma atomus and Psammogramma
vigoensis gen. et sp. nov., and their phylogenetic relations-
hip inferred from partial large subunit rDNA. Phycological
Research, 56, 255-268.

Schmidt, A., 1874-1959. Atlas der Diatomaceen-kunde, Vol
1-120. R. Reisland, Ascherleben, Leipzig.

Simonsen, R., 1987. Atlas and catalogue of the diatom types of
Friedrich Hustedt. J. Cramer, Berlin, 772 pp.

Smith, W., 1853. 4 synopsis of the British Diatomacece: with
remarks on their structure, functions and distribution; and
instructions for collecting and preserving specimens, pls
1-31. John Van Voorst, London, 89 pp.

Snoeijs, P., Vilbaste, S., 1994. Intercalibration and distribution of
diatom species in the Baltic Sea, Volume 2, The Baltic Marine
Biologist Publication, 16b. Opulus Press, Uppsala, 126 pp.

Medit. Mar. Sci., 21/1, 2020, 201-215

Snoeijs, P., Balashova N. 1998. Intercalibration and distri-
bution of diatom species in the Baltic Sea, Volume 5, The
Baltic Marine Biologist Publication, 16e, Opulus Press,
Uppsala, 144 pp.

Stepanek, J.G., Kociolek, J.P., 2016. Re-examination of Mere-
schkowsky’s genus Tetramphora (Bacillariophyta) and its
separation from Amphora. Diatom Research, 31, 123-148.

Stidolph, S.R., Sterrenburg, F.A.S., Smith, K.E.L., Kraberg, A.,
2012. Stuart R. Stidolph Diatom Atlas. U.S. Geological Sur-
vey Open-File Report 2012-1163, 199 pp.

Suzuki, H., Nagumo, T., Tanaka, J., 2010. Nitzschia amabilis
nom. nov., a new name for the marine species N. laevis
Hustedt. Diatom Research, 25 (1), 223-224.

Tas, S., 2014. Phytoplankton composition and abundance in
the coastal waters of the Datca and Bozburun Peninsulas,
south-eastern Aegean Sea (Turkey). Mediterranean Marine
Science, 15, 84-94.

Tas, S., Okus, E., 2006. Investigation of qualitatively phyto-
plankton in the Turkish Coasts of Black Sea and a species
list. J. Black Sea/Mediterranean Environment, 12, 181-191.

Tremarin, P.I., Ludwig, T.V., 2008. Anorthoneis dulcis Hein:
First Record in South America. Diatom Research, 23, 213-
220.

Tsimplis, M.N., Josey, S.A., Rixen, M., Stanev, E.V., 2004. On
the forcing of sea level in the Black Sea. Journal of Geo-
physical Research, 109.

Van Heurck, H., 1880. Synopsis des Diatomées de Belgique.
Texte: Atlas: 132 pl. Van Heurck, Anvers, 235+120 pp.
Wachnicka, A.H., Gaiser, E.E., 2007. Characterization of Am-
phora and Seminavis from south Florida, U. S. A. Diatom

Research, 22, 387-455.

Watanabe, T., Tanaka, J., Reid, G., Kumada, M., Nagumo, T.,
2013. Fine structure of Delphineis minutissima and D. su-
rirella (Rhaphoneidaceae). Diatom Research, 28, 445-453.

Witkowski, A., Lange-Bertalot, H., Metzeltin, D., 2000. Dia-
tom Flora of Marine Coasts I. In: Icon. Diatoml. 7. Lan-
ge-Bertalot, H. (Ed). Koeltz Scientific Books, Konigstein,
1-925 pp.

Witkowski, A., Li, C., Zgtobicka, 1., Yu, S.X., Ashworth, M. et
al., 2016. Multigene assessment of biodiversity of diatom
(Bacillariophyceae) assemblages from the littoral zone of
the Bohai and Yellow Seas in Yantai Region of Northeast
China with some remarks on ubiquitous taxa. Journal of
Coastal Research, 74, 166-195.

Witon, E., Witkowski, A., 2006a. Holocene diatoms (Bacillar-
iophyceae) from Faroe Islands Fjords, Northern Atlantic
Ocean. II. Distribution and taxonomy of marine taxa with
special reference to benthic forms. Diatom Research, 21
(1), 175-215.

Witon, E., Malmgren, B., Witkowski, A., Kuijpers, A., 2006b.
Holocene marine diatoms from the Faeroe Islands and their
paleoceanographic implications. Palaeogeography, Palae-
oclimatology, Palaeoecology, 239, 487-509.

215


http://www.tcpdf.org

