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Abstract: The growth response of a diatom Cylindrotheca closterium strain (DEB132303) isolated from the Golden Hom Estuary (Sea of Marmara) was
investigated under different environmental conditions. C. closterium cells were grown in a silica-enriched K-medium under various temperatures (11, 18, 25
and 32°C), salinities (6, 12, 18, 24, 30 and 36 psu) and irradiances (10, 20, 50 and 65 pmol photons m™2 s~*). By the end of the acclimatization period, no
viable C. closterium cells were present at temperatures of 4°C and 32°C and salinities of 6 and 36 psu, which marked the upper and lower boundaries of its
environmental tolerance. The maximum specific growth rates (Umax) Were 1.45 d at temperature of 18°C (18 psu, 50 ymol photons m=s~"), 1.08 d™* at
salinity of 24 psu ( 18°C, 50 umol photons m™s™") and 1.80 d™" at irradiance of 65 pmol photons m™ s™' (18°C, 18 psu), in temperature, salinity and light
experiments, respectively. The maximum cell density (Dmax) was 5%10° cells mL™" at temperature of 25°C, salinity of 18 psu and irradiance of 50 umol photons
m~2s". Growth rate varied significantly among different temperature, salinity and irradiance treatments (ANOVA, p<0.001) and there was a positive correlation
between growth rate and irradiance (r= 0.98, p<0.01). These results demonstrate that these environmental parameters affect significantly the growth of this
C. closterium strain.
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0z: Halig'ten (Marmara Denizi) izole edilen diyatom Cylindrotheca closterium susunun (DEB132303) farkli cevresel kosullar altinda bilyiime tepkileri arastirild.
C. closterium hiicreleri, gesitli sicaklik (4, 11, 18, 25 ve 32°C), tuzluluk (6, 12, 18, 24, 30 ve 36 psu) ve isik seviyelerinde (10, 20, 50 ve 65 pmol foton m™2s™")
silikatca zenginlestirilmis K-kiltiir ortaminda yetistirildi. Iklimlendirme déneminin sonunda, 4°C ve 32°C sicakiik ile 6 ve 36 psu tuzluluk seviyelerinde canli C.
closterium hiicresi bulunamadi ve bu degerler susun gevresel toleransinin Ust ve alt sinirlari olarak belirlendi. Maksimum spesifik biiylime hizi (max), sicaklik,
tuzluluk ve 151k deneylerinde sirasiyla 18°C sicaklikta (18 psu, 50 pmol foton m™ s™") 1.45 d™", 24 psu tuzlulukta (18°C, 50 ymol foton m™2s7") 1.08 d~" ve
65 pmol foton m™2s™" 1sik siddetinde (18°C, 18 psu) 1.80 d™* olarak bulundu. Maksimum hiicre yogunlugu (Dmax) ise 25°C sicaklik, 18 psu tuzluluk ve 50 pmol
foton m=2 57" 11k siddetinde 5%10° hiicre mL™" olarak tespit edildi. Biyime hizi, farkli sicaklik, tuzluluk ve Isik siddeti uygulamalari arasinda énemli élglide
farklilik gosterdi (ANOVA, p<0.001) ve 1sik siddeti ile arasinda pozitif iligki gériildu (r= 0.98, p<0.01). Bu sonuglar, sicaklik, tuzluluk ve 1s1§in bu C. closterium
susunun biyimesini 6nemli dlctide etkiledigini gostermistir.

Anahtar kelimeler: Cylindrotheca closterium, diyatom, bliyiime hizi, Hali¢, Marmara Denizi

INTRODUCTION

Diatoms are one of the major components of marine
phytoplankton and form the basis of the food chain for many
other marine organisms (Hoppenrath et al., 2009). They have
benthic and pelagic forms and are the most diverse group of
marine phytoplankton (Armbrust, 2009). The cosmopolitan
pennate diatom Cylindrotheca closterium (Ehrenberg) Reimann
& J.C.Lewin, 1964 can be found in planktonic and benthic forms
on substrates such as seaweeds and polar ice. It has been
suggested that slime production during C. closterium blooms is
thought to harm fisheries (Kraberg et al., 2010). Some previous
studies have suggested the role of this diatom species in
mucilage events via the production of extracellular
polysaccharides (EPS) under culture conditions (de Brouwer and

Stal, 2002; Najdek et al., 2005; Pistocchi et al., 2005; Totti et al.,
2005; Urbani et al., 2005). Cylindrotheca closterium has also
been identified as one of the most abundant species in mucilage
events in the Sea of Marmara (SoM) in recent years (Aktan et
al., 2008; Tufekci et al., 2010; Balkis et al., 2011; Balkis-Ozdelice
et al., 2021). In some previous studies were reported the
frequent occurrence and bloom of C. closterium in the Golden
Horn Estuary (GHE) (Tas, 2019; Semin et al., 2023).

The Golden Horn Estuary (GHE) is located in the
northwestern Sea of Marmara (SoM). It is approximately 7.5
km long and 0.7 km wide and covers an area of 2.5 km2. Two
small streams in the north flow into the estuary: The GHE has

© Published by Ege University Faculty of Fisheries, izmir, Tirkiye
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a two-layered system similar to that of the neighboring Strait of
Istanbul (Figure 1). The upper layer has low salinity (~18 psu)
originating from the Black Sea and it extends to a depth of
approximately 25 m. The lower layer has higher salinity (~38
psu) originating from the Mediterranean Sea (Ozsoy, 1988).

Although the responses of C. closterium to temperature,
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salinity, and light have been previously studied, the effects on
cell length, width, and length-to-width ratio during exponential
and stationary phases remain poorly understood. In the present
study, the effects of temperature, salinity, and light were
evaluated in a locally isolated C. closterium strain, with a
particular focus on differences between exponential and
stationary growth phases.
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Figure 1. The study area and the sampling point

Understanding how environmental factors affect estuarine
diatoms is crucial for predicting the responses of primary
producers in changing coastal ecosystems. Temperature,
salinity and light intensity play an important role in diatom cell
division (Smayda, 1969). Affan et al. (2009) estimated the
optimal growth conditions for C. closterium under various
temperature, salinity and nutrient combinations. These
previous studies emphasized the importance of revealing the
growth characteristics and responses of C. closterium to
environmental factors. Consequently, these variables were
selected as environmental factors, which affect the growth of
this C. closterium strain isolated from the GHE.

This study aims to characterize the ecophysiology of the C.
closterium strain isolated from the GHE under non-axenic
culture conditions, and to evaluate its growth performance
under different temperatures, salinities and irradiances.

MATERIALS AND METHODS
Sampling strategy

Sea water samples for the isolation of single cells of the
Cylindrotheca closterium strain were collected using a 40 cm
diameter Apstein plankton net with a 20 um mesh size by
vertical tows (from 10 m to the surface) at the sampling point in

the lower estuary (41°01'14" N, 28°58'23" E) at a single
sampling time in March 2023 (Figure 1, Google Maps). The net
samples were then passed through 200 um gauze to remove
mesozooplankton. The remaining sample was kept alive and
subsamples were transferred to petri dishes for cell isolation
studies.

Morphological identification

Light micrographs were captured using a camera system
(Leica DFC295 LAS V4.8 version) for morphometric
measurements (length and width) of 30 cells in the exponential
growth phase (EGP) and stationary phase (SP) under a light
microscope (Leica DM 2500) at a magnification of 200x. The
following references were used for the morphological
identification of C. closterium: Hasle and Syversten (1997);
Hoppenrath et al. (2009); and Kraberg et al. (2010).

Single-cell isolation and culture conditions

An inverted light microscope (Leica DMIL 3000 LED) was
used to isolate single cell and establish monoclonal cultures of
C. closterium strain. The subsamples in glass petri dishes were
kept under cool-white fluorescent lights (50 pmol photons m™
s7") in a 12:12 h light:dark (L:D) photocycle in a temperature-
controlled room at 18°C (Guillard and Ryther, 1962). Single C.
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closterium cells were isolated using a mouth-sucking
micropipette technique (a capillary tube). The micropipette
needle was placed close to the target cell under the inverted
light microscope, after which gentle suction was applied. Then,
the cells were transferred into individual wells of a 96-well plate
that had been prefilled with filtered seawater from the study
area that had been enriched with K-medium (Keller et al.,
1987). The clonal cultures were then transferred to 70 mL
plastic culture flasks and the stock cultures were routinely
grown under the aforementioned conditions. K-medium was
prepared using sterile filtered (0.1 um VacuCap filters, Pall Life
Sciences, Dreieich, Germany) GHE water (salinity ~18-19
psu) with slight modification involving the replacement of
organic phosphorus with inorganic phosphate at the same
molar concentration as in the original recipe. Additionally,
inorganic silicate was added to the K-medium. The pH of the
culture medium was adjusted to 8.1-8.2 (WTW Inolab pH 720,
Germany) by adding 1 M HCI.

Molecular and phylogenetic analysis

The dense cell culture, which was determined to be in the
late exponential phase based on its growth characteristics, was
harvested by centrifugation (3500 g for 15 minutes) for DNA
extraction. Genomic DNA was isolated using the High Purity
PCR Template Preparation Kit (Roche) following the
manufacturer’s guidelines. Molecular identification was carried
out by amplifying the large subunit ribosomal RNA (LSU rDNA)
gene using the D1R primer (Scholin et al., 1994) together with
the D3B primer (Nunn et al., 1996). PCR amplification
reactions were prepared in a total volume consisting of 25 l of
2x MyTaq Red Mix, 14 pl of distilled deionised water (ddH,0),
2 Wl of bovine serum albumin (BSA), 2 ul of each primer, and 5
ul of template DNA. Thermal cycling was initiated with an initial
denaturation step at 95 °C for 4 min, followed by 35 cycles
comprising denaturation at 95 °C for 30 s and annealing-
extension at 60 °C for 2 min, and concluded with a final
extension at 72 °C for 10 min for 28S rDNA amplification
(Borchhardt et al., 2021). PCR products were visualized on a
1.5% agarose gel to confirm successful amplification. Sanger
sequencing of the amplified fragments was performed by BM
Yazilim Danis. ve Lab. Sis. Ltd. Sti. (Ankara, Tiirkiye). The
resulting sequences were edited and aligned using BioEdit
software and compared with reference sequences retrieved
from the NCBI BLAST database (Hall, 1999). The LSU rDNA
sequence obtained from strain DEB132303 has been
deposited in the GenBank database under the accession
number PQ220126. Phylogenetic analysis was conducted
using MEGA 11 software (Tamura et al., 2021) based on
multiple sequence alignments, and the phylogenetic tree was
reconstructed using the maximum likelihood (ML) method with
1000 bootstrap replicates.

Growth experiments

Growth experiments were conducted in triplicate to
examine the effects of temperature, salinity, and light on the
Cylindrotheca closterium strain. C. closterium cultures were

stepwise acclimated to temperatures of 4, 11, 18, 25, and 32
°C, salinities of 6, 12, 18, 24, 30, and 36 psu, and irradiances
of 10, 20, 50, and 65 pmol photons m=2s™", with at least three
cell divisions at each acclimation step. Stock cultures were
acclimated for 1-2 weeks at each treatment to minimize
environmental shock. During acclimatization, cells from the
stock culture were inoculated at approximately 1000 cells mL-
1. Cell densities were monitored daily for temperature and light
experiments, and every two days for salinity experiments.
Cultures were diluted back to 1000 cells mL-' when the stock
reached ~30x10® cells mL-" before being transferred to the next
target temperature, salinity, or light level. By the end of the
acclimation period, no live C. closterium cells remained at
temperatures of 4 and 32 °C and at salinities of 6 and 36 psu
which may be considered extreme conditions for this marine
diatom species, so experiments could not be conducted at
these values. All experiments were then initiated with
approximately 500 cells mL-" at temperature, salinity and light
conditions where cultures can survive.

Temperature: Experiments were conducted at 11, 18, and
25°C with ~500 cells mL1, at a salinity of 18 psu and a light
intensity of 50 pmol photons m2 s-'. Temperature controlled
incubators (NUve cooled incubator ES 120) were used for the
temperature experiments.

Salinity: Experiments were conducted at salinities of 12,
18, 24, and 30 psu with ~500 cells mL-' at 11£1°C and an
irradiance of 50 pmol photons m2 s'. Salinity levels were
measured using a Portable Refractometer LYK-206.

Light: Experiments were conducted at irradiances of 10,
20, 50, and 65 umol photons m™s™", at 18+1°C and a salinity
of 18 psu, with ~500 cells mL-". Light intensity was measured
using Digital Lux Meter AS803.

Growth rate and cell size

The growth response of C. closterium cells to changes in
three variables (temperature, salinity and irradiance) was
measured during the experiments. After acclimatization, three
replicates (n=3) were conducted for each variable treatment at
the ecophysiological experiment stage. Thus, C. closterium
was tested in triplicate under 11 different treatment conditions
for the three parameters: temperature (11, 18 and 25°C),
salinity (12, 18, 24 and 30 psu) and irradiance (10, 20, 50 and
65 umol photons m™2s7").

To calculate cell density, 0.5 mL samples were taken daily
or every two days from each culture flask and placed in a 12
mm diameter sedimentation chamber and fixed with acidic
Lugol's iodine solution (final concentration 2%). After waiting
approximately 30 minutes, the chamber was placed on a
counting slide consisting of 1000 squares, each with an area of
1 mm?2. Cell enumeration was performed using an inverted light
microscope (Leica DMIL 3000 model) with a magnification of
200x and in each chamber was counted at least 300 cells.
Growth was monitored until the cells reached stationary phase.
The growth curves plotted for all treatments were based on the
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mean cell density of the three replicates. The specific growth
rate (u) was defined as the increase in cell density per unit time
(Pirt, 1975) and it was calculated as the exponent of the
exponential equation for a defined period of exponential growth
using Microsoft Excel.

Morphometric measurements of the cell dimensions (cell
length, L; cell width, W and length/width ratio, L/W) of at least
30 cells in the EGP and SP were taken during the experiments
using a Leica DFC295 camera with LAS V4.8 software under
a light microscope (Leica DM 2500) equipped with phase-
contrast optics.

Statistical analysis

All experiments were conducted in triplicate (n=3) to
determine growth characteristics. One-way analysis of
variance (ANOVA) was applied to test for statistically
significant differences between the means of independent
variables, followed by Tukey's test. The data obtained from the
environmental parameters were compared with the growth rate
and cell dimensions of the C. closterium strain. Prior to
ANOVA, each parameter was normalized by logarithmic
transformation. It was hypothesized that there would be
differences and/or relationships between the independent
groups and each independent variable. Pearson correlation
was used to analyze the relationships between the
environmental data and the average values of growth rate and
cell dimensions. IBM SPSS Statistics software (version 29.0)
was used in all statistical analyses.

RESULTS
Morphological and phylogenetic analyses

Cells of the Cylindrotheca closterium strain, which were
isolated from the Golden Horn Estuary exhibit the typical
morphological features described in the literature, namely a
lanceolate shape with needle-like ends and two chloroplasts in
the centre. The cell sizes are as follows: Total length (apical
axis): 155-160 um; length of cell body; 35-40 um; width
(transapical axis): 4.5-5.5 um (Figure 2).

Figure 2. Light microscope image of the Cylindrotheca closterium
strain

Despite the use of bidirectional primers, only the D1R
primer produced a sequence, yielding a 795 bp LSU fragment.
Phylogenetic analysis placed the DEB132303 strain within the
C. closterium clade with 100% bootstrap support (GenBank no.
PQ220126; Figure 3), clustering closely with the AF417666
strain from Kattegat in Denmark.

Growth characteristics under different temperatures

The maximum specific growth rate (umax) at 11, 18 and
25°C was 0.86, 1.45 and 0.78 d-1, respectively. The maximum
cell density (Dmax) was 2.26x105 cells mL-* at 11°C on day 5,
1.93%x105 cells mL-" at 18°C on day 5 and 5x105 cells mL-" at
25°C on day 7 (Figure 4). Growth rates varied significantly (p<
0.001) across the different temperatures (Table 1).

During the EGP, the mean cell lengths (L) were 38.3, 38.9,
and 32.1 pym, the mean cell widths (W) were 5.8, 6.0 and 5.35
pm and the mean length/width ratio (L/W) 6.6, 6.47 and 6.0 at
11, 18 and 25°C, respectively. During the SP, the L were 40.0,
38.8 and 34.5 um, the W were 7.0, 6.7 and 6.7 um and the
L/W were 5.7, 5.8 and 5.1 at 11, 18 and 25°C, respectively
(Figure 5). The L varied significantly (p< 0.001) among the
different temperature treatments (Table 1). There was a
significant negative correlation between temperature and the L
(r=-0.80, p< 0.05) and between temperature and the L/W (r= -
0.67, p< 0.05) (Table 2).

MH704528 Cylindrotheca closterium
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Figure 3. Molecular phylogenetic tree of Cylindrotheca closterium
strain based on the LSU rDNA sequences using ML method
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Figure 4. Maximum growth rates (blue circles) with standard deviation
(n=3) of the Cylindrotheca closterium strain under different temperatures
at salinity of 18 psu and a constant irradiance during the EGP

Table 1. Significant ANOVA results of variations in the growth rate
and cell dimensions according to environmental parameters. GR:
Growth rate, L: Cell length, W: Cell width, L/W: Length/Width

Parameters Response variable ANOVA result

Temperature (°C) GR F28=119.160, p<0.001
L F25=52.019, p<0.001

Salinity (psu) GR F311=125.643, p<0.001
Irradiance (umol photons m2 s-) GR F311=145.263, p<0.001
L/W F3.11= 27.090, p<0.001

*P-value of <0.05 was considered significant

Table 2. Pearson correlation coefficients (r) between environmental
parameters and the growth characteristics of the Cylindrotheca
closterium strain. GR: Growth rate, L: Cell length, W: Cell width, L/W:
Length/Width

Parameters GR L W LW

Temperature (°C) - -.796 - -.667

Salinity (psu) 619’ - -594" 618"

Irradiance (umol photons m2 s-) 984" 677" -588" 772"
*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level
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Figure 5. Cell dimensions (n=30) of the Cylindrotheca closterium
strain under different temperatures at salinity of 18 psu and a constant
irradiance during the EGP (A) and SP (B)

Growth characteristics under different salinities

I—| : :::w

The pmax at salinities of 12, 18, 24 and 30 psu were 0.62,
0.89, 1.08 and 0.86 d', respectively (Figure 6). The Dmax Was

1.45%105 cells mL-! at salinity 12 psu on day 11, 2.67x105 cells
mL-" at salinity 18 psu on day 9, 2.58x105 cells mL-! at salinity
of 24 psu on day 9 and 4.5x105 cells mL- at salinity 30 psu on
day 9. The growth rate varied significantly (p<0.001) among the
different salinities and it was positively correlated with salinity
(r=0.62, p<0.05) (Tables 1 and 2).

At the EGP, the L were 37.6, 36.4, 35.4 and 38.2 um, the
W were 7.1, 5.5, 5.6 and 5.8 um and the L/W were 5.31, 6.65,
6.39 and 6.65 at salinities of 12, 18, 24 and 30 psu,
respectively. At the SP, the L of cells were 43.1, 42.9, 38.8 and
39.5 um, and the W were 8.2, 7.3, 6.7 and 6.3 um and the L/W
were 5.2,5.9, 5.8 and 6.4 at salinities of 12, 18, 24 and 30 psu
respectively (Figure 7). The W was negatively correlated with
salinity (= -0.59, p<0.05), while L/W was positively correlated
with salinity (= 0.62, p< 0.05) (Table 2).
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Figure 6. Maximum growth rates (blue circles) with standard deviation

(n=3) of the Cylindrotheca closterium strain under different salinity

conditions at temperature 11°C and a constant irradiance during the EGP
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Figure 7. Cell dimensions (n=30) of the Cylindrotheca closterium
strain under different salinity at temperature of 11°C and a constant
irradiance during the EGP (A) and SP (B).

Growth characteristics under different irradiances

The Jmax at irradiances of 10, 20, 50 and 65 umol photons
m2 s'were 0.62, 0.75, 1.44 and 1.80 d-!, respectively (Figure
8). The Dmax was 1.11x105 cells mL-* at 10 ymol photons m2 s
onday 9, 2.4x105 cells mL-! at 20 ymol photons m2 s-! on day
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7,1.53x105 cells mL-" at 50 ymol photons m2 s-* on day 5 and
1.86x105 cells mL- at 65 pmol photons m2 s' on day 4. The
growth rate varied significantly (p< 0.001) among the different
irradiances (Table 1) and there was a strong positive
correlation between the irradiance and the growth rate (= 0.98,
p<0.01) (Table 2).

During the EGP, the L were 38.1, 36.1, 35.9 and 35.07 um,
the W were 5.1, 5.8, 5.7 and 5.72 um and the L/W were 7.5,
6.3, 6 3 and 6.1 at irradiances of 10, 20, 50 and 65 umol
photons m2 s, respectively (Figure 9). During the SP, the L
were 39.2, 46.7, 40.3, 39.4 um, the W were 6.9, 7.2, 6.6 and
6.2 um, the L/W were 5.7, 6.4, 6.1 and 6.4 at irradiances of 10,
20, 50 and 65 umol photons m-2 s respectively (Figure 9). The
L/W differed significantly (p< 0.001) among the different
irradiances (Table 1). There was a significant positive
correlation between the L/W and irradiance (r= 0.77, p< 0.01)
(Table 2). The L was positively correlated with irradiance (r=
0.68, p< 0.05) while the W was negatively correlated with
irradiance (r=-0.59, p< 0.05). (Table 2).

th rate (d'1)

OO 00 ORRRERRERMN

OM B DOMNBED®BO
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Figure 8. Maximum growth rates (blue circles) with standard deviation
(n=3) of the Cylindrotheca closterium strain under different irradiances
at temperature 18°C and salinity of 18 psu during the EGP
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Figure 9. Cell dimensions (n=30) of the Cylmdrotheca closterium
strain under different irradiances at a temperature of 18°C and salinity
of 18 psu during the EGP (A) and SP (B)

DISCUSSION

The findings of this study indicated that specific
temperature, salinity, and light conditions significantly influence
the growth characteristics of this C. closterium strain. In
particular, its sensitivity to extreme temperatures and salinities
suggests that its natural distribution and abundance may be
constrained by environmental variability.

Phylogenetic analysis

Despite their geographical separation, the clustering of
DEB132303 with AF417666, suggests a close evolutionary
relationship, which is potentially driven by similar salinity
regimes in the Golden Horn Estuary and Kattegat
(Danielsson et al., 2004; Koyuncu, 2018; Tas, 2020). This
supports the hypothesis that environmental factors such as
salinity can shape the phylogenetic structure in populations
of Cylindrotheca closterium (Rynearson et al., 2006, 2009;
Lebret et al., 2012). Such clustering aligns with the concept
of niche conservatism (NC), where ecologically similar
conditions across regions promote the persistence of
comparable traits and genetic structures (Harvey and Pagel,
1991; Ackerly, 2003; Wiens et al., 2010). Our results support
previous findings indicating that C. closterium forms genetically
distinct clades that correspond to ecological niches (Audoor et
al., 2024), despite its cosmopolitan morphology (Kooistra et al.,
2008; Degerlund et al., 2012). This phylogenetic proximity
suggests that these strains from different geographic regions
may share similar ecological adaptations and evolutionary
history. Rather than providing direct evidence of recent gene
flow, the observed clustering may suggest a common
adaptation to similar local environmental conditions.

By contrast, other strains in the phylogenetic tree (e.g.,
those from Australia and Antarctica) form distinct clades, which
is likely due to their adaptation to different salinity levels,
illustrate how environmental divergence may lead to genetic
differentiation (Stock et al., 2019). These findings emphasize
the role of both gene flow and local selective pressures in
shaping the evolutionary trajectory of C. closterium (Reynolds
etal., 2017; Hughes et al., 2018).

Temperature experiments

The pmax of C. closterium was found to be 1.45 d' at
18°C, with the Dmax (5% 105 cells mL-") occuring at 25°C in the
present study. Affan et al. (2009) reported that the pmax of C.
closterium was 0.97 d- at 25°C with salinity of 25 psu under
high irradiance (180 pmol photons m2 s) and Dmax Was
7.2x10* cells mL-* at 20°C with a salinity of 30 psu, while the
Mmax was 0.82 d-'. Therefore, the present findings are
consistent with those reported by Affan et al. (2009). It is
difficult to explain this situation, but it is thought that it may be
a species-specific behavior. In addition, Kingston (2009)
reported that an average growth rate of over 2.5 d-' at 27°C
with a salinity of 31 psu and an irradiance of 240 umol
photons m2 s-'in a culture chamber with a 24:0 h L:D cycle.
Urbani et al. (2005) suggested that the Dmex was
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1342+455.5%103 cells mL-! when cultured at 20°C, with a 16:8
h L:D photoperiod and 112 umol photons m-2 s-1. In this study,
the water temperature and salinity were measured as 11°C
and 18, respectively, at the location where the C. closterium
strain was isolated. A moderate temperature may favor
suitable conditions for this C. closterium strain.

Salinity experiments

The Drmax (4.5%10° cells mL-") of C. closterium occurred at
a salinity of 30 psu, while pmax (1.08 d™") occurred at a salinity
of 24 psu in this study. The C. closterium strain tested in this
study exhibited a lower growth rate at low salinity (12 psu) than
at higher salinities, as well as a narrower tolerance range along
the salinity gradient (12 to 30 psu), compared to previous
studies. Glaser and Karsten (2020) suggested the strong
genotypic differentiation among six C. closterium strains of
different biogeographic origin. Van Bergeijk et al. (2003) found
that a strain showed similar growth rates across a salinity
gradient of 11-55 psu, whereas Scholz and Liebezeit (2012)
reported much lower growth rates between salinities of 10-35
psu. All these findings highlight the strong biogeographic
differentiation between strains. The optimum salinity and
salinity tolerance range are strain-specific (Glaser and Karsten,
2020). Salinity tolerance may vary among various C. closterium
strains. A positive correlation was found between growth rate
and salinity (r=0.62, p <0.05), indicating a significant influence
of salinity on C. closterium growth. Higher growth rates and cell
densities were found at salinities of 24 and 30 psu, revealing
that an increase in salinity affect the growth of this C. closterium
strain positively. Had salinity experiments been performed on
different strains isolated from the same region, the salinity
tolerance of each strain might have differed.

Light experiments

An increase in irradiance significantly accelerated the
growth of C. closterium (r = 0.98, p < 0.01), as indicated by the
strong positive correlation between growth rate and irradiance.
A study by Bialevich et al. (2022) involving cultures of three
microalgal species grown under three irradiance levels (100,
250 and 500 pmol photons m™2 s7") suggested that increasing
irradiance leads to an increase in maximum cell size. Their
results also showed that microalgae respond differently to
iradiance depending on the species. Previous studies in
different regions have applied various irradiances, such as 10,
60, 112, and 240 pmol photons m™2 s™, for ecophysiological
experiments (de Brouwer and Stal, 2002; Urbani et al., 2005;
Kingston, 2009; Glaser and Karsten, 2020). These studies have
shown that the growth conditions necessary for C. closterium
vary according to its origin. de Brouwer and Stal (2002) reported
that soluble EPS in the benthic diatoms C. closterium and
Nitzschia sp was produced continuously when the cultures
reached the SP, however bound EPS production occurred only
in the light, reaching its peak during the EGP. Statistical
analyses have proven that the growth rate, cell density and cell
dimensions of this C. closterium strain are positively influenced
by increased irradiance. These positive relationships also prove
that irradiance is a determining factor in cell growth, as

mentioned in the above studies. This may provide ecological
evidence that irradiance accelerates photosynthetic activity,
thereby promoting cell growth. Glaser and Karsten (2020)
highlighted strong genotypic differentiation among six strains of
C. closterium. However, it should also be noted that higher light
conditions may lead to higher growth rates. The differences
between the results of this and previous studies are thought to
be related to differences in the applied cultural conditions.

CONCLUSION

The cultures of this C. closterium strain were maintained
under non-axenic conditions. Although routine microscopic
examinations did not reveal visible bacterial contamination,
this does not indicate the absence of bacterial influence.
Therefore, potential microbiome effects should be taken into
account when interpreting the present results. The results of
this study indicate that temperature, salinity, and irradiance
play a significant role in the growth of the Cylindrotheca
closterium strain isolated from the Golden Horn Estuary. Based
on growth rate responses, the most favorable conditions for
this strain were observed at 18 °C, a salinity of 24 psu, and an
irradiance of 65 pmol photons m™2s™". These findings suggest
that the prevailing environmental conditions in the Golden Horn
Estuary are within the tolerance range of C. closterium,
supporting its persistence and growth in this estuarine system.
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