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ABSTRACT

Plastic pollution in marine ecosystems is one of the most important study topics in recent years.
The toxicity, mobility and long-term persistence characteristics of plastics create risk in ecosystems,
biota and human health. In this study, the levels of heterotrophic bacteria attached to the surfaces
of commonly used plastic types; polyvinylchloride (PVC), polyethylene (PE), and polypropylene (PP)
were tested in a mechanical experimental system prepared with seawater under controlled condi-
tions in laboratory. The seawater, which was used in the experimental system, was taken under
aseptic conditions from the Golden Horn Estuary, located in the Istanbul region of Turkey. Three
different types of plastic (PVC, PE and PP), in two different (glass slide (76x26 cm) and virgin micro
pellets (5mm diameter) size, were placed in the experiment setup filled with seawater and incubat-
ed for 28 days at ambient temperature. At the end of 28 days, the counts of heterotrophic bacteria
were tested using the spread plate technique on Marine Agar (Difco), in both plastic surfaces and
surrounding seawater. The levels of heterotrophic bacteria were recorded to be lower in the sea-
water surrounding the micropellets and lam-size plastic samples. The seawater sample bacterial
levels were recorded as 12x10? CFU/ml, at the start of the experiment. At the end of the 28* days,
it was recorded to be 83x10° CFU/ml. The highest levels of heterotrophic bacteria were recorded
as 41x10'° CFU /em? and 61x10' CFU /cm™ on the lam-size surfaces and the micropellet surface of
the polypropylene samples, respectively. In the experiments, the PP plastic type has been recorded
as a more preferred plastic derivative by heterotrophic bacteria according to the PVC and PE plas-
tic types, but there has been no significant difference in the bacterial adhesion rates on the surfac-
es. The study contributed increasing knowledge on the bacterial approach to microplastics types.
However, there is a need for long term studies related to the mechanism of bacteria attached to
microplastics.

Keywords: Microplastic, heterotrophic bacteria, polyvinylchloride, polyethylene, polypropylene

INTRODUCTION in 2020, with the increase in production and con-
sumption (Haward, 2018). Most polymer species
are highly persistent in the marine ecosystem.
Only when exposed to ultra-violet radiation,
they undergo photo catalysis and slowly dis-
solve. Plastic waste can be of any size, from visi-

ble large particles to invisible small particles.

Plastics are synthetic polymers with high insula-
tion against electricity and heat, light, easy to
operate structure, and are used in many areas in
our daily lives. With the development of synthet-
ic organic polymers in the mid-twentieth century,
plastic production in 1950, which was 1.5 million
tons per year, exceeded 300 million tons over
the years. It is expected to reach 540 million tons

On a global scale, it is estimated that 1.5 million
tons of primary plastic are dumped into the
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oceans (0.8 million tons/year in the optimist scenario, 2.5 million
tons/year in the pessimistic scenario). 98% of the primary micro-
plastic reaching the sea constitutes terrestrial activities and 2%
from the activities carried out at sea (Boucher & Friot, 2017). In ter-
restrial activities, the ratio of those arriving by road transport is
49%, the ratio of those involved by waste water treatment plants is
25%, and the ratio of those transported by wind is 7%.

It is known that microplastics can absorb contaminants in water,
toxic compounds such as polychlorobifenil (PCB), and harmful
compounds such as nonylphenol (International Pellet Watch,
2018). The release of microplastics with these contaminants in
the aquatic environment causes serious effects on the transport
of harmful compounds (Mato et al., 2001; Endo et al., 2005).

In addition to the planktonic form, it has been determined that
bacteria, known to survive in water as individuals, have devel-
oped a different structure in the form of a community in order to
continue their lives, as seen in the studies and observations car-
ried out over time (Ciftci, 2005). The demands of bacteria to hold
onto any surface around the sea are intended to evaluate organ-
ic matter. The particles of the bacterium called “attachment bac-
teria” have been identified more intensively than the bacteria
that live freely in surface water (Costa, 2011). It is known that mi-
croplastics in the marine ecosystem form a suitable environment
for bacteria to hold on.

Plastisphere is a term used to describe the habitats on plastics in
aquatic ecosystems. The initiation of this mechanism, which is
formed by microorganisms, which develops in all kinds of materi-
als, and which is defined as “biofouling”, is the attachment of gram
negative bacteria to the environment, and then diatoms, protozoa
and invertabrates are added to this structure. The long-term per-
manence of plastics in the marine ecosystem and the transport of
bacteria and other microorganisms due to currents causes them to
reach different marine areas as invasive species (Zettler et al., 2013;
Pauli et a., 2017; Gindogdu et al., 2017; Hodgson et al., 2018; Rech
et al., 2018). These structures formed on plastics increase the
weight of micro-macroplastics, and cause them to be transported
from surface to bottom in aguatic ecosystems (Kaiser et al 2017;
Kooi et al., 2017). For this reasons, the determination of bacterial
levels on microplastic surfaces is very important.

The main reason why plastic is widely talked about today and in
every aspect of human life is the fact that plastics are not easily
degraded and are resistant in nature (Shah et al., 2008; Shimao,
2001). It is known that microorganisms, especially bacteria, are
adaptable to ecological niches and natural habitats. The rapid
adaptation of microorganisms is also applied to exist in the arti-
ficial habitat called Plastic in the oceans. Microbial colonization
on the plastic particle in the ocean was reported for the first time
in 1972 (Carpenter et al., 1972; Carpenter et al., 1972). Floating
plastic parts in the ocean provide an environment for microor-
ganisms to attach (Chen and He, 2015).

The attachment of bacteria to cling to any surface in order to
evaluate the nutrients in the environment is more than their ten-
dency to live freely. These tendencies settle on different surfaces
in the marine environment and prepare the ground for the col-

lection of bacterial communities. The localization of other micro-
organisms is a process related to the intensity of the initial bacte-
ria (Hall-Stoodley et al., 2004). There are studies evaluating the
binding rates of bacteria depending on the materials. The stud-
ies on this subject indicate that the different media characteris-
tics will also be different (Donlan, 2002; Davey and O'toole, 2000).

In this study, the aim is to obtain preliminary data related to the
levels of free living and plastic-associated bacteria, using the
macro (glass slide size) and micro dimensions of three types of
plastics (polyvinylchloride, polyethylene, polypropylene) which
are used frequently in Turkey.

MATERIALS AND METHODS

The surface (0-30 cm) seawater sample was taken from Karakdy
Port Town in February 2018, under aseptic conditions. The sam-
pling point is shown in Figure 1. The sample was brought to the
Istanbul University, Faculty of Aquatic Sciences, with the cold
chain on the same day.
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Figure 1. Sampling Point.

Preparation of experimental setup

The experimental devices were prepared in two different ways.
The most common used three plastic types were chosen, and
they were purchased from a plastic factory. The plastics size test-
ed were arranged considering the experimental setup measure-
ment as glass slide size and 5 mm diameter of micropellet. Simi-
lar size materials were used to calculate and compare the area
where the bacteria attached. All sizes of polyvinylchloride (PVC),
Polyethylene (PE) and Polypropylene (PP) materials were pre-
pared for analysis according to Palanichamy (2002). A 15-liter sea
water sample was put into the special design closed circuit sys-
tem. PVC, PE, PP materials were cut to glass slide (76 x 26 mm)
size, and they were sterilized by washing with sterile distilled wa-
ter. They were placed in the closed circuit system under aseptic
conditions to avoid airborne bacterial contamination, and the
water circulation rate was set to 13 Hz (Hi-RUN / N100) (Figure 2).

In addition, the 100 ml of seawater samples were introduced into
the sterile Erlenmeyer (250 ml) under aseptic conditions. All the mi-
cropellet size samples (5 mm in diameter) were weighed as 1g un-
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der aseptic conditions, and they were placed in the Erlenmeyer con-
taining seawater. The samples were placed in a shaking incubator,
and were incubated at ambient temperature for 28 days (Figure 3).

Bacteriological analysis

The method of spreading plaque to Marine Agar (Difco) was
used to determine the heterotrophic bacteria levels in plastic
surfaces and the seawater. The Petri dishes were incubated at

~ Polypropylene

_~Polyethylene
Pol'\“/\Tdee

Figure 2. The special design closed circuit system.

Polyethylene

Polivinylchlori

Figure 3. The shaking incubator used in the experiment.

least 48-72 hours at 22+1 °C. The colony count was carried out
and recorded at the end of incubation. All bacteriological analy-
ses were performed in triplicate (APHA, 1998). The first day of
bacterial level results were recorded as the bacterial level of the
control group, and this data were used to compare the results
obtained from the plastic surfaces after the system was shut
down (Bordalo et al., 2002).

Statistical analysis

Plastic types and bacterial level were compared by one-way
ANOVA, followed by Tukey's post-hoc tests. The plastic size and
bacterial level tested with one-way ANOVA. Statistical analysis
was performed with the SPSS Statistics 21 program.

RESULTS AND DISCUSSION

The results of the first day and last day heterotrophic bacteria
levels obtained from the plastic (glass slide size [76 x 26 mm] and
micropellet-size [5 mm in diameter]) samples were summarized
in Table 1 and Figure 4.

The results of the first day and last day heterotrophic bacteria
levels obtained from the sea water samples were summarized in
Table 2 and Figure 5.

Table 1. Heterotrophic Bacterial Levels data obtained from
plastic samples
Incubation Time
1%t day 28t day
Size Type CFU/cm?
Glass Slide PVC - 45x10'°
RE - 65x10"°
PE - 60x10%°
Micropellet PVC - 48x10'°
PP - 97x10'
PE - 87x101°
HPC Levels of Plastics
L.6E+11
14E+11 I
12E+11 I
1E#+11 I I
SE+10 I
6E+10 T . 1 1 & it I
4E+10 I 1 T I I
2E+10 I
O.EE.HEEE.E.EEEEEEE.HEEE
E B B E B ‘B E B B
s 8 g s 2 g g 2 2
e PP FE

Figure 4. Heterotrophic Bacterial Levels data obtained from
plastic samples. HPC: Heterotrophic Bacterial Count
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Table 2. Heterotrophic Bacterial Levels obtained from the

sea water samples

Incubation Time

1stday 28t day
CFU/ml
Glass Slide Size Sea Water 12x107 83x107
Sea Water (PVC) 12x107 20x10?
Micropellet Size Sea Water (PE) 12x107 86x107
Sea Water (PP) 12x107 42x10°

HPC Levels of The Sea Water Samples

I
I
T I

Sea Water (MP-PVC) Sea Water (MP-PP) Sea Water (MP-PE)

Bacterial Levels CFU log 10/ml

Sea Water (Aquarium)

= Istday © 28th Day

Figure 5. The levels of heterotrophic bacteria obtained from
the seawater samples at the first and the end of the
experiments. HPC: Heterotrophic Bacterial Count

The bacteria levels were found as 45x10°+2.8 CFU/cm?,
65x10"+4.9 CFU/cm? and 60x10"°+5.4 CFU/cm?, respectively, in
the glass slide size samples of PVC, PP and PE surfaces. The
highest bacterial adhesion rate to glass slide size was detected
on the polypropylene (PP) surface. The mean levels of bacteria
detected in the PVC, PP and PE micro-pellets was 48x10'°+3.2
CFU/ cm?, 97x10'°+4.7 CFU/cm?, and 87x10"°+5.5 CFU/cm?, re-
spectively, as a result of the 28-day incubation in a shaking incu-
bator. The mean bacterial levels of the seawater including PVC,
PP, PE micro pellet were determined as 20x107+8.2 CFU/ml,
86x107+£8.2 CFU/ml and 42x107+8.2 CFU/ml, respectively.

The highest total mesophilic aerobic bacteria level was detected
on the micro and macro sized polypropylene (PP) plastic surfac-
es. This finding has shown that the polypropylene plastic variety
for the adhesion of bacteria has the appropriate surface and, it
was found that there was a statistically significant relationship be-
tween the plastic type and the levels of bacteria (p<0.05).

Microplastic pellets have higher levels of bacteria than the glass
slide size samples (p<0.05). This situation is related to the fact
that the surface area is larger in the pellet samples. Similarly, Car-
son et al. (2013) compared microbial colonization on polypropyl-
ene, polystyrene and polyethylene in the North Pacific using
scanning electron microscopy, and recorded the highest micro-

bial abundance on large surface areas of polystyrene foam. Re-
searches on microbial biofilms on plastic wastes in water have
begun to be the subject of more studies in recent years (Davey
and O'toole, 2000; McKenney et al., 1998; Muthukumar & Veer-
appapilla, 2015; Oberbeckmann et al., 2018; Zettler et al., 2013).

Lobelle and Cunliffe (2011) reported that biofilm formation was
observed in sinking plastics with early stage biofilm formation on
marine microplastic wastes. In the first week of the study, while
the number of cultivable heterotrophic bacteria on the plastic
surface was 1.4x10* cm?, it reached 1.2x10°cm? at the end of the
third week. They also did not encounter a species that degrades
plastic in early stage biofilm formation (Lobelle and Cunliffe,
2011). The average level of heterotrophic bacteria was reported
in the range of 6.4-7.9 CFU/cm? in the study conducted on sheet
metal, aluminum, stainless steel, glass, galvanized, wood, cotton
and rope (Altug et al., 2007). In this studly, the heterotrophic bac-
terial levels on PP, PVC and PE surfaces were determined at an
average of 11 CFU/cm?. Zettler et al. (2013) reported that the mi-
crobial community on polypropylene and polyethylene particles
differed from the community in seawater. In our study, we can
sort the plastic varieties according to the bacterial levels they
have on them as PP>PE>PVC. The research conducted by Ober-
beckmann et al. (2018) examined the microbial biofilm structure
and variety on marine microplastics in North European waters in
different seasons.

The sector produced 3.5 million tons of plastic raw materials in
2017, and produced around 1.8 million tons in the first 6 months
of 2018 all over the world. In Turkey, the total plastic raw materi-
als production was realized at the following rates: low-density
polyethylene (31%), high-density polyethylene (9%), PVC (15%),
PP (%12), PS (10%), and Polyethylene terephthalate (23%) (AT&T,
2017).

The part of the plastic that is produced in the scope of recycling
is not clearly predictable. Plastics such as disposable bags, PET
bottles and packaging are known to play a major role as contam-
inants for our aquatic resources (Browne et al., 2011; Yurtsever,
2015).

CONCLUSION

This research confirms that the plastic surfaces, like all particles in
marine ecosystems, might have a potential to carry microbial
agents. The domestic and industrial wastes should be prevented
from reaching the sea, permanent pollutant sources should be
identified and the monitoring studies should be carried out in
marine ecosystems. Alternative organic materials should be pre-
ferred instead of disposable plastic materials. This study contrib-
utes scientific knowledge related for the first time to the levels of
heterotrophic bacteria, attached to the plastic surfaces, in our
country. Detailed and long-term studies are needed to deter-
mine the bacterial profiles and metabolical peculiarities of dom-
inant bacterial species that hold onto plastic surfaces.
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ABSTRACT

In this study, age and sex compositions, length distributions, growth parameters and length-weight
relationships of common sole populations were determined in Gullik Bay, southern Aegean Sea,
Turkey. Trammel nets and beach seines which have different full mesh sizes were used to obtain
samples. Sex ratio (female:male) was found to be 1.14:1. Growth parameters of the common sole
in Giillik Bay was described as; L_=33.95, K=0.208 y, t=-0.032, L_=31.98, K=0.236 y, t,=-0.037 y
andL_=29.11,K=0.324 y", t =-0.030 y, for sexes combined, females and males, respectively. Length-
weight relationships for combined sexes, females and males were W=0.0079L3%¢, W=0.0072L31""
and W=0.0088L3%, respectively. Combined individuals and females showed positive allometric
growth and males showed isometric growth. Ages ranged between 0-9 years. Study results could
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be useful for further common sole fishery management strategies.

Keywords: Common sole, Aegean Sea, trammel net, small-scale fishery, flatfish

INTRODUCTION

Flatfishes are a highly diverse fish group. Ac-
cording to taxonomists, 1820 species have been
identified, however, 1073 are valid and the Solei-
dae family includes approximately 281 species
(181 valid species) (Eschmeyer & Fong, 2017). 56
of these flatfish species have commercial impor-
tance all over the world and 10 in the Mediterra-
nean (Uluttrk, 2012). In Turkey, a few turbots,
sole and flounder species are commercial (TUIK,
2016). Common sole (Solea solea) is one of the
highest commercial flatfish species in Turkey
(Turkmen, 2003) as in some other parts of the
world (Teixeira, 2007). Therefore, it is a targeted
species by fishermen in some periods.

Gullik Bay is an important fishery area for both
small-scale and industrial fisheries. Beside
trawling and purse-seining, small-scale fishery
(especially trammel net fishery) is common in
this area. Species-specific fishing gear (such as
red mullet nets, shrimp nets, common dentex

nets etc.) are densely used. One of these nets is
the common sole trammel net and is used in
certain periods in Gullik Bay. Especially, the pe-
riod which is from the middle of September to
the middle of February, is locally named as
common sole period.

Due to having high commercial importance, the
common sole stocks need proper management
strategies. Therefore, there have been many
studies conducted on common sole including
growth (Deniel, 1990; Enberg et al., 2008), stock
assessment (Mehanna & Salem, 2012), and pop-
ulation parameters (Ttrkmen, 2003).

Common sole studies are both discontinuous
and insufficient in Turkey. The objective of the
present study was to determine age and sex
compositions, length distributions, growth pa-
rameters and length-weight relationships of the
common sole population in Gullik Bay for fur-
ther fishery management strategies.
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MATERIALS AND METHODS

Fishing operations were conducted between October 2013 -
November 2015 in Gillik Bay and Bogazici lagoon, which are in
the Southern Aegean Sea, Turkey (Figure 1).

|
27°15°

Didim
L ]
N
=375
Gilliik Bay % y
Bog,azwl
. RN
‘Commercial trammel
= net operation arcas
! oy Yzllkava.k —— Beach seine operation
arcas

Figure 1. Study area (Cerim, 2017).

Samplings consisted of two parts; first was just total length mea-
surement on board due to difficulties of taking weights of the
specimens by a digital laboratory scale, second was laboratory
examinations for length, weight and age determinations.

Data were obtained from commercial small-scale fishermen who
use 80-90 mm full mesh size trammel nets. Additionally, beach
seine and 52-56-64 mm full mesh size PA trammel nets were used
to obtain various length classes in the lagoon area. Sampling
depths varied between 0.5m and 70m. Samples were stored in
ice and were brought to the laboratory.

Total lengths were measured to the nearest 0.1 cm and weighed
individually to the nearest 0.01 g. Sagittal otoliths were removed,
cleaned and stored in Eppendorf tubes. Otoliths were embed-
ded in polyester, and two thin sections (0.1 mm) were cut along a
transverse plane through the focus of the otolith by a Buehler
Isomet Lowspeed Saw. The ages were read under a light micro-
scope by three independent experts. Contradictory readings
were discarded from age estimations. The theoretical birthday
was considered as 1 January (Froglia & Giannetti, 1985). Exact
ages were calculated according to sampling month (1
month=0.083 year).

Length weight relationships were calculated according to formula
W=a*L" (Ricker, 1973). Where; L is the total length, W is the total
weight, a is the intercept of the regression curve and b is the re-
gression coefficient. If bvalue is 3, <3 or >3, it means isometry, neg-
ative allometry and positive allometry, respectively. Significant dif-
ference of b values from 3 were tested with the t-test (Pauly, 1993).

Growth coefficient (K), age at zero length (t,) and asymptotic length
(L) were estimated with the least square method (Legendre, 1805).

The Chi-square (39 test was used to examine significant differ-
ences (p<0.05) between sexes.

Growth performance was estimated with the phi-prime test (&)
(Pauly and Munro, 1984);

= logK + 2logLes.
RESULT AND DISCUSSION

On board measurements and laboratory examinations

In total, 2165 individuals were evaluated in the study. The total
length of 1029 individuals were recorded on board. The total
lengths varied between 19.1 and 42.1 cm (Figure 2). The maxi-
mum total length, 42.1 cm, was measured on board. It was not
possible to determine the sexes of the individuals on board.

Frequency (%)

19 21 23 25

27 29 31 33 35 37 39 41
Length classes (cm)

Figure 2. Length-frequency of on board measurements.

According to laboratory examinations, 1136 individuals were
evaluated and 607 of the individuals were female and 529 indi-
viduals were male. Sex ratio was found as 1.14:1, female to male,
respectively. According to the chi square test, a significant differ-
ence was found between female and male (p<0.05, ?=5.35).

Female total lengths ranged between 7.1-31.1 cm and male total
lengths ranged between 3.9-28.7 cm (Figure 3).

Total lengths and weights of 1136 individuals were evaluated to
determine length and weight relations. Total lengths ranged

70
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20

10

0
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Figure 3. Total length-frequency of common sole.
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Table 1. Total length-weight parameters
Sex n a b C.l.of b S.E.of b R? Growth Type
Combined 1136 0.0079 3.064 3.046-3.080 0.03617 0.9915 A+
Female 607 0.0072 3.101 3.085-3.139 0.03535 0.9866 A+
Male 529 0.0088 3.024 2.997-3.042 0.03586 0.9925 |
from 3.9 to 31.1 cm and weights ranged from 0.24 to 458.67 g.
Total lengths and weight regressions were calculated for com- 35
bined sexes, females and males, separately. b values of com- 30
bined, female and male individuals were compared with isomet- =
ric growth. While combined individuals and females showed g 25
positive allometric growth (p>0.05), males showed isometric = 20
growth (p<0.05) (Table 1). %
Length-frequency distributions provide a vision (Khan & Khan, 2014) ﬂ 15 A .
to help understand when the fishing pressure starts and ends. g 10 |I° Combined sexes
Length range (2.9-42.1cm) shows us the significance of the area in = n= 235
terms of maintaining common sole’s generations. According to
Turkish fishery communiques, the minimum landing size of common 0
sole is 20cm. However, an individual with only 9.1 cm total length 01 2 3 456 7 8 910
was caught in a commercial 52mm trammel net. Capture of small in-
dividuals by commercial nets means fishing pressure is at the begin- Age (year)
ning of the common sole lifespan. Cerim & Ates (2016) found opti-
mum catch sizes to be 23.20 and 27.02 cm for 80 mm and 90 mm full 40
mesh sized trammel nets, respectively. These findings are suitable in . 35 . .
terms of length-based fishery management. However, the 16-22 cm g 30
length range (the second most observed length range in length-fre- et 25
quency distribution) originated from lagoon samplings (52, 56 and £
64 mm full mesh size trammel nets). According to length-frequency 5 20
distributions, as a great majority of small individuals are captured in f 15
the lagoon area, Bogazici lagoon area could be characterized as a E 10
. . . o]
spawning or nursery area. Therefore, lagoon fisheries should be [
managed by taking into consideration this feature. On the other
hand, if the fishing pressure exceeds the optimal population growth,
common sole stocks may collapse in the future. 0 9
Age determinations
The otoliths of 235 individuals were used for age determination.
Fishes were chosen randomly to obtain various length classes 30
without considering their sexes. Therefore, the number of fe- g 25
males and males varies. = 20
Ages were between 0-9 years. Ages distributed between 1-8 year % 15
for females (148 individuals) and 1-7 years for males (75 individu- — 10 _
. , o . . — n=75
als) (Figure 4). For some fish, sex determinations were impossible s 5
due to having too small or transparent gonads and no internal g 0
organs (occasionally, internal organs are eaten by an Isopod spe- 0 1 2 3 4 5 6 7 8
cies after the fish is entangled in the net). However, these individ-
uals (i.e. 12 unsexed individuals) were incorporated into age de- Age (year)
termination (some of 0, 8 and 9 years old individuals belong to

this unsexed group). Length related ages of combined females
and males are shown in Tables 2, 3 and 4.

Length at ages are given in Table 5. Methods of the previous
studies’ age determinations were similar. However, some of the
total lengths which were related to their ages in other previous
studies, are larger or smaller than the present study results. First-
ly, the difference in size-compositions could be an effect on these

Figure 4. Age-Length relationship of common sole.

variations. On the other hand, these variations could have origi-
nated due to some environmental factors such as pollution (Au-
thman et al, 2015), fishing and temperature (Tu et al., 2018) and
especially food availability (Ujania et al., 2012, Gupta & Baner-
jee, 2015). Furthermore, size variation may be affected by genet-
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Table 2. Age-length key for the common sole in Gilltk Bay based on otolith readings

Age (years)

0 1 2 S 4 5 6 7 8 9 N
2-4.9 3 3
5-7.9 7 9
8-10.9 1 1
11-13.9 5 5 10
14-16.9 3 16 19
17-19.9 13 12 25
20-22.9 3 25 10 38
23-25.9 1 8 35 25 7 76
26-28.9 3 14 25 6 48
29-31.9 3 3 2 8
Total 10 9 37 38 18 38 39 35 9 2
Mean (cm) 5.7 12.8 16.8 20.5 22.6 24.9 25.8 26.8 28.0 30.3 235
S.D. 1.2 1.2 2.3 1.4 1.4 0.7 0.5 0.6 0.5 1.5
Table 3. Age-length key for female common sole in Gillik Bay based on otolith readings
Age (years) N
0 1 2 8 4 5 6 7 8
2-4.9
5-7.9
8-10.9
11-13.9 2 2 4
14-16.9 1 9 10
17-19.9 4 6 10
20-22.9 2 19 4 25
23-25.9 1 7 25 16 4 53
26-28.9 2 13 20 6 41
29-31.9 2 3 5
Total 3 17 26 1 27 29 26 9
Mean (cm) 13.7 16.5 21.1 23.4 24.8 25.8 28.2 28.5 148
S.D. 2.0 2.2 1.1 1.3 0.9 0.5 1.7 1.9
Table 4. Age-length key for male common sole in Gillik Bay based on otolith readings
Age (years) N
0 1 2 8 4 5 6 7
2-4.9
5-7.9
8-10.9 1 1
11-13.9 3 3 6
14-16.9 2 7 9
17-19.9 9 6 15
20-22.9 1 6 6 13
23-25.9 1 10 9 3 23
26-28.9 1 1 5 7
29-31.9 1 1
Total 6 20 12 7 1M 10 9
Mean (cm) 124 17.0 20.1 22.3 25.1 26.1 26.6 75
S.D. 1.4 2.1 1.5 1.5 0.7 0.8 0.6
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Table 5. Age-length distribution of common sole from Gillik Bay and other locations

Age (year) .
Sex 0 | I i |\? * v Vi Vil vl IX Locations
Ghirardelli (1959) F+M - 16.8 21.4 23.9 25.6 33.1 - - - - Adriatic
Hossucu et al. F = 1680 2130 2452 2698  29.36  31.90 - - - .
(1999) M - 15.30 20.06 22.75 25.08 27.04 - - - - y
Oral (1996) F+M - 16.42 21.52 25.32 27.65 29.90 31.88 33.20 - -
F - 1657 2224 2570 2790 2990 3188 3320 - - Sea of
Marmara
M - 16.83 21.18 23.99 25.68 - - - - -
Gonzales & F - 11.3 17.0 22.9 26.6 32.0 - - - - .
: Atlantic
Carillo (1985) M - 13.0 16.9 20.3 23.1 26.7 - - - -
Ramos (1982) F - 17.1 22.4 26.5 30.3 33.7 36.3 38.4 - - Western
M - 17.5 21.1 24.8 27 .4 30.4 334 36.0 - - Medit.
:::ﬁi‘:’;f;;;‘“"°” F+M S 1809 2416 2661 2839 2599 330 - - - Aegean Sea
2::32:}:‘( o F+M - 180 2563 3094 325 3625 - - - - Adriatic
Gurbet (2000) F+M - = 22.5 25.8 - - - - - - jzmir Bay
Aliaga-
F+M - - 20.5 251 30.1 - - - - - Garekil Bey
F+M - - 21.5 26.0 36.0 - - - - - Edremit Bay
Z'Ic:\'lg::tr' d‘f‘ (1984) F+M - 1820 2130 - : : - - : : Adriatic
This study F+M 57 12.8 16.8 20.5 22.6 24.9 25.8 26.8 28.0 30.3
E - 13.7 16.5 211 23.4 24.8 25.8 28.2 28.5 - Glltk Bay
M - 12.4 17.0 20.1 22.3 251 26.1 26.6 -
Table 6. Some growth parameters of common sole from Gullik Bay and other study locations
Sex n K (yr") t, yr) L_(cm) o* Locations
Ramos (1982) F 179 0.220 -0.749 46.40 2.68 Western Mediterranean
M 151 0.240 -1.085 38.80 2.56
Froglia & Gianetti (1985) F+M 671 0.041 -3.574 38.25 1.78 Adriatic
Vianet et al. (1989) F 287 0.270 -0.410 51.56 2.86
M 274 1.030 -0.070 26.38 5.86 Gulf of Lion
F+M 561 0.240 -0.770 48.83 2.76
Papaconstantinou (1990) F+M 0.380 -0.410 34.88 2.66 Amvrakikos Gulf
Deniel (1990) B 558 0.329 0.075 48.20 2.88 Erance
M 351 0.397 0.093 42.40 2.85
Oral (1996) F+M 523 0.273 -1.166 37.12 2.58
F 218 0.729 -1.065 35.79 2.97 Sea of Marmara
M 206 0.629 -0.911 28.63 2.71
Stergiou et al. (1997) 0.380 -0.410 34.90 2.67 Aegean Sea
Hossucu et al. (1999) F+M 340 0.280 -1.109 34.75 2.53
F 184 0.170 -1.956 42.45 2.49 jzmir Bay
M 156 0.330 -1.043 31.14 2.51
Tiirkmen (2003) F 553 0.181 -1.550 29.95 2.21 iskenderun Bay
M 550 0.221 -1.310 26.03 2.18
Mehanna & Salem (2012) 2179 0.330 -0.450 44.36 2.81 Egypt
Mehanna et al. (2015) F+M 0.580 -0.003 35.81 2.87
F 0.620 -0.009 36.24 2.91 Egypt
M 0.550 -0.060 34.77 2.82
This Study F+M 1136 0.208 -0.032 33.95 2.38
F 607 0.236 -0.037 31.98 2.38 Gulluk Bay
M 529 0.324 -0.030 29.11 2.44

* @ estimated by the present author.
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ic factors (Exadactylos et al, 2013). Phi-prime values of previous
studies showed no differences with the present study (p>0.05).
Therefore, the growth of common sole could not be correlated
with just food availability and other environmental factors could
be responsible for length at age variation.

L_values are different from other studies (Table 6). This variation
could emanate from different sampling gears and maximum
catch lengths. Moreover, the L_ of combined sexes was higher
than the L_ of males and females. This situation was due to the
incorporation of unsexed individuals into the age estimation.

Possible effects on growth

Growth of fishes is different from other animals. After maturation,
although growth slows down due to the transferring of resources
to reproductive parts of body, it continues (Enberg et al., 2008).
Flatfishes also have similar lifecycles to other fishes and this sim-
ilarity is likely to reflect temperature, food availability and ener-
getics (Nash & Geffen, 2015).

Growth of common sole were revealed by different observations
and considerations. According to some researchers, growth of
common sole does not depend on food limitation (van der Veer
et al.,, 2001; Pihl, 1989). Exadactylos et al. (2013) mentioned a po-
tential genetic effect on growth and size variability in cultured
common sole and turbot. Nash & Geffen (2015) stated that many
flatfish species show an increased growth rate within increasing
exploitation levels due to a decrease in population size and an
increase in food availability under these circumstances. On the
other hand, during the first 2 to 3 years, juveniles are found in
nurseries before migrating to deeper waters (ICES, 2012) and
also food availability and temperature effects the growth on the
nursery grounds (Nash & Geffen, 2015).

Growth may be affected by interspecific food competitions.
Vinagre (2007) found that priority of cohort colonization of both
S. senegalensis and S. solea in estuaries effects growth rate and
S. senegalensis has a higher growth rate than S. solea. In early
colonization, low competition and high food availability may af-
fect the growth rate. Besides, Molinero et al. (1991) determined
that diets of S. solea and S. senegalensis are very similar in the
western Mediterranean and S. senegalensis is now extending its
range to the west Mediterranean Sea and is thought to be com-
peting with S. solea, at least in the north-west part of the basin
(Tous et al., 2015). Similarly, S. solea may have food competition
with other flatfishes (e.g. Microchirus ocellatus, Monochirus his-
pidus, Citharus liguatula, Arnoglossus spp. etc.).

Except competitions, water pollution may be another reason that
effects fish growth. Bhatnagar & Devi (2013) stated that good wa-
ter quality is important for survival and growth of fish. Gullik Bay
sampling area is the most important aquaculture center in Turkey.
Yildiz et al. (2002) conducted a study in Gullik Bay about marine
pollution sources and they mentioned the Saricay river (sewage
from the Milas district discharges into the Saricay river), Gullik
Harbor and marine traffic, tourism, aquaculture systems, domestic
wastes and atmospheric pollutants may have a pressure on Gullik
Bay. Fish growth may be negatively affected by the existence of
the aforementioned pollution types.

CONCLUSION

Monitoring of biological parameters constitutes the main data
for fisheries. Therefore, fishery management should be struc-
tured on biological data to understand the status and to manage
fish stocks. More studies should be conducted in different fishing
areas to gain more information about wild stocks for managing
commercial flatfish fisheries and aquaculture trials.
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ABSTRACT

The Ergene River is the most significant fluvial ecosystem located in the Thrace Region of Turkey.
But it is being exposed to an intensive organic — inorganic pollution by means of agricultural — in-
dustrial applications conducted around its basin. In this research, the epipelic (EPP) diatoms of the
Ergene River were investigated and the water quality was evaluated using the determined physical,
chemical and biological data. EPP diatom samples were collected from upstream, middlestream
and downstream of the Ergene River and certain physicochemical parameters (dissolved oxygen,
oxygen saturation, pH, electrical conductivity, total dissolved solids, salinity, turbidity, nitrate, ni-
trite, ammonium, phosphate, sulphate, fluoride, chemical oxygen demand, biological oxygen de-
mand and oxidation-reduction potential) were measured during the field — laboratory studies.
Also, the Biological Diatom Index (BDI) was used to determine the trophic status of the Ergene
River in terms of EPP diatoms. According to the results of the physicochemical analysis, upstream
of the Ergene River has Class | — Il water quality and middle — downstream of the Ergene River have
Class Ill — IV water quality in general. According to the results of the biological analysis, 24 diatom
species were recorded in the upstream samples, 4 diatom species were recorded in the mid-
dlestream samples. and 7 diatom species were recorded in the downstream samples. Cymbopleu-
ra amphicephala (Nageli) Krammer, Nitzschia umbonata (Ehrenberg) Lange-Bertalot and Nitzschia
capitellata Hustedt were determined as the most dominant species in the up — middle — down-
stream of Ergene River respectively. According to the result of the BDI, the upstream of Ergene
River was found to be in an oligotrophic state — has high water quality and the middle — down-
stream of Ergene River were found to be in a eutrophic state — have poor water quality.

Keywords: Ergene River, Bentic diatoms, Biological Diatom Index, Water quality

INTRODUCTION oxygen. Therefore, they are of vital importance

) ] for all organisms living in both aquatic and ter-
Diatoms are algae that are the only organism

on the planet with cell walls composed of trans-
parent, opaline silica. Diatom cell walls are also
ornamented by intricate and striking patterns
of silica. Diatoms have chlorophylls a and c that
are light-absorbing molecules. They collect en-
ergy from the sun and turn it into chemical en-

restrial environments. Diatoms are particular
about the quality of water. For example, spe-
cies have distinct ranges of pH and salinity
where they will grow. They also have ranges
and tolerances for other environmental factors,
including nitrogenous or phosphorus concen-

ergy by means of photosynthesis. Diatoms re-
move carbon dioxide from the atmosphere and
convert it to organic carbon, and release the

tration, flow regime, elevation, and organic or
inorganic toxicants. Therefore, diatoms are also
vital for assessment and monitoring of the envi-
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ronmental condition of water ecosystems (Round et al., 1990;
Compton, 2011).

Bioindicator organisms have been widely used in the scientific
community for an effective water quality assessment research
(Martin et al., 2010; Solak and Acs, 2011; Tokatl and Dayioglu,
2011; Delgado et al., 2012; Atict and Udoh, 2016). Diatoms, which
are one of the most important aquatic producer groups, can be
found in all surface waters all the time. They are accepted as an
important part of bioindicator organisms because of having
quick reactions to environmental changes. Therefore, diatoms
have been used to evaluate environmental conditions in many
countries as indicators of water pollution (Acs et al., 2004; Goma
et al., 2004; Atici and Obali, 2006; Solak et al., 2007; Kalyoncu et
al., 2009; Atici and Obali, 2010; Tokatli, 2013; Aydin and Buytkisik,
2014; Tan et al., 2017; Tokatl et al., 2020). Diatom indices are one
of the most widely used water quality assessment techniques
and the Biological Diatom Index ( BDI) is one of the most conve-
nient indexes for evaluating water quality by using diatom com-
munities (Coste et al., 2009).

The Ergene River is the most significant lotic ecosystem for the
Thrace Region of Turkey and it is well documented that this sys-
tem is being exposed to intensive anthropogenic pressure by
means of agricultural and industrial applications conducted
around the watersheds (Erkmen and Kolankaya, 2006; Tokatli and
Bastatl, 2016; Tokatlh, 2017). The aim of the present research was
to determine the epipelic diatoms of the Ergene River and to
evaluate its water quality by using certain physicochemical pa-
rameters and the BDI.

MATERIAL AND METHOD

Study area

Water samples and epipelic (EPP) diatoms were collected from 3
selected stations on the Ergene River in autumn (rainy season) of
2018. A map of the Ergene River Basin and the selected stations
is shown in Figure 1.

Physical and chemical parameters

The dissolved oxygen, oxygen saturation, pH, electrical conduc-
tivity (EC), total dissolved solids (TDS), salinity and ORP parame-
ters were determined using a Hach Lange branded "HQ40D
Multiparameter” device during the field studies; the turbidity pa-
rameter was determined using a Hach Lange branded “2100Q
Portable Turbiditymeter” device during the field studies; the ni-
trate, nitrite, ammonium, phosphate, sulphate, fluorine and COD
parameters were determined using a Hach Lange branded
"DR3900 Spectrophotometer” device during the laboratory
studies; the BOD parameter was determined using a Hach Lange
branded “BOD Trak Il Biological Oxygen Demand” device
during the laboratory studies.

Epipelic (EPP) diatoms

A glass pipe with a diameter of 0.8 cm and a length of 100 — 150
cm was used for capturing EPP diatom samples. Then the diatom
samples collected from the field were cleaned with acid (98%
H,SO, and 35% HNO,) and mounted on a microscope for obser-
vation at a magnification of 1000X. Slides were prepared and ap-
proximately 400 valves were enumerated on each slide to deter-

mine the relation and abundance of each taxa (Sladecova, 1962;
Round, 1993). Diatoms were identified according to Cox (1996)
and Krammer and Lange-Bertalot (1986; 1988; 1991a; 1991b).

The Biological Diatom Index (BDI)

The Biological Diatom Index (IBD) values of the up — middle —
downstreams of the Ergene River were automatically calculated
using the “Calculate IBD with Excel” program. The trophic sta-
tuses and quality classes of freshwater according to BDI values
are given in Table 1 (Lenoir and Coste, 1996).

Table 1. Scale of BDI

Index Value Quality Class Trophic Status
> 17 High Quality Oligotrophic
15-17 Good Quality Oligo — Mesotrophic
12-15 Moderate Quality Mesotrophic
9-12 Low Quality Meso — Eutrophic
<9 Poor Quality Eutrophic

RESULTS AND DISCUSSION

Physical and chemical data

The results of the physicochemical data detected in the Ergene
River and some national — international limit values are given in
Table 2. According to the criteria of the Water Pollution Control
Regulation in Turkey, upstream of the Ergene River has Class | - ||
water quality and middle — downstream of the Ergene River have
Class Ill = IV water quality in general (Uslu and Tarkman, 1987;
Turkish Regulations, 2015).

It is known that the use of organic and inorganic fertilizers, and
municipal and industrial wastewater discharges are the most im-
portant factors in increasing the amount of nitrogenous and
phosphorus in water (Wetzel, 2001; Manahan, 2011). In a study
performed in the Merig, Tunca and Ergene Rivers, water qualities
were investigated. As a result of this research and similar to the
present study, water quality of the Meri¢, Tunca and Ergene Riv-
ers were reported as Class Ill = IV in terms of nitrite, ammonium
and phosphate accumulations (Tokatl, 2015). In another study
performed in the same river basin, the Meri¢ — Ergene River eco-
system was found to have Class | — Il water quality in terms of
temperature, DO, COD, pH, TDS, nitrate, ammonium and sul-
phate parameters; Class Il water quality in terms of nitrite param-
eters; and Class Ill - IV water quality in terms of phosphate, BOD
and fecal coliform parameters in general (Tokatli, 2019). Accord-
ing to the DSI observation reports, nitrogen and phosphorus are
the main concerns affecting the water quality of Meric — Ergene
River Basin (Kendirli et al., 2005). Similar to the data reported by
the DS, the nitrite and phosphate concentrations in the water of
middle — downstream of the Ergene River were detected in quite
high levels and they have Class lll — IV water quality in terms of
these parameters.

Biological data

During the present investigation, a total of 31 diatom species
were identified from the epipelic (EPP) habitat of the Ergene Riv-
er by counting a total of 497 valves in the upstream samples, 67
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valves in the middlestream and 62 valves in the downstream. A
list of identified diatom taxa with the frequency values of the in-
vestigated stations is given in Table 3. Also, the microscopy pic-
tures of identified diatoms are given in Figure 2 and the relative
abundance values of the detected EPP diatoms (higher than 1%)
are given in Figure 3. Cymbopleura amphicephala (Nageli) Kram-
mer, Nitzschia umbonata (Ehrenberg) Lange-Bertalot and Nitzs-
chia capitellata Hustedt, nom. inval. were determined as the
most dominant species in the up — middle — downstream of the
Ergene River respectively. Cymbopleura amphicephala, which
was recorded as the most dominant taxon (relative abundance of
41%) for the upstream samples, is known as a cosmopolitan spe-
cies found in oligo — mesotrophic waters with a low to moderate

electrolyte content. Nitzschia umbonata, which was recorded as
the most dominant taxon (relative abundance of 79%) for the
middlestream, is a common species in eutrophic electrolyte rich
waters and tolerating extremely polluted conditions. Nitzschia
capitellata, which was recorded as the most dominant taxon (rel-
ative abundance of 37%) for the downstream, is a widespread
species occurring in electrolyte rich and brackish waters and tol-
erating extremely polluted conditions (Taylor et al., 2007).

The biological diatom index (IBD)

The Biological Diatom Index (BDI), the formula of which was de-
veloped by Zelinka and Marvan (1961), is a standardized biologi-
cal water quality assessment method. It is based on a total of 209
diatom taxa and provides significant information about the tro-

GREECE

Middlestream

Figure 1. The Ergene River Basin and the selected stations.
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Table 3. Identified diatom taxa
Species Code Diatom Taxa Upstream Middlestream Downstream

1 Amphora pediculus (Kitzing) Grunow + - -
2 Cocconeis pediculus Ehrenberg + - -
3 Craticula subminuscula (Manguin) C.E.Wetzel & Ector - +* -
4 Cyclotella meneghiniana Kitzing + + -
5 Cymbella excisa Kitzing + - -
6 Cymbopleura amphicephala (Nageli) Krammer + -
7 Diatoma vulgaris Bory + - -
8 Diploneis separanda Lange-Bertalot + - -
9 Encyonema ventricosum (C.Agardh) Grunow 4 - -
10 Geissleria decussis (Dstrup) Lange-Bertalot & Metzeltin + - -
11 Gomphonema italicum Kitzing + - -
12 Grunowia sinuata (Thwaites) Rabenhorst + = =
13 Melosira varians C.Agardh + - +
14 Navicula amphiceropsis Lange-Bertalot & U.Rumrich - - +
15 Navicula antonii Lange-Bertalot A - -
16 Navicula capitatoradiata H.Germain ex Gasse + - -
17 Navicula cryptocephala Kitzing + -

18 Navicula cryptotenella Lange-Bertalot + - -
19 Navicula gregaria Donkin - - +
20 Navicula radiosa Kitzing + - -
21 Navicula reichardtiana Lange-Bertalot + = =
22 Nitzschia amphibia Grunow - - +
23 Nitzschia capitellata Hustedt, nom. inval. = + i
24 Nitzschia dissipata (Kitzing) Rabenhorst + - -
25 Nitzschia linearis W.Smith + - -
26 Nitzschia sublinearis Hustedt + = =
27 Nitzschia subtilis (Kitzing) Grunow i - -
28 Nitzschia umbonata (Ehrenberg) Lange-Bertalot - + +
29 Tryblionella hungarica (Grunow) Frenguelli - - +
30 Ulnaria acus (Kitzing) Aboal + - -
31 Ulnaria ulna (Nitzsch) Compeére + = =

phic levels of the investigated aquatic habitat (Coste et al., 2009).
In this research, a total of 31 diatom taxa were identified and they
were used to calculate the Biological Diatom Index (BDI) scores
of the up — middle — downstreams of the Ergene River in order to
determine the trophic status. The BDI values of the investigated
locations are given in Figure 4. According to the calculated BDI
values for the EPP habitats, upstream of the Ergene River was
found to be in an oligotrophic state — has high water quality
(score range of >17) and middle — downstream of the Ergene Riv-
er were found to be in a eutrophic state — have poor water qual-
ity (score range of <9).

The physical and chemical parameters used to assess water quali-
ty may only indicate the current status of the investigated aquatic
ecosystem. However, the bioindicator organisms like diatoms may
indicate the long-term changes in water ecosystems. Therefore,
they have been widely used for the bio-assessment of aquatic
habitats in almost all the countries of Europe due to their broad
distribution and their quick reaction to environmental changes in
water (Acs et al., 2004; Torissi and Dell'Uomo, 2006; Solak and Acs,
2011). Many diatom indices have been developed and they are
widely used to determine the quality and trophic levels of water
ecosystems. In a study performed in Poland, the Biological Diatom

Index (BDI) was used for the assessment of water quality in the Pil-
ica River. As a result of this study, the ecological state of the Pilica
River changed from good (oligo — mesotrophic) to moderate (me-
sotrophic) (Szulc and Szulc, 2013). In another research performed
in Vietnam, the BDI was used to evaluate the water quality of the
Dong Nai River. As a result of this study, the water quality of the in-
vestigated river varied from good (oligo — mesotrophic), moderate
(mesotrophic), to low (meso — eutrophic) levels (Pham, 2017). Sev-
eral studies have also been carried out in different aquatic habitats
of Turkey. Gurbiz and Kivrak (2002) applied Saprobity Index (SI)
and Trophic Diatom Index (TDI) in order to assess the water quali-
ty of Karasu River. According to the results of this investigation, the
Karasu River was found to be in a eutrophicated state and organi-
cally polluted. Kalyoncu et al. (2009) investigated the Daridren
Stream by ecological methodologies to evaluate the impact of
pollution on epilithic diatom assemblages. Solak (2011) also used
the SLA, EPI-D, TDI and DESCY indices to evaluate the water qual-
ity of the Upper Porsuk River (Kitahya). In two studies performed
in the Gurleyik and Seydisuyu Streams, the BDI was used to assess
the water qualities and the results of these studies showed that in
line with the investigated physicochemical data, the Gurleyik and
Seydisuyu Streams were found to be in a mesotrophic state (Tokat-
h, 2012, Atici et al., 2018).
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Figure 2. Microscopy pictures of Ergene River diatoms.

In the present investigation, the BDI was used to assess the wa-
ter quality of the Ergene River and the detected data was com-
pared with the results of limnological data. Similar to the result-
ing limnological data, upstream of the Ergene River was found to
be in an oligotrophic state and has high water quality according
to the result of the BDI and has Class | — Il water quality accord-
ing to the results of physicochemical parameters. Middle — down-

stream of the Ergene River were found to be in a eutrophic state
and have poor water quality according to the result of the BDI
and have Class lll — IV water quality according to the results of
physicochemical parameters. The detected similarities in water
quality status between the results of the BDI scores and the psy-
chochemical parameters indicate that the BDI may be used to re-
flect changes in ecological conditions of the Ergene River.
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CONCLUSION

It is clearly known that biological water quality assessment is
much more effective than investigated physicochemical data in
terms of reflecting any environmental effects on aquatic ecosys-
tems. Therefore, in order to make a better aquatic ecosystem
quality assessment research, physicochemical data should be
supported by biological data. In the present study, the epipelic
diatoms of the Ergene River were investigated and the water

quality of this significant river was evaluated using the Biological
Diatom Index (BDI).

As a result of this research, 24 diatom species were recorded in
the upstream samples, 4 diatom species were recorded in the
middlestream samples and 7 diatom species were recorded in
the downstream samples. Cymbopleura amphicephala which
has a narrow ecological valence and low tolerance, Nitzschia um-
bonata and Nitzschia capitellata which have a wide ecological
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Figure 4. BDI scores of the Ergene River.

valence and high tolerance were determined as the most domi-
nant species in the up — middle — downstreams of the Ergene Riv-
er respectively. It was also determined that upstream of the Er-

gene River was found to be in a Class | — Il water quality status
and middle — downstream of the Ergene River were found to be
in a Class lll - IV water quality statuses according to the results of

limnological parameters. And, similar to the abiotic data, up-
stream of the Ergeen River was found to be in an oligotrophic
state and has high water quality and middle —downstreams of the
Ergene River were found to be in a eutrophic state and have poor
water quality according to the results of BDI.

The results of this study also revealed the benefits of using biotic
and abiotic factors together in water quality assessment studies
and showed that minor changes in environmental conditions
may cause major effects in the diatom communities. While the
sampling frequency is perhaps not sufficient and more research
is needed for the assessment of quality status of the investigated
water ecosystem, the results of the present research do have the
characteristics of a preliminary research with the aim of providing
resources for any future bioindication investigation in the region.
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ABSTRACT

Microbial community compositions and functions of freshwater ecosystems vary due to the envi-
ronmental parameters and water chemistry. Transient bloom events play a crucial role on  the
community profiles. In this study, a specific focus was set to provide a snapshot of the bacterial
community composition in Lake Sapanca, associated with cyanobacterial bloom by high through-
put sequencing method. For this purpose, a sample was collected in the shore of Lake Sapanca
during a cyanobacterial bloom, and the bacterial community profile was examined by 16S rRNA
amplicon sequencing using the Illumina MiSeq platform. Cyanobacteria represented 94% of the all
reads. The bacterial community was re-calculated to evaluate the bacterial diversity in detail by
filtering cyanobacterial sequences. The community was dominated by Proteobacteria (44%) and
Bacteroidetes (33%) species which are abundant in freshwater ecosystems having an ability to de-
grade complex organics. Among the classified genera, Flavobacterium and Rheinheimera domi-
nated the bacterial community suggesting a strong link between those species and the cyanobac-
terial bloom. The experimental work presented here provides one of the first investigations of total
bacterial communities in Lake Sapanca by the high throughput sequencing method. Further work
is needed with more sampling points and time series to fully understand the bacterial diversity and
dynamics.

Keywords: Bacterial community, cyanobacterial bloom, illumina miseq, Sapanca lake, 16S rRNA

INTRODUCTION ute to the ecosystem balance (Su et al., 20173;
Zhu et al., 2019). Microbial community compo-
sitions and functions vary due to the water
chemistry, nutrient concentrations, hydrody-
namic stability and climate (Steffen et al., 2012),
and they respond to environmental alterations
quickly being critical indicators (Su et al.,
2017b). Furthermore, community structures are
highly dependent on transient bloom events
which affect the abundance and activity of
these communities (Eiler & Bertilsson, 2004).
Since microbial communities are key players on
biogeochemical cycles, there is still limited in-

Freshwater habitats have a vital role in global
biogeochemical cycles. However, cyanobacteri-
al blooms are getting more widespread in
freshwater lakes due to nutrient runoff and cli-
mate change, and have become a serious risk
on the sustainability of these ecosystems (Cai
et al., 2014; Liu et al., 2019) which cause difficul-
ties to secure and maintain ecosystem health
(Woodhouse et al., 2016).

Microorganisms drive crucial functions in the
freshwater ecosystems and have a role in the
degradation of organic materials, energy con-
version and nutrient recycling, overall contrib-

formation on the characterization and function
of bacterial communities inhabiting freshwater
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ecosystems, especially during bloom events (Eiler & Bertilsson,
2004; Steffen et al., 2012).

Recent developments in advanced molecular genetic technolo-
gies enable us to have deep information about microbial diversi-
ty and interactions between the community structure and their
environment (Nakatsu, Byappanahalli, & Nevers, 2019). Since the
16S rRNA gene is considered as a molecular marker of prokary-
otes and used to investigate microbial communities in a wide va-
riety of habitats, it has also been used to asses microbial commu-
nity dynamics during cyanobacterial blooms (Nakatsu et al.,
2019; Zhu et al., 2019).

Lake Sapanca, a freshwater lake, is located in the northeast of the
Marmara Region of Turkey. It is a source for drinking water for the
cities of Sakarya and Kocaeli, as well as for industrial usage
(Akcaalan et al., 2014; Leroy & Albay, 2010), and has been moni-
tored according to the presence of cyanobacteria and cyanotox-
in for years to indicate the ecological status of the lake, and it has
now a well-established cyanobacteria diversity (Akcaalan et al.,
2007; Akcaalan et al., 2014). Moreover, there are some studies in
the literature on Lake Sapanca which evaluated the total bacteri-
al counts, pathogenic bacteria and petroleum-resistant bacteria
presence by a culture dependent technique (Altug et al. 2006;
Ciftgi Turetken et al., 2018), and seasonal dynamics of pathogens
by the microarray method (Akcaalan et al., 2018). So far, there
have been no attempts to examine the total bacterial communi-
ty structure in Lake Sapanca, and it has remained unclear. This
study, therefore, sets out to assess the bacterial community com-
position in Lake Sapanca during a cyanobacterial bloom by the
high throughput sequencing method. The experimental work
presented here provides one of the first investigations into the
bacterial community profile of Lake Sapanca by a next genera-
tion sequencing platform.

MATERIALS AND METHODS

Physico-chemical characterization

A surface cyanobacterial bloom occurred in Lake Sapanca on 8
April, 2019 and the sample was collected during the bloom event
in the shore. pH, temperature and dissolved oxygen were mea-
sured with a portable multiparameter (6600, YSI, USA) on the
sampling date.

DNA extraction and amplicon sequencing

First, 10 mL the sample was filtered with a 0.22 pm filter, and to-
tal DNA was extracted from that filter paper using a MoBio Pow-
erWater® DNA Isolation Kit (MoBio Laboratories, Inc., CA, USA)
according to the manufacturer’s protocol. The DNA quantifica-
tion was performed by NanoDrop 1000 (Thermo Fisher Scientific,
Inc., DE, USA), and the extracted DNA was stored at -20°C for
further analysis.

The bacterial community composition of the sample was ana-
lyzed with the ZymoBIOMICS™ Service - Targeted Amplicon Se-
quencing (Zymo Research, Irvine, CA). 16S ribosomal RNA gene
targeted sequencing was performed using the Quick-165™ NGS
Library Preparation Kit (Zymo Research, Irvine, CA). Shortly, the
16S primers used amplified the V3-V4 region of the 16S rRNA
gene (341f-CCTACGGGNGGCWGCAG and 805r-GACTACHVG-

GGTATCTAATCC). The PCR products were quantified with gPCR
fluorescence readings, and pooled together based on equal mo-
larity. The final pooled library was cleaned up with Select-a-Size
DNA Clean & Concentrator™ (Zymo Research, Irvine, CA), then
quantified with TapeStation® and Qubit®. The final library was
sequenced on lllumina® MiSeq™ with a v3 reagent kit (600 cy-
cles). The sequencing was performed with >10% PhiX mix and in
paired-end mode.

The Dada2 pipeline was used to infer the amplicon sequences
from raw reads (Callahan et al., 2016). The raw sequence reads
were trimmed with Trimmomatic-0.33 (Bolger, Lohse, & Usadel,
2014). Whereas, SegPrep were used to assemble the two paired-
end reads to have a complete amplicon sequence with (https://
github.com/jstjohn/SeqgPrep). Usearch (v. 6.1) was used to check
and remove chimeric amplicon sequences (Edgar, 2010) in ref
mode against a curated database (http://drive5.com/uchime/
rdp_gold.fa). Amplicon sequences smaller than 320 bp were re-
moved. For each sample, up to 40,000 sequences were randomly
sampled to reduce the potential bias caused by uneven sam-
pling. These amplicon sequences were compiled, clustered and
analyzed with Qiime 1.9.1 (Caporaso et al., 2010). OTUs were
picked by the workflow of pick_open_reference_otus.py using
the GreenGene database (gg_13_8) as reference database. Sin-
gleton OTUs were removed. Taxonomy assignment was per-
formed with Qiime v.1.9.1 (Caporaso et al., 2010). The microbial
community structures were shown by Krona graphs (Ondov,
Bergman, & Phillippy, 2011; Ozbayram et al., 2017).

RESULTS AND DISCUSSION

The physical properties of Lake Sapanca during the bloom are
depicted in Table 1. The water was slightly alkaline and the char-
acteristics of the lake matched those observed in early studies
(Akgaalan et al., 2007, 2014) showing a typical O, saturation level
during the bloom event with high dissolved oxygen.

Table 1. Physical properties of Lake Sapanca during the

cyanobacterial bloom

Parameter Lake Sapanca
Temperature (°C) 15.9
pH 8.51
Conductivity (uS/cm) 215.6
Dissolved Oxygen (mg/L) 13.57
O, Saturation (%) 130.3

The number of raw reads and after filtration were 78,735 and
65,748, respectively and the rarefaction curve reached a plateau.
The microbial community composition of the bloom sample was
presented at multiple taxonomic levels by a Krona chart in Figure
1. The microbial community comprised 7 phyla, however, the mi-
crobial community was dominated by Cyanobacteria members,
representing 94% of all sequences as it was expected. At the ge-
nus level, all of the Cyanobacteria reads belonged to Planktothrix.
The results are in keeping with previous observational studies,
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which showed that the cyanobacterial bloom was mainly caused
by Planktothrix rubescens in Lake Sapanca (Akgaalan et al., 2007,
2014). Proteobacteria and Bacteroidetes were the following phyla,
representing 5% of the microbial community. The results are in
agreement with those of previous studies, indicating that the bac-
terial community was dominated by Proteobacteria, Actinobacte-
ria, and Bacteriodetes during the phytoplankton bloom (Berg et
al., 2009; Eiler, Bertilsson, & Centre, 2007; Zhu et al., 2019).

Figure 1. Krona chart illustrating the microbial community

composition.

To understand the microbial community diversity better, the bac-
terial reads were evaluated excluding Cyanobacterial sequenc-
es, and re-calculated relative abundances of the bacterial com-
munity are depicted in Figure 2. As it is clear from the chart, more
than half of the reads were represented by Proteobacteria (44%)
and Bacteroidetes (33%). Actinobacteria was the third dominant
phylum, representing only 5% of the bacterial community, fol-
lowed by Planctomycetes (5.3%), Verrucomicrobia (5%) and Gem-
matimonadetes. Proteobacteria and Bacteroidetes have the abil-
ity to become abundant in the presence of bioavailable organic
material, and dominate the community (Eiler et al., 2007). The
members are known to be able to decompose complex organic
materials, and the peptides of the organic carbon plays a crucial
role with their ABC membrane transporters which may support
toxin degradation (Lezcano et al., 2017).

Within Proteobacteria, Betaproteobacteria was the dominant
class, representing almost half of the total reads in Proteobacte-
ria, followed by Gammaproteobacteria and Alphaprotecobacte-
ria. Betaproteobacteria was found as abundant in freshwater
ecosystems (Zhu et al., 2019). Flavobacteriia (29%) was the domi-

nant class within Bacteroidetes, and showed a relatively high
abundance compared to Sphingobacteriia (2%) and Cytophagia
(2%). Most of the Flavobacteriia members are chemoorgano-
trophs, and are able to use complex organic materials as a car-
bon source (Parulekar et al., 2017). In terms of family level, 25% of
the bacterial community was represented by Flavobacteriaceae
(phylum: Bacteroidetes), which was by far the most abundant
among all the families. Comamonadaceae (phylum: Proteobac-
teria) was the second most abundant family, representing 14% of
the total reads. Moreover, 9% of the bacterial community was as-
signed to Chromatiaceae (phylum: Proteobacteria). The families
Burkholderiaceae, Sphingomonadaceae, Pseudomonadaceae,
Cryomorphaceae and Phycisphaeraceae together represented
18% of the bacterial community.

Figure 2. Krona chart illustrating the bacterial community
composition (excluding Cyanobacteria).

The overgrowth of Cyanobacterial species causes bacterial com-
munity changes with an increasing abundances of the members
which have an ability to decompose organic matter and toxic
compounds (Lezcano et al., 2017; Su et al., 2017b). Thus, it is ex-
pected to observe Bacteroidetes members in high abundance
during the phytoplankton blooms (Eiler et al., 2007). Among the
classified genera, Flavobacterium (phylum: Bacteroidetes) domi-
nated the bacterial community, accounting for 25% of the total
sequences (Figure 3). The high abundance suggests that a strong
link may exist between the bloom and Flavobacterium species
which can degrade various biomacromolecules and carbohy-
drates. The members can react to transient nutrient loads imme-
diately, which is a result of phytoplankton blooms (Buchan, Le-
Cleir, Gulvik, & Gonzélez, 2014). Whereas some of Flavobacteri-
um species have a potential to degrade cyanotoxin, some of
them are reported to have a role in denitrification (Parulekar et
al., 2017). Rheinheimera was the second most dominant genus,
representing 9% of the bacterial community. Rheinheimera has
also higher abundances in the aquatic environments and can hy-
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Flovabacterium

Rheinheimera

Figure 3. The dominant bacterial genera representing more
than 5% of the all sequences are shown in colors.
The grey part represented the rest of the bacterial
genera which represented <5% of the all sequences.

drolyze organic materials. It is speculated that, Rheinheimera
species can regulate phosphate exchange in the cyanobacterial
mucilage capsule resulting in the enhancement of Microcystis
growth (Parulekar et al., 2017).

CONCLUSION

The present research explores, for the first time, the bacterial
communities associated with cyanobacterial blooms in Lake Sa-
panca by 16S rRNA targeted amplicon sequencing. This study
has shown that the bacterial community was dominated by
bloom-associated phyla, Proteobacteria and Bacteroidetes, hav-
ing the ability to grow on complex organic materials.

These findings provide a snapshot of the bacterial communities
in Lake Sapanca during the cyanobacterial bloom. Further work
is needed, with more sampling, to fully understand the bacterial
diversity and dynamics.
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ABSTRACT

The aim of this study was to describe the age, growth and relationships between otolith morphom-
etry and fish length, weight and age of the red porgy, Pagrus pagrus. This study was carried out
from the shores of Gizli liman to Kefalos Cape in the north of Gékgeada Island, between March and
June 2018. The samples were collected at depths of 40-120 m by long lines. The 66 individuals
obtained from red porgy ranged in total length (TL) from 13.5 to 50 cm. The calculated length—
weight relationship was determined as W=0.016TL2%5 (R?=0.98). Individual ages were macroscop-
ically determined by counting the annuli of sagittal otoliths. Estimated ages ranged from 1-12
years. The von Bertalanffy growth curve was fitted to the age/total length data as follows: Lee=51.48
cm, K= 0.18 and t,=-0.27. The red porgy sagittal otolith length, width and mass were measured
between 4.96-14.72 mm, 3.49-7.85 mm and 0.0199-0.2460 g, respectively. No significant differenc-
es in otolith morphometry were found between left and right otoliths. This study provides valuable
data for the stock assessment of common pandora in the fishing grounds of Gékgeada Island lo-
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INTRODUCTION

Age and growth data provide important infor-
mation about both individuals and their popula-
tions (Michael et al., 2013). Thus, determining
the age and growth of the fish species has been
and will continue to be one of the most import-
ant activities carried out by fisheries biologists
(Jackson, 2007). Age and growth information are
helpful in describing the present status and past
history of fish populations along with the future
program of the fishery management (Khan &
Khan, 2014). Otoliths are highly useful anatomi-
cal structures because they provide the most ac-
curate estimates in determining the age of many
fish species (Campana & Thorrold, 2001). Oto-
liths are used in balance and/or hearing in all
bony fishes (Campana, 1999). In the inner ear,
there are three pairs of otoliths called lapillus, as-
teriscus and sagitta (Green et al., 2009; Tuset et

al., 2008). These are natural data loggers that re-
cord information about growth and environment
at different temporal scales into their microstruc-
tures and chemistry (Campana, 1999; Kalish,
1989). In addition, otoliths show a complete
chronological record of the life of fish (Campana,
1999). Otoliths continue to grow throughout the
life of the fish, and this growth occurs by the ac-
cumulation of protein and calcium secreted by
the macular cells surrounding the surface of the
otolith (Campana & Neilson, 1982). The use of
otoliths to determine the age of the fish began
in 1899 with the observations of Reibisch (Cam-
pana, 1999). Age estimates were made by count-
ing the macro bands representing the annual
growth rings in the otoliths of the adult individu-
als of some tropical fish.

The red porgy, Pagrus pagrus, is a demersal ma-
rine fish associated with a variety of temperate to
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subtropical habitats (Labropoulou et al., 1999; Vassilopoulou & Pa-
paconstantinou, 1992). This species is distributed throughout the
Atlantic Ocean and Mediterranean Sea at depths of 18 to 280 m
(Manooch & Hassler, 1978). Adults of this species inhabit rocky or
gravel habitats (Alekseev, 1982, Manooch & Hassler, 1978). This
species is a protogynous hermaphrodite that reveals an unbal-
anced sex ratio in favor of females (Manooch & Hassler, 1978; Vassi-
lopoulou & Papaconstantinou, 1992). Red porgy is a carnivorous
fish species that can reach a weight of up to 15-20 kg. It has great
economic importance for coastal fisheries in the Turkish waters. Ac-
cording to Turkstat data, commercial landings of red porgy have
experienced a serious decline since 2009. Based on these data, it
can be said that red porgy stocks are being overexploited.

The red porgy is listed in the IUCN Red List of Threatened Species
as a species of least concern, with a recommendation of improved
and targeted fisheries regulations and protection for this species
(Russell et al., 2014). It is important to study these species, broadly
distributed and economically important, in order to implement
management policies. The purpose of our study was to determine
the age of red porgy accurately in order to develop age-length
keys and growth model from Gékgeada Island, Turkey. We also ex-
amined the relationship between otolith morphometric measure-
ments (length, width, and mass) and the total length of the fish.

MATERIAL AND METHODS

This study was carried out from Gokgeada Island, Turkey (Figure
1). Samplings were conducted using long lines, from 40-120 m
depths between March and June 2018.
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Figure 1. Sampling stations where red porgy, Pagrus pagrus
were collected with long lines from the island of

Gokeeada, Turkey, March — June 2018.

Length-weight relationships

The red porgy was measured for total length (TL) and total weight
(W). Sexes were determined using morphological examination in
the laboratory. The Mann-Whitney U test was applied to exam-
ine the differences between sexes according to the total length.
The relationship between the total length and the weight was
calculated for each sex separately using a power function:

W = aTL®

where, b is the regression coefficient and a is the regression con-
stant. The regression parameters a, b and the coefficient of de-
termination (R?) were estimated for all individuals and for each
sex. The allometric index value (b) was compared to the theoret-
ical value of 3 by a t-test (Zar, 1984).

Age and growth

Sagittal otoliths of red porgy were extracted, dried and stored in
eppendorf tubes. One otolith was randomly selected and im-
mersed in a plastic vial with glycerine solution for an hour. Sagit-
tal otolith annual rings were counted from the core to the outer
edge under a light microscope (Figure 2). Two readers inde-
pendently counted the annual rings without prior knowledge of
fish length. Estimates of the precision of growth ring counts be-
tween readers were determined using the average percentage
error (APE) of (Beamish & Fournier, 1981) and coefficient of varia-
tion (CV) (Chang, 1982).

The von Bertalanffy growth curve was fitted to the length at age
data using non-linear least squares parameter estimation (Von
Bertalanffy, 1938);

TL = L_ [1-etkt0]

1 milimetre

Figure 2. Image of the annual rings seen in a sagittal otolith of
red porgy, Pagrus pagrus collected from Goékgeada,
Turkey. This fish was aged at 7 years and had a total
length of 37.5 cm female.

58



Aquat Sci Eng 2020; 35(2): 57-63
Ayyildiz, Altin and Kizilkaya. Age and Growth of Red Porgy, Pagrus pagrus from the Island of Gékceada, North Aegean Sea

where TL is the fish length at age t, L_ the theoretical asymptotic
length, K the growth rate coefficient, and t, the theoretical age
when the fish length is zero.

Otolith morphometry

Otolith length (OL) and width (OW) were measured to the nearest
0.01 mm using Q Capture Imaging Software and weighed (OM) to
the nearest 0.00001 g using a Shimadzu electronic balance. OL was
defined as the longest axis between the anterior and posterior oto-
lith edge and OW as a distance from the dorsal to the ventral edge
(Figure 3). Differences between left and right otoliths were tested
by paired t-test. The relationships between the fish length and the
otolith morphometry were investigated. Relations between age
and otolith weight were calculated using the exponential model.

RESULTS AND DISCUSSION

A total of 66 red porgy, Pagrus pagrus, were sampled from
Gokgeada, Turkey. The red porgy individuals ranged in size
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Figure 3. Morphometric measurements of red porgy sagittal
otolith.

from 13.5 to 50 cm total length (Table 1). Female and male total
lengths ranged from 19.9 to 37.5 cm and from 13.5 to 50 cm, re-
spectively (Figure 4). The Mann-Whitney test revealed signifi-
cant differences between sexes, regarding TL (U=203,Z2=2.2117;
p<0.05). The overall male: female ratio (M:F=1:2) was biased in
favor of females. The maximum length and weight reported in
this study are the biggest reported values from Turkey. In their
studies from Turkey i§men et al. (2013) and Ozvarol (2014) re-
ported that the larger individuals were 44.5 and 19 cm in total
length, respectively.

Length-weight relationships

The parameters of the length-weight relationships are provided
for each sex and all individuals in Table 2. Our data suggested
that red porgy from Goékceada showed negative allometric
growth. The parameter b of length-weight relationships was sig-
nificantly different from 3 (p<0.05). The allometric exponent b of
females was greater than males. Females grew isometrically
while males grew allometrically. Most of the previous studies
have shown that red porgy showed negative allometric growth
(i§men et al., 2013; Pajuelo & Lorenzo, 1996; Vassilopoulou & Pa-
paconstantinou, 1992).

Age and growth

Ages were determined successfully from 66 otoliths of common
pandora that ranged in size from 13.5 to 50 cm TL. Based on the
annual growth ring counts of red porgy otoliths, the maximum
observed age was 12 years and the minimum observed age was
1 year old (Table 3). Most of the fish, accounting for 78.8% of the
total sample, were between 2 and 4 years old. The APE and CV
were calculated as 7.4% and 5.2%, respectively. Only males rep-
resented age classes of older than 8 years.

The Von Bertalanffy (1957) model was used to describe red porgy
growth (Figure 5). The estimated parameters of the equation
were; L_=51.48; W_=1904.7; K=0.1861 and t,=-0.27.

The calculated asymptotic length for the red porgy of the
Gokgeada population shows similarity with other studies espe-
cially for the population in the Aegean Sea and the Gulf of Mex-
ico (ismen et al., 2013; Nelson, 1988; Vassilopoulou & Papacon-
stantinou, 1992). Lower asymptotic lengths were presented for
the populations in Buenos Aires, South Atlantic and in the
Southern Aegean Sea (Cotrina & Raimondo, 1997; Harris & Mc-
Govern, 1997; Machias et al., 1998). The calculated asymptotic
length values given by some authors (Cotrina & Raimondo,
1997: Harris & McGovern, 1997; Machias et al., 1998) are small-
er than those of the older individuals obtained from our study.
These differences may be due to the size range of the sampled
fish and/or the environmental factors where the samples were
collected. The findings observed in this study mirror those of
previous studies (Hood & Johnson, 2000, i§men et al.,, 2013;
Potts & Manooch Ill, 2002) that found a lower k value indicating
a slower growth rate.

Otolith morphometry

Otolith length, width and mass ranged between 4.96-14.72 mm,
3.49-7.85 mm and 0.0199-0.2460 g, respectively (Table 4). No
significant differences in otolith morphometrics were found be-
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Table 1. Summary of the total lengths in centimeters of red porgy collected from Gékgeada. The number of specimens (n)
and range, mean, and standard deviation of the mean (SD) for total length are provided.
Capture Female Male Undetermined
Date Max. Mean SD n Min. Max. Mean SD n Min. Max. Mean SD
March 18 3 271 2663 042
April 18 33 37.5 2604 326 12 199 50 3188 855 10 18.1 22 1959 1.18
May 18 6 13.5 37.4 25.65 8.53 1 19.6 19.6 19.6
June 18 1 22.1 22.1 22.1
OFemale MMale BEUndetermined
25 -
20 A
g 15
3
o
210 |
5 -
O 1 T T T T h T _

13 16 19 22 25 28 31 34 37 40 43 46 49 52

Total Length (cm)

Figure 4. Length—frequency distribution of males and females of red porgy collected from Gokgeada, Turkey.

Table 2. Parameters of the length-weight relationships for males, females, and all individuals of red porgy from Gokceada,
Turkey.
n a b R? P
Female 36 0.0129 3.031 0.964 <0.01
Male 18 0.0210 2.887 0.996 <0.01
Undetermined 12 0.0267 2.784 0.692 <0.01
All 66 0.0160 2.965 0.986 <0.01

Table 3. Age-length key for red porgy from Gékceada, Turkey.
Age (Year)

Total Length (cm) 1 2 3 2 5 7 2 9 12 .

13-16.9 1 1

17 -20.9 1 10 3 14
21-249 12 12
25-289 11 14 25
29-329 2 2 1 6
33-36.9 1 1 1 3
37 -40.9 2 3
41-449 1 1

45 -48.9 0
49 -52.9 1 1

n 2 10 26 16 3 2 8 1 1 66
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Figure 5. The von Bertalanffy growth curves for red porgy
from Gokceada, Turkey.

tween left and right otoliths (paired t-test, P>0.05). OL, OW and
OM showed significant linear relations with the TL (Table 5). The
relationship between otolith morphometry and age is shown in
Figure 6. An exponential model explains between 80% and 91%
of the variation in age.

Otolith morphology has proven to be a powerful tool in species
discrimination of many teleost fishes (Rani et al., 2019; Volpedo &
Echeverria, 2003). This paper investigates the relationship of fish
TL and age with otolith morphometrics (OL and OW) by a power
model and OM by linear regression. The results of this study in-
dicate that OL, OW and the OM were linearly correlated to the
fish TL. The OM was found to be a better parameter than the
others (OL and OW) in estimating fish length and weight. These
results are consistent with those of other studies and suggest
that fish size and weight could be estimated using the otolith
morphometrics (Altin & Ayyildiz, 2018; Ayyildiz & Altin, 2018; Ayy-
ildiz et al., 2014; Yilmaz et al., 2015). In addition, the best model
for predicting the fish age of common pandora was found to be
OM in this study.

CONCLUSION

In conclusion, the findings of the present study show that total
length and weight can be estimated from its otolith morphomet-
ric measurements or vice versa. Information about the otolith
morphometry could prove to be an important tool for the identi-
fication of fish species and determines the prey size that is ob-
tained from the stomach contents of piscivorous predators. In
addition, most of the individuals we caught in our study were be-
tween 2 and 4 years old. There are no restrictions on fishing for
red porgy in Turkish waters nor on the amount that can be
caught. However, as this species can reach sexual maturity at the
age of 2-4 years when their length corresponds to about 24 cm,
the results of this study indicate that it is proper to catch this spe-
cies in this region when the fish are between 2 and 4 years old.
The results provide essential information needed for manage-
ment policies of red porgy from the North Aegean Sea. Further
studies will be required on the age, growth and reproduction of
this species to enable effective and sustainable management of
red porgy fisheries.

Otolith length (OL), width (OW) and mass (OM) measurements according to the age of red porgy from Gokgeada, Turkey.

Table 4.

Right
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Table 5. Parameters of the relationships between the otolith morphometry and the fish total length and weight for red
porgy from Gokceada, Turkey
Otolith—fish relationships Model n a b r P
TL-OL Linear 66 -8.49 3.83 0.96 <0.05
TL - OW Linear 66 -15.66 7.65 0.96 <0.05
TL- OM Linear 66 11.97 158 0.99 <0.05
W -OL Exponential 66 0.058 3.79 0.96 <0.05
W - OW Exponential 66 0.105 4.56 0.96 <0.05
W-OM Exponential 66 11415 1.53 0.98 <0.05

n= number of specimens, a= slope of the regression line, b= y-intercept, r’= coefficient of determination; TL= fish total length, OL= otolith length, OW= otolith

width, OM= otolith mass
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Figure 6. The relationship between otolith morphometry and
age for red porgy from Gokgeada, Turkey; Otolith
length (a), Otolith width (b), Otolith mass (c).
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When submitting a manuscript to Aquatic Sciences and
Engineering, authors accept to assign the copyright of their
manuscript to Istanbul University Faculty of Aquatic Sciences. If
rejected for publication, the copyright of the manuscript will be
assigned back to the authors. Aquatic Sciences and Engineering
requires each submission to be accompanied by a Copyright
Agreement Form (available for download at istanbul.dergipark.
gov.tr/ase). When using previously published content, including
figures, tables, or any other material in both print and electronic
formats, authors must obtain permission from the copyright
holder. Legal, financial and criminal liabilities in this regard
belong to the author(s).

Statements or opinions expressed in the manuscripts published
in Aquatic Sciences and Engineering reflect the views of the
author(s) and not the opinions of the editors, the editorial
board, or the publisher; the editors, the editorial board, and
the publisher disclaim any responsibility or liability for such
materials. The final responsibility in regard to the published
content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with
ICMJE-Recommendations for the Conduct, Reporting,
Editing, and Publication of Scholarly Work in Medical Journals
(updated in December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare
manuscripts in accordance with the CONSORT guidelines
for randomized research studies, STROBE guidelines for
observational studies, STARD guidelines for studies on
diagnostic accuracy, PRISMA guidelines for systematic reviews
and meta-analysis, ARRIVE guidelines for experimental animal
studies, TREND guidelines for non-randomized studies, and
COREQ guidelines for qualitative studies.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at
istanbul.dergipark.gov.tr/ase. Manuscripts submitted via any
other medium will not be processed.
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Manuscripts submitted to the journal will first go through a
technical evaluation process where the editorial office staff will
ensure that the manuscript has been prepared and submitted
in accordance with the journal’s guidelines. Submissions that do
not conform to the journal’s guidelines will be returned to the
submitting author with technical correction requests.

Authors are required to submit the following forms during the
initial submission. These are available for download at istanbul.
dergipark.gov.tr/ase

e Copyright Agreement Form,

e Author Contributions Form, and

e |CMJE Potential Conflict of Interest Disclosure Form (should
be filled in by all contributing authors)

Preparation of the Manuscript
Title page: A separate title page should be submitted with all
submissions and this page should include:

e Thefulltitle of the manuscript as well as a short title (running
head) of no more than 50 characters,

e Name(s), affiliations, and highest academic degree(s) of the
author(s) and ORCID ID (orcid.org)

e Grant information and detailed information on the other
sources of financial support,

e Name, address, telephone (including the mobile phone
number) and fax numbers, and email address of the
corresponding author,

e Acknowledgment of the individuals who contributed to
the preparation of the manuscript but who do not fulfil the
authorship criteria.

Abstract: A Turkish and an English abstract should be submitted
with all submissions except for Letters to the Editor. Submitting
a Turkish abstract is not compulsory for international authors.
Please check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a
minimum of three to a maximum of six keywords for subject
indexing at the end of the abstract.

Manuscript Types

Original Articles: This is the most important type of article since
it provides new information based on original research. The
main text should contain Introduction, “Materials and Methods”,
“Resultand Discussion”, "Conclusion" and "References" sections.

Statistical analysis to support conclusions is usually necessary.
Statistical analyses must be conducted in accordance with
international statistical reporting standards. Information on
statistical analyses should be provided with a separate subheading
under the Materials and Methods section and the statistical
software that was used during the process must be specified.
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Units should be prepared in accordance with the International
System of Units (SI).

After the Conclusion section and before references list,
information regarding conflict of interest, financial disclosure,
ethics committee approval and acknowledgement are given.
These information are to be provided in the author form which
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor)
have a financial, commercial, legal or professional relationship
with other organizations or people working with them, a conflict
of interest may arise that may affect your research. A full
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is
routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the approval of
the ethics committee, and the authors may argue that they
do not need the approval of their work. In such situations, we
consult COPE's “Guidance for Editors: Research, Audit and
Service Evaluations” document and evaluate the study at the
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support
the research and the agreements with them should be given
here.

Acknowledgment: Acknowledgments allow you to thank people
and institutions who assist in conducting the research.

Review Articles: Reviews prepared by authors who have
extensive knowledge on a particular field and whose scientific
background has been translated into a high volume of
publications with a high citation potential are welcomed. These
authors may even be invited by the journal. Reviews should
describe, discuss, and evaluate the current level of knowledge of
a topic in researches and should guide future studies. The main
text should start with Introduction and end with "Conclusion”
and "References" sections. Authors may choose to use any
subheading in between those sections.

After the Conclusion section and before references list,
information regarding conflict of interest and acknowledgement
are given. These information are to be provided in the author
form which must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor)
have a financial, commercial, legal or professional relationship
with other organizations or people working with them, a conflict
of interest may arise that may affect your research. A full
description is required when you submit your article to a journal.
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Acknowledgment: Acknowledgments allow you to thank people
and institutions who assist in conducting the research.

Short Communication: This type of manuscript discusses
important parts, overlooked aspects, or lacking parts of a
previously published article. Articles on subjects within the
scope of the journal that might attract the readers’ attention,
particularly educative cases, may also be submitted in the form
of a “Short Communication” Readers can also present their
comments on the published manuscripts in the form of a “Short
Communication”. The main text should contain Introduction,
“Materials and Methods”, “Result and Discussion”, "Conclusion”
and "References" sections.

After the Conclusion section and before references list,
information regarding conflict of interest, financial disclosure,
ethics committee approval and acknowledgement are given.
These information are to be provided in the author form which
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor)
have a financial, commercial, legal or professional relationship
with other organizations or people working with them, a conflict
of interest may arise that may affect your research. A full
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is
routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the approval of
the ethics committee, and the authors may argue that they
do not need the approval of their work. In such situations, we
consult COPE's “Guidance for Editors: Research, Audit and
Service Evaluations” document and evaluate the study at the
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support
the research and the agreements with them should be given here.

Acknowledgment: Acknowledgments allow you to thank people
and institutions who assist in conducting the research.

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below
the tables by footnotes (even if they are defined within the
main text). Tables should be created using the “insert table”
command of the word processing software and they should be
arranged clearly to provide easy reading. Data presented in the
tables should not be a repetition of the data presented within
the main text but should be supporting the main text.
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Table 1. Limitations for each manuscript type

Type of Abstract  Reference
manuscript Page word limit limit
Original Article <20 250 40
Review Article <25 250 60
Short Communication <5 250 20

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as
separate files (in TIFF or JPEG format) through the submission
system. The files should not be embedded in a Word document
or the main document. When there are figure subunits, the
subunits should not be merged to form a single image. Each
subunit should be submitted separately through the submission
system. Images should not be labeled (a, b, ¢, etc.) to indicate
figure subunits. Thick and thin arrows, arrowheads, stars,
asterisks, and similar marks can be used on the images to
support figure legends. Like the rest of the submission, the
figures too should be blind. Any information within the images
that may indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300
DPI. To prevent delays in the evaluation process, all submitted
figures should be clear in resolution and large in size (minimum
dimensions: 100 x 100 mm). Figure legends should be listed at
the end of the main document.

All acronyms and abbreviations used in the manuscript should
be defined at first use, both in the abstract and in the main text.
The abbreviation should be provided in parentheses following
the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, including
the name of the product, the producer of the product, and city
and the country of the company (including the state if in USA),
should be provided in parentheses in the following format:
"Discovery St PET/CT scanner (General Electric, Milwaukee, W],
USA)”

All references, tables, and figures should be referred to within
the main text, and they should be numbered consecutively in
the order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original
articles should be mentioned in the Discussion section before
the conclusion paragraph.
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References

While citing publications, preference should be given to the
latest, most up-to-date publications. If an ahead-of-print
publication is cited, the DOl number should be provided.
Authors are responsible for the accuracy of references. List
references in alphabetical order. Each listed reference should
be cited in text, and each text citation should be listed in the
References section. The reference styles for different types of
publications are presented in the following examples.

Reference Style and Format

Agquatic Sciences and Engineering complies with APA (American
Psychological Association) style 6t Edition for referencing and
quoting. For more information:

- American Psychological Association. (2010). Publication
manual of the American Psychological Association (6th ed.).
Washington, DC: APA.

- http://www.apastyle.org

Accuracy of citation is the author’s responsibility. All references
should be cited in text. Reference list must be in alphabetical
order. Type references in the style shown below.

Citations in the Text

Citations must be indicated with the author surname and
publication year within the parenthesis.

If more than one citation is made within the same paranthesis,
separate them with (;).

Samples:

More than one citation;

(Esin et al., 2002; Karasar, 1995)

Citation with one author;

(Akyolcu, 2007)

Citation with two authors;

(Sayiner & Demirci, 2007)

Citation with three, four, five authors;

First citation in the text: (Ailen, Ciambrune, & Welch, 2000)
Subsequent citations in the text: (Ailen et al., 2000)
Citations with more than six authors;

(Cavdar et al., 2003)

Major Citations for a Reference List

Note: All second and third lines in the APA Bibliography should
be indented.

* A book in print: Baxter, C. (1997). Race equality in health
care and education. Philadelphia: Balliere Tindall. ISBN
4546465465
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e A book chapter, print version: Haybron, D. M. (2008).
Philosophy and the science of subjective well-being. In M.
Eid &R. J. Larsen (Eds.), The science of subjective well-being
(pp. 17-43). New York, NY: Guilford Press. ISBN 4546469999

e An eBook: Millbower, L. (2003). Show biz training: Fun and
effective business training techniques from the worlds
of stage, screen, and song. Retrieved from http://www.
amacombooks.org/ (accessed 10.10.15)

e An article in a print journal: Carter, S. & Dunbar-Odom,
D. (2009). The converging literacies center: An integrated
model for writing programs. Kairos: A Journal of Rhetoric,
Technology, and Pedagogy, 14(1), 38-48.

e An article with DOI: Gaudio, J. L. & Snowdon, C. T. (2008).
Spatial cues more salient than color cues in cotton-top
tamarins (saguinus oedipus) reversal learning. Journal of
Comparative  Psychology, https://doi.org/10.1037/0735-
7036.122.4.441

e Websites - professional or personal sites: The World
Famous Hot Dog Site. (1999, July 7). Retrieved January 5,
2008, from http://www.xroads.com/~tcs/hotdog/hotdog.
htm!| (accessed 10.10.15)

e Websites - online government publications: U.S.
Department of Justice. (2006, September 10). Trends in
violent victimization by age, 1973-2005. Retrieved from
http://www.ojp.usdoj.gov/bjs/glance/vage.htm  (accessed
10.10.15)

® Photograph (from book, magazine or webpage): Close, C.
(2002). Ronald. [photograph]. Museum of Modern Art, New
York, NY. Retrieved from http://www.moma.org/collection/
object.php?object_id=108890 (accessed 10.10.15)

e Artwork - from library database: Clark, L. (c.a. 1960's).
Man with Baby. [photograph]. George Eastman House,
Rochester, NY. Retrieved from ARTstor

e Artwork - from website: Close, C. (2002). Ronald.
[photograph]. Museum of Modern Art, New York. Retrieved
from http://www.moma.org/collection/browse_results.
php?object_id=108890 (accessed 10.10.15)

REVISIONS

When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that
states point by point how each issue raised by the reviewers
has been covered and where it can be found (each reviewer’s
comment, followed by the author’s reply and line numbers
where the changes have been made) as well as an annotated
copy of the main document. Revised manuscripts must be
submitted within 30 days from the date of the decision letter.
If the revised version of the manuscriptis not submitted within
the allocated time, the revision option may be canceled. If the
submitting author(s) believe that additional time is required,
they should request this extension before the initial 30-day
period is over.
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Accepted manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication process
of a manuscript is completed, it is published online on the
journal’s webpage as an ahead-of-print publication before
it is included in its scheduled issue. A PDF proof of the
accepted manuscript is sent to the corresponding author and
their publication approval is requested within 2 days of their
receipt of the proof.
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