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Abstract

In the present paper, the results of the new study on the benthic marine flora of the
Marmara Sea (Turkey) are reported. Sampling was made from 25 different localities of
the Marmara Sea from 2015 to 2017 by snorkerling and SCUBA diving. In total, 320
marine algal and four seagrass taxa at specific and infraspecific levels were found, seven
of which are newly reported from Turkey, and 17 taxa are reported as alien in the
Marmara Sea.
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Introduction

The Marmara Sea with its two extensions, Canakkale and Istanbul Straits, are
called the Turkish Straits System which connects the Black Sea with the Aegean
Sea in the eastern Mediterranean and separates Asia from Europe. The
hydrodynamic regime of the Marmara Sea is characterized by a deep current
from the Mediterranean Sea to the Black Sea and a shallow current from the the
Black Sea to the Mediterranean Sea via the Turkish Straits System. The salinity
of the deeper layer is higher than that of the shallower one (Ozsoy 2016).

Due to its historical past, the area attracted botanists since pre-Linnean name.
Using polynomials, Buxbaum (1728, 1729) described and illustrated several
species from Istanbul and the Princes Islands. Until the turn of the 19th century
and shortly after, Forsskal (1775), Lamouroux (1822), Grisebach (1844), Rigler
(1852), Fritsch (1899), and Sauvageau (1912) made floristic contributions. By
the middle of the 20th century, the modern study of seaweeds was started with
Ozt1g (1957, 1962), Giiven and Oztig (1971), Zeybek and Giiner (1973), Aysel



et al. (1991, 1993, 2000, 2006), Giiven et al. (1991), Atabey (1998), Kog¢ and
Aydin (2001), Erdugan et al. (2002), Turna and Ertan (2005), Taskin (2008,
2012, 2013a,b, 2014a,b, 2016), Taskin et al. (2003, 2006, 2012), Taskin and
Oztiirk (2007), Taskin and Pedersen (2012), Taskin and Wynne (2013), and
Taskin and Sukatar (2013). Marine angiosperms have been studied by Yiiksek
and Okus (2004), Meinesz et al. (2009), Cirik et al. (2010), Cirik and Akg¢ali
(2013).

The most complete floristic lists of marine macrophytes (macroalgae and
angiosperms) from the Marmara Sea are found in Tagkin et al. (2008) and Aysel
et al. (2010) who reported 401 taxa at specific and infraspecific level (102
brown algae, 225 red algae, 71 green algae, and four marine angiosperms, 20 of
which alien in the Marmara Sea) and 494 taxa at specific and infraspecific level
(including 106 Phaeophyceae, 283 Rhodophyta, 101 Chlorophyta and four
Spermatophyta), respectively.

The present study includes the number to a total of four seagrasses and 320
marine algal taxa at specific and infraspecific levels, seven of which are
reported for the first time from Turkey. Seventeen taxa are reported as
introduced to the Marmara Sea.
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Figure 1. Map of the Marmara Sea showing sampling sites
1-Intepe; 2-Canakkale; 3-Eceabat; 4-Gelibolu; 5-Sarkdy; 6-Tekirdag; 7-M.Ereglisi; 8-
Silivri; 9-Biiyiikcekmece; 10-Kiiciikcekmece; 11-Halig; 12-Uskiidar; 13-Princes Islands;
14-Hereke; 15-Kocaeli; 16-Yalova; 17-Armutlu; 18-Gemlik; 19-Mudanya; 20-Susurluk-
Bogaz; 21-Bandirma; 22-Erdek; 23-Pasalimani Island; 24-Karabiga; 25-Lapseki



Materials and Methods

Sampling was made from 25 different localities in the Marmara Sea (Turkey)
between 2015-2017 (Figure 1). Materials were collected by snorkelling and
SCUBA-diving, and specimens were preserved in 2-5% formaldehyde in sea
water. The samples were studied using a light microscope (Nikon SE, Tokyo,
Japan), and photographs were taken by digital camera (Nikon P5100, Nikon SE,
Tokyo, Japan). Voucher specimens were deposited in the personal herbarium of
Erglin Taskin (ET) in the Department of Biology of the Manisa Celal Bayar
University (Manisa, Turkey). Taxonomy and nomenclature followed Guiry and
Guiry (2018).

Results

The Marmara Sea (especially Gemlik Bay, Izmit Bay) is known as a polluted
area due to anthropogenic disturbance, industrial complexes, wastewater,
agriculture, oil pollution, efc. (Aydnol et al. 2012), and where the opportunistic
marine macroalgal species are dominant (e.g. Ulva spp., Cladophora spp.,
Ceramium spp., Gracilaria gracilis, etc.) (Taskin 2016). However, the western
part is known to be less polluted, and where several sensitive taxa are common
(e.g. Cystoseira spp., Posidonia oceanica, Cymodocea nodosa) (Taskin 2016).

In the present study, a total of 320 marine algal taxa [97 brown algae
(Phaeophyceae) (30%), 159 red algae (Rhodophyta) (49%), 64 green algae
(Chlorophyta) (20%)] and four seagrasses taxa at specific and infraspecific
levels are reported (Appendix 1). The genera with the highest number of species
(and/or infraspecific taxa) were: Ulva (17 taxa), Cladophora (15 taxa),
Ceramium (13 taxa), Polysiphonia (11 taxa), Ectocarpus (10 taxa), Cystoseira
(9 taxa), and Acrochaetium (7 taxa) (Appendix 1).

Seven taxa are reported for the first time from Turkey: the brown algae
Ectocarpus fasciculatus var. refractus, Ectocarpus siliculosus var. pygmaeus,
Herponema sp., the red alga Erythrotrichia bertholdii, the green algae Ulva cf.
australis, Ulva flexuosa subsp. paradoxa, and Ulva rotundata - Ulva cf.
australis being an introduced species in the Mediterranean Sea.

New records for the Turkish marine algal flora

Ectocarpus fasciculatus var. refractus (Kiitzing) Ardissone: Thallus
filamentous, branched, recurved branches are usually found in the upper part of
the thallus, uniseriate, the cells of erect filaments containing ribbon-shaped
chloroplasts, phaeophycean hairs absent, to 2 cm high; plurilocular sporangia
common, terminal or lateral, 80-150 um long, 25-35 pum broad (Figure 2a).
Unilocular sporangia are absent in the Turkish material. This taxon was
collected from Gelibolu, in May 2015. Plurilocular sporangia reported by
Cormaci et al. (2012) are also different in size (30-100 x 15-30 um), and they
also reported unilocular sporangia in this taxon. In the Danish material,
plurilocular sporangia are reported (30-125 x 14-37 um) by Rosenvinge and



Lund (1941). Miller (1972) reported that the life history of Ectocarpus
fasciculatus var. refractus and Ectocarpus draparnaldioides P.L. & H.M.
Crouan ex Kjellman belong to the same taxon.

Figure 2. New records for Turkish marine algal flora. Ectocarpus fasciculatus var.
refractus, branching and plurilocular sporangia (arrowheads) (a) (Scale bar: 100 pm).
Ectocarpus siliculosus var. pygmaeus, main filament (b) (Scale bar: 100 um),
plurilocular sporangia (arrowhead) (c) (Scale bar: 50 um), the cells of the main filament
and ribbon-shape chloroplasts (arrow) (d) (Scale bar: 50 pm). Herponema sp., habit and
plurilocular sporangia (arrows) (e) (Scale bar: 25 pum). Erythrotrichia bertholdii, basal
part of habit (f) (Scale bar: 50 pm).

Ectocarpus siliculosus var. pygmaeus (Areschoug) Gallardo: Thallus
filamentous, unbranched, uniseriate, the cells of erect filaments 35-50 pm long,
15-20 pm broad, and each cell contains ribbon-shaped chloroplasts,
phaeophycean hairs absent, to 1 cm high; epiphytic on Cystoseira amentacea
var. stricta, plurilocular sporangia terminal or lateral, 70-90 um long, 15-25 pm
broad (Figure 2b-d). Unilocular sporangia are absent in the Turkish material.
This taxon was collected from Gelibolu, in May 2015. In Cormaci ef al. (2012),
plurilocular sporangia are also reported different in size (45-190 x 15-34 pum),
and they also reported unilocular sporangia in this taxon. The Turkish material
is similar to the Danish material, plurilocular sporangia are also reported a few
different in size (27-66 x 11-16.5 pm) (Rosenvinge and Lund 1941).

Herponema sp. (Bornet ex Sauvageau) Hamel: Thallus filamentous,
endophytic, the cells of the endophytic filaments 7.5-10 um long; plurilocular



sporangia 35-45 pm long, 20 um broad (Figure 2e). Unilocular sporangia are
absent in the Turkish material. This species was collected from Lapseki, in May
2015. Plurilocular sporangia are also reported different in size (50-72 x 30-35
pm) by Cormaci et al. (2012).

Erythrotrichia bertholdii Batters: Thallus erect, purple-red color, filamentous,
filaments uniseriate below, 10-15 um in diameter and multiseriate above, 25-30
pm in diameter, found rarely, epiphytic on Cystoseira spp. (Figure 2f). This
species was collected from Canakkale, Gelibolu and Pasalimani Island, in May
2015.

Ulva cf. australis Areschoug: Thallus erect, to 20-25 cm long, flattened,
epilithic, parenchymatous; whole margin without spines, the cells in surface
view isodiametric to elongate (15-20 x 15-25 pm), the cells contain 1-2
pyrenoids, and blades two cells thick in transverse section (Figure 3a-c). This
species was collected from Princes Islands, in May 2015. This alien and
invasive species was introduced to the Mediterranean Sea via mollusc farming
(Cormaci et al. 2014). Ulva australis Areschoug was given synonym of Ulva
rigida C.Agardh by Sfriso (2010), while it was given current name by Cormaci
et al. (2014). Ulva australis differs from Ulva rigida by pyrenoid numbers [(1-)
2-3 (-4) in U. rigida], and from U. laetevirens by pyrenoids shown in the cells
(pyrenoids shown only in some cells in U. laetevirens, Cormaci et al. 2014).
Hanyuda and Kawai (2018) confirming that Ulva pertusa Kjellman is a
synonym of Ulva australis, and they suggested that U. australis was introduced
to Australia.

Ulva flexuosa subsp. paradoxa (C.Agardh) M.J.Wynne: Thallus filamentous,
main axes are multiseriate, 0.2-0.5 mm broad, branches are uniseriate (Figure
3d-e); the cells contain 4-5 pyrenoids. This taxon was abundantly found on the
marine phanerogam Cymodocea nodosa, collected from Erdek, in November
2015. This taxon has a different number of pyrenoids by several authors (i.e. 10-
20 pyrenoids were reported by Sfriso 2010). Ulva flexuosa subsp. paradoxa
differs from Ulva flexuosa subsp. flexuosa by numerous uniseriate branchlets
(Cormaci et al. 2014).

Ulva rotundata Bliding: Thallus erect, to 1-2 cm long, flattened,
parenchymatous, epiphytic on the red alga Gymmnogongrus griffithsiae, cells
containing a parietal chloroplast with 1-3 pyrenoids (Figure 3f-g). This species
was collected from Yalova, in March 2016. This species was given as a new
name (Ulva pseudorotundata Cormaci, G.Furnari & Alongi) in Cormaci et al.
(2014). The Turkish material was found in small size than Cormaci et al.’s
(2014) description, and it is similar to Sfriso (2010) by thallus size.



Figure 3. New records for Turkish marine algal flora. Ulva australis, habit (a) (Scale
bar: 2 cm), the cells in surface view (b) (Scale bar: 50 pm), and transverse section of the
thallus (¢) (Scale bar: 50 um). Ulva flexuosa subsp. paradoxa, branching (d) (Scale bar:
100 pm), and part of the thallus in surface view showing the cells (e) (Scale bar: 25 pm).

Ulva rotundata, habit (f) (Scale bar: 2 mm), the cells in surface view (g) (Scale bar: 50

um).

The diversity of the marine flora in the west part of the Marmara Sea is richer
than that of the east part, and the highest number of taxa was found in: intepe
(181 taxa), followed by Sarkdy (170 taxa), Pasalimani Island (173 taxa),
Gelibolu (166 taxa), Lapseki (161 taxa), Princes Islands (156 taxa), and Eceabat
(153 taxa), respectively (Figure 4). The lowest number of taxa was found in:
Gemlik and Susurluk-Bogaz (28 taxa), followed by Kocaeli (35 taxa),
Biiyiikcekmece, Hali¢ and Hereke (42 taxa), Kiigiikgekmece (49 taxa), Uskiidar
(54 taxa), and Yalova (58 taxa), respectively (Figure 4).

Discussion and Conclusions

The marine algae of the Mediterranean Sea have been investigated by several
researchers. In total, 877 taxa at specific and infraspecific level [271 Ceramiales
(Rhodophyta), 122 Rhodophyta (excluding Rhodymeniophycida), 270
Phaeophyceae and 214 Chlorophyta) are reported in the Mediterranean Sea
(Ribera et al. 1992; Gallardo ef al. 1993; Gomez Garreta ef al. 2001; Cormaci et
al. 2012, 2014, 2017). In the list, by Furnari et al. (2010), 898 taxa (534
Rhodophyta, 214 Ochrophyta, and 150 Chlorophyta) were reported from Italy,
and by Tsiamis er al. (2013, 2014, 2016), 323 taxa (120 Ceramiales



(Rhodophyta), 107 Phaecophyceae, 96 Chlorophyta) were reported from Greece.
Recently, 1117 taxa at specific and infraspecific level of the marine benthic
macroalgae (270 Phaeophyceae, 657 Rhodophyta, and 190 Chlorophyta) were
known in the Mediterranean Sea (Coll et al. 2010).

The Turkish seaweeds have a greater representation by diversity in the Aegean
coasts of Turkey (430 taxa at specific and infraspecific level; 111 brown algae,
238 red algae, and 81 green algae) and Sea of Marmara (400 taxa; 105 brown
algae, 225 red algae, and 70 green algae) than the Mediterranean coasts (382
taxa; 80 brown algae, 220 red algae, and 82 green algae), and Black Sea coasts
(244 taxa; 58 brown algae, 136 red algae, and 50 green algae), respectively
(Taskin et al. 2008; Taskin 2016). The Black Sea coasts have been studied less
than other coasts of Turkey, thus it should be studied more in detail.
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Figure 4. Number of taxa (at specific and infraspecific) at different sampling sites in the
Marmara Sea.
1-intepe; 2-Canakkale; 3-Eceabat; 4-Gelibolu; 5-Sarkdy; 6-Tekirdag; 7-M.Ereglisi; 8-
Silivri; 9-Biiyiikcekmece; 10-Kiiciikcekmece; 11-Halig; 12-Uskiidar; 13-Princes Islands;
14-Hereke; 15-Kocaeli; 16-Yalova; 17-Armutlu; 18-Gemlik; 19-Mudanya; 20-Susurluk-
Bogaz; 21-Bandirma; 22-Erdek; 23-Pagalimani Island; 24-Karabiga; 25-Lapseki
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Figure 5. Bray-Curtis cluster analysis of brown algal (a), red algal (b), and green algal
(c) taxa between stations. 1-Intepe; 2-Canakkale; 3-Eceabat; 4-Gelibolu; 5-Sarkéy; 6-
Tekirdag; 7-M.Ereglisi; 8-Silivri; 9-Biiyiikgekmece; 10-Kiiciikgekmece; 11-Halig; 12-
Uskiidar; 13-Princes Islands; 14-Hereke; 15-Kocaeli; 16-Yalova; 17-Armutlu; 18-
Gemlik; 19-Mudanya; 20-Susurluk-Bogaz; 21-Bandirma; 22-Erdek; 23-Pasalimani
Island; 24-Karabiga; 25-Lapseki.



A Bray-Curtis cluster analysis of macroalgal communities between the stations
was made (Figure 5). Few brown algae were found in Hereke and Kocaeli while
they were abundant in intepe, Canakkale, Eceabat, Gelibolu, Lapseki, Sarkdy
and Pasalimani Island (Figure 5a). Silivri, Biiylikcekmece, Gemlik, Susurluk-
Bogaz, Hereke and Kocaeli were representative by a poorer red algal number
(Figure 5b). As with brown algae, red algal taxa were found in greatest number
in the stations Intepe, Eceabat, Gelibolu, Lapseki, Sarkdy, Princes Islands and
Pagalimani Island (Figure 5b). Similarly, green algae were most abundant in
Intepe, Gelibolu, Sarkdy, Princes Islands, Erdek and Pasalimani Island (Figure
5¢).

Figure 6. The invasive green alga Codium fragile subsp. fragile in the Marmara Sea
(Karabiga, 5 m depth)

In total, 34 alien/invasive marine plants taxa have been reported on the coast of
Turkey (Taskin et al. 2011; Taskin and Oztiirk 2013), 20 of which are known
from the Marmara Sea. The alien/invasive taxa have been apparently introduced
to the Marmara Sea by aquaculture (seven taxa), fouling (six taxa), ship ballast
tanks (four taxa), and corridors (two taxa through the Gibralter Strait and one
taxon through the Suez Canal). In the present study, in total 17 taxa (9 brown
algae, 5 red algae and 3 green algae) are reported as alien in the Marmara Sea
(Appendix 1), and three taxa (the brown alga Colpomenia peregrina, the green
alga Codium fragile subsp. fragile, and the red alga Polysiphonia morrowii)
showed an invasive behaviour in this area (Figure 6).

Four seagrasses (Cymodocea nodosa, Posidonia oceanica, Zostera marina, and
Zostera noltei) were found at the different localities in the Marmara Sea. P.
oceanica widely distributed in the Mediterranean Sea and the Aegean Sea, in the
Marmara Sea it was found only from Dardanelles and Pasalimani Island.



Finally, it should be noted that the deep living brown alga Laminaria rodriguezii
Bornet [a species with a conservation status “endangered” (Zuljevik et al.
2016)], reported from Princes Islands (Istanbul) by Taskin et al. (2008), and it is
deposited in the personal herbarium of ET, notwithstanding many dives done,
was not found in the present study from the Marmara Sea.
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Marmara Denizi'nin (Tiirkiye) Denizel Bentik Florasi

Oz

Bu ¢alisma, Marmara Denizi'nin (Tiirkiye) denizel bentik florasi iizerine yeni ¢aligmanin
sonuglarim  igermektedir. Ornekleme, Marmara Denizi'nin (Tiirkiye) 25 farkh
istasyonundan 2015-2017 yillar1 arasinda gergeklestirilmistir. Materyal toplama snorkel
ve SCUBA ile yapilmis olup o6rnekler % 2-5 formaldehit ve deniz suyu igerisinde
muhafaza edilmistir. Tiir ve tiir alt1 seviyede toplam 320 deniz algi ve dort deniz gayir1

bulunmus olup bunlarm yedisi Tiirkiye i¢in yeni kayit ve 17 tanesi de Marmara
Denizi'nde yabanci tiir olarak rapor edilmistir.

Anahtar kelimeler: Algler, denizel flora, Marmara Denizi, Tiirkiye, yabanci tiir
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