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Abstract 

Phytoplankton pigment composition and associated bioc-
hemical (chlorophyll a, nitrate+nitrite, ammonia, phosp-
hate, silicate) and physical (temperature, salinity) parame-
ters were studied seasonally in the river-fed eutrophic co-
astal and oligotrophic offshore waters of the Mersin Bay 
located on NE Mediterranean. Total chlorophyll a con-
centrations varied seasonally between 0.023-7.73 µg/L in 
the river fed coastal zone (salinity: 36.54-39.68), exhibi-
ting less seasonality in the offshore station (0.01-0.91 
µg/L). Seven different phytoplankton taxa (namely dia-
toms, cyanobacteria, prymnesiophytes, dinoflagellates, 
chlorophytes, chrysophytes, prochlorophytes), determined 
by High Performance Liquid Chromatography (HPLC), 
were consistently present in the coastal waters during 
2008-2011. The predominant diatom and coccolithopho-
rid taxa in the river-fed coastal waters were replaced by 
prokaryotic picoplankters (cyanobacteria & prochlo-
rophytes) and prymnesiophytes in the offshore. Contri-
bution of prokaryotic picoplankton and eukaryotic nanof-
lagellates to total chlorophyll (% 23 to 47 and % 28 to 43, 
respectively) increased by about 50% from the coastal to 
the offshore station. Contribution of large cells to total 
chlorophyll decreased from 49% to 10% towards offs-
hore. Prochlorophytes were observed as the dominant 
group in relatively colder and darker deep waters.  
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INTRODUCTION

Results of algal biomass derived from chlorophyll 
a measurements by different methods have been 
widely used to assess the global distribution, com-
position and function of phytoplankton in the ocean 
system including seas and bays. High performance 
liquid chromatography (HPLC) provides precise 
and fast measurement of phytoplankton pigments 
(Jeffrey et al., 1997; Dos Santos et al., 2003). Since 
each main phytoplankton taxon has a specific 
marker pigment, these pigments can be used to as-
sess taxonomic composition of marine phytoplank-
ton (Jeffrey et al., 1997; Barlow et al., 1999). 
Peridinin (PER), fucoxanthin (FUC) and zeaxan-
thin (ZEA) have been commonly used to designate 
dinoflagellates, diatoms and cyanobacteria, respec-
tively (Jeffrey et al., 1997).  Microscopic identifi-
cation methods are mainly used to quantify large 
size phytoplankton (size >15 micrometers), which 
make up the majority of algal standing stock in pro-
ductive waters. Introduction of single cell analysis 
by flow cytometry and pigment analysis by HPLC 
enabled easy quantification of small-size phyto-
plankton (picoplankton, <2 µm), which are domi-
nant in the less productive offshore waters (Li et al., 
1993; Partensky et al., 1993), such as subtropical 
ocean gyres and the Mediterranean (Li et al.1993; 
Bell & Kalff 2001; Uysal, 2006). 

Eastern Mediterranean is very oligotophic 
(Yılmaz & Tugrul, 1998; Ediger et al., 1998; Psarra 
et al., 2000; Krom et al., 2003; Tanaka et al., 2007) 
and annual phytoplankton blooms take place be-
tween late autumn and early spring as soon as the 
dissolved nutrients are mixed into photic zone 
(Krom et al., 2003). Perennial rivers located in the 
Cilician Basin constitute a large proportion of all 
available fresh water inputs into the entire oligo-
trophic eastern Mediterranean with a total fresh 
water flux of 27 km3/yr (half of the present dis-
charge of the Nile ; Gu et al., 2013). This freshwa-
ter input and associated nitrate and silicate dis-
charge are primary drivers of the coastal algal pro-
duction. Since the annual discharge of the River 
Nile was reduced by 90% in the 1960’s, the fresh-
water input in Cilician Basin became the major 
fresh water and thus nutrient sources for NE Med-
iterranean (Kocak et al., 2010). The significant in-
puts of these rivers make the Cilician Basin a char-
acteristic ROFI (regions of freshwater influence) 
region, where the changes in the coastal ecosystem, 
and the eutrophication processes are determined by 
coastal / open sea interactions and the interaction 
with the atmosphere. Phytoplankton is dominated 

by small sized individuals (cyanobacteria Synecho-
coccus spp., prochlorophytes, pico and nano eukar-
yotes, small naked flagellates etc.,) in offshore wa-
ters (Li et al., 1993; Yacobi et al., 1995; Ignatiades, 
1998; Psarra et al., 2005). In contrast, larger cells 
composed primarily of diatoms and dinoflagellates 
were reported as the most abundant group in the 
river-fed coastal waters of Cilician basin (Kideys et 
al., 1989; Eker et al., 2003; Koray, 1995; Eker & 
Kideys, 2000; Polat et al., 2000; Polat and Işık, 
2002; Uysal et al., 2003). Since Cilician coastal wa-
ters fed by nitrate and silicate rich but SRP-depleted 
rivers (Figure 1), the coastal waters with less sur-
face salinity have high nitrate and silicate concen-
trations especially during winter-spring period as 
the phosphate has consistently remained low (0.03-
0.08 µM) during the year (Sağlamtimur & Tugrul, 
2004). Atmospheric (wet+dry) deposition feeds the 
entire basin with high DIN/SRP (Dissolved Inor-
ganic Nitrogen/Soluble Reactive Phosphate) ratios 
(Kocak et al., 2010). Nutrient enrichment experi-
ments indicate either phosphorus or nitrogen & 
phosphorus co-limitation in the eastern Mediterra-
nean (Krom et al., 2005, 2010; Zohary et al., 2005; 
Tanaka et al., 2007).  

Dramatic increases in human population along the 
coastal regions and associated increase in nutrient 
inputs from industrial, domestic and agricultural 
sources have enhanced eutrophication in the 
coastal waters of Cilician basin. However, histori-
cal and systematic data in the region before the 
1990’s are very limited to assess long-term 
changes in the coastal ecosystem of Mersin Bay 
(Uysal et al., 2008). Limited studies on phyto-
plankton composition in Cilician basin have fo-
cused mainly larger phytoplankton (Yılmaz et al., 
2003; Yılmaz, 2006; Yucel, 2008). The present 
study aims to provide a more comprehensive tax-
onomic approach by including almost all compo-
nents of the flora.  

MATERIAL AND METHODS 

Study	site	and	methodology	
Two stations selected at the coastal (T27: 
N36.6833̊ – E34.8166̊) and off-shore (T48: 
N36.38333̊ – E34.7000̊) zones of Mersin bay (Fig. 
1) were visited 12 times to collected water samples 
on board R/V Bilim-2 between September 2008 
and October 2011. Despite the oligotrophic nature 
of the offshore station, the coastal station (depth: 
30 m) receive substantial amount of river as well 
as anthropogenic input from the surrounding. 
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Niches of greatly varying properties occur along 
the coast as a result of this heterogeneous distribu-
tion of sources. Water samples from target depths 
were collected using 5 L Nansen closing bottles 
attached onto a Sea-Bird Model rosette + CTD 
probe system at each sampling and station during 
mid-day. CTD data obtained in situ were pro-
cessed by the standard Sea-Bird data processing 
software to calculate salinity and temperature.  

Water samples were analyzed for phytoplankton 
pigment composition and associated biological 
(Chl-a) chemical (nitrate (in fact; sum of ni-
trate+nitrite), phosphate, silicate and ammonia) and 
physical (temperature, salinity, and density) pa-
rameters. Water samples were filtered immedi-
ately onto Whatman 25 mm GF/F filters and kept 
frozen in liquid nitrogen tank to avoid pigment 
degradation (Mantoura, et al, 1997). Extraction 
was carried out with 90 % HPLC grade acetone un-
der sonication. Samples were stored at 4 °C over-
night for extraction and centrifuged to clarify the 
extract. The method applied in this study (Barlow et 
at., 1993) is a modification of the reverse-phase 
method described earlier by Mantoura & Llewelyn 
(1983). Pigment analysis was done with an Agilent 
1100 HPLC system using a C8 column equipped. 
500 µl of the extract was filtered through 0.2 µm 
pore size Millipore filters and mixed with 500 µl 1M 
ammonium acetate ion pairing solution for the meas-
urement. Buffered extracts were injected (100µl) 
into a Thermo Hypersil MOS-2 C8 column 
(150x4.6mm, 3µm particle size, 120Å pore size and 
6.5% carbon loading) using an Agilent HPLC sys-
tem (Quaternary pump, manual injector) having 100 

µl loop. Using a binary mobile phase system pig-
ments were separated with linear gradient. Mobile 
phases used in the gradient elution consisted of pri-
mary eluent (A) consisting of methanol and 1M am-
monium acetate (80:20 v/v), and a secondary eluent 
(B) consisting of 100% methanol. Pigments were 
separated at a flow rate of 1 mL min-1 by a linear gra-
dient programmed as follows (minutes; % solvent A; 
% solvent B): (0;75;25), (1;50;50), (20;30;70), 
(25;0;100), (32;0;100). Then, the column was re-
conditioned to original conditions over a further 7 
minutes. Ammonium acetate was used as an ion 
pairing reagent, and it is recommended that it 
should be present in both the sample and mobile 
phase to improve pigment separation and sup-
pressed dissociation of isolated compounds. Four-
teen different phytoplankton pigments of chemotax-
onomic importance were detected by absorbance at 
440nm using an Agilent variable wavelength detec-
tor (Mantoura & Llewellyn, 1983). Data collection 
and integration were performed using a PC-based 
Chemstation Chromatography Package. The HPLC 
system was calibrated for each pigment with com-
mercial standards, namely, chlorophyll a, b provided 
by Sigma Co; chlorophyll c2, chlorophyll c3, 
peridinin, 19-butanoyloxyfucoxanthin, fucoxanthin, 
19-hexanoyloxyfucoxanthin, diadinoxanthin 
(DIAD), alloxanthin, lutein, zeaxanthin, divinyl 
chlorophyll-a and β-carotene provided by VKI, 
Denmark. The detection limit for chl-a and marker 
pigments was about 0.005-0.007 µg/l. Concentration 
of each pigment was calculated according to the ‘ex-
ternal standard’ equation (Jeffrey et al., 1997).  

 
Figure 1. Location of sampling stations in Mersin bay (northeastern Mediterranean). 
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Pigments measured quantitatively by HPLC were 
used to assess relative abundance of seven major 
algal groups in filtered samples from the coastal 
and offshore waters of the Mersin Bay. In addition, 
the results of pigment clusters were used to classify 
the identified algae in three different size groups 
(Table 1) (Bidigare et al., 1990; Gibb et al., 2000).  

Photoprotective (PPC = DIAD+ALLO+ZEA+β-
CAR) and photosynthetic (PSC = 
PER+FUC+HEX+BUT) pigments together form 
the total carotenoids (TCAR).  

Samples for dissolved nutrients were stored in 50-
100 mL capacity high-density polyethylene bot-
tles (pre-cleaned with 10% HCl). Samples for ni-
trate and phosphate analysis were kept frozen and 
samples for silicate were kept cool in dark. Nutri-
ent measurements were carried out by using a 
Bran Luebbe model four-channel auto-analyzer; 
the methods followed were very similar to those 
described in Strickland & Parsons (1972) and 
Grasshoff et al., (1983). Detection limits for nitrate, 
phosphate, silicate and ammonia were 0.02, 0.015, 
0.1 and 0.04 µM, respectively. 

Statistical analyses 

Pearson-product moment correlation analysis was 
applied to investigate possible relationships be-
tween pigment types and their concentrations and 
the ambient biological, physical and chemical var-
iables using SPSS (Statistical Package for the So-
cial Sciences) version 15.0 for Windows.  

RESULTS AND DISCUSSION 

Changes in physical parameters 

Temperature and salinity varied in the range 
of 15-30 oC and 36.5-39.5 in the coastal and 
16.4-29.7 oC and 38-39.6, respectively in the off-
shore station throughout the sampling period (Fig-
ure 2). With the onset of spring, a gradual warming 
of the near-surface (1 m) waters was observed 
which further continued till late summer. Devel-
opment of a well-defined seasonal thermocline 
during fall was observed at ≈ 40 m in the offshore 
station. The thermohaline gradient formed in the 
offshore water column was observed to disappear 
in winter due to cooling and vertical mixing of the 
upper layer. However, top 10 m of the coastal sta-
tion was highly influenced by river discharges dur-
ing winter-spring seasons and no well-mixed fea-
ture appeared in winter (Figure 2).   

Spatio-temporal Variability in Nutrient Con-
centrations  

Nutrient concentrations were higher in coastal wa-
ters (Figure 1) with maximum values of DIN and 
Si measured in February 2010. However, phos-
phate concentrations remained very low (0.02-
0.05 µM) (Figure 3) as reported recently (Kocak 
et al. 2010). A strong decline was observed in 
spring due to increased autotrophic uptake. Higher 
ammonia concentrations varied between 0.1-2.43 
µM in coastal waters with higher values at the hot 
points receiving domestic waste waters and con-
taminated river discharges, and then declined to its 
natural levels of 0.05-0.45 µM in the offshore wa-
ters having low values of phosphate (0.02-0.04 
µM). Nitrate and silicate concentrations decreased 
with depth, when the surface layer was occupied 
by lower salinity waters (Figure 3).  

 

Table  1. List of pigments used as biomarkers of different phytoplankton groups (Jeffrey et al., 1997). 

Pigment 
 

Abbreviation Occurrence Major groups 
 

Zeaxanthin ZEA Cyanobacteria
Prokaryotic picoplankton Divinyl Chlorophyll a DIVa Prochlorophytes 

Fucoxanthin FUC Diatoms Large eukaryotes 
Peridinin PER Dinoflagellates
19’-Butanoyloxyfucoxan- BUT  Chrysophytes, Eukaryotic nanoflagel-

lates 
19’-Hexanoyloxyfucoxan- HEX  Prymnesio-
Chlorophyll b CHLb Chlorophytes 
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Figure 2. Temperature, salinity and density profiles of the coastal (T27) and offshore (T48) waters of 

Mersin bay (NE Mediterranean). 
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Figure 3.  Nutrient profiles of the coastal (T27) and offshore (T48) waters of Mersin bay (NE Mediter-

ranean). 
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No significant vertical variability appeared in 
the phosphate profiles due to limited SRP in-
puts by river discharges. However higher SRP 
concentrations in the near bottom water ob-
served in February 2011 was due to sediment 
resuspension. The winter nitrate values de-
creased from 9.7 µM in the surface to 0.27 µM 
at 30 m of the coastal station. Greater Si con-
centrations were expectedly measured in the 
less saline near surface waters in August & 
October 2009 and February 2011, respectively 
(Figure 3). Similarly, the offshore surface ni-
trate changed seasonally from 0.05 in summer 
to 0.24 µM in winter when the upper layer was 
well mixed (Figure 3) whereas the coastal ni-
trate enhanced markedly (9.7 µM) in winter. 
Therefore, the coastal DIN/SRP (N/P) ratio 
exceeded 100 in late winter and then declined 

drastically to 6 during summer & autumn 
when the river inputs were at minimal levels 
and excess nitrate in surface water was con-
sumed. However, the surface N/P ratio con-
sistently remained low (<10) in the offshore 
station in all seasons (Figure 4). Similar      
spatio-temporal variations appeared in DIN/Si 
ratio; the coastal ratio decreased from 2 in 
winter to 0.1 in summer-autumn period, 
whereas the offshore surface ratio ranged 
merely between 0.2 in winter and 0.3 in sum-
mer due to excess silicate in seawater (Figure 
3; Table 2). In the offshore station, the nitrate 
and silicate profiles displayed an increasing 
feature in the less saline deeper waters at 75-
100 m, below the seasonal thermocline and 
euphotic zone (Figure 3).  

 

 
Figure 4.  DIN/SRP and DIN/Si profiles of the coastal (T27) and offshore (T48) waters of Mersin bay 

(NE Mediterranean) (removed DIN/SRP values in Feb 2010 (higher than 500) from coastal 
graph). 
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Table  2. Seasonal variations in water column physical, chemical and biological parameters in Mersin Bay. 
 

 Coastal  (T27) Offshore (T48)
Parameters Autumn Winter Spring Summer Autumn Winter Spring Summer
 Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max
Temperature (ºC) 22.82 26.85 15.00 17.28 17.90 19.91 25.77 30.17 16.34 29.21 15.97 21.76 16.56 19.52 16.60 29.74
Salinty (‰) 37.80 39.68 36.54 39.40 37.77 39.10 37.77 39.46 38.83 39.65 38.39 39.99 39.12 39.80 39.00 39.53
NO2+NO3 (µM) 0.10 0.94 0.12 10.22 0.17 0.85 0.06 1.92 0.06 2.06 0.05 1.09 0.05 1.34 0.05 1.48
NH4 (µM) 0.10 2.43 0.06 2.29 0.06 0.36 0.05 2.01 0.06 0.40 0.05 0.29 0.10 0.39 0.02 0.34
PO4 (µM) 0.02 0.06 0.02 0.13 0.02 0.08 0.03 0.13 0.00 0.05 0.02 0.03 0.02 0.07 0.02 0.06
Si (µM) 1.05 5.33 0.81 11.14 0.60 2.57 0.43 8.08 0.25 2.10 0.71 1.41 0.94 2.64 0.64 2.14
DIN/SRP 7 158 5 519 7 24 3 30 3 75 5 66 8 26 3 34
DIN/Si 0.18 2.93 0.25 2.02 0.36 0.78 0.11 0.74 0.19 3.59 0.15 0.96 0.18 0.72 0.06 0.95
Chl a (µg/L) 0.023 3.336 0.068 1.815 0.063 0.528 0.741 7.727 0.027 0.908 0.037 0.284 0.012 0.101 * 0.818
FUC (µg/L) * 0.484 0.009 0.513 0.037 0.184 * 0.359 * 0.072 * 0.026 * 0.011 * 0.014
ZEA (µg/L) 0.034 0.187 * 0.043 0.007 0.022 0.009 0.414 0.008 0.116 * 0.025 * 0.040 0.006 0.039
HEX (µg/L) 0.013 0.176 0.007 0.098 0.013 0.068 * 0.046 * 0.147 0.013 0.090 * 0.030 * 0.044
CHLL-b (µg/L) * 0.105 * 0.166 * * * * * 0.070 * 0.057 * 0.000 * 0.018
DIV-a (µg/L) * 0.084 * 0.039 * 0.009 * 0.028 0.008 0.095 * 0.031 * 0.045 * 0.038
PER (µg/L) * 0.068 * 0.016 * * * 0.093 * 0.074 * 0.022 * 0.000 * 0.004
BUT (µg/L) * 0.037 * 0.032 0.004 0.032 * 0.287 * 0.067 * 0.039 * 0.012 * 0.022
β-CAR (µg/L) 0.010 0.120 * 0.055 0.004 0.055 0.003 0.146 * 0.027 * 0.015 * 0.027 * 0.019
Large Eukaryotes(µg/L) * 0.551 0.009 0.527 0.022 0.184 * 0.385 * 0.146 * 0.048 * 0.011 * 0.016
Eukaryotic Nanoflagellates(µg/L) 0.016 0.305 0.009 0.243 0.010 0.100 * 0.320 * 0.284 0.015 0.187 * 0.042 * 0.066
Prokaryotic Pikoplankton(µg/L) 0.042 0.260 * 0.075 0.003 0.023 0.016 0.414 0.018 0.192 * 0.056 0.002 0.085 0.006 0.075
PPC 0.043 0.430 0.009 0.290 0.032 0.248 0.012 0.713 0.010 0.198 * 0.064 * 0.074 0.007 0.049
PSC 0.024 0.761 0.051 0.604 0.046 0.299 * 0.473 * 0.360 0.015 0.149 * 0.080 * 0.079
   
* : Below Detection Limit 
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Phytoplankton Pigments 

Distribution of chlorophyll a  

Surface chlorophyll a (Chll-a) concentrations var-
ied seasonally between 0.01-7.73 in coastal waters 
(depth <30 m) as the offshore concentrations var-
ied in the range 0.01-0.91 µg L-1   during the period 
of February 2009-October 2011 (Figure 5), indi-
cating about 10-fold decrease in the oligotrophic 
open waters. The surface Chll-a reached the max-
imum values in June 2011 in the coastal and off-
shore waters. Surface concentrations were gener-
ally below 2 and 0.2 µg L-1  in the coastal and off-
shore waters, respectively. There is no seasonality 
in surface chlorophyll concentrations in the study 
area. A characteristic Deep Chll-a Maximum 
(DCM) was formed at 75 m at the offshore station 
in June and October 2001. However, highest Chll-
values were mostly observed in near surface wa-
ters of both stations (Figure 5). Higher concentra-
tions were measured in the water column in June 
and October 2011. 

Distribution of marker pigments and algal 
groups 

Diatoms dominated the coastal zone with marked 
contributions extending from April 2009 to Octo-
ber 2011 (except July and November 2010 and 
July 2011; Figure 6). Diatom contribution to total 
chlorophyll exceeded 50% during February 2010. 
Diatoms also dominated the bulk algae composi-
tion in the near-bottom waters of coastal zone in 
April 2009, April and November 2010 (Figure 6). 
Diatoms were followed by cyanobacteria with 
higher concentrations in August and October 2009 
and July 2010. Mean cyanobacteria contribution 
exceeded 33% during the dry months in coastal 
waters. Diatoms and Cyanobacteria are the domi-
nant groups in coastal station with prymnesio-
phytes contributing at around 14%. Contribution 
of chlorophytes increased in October 2009 (11%) 
and February 2010 (19%) coincided with in-
creased river discharge (Figure 2 and 6). Chryso-
phytes peaked in coastal in June 2011 while dom-
inating coastal surface waters (69%). Eukaryotic 
nanoflagellates were generally dominated by 
prymnesiophytes (63%), followed by chryso-
phytes (24%) in coastal waters during the sam-
pling periods. Chlorophytes increased rarely their 
contribution to flora (Octobers and February 
2010). Coastal pigment composition was very di-
verse in August and October 2009, whereas only 

FUC and Chll-b were excessively dominant in 
February 2010. Contribution of prochlorophytes 
(DIV-a) to the prokaryotic picoplankton pool in 
coastal waters remained at negligible levels from 
April 2009 to October 2011 (except November 
2010). Large eukaryotes dominated by diatoms 
were replaced by prokaryotic picoplankton and 
eukaryotic nanoflagellates occasionally as experi-
enced in winter with increasing concentrations of 
nutrients and decreasing temperature (Figure 6). 
Eukaryotic nanoflagellates and large eukaryotes 
dominated (>90%) the total biomass of phyto-
plankton in February 2010; this feature was well 
pronounced in the upper 15 meters of coastal sta-
tion waters (Figure 6). On the other hand, cyano-
bacteria-dominated prokaryotic picoplankton en-
hanced in the bulk biomass of algae in the coastal 
zone (<30m) in summer and autumn periods. Eu-
karyotic nanoflagellates increased their contribu-
tion to flora in winter and spring periods.  

In the oligotrophic offshore waters of the bay, the 
pico (47%) and nanoplanktonic (43%) forms (cy-
anobacteria, prochlorophytes and prymnesio-
phytes especially the coccolithophorid Emiliana 
huxleyi) dominated the bulk of algae pool during 
the study period. Although, average values dis-
played similar contribution of each to overall com-
position, prokaryotic picoplankton (cyanobacteria 
and prochlorophytes) made significant contribu-
tions to the algae pool in summer whereas prym-
nesiophytes were observed more abundant in win-
ter and fall (Figure 6). They peaked near surface 
and at the deep chlorophyll maximum (50-75 m). 
They shifted with each other in DCM in offshore 
waters followed by large cells. Large eukaryotes 
were almost missing from the oligotrophic off-
shore surface waters (Figure 6). Similarly, eukar-
yotic nanoflagellates and large eukaryotes were 
not observed at the upper 40 m of the offshore wa-
ters in July 2010. Nearly 70% of large eukaryotes 
were diatoms in offshore waters. Eukaryotic nano-
flagellates dominated the flora in all Februaries 
(2009, 2010 and 2011) and November 2010 in the 
offshore. Contribution of dinoflagellates to total 
composition was negligible in offshore except No-
vember 2010 (12%). Prokaryotic picoplankton 
dominated the biomass in the hot and dry seasons. 
While the bulk biomass of upper 50 meters was 
dominated by cyanobacteria, contribution of pro-
chlorococcus increased with decreasing light in-
tensity in deeper part; however, their concentra-
tions remained below 0.1 µg L-1 in the offshore 
waters. 
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Surface distribution of photosynthetic and pho-
toprotectant pigments 

PPC pigments protect organisms against high light 
exposures (Gibb et al., 2000). There are many 
studies about photoprotective carotenoids which 
were recorded in high amounts at least productive 
surface waters of tropics where small cells domi-
nate (Gibb et al., 2000; Barlow et al., 2004; Sathy-
endranath et al., 2005). Photosynthetic carotenoids 
expectedly increase with increasing chlorophyll in 
eutrophic regions where large phytoplankters 
dominate the bulk (Barlow et al., 2002). As clearly 
shown in Figure 7, the concentrations of photopro-
tective (PPC) pigments decreased with increasing 
photosynthetic (PSC) pigments in winter and early 
spring. An apparent increase in PPC pigments was 

observed in July 2010, constituting over 95% of 
the total carotenoids in the offshore (where only 
ZEA and DIV-a were present). The contribution 
of large eukaryotes and eukaryotic nanoflagellates 
to the bulk remained very low. In October 2009, 
an apparent increase in PPS levels was recorded in 
the coastal zone. Contribution of PPC to the total 
carotenoid was much more variable in the offshore 
waters, ranging from 35-100% in summer to 26-
55% in winter. Seasonality in the coastal PPC was 
less pronounced, constituting 30-66 of the total ca-
rotenoids, with increasing contribution in summer 
(July & August). Despite photosynthetic active ra-
diation (PAR) intensity decreases in winter, the 
PPC pool was dominated by ZEA, exceeding PSC 
concentrations in the Mersin Bay coastal waters. 

 
 

 
Figure 5. Chlorophyll a profiles of the coastal (T27) and offshore (T48) waters of Mersin bay (NE 

Mediterranean) (Scales are different).
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Figure 6. Vertical profiles of phytoplankton groups in Mersin bay (North eastern Mediterranean). 



Yücel et al., 32(1): 49‐70 (2017) / TURKISH JOURNAL OF AQUATIC SCIENCES 

Journal abbreviation: Turkish J Aqua Sci 

60 

 

In the oligotrophic offshore waters of the bay, the 
pico (47%) and nanoplanktonic (43%) forms (cy-
anobacteria, prochlorophytes and prymnesio-
phytes especially the coccolithophorid Emiliana 
huxleyi) dominated the bulk of algae pool during 
the study period. Although, average values dis-
played similar contribution of each to overall com-
position, prokaryotic picoplankton (cyanobacteria 
and prochlorophytes) made significant contribu-
tions to the algae pool in summer whereas prym-
nesiophytes were observed more abundant in win-
ter and fall (Figure 6). They peaked near surface 
and at the deep chlorophyll maximum (50-75 m). 
They shifted with each other in DCM in offshore 
waters followed by large cells. Large eukaryotes 
were almost missing from the oligotrophic off-
shore surface waters (Figure 6). Similarly, eukar-
yotic nanoflagellates and large eukaryotes were 
not observed at the upper 40 m of the offshore wa-
ters in July 2010. Nearly 70% of large eukaryotes 
were diatoms in offshore waters. Eukaryotic nano-
flagellates dominated the flora in all Februaries 
(2009, 2010 and 2011) and November 2010 in the 
offshore. Contribution of dinoflagellates to total 
composition was negligible in offshore except No-
vember 2010 (12%). Prokaryotic picoplankton 
dominated the biomass in the hot and dry seasons. 
While the bulk biomass of upper 50 meters was 
dominated by cyanobacteria, contribution of pro-
chlorococcus increased with decreasing light in-
tensity in deeper part; however, their concentra-
tions remained below 0.1 µg L-1 in the offshore 
waters. 

Surface distribution of photosynthetic and 
photoprotectant pigments 

PPC pigments protect organisms against high light 
exposures (Gibb et al., 2000). There are many 
studies about photoprotective carotenoids which 
were recorded in high amounts at least productive 
surface waters of tropics where small cells domi-
nate (Gibb et al., 2000; Barlow et al., 2004; Sathy-
endranath et al., 2005). Photosynthetic carotenoids 
expectedly increase with increasing chlorophyll in 
eutrophic regions where large phytoplankters 
dominate the bulk (Barlow et al., 2002). As clearly 
shown in Fig. 7, the concentrations of photopro-
tective (PPC) pigments decreased with increasing 
photosynthetic (PSC) pigments in winter and early 
spring. An apparent increase in PPC pigments was 
observed in July 2010, constituting over 95% of 
the total carotenoids in the offshore (where only 
ZEA and DIV-a were present). The contribution 
of large eukaryotes and eukaryotic nanoflagellates 

to the bulk remained very low. In October 2009, 
an apparent increase in PPS levels was recorded in 
the coastal zone. Contribution of PPC to the total 
carotenoid was much more variable in the offshore 
waters, ranging from 35-100% in summer to 26-
55% in winter. Seasonality in the coastal PPC was 
less pronounced, constituting 30-66 of the total ca-
rotenoids, with increasing contribution in summer 
(July & August). Despite photosynthetic active ra-
diation (PAR) intensity decreases in winter, the 
PPC pool was dominated by ZEA, exceeding PSC 
concentrations in the Mersin Bay coastal waters. 

Different groups of phytoplankton may require 
different environmental conditions for successful 
growth, such as excess nutrient concentrations, 
lower temperature and sufficient light intensity. 
Major rivers of NE Mediterranean, with their as-
sociated nutrient loads, flow into the wide shelf 
waters of Cilician Basin and control the shelf eco-
system of Iskenderun and Mersin bays. The east-
ern part of Mersin Bay receives fresh waters of 
Seyhan and Berdan rivers. Therefore, surface sa-
linity decreased to 36-37 in near coastal waters 
(February 2010) as the surface temperature 
dropped to about 15 ℃ in winter. Expectedly, con-
centrations of dissolved nutrients peaked in Feb-
ruary 2010 in the less saline coastal waters, lead-
ing to development of large-sized phytoplankton 
(diatoms). The present pigment results from the 
Mersin Bay, the bay coastal waters (<30 m) had di-
atom-dominated algae during winter and spring 
months, reflecting the role of nitrate and silicate-
laden river discharges as experienced previously 
(Kideys et al., 1989; Eker et al., 2003; Koray, 1995; 
Eker & Kideys, 2000; Polat et al., 2000 ; Polat & 
Işık, 2002; Uysal et al., 2003).  

Larger cells composed mainly of diatoms and dino-
flagellates are more tolerant (opportunistic) and 
dominate the algal biomass in nutrient-enriched 
seas (Fogg, 1991). Similarly, highly negative/posi-
tive correlations were observed between tempera-
tures, DIN, silicate versus diatom biomass in the 
bay waters. In summer the diatom flora was re-
placed by prokaryotic picoplankton (Cyanobacteria 
dominated) in the coastal waters with limited dia-
tom biomass, due to high surface temperature 
(~30℃) and thus high light intensity in surface wa-
ters with low nutrient concentrations and also low 
N/Si ratio (0.5). Increased water temperature with 
enhanced light (PAR) intensity are known to favour 
production of smaller algal groups (as a cyanobac-
teria) in nutrient-depleted near surface waters since 
prokaryotic picoplankton retains photoprotective 
pigments (ZEA) to resist high light conditions 
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(Gibb et al., 2000). Picoplankton group with abil-
ity to regulate own pigment concentrations, can 
also grow faster under high light and temperature 
(Fig. 8) (Postius et al. 1998; Boumann et al., 
2003). Prokaryotic picoplankton occasionally may 
become more abundant in nutrient-enriched near 
surface waters (Partensky et al. 1999; Polat & 
Uysal, 2009) and contribute significantly to total 
primary production during the warm period 
(Weisse 1993; Kormas et al. 2002), resulting in a 
significant positive correlation between prokaryotic 
picoplankton and temperature (p<0.001, Fig. 8). 
Moutin et al. (2002) suggest that prokaryotic pico-
plankton (Synechococcus sp.) display higher affin-
ity for orthophosphate and significantly higher 
maximum uptake rates than heterotrophic bacteria 
and eukaryotic cells. Mesoscale Lagrangian phos-
phate-enrichment experiments conducted in Levan-
tine Sea support this conclusion (Psarra et al., 
2005). 

The high positive correlation observed between 
cyanobacteria (ZEA) and dinoflagellate (PER) 
(p<0.0001) may be either linked to prey-predator 

relationship as previously suggested by Christaki 
et al. (1999; 2001) or their tolerance to increased 
temperature. Dinoflagellates in the study area can 
be autotrophic, heterotrophic, parasitic or endo-
symbionts of marine animals and protozoa (Tomas 
et. al.1997). They may act as producers or con-
sumers or both in the same time in the food web 
(Gaines & Elbrächter, 1987). It is widely accepted 
that phosphorus is the limiting nutrient in primary 
production for both coastal and open waters of the 
northeastern Mediterranean (Tufekçi et al., 2013; 
Yılmaz & Tugrul, 1998; Krom et al., 2005). De-
spite the higher N/P ratios in deep water and ex-
ternal sources (Kocak et al. 2010), reactive phos-
phate has been detected at nanomalolar levels in 
the coastal and offshore waters of NE Mediterra-
nean (Doğan-Sağlamtimur & Tugrul, 2004). Thus, 
low Nitrate/SRP ratios (<10) in the salty surface 
waters during spring-autumn period imply selec-
tive SRP inputs from faster regeneration of or-
ganic P in the photic zone of Eastern Mediterra-
nean (Krom et al., 1992) and dry deposition of at-
mospheric dusts (Kocak et al., 2010).  

 

 

Figure 7.  Seasonal variability in photosynthetic (PSC (PER + FUC + HEX + BUT)) and photoprotect-
ant carotenoids (PPC (DIAD + ALLO + ZEA + β-CAR)) concentrations and relative contri-
butions (%) of PPCs to total carotenoids in Mersin bay surface waters. 
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Production of large eukaryotes, especially dia-
toms, was limited by nitrogen in coastal waters of 
the bay (N/Sİ<1 and N/P <10) in April 2009 and 
then by temperature in summer. On the other hand, 
diatom production in the bay was limited by phos-
phorus in February 2010 when rivers fed the bay 
waters with high N/P ratios (>25). Coastal waters 
reached its minimum temperature (15 ℃) in Feb-
ruary 2010 and biomass of the diatoms displayed 
an increasing trend with decreasing temperature 
(Figure 8).  

Chlorophytes increased their contribution to the 
biomass of the eukaryotic nanoflagellates in nutri-
ent replete coastal waters (Oct 2009 and Feb 2010) 
as observed elsewhere (Mackey et al., 2002). But, 
in the rest of the study periods, their contribution 
to total phytoplankton biomass remained low 
(about) 4%) in spite of their high competitive abil-
ity (Hassen et al., 2009). However, predation 

might have limited chlorophytes in coastal waters 
(Hassen et al., 2009). 

Prymnesiophytes including coccolithophorids 
(Emiliana huxleyi) were present consistently at 
both stations throughout the sampling period, with 
remarkably lower contribution to total chlorophyll 
in the coastal water (18%) than in the offshore 
(26%) where prokaryotic picoplankton dominated 
the total algae pool.  

Eukaryotic nanoflagellates were mostly domi-
nated by coccolithoporids except in February 2010 
when the coastal waters contained surplus concen-
trations of DIN and silicate. Silicate was preferen-
tially consumed by diatoms and coccolitho-
phorids; when its concentration and DIN/Si ratio 
declined below threshold levels the composition 
of phytoplankton shifted to cyanobacteria (Lud-
wig et al., 2009).  

    

Figure 8. Phytoplankton pigment concentrations versus temperature & salinity in coastal (T27) and off-
shore (T48) surface waters. 

 

  



Yücel et al., 32(1): 49‐70 (2017) / TURKISH JOURNAL OF AQUATIC SCIENCES 

Journal abbreviation: Turkısh J Aqua Sci 

 

63 
 

Table  3. Observed correlations between physical, chemical and biological data for coastal and offshore stations. 

Shelf TEMP SAL DENS PO4 NO2+NO3 NH4 Si LARG NANO PROK PER BUT FUC HEX ZEA CHLL-b DIV-a 
    
Salinty .321*  

Density -.902** -.018  

PO4 -.048 -.154 .037  

NO2+NO3 -.672** -.496** .470** .269*  

NH4 -.190 .109 .232 .229 .517**  

Si -.303* -.310* .067 .322** .687** .440**  

Large Eukaryotes -.300* -.462** .081 .114 .383** .016 .477**  

Eukaryotic Nanoflagellates -.362** -.188 .192 -.138 .432** .248 .306* .478**  

Prokaryotic Picoplankton .444** .423** -.430** -.011 -.315* .164 .094 .126 .278* 
PER .389** -.097 -.513** .267* -.070 .049 .288* .482** .251* .628**

BUT -.488** -.139 .450** -.004 .407** .325** .089 .289* .760** .033 .029

FUC -.335** -.442** .129 .094 .396** .045 .467** .992** .468** .099 .442** .308*

HEX -.384** -.080 .275* -.226 .396** .277* .273* .423** .856** .285* .149 .621** .443**

ZEA .458** .238 -.520** -.028 -.271* .073 .119 .283* .365** .924** .744** .068 .260* .341**

CHLL-b -.117 -.333** -.132 .023 .440** .148 .422** .393** .450** .034 .314* .157 .380** .363** .211

DIV-a 
.048 .719** .179 -.104 -.227 .191 -.216 -.508** -.031 .419** -.180 .130

-
.488** .127 .177 -.275*

CHLL-a .031 -.360** -.218 -.007 .169 .060 .305* .717** .512** .311* .601** .197 .711** .413** .535** .446** -.405**

    
Offshore TEMP SAL DENS PO4 NO2+NO3 NH4 Si LARG NANO PROK PER BUT FUC HEX ZEA CHLL-b DIV-a 

    
Salinty .423**  

Density -.907** -.328**  

PO4 .266* -.018 -.249*  

NO2+NO3 -.115 -.076 .111 .312*  

NH4 .262* -.166 -.201 .457** .293*  

Si -.233 .086 .259* -.405** -.227 -.271*  

Large Eukaryotes .039 .214 -.003 -.032 .060 -.214 .018  

Eukaryotic Nanoflagellates -.144 .279* .094 -.090 .097 -.297* -.052 .802**  

Prokaryotic Picoplankton .226 .441** -.136 .008 .135 -.105 .028 .563** .511** 

PER .055 .182 -.007 -.019 .013 -.207 .025 .956** .681** .510**

BUT -.108 .315* .076 -.092 .140 -.254* .001 .799** .961** .561** .646**

FUC .023 .230 .001 -.045 .095 -.206 .013 .961** .851** .565** .836** .880**

HEX -.177 .232 .136 -.100 .055 -.323** -.009 .835** .978** .539** .718** .950** .880**

ZEA .359** .444** -.259* .093 .005 -.095 -.054 .613** .454** .909** .608** .442** .566** .486**

CHLL-b -.087 .271* .010 -.053 .116 -.228 -.168 .575** .866** .305* .506** .742** .594** .759** .312*

DIV-a .070 .369** -.002 -.071 .234 -.097 .098 .427** .482** .923** .338** .584** .475** .502** .679** .251*

CHLL-a .044 -.193 -.074 .143 .493** .222 .429** .137 .220 .117 .031 .230 .223 .188 .112 .225 .105

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed). N = 63 



Yücel et al., 32(1): 49‐70 (2017) / TURKISH JOURNAL OF AQUATIC SCIENCES 

Journal abbreviation: Turkish J Aqua Sci 

64 

 

As clearly seen from the surface distribution of 
DIN, SRP and Si, the nutrient-depleted saltier 
offshore waters (Figure 4, station T48) receive 
very limited inputs from external sources other 
than potential atmospheric deposition and small 
scale upwelling events (Krom et al., 2004; Kocak 
et al., 2010) and phytoplankton composition is do-
minated by small sized organisms (Li et al., 1993; 
Yacobi et al., 1995; Ignatiades, 1998; Psarra et al., 
2005).  

Prokaryotic picoplankton (cyanobacteria and 
prochlorophytes) and prymnesiophytes were do-
minant in offshore waters in dry summer-autumn 
seasons when the warmer surface mixed layer 
were depleted in nitrate and SRP, yielding lower 
N/P ratios. Eukaryotic nanoflagellates dominated 
by coccolithophorids became excessively impor-
tant in the offshore flora in February (2009, 2010, 
and 2011); the cooler euphotic zone waters had va-
riable nutrient concentration and N/P (5-27) ratios 
whilst DIN/Si ratio was low (0.02-0.96). Although 
there was no significant relation between tempera-
ture and eukaryotic nanoflagellates, direction of 
the relation was inverse (Figure 8). While concent-
ration of cyanobacteria increased with increasing 
temperature, concentration of prymnesiophytes 
decreased in offshore waters. Also, cyanobacteria 
have photoprotectant pigment (zeaxanthin), it 
helps to resist in optically clear waters under the 
high light conditions. In addition, they are prokar-
yotes. They increase their enzymatic activity with 
increasing temperature. On the other hand, 
prymnesiophytes are eukaryotic and do not have 
photoprotectant pigments. Consequently, they 
replace each other according to prevailing physi-
cal conditions. Total pigment concentrations of 
bulk flora were dominated by prokaryotic picop-
lankton from August 2009 till October 2011 in the 
N, P depleted offshore waters. Prochlorophytes 
were observed as the dominant group in cold and 
dim light condition deep waters. Conversely, cya-
nobacteria dominated the warmer and highly illu-
minated upper layer waters of the offshore 
(p<0.01). Prochlorophytes seemed to be more 
adapted to oligotrophic conditions than other gro-
ups (Bastillos-Guzman et al., 1995; Dandonneau 
et al., 2006) in offshore waters. No significant re-
lationship between prokaryotic picoplankton and 
nutrients was observed in offshore waters.  

Algae biomass at the DCM formed between 50-75 
m was generally dominated by prokaryotic picop-
lankton in the offshore. The contribution of proch-
lorococcus to composition averaged 33% in the 

DCM layer during the study period, reaching the 
maximum (64%) in November 2010. Contribution 
of prochlorococcus was higher than other prokar-
yotic picoplankton cyanobacteria (21%) in the 
DCM layer.  

Surface biomass of the phytoplankton peaked in 
February and October 2009 and November 2010 
in the offshore waters (>0.1 µg/l). Eukaryotic na-
noflagellates mostly prymnesiophytes dominated 
composition when ammonia concentration decre-
ased below 0.1 µM in surface waters in February 
2009, November 2010 and February 2011. Collos 
and Harrison (2014) showed that prymnesiophytes 
are more sensitive to ammonium toxicity than cya-
nobacteria. Significant negative correlation 
between eukaryotic nanoflagellates and NH4 was 
observed in this study (Table 3) corroborating pre-
vious findings or alternatively suggesting ammo-
nium limitation on cyanobacteria (Muro-Pastor 
and Florencio, 2003).  

CONCLUSIONS  

Phytoplankton composition changes according to 
nutrient availability and physical conditions. Phy-
toplankton biomass in the coastal water, much 
exceeding the offshore concentrations, is enhan-
ced by increasing nitrogen concentrations. Chan-
ges in chlorophyll content and composition of 
phytoplankton were primarily affected by the river 
inflow in the study area. Expectedly, diatoms were 
the most dominant group in the river-fed coastal 
waters of the bay, followed by coccolithophorids. 
However, in the oligotrophic offshore waters, pro-
karyotic picoplankton (cyanobacteria and prochlo-
rophytes) dominated the bulk algae biomass, fol-
lowed again by prymnesiophytes in oligotrophic 
offshore areas in northeastern Mediterranean. 
Prymnesiophytes was the cosmopolitan class of 
phytoplankton at all sampling events in the basin. 
Similarly, Uysal et al., (2008) reported the cocco-
lithophorid Emiliana huxleyi (Prymnesiophyceae) 
as the dominant species in the Cilician basin. Phy-
toplankton composition changes according to nut-
rient availability and physical conditions. Phytop-
lankton biomass was found higher in coastal than 
offshore waters and enhanced by increasing nitro-
gen concentrations. Changes in chlorophyll con-
tent and composition of phytoplankton were pri-
marily affected by the river inflow in the study 
area. From inner bay shore to the shelf break zone 
(offshore waters), prokaryotic picoplankton and 
eukaryotic nanoflagellates contribution to the total 
chlorophyll gradually increased from 23 to 47% 
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and from 28 to 43%, respectively, as the contribu-
tion of large eukaryotes decreased % 49 to 10%. 
Contribution of photoprotectant carotenoids 
(PPC) to total carotenoids ranged between 30 – 
70% in the coastal and 25 – 100 % in the offshore. 
On the other hand, HEX (prymnesiophytes) was 
found to be the major contributor to photosynthe-
tic carotenoids (PSC) in NE Mediterranean.  
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