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Abstract

In the present studyhptoplankton compositiom relation to mucilagand accompanied
physicochemical conditions wenevestigatedn the sea water samplesllected fronmfour
stationsn K z rKiodaeli, FatihK s t aBiga-@ & n a k(ik thd Marmara Sgaand Riva

K's t a(im the Black Sem Samplings were carried obefore (i.e., during September
2020) and at the beginning stage ofrtheeilage formations (i.e., during April 2021) which
was obsene in the Marmara Sea durirggring andsummer month®f 2021. Seawater
temperature, salinity, pHanddissolved oxygen levels were measuieditu. Inorganic
nitrogen, orthophosphate, and chloroplayll concentrations were analyzed
spectrophotomtrically. In total 83 phytoplankton species (44 Bacillariophyd®A€, 36
Dinophycea€eDIN, 2 Dictyochophycea®IC, and 1 Chlorophycea@HL) wereidentified
during the studyBAC species were generally dominaitnong the 83 phytoplankton taxa
identified Cerataulina pelagica, Cylindrotheca closterium, Psewdtaschia sp,
Skeletonema costatum, Thalassiosira rotula, Alexandrium tamarense, Dinophysis
acuminata, Dinophysis caudata, Dinophysis fortii, Gonyaulax fragilis, Gonyaulax
spinifera, Gymnodiniurep, Gyrodiniumsp, andProrocentrum micanare known as the
species associated with mucilage formatidre highestnumber of species was
determined at the Bighanakkal e st withi3® taxain 3éptedribes P020.
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Skeletonema costatufhl200cellgL) wasthe most abundant specisl0 m depth in the

K z nKKiodaeli gation (MDG22) in April 2021 The mucilage formations MDG22, and
MDG25 stations werebserved aheir beginning stage as a tule curtain formin April 2021
while the seawater temperatuaed salinity levelswer e bel ow 13B&GC and
respectively While the taxa dominance of the BAC in the total phytoplankton remained
similar from September to April (i.e., 56%), its number of species decreased dramatically
from 59 to 28 in the Marmara &eDespite the decreasing biodiversitiiere wasan
increase in total abundanitethe sampling stationparticularly inMDG22 andMDG25.

In both stations total abundance increased from00R to 42000, and ®00 to 50000
cells/L, respectivelycomparedd September 2020 and April 2021. Desjpite decreas

in biodiversity, and increasn the number otells suggests that eutrophication and, as a
result, mucilage formation occurred in the Marm3ea TRIX values showed thathile

the eutropic conditionsncreasedthe ecological qualitin the regiorgenerally decreased

from September 2020 to April 202andit was described as Bddr all stations in the
Marmara Sea. The data indicétdat the limiting factofor phytoplankton wasitrogen
during April 2021 simultaneously with the mucilage formation in the MarrBaea

Keywords: Mucilage,sea snotphytoplankton, Marmar&ea,nutrient,
Cylindrotheca closterium, Skeletonema costatum
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Introduction

The Marmaa Sea is an inland sea located between the Black Sea and the Aegean
Seain the borders of Turkey. The sea is known for its layered formation and a
sharp density interface separates the two distinct water bodies. TheSack
originated less saline watdre., ~18 a ), entering from theK s t aStrhity |
constitutes the upper layer, while the lower layer is formed by the saline waters
(i.e., ~38 a ) originated from the Mediterranean S@esiktepeet al 1994)

About five million cubic meters of wastewatemcluding nitrogen and
phosphorus compounds, discharges into the Marmara Sea daily. Wastewater
dischargesre204 L/day per capita from more thah million peopleinhabiting

around the Marmara S€aUlK 2018).

Marine mucilage is a complex organic mas#taining its own microbial flora

(Turk et al 2010). The process of mucilage formation starts with extracellular
secretions of phytoplankton. The majority of these secretions consist of
heteropol ysaccharal d2014). Afte vexdreted, | hetero
polysaccharide fibrils begin to bond with akaother and form nano, later
microgels which in time forms maawggregates, like marine snow (Ricst al

2014). These macroaggregates stick to detritus, suspended particles, microplastic
particles, etc., and form a mass that we call marine mucitaigia €t al 19%;

Turk et al 2010;S v e t ét al RA11;Ricciet al 2014).

Mucilage formations in confined water bodies with restricted water circulation
often harm several species and in some cases, sensitive habitats. Several studies
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are pointing to mucilage damage in sensitive edesys like coral reefs and

seagrass bedid., Posidonia oceanidg(Giuliani et al 2005;Lorentiet al. 2005

Piazziet al 2018. Shrouding the benthic zone and creating hypoxic conditions
alsocauses an impact on the whole trophic levels (Schiapeteli 2007 ; ¥z al
2021). Besides environmental problems, marine mucilage causes economic
problems like crippling fishing activities and reducing tourism income and acute

health problems in humans like ciguatera poisoningg@neet al. 2021).

Marine muciage is a weldocumented phenomenon for the Mediterranean Sea.
Records of mucilage formation in the Adriatic Sea dates back facdtury

(Bianchi 1748. In the last 50 years, marine mucilage became the subject of many
studies (Umanet al 1989; Rinaldet al 1995;Pistocchiet al.2006; Aktanet al

2008;T ¢ f eekal 2010;Balkiset al 2011, 2013 aet al 2018 Ergul et al.

2018;T aet al. 2020; Toklu-Alicli et al 202Q Balkis-Ozdeliceet al 202)). In

the Marmara Sea, marine mucilage was first observed in 1958.®1zB persk

comm) . Kzmit Bay draws att enthedarmaras t he 1
Sea in algal bloom and mucilage everiigg(il et al 2014,2018) andseveral of

these algal bloomsphysicochemical conditionand mucilage formations were

studied extensivelin the bay(Ergul et al 201Q 2013, 2014, 2018 K¢ - ¢ k and
Ergu 2011;Ergul2 0 1 6 et all2816.

In order to uncover phytoplankton compositiomnd accompanied
physicochemical conditionsonnected with mucilage formatiorgur sampling
stationslocated arounK z riKiodaeli, FatihK st a Bipa¢lana k kal e (i n
Marmara Sea), and Risas t anbul (i wereseteeedBhe MarkaraS e a )
and Bl ack Seas, in the scope of the pr
Mar mara Basi no, coordinated by the Gen
Works (DS). The currentstudy aimed 1) to determine thephytoplankton
biodiversity and abundance?) to determine eutrophication level depending on
bio-physicochemical data analysis, 3) to predict phytoplankton species that cause
massive mucilage formation, 4) to reveal thiatrenship of these species which

form mucilage with eutrophication, and 5) to expose otleasons leading to

massive mucilage formatidn the study area

Materials and Methods

The phytoplankton samplings of the present study were carrigd Septembr

2020 and April 2021, while the physicochemical parameters were measured
monthly from June 2020 to May 2021 in
Monitoring of the Marmara Basindo projec

In total four stations were selected 1 mile dfétcoast in order to compare

phytoplankton communities and the effects of accompanying environmental
variables on their biodiversity as well as mucilage formation. Three sampling
stations were selected in different geographical locations through the Marmar
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Sea. These stations were located at the eastern side (afommKiodael,

MDG22), at the southwest side (around Bga na k k al e, MDG25) , a

K s t a $tiiu offshore (around Fatii s t a MDG@3IL). One statiorwas

selected in the Black Sea at thelet of theK s t aStrdit (afound Riva&K s t a n b u |

KDO9). MDG22wasvisited on September 19, 2020 and April 17, 202DG25

on September 18, 2020 and April 16, 2021, MDG31 on September 12, 2020 and

April 9, 2021, and KDO9 on September 12, 2020 and Aprd021 (Figure 1).
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Figure 1. The sampling stations in the Marmara and Black Seas
(MDG22,K z mBiaty , Kocael i ; MDG2 5, Bi ga,
MDG31, FatihK s t a KD©D8,Riva,Kst agnbul

Phytoplankton samples were collected by vertieallingfrom 10 m deth and
horizontalhaulingfrom surface watethrough100 m with a plankton net with 25
cm di amet er an Conddsitet@mtar sampleshwers takerefrom the
same depths with a 3L Nansen Bottle. Then the samples were transfered
amber bottls, treated using 2mof formaldelyde(37% fuming)per 100mLthen
labeled. Samplewerekept in the darkvhile beingtransported to the laboratory
and allowed to settle for-8 days The samples were reduced100mLandleft
for the second settling procefor 1-2 days then reduced to 10m Afterward, the
samples were examined in tBedgewickRafter counting chamber using a light
microscope (Olympus CX23).

In situchemical analysis and measurements were performed simultaneously with
phytoplankton sampig. Water transparency was measured with a Secchi disc

In situsalinity, pH, watertemperature, andissolvedoxygen measurements were
carriedout in the samples dhe surface, 10 m depth and near the bottorif
availablg, using the HactLange HQ 40D digital 2-channel multimeter.
Orthophosphatgo-PQ;*), nitratenitrogen (NQ-N), nitrite-nitrogen (NQ-N),
ammonéa-nitrogen(NHs-N), andChlorophylla chemical variables were analyzed
spectrophotometricall{Bendschneider and Robinsd®52; Mullin and Rey
1955; Murphy and Riley 1962§5raphics were plottedy using MS ExcelThe
trophic status of theationswasdetermined using the TRIX ind€Xollenweider
et al 198).
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Results

Phytoplankton composition and biodiversity

In total 83 phytoplankton spies (44 BacillariophyceaBAC, 36 Dinophyceae
DIN, 2 Dictyochophycea®IC, and 1 Chlorophycea@HL) were determined in

all stations. Theotal numbe of identified phytoplanktortaxa were 64 and 39 in
September 2020 and April 2021, respectiv@lable 1). In the Marmara Sea
stations total of 76 taxa (40 BAC, 34 DIN, 1 DIC, and 1 CHL) were identified,
whereasn the Black Seatationtotal of 40 taxa (29 BAC, 9 DIN, and 1 DIC)
were present throughout the stu@able2a, b.

In September 2020, 36 BAC, 2JIN, and 1 CHLtaxa were identified in all
stationgTables 1 and2a). In the Marmara Seahile a total of 61 taxa (34 BAC,

26 DIN, and 1 CHL)weredetermined, in the Black Sea total of 26 taxa (21 BAC

and 5 DIN) were identifiedTable 2). Bacillariophyxeae was the dominant
phytoplankton group in both seas. The number of species fonlydin the

Marmara Sea but not in the Black Sea was 38 (15 BAC, 22 DIN, and 1 OHL)

the contrary, the number of species found in the Black Sea but not in the Marmara

Sea wereonly 3 (2 BAC, and 1 DIN). The number of species found in both seas

was 23 (19 BAC, and 4 DIN)(Table &). Among the identified species,
Bacteriastrum hyalinum_auder, 1864 Chaetoceros decipien€leve, 1873

Hemiaulus membranaceuSleve, 1873 Hemaulus sinensisGreville, 1865

Navicula sp, Proboscia alata( Br i ght wel | ) , 8seuddsslénia® m, 1
calcaravis (Schultze) Sundst r ° mand Thea8s®sira eccentrica
(Ehrenberg) Cleve, 1908elonging to the BAC, anérorocentrumscutellum

S c h r 2A9D@ Prqtoperidiniumsteinii( J Br g e ns e n), TriBosfureac h , 1
(Ehrenber g), Tpostiusua(, E h2rOeln3b er g ) , a@Tripes z 20
trichoceros( Ehr enber g) be®ngmgta the N e found in all

three stations in the Marmara Sea. &g the stations in the Marmara Sea, the
highest phytoplankton abundance was determined at the MDG31 (i.e., 19200
cells/L). P. scutellumwas the most abundant species. However, the highest
number of species was determined at the MDG25 with 38 taxa innSegmt@020
(Table2b).

97
1

In April 2021, 22 BAC, 16 DIN, and 1 DIC taxa were present in all stations
(Tables 1, 2b). A total of 32 taxa (16 BAC, 15 DIN, and 1 DIC) was determined

in the Marmara Sea, whereas a total of 19 taxa (13 BAC, 5 DIN, and 1 DIC) was
identified in the Black Sea (Tabl®R Although the taxa number decreased, BAC
was the dominant phytoplankton group in both seas in this season, same as
September 2020. The number of species found in the Marmara Sea but not in the
Black Sea was 20 (9 BACnd 11 DIN), while the number of species found in the
Black Sea but not in the Marmara Sea was 7 (6 BAC, and 1 DIN). The number of
species common in both seas was determined as 12 (7 BAC, 4 DIN, and 1 DIC)
(Table D). Among the identified specie€ylindrothecaclosterium(Ehrenberg)
Reimann& Lewin, 1964 andGuinardiaflaccida (Castracane) Peragallo, 1892
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belonging to the BAC, andsonyaulaxfragilis ( Sc h ¢t t)

Kanloi d,

Gymnodiniumsp., belonging to the DIN were found in all three stations in the
Marmara Sea. Among the stations in the Marmara Sea, the highest phytoplankton
abundance was determined at the MDGR#alassiosirasp. (i.e., 8800 cells/L)

was the most abundant species in the surface waters of this station. On the other
hand, the highest numr of species was determined at the MDG31 with 21 taxa

in April 2021. It should be noted that the most abundant species of this sampling
season waSkeletonemaostatum(Greville) Cleve, 1873i.e., 11200 cells/L) in

the 10 m depth of MDG22, and at thereatime, the mucilage formation was
visible with the naked eye as altuturtain form in this station (Tabl&)2

Table 1. Taxonomic composition and frequency (f) of phytoplankton species during the
sampling period

Taxonomic Groups Genus Species Variety Forma Taxa f (%)
September 2020
Cyanophyceae 0 0 0 0 0 0
Dinophyceae 14 27 0 0 27 4219
Chlorophyceae 1 1 0 0 1 1.56
Dictyochophyceae 0 0 0 0 0 0
Bacillariophyceae 27 36 0 0 36 5625
Euglenophyceae 0 0 0 0 0 0
Total phytoplankton 42 64 0 0 64 100
April 2021
Cyanophyceae 0 0 0 0 0 0
Dinophyceae 10 16 0 0 16 41.08
Chlorophyceae 0 0 0 0 0 0
Dictyochophyceae 1 1 0 0 1 2.56
Bacillariophyceae 17 22 0 0 22 56.43
Euglenophyceae 0 0 0 0 0 0
Total phytoplankton 28 39 0 0 39 100
All Sampling Periods

Cyanophyceae 0 0 0 0 0 0
Dinophyceae 18 36 0 0 36 43.37
Chlorophyceae 1 1 0 0 1 1.20
Dictyochophyceae 1 2 0 0 2 2.40
Bacillariophyceae 29 44 0 0 44 53.01
Euglenophyceae 0 0 0 0 0 0
Total phytoplankton 49 83 0 0 83 100.0
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Table 2a. Phytoplankton biodiversity, and abundanaesI¢/L) in the sea water samples carried out from the sampling stations in
theMarmara and th8lack Seas durip September 2020 and April 2021
+: The taxon is present at the statioft; The taxon isotpresent at the station; s: Surface (0.5 m); -10m: Tenth meter of the water column

Species

MDG22-izmit

MDG25-Biga

MDG31-Fatih

KDO9-Riva

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

+/- s -10m

+/-

s -10m

+/-

s -10m

+/-

s -10m

+/-

s -10m

+/-

s -10m

+- s

+/- S

BACILLARIOPHYCEAE (BAC)

Amphorasp.

Asterionella glacialis
Castracane, 1886

Bacillaria paxillifera (O.F.
Mgl ler) T. M

Bacteriastrum delicatulum
Cleve, 1897

Bacteriastrum hyalinum
Lauder, 1864

300 -

Cerataulina pelagicCleve)
Hendey, 1937

Chaetoceros affinisauder,
1864

280 -

Chaetoceros danicuSleve,
1889

Chaetoceros decipier@leve,
1873

40 -

Chaetoceros didymus
Ehrenberg1945

Chaetocerosp.

Chaetoceros socialisauder,
1864

200 -

Cocconeisp.
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Table 2a. Continued

Species

MDG22-izmit

MDG25-Biga

MDG31-Fatih

KDO9-Riva

Sep 2020

Apr 2021

Sep 2020 Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

+-

s -10m

+/-

s -10m

+/-

s -10m|+/- s -10m

+/-

s -10m

+- s -10m

+- s

+- s

Coscinodiscus perforatus
Ehrenberg, 1844

- - + 1200 1600

+ 70 -

+ 400

Coscinodiscus oculdsidis
(Ehrenbery
Ehrenberg, 1840

+

Coscinodiscus radiatus
Ehrenberg, 1840

40 100 | - - -

Cylindrotheca closterium
(Ehrenberg)
Reimann&Lewin, 1964

Cylindrothecasp.

Cymbellasp.

Ditylum brighwellii (West)
Grunow 1885

Entomoneis alata
(Ehrenberg) Ehrenberg, 18

Fragilaria sp.

Grammatophorap.

Guinardia flaccida
(Castracane) Peragallo, 18

Gyrosigmareversum
(Gregory) Hendey, 1986

Hemiaulus hauckiGrunow
ex Van Heuck, 1882

1400

Hemiaulus membranaceus
Cleve, 1873

- 100

- 120 - - -

180
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Table 2a. Continued

MDG22-izmit MDG25-Biga MDG31-Fatih KDO9-Riva
Species Sep 2020 Apr 2021 Sep 2020 Apr 2021 Sep 2020 Apr 2021 Sep 2020 | Apr 2021
+- s -10m|+/- s  -10m|+/- s -10m|+/- s -10m|+/- s -10m|+/- s -10m|+/- s |+- s

Tseéglaulus sinensiGreville, + - 20| - ) ) + 160 | - ) ) + 2100 - ) ) ) + ) ) )
. ~ - |+ 2400 - |+ - - |+ 12002400 - - - |- - |- - |+ 400
Licmophorasp. + - - - - - + - - - - - - - - - - - |+ 40|+ -
Naviculasp. + - - - - - + - - - - - + - - - - -+ - |+ -
Neocalyptrella robusta
(Norman ex Ralfs) ) ) ) ) ) ) ) ) ) ) ) o ) ) ) )
He r n §Beckdl&Meave + 300 * 60 *
del Castillo, 1997
Pleurosigmasp. + - - - - - - - - - - - - - - - - - - - - -
grﬁbrc])s(;:li a;la:e(?rlr?]htwel!g + Sl ) . ) + - 800+ 140 - o -+ 220] - )
Pseudenitzschia pungen
(Grunow ex Cleve) + - -l - - - + - - - - - - - - - - - - -] - -
Hasle, 1993
Pseudenitzschiasp. + - - - - - + - - + 1600 1200| - - - - - - + - - -
'(Dsgucd‘?f%'el”'f‘ ‘;a'ga)""s o|*+ - 140|+ 1800 1200(+ - 40 |- - - |+ 550 160 [+ 130 - |+ - [+ -
Rhizosolenia setigera
Brightwell, 1858 + 750 100| - - - + - - + - 800 | - - - + 40 - |+ 100] - -
(Sé‘f;a‘ﬁ’g)egzvceosltgg‘;“ - - - |+ 10001120+ - - |- - - |- - |+ 90 -|- -]+ 800
Striatella unipunctata ) ) ) + ) ) ) ) ) + ) ) ) ) ) ) ) ) ) ) + )
(Lyngbye) Agardh, 1832
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Table 2a. Continued

MDG22-izmit

MDG25-Biga

MDG31-Fatih

KDO9-Riva

Species

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

+/-

s -10m

+/-

s -10m

+/-

s -10m

+- s

-10m

+/-

s -10m

+/- s -10m

+- s

+/- S

Thalassionema nitzschioidg
(Grunow) Mereschkowsky,
1902

+

390 -

+ -

Thalassiosira eccentrica
(Ehrenberg) Cleve, 1904

+

1800 2200

+ 3000

110 -

Thalassiosira gravid&€leve,
1896

+ 600

Thalassiosirasp.

+ 8800

+ 210 -

DINOPHYCEAE (DIN)

Alexandrium tamarense
(Lebour) Balech, 1995

+ 130 -

Corythodinium tesselatum
(Stein)

Loeblich Jr.&Loeblich Il
1966

+

400 160

Dinophysis acuminata
Claparede and Lachmann
1859

300 -

+ 400

Dinophysis caudat&ent,
1881

Dinophysis fortiiPavillard,
1924

+ 30 -

Diplopsalis lenticulaBergh

Gonyaulax fragili§ Sc h ¢

Kofoid, 1911

+

1200 4800

+ 850 -
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Table 2a. Continued

Species

MDG22-izmit

MDG25-Biga

MDG31-Fatih

KDO9-Riva

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

+/-

s -10m

+/-

s -10m

+/-

s -10m

+/-

s -10m

+/-

s -10m

+/- s -10m

+- s

+/- S

Gonyaulax spinifera
(Clapar deé&lL
Diesing, 1866

+

- 60

+

3600 -

Gonyaulaxsp.

330 -

Gymnodiniunsp.

- 1400

1200 1600

Gyrodiniumsp.1

- 4000

7000 4000

Gyrodiniumsp. 2

Oxytoxum scolopax
Stein,1883

400 -

Phalacroma oxytoxoides
(Kofoid) Gomez, Lopez
Garcia&Moreira, 2011

150 -

Phalacroma rotundatum
(Clapar ®de&lL
Kofoid & Michener, 1911

440 -

Phalacromasp.

400 -

Podolampas palmipeStein,
1883

Prorocentrum compressum
(Bailey) Ab®

Prorocentrum gracileS ¢ h
1895

150 -

Prorocentrum micans
Ehrenberg, 1834

1500 420

- 220

800 800

Prorocentrum scutellum
Schr°der, 19

500 200

+

100 400

600 800

3650 -
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Table 2a. Continued

MDG22-izmit

MDG25-Biga

MDG31-Fatih

KDO9-Riva

Species

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

Sep 2020

Apr 2021

+/-

s -10m

+/-

s -10m

+/-

s -10m

+- s

-10m

+/-

s -10m

+/- s -10m

+- s

+/- S

Protoperidinium depressum
(Bailey) Balech, 1974

+

+

700 -

+ 190 -

+ -

Protoperidinium divergens
(Ehrenberg) Balech, 1974

570 -

Protoperidinium obtusum
(Karsten) Parke&Dodge,
1976

Protoperidinium leonis
(Pavillard) Balech, 1974

880 -

Protoperidinium pellucidum
Bergh 1881

Protoperidinium pyriforme
(Paulsen) Balech, 1974

Protoperidinium steinii
(JBrgensen)

100 -

Pyrocystis fusiformis
Thomson, 1876

Pyrophacus horologium
Stein, 1883

50 40

Scrippsiella acuminata
(Ehrenberg)

350 -

Tripos furca(Ehrenberg)
G- mez, 2013

3250 320

330 -

+ 180 -

Tripos fusugEhrenberg)
G-mez, 2013

1250 280

210 640

+ 50 -

Tripos lineatugEhrenberg)
G- mez, 2013

Tripos muellerBory, 1826
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Table 2a. Continued
MDG22-izmit MDG25-Biga MDG31-Fatih KDO9-Riva
Species Sep 2020 Apr 2021 Sep 2020 Apr 2021 Sep 2020 Apr 2021 Sep 2020 | Apr 2021
+- s -10m|+/- s  -10m|+/- s -10m|+/- s -10m|+/- s -10m|+/- s -10m|+/- s |+- s
Tripos trichoceros

(Ehrenberg) |* 150 60|- - - |+ - 160|- - - |+ 11201760/ - - - |+ - |- -

DICTYOCHOPHYCEAE (DIC)

Dictyocha speculum o . - ] L ] T - - ] ]
Ehrenberg, 1839 + 1000 2800 + 90 + 400

CHLOROPHYCEAE (CHL

Scenedesmus quadricauda
(Turpin) Bribisson, 1835

Table 2b. Phytoplankton biodiversityptal number of the taxand abundances (cells/L) in the sea water samples carried out from the
sampling stations in the Marmara and the Black Seasgl@eptember 2020 and April 2021
+: Number oftaxa/cels present at the stations: Surface (0.5 m); -10m: Tenth meter of the water column

MDG22-izmit MDG25-Biga MDG31-Fatih KDO9-Riva
TOTAL Sep 2020 Apr 2021 Sep 2020 Apr 2021 Sep 2020 Apr 2021 Sep 2020| Apr 2021

+ s -10m| + s -10m| + s -10m| + S -10m| + s -10m| + s -10m| + s + S
BAC Taxa 24 4 6 8 5 5123 1 7 11 8 6 12 11 1 9 7 0 (21 4 | 13 3
DIN Taxa 13 13 7 4 5 5|14 2 7 8 7 5 14 13 3 |11 9 5 0 5 0
DIC Taxa 0 0 0 1 5 5 0 0 0 0 0 0 0 0 0 1 1 0 O 1 1
CHL Taxa 0 0 0 0 5 5 1 0 0 0 0 0 0 0 0 0 0 0 O 0 0
Taxa number 37 17 13 | 13 6 8 38 3 14 | 19 15 11 | 26 24 4 | 21 17 26 4 19 4

DIN Abundance| 10030 8550 1480|5400 O 5400|1260 140 1120}2360C 11600 1200(1549(1261( 2880| 1680 1680 0 o0 0 0
DIC Abundance| 0 0 0 | 3800 1000 2800, O 0 0 0 0 0 0 0 0 | 90 90 0 O | 400 400
CHL Abundancg O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0
0
0
0
BAC Abundancqg 1910 1250 660 |3280( 92002360( 680 40 640 |2600C 18400 7600|6750 6590 160 |1680 1680 0 |400 400 |1600 1600
0
0
0
0

Abundance 11940 9800 2140|420001020031800|1940 180 1760 |49600 30000 19600{1920019200 3040 | 3450 3450 400 400 | 2000 2000
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Contribution rates (%) of major taxonomic groups to the total phytoplankton
Looking at the contribution rates (%) of major taxonomic groups to thetéodl
number both in September 2020 and April 2021, dgrithe study,
Bacillariophyceae was the dominant phytoplankton group, the following group
was Dinophyceadn all stationswhile the contribution of Dinophyceae to total
phytoplankton was 200%, and 41.0% in September 2020 and April 2021,
respectivelythe contribution of Bacillariophyceae wa$.6% in both seasons
On the other hand)inophyceagatesin April 2021 was higher47.0%) thanits
rates inSeptember 202@12.0%)in the Marmara Se&imilarly, the Dinophyceae
rate in the Black Sea increasedipril 2021 (26%) compared to September 2020
(19%) (Figures 2 and3).

IN THE MARMARA SEA IN THE BLACK SEA
MDG22 MDG25 MDG31 KDO9

IN BOTH SEAS

CHL
2%

|
DIN | BAC

42% |/ 56%

Figure 2. Rational (%) contribution of major taxonomic groups to the total
phytoplankton abundance 8eptember 2020
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IN THE MARMARA SEA IN THE BLACK SEA
MDG22 MDG25 MDG31 KDO9

IN BOTH SEAS

Figure 3. Rational (%) contribution of major taxonomic ggs to the total
phytoplankton abundance in April 2021

Trophic status of the stations

TRIX values calculated by using dissolved inorganic nitrogen (DIN),
orthophosphate, and oxygen saturation datdicated that BD ecological
conditions were present @il the Marmara Sea stations in April 2021, whereas
the valuevasMODERATE at theKDO9 station located in the Black Sea in both
seasons. &ios between dissolved inorganic nitrogen (DIN) améQ
concentrations represent those phosphorus concentratlatigely increased in
April 2021 (Table3).

Seawater temperature, Salinity, pH, Dissolved Oxygen (DO), and Secchi depth

was measured in available depths monthly between June 2020 and May 2021 in

the water column of the stations if available (Figuteand5). The highest and

|l owest seawater temperatures were measu
waters of MDG25 in August 2028nd January 2021, respectively. The salinity

levels fluctuated throughout the study and reached their highest levels on Mar

2021 in the deep water of MDG31 as 38.9 Relatively higher levels of salinity

were measured during Mardtay 2021 both in the surface and deep waters in
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all stations of the Marmara Sea. Salinity levels were more stable a26uindt

the KDO9 statiomat the Black Sea. The mucilage formations at MDG22 and
MDG25 were observed while the seawater temperatures were beloFligure

4).

The lowest and the highest pH levels were measured in the surface water of
MDG31 in the Marmara Semn June and Decemb@020 as 7.96 and 9.01,
respectively. In the Black Sea station (KDO9), the pH levels were variated
between 8.06 and 8.93. The DO concentrations were higher than 8 mg/L,
accordingly the water columns of the stations were oxic both in the Marmara and
Black Sas during the study, and the highest DO levels were measured as 12.1
mg/L on January 2021 in 10 m dehMDG25 (Figure 5). The lowest DO
concentration was recorded as 7.10 mg/L at the surface waters of KDO9 in the
Black Sea on May 2021. The lowest and thighest Secchi disc depths of the
Marmara Sea were measured at MDG22 on June 2020 and November 2020 as
3.50 m and 14.0 m, respectively. In the Black Sea, the lowest Secchi disc depth
was measured as 3.00 m in August 2020 and the highest level was 9.00 m
measured on June 2021 in KDO9 (Figure 5).

Discussion

It was observed in the Adriatic Sea that phytoplankton can build up extracellular
polysaccharides in the photic zone of the water column and under special
conditions, these polymers known as mucilage be excreted at high levels

( Sv e tetlal 2011). However, the formation and secretion of mucilage from
the body of a phytoplankton cell into a marine ecosystem is a very complex issue,
and which special environmental conditions affect its formatiansingle cell is

still not fully understoodBesidesthe process of transforming dissolved organic
matter into the particulate organic form, accordingly mucilage in the water
column, is an important issue that needs to be investigated. In the Marraaxa Se
remarkable mucilage event occurred in late 2007 and continued in early 2008. In
those eventsGonyaulax fragilis Skeletonema costatynand Cylindrotheca
closteriumwhichwerealso determined in the present study were characterized as
mucilage producer(Aktanetal 2 0 0 8 ; &t alf281K;Badlkis et al. 2011,

T aat al 2016). In another study, carried outdrz rBayt Prorocentrum micans
which wasalso identified in the present study (Talfid was described as
mucilage producer after a réide event in 2015 (Erguét al 2018).

The sampling studiegn April 2021 had been carried out before the public
awareness of the mucilage phenomestantedn Turkey. In those days there was
no news regarding the occurrence of mucilage aggregate in any docal
national/international journal or newspaper faot, in the frame of the present
study, the mucilage formation was first noticed at the Biga station (MDG25) on
April 16, and then at thK z nBiayt station (MDG22) on April 17. However, the
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formation was not visible in the marine water at the Fatih (MDG31) station
located off theK s t aStr&itoh April 9 and Riva (KDO9) station on April 8,
2021. Thus, unlike other studies, field researdbephysicochemical data and
phytoplankton samplings of the present study were begun before mucilage
formation, in June 2020 and September 2020, respecti@gsing season
samplings wer@lsocarried out before mucilage formations or early stage of the
occurrence when the mucilagess not visibleat the stations in the second week

of April 2021 (e.g., MDG34Fatih on April 9). By the following days of the spring
sampling, the mucilage had become noticeakith the naked eyeat some
stations e.g., MDG25Biga on April 16 and MDG2XK z mant April 17.
Therefore, this study contains important results in terms of understanding in
which physicochemical conditions were present at the beginning of formation and
revealing which phytoplankton species may have playedle in the mucilage
occurrence.

Comparison of the data of September 2020 and April 2021 samplings revealed
that BAC species were dominant in both seasons during the study in the Marmara
Sea and the Black Sea. However, in the Marmara Sea, whilertiivad@e of the

BAC in terms of rates in the total phytoplankton, decreased from September 2020
to April 2021 (Figurs 2 and 3), thdotal number of taxa found #tree stations
decreased dramatically from %e., 24, 23, and 12 taxa in MDG22, MDG25,
andMDG31, respectively) to 28i.e., 8, 11, and 9 taxa in MDG22, MDG25, and
MDG31, respectively) (Tablel®. This situation was also similar for thember

of taxa of DIN, while its rates increased from 42% to 47% (Fig@end3).
Therefore, the totalumbe of phytoplanktorremarkably reduced from 101 taxa
(i.e., 37, 38, and 26 taxa in MDG22, MDG25, and MDG31, respectively) to 53
taxa (i.e., 13, 19, and 21 taxa in MDG22, MDG25, and MDG31, respectively) for
the sum of three stations in the Marmara fé@a September 2020 to April 2021
(Table 2). Although to a lesser extent, there was a biodiversity decrease in terms
of number oftaxa in the Black Sea station (Table).2However, while BAC
dominance decreased 81% to 69%, DIN rates increased 19% to 26% gRigure
and3). Interestingly, despite the decreasing taxa, an increase in total abundance
was observed at all stations (Table 1). However, this formation was noticeably
larger in the stations MDG22 and MDG25 and total abundance increased from
~12000 to 42000and ~2000 to 50000 cells/L, respectivelyhen compared to
September 2020 and April 2021 (Tablg).2it should be noted that, unlike the
otherstudies the mucilage formation was seen by the naked eye for the first time
at these stations in the MarmaraaSénother remarkable point is that the
chlorophylla concentration was higher at 10 m depth in April 2021, which
indicates that phytoplankton communities were densely located at this depth and
perhaps mucilage formation occurred in the deep waters (~fitam}he surface
(Table 3).
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Table 3. Ecological status of the sea waters based on calculated TRIX values (Vollersteitid®98), dissolved inorganic nitrogen (DIN),
orthophosphatéo-PQs*) and ChlorophyHa (Chl-a) concentrations in the samplistations

September 2020 April 2021

Station TRIX Ecological DIN  0-PO#& . Chl-a TRIX Ecological DIN  0-PO#& NP Chl-a

Quality ma/L ng/L Quality mg/L ng/L
 MDG22 | 7.89 0012 00022 545 46 | 6.17 0010 004 025 04
MPS22 | 7.03 0009 00017 529 41 | 6.01 0012 004 03 14
MDG25 | 532  POOR 0.008 00014 571 08 | 7.79 0006 009 007 15
MDG25 | 423 MODERATE 0006 00015 400 17 | 7.60 0.007 008 009 16
mpG31 | 6.85 [ JEADIMM 0018 00028 6.43 4.2 | 6.13 0.005 007 007 04
M_lD(?ril 571 POOR 0015 00028 536 23 | 6.13 0006 005 012 05
KDO9 | 464 MODERATE 0.012 0.0010 120 11 | 455 MODERATE 0.005 0.03 017 0.1
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Consequentlythe decreaimg in biodiversity, and increasy in the number of
cellssuggests that muciie formation occurred in the Marm&aaas aresult of
eutrophicationIn fact, TRIX values which isan index used to determine the
trophic status of coastal marine ecosystems, were calculated using nitrite, nitrate
ammonia, orthophosphate, chloropkglland dissolved oxygen saturation data
measured in the water column of the statiomdicated the presence of the
eutrophic conditions in the Marmara Searticularly in April 2021 while the
trophic status rema@d Moderatein the Black SeaBesidesthe resultsshowed

that the ecological quality of the stations generally decreased from September
2020 to April 2021 in the Marmara Sea (TaB)e

Both the TRIX values and N/P ratios (DINPQO;*) indicated the presence of the
eutrophic conditiondue to he increase of the phosphate concentrations relatively
in April 2021 Dissolved inorganic nitroge(DIN= NO>-N+NOs-N +NHz-N)
andorthophephate 6-PQ;*) concentrations suggest that the Redfield ratis
very low particularly during the mucilage formati in April 2021and far from
its average value@.e., N/P=16/1)(Table3). Therefore, these data indicdtiat
the limiting factorfor phytoplankton wasnitrogen duringthe study and the
limitation was more pronounced April 2021 simultaneously witthe mucilage
formationthat occurredn the Marmargea(Table 3) As in this case, it was also
reported that nitrogewasthe limiting nutrient in the mucilage formation that
occurred in the Marmara Sea in 262008( T ¢ f & kl-201Q Balkis et al
20112, Toklu-Alicli et al. 2020).

Physicochemical data shewthat relatively low temperatures (i€l 5 AC) and
moderate salinity levels (i.e. ~80 were measuredduring theinitial stage of
mucilage formatiorduring April 2021 (Figure3). However, at the Marara Sea
stations (i.e. MDG22, MDG25, and MDG31) slight increases in seawater salinity
were observeduringthe ring 2021 months (Figud. Although not examined
within the scope of the present study, it is possible that the strong winds blowing
at the feginning of the spring period may disrupt the layered structure of the
Marmara Sea. This increase in the salinity concentration of the upper layer waters
may be related to the loss of stratification in the Marmara Sea. This process may
cause the transpotian of the nutrients to the upper layer, where phytoplankton

is densely locatecand may trigger excessive proliferation of the phytoplankton

or excessive mucilage secretion. In fact, in a study conduct&dzimiBiayt in

2015, it was reported that gust nds caused resuspension by removing
stratification, and followingly a phytoplankton bloom and mucilage formation
was observed resulting in the excessive proliferatioProfocentrum micans
(Ergul et al. 2018).Although there were occasional fluctuationspH, Secchi

depth andDO levels there were noanoxic conditiongluring the studyand the

DO concentrations measured as ~11 mgéthaps due to atmospheric mixing
caused by wind@-igure5).
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All the data obtained within the present study suggest matilage is a
macromolecule secreted by certain phytoplankton species under favorable
physicochemical and stressluced conditions such as eutrophicatidmong

the 83 phytoplanktotaxaidentified by the present stud¥;erataulina pelagica
(Cleve)Hendey 1937 Cylindrothececlosterium(Ehrenberg) Reiman& Lewin,

1964 Pseudenitzschia sp., Skeletonema costatuiiGreville) Cleve, 1873
Alexandrium tamarengé&ebour) Balech, 199®inophysis acuminat@laparede

and Lachmann 1859 Dinophysis caudatakent, 1881, Dinophysis fortii
Pavillard, 1924 Gonyaulax fragilif Sc h ¢t t ) KGorfiyauladspinifér® 1 1
(Cl apar de &L ac h ma@ymnpdiniDrisg, Syradigiumspl @6 6
Prorocentrum micansEhrenberg, 1834were distinguishedas the species
associatedwith mucilage formationin previous studiegDaniel et al. 1980;
Ehrhardtand Burrs 1993; Pistocchiet al. 2006; Urbaniet al. 2005; Aktan et al.
2008;T ¢ f eekal 2010;Balkiset al.2011;T aet al 2016;Ergul et al 2018).

As mentioned above, Coscinodiscusperforatus Cylindrotheca closterium
Skeletonemaostatum Gonyaulaxfragilis, Gymnodiniumsp., Gyrodiniumsp.,
andDictyochaspeculunwerefrequently identified in the stations of tMarmara

Sea simultaneously with thearly stage of thenucilage formation in the present
study. Therefore, it is thought that these spedieparticularmay be associated

with the mucilage formation in the Marmara Sea and these data may provide basic
knowledge for future studiesiowever, whilePhaeocystis pouchetihown as a
mucilage producer organism was reported in mucilage aggregates formed in the
Marmara Sea in May 2021 (Balkdzdeliceet al. 2021), this species was not
observed, in the mid of Agr2021, in the present study.

Finally, it is thought that it would be useful to establigrmanenimonitoring
stations to follow changes in the ecosystem in order to take duly and effective
measures in unexpected ecological events, such as the intecitsgmformation
encountered in the Marmara Sea. Therefore, monitoring stations where certain
oceanographic and physicochemical parameters are constantly measured should
be established throughout the Marmara Sea.
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Marmara Denizi’nde ilkbahar 2021°de goriilen deniz
salyasi olusumunun erken asamasi

Oz

Bu -al ékmada, Mar mar a -Kbcagt,i FaihkK ®§ d & n blud |, unBing «
¢tanakkal e ve Kasrtaadnebnuilz 'ad-eé kRiara@nda bul unan ¢
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deni z suyu d%mn ek| sgls hdagk umu il e il kkili

kompozisyonu ve eklik eden fizikokimyasal ko
ilkbahar ve yaz aylarénda Marmara Deni zi'nd
Eyl ¢l 2020"de ve Nismawnn 202k arrgé miakdmas oh dia
suyu sécakleje, tuzluluk, pH ve -°z¢;nm¢k oks
ortofosfat ve klorofla der i ki ml er i spektrofotometrik ol
sérasénda t opl a4 BaRilafiophycegBAG 86kDinophyceadIN, ¢,

2 Dictyochophycea®IC ve 1 Chlorophycea€ H L ) tekhis edil di. BAC

ol arak baskéndé. Tespit edilen 83 fitoplankt
t¢rl er ol Gra@akinapeladica @yéndrotheca closteriumPseudenitzschia

sp., Skeletonema costatyrithalassiosira rotula Alexandrium tamarenseDinophysis

acuminata Dinophysis caudata Dinophysis fortij Gonyaulax fragilis Gonyaulax

spinifera Gymnodiniumsp., Gyrodiniumsp., ve Prorocentrum micans a r ast | a
fazla te¢r Eyl ¢l 2020akllealB8 takaoynwonuedas
Skeletonema costatum1 200 h¢cr e/ L i | eKocHdl sseasyonudda?2 1
(MDG22) 10 m derinlolkdwe. eMi sark 202 udhdea NMQRG2
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