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ABSTRACT

Fish otoliths are generally used to determine taxon, age and size of the teleost fishes and are useful
tools for studies of prey-predator relationships, population dynamics and ichthyo-archaeology. In
the present study, the equations for the relationships were calculated between fish length (TL),
weight (W) versus sagittal otolith length (OL), height (OH) and weight (OW) in comber (Serranus
cabrilla, Linnaeus, 1758) specimens (N=310, 95-225 mm in TL and 7.54-111.27 g) captured via
bottom trawl vessels from off the Giilliik Bay (Southern Aegean Sea) between January and Decem-
ber 2013. Since there has been no statistical differences between left and right otoliths (p>0.05), left
otoliths were used for calculations. Regression formulas were calculated as follows:
TL=28.75*0L-22.31, TL=64.36*OH-6.808, TL=2380*OW0-640, W=0.056*0L358,
W=2.029*0OH3?% W=5168*OW-28.33, OH=0.414*0OL-0.054, OW=0.0000053*OL***2, and
OW=0.003*OH*382, The aim of this study is to fill in the missing data concerning otolith and fish
size relationships of the species in the southern Aegean Sea, thereby providing researchers studying
food habits of top predators to determine the size and weight of prey fish from length or weight of
recovered otoliths.
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Introduction

Otoliths have distinctive shape which is highly species spe-
cific, but varies widely among species (Maisey, 1987).
Thus, several identification guides and keys has been pub-
lished by Smale et al (1995) for south African Fishes,
Harkonen (1986) for northeast Atlantic Sea, Morrow (1976)
for Bering Sea, Campana (2004) for northwest Atlantic
Ocean, Tuset et al. (2008) for the western Mediterranean,
north and central eastern Atlantic, and Nolf (1985) for fossil
fishes. The prey specimens are partially or totally digested
and the hard remains in stomachs, intestines, faeces and
scats (of piscivorous fishes, marine mammals, sea birds) are
only diagnostic features that can be considered; among those
hard remains, otoliths are quite resistant to digestion and
they are important tools for prey classification (Al-Mamry
et al., 2010). The comber Serranus cabrilla (Linnaeus,
1758) is a demersal fish species found at depth ranges be-
tween 5-500 m on the continental shelf and upper slope over
rocks, Posidonia beds, sand and mud bottoms (Tortonese,
1986). It distributes in temperate and tropical regions, East-
ern Atlantic: English Channel southward round the Cape of
Good Hope to Natal, South Africa (Heemstra&Randall,
1986), including Azores, Madeira and the Canary Islands
(Tortonese, 1986). Also in the Mediterranean and western
Black Sea. This study represents the first information on the
otolith-fish size relations of Serranus cabrilla, collected
from the Giilliik Bay (the southern Aegean Sea).

Materials and Methods

In the present study, the relationship equations were calcu-
lated between fish length (TL), weight (W) versus sagittal
otolith length (OL), height (OH) and weight (OW) in
comber (Serranus cabrilla, Linnaeus, 1758) specimens cap-
tured via bottom trawl vessels from the Giilliikk Bay (South-
ern Aegean Sea) between January and December 2013.

Total lengths (TL) were measured to the nearest millimeter.
Fish weight (W) were determined to the nearest 0.01 g on a
digital balance. Sagittae were (N= 310) removed through a
cut in the cranium to expose them then cleaned and stored
dry in glass vials and the left and right otolith were consid-
ered separately. Each sagitta was placed with the sulcus
acusticus oriented through the observer and otolith length
(OL) and otolith height (OH) was determined using eye-
piece micrometer under stereo zoom microscobe (Olympus
SZX-16) and defined as the longest dimension between the
rostrum and postrostrum axis (nomenclature of Smale et al.,
1995 and Tuset et al., 2008) through the focus of the otolith
(Al-Mamry et al., 2010) (Figure 1). Individual sagittal oto-
lith weight (OW - in 0.1 mg) was determined using an elec-
tronic balance. Firstly, the paired t-test was used to check

any differences between left and right otolith pairs. When
significant differences (P<0.05) were not found, the Ho hy-
pothesis (bright = biert) Was accepted and a single regression
was used for each parameter (OL, OH and OW). Linear, Y
= ax + b and non-linear, Y = ax® regression equations were
fitted to determine which equations (OW-W, OL-OW, TL—-
OH, OH-W, OW-OH, OL-W, OL-TL, OH-OL, and OW-
TL) are best describing various relationships between oto-
lith and fish size (Tarkan et al., 2007).

Results and Discussion

The sagittal otoliths of 310 S. cabrilla specimens were ex-
amined. Table 1 shows the descriptive statistics regarding
length and weight of the species and its sagittal otoliths
(with otolith width): the average total length (+S.D) was
14.589 (+£2.909) mm (95-225 mm), and the length of otoliths
ranged from 3.8 to 8.3 mm, height from 1.5 to 3.6 mm, and
weight from 0.0077 to 0.0251 g.

Relations between fish and otolith measurements were
given in Table 2, and the relationships between otolith mor-
phometric parameters and fish sizes of S. cabrilla were
given in Figure 2. No significant differences (t-test for
paired comparisons, P>0.05) were found between left and
right otolith length and weight data. Therefore, the left sa-
gittae measurements were used for the calculation of equa-
tions. Calculated regressions were displayed a high coeffi-
cient of determination ranging between 0.793 - 0.938. A lin-
ear regression model was used to determine the relationship
between the fish length and otolith sizes, but an exponential
regression model was used to describe the relationships be-
tween lengths and weights of otolith and fish for the species.

S. cabrilla is a discard or by-catch species by trawl landings
in Turkey. Despite it has not any commercial value, ecolog-
ical importance come from to be found in predators’ diet.
Otoliths are used extensively in stomach content analysis
because they are one of the last species-specific features to
be digested (Smale et al., 1995). This “powerful” taxonomic
feature of earstones, allowed fish species identification.
Even though there is some reference identification guides
and keys for western Mediterranean, Atlantic Ocean and ad-
jacent waters, this case is very limited, just for some species
specific papers, for eastern Mediterranean. At this point,
studying the marine predators’ feeding habits is to fill the
gap of information on the fish otolith morphology and on
the estimation of specific equations, which is useful to cal-
culate the size and mass of preys (Battagllia et al., 2010).
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Table 1. Descriptive statistics of length and weight data of specimens and their otoliths obtained from the Southern Aegean

Sea.
Range Average (£S.D.)
TL (mm) 95-225 14.589 (£2.909)
W (9) 7.54-111.27 38.569(+22.34)
OL (mm) 3.8-8.3 5.849(+0.980)
OH (mm) 1.5-3.6 2.37(x0.430)
OW (0) 0.0077-0.0251 0.0129(+0.0039)

Total length (TL), Fish weight (W), Otolith length (OL), Otolith weight (OW) and Otolith
height (OH), Standart deviation (S.D.)

Table 2. Intercept values (a), regression slope (b) and coefficients of determination (r?) for linear (L) and exponential (E)
relationships between otolith morphometric parameters, fish length and weight of S. cabrilla.

Relationship Regression a b r

- % TL vs. OL L 28.75 -22.31 0.938
2o TLvs OH L 64.36 -6.808 0.908
- TLvs. OW E 2380 0.640 0.838

- % W vs. OL E 0.056 3.618 0.917
£33 Wvs.OH E 2.029 3.254 0.887
= Wvs. OW L 5168 -28.33 0.822

< OW vs. OL E 0.000053 1.542 0.825
E OHvs. OL L 0.414 -0.054 0.891
O OW vs. OH E 0.003 1.382 0.793

Figure 1. Sagittal otolith of the comber, Serranus cabrilla, sampled from the southern Aegean Sea in 2013 (Total length
of the fish = 225 mm, otolith length = 8.3 mm; OL = otolith length, OH = otolith height).
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Tuset et al. (2008) reported a % ratio relationships between
the length of S. cabrilla (70, 177 and 255 mm TL, n = 3) and
Sagitta sizes as OL/TL= 3.4-4.2 and OH/OL= 39.9-47.1; in
the present study (95-225 mm TL, n = 310) these ratios were
calculated as OL/TL=3.3-4.5 and OH/OL=33.9-48.1.

Conclusion

The growth of individuals belonging to the same species
may show some differentiations for different areas and
stocks (Campana and Casselman, 1993). Therefore, a spe-
cies had been studied its distribution area, separately, on this
object. To meet this need, actually, small part of this lack,
this study is providing OW-W, OL-OW, TL-OH, OH-W,
OW-OH, OL-W, OL-TL, OH-OL, and OW-TL relation-
ships for the species.
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ABSTRACT

Nowadays metal bioaccumulation in holothuroids is increasing and is a cause of worry owing to
toxicity. In the present study the concentrations of mercury (Hg) were measured in holothuroids
(Holothuria (Thymiosycia) arenicola Semper, 1868, Holothuria (Lessonothuria) pardalis Selenka,
1867, Holothuria (Lessonothuria) verrucosa Selenka, 1867 and Holothuria (Halodeima) atra
Jaeger, 1833) collected during different seasons (pre-monsoon, monsoon, and post-monsoon) in
2015 at Buleji and Sunehri coasts of Karachi, Pakistan. Hg concentrations of tentacles were higher
than those in muscle, tentacle and gut tissues of the pre-monsoon, monsoon and post-monsoon.
The lowest Hg concentrations were found in muscle tissues at all seasons in Buleji and Sunehri
coasts. The mean levels in the muscle tissues were 0.018 mg/kg dry wt. for H. arenicola, 0.024
mg/kg dry wt. for H. verrucosa, 0.026 mg/kg dry wt. for H. pardalis and 0.036 mg/kg dry wt. for
H. Atra. The results indicate that according to the European Union legislation the Hg amounts in
all tissues of holothurians is much lower than permitted levels. In terms of Estimated Weekly
Intakes, this current work also proved that there was no likely health hazard to consumers on ac-
count of intake of sea cucumbers under the current consumption rate in Buleji and Sunehri coasts
of Karachi, Arabian Sea.

Keywords: Mercury, Holothuroids, Buleji, Sunehri, Karachi coast, Estimated Weekly Intakes,
Estimated Daily Intakes, Northern Arabian Sea
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Introduction

In terms of industry Karachi in Pakistan is the most im-
portant city where its coastal water is contaminated with do-
mestic and industrial effluent. Karachi coast is impacted
principally by human activities including shipyards, indus-
trial factories, touristic and fishing activities. Therefore re-
search on metal pollution in Karachi coasts has been in-
creased during the recent years. Most studies have dealt with
metal concentration in fish (Ahmed et al., 2014, 2015; Ah-
med and Bat, 2015a,b,c,d; Ahmed and Bat, 2016a,b; Ahmed
et al, 2017a) and very few study concern the holothuroids
(Ahmed et al, 2017b) in Karachi coasts of the Arabian Sea.
Marine organisms, especially benthic invertebrates have the
ability to absorb metals from their living environment. Be-
cause of the ecological importance of holothuroids and their
potential as bio-indicators, recently they are used to study
heavy metal pollution. They are deposit-feeder ingesting
surface sediments and feeding on detritus and associated mi-
croorganisms and well distributed in the Northern Arabian
Sea (WoRMS Editorial Board, 2018). Sea cucumbers also
were accepted as biomonitor organisms (Warnau et al.,
2006).

Heavy metals are considered the important chemicals in ma-
rine environments, and since they are not biodegradable,
they can accumulate at the top of the food chain. Many in-
organic elements that are non-essential for people enter the
diet via seafood. Indeed, most of them are present in aquatic
environment, usually in trace amounts that may be toxic un-
der certain conditions. One of the most important non-es-
sential inorganic elements in seafood that have no known or
accepted biological function in organisms is mercury. Hg is
very toxic metal and its harmful effects are well docu-
mented. Most inorganic Hg compounds are toxic, but or-
ganic Hg compounds, formed when Hg compounds com-
bine with certain organic molecules, are even more so.
These organic Hg compounds are soluble in fat, which
means they accumulate easily in the body and so penetrate
readily into the nerves and brain. Hg occurs naturally in ma-
rine environment and can also be released into the air thanks
to industrial pollution. It vapour is easily transported in the
atmosphere and falls from the air and can pile up in the
aquatic environment (Bat and Ozkan, 2015).

Seafood is a good source of nutrition. It is high in protein,
vitamin B and good fatty acids as omega 3. The health ben-
efits of eating seafood outweigh the potential risks. Hg is a
contaminant that can be found in edible tissues. Hg amounts
differ from coasts to other coasts and may be owing to hu-
man activities or to natural causes. Hg poisoning is generally

counted as the maximum extensive environmental health
threat and its absorption may constitute a serious risk to hu-
man health. It is well known that in Minimata, Japan, hun-
dreds people died or became very heavily sick mostly from
nervous system damage from eating seafood from coastal
waters that were seriously contaminated with Hg from local
industrial discharge.

Sea cucumbers are a pretty appraised as food in the very
Asian countries. They are traditionally eaten up raw, dried,
boiled (Ozer et al., 2004), soups and salads (Jinadasa et al.,
2014) as food for human consumption. Moreover they are
considered to be a high medical value (Jinadasa et al., 2014).
The current study aims to determine the concentrations of
mercury (Hg) in muscle, tentacle and gut tissues of holothu-
roids Holothuria (Thymiosycia) arenicola Semper, 1868,
Holothuria (Lessonothuria) pardalis Selenka, 1867,
Holothuria (Lessonothuria) verrucosa Selenka, 1867 and
Holothuria (Halodeima) atra Jaeger, 1833 collected during
different seasons (pre-monsoon, monsoon, post-monsoon)
in 2015 at Buleji and Sunehri coasts of Karachi, Pakistan to
compare the results with those obtained in international reg-
ulations and to assess the potential health risk for consumers
based on their intake.

Materials and Methods

A total of 144 specimens namely H. arenicola, H. pardalis,
H. verrucosa and H. atra (6 individuals in each species and
6 individuals each season) were collected from Buleji and
Sunehri coasts of Karachi in 2015 (Figure 1). After collec-
tion, individuals were put in seawater from the sampling sta-
tions and transferred to the laboratory. The muscle, tentacle
and gut tissues of holothuroids were then separated carefully
(modified from Bernhard 1976; UNEP 1984 and 1985). 5
grams of muscles, whole tentacles and whole gut of each
sea cucumber samples were placed into the crucibles and
were dried in furnace at 600°C temperature for 3 hours and
then dry ash were weighted in digital balance. These ashes
were digested in the flasks containing 10 ml of concentrated
HCI. When the digestions were completed, the solutions
were cooled to ambient temperature and the digest was fil-
tered and made up to 100 ml in a volumetric flask using ul-
trapure water as the diluent. The analysis for total mercury
was performed on Mercury Hydride system (cold vapor
Technique) Atomic Absorption Spectrometer. The AA An-
alyst 700 atomic absorption spectrometer with 253.7 wave-
lengths was used to determine Hg concentration. Detection
limit was 2 ng Hg (0.00004 mg/L in a 50 mL sample).
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Figure 1. Sampling area from Buleji and Sunehri coasts of Karachi, Arabian Sea

Intake Levels Calculation

The weekly intake amounts were calculated using the high-
est Hg concentration in sea cucumbers EWI (Estimated
Weekly Intakes) = the highest concentration of Hg (mg/kg)
multiplied by holothuroids consumption (kg/70 kg body wit.
/week).

Statistical Analysis

Mean values of residues of Hg among sample locations of
the holothuroids were compared using one-way analysis of
variance (ANOVA) following Tukey post hoc comparisons
(Zar, 1984). P-values less than 0.05 were considered signif-
icant. All analysis was carried out using the SPSS, version
21 and Excel 2010 to analyses the influence of pre-mon-
soon, monsoon and post-monsoon. All values were being
expressed on mg/kg dry wt. basis.

Results and Discussion

The concentrations of Hg in muscle, tentacles and gut sam-
ples of the holothuroids are presented in Figures 2-5. Hg

concentrations of tentacles were higher than those in mus-
cle, tentacle and gut tissues of the pre-monsoon, monsoon
and post-monsoon as the differences were significant
(P<0.05), except in H. verrucosa from Buleji coasts in pre-
monsoon as the difference was not significant (P>0.05). The
mean Hg levels in tentacles of H. verrucosa, H. arenicola,
H. atra and H. pardalis were 0.077, 0.126, 0.127 and 0.170
mg / kg dry wt., respectively. However the mean Hg levels
in gut of H. verrucosa, H. arenicola, H. atra and H. pardalis
were 0.047, 0.029, 0.059 and 0.049 mg / kg dry wt., respec-
tively. The lowest Hg concentrations were found in muscle
tissues at all seasons in Buleji and Sunehri coasts. The con-
centrations of Hg also showed significant differences ac-
cording to the sampling stations. The highest Hg concentra-
tions in gut of H. arenicola and H. pardalis were usually
observed in pre-monsoon and monsoon at Sunehri coasts.
Hg levels were not constant in muscle, tentacle and gut tis-
sues during pre-monsoon, monsoon and post-monsoon at
both Buleji and Sunehri coasts. The sampling stations with
the highest and lowest Hg levels varied according to the
sampling periods and tissues.

57
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Figure 2. The means with standard errors (vertical lines) of Hg concentrations (mg/kg dry wt.) in muscle, ten-
tacles and gut tissues of H. arenicola from Buleji and Sunehri coasts of Karachi, Arabian Sea.
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Figure 4. The means with standard errors (vertical lines) of Hg concentrations (mg/kg dry wt.) in muscle, tenta-
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In the current work statistical analysis of the data displayed
significant differences (P<0.05) among all of the holothu-
roids. The mean residue amounts of Hg varied amongst all
species. The Hg concentrations (mg/kg dry weight) in mus-
cle tissues of the sampled holothuroids are as follows: H.
arenicola (0.018 mg/kg dry wt.) < H. verrucosa (0.024
mg/kg dry wt.) < H. pardalis (0.026 mg/kg dry wt.) < H.
atra (0.036 mg/kg). Means of Hg in muscles of holothuroids
are much lower than the maximum permissible limit (0.5
mg/kg wet wt.) set by the European Union and Turkish Food
Codex (EU Commission Regulations, 2001 and 2006; TFC,
2002 and 2008). Environmental Quality Standards (EQS)
for Hg in biota is given in European Union legislative acts
as 0.02 mg/kg wet wt. (Official Journal of the European Un-
ion, 2013; European Union, 2014). Since our results were
given in dry wt., mean concentrations of Hg converted to
wet wt. dividing by 8.0 as factor. It was calculated that over-
all means of Hg in muscle tissues were between 4.4 and 9
times lower than EQS value (0.02 mg/kg wet wt.).

In the literature, Hg levels in the tissues of the holothuroids
vary considerably among different studies. The obtained
data illustrated that mean Hg accumulation in H. atra that is
similar to Jinadasa et al. (2014) who found that the mean
concentration was 0.031 (+0.013) mg /kg dry wt. from
North-Western Sea of Sri Lanka. The study of Jinadasa et
al. (2014) from North-Western Sea of Sri Lanka indicated
that Hg levels in ten Holothurians species ranged from 0.025
to 0.446 mg /kg dry wt., which is higher than those in the
values detected in our study.

Holothuroids are deposit-feeders and live in close associa-
tion with sediment, and feeds mainly detrital particles and
associated microorganisms (WoRMS Editorial Board,
2018). Many studies (Bat et al., 2015 and 2017; Bat and

Original Article/Full Paper

Ozkan, 2015) indicated that heavy metals including Hg tend
to accumulate in sediment. It is surprising that H. arenicola,
H. pardalis, H. verrucosa and H. atra, which are benthic
species and are associated with sediment, did not show the
high levels of Hg. These results confirm that the both Buleji
and Sunehri coasts of Karachi are not seriously contami-
nated with Hg. Slight differences in Hg levels in these hol-
othuroids could considerably be attributed to the differences
in seasons. It may be suggested that seasonal changes play
basic and significant role in the control of Hg accumulation.

Hg is a non-essential element that can be toxic and carcino-
genic at even low concentration and is known has no role in
biological processes in living organisms. The European
Food Safety Authority’s revised the provisional tolerable
weekly intake (PTWI) of inorganic Hg and set a PTWI of
0.004 mg/kg body wt. applies to seafood (EFSA, 2012).
Special attention to well-being hazard, the permissible
weekly intakes was computed by means of references for
edible tissues of sea cucumbers eaten up by public. Pursuant
to Food and Agriculture Organization (FAO) counts of sea-
food consumption in Pakistan remarked that the adult person
eats the mean daily seafood consumption in Pakistan is 5 ¢
per person (FAO, 2010), which is well-matched to 35
g/week. The tolerable weekly intake of elements as PTWI
(Provisional Tolerable Weekly Intake), are set by the Food
and Agriculture Organization/World Health Organization
(FAO/WHO) Joint Expert Committee on Food Additives
(JECFA). PTWI is the greatest of a pollutant to which a per-
son can be exposed per week over a lifetime without an un-
acceptable risk of health effects (WHO, 1989 and 1996). Es-
timated Weekly Intake (EWI) and Estimated Daily Intake
(EDI) for a 70 kg body weight of an adult person on basis of
the current work outcomes were given in Table 1.

Table 1 Estimated Weekly Intakes (EWI) and Estimated Daily Intakes (EDI) of Hg as mg/kg wet wt. in edible tissues of
holothuroids from Buleji and Sunehri coasts of Karachi, Arabian Sea.

) a b . EwId EDI®
Species PTWIT PTWIT PTDI Buleji Sunehri  Buleji  Sunehri
H. arenicola 0.004  0.28 0.04 0.0021 0.0030 0.00030 0.00045
H. pardalis 0.004  0.28 0.04 0.0028 0.0026 0.00040 0.00038
H. verrucosa 0.004  0.28 0.04 0.0023 0.0402 0.00033 0.00060
H. atra 0.004 0.28 0.04 0.0025 0.0039 0.00035 0.00055

a8PTWI (Provisional Tolerable Weekly Intake) in mg/week/kg body wt.
5PTWI for 70 kg adult person (mg/week/70 kg body wt.)

°PTDI (Permissible Tolerable Daily Intake) (mg/day/70 kg body wt.)
dEWI (Estimated Weekly Intake) (mg/week/ kg body wt.)

*EDI (Estimated Daily Intake) (mg/day/ kg body wt.)
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From the people health point of sight, this current work
proved that there was no likely health hazard to consumers
on account of intake of sea cucumbers under the current con-
sumption rate in Buleji and Sunehri coasts of Karachi, Ara-
bian Sea.

Hg is consistent element in the marine ecosystem giving rise
to grave disease in biota and human. Sources of Hg for ma-
rine water include atmospheric deposition, straight and via
runoff, as well as direct discharges into seashores. Much of
the Hg added to marine ecosystem accumulates in sediments
where it has a risk to benthic biota and to people via con-
sumption of these species. Sea cucumbers are much con-
sumed seafood in the Asian countries (Ozer et al., 2004),
and they are good biomonitors for measurement the impacts
of different environmental chemicals on marine ecosystem.
However results of current work revealed that Hg amounts
in the edible tissues were below the highest tolerable limits.

Conclusions

The outcomes of the current work are not detected
health risk for the human population through seafood
consumption. Hg in muscles of holothuroids are much
lower than the maximum permissible limit (0.5 mg/kg
wet wt.) set by the International Food Codex. Further
investigates are needed to adequately evaluate mean
amounts and the variability of Hg and other toxic ele-
ments in Pakistan food. It is also needed to determine
the toxicological effects of non-essential metals on
these congeners. Furthermore, the Hg also toxic a
lifespan cancer risk to consumers of seafood collected
from the Arabian Sea. Thus, continuous monitoring of
heavy metal pollutants is needed to mitigate the impact
of these contaminants on people health and the marine
ecosystem.
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Mikroalgler ve siyanobakteriler, binlerce yildir ilag, gida ve su triinleri yetistiriciligi endiistrisi igin yiiksek degerli
bilesiklerin dogal bir kaynagi olarak kullanilmaktadir ve biiyiik 6lgekli mikroalg yetistirilmesi, yarim yiizyili askin
bir siiredir yapilmaktadir. Yakin zamanda yeni mikroalg ve siyanobakteri tiirleri tanimlanmis ve gesitli iriinler igin
algal biyokiitle yetistiriciligi ticari 6lgekli sistemlere gegilmistir. ilk olarak, steril sisede (2L, SL ve 10L) laboratuvar
kosullarinda yetistirilen Arthrospira (Spirulina) platensis ve Phaeodactylum tricornutum kiiltiirlerinin spesifik bii-
ylime hizlar1 ve klorofil-a analizleri yapilmistir. Ardindan ticari uygulama i¢in biiyiik 6l¢ekli siyanobakterler ve mik-
roalg biyokiitlesi iiretimi i¢in agik ve kapali sistemler kuruldu. Alg biyokiitlesi {iretimi i¢in ¢evresel kosullar altinda
bir agik karigtirma tanki ve iki farkli tipte kapali-kiiltiir sistemi veya fotobiyoteraktdr (polipropilen torbalar ve plexig-
las tiipleri) kullanildi. Bununla birlikte, P. tricornutum, diistik sicakliga kars1 iyi direng gostermis ve diistik 1g1k siddeti
kosullarinda bile biiyiiyebilmistir. A¢ik havuz sistemlerinin performansi karsilagtirildiginda, entegre sicaklik diizen-
lemesine sahip dis mekan sistemlerinin, daha iyi iklim kosullarina sahip bélgelerdeki agik havuzlarda yetistirilen kiil-
tiirlere benzer bir biyokiitle iretimi elde edildigi gosterilmistir. Ulkemizde yetistirilen mikroalg ve siyanobakterilerin
biyokiitle verimliliginin arttirmast, ileri teknikle tasarlanan ve diisiik maliyetli teknolojilerle gelistirilen fotobiyoreak-
tor ile saglanabilir.

Anahtar Kelimeler: Arthrospira (Spirulina) platensis, Phaeodactylum tricornutum, Biyokiitle, Fotobiyoreaktor
ABSTRACT

LARGE-SCALE PRODUCTION OF MICROALGAE AND CYANOBACTERIA FOR
BIOMASS

Microalgae and cyanobacteria have been used a natural source of high-value compounds for pharmaceutical, food
and aquaculture industry for thousands of years, and the large-scale cultivation of microalgae has existed for over
half a century. More recently novel species of microalgae and cyanobacteria have been identified and the cultivation
of algal biomass for various products is transitioning to commercial-scale systems. Firstly, Arthrospira (Spirulina)
platensis and Phaeodactylum tricornutum cultures grown in the sterile bottle (2L, 5L and 10L) in the laboratory con-
ditions were studied by means of specific growth rate and chlorophyll-a analysis. Then, open and closed systems
were installed for large scale production of cyanobacteria and microalgae biomass industry for commercial applica-
tion. For the production of algae biomass, one open stir tank and two different types of closed-cultured systems or
photobioreactors were used (Polypropylene bags and Plexiglas tubes) under environmental conditions. However, P.
tricornutum has a good resistance to low temperature and they can grow even under low light intensity conditions.
Comparing the performance of open pond systems, it was shown that the outdoor systems with integrated temperature
regulation resulted in a biomass production similar to that for cultures grown in outdoor open ponds in regions with
better climatic conditions. Grown in our country increasing microalgae and cyanobacteria biomass productivity of
can be achieved by designing advanced and developing low cost technologies photobioreactors.

Keywords:  Arthrospira (Spirulina) platensis, Phaeodactylum tricornutum, Biomass, Photobioreactor
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Giris

Mikroalgler ve siyanobakterilerin ¢ogu fotototrofik olarak
yasayabilirken az bir kismi ise heterotrofik olarak, dogada
¢ok genis (tatl su ve denizel, karasal) yasam alanlarinda ha-
yatlarim siirdiirebilmektedirler. Eskiden mikroalgler 6zel-
likle akuakiiltiirde kullanilmasina ragmen giiniimiizde pro-
tein, klorofil, karotenoid ve lipidler gibi ¢esitli yiiksek de-
gerli molekiilleri icerme yetenekleri sayesinde ¢alismalarda
tercih edilmektedirler. Ticari olarak mikroalgler ve siyano-
bakteriler, gida, yem, farmastotik ve enerji sektdriinde siir-
diiriilebilir seceneklerin gelistirmesi nedeniyle yakin gele-
cekte umut vaat eden organizmalar arasinda yer almaktadir.

Arthrospira (Spirulina) platensis ¢ok hiicreli, filamentli fo-
tosentetik bir siyanobakteri tiirtidiir. Ticari olarak besin ve
gida takviyesi olarak iiretimi yapilmaktadir. Bu 6zellikleri-
nin yaninda Spirulina biyolojik islevleri bakimindan antivi-
ral, anti-enflamatuar ve antioksidan aktiviteye de sahiptir.
Yaygin sekilde yetistirilmesinin sebebi bazi hastaliklarin
(artrit, anemi, kardiyovaskiiler hastaliklar, alerjiler, timdrler
ve kanser) tedavisinde gida takviyesi olarak kullanilmasin-
dandir. Spirulina fikosiyanin proteini gibi fonksiyonel bile-
siklere sahip olmasindan dolay1 gidalarda renklendirici ve
emiilgator olarakta kullanilmaktadir (Madkour ve dig.,
2012).

Phaeodactylum tricornutum en ¢ok ¢alisilan denizel bir di-
yatom tiiriidiir. Eikosapentanoik asit (EPA)in 6nemli potan-
siyel kaynagi olarak diisiiniilen tiir, essansiyel yag asitleri ve
karotenoidleri (fukoksantin) insan ve akuakiiltiirde hayvan-
larinin beslenmesinde kullanilmaktadir. Giintimiizde Pha-
eodactylum biodizel iiretimi iginde 6nemli adaylar arasinda
yer almaktadir (Benavides ve dig., 2013).

Fukoksantin kahverengi yosunlar ve diyatomlarda bulunan
major (baskin) karotenoiddir. Bu pigment formlari, klorofil
(Chl) a, Chl ¢ ve bir apoprotein ile birlikte caligmaktadir.
Is1g1 fukoksantin hasat ederek klorofil a/c kompleksi ile bir-
likte fotosentez i¢in fotosentez reaksiyon merkezlerindeki
151k enerjisini transfer eder. Bu karotenoidin giiglii antioksi-
dan, anti-inflamatuar, anti-obezite, antidiyabetik, antikanser
ve antihipertansif aktiviteler sergiledigi bilinmektedir.
Fukoksantin, kanatli hayvan ve su {iriinleri yetistiriciligi en-
diistrisinde hayvan yemi igerisine katki maddesi olarak da
ilave edilmektedir (Xia ve dig., 2013).

Karotenoidler ve fikobiliproteinlerin hiicredeki fonksiyon-
lar1 ya 151k hasat pigmetleri ya da 151k koruyucu ajanlari ola-
rak gorev alarak, fototrofik tiirlerde sentezlenmektedir. Ka-
rotenoidler ve fikobiliproteinler yem ve gidalarda renklen-
dirici olarak kullanilabilinir, ancak en 6nemli 6zellikleri
fonksiyonel saglik igerikleri nedeniyledir. Fikobiliprotein-

ler, baz1 karotenoidler ve diger biyolojik olarak aktif mole-
kiiller mikroalg ya da siyanobakteriler tarafindan sentezle-
nir. Giiniimiizde B-karoten, astaksantin ve fikosiyanin elde
edilmesi icin {iretim yontemlerinin belirlenmesiyle biiytik
Olcekli mikroalgal kiiltiirleri yetistirilmektedir (Eriksen,
2016).

Diinya da mikroalgler ve siyanobakterilerin yetigtirilme-
sinde en ¢ok agik havuz ve kapali fotobiyoreaktor {iretim
sistemleri kullanilmaktadir. Fotobiyoreaktorler, besin mad-
delerinin ilavesiyle biiylime, sicaklik, ¢c6ziinmiis CO, ve pH
gibi ekim parametrelerinin kontrol edildigi kapali sistemler-
dir. Tercih edilmesinin sebebi kontaminasyonu engelleyen,
kolay kontrol edilebilen sistem sunmasindandir. A¢ik havuz
sistemlerinde kontaminasyonlarin sinirlandirilmasinin zor
olmasi nedeniyle daha az tercih edilen sistemlerdendir. Bu-
nunla birlikte, fotobioreaktorler yiiksek baslangic maliye-
tine sahiptirler ve se¢ilen mikroalg tiiriiniin tiretimi i¢in 6zel
fizyolojiye sahip olmasi gerekmektedir. Bu nedenle, iiretim
tesisinde mikroalg tiirlerine spesifik sistemlerin gerekliligi
onemli bir faktordiir (Harun ve dig., 2010).

Ulkemizde mikroalg ve siyanobakterlerin iiretimleri biiyiik
capta Ozellikle akuakiiltiir, gida takviyesi, giibre, kozmetik
ve gida Uiriinleri igine katki maddesi olarak ilave edilmesi ile
gerceklesmektedir. Bu kapsamda iilkemizde tiretilen biiyiik
cap tlretimleri i¢in tiirler genellikle havuzlarda veya poset-
lerde tiretilmektedir. Bu ¢aligma ile Arthrospira (Spirulina)
platensis ve Phaeodactylum tricornutum i¢in ergonomik,
kolay kontrol edilebilen sistemlerinin kurulmasi ile rahat is-
letilebilecek iiretim sistemlerin gelistirilmesi hedeflenmek-
tedir. Yapilan bu calisma, Ege Universitesi Biyomiihendis-
lik Mikroalg Biyoteknoloji Laboratuarin da kiigiik capta
tiretilen mikroalg (P. tricornutum) ve siyanobakterinin (A.
platensis) biiyiik ¢apta iiretimi igin Egert Dogal Uriinler
Uretim Hayvancilik Gida Yem ithalat Ihracat Pazarlama
San. Tic. Ltd. Sti. seralar1 ve {iretim imkanlarindan yararla-
nilmustir. P. tricornutum kapali (fotobiyoreaktorler) ve A.
platensis’ in agik (karistirmali tanklar) sistemlerde ticari
iiretiminin gerceklestirilmesi i¢in ucuz, dayanikli, kolay ku-
rulabilir ve liretim kolaylig1 saglayan sistemlerin kurulmasi
hedeflenerek, tiretim sonrasi mikroalgal biyokiitle miktarla-
rin artirilmasi saglanmigtir.

Materyal ve Metot
Materyal

Arthrospira (Spirulina) platensis (EGEMACC 38) ve Pha-
eodactylum tricornutum Bohlin (EGEMACC 70) tiirleri Ege
Universitesi Mikroalg Kiiltiir Koleksiyonundan (Anonymus
2018a) temin edilmistir.
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Mikroalg ve Siyanobakterinin Uretimi ve Kurulan Sistem
Ozellikleri

Stok kiiltiirlerden inokulumlarinin hazirlanmasinda 2L, 5L
ve 10L’1ik sterillenmis siseler kullanilmistir. Zarrouk ve F/2
ortam igerisinde 22 + 2°C sicaklikta, fliioresans beyaz 151k
altinda (50 pE m™s™) siirekli aydinlatmali ve havalandirmali
(3 L dak™) olarak 15 giin boyunca iiretilmistir (Sekil 1).

Sekil 1. Stok kiiltiiriin 2L, 5L ve 10L’lik havalandirmali ste-
ril siselerdeki kontrollii iiretimi

Figure 1. The stock cultures grown in 2L, 5L and 10L sterile bott-
les under control conditions

A. platensis ve P. tricornutum kiiltiirlerin 2L, 5L ve 10L’lik
iretimlerindeki optik yogunluk degisimleri ve klorofil a
analizleri 15 giinliik liretim boyunca yapilarak, spesifik bii-
yiime hiz1 ve ikilenme siireleri klorofil-a miktarindan hesap-
lanmustir.

Optik yogunluk: Spektrofotometre (Ultrospec1100 pro UV-
Visible Spektrofotometre, Amersham Biosciences) ile A.
platensis igin 560 nm (Cisneros ve dig., 2004) ve P. tricor-
nutum i¢in 680 nm (Yongmanitchai ve Ward, 1991) kulla-
nilarak kiiltlirlerin optik yogunluklar1 belirlenmistir.

A. platensis i¢in klorofil a tayini: 5 mL A. platensis kiiltiiri
GF/C filtreden siiziiliip, filtrat iizerine 5 mL metanol eklen-
mistir. Klorofil-a’nin ekstraksiyonu i¢in 70°C’lik su banyo-
sunda 2 dakika bekletilip ardindan ekstrakt, 5000 de-
vir/dak’da 5 dakika santrifiijlenerek hiicre artiklar1 uzaklas-

Original Article/Full Paper

tirtlmistir. Daha sonra st fazin 665 ve 750 nm’lerdeki ab-
sorbanslart spektrofotometre yardimiyla Slgiilerek, absor-
bans degerleri agagidaki esitlige yerlestirilerek A. platensis
i¢in klorofil-a miktarlar Esitlik 1' e gére mg/L cinsinden he-
saplanmistir (Boussiba vd., 2004).

Klorofil-a (mg/L)=13,9x (ODess—0D7s0) (1)

P. tricornutum i¢in klorofil a tayini: 5 mL P. tricornutum
kiiltiirli, 5 dakika boyunca 6000 rpm'de santrifiijlenip ve
hiicre pelleti tizerine 1 mL DMSO ilave edilmistir. Hazirla-
nan Ornekler, 5 dakika boyunca (HF frekansi 20 kHz) soni-
kasyona tabi tutularak hiicre pargalanmasi gerceklestirilmis-
tir. Ekstraksiyon i¢in par¢alanan 6rnekler karanlikta 30 da-
kika boyunca 55°C de inkiibe edilmistir. 4500 rpm'de sant-
rifiije edildikten sonra spektrofotometrede 665 nm absor-
banst dlgiilerek Esitlik 2 'ye gore hesaplanmistir (Seely ve
dig., 1972).

Klorofil-a (mg/L)=0Dess/73,6 (2)

Spesifik Biiyiime Hizinin belirlenmesi: A. platensis ve P. tri-
cornutum un spesifik bilylime hiz1 Esitlik 3’e gore hesap-
lanmis (Tomaselli, 1997).

,u=lnx2—lnx to—t1 (3)

Burada: y; Spesifik biiyiime hiz1 (giin™), X; t2 (giin) anin-
daki konsantrasyon xa; t1 (giin) anindaki konsantrasyonudur.

A. platensis biiyiik ¢ap tiretimi i¢in karigtirmali tank sistem-
leri hazirlanmig ve bu sistem igerisine Zarrouk ortam kim-
yasallarindan sadece iz metaller ilave edilmeden, havuz ice-
risinde tamamen ¢6ziindiiriilen kimyasallar ile kiltiir ortami
hazirlanmigtir (Sekil 2). Kullanilan kimyasallar gida smifi
(food grade) kalitesinden segilmistir. Hazirlanan ortam tize-
rine belli oranda inokulum ilave edilmistir (Madkour ve
dig., 2012).

Polietilen karigtirmali tanklar 1 tonluk su kapasitesine sahip
olup, iiretimler i¢in 750 L’lik tank alami kullanilmistir. A.
platensis bikarbonatca zengin alkali kiiltiir ortamda tiremesi
nedeniyle kullanilan malzemeler pH 9-10 a dayanikl1 {iriin-
ler arasindan sec¢ilmistir. Havuzlar alttan havalandirmali
olarak tek tarafli yerlestirilen pervane yardimiyla karigtiril-
migtir. Sera icerisinde y1l boyunca iiretimin devami igin ha-
vuzlari etrafi serpantin benzeri boru ile sarilarak, ceket sis-
temi hazirlanmis ve sistemin tiim yil kullanilmasi saglan-
mustir. Tanklarin 1s1s1 ve karistirma hizi kontrol paneli saye-
sinde kontrol edilmistir. Ayrica havanin kapali oldugu za-
manlarda sentetik 151k yardimiyla havuzlar aydinlatilmistir.
Sistem paralel karigtirmali olarak kurulmus ve tahliye mus-
luklar1 havuzlarin altina yerlestirilmistir.
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Sekil 2. Arthrospira platensis’in yetistirilmesi i¢in kullanilan karigtirmali tank havuzlar, A; Paralel iiretim sistemi, B; Or-
tam ilave edilerek kullanilan sistem, C; Aydinlatmali iiretim sistemi, D; Sistemin teknik ¢izim ile gosterimi

Figure 2. The open stir tanks used for the cultivation of Arthrospira platensis, A; Parallel production system, B; The system used by
adding the medium C; Hlluminated production system, D; Schematic diagram of the system

P. tricornutum’un biiyiik ¢apta iiretimindeki kiiltiir ortami-
nin hazirlanmasinda Cigli tuzladan alinan yikanmis deniz
tuzuna sodyum nitrat, sodyum fosfat ve sodyum silikat ilave
edilerek sentetik F/2 kiiltiir ortami hazirlanmistir (Guillard
ve Ryther, 1962). Yikanmis deniz tuzu litreye 20 gram ola-
rak kullanilmigtir. Ana besleme tanki igerisine tuz ve kim-
yasallar ilave edilip ¢Oziindiiriildiikten sonra, asili poset ve
karistirmali  havalandirmali fotobiyoreaktér sistemlerine
tank yardimiyla esit bir sekilde pompa edilerek aktarilmigtir.

Sera i¢indeki polietilen plastik torbadaki tiretim i¢in 75 L’lik
hacimde hazirlanan torbalar V-seklinde asilmis ve sabitle-
mek icin tahta platform kullanilmigtir. Posetler asildiktan
sonra delik, yirtik kontrolii yapilmis ve ana tank igerisinde

hazirlanan ortam Sekil 3 1b de goriindiigii gibi yukardan
besleme ile posetlere ilave edilmistir. Bu sistemde kullani-
lan polietilen seffaf pogetler 1 mm kalinliginda Gida Carsi-
sindan (Izmir) sulama hortumu olarak satin alinmugtir. Tahta
platform tizerine Sekil 3 1a da goriildiigii gibi hava dagiticisi
yerlestirilerek, her bir poset i¢in hava hatt1 yukardan ilave
edilerek kiiltiirlerin karigmasi ve hava ihtiyaci saglanmistir.

Sera icine kurulan diger sistem karigtirmali havalandirmal
fotobiyoreaktoriin yaklasik 450 L hacimde hazirlanmistir.
Sistemler demir platform tizerine yerlestirmistir. Reaktorle-
rin havalandirma, karistirma ve besleme hizi kontrolii plat-
form {izerine yerlestirilen pano iizerinden kontrol edilmek-
tedir (Sekil 4-2).
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Sekil 3. Phaeodactylum tricornutum’un yetistirilmesi i¢in hazirlanan sistemler. 1; P. tricornutum yetistirirken 75 L’ lik
V asili torbalarda

Figure 3. The prepared systems for the cultivation of Phaeodactylum tricornutum, 1; P. tricornutum cultivation in vertical hanging
plastic bags of 75 L

Sekil 4. Phaeodactylum tricornutum’un yetistirilmesi i¢in kullanilan sistemler. (2) Susun dikey kolon ve karistirmali fo-
tobioreaktorde iiretimi

Figure 4. The systems used for cultivation of Phaeodactylum tricornutum, 2; The species cultivation in vertical column and stirred
photobioreactor
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Karistirmali Tanklarin ve Fotobiyoreaktorin Hasati

A. platensis ve P. tricornutum tiretimi kesikli ve yar1 kesikli
iiretim sistemlerinde yaklasik 15-20 giinliik kiiltiirlerin optik
yogunluklarina ve hiicre sayilar1 belirlendikten sonra isteni-
len yogunluga erigen kiiltiirlerin hasat islemi gerceklestiril-
mistir,

A. platensis biyokiitle elde edilmesinde filtrasyon sistemi
kullanilmistir. Farkli gézenek capina sahip fitreler yardi-
miyla eleme iglemi gergeklestirilmistir. Eleme i¢cin pompa-
nin verdigi besleme hizi sabit tutularak her tank basina yak-
lagik 1 saat eleme islemi gergeklestirilmistir. Eleme sonunda
elde edilen sulu biyokiitle filtre iizerinden toplanip preslen-
dikten sonra 1slak (paste) olarak tartilip dondurucuda
(-20°C) kullanilana kadar saklanmustir.

P. tricornutum biyokiitle eldesin de ¢anakli santrifiij separa-
tor (GEA Westafalin GmbH) kullanilmistir. Poset iiretimin-
deki hasat iglemi i¢in havalandirma kapatilip hiicreler dogal
sedimentasyona birakildiktan sonra peristantik pompa yar-
dimiyla sistemden uzaklastirilarak, ¢canakli santrifiij yardi-
miyla 1slak (paste) biyokiitle elde edilmistir. Ayni1 islem fo-
tobiyoreaktdr i¢inde tekrarlanmigtir. Karigtirma ve havalan-
dirma durdurulduktan sonra ¢okmeye birakilan kiiltiir tah-
liye muslugundan toplanip, ¢anakl santrifiij yardimiyla bi-
yokiitle elde edilmistir.

Bulgular ve Tartisma

Tiirkiye de farkli amaglar dogrultusunda mikroalg ve si-
yanobakterin iiretimleri gerceklestirilmektedir. Ornegin,
akuakdiltiir i¢in yem ve yesil su hazirlanmasinda, gida takvi-
yesinde, giibre, kozmetik ve gida iirlinleri i¢ine katki mad-
desi olarak kullanilmaktadir.

Tiirkiye de biiyiik ¢apta siyanobakteri “Spirulina” iiretimi
ilk kez {iniversite sanayi isbirligi ile 1999 yilinda Ege Uni-
versitesi ile Egert Dogal Uriinler Uretim Hayvancilik Gida
Yem Ith. Ihr. Paz. San. Tic Ltd. Sti. arasinda “Uriin Ticari-
lestirme Anlagmas1” yla hayata gecirilmistir. Gida takviyesi
ve akuakiiltirde akvaryum baliklar i¢in yem {iretimi ger-
ceklestiren Egert Dogal Uriinler Uretim Hayvancilik Gida
Yem ith. ihr. Paz. San. Tic Ltd. Sti. (Anonymus 2018b), iz-
mir de kurulmustur. Arthrospira (Spirulina) platensis iireti-
mini Manisa ilinin Turgutlu ilgesindeki tesislerde kanall1 ha-
vuzlarda gerceklestiren girket Spirulina adi altindaki tiriinii
gida takviyesi amaciyla ticari pazara kazandirmigtir.

Giliniimiizde TC Gida Tarim ve Hayvancilik Bakanligi’nin
kayit altma aldig: Su Uriinleri Yetistiricilik Tesisleri olarak

Original Article/Full Paper

3 adet Adana ve 1 adet Manisa ilinde olmak {izere toplamda
4 adet Spirulina (su yosunu) yetistirici sirketin bulundugu
09.02.2018 tarihli raporda bildirilmektedir ~ (Anonymus
2018c).

Yalova Universitesi Armutlu Meslek Yiiksekokulunda yak-
lasik 3 senedir siirdiiriilen ¢alismalarinin ardindan laboratu-
var ortaminda iireten Spirulina cinsi yosun, yapay ortamda
iiretilip yogurt, peynir ve ayran retilmesi i¢in caligmalar
stirdiirmekteler ve 2015 yilinda "yosunlu ayran"1 tiretmisler-
dir (Anonymus 2018d; 2018e).

Giibre ve tarim uygulamalarinda Chlorella spp. tireten Mik-
roalg Gida Tarim Sanayi Anonim Sirketi, Izmir (Anonymus
2018f) tarafindan ticari olarak Chlorella spp. li irtinti Ter-
raDoc Giibreyi satisa sunmustur. Ayni sekilde GPA Mii-
hendislik, Isparta (Anonymus 2018g) da yosunlu giibre ve
mikroalg tiir (Chlorella vulgaris, Botryococcus braunii,
Scenedesmus obliquus ve Spirulina sp.) satisin1 gergekles-
tirmektedir. Algome (omega-3 yag asitleri igeren, kuru
mikroalg biyokiitlesi-Schizochytrium sp.) iiriiniinii, Aydin
ilindeki (Anonymus 2018h) MarinBio Sirketinde tiretimini
gerceklestirmektedir. Adana da 2005 yilinda AB destekli,
TUBITAK, USAM, ISKUR ve C.U. Su Uriinleri Fakiiltesi
isbirligi ile istihdam saglamak amacli agilan, Spirulina
(mavi-yesil alg) tretim ve pazarlama egitim kursunu ger-
ceklestirilmis. 2006 yilinda Akuatik Su Uriinleri ve Kozme-
tik Ltd. Sti. (Anonymus 20181) en genis {iriin portfoyil ile
mikroalg tiirlerini besin takviyesi (ALGAMAX) ve kozme-
tik tiriin (ALGEE) formlarinda {iretimini gergeklestirerek,
ticaretini yapmaktadir.

Mikroalgler ayrica CO; saliniminin azaltilmasi ve elde edi-
len biyokiitlenin enerji sektdriinde biyodizel, biyoetanol ola-
rak kullanilmasini arastirma ve gelistirmesini inceleyen sir-
ketler arasinda ise Egebiyoteknoloji A.S (Anonymus
2018i); Mikroalg Gida Tarim Sanayi Anonim Sirketi
(Anonymus 2018f)yer almaktadir.

Bu calisma, “Mikroalgler ve Siyanobakterilerden Dogal
Renk Maddesi Fikosiyanin ve Fukoksantinin Ekstraksi-
yonu, Saflastirilmasi, Enkapsiilasyonu ve Gida Maddeleri
Icinde Stabilitesinin Test Edilmesi” isimli Uluslararasi
(ES1408 numarali European network for algal-bioproducts
(EUALGAE) baslikli COST aksiyonu) TUBITAK projesi
(Proje No: 1150578) kapsaminda Arthrospira (Spirulina)
platensis ve Phaeodactylum tricornutum hem laboratuar ko-
sullarinda kii¢iik capta hem de sera da tasarlanan 6zel {iretim
sistemleri igerisinde biiyiik ¢apta {iretimlerinin gerceklesti-
rilmesi ile mikroalgal biyokiitle eldesi saglanmistir.


https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwi4oenZuYTYAhUESBQKHevVDIkQFggwMAE&url=http%3A%2F%2Fmikroalg.com%2F&usg=AOvVaw278rzxWc3jUYNUIPXW1GFC
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Sekil 5. A. platensis ve P. triconutum
biiytime grafikleri

Figure 4. Growth curves of A. platensis and
P. tricornutum
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Kiigiik ¢apta A. platensis ve P. tricornutum kiltiirlerin 2L,
5L ve 10L’lik sterillenmis siselerde, Zarrouk ve F/2 ortam
icerisinde 22 + 2°C sicaklikta, fliioresans 151k altinda (50 pE
m?s?) siirekli aydinlatmali ve havalandirmali (3 L dak™)
olarak 15 giin boyunca iiretimi sonucunda hiicresel artis hem
optik yogunluktaki hem de klorofil a miktarlariin degisim-
ler Sekil 5 de verilmektedir. Elde edilen sonuglardan klorofil
a miktar1 kullanilarak spesifik biiylime hiz1 ve ikilenme sii-
releri hesaplanmigtir (Tablo1).

Biiyiik capta iiretim A. platensis ve P. tricornutum tiirleri
icin Egert Dogal Uriinler Uretim Hayvancilik Gida Yem Ith.
Ihr. Paz. San. Tic Ltd. Sti.’nin Ege Universitesi Teknopark
icerisinde yer alan serasina kurulmus ve sirket uzmanliginda
gerceklestirilmistir. Tasarlanan sistemlerin ilk amaci biyo-
kiitle eldesi oldugu ig¢in tiirler icin en uygun {liretim sistem-
leri dizayn edilmeye calisilmistir. Bu ¢alismada yapilmak
istenen diger bir¢ok calismada oldugu gibi laboratuvar ve
dis mekan yetistiriciligi arasindaki tutarsizliklarin ortaya
¢ikmasi ve laboratuvar teknolojileri kullanilarak elde edilen
sonuclarin, saha caligmalarinda gozlemlenen kazanglarla
paralellik gostermemesindendir (Schoepp ve dig., 2014). Bu
sebepler gdz oniine alindiginda, mikroalgleri ile siyanobak-
terilerin arastirma 6lgekli dis mekan iretimlerindeki amag
diisiik bakim gerektiren sistemler ile siire¢ gelistirilmesidir.
Is giicii ve sistem maliyetlerini diisiirmek i¢in ucuz ve daya-
mkli materyallerin kullanilmasi tercih edilmistir. Ulke-
mizde mikroalglerin tlire 6zgili lretimlerinin biiylik ¢apta
gerceklestirilmesi i¢in optimum proseslerin gelistirmesi, ku-
rulacak sistemlerin kullanilabilirliklerinin arastirmasi, tiir-
leri kontaminasyondan uzak tutarak, diisiik maliyetli yetis-
tirilmeleri i¢in uygun iiretimlerin yapilmasi hedeflenmistir.

Mikroalg yetistirme sistemlerinin endiistriyel uygulama-
sinda kiiltiirler s1g biiyiikk havuzlar (raceway), tanklar, yu-
varlak havuzlar ve kanalli havuzlarda yetistirilirken, FAO
verilerine gére Spirulina platensis'in ticari ekimi agik ha-
vada ve acik sistemlerde yapilmalidir. Siyanobakterinin al-
kali (bazik pH=9,5 ve 9,8) ¢evrede yetismesi nedeniyle di-
ger mikroalg kiiltiirleri ile karsilastirildiginda, dissal konta-
minasyonun engellemesi ile ¢cevresel uygulamalarda rahat-
likla tercih edilmektedir (Papadaki ve dig., 2017). Spirulina

yetistirilmesi ve biyokiitle iiretimi besin maddelerinin kulla-
nimu, sicaklik ve 1s1k gibi faktorlere baglidir (Madkour ve
dig., 2012). Giiler ve Giilmez tarafindan 2008 y1linda Spiru-
lina, iretiminde en 6nemli siirlayici parametrenin kig do-
neminde sicaklik, yaz doneminde ise 151k oldugu bilinirken
iiretimleri i¢in bikarbonat miktar1 yiiksek olan alkali sularin
tercih edilmesi gerektigini bildirmislerdir (Giiler ve Giil-
mez, 2008; Kumar ve dig., 2011).

Bu bilgiler ve Egert Egert Dogal Uriinler Uretim Hayvanci-
lik Gida Yem Ith. Thr. Paz. San. Tic Ltd. Sti.’nin bilgi biri-
kiminden yararlanilarak tank sistemlerinin kis aylarinda da
kullanilmas1 amaciyla tanklarin etrafina borulu ceket sis-
temi yapilmistir. Bu sarilan borular igerisinden sicak su ge-
cirilmesiyle tanklarin kis aylarinda ortalama 1smmin 22+2°C
de sabit tutulmasi saglanarak, tiretimler gergeklestirilmistir.
Tank pervanesi ilk olarak iki yonlii tekli pervaneli ve agagi-
dan karistirmali yapilmig, havalandirma ise yukardan veril-
diginde hava kabarciklarin tank igerisinde uzun siire kalma-
dan hizlica uzaklastig1 tespit edilmistir. Pervane biitiin kiil-
tiiri karigtirmasi igin hizlandirildiginda havuzun ortasinda
girdap olugmus ve A. platensis’in ¢oklu hiicre filamentlerin
de parcalanmalar meydana gelmistir. Fragmente olan hiicre-
ler optik yogunlugun artmasi saglarken, biyokiitle miktarini
disiirmiistiir. Karigtirma hizinin arttirllmasinda hiicrelerin
zarar gdrmeye bagladig1 ve spirallerin kisa olarak ¢ogaldigi
mikroskobik gézlemler ile belirlenmistir (Sekil 7.1). O ne-
denle akisin diizenli ve 100-150 rpm hizin1 gegmeyecek se-
kilde, karistirmanin tek yonlii olarak yapilmasina karar ve-
rilmigtir. Tek tarafli ve aradan havalandirmalarda (Sekil
6.B) Sekil 6.D de goriindiigii gibi hiicre ve besin artiklari
pervane ortasinda birikmesine ve pervane altinda 6li bolge
olusturmasin1 gerceklestirmesi nedeniyle havalandirmada
spiral olarak havuz dibine yerlestirilmistir.

Diger bir problem ise, tank kenardan 1sitmal1 oldugu i¢in ki-
sin kenarlardaki hiicresel birikimin engellenmesi i¢in per-
vane kenarina silikondan serit ilave edilerek tank kenarin-
daki birimlerin engellenmesi saglanmustir (Sekil 2.B). Ure-
timde pervanenin ikili olarak tek yonden kullanimina karar
verilmesi ile tank igerisindeki vorteks olusumu engellenmis-
tir.
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Tablol. A. platensis ve P. tricornutum spesifik biiyiime hiz1 ve ikilenme siireleri

Table 1. Specific growth rate and doubling time of A. platensis ve P. triconutum

Hacim (L) S. platensis Ikilenme siiresi P. tricornutum Ikilenme siiresi
Spesifik Biiyiime Hiz1 (giin™) (giin) Spesifik Biiyiime Hiz1 (giin™) (giin)
2 0,2395+0,013 2,894 0,1996+0,003 3,544
5 0,1885+0,008 3,677 0,1928+0,005 3,595
10 0,1775+0.005 3,905 0,1756+0,004 3,947

+Standart sapma

Sekil 6. Karistirmali tank sisteminin kurulumu A. Iki yonlii tekli pervane ve yukardan havalandirma, B. Tek yénlii ikili
pervane ortadan havalandirmali, C. Tankin bosaltilmasi, D. Havalandirmasiz tankta iiretim sonrasi kalan kalinti-
larin birikimi

Figure 6. Construction of the open stir tank system A. Bidirectional propeller and aeration from above, B. Unidirectional propeller
aeration of middle, C. Discharging the tank, D. Accumulation of remaining residues in non-aired the tank



Aquatic Research 1(2), 64-76 (2018) e DOI: 10.3153/AR18008

Original Article/Full Paper

Spirulina hiicreleri yar1 kesikli iiretimde yaklasik 15-20 gii-
niin sonunda elenerek hasat edilmis ve her 3 aym sonunda
havuzlar kesikli iiretim ile tamamen elenerek bosaltilip, te-
mizlenip yeni iiretimler i¢in sistem hazirlanmstir.

Spirulina tanklarin iiretimi ve satisini yapan Izmir ilinde 2
sirket (Polidas Polietilen Mam. Kim. San. Tic. Ltd. S$ti.
(Anonymus 2018j) ve Fibrolpol Cam Takviyeli Plastik ith.
Ihr. San ve Tic. Ltd. Sti. (Anonymus 2018k)) bulunmakta-
dir.

Phaeodactylum tiretim optimizasyonunda 6zellikle sicaklik
ve 1518a dikkat edilmelidir. Phaeodactylum gibi baz: tiirlerin
biyokiitle liretiminde kapal1 fotobiyoreaktorlerin kullanil-
masi zorunludur, ¢ilinkii 20-25 °C civarinda biiyiime sicakli-
ginin siirekli kontrol altinda tutulmasi gerekmektedir. Agik
havuzlarda, 6zellikle yaz aylarinda, bu sicaklik araligini ko-
rumak genellikle zordur (Benavides ve dig., 2013). O ne-
denle P. tricornutum iiretimi ilk olarak 75 L’ lik V seklinde
asili polietilen seffaf posetlerde hava kaldirmali olarak yari
kesikli tiretim yonteminde, Eyliil- May1s aylar1 arasinda tire-
timler gerceklestirilmistir. Sogutma maliyeti artiracagi icin
sistemlerin sogutulmasi denenmemistir.

Karistirmali havalandirmali fotobiyoreaktor (yaklasik 450
L) icerisinde deniz tuzuna hazirlanan ortam kullanilmasi ne-
deniyle tiim malzemelerin korozyona dayanikli iiriinlerden
olmasina dikkat edilmistir. Fotobiyoreaktorlerin ana gov-
desi 151k geciriminin saglanmasi i¢in pleksiglas seffaf mal-
zemeden yapilmigtir. Karigtirma tnitesi, sistem igerisinde
olusacak olan vorteksi engellemek ve verilen havanin foto-
biyoreaktor icerisinde daha uzun siire kalmasimi saglamak
icin tasarlanmistir. Hava difiiziir ile verildigi i¢in igeriye esit
olarak dagilmasi saglanmistir. Difiiziir hem havalandirma
hem de hiicresel ¢okmelerin dipte birikmesini engellemek-
tedir. Diatom hiicreleri gelistik¢e ¢okme egiliminden olmasi
nedeniyle sistemin alt1 konik seklinde hazirlanmistir. Bu ya-
pinin igerisine diflizlir yerlestirilirken dis kenarlarina plek-
siglas govde yerlestirilmistir (Sekil 8).

Sekil 7. Arthrospira platensis hiicrelerinin
(1) fragmentasyonu sonucu kisa fi-
lamentler ve (2) fragmente olmayan
hiicrelerin goriintiisii 40X ve 60X

Figure 7. Cells of Arthrospira platensis (1) Frag-
mentation of filamentous and (2) Not
fragmentation of filamentous

Yapilan sistemler tiirlere 6zel, kontanimasyonu engelleyici
ve maksimum biyokiitle eldesi diiglinlilerek tasarlanmustir.
Ulkemizde mikroalgler igin farkli biyoreaktdr ve fermantdr-
ler iiretilerek, satilmaktadir. Ornegin, Pikolab Miihendislik
Biyoteknolojik Uriinler ve Lab. Hiz. San. Tic. Ltd. Sti.
tarafindan BioSIS (Anonymus 2018l) marka bioreaktorler
ve Nanosis Laboratuvar ve Test Sistemleri San. ve Tic. Ltd.
Sti. (Anonymus 2018m) mikroalg iiretim tesisi kurulumu ve
satig1 yapmaktadir.

Sonug

Ulkemizde mikroalg ve siyobakterilerden elde edilen iiriin-
ler giin gegerken artarken, alglerin biyokiitle tiretimi i¢in ko-
lay kontrol edilebilen, verimli, kontaminasyondan uzak ve
diisiik maliyetli teknolojilerle {iretilen sistemlerin kurulum-
larin gergeklestirilmesi ile dig tilkelere bagimlilik azaltilarak
iilke ekonomisine katl saglanacaktir. Bu kapsamda yapilan
caligma ile tilirlere 6zel biiyiik cap tiretimler i¢in uygun sis-
temler gelistirilmeye ¢alisilmistir. Elde edilen biyokiitlele-
rin gida, kozmetik, giibre, hayvan ve akuakdiltiir yemi olarak
kullanilmasi ile sentetik iiriinlere kiyasla dogal ve saglikli
iriinlerin kullanilmasi saglanacaktir.

Tesekkiir

1150578 numarali, "Mikroalgler ve Siyanobakterilerden
Dogal Renk Maddesi Fikosiyanin ve Fukoksantinin Ekst-
raksiyonu, Saflastirilmasi, Enkapsiilasyonu ve Gida Madde-
leri I¢inde Stabilitesinin Test Edilmesi" isimli Uluslararasi
(ES1408 numarali ve "European network for algal-biopro-
ducts (EUALGAE)" baslikli COST aksiyonu) TUBITAK
projesine maddi destegi nedeniyle tesekkiir ederiz. Emre
Taylan DUMAN’a teknik cizimler i¢in verdigi destekten
dolay1 tesekkiir ederiz. Egert Dogal Uriinler Uretim Hay-
vancilik Gida Yem ith. Thr. Paz. San. Tic Ltd. Sti. verdigi
teknik destek ve sabirli yaklasimindan dolay1 proje calisan-
lar olarak tesekkiir ederiz.
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Sekil 8. Karistirmali ve havalandirmali fotobiyoreaktor 1: Karistirma mili, 2: Pleksiglas seffaf ana govdeyi tutan kelepge,
3:Spiral diizenlenmis karistirma carki, 4:Kelepge ayaklari, 5: Karigtirmada ortaminin karigtirilmasinda kullanilan
egimli dairesel yapilar, 6: Karistirma milinin difliziir baglantisi, 7: Difiiziir, 8: Ana gdvdenin sabitlendigi kelepge,
9: Celik alt taban, 10: Hava girisi ve tahliye muslugu, 11: Hava hatti, 12: Desarj muslugu, 13: Besleme Hatti, 14:
Karigtirma carki, 15: Gaz ¢ikisi, 16: Carklari paralel baglayan kayis, 17: Karistirma motoru

Figure 8. The stirred and aerated photobioreactor 1: Mixing shaft, 2: Holding clamp of the Plexiglass transparent main body, 3: Spiral
regulated mixing ring, 4: Clamp feet, 5: Curved circular structures used to mix the mixing medium, 6: Diffusive connection
of the mixing shaft, 7: Diffuser 9: Steel bottom plate, 10: Air inlet and drain tap, 11: Air duct, 12: Discharge tap, 13: Fee-
ding line, 14: Mixing ring, 15: Gas outlet, 16: parallel connecting belt, 17: Mixing motor
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Introduction

Having nearly six hundred species, cladocerans are repre-
sented by eight species in marine environments (Onb¢
1999). This group is distributed in nearly all oceans and seas
of the world. Some of its members are distributed widely in
open seas (Gieskes, 1971), while some are densely distrib-
uted in coastal areas (Sherman, 1966), especially in bights
and bays with river inputs (Bosch and Taylor, 1968, 1973).
They have an important role for carnivores which are in the
higher level of food web and, thereby, make a significant
contribution to the energy and matter cycles. Cladocerans
are found less densely in unstratified waters. Their vertical
distribution is limited with surface waters and they are
densely found above 15m (Tregouboff 1963). In addition,
they need proper conditions in near-surface waters in order
to reproduce and spread successfully (Moraitou-Apos-
tolopoulou and Kiortsis 1973). Although they have an im-
portant place in food chain and show significant temporal
changes in the plankton, there are not sufficient studies on
the cladocerans in Turkish seas compared to other plank-
tonic groups (Aker and Ozel 2006; Biiyiikates and Inanmaz
2007; Biiyiikates and Inanmaz 2010, Terbiyik and Polat
2013, 2017). In the previous studies conducted in Iskende-
run Bay, six cladoceran species were recorded (Dénmez
1998; Toklu and Sarthan 2003; Toklu-Aligli and Sarithan
2016; Terbiyik and Polat 2013, 2017). The abundance of
cladocerans increases in spring and summer, and they com-
prise the great majority of zooplanktons in these periods
(Terbiyik Kurt and Polat, 2014). Majority of the studies con-
ducted in the Iskenderun Bay comprised only species com-
position (Toklu and Sarthan 2003; Toklu-Ali¢l and Sarithan
2016). There are few data available regarding the abundance
changes in the species (Terbiyik Kurt and Polat, 2013, 2014,
2017). But these studies conducted in the areas very close to
coast and sampling depth of the stations area changed 5 to
10m. Apart from previously conducted studies, present
study comprise species diversity and relative abundance
data in offshore areas as well as coastal areas of Iskenderun
Bay. The aim is to determine the species composition, dis-
tribution and abundance changes of cladocerans in the sur-
face waters of Iskenderun Bay.

Materials and Methods
Study Area

Iskenderun Bay is formed due to the recession of Eastern
Mediterranean Sea on its northeastern corner into the Ana-
tolia in the direction of southwest-northeast (Figure 1). It is
65 km length, and 35 km width, and has an area of approxi-
mately 2275 km? and an average depth of 70 m, and the
greatest depth which is approximately 100 m is found at the

entrance of the bay (Avsar 1999). The bay is affected much
by bottom currents and winds since the width of the region
where it is connected to the open sea is large (lyiduvar
1986). The largest river which flows into Iskenderun Bay is
the Ceyhan River. Its time-averaged flow rate is 180 m*/sec.
Due to all these factors, the bay has a hydrographically dy-
namic structure.
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Figure 1. Study area and sampling stations
Methods

Samplings were conducted at four stations which were de-
termined from the coast to offshore in Iskenderun Bay sea-
sonally between November 2005 and July 2006 (Figure 1).
Zooplankton samples were collected horizontally at each
station using a WP-2 plankton net with a mouth area of 57
cm and mesh size of 200um. The samples were preserved
in the 4% borax buffered formaldehyde-seawater solution.
At every station, temperature and salinity data were meas-
ured using CTD probe. Sub-samples were taken with
Stempel Pipette depending on the cladoceran density in the
sample. ldentification and counting were performed under
the Olympus SZX16 stereomicroscope. The identification
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of cladoceran species was realized according to Onbeé
(1999). Cladoceran abundance was calculated on the basis
of individual number per mé,

Results and Discussion

Seawater temperature and salinity were measured in the sur-
face layer and the values were shown in Figure 2. Tempera-
ture showed significant temporal changes during the study.
The lowest temperature values were recorded at near coastal
stations (stations 1 and 2) in February-06 (15.7°C) and the
highest at offshore station (station 4) in August-06 (30.8°C).
Salinity values were partially homogeneous and signifi-
cantly lower values were measured at all stations only in
November-05 compared to the other months (station 1, 35.5
psu). These lower values were due to the rainy weather dur-
ing the sampling period. On the other hand, the highest value
was measured in February-06 (station 1, 38.7 psu).

In the study area, six cladoceran species which belong to
five genera were recorded. These were P. avirostris, E.spi-
nifera, P. tergestina, E. nordmanni, P. polyphemoides and
P. intermedius. Among recorded species, E. spinifera was
the dominant species in terms of abundance and followed by
P. avirostris and P. tergestina, respectively. These three
species comprised nearly 98% of cladoceran abundance
(Figure 3). When temporal changes of the species was eval-
uated, P. avirostris were observed in all sampling times and
E. spinifera and P. tergestina in February-06, May-06 and
August-06, and P. intermedius in May-06 and August-06.
On the other hand, E. nordmanni and P. polyphemoides
were found only in February-06. Considering species abun-
dance, E. spinifera was dominant in February-06 and May-
06 while P. tergestina was dominant in August-06 (Figure
4).

«+«0+« Salinity (psu) —8—Temperature (°C)
39 35
0, & °

Sl O g ﬁ___’____._. i
38 7 o / Tievenes Creeees o 30
- [ TP . a
37 < Al LS LT PP CL — 25
s L .n'\ / [ 20
36 O
o T N ———gp——et] - 15
35 10
34 - 5
33 0
1 | 2 | 3 | 4 1 | 2 | 3 | 4 1 | 2 | 3 | 4 1 | 2 | 3 | 4
MNovember February May August
2005 2006

Figure 2. Changes in the surface temperature and salinity values during the sampling periods
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Total cladoceran abundance showed temporal and spatial
variations during the study. The lowest (0.006 ind. m™) and
the highest (47.93 ind. m™®) cladoceran abundance was ob-
served at the offshore station (station, 4) in November-05
and in May-06, respectively (Figure 5). In May-06, higher
abundance values were also observed at nearcoastal station
(station 1). Especially in August-06 and May-06, significant
differences were observed between stations in term of
abundance (Figure 5).

Regarding the spatial distribution of cladoceran, there was
no notable nearcoastal offshore difference. P. intermedius,
P. polyphemoides and E. nordmanni were observed rarely
in the study area. However, E. spinifera, P. avirostris and P.
tergestina were the species that mainly affected cladoceran
abundance and reached the highest abundance in May-06
(Figure 6). Cladocerans are densely found in the hyponeus-
tonic layer and even over 30 cm depth (Moraitou-Apos-
tolopoulou and Kiortsis 1973). P. avirostris, E. spinifera and
P. tergestina are typical warm-water species (Onb¢ 1999;
Marazzo and Valentin 2000). P. avirostris is a eurohaline
and neritic species that mostly prefers low salinity waters
(Moraitou-Apostolopoulou and Kiortsis 1973, Lakkis,
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2011). In our study, this species was observed during the
whole sampling period. P. tergestina has a higher tempera-
ture range compared to E. spinifera among cladoceran spe-
cies recorded in this study, (Kiortis and Moraitou-Apos-
topoulou 1975) and is found proportionately more densely
than E. spinifera in August-06 when temperature was high-
est. On the other hand, E. nordmanni is known to be a cold-
water species which is seen rarely in the months with lower
temperatures (Onbe et al. 1996) and was observed only in
February-06 when temperature was lowest, which is con-
sistent with its ecology. There are contradictory reports
about temporal distribution of P. polyphemoides. Onbé
(1999) and Della Croce and Venugopal (1972) defined this
is as a warm-water species. On the other hand, Biiylikates
and Inanmaz (2007) stated that this species showed negative
correlation with temperature. In addition, Kiortis and Mo-
raitou-Apostopoulou (1975) reported that its distribution
was limited with January-March. This species was recorded
in spring (cold period) and summer (warmer period) in
Iskenderun Bay by Terbiyik Kurt and Polat (2014). In pre-
sent study, we similarly observed it in February-06 when the
temperature is lower.

November-05 February-06
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Il Podon intermedius

B Pleopis polyphemoides
Evadne nordmanni

= Pseudoevadne tergestina

8 Evadne spinifera
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Figure 4. Availability of cladoceran species in percentage in the months when the study was conducted
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Figure 6. Monthly and spatial changes in the abundance values of cladoceran species




Aquatic Research 1(2), 77-85 (2018) e DOI: 10.3153/AR18009

The abundance of cladocerans is much lower in surface area
of Iskenderun Bay when compared to other studies con-
ducted in the same area (Terbiyik Kurt and Polat, 2013,
2014, 2017). However, it should be taken into account that
different sampling methods were used in these studies.
Morever, cladocerans were collected by vertical tows and
conducted in the area close to coast in these studies
(Terbiyik Kurt and Polat, 2013, 2014, 2017).

In our study, we observed fluctuations in the distribution of
cladocerans. The effect of temperature on cladocerans is a
well-known phenomenon. However, besides temperature,
the availability of food is remarkably important on the dis-
tribution. Although the temperature in May was lower than
August, cladocerans were more abundant, which might be
related to the amount of available food or the reproduction
period of cladocerans as well as the hydrography of the en-
vironment where they were observed. Indeed, it is known
that the highest chlorophyll-a concentration was observed in
Iskenderun Bay in May (Polat and Terbiyik, 2014). Besides
seasonal changes, the changes at the stations might be due
to land based inputs, mainly arising from the flow of Ceyhan
River and circulation dynamics in the bay. Iskenderun Bay
has a hydrographically dynamic structure. On the other
hand, the region is remarkably affected by terrestrial pollu-
tants leading from agricultural activities, industrial and do-
mestic wastes. The variable conditions in the bay which is
caused by such factors is also affect distribution and abun-
dance characteristics of the organisms.

Several studies on cladocerans were conducted in previous
years in the region. Dénmez (1998) observed cladocerans
only in summer and spring, while Terbi1yik and Polat (2013)
observed them in all seasons except November and reported
the existence of four species which were P. avirostris, E.
spinifera, P. tergestina and Podon intermedius. Toklu Alight
and Sarthan (2016) encountered cladoceran species in all
seasons except winter and reported the existence of four spe-
cies which were P. avirostris, E. spinifera, P. tergestina and
Pleopis polyphemoides. Moreover, recently, Pleopis
schmackeri was recorded in iskenderun Bay by Terbiyik
Kurt and Polat (2017). In the present study, E. nordmanni
was firstly observed in February 2006 and the number of the
cladoceran species in Iskenderun Bay raised to seven. The
species showed distribution in Western Mediterranean Sea
(Sampaio de Souza et al. 2011; Fernandez de Puelles et al.
2003) and various parts of Eastern Mediterranean Sea
(Kiortis and Moraitou-Apostopoulou 1975; Siokou Frangou
1996; Brautovic 2001). This species is also distributed in
Turkish coastal waters of the Black Sea (Demir 1955), Mar-
mara Sea (Demir 1955; Biiyiikates and Inanmaz 2007) and
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Aegean Sea (Aker and Ozel 2006; Tarkan 2000). It is
thought that the species had not been recorded before due to
the scarcity or more local studies conducted in Iskenderun
Bay and the rare presence of the species.

Conclusions

In this study, the abundance changes, composition and dis-
tribution of cladocerans which is a important group in pe-
lagic ecosystems were analyzed in surface waters of Isken-
derun Bay. The results of this study showed that there were
clear seasonal changes in the distribution and abundance of
cladocera species of the Iskenderun Bay. The findings of
this study might serve as a reference for future studies. In
this respect, studies to be conducted in wider areas with
more frequent sampling periods will be beneficial to deter-
mine changes in cladoceran population.
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ABSTRACT

Estimation of the growth parameters of fish are vital to understand their biology. For this purpose
we collected studies that performed up to 2017 regarding the growth of species belonging to the
Diplodus genus. Data were gathered from sources like Web of Science (webofknowledge.com),
Scopus (scopus.com), Google Scholar (scholar.google.com), Researchgate (researchgate.com) and
Academia (academia.edu). 79 datasets from 52 different studies belongs to 10 species were com-
piled. Reviewed studies were published between 1982 - 2017 and were performed in 26 different
regions. It was determined that the most frequently studied species was D. vulgaris (n=23). Among
growth parameters, it was determined that there is a negative relationship between K and L., and K
and tmax, there is a positive relationship between L., and Lnax. It was also found that there is a negative
relationship between K and L., vs latitude.
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Introduction

The Diplodus genus, distributed all around the world, have
a significant economic importance (Gordoa and Moli, 1997;
Pajuelo and Lorenzo, 2004; Soykan et al., 2015). Due to var-
ied habitat preferences, these species can be found in differ-
ent marine ecosystems such as rocky habitats and sandy bot-
toms. According to Fishbase, 21 species of this genus can
be found in world seas (Froese and Pauly, 2017). While the
main area of distribution for these species is the Mediterra-
nean Sea and the Atlantic Ocean, they are also found in the
Caribbean, Gulf of Mexico, the Indian Ocean, the Red Sea
and the Persian Gulf (Figure 1, Sala and Ballesteros, 1997;
Summerer et al., 2001; Froese and Pauly, 2017). Along with
being a main target species for small scale, semi-industrial
fisheries and sport fishing, a couple species belonging to this
genus are also important with regards to aquaculture (Reina
et al., 1994; Summerer et al., 2001). For this reason, their
biology and population dynamics are essential.

While there are many studies regarding various biological
characteristics of Diplodus species, studies conducted on
age and growth are only available for 10 species (Appendix
1). Evaluating different species belonging to the same genus
that show similar morphological and growth characteristics
together offers significant advantages regarding population
dynamics (Hilborn and Liermann, 1998; Helser et al., 2007).
Compilation and reanalysis of growth studies help us for

Figure 1. Distribution of the Diplodus genus (Fishbase 2017).

better understanding the changes in growth characteristics
(Pilling et al., 2002; Helser and Lai, 2004; Helser et al.,
2007). For this purpose the aim of this study is to gather age-
growth studies performed on species belonging to Diplodus
genus and to establish the variability in growth between spe-
cies and regions. Finally, growth variety between species
was addressed based on the relationships between growth
parameters.

Compilation of Data from References

Studies performed up to 2017 regarding the growth of spe-
cies belonging to the Diplodus genus (Figure 2) were gath-
ered from sources like Web of  Science
(www.webofknowledge.com), Scopus (www.scopus.com),
Google Scholar (www.scholar.google.com), Researchgate
(www.researchgate.com) and Academia
(www.academia.edu). Collected studies were carefully clas-
sified and necessary information was extracted (See appen-
dix). This information includes the following: the location
the study (latitude, longitude), length type (LT), L., K, to,
maximum age (tmax), Minimum and maximum length (Lmin,
Lmax), S€X, age determination method (otolith reading (OR),
scale reading (SR), length frequency method (LF)), sample
size (N) and the year the study was performed (see Appen-
dix).
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Figure 2. General appearance of Diplodus (Diplodus annularis, Source: Bauchot, (1987)

In cases where the studies compiled used different size
types, the size-size relationship formula for the species in-
volved presented in Fishbase (Froese and Pauly, 2017) was
used for all size groups and Lmin, Lmax and L., values were
transformed (Stergiou and Karachle, 2006; Froese, 2006;
Giindogdu and Baylan, 2016; Giindogdu et al., 2016). For
species where fork lengths were reported and to convert the
fork lengths given to total length, the following formula
taken from Fishbase (Froese and Pauly, 2017) were used.,

D. annularis: TL =0 + 1.09FL

. bellottii: TL =0 + 1.093FL

. capensis: TL. = 0.2554 + 1.163FL

. hottentatus: TL = 0.2628 + 1.161FL
.sargus sargus: TL = 0 + 1.088FL
.vulgaris: TL = 0 + 1.15FL

For studies where maximum length was not reported, if pre-
sent the Lmax Value given in other studies from the same re-
gion, and if not the average Lmax Value given in Fishbase was
used

O O U O U

In literature, fish growth is mostly expressed based on the
von Bertalanffy growth model. Since this was the case for
all literature collected, the parameters used in this model
were taken directly without any recalculations. Latitude and

longitude information for the study areas given in gathered
studies were reproduced as averages. This way, the same
latitude and longitude information is given for studies per-
formed in the same area. It was thought that if done other-
wise, taking close latitudes and longitudes for studies per-
formed in the same area would increase the difficulty of the
analysis and reduce the significance of the results.

The change of growth parameters and other life history pa-
rameters taken from the compiled studies relative to each
other and latitude was analyzed using the Tableau 10.0 soft-
ware. Separate and joint growth formula of all species were
recalculated using the median values of all parameters and
regression constants (slope) were analyzed using an inde-
pendent sample t-test with SPSS v20 package software.

Assessment of Data and Discussion

79 datasets from 52 different studies were compiled in this
study. This data set belongs to 10 different species. Studies
were published between 1982 - 2017 and were performed in
26 different regions (Figure 3; Appendix 1).

Most studies were from around Canary Islands (n=14, 18%).
Gathered studies are most frequently on the biology of D.
vulgaris (n=23, 29%), D. annularis (n=17, 22%) and D. sar-
gus sargus (n=15, 19%) species (Appendix 1). Age reading
method was used in 71 studies (otolith reading in 45, scale
reading in 26), while in 6 studies estimation was done using
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the length frequency method, and in 2 studies no infor-
mation regarding this was given. Length measurements
were done as total length (n=65) and fork length (n=14). It
was determined that there was a significant amount of vari-
ation between number of observations in studies where
growth parameter estimations were performed. In 7 esti-
mates, >1000 individuals were used, while in 59 estimates
the number of individuals used was <1000. It was deter-
mined that in 10 data sets the number of observations was
not reported (Figure 4).

tmax Value (1 year to 33 years) was reported in 71 data sets
and Lmax value (9,3 cm to 56,5 cm) was reported in 69 data
sets. K, L. and to values were reported in all studies (Appen-
dix 1). It was determined that the K value varied between
0.073 year! and 0,56 year?, the L., value varied between
13.32 cm and 68.83 cm and to value varied between -5.33
years and -0,02 years (Table 1).

It was determined that the Lmax/L ratio varied between 0.52
and 1.84 for all studies, with an average of 0.95 (Table 1).
The relationship between Lmax and L. was calculated to-
gether for all species and a positive and statistically signifi-
cant correlation was discovered between them (r=0.827,
P<0.05, Ly, = 4.42 + 0.95 * L, ,,; Figure 4). It was deter-
mined that the relationship between tmax and K is negative
and statistically significant (r=-0.41, P<0.05, Ln(K) =
—0.72 — 0.38 * Ln(t;q,); Figure 5). It was also deter-
mined that the relationship between K and L. is negative and
statistically significant (r=-0.71, P<0.05, Ln(K) = 1.66 —
0.92 * Ln(Ly); Figure 5).

The relationship between latitude and von Bertalanffy pa-
rameters was determined to be negative for K and L., and
positive for to (Figure 6). However, the relationships for all
three parameters were found to be statistically insignificant
(t-test, P>0.05; Figure 6).

Table 1. Descriptive statistics of the parameters belonging to the compiled studies

Parameters Mean Std.Error Minimum  Median Maximum
K 0.24 0.01 0.07 0.21 0.56
Lo 35.3 1.48 13.32 33.3 68.8
to -1.31 0.11 -5.33 -0.98 -0.02
Limax 32.6 1.29 9.30 32.0 56.5
tmax 10.0 0.60 1.00 9.00 33.0
Lmax/ Lo 0.95 0.02 0.52 0.93 1.84

Table 2. Recalculated models using the median values taken from the compiled studies

Species Estimated Model

D. annularis Ly = (20.37 (1 — e~ 0:25(t+0.89)y)
D. bellottii Ly = (28.42 * (1 — ¢~ 027(t+0.19)y)
D. capensis Ly = (27.7 % (1 — e~ 0-31(¢+1.05)y)
D. cervinus Ly = (60.9 * (1 — e~ 015(t+0.76)y)
D. holbrooki L, = (33.28 x (1 — e~ 0-24(¢+0.99))y
D. hottentotus Ly = (46.24 * (1 — e 015(t+2.15)y)
D. puntazzo Ly = (36.84 * (1 — e~ 02(t+0.98)))
D. sargus cadenati Ly = (47.65 * (1 — e~ 014(t+1.98)y)
D. sargus sargus Ly = (40.71 % (1 — e~018(t+086)y)
D. vulgaris Ly = (33.3 % (1 — 7 022(t+0:96)y)
Total L, = (33.3 % (1 — e~021(t+098)))
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The growth formula created based on the median values cal-
culated using the entire data set is given in table 2. Estimated
growth curves created with the help of these shared formulas
are given in figure 7. As seen in figure 7, for the first three
years, all species except for D. annularis demonstrate simi-
lar growth. It was seen that curves that match the initially
rapid and later slowing growth with age posited in the gen-
eral fish growth theory.

In this study, 52 studies performed in different regions
around the world that include the biological parameters of
10 different species belonging to the Diplodus genus (Ap-
pendix 1). This study is one of the rare studies that considers
the growth of the entirety of a certain genus at once, and it
is the first study that considers the species belonging to the
Diplodus genus together. Another similar study was per-
formed by Helser et al. (2007) for the Sebastes genus, found
in the Pacific Ocean. All studies other than our study and the
Helser et al. (2007) study are studies where the growth pa-
rameters of more than one genus and species were consid-
ered together. These are Pauly (1978), Pauly (1980), Paul
(1992), Stergiou (2000), Frisk et al. (2001), Stergiou and
Karachle (2006), Apostolidis and Stergiou (2012), Apos-
tolidis and Stergiou (2014) and Giindogdu and Baylan
(2016).

Aside from coloring, fish belonging to the Diplodus genus
show similarities regarding many characteristics and have
similar habitat demands (Summerer et al., 2001). This
causes their feeding habits to be similar as well (Ventura et
al., 2015). For this reason, considering the growth charac-
teristics of fish belonging to the Diplodus genus together
and in a comparative manner is quite reasonable.

Growth is the most studied subject, as it affects many life
history parameters and involves a lot of basic information
for fishing management (Helser and Lai, 2004). However,
as stated above, the number of studies that consider different
populations belonging to the same species or genus in a
comparative manner is quite limited. Consequently, this
study attempts to establish the relationship between various
biological parameters and between some parameters and lat-
itude through the compiled studies. Among these relation-
ships, one of the most important is the relationship between
K and L.. It is known that there's a negative relationship be-
tween these two parameters (Beverton and Holt, 1959; Ad-
ams, 1980; Pauly, 1980; Munro and Pauly, 1983; Pauly and
Munro, 1984; Wootton, 2012). The negative correlation (-
0.71) found in this study matches this general assumption
(Figure 5). However, despite the presence of this negative
relationship, in reality there's no direct evidence in natural

populations regarding this negative correlation (Pilling et
al., 2002; Helser and Lai, 2004). It is thought that the nega-
tive relationship between these two parameters arises from
the mathematical nature of the von Bertalanffy growth
model (Stergiou, 2000). The negative relationship between
the K value and the tmaxvalue (-0.41) was found to be similar
to the value found in a multi-species study performed by
Stergiou and Karachle (2006) (-0.37). If we consider Taylor
(1958)'s K = 3/t,,q, €quation a general equation, it can be
seen that this study has a result that is close to this value
(Table 1).

Lmax/L ratio (0.95) and the correlation between them (0.82)
was found to be similar to the studies performed among dif-
ferent species (Stergiou and Karachle, 2006 (0.99); Apos-
tolidis and Stergiou, 2014 (0.87); Giindogdu and Baylan,
2016 (0.96)). And this shows that there's a relationship be-
tween these two parameters in general terms that is inde-
pendent of species (Froese and Binohlan, 2000). Taylor
(1958), Pauly and Munro (1984) and Froese and Binohlan
(2000) state that fish usually live for 95% of the L. value.
And this shows that there's a relationship like Lo =
Lmax/0.95 between these two parameters, which fits the re-
sults we have found in this study.

Helser and Lai (2004) state that there's a relative relationship
between growth parameters and latitude that is independent
of statistical significance. According to this, K and L., have
a negative relationship with latitude, while to has a positive
relationship. Our findings are in the same direction. When
Figure 6 is examined, it can be seen that K and L. values
have a negative relationship with latitude, while to value has
a relatively positive relationship.

Feeding habits, genetic relationships, food available in the
environment, competition and temperature are the basic fac-
tors that determine the growth performance of a species
(Jobling, 1981; Helser et al., 2007). For this reason, growth
trends of species that are similar to each other with regards
to these factors would be similar as well. Consequently, the
results expressed in table 2 and figure 7 support this conclu-
sion. The mtDNA based relationship study performed by
Summerer et al. (2001) on the Diplodus genus partially sup-
ports the estimated growth model curves we have presented
here. Moreover, in Summerer et al. (2001)” study, D. cervi-
nus in a different cluster than other species. Similarly, D.
annularis and other Diplodus species are considered sepa-
rate to a point. Furthermore, the same reports put all species
other than D. annularis and D. cervinus in D. sargus clades
(Figure 8).
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Conclusion

Establishing the variation of growth parameters between
populations and species is to key for ecological studies.
Comparing growth models and parameters both systemati-
cally and over other variables would help us in understand-
ing the growth characteristics of the genus and species in-
volved. Comparative studies like these carry great signifi-
cance to understand the biology of species that can be con-
sidered target species for fishing.
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Appendix

Biological parameters for various Diplodus stocks in various seas [K in yr?, L. in cm, and to in yr. Sex (M=males, F=females, B=combined). N denotes the number of
individuals used for parameter estimation. Method denotes the method used for the estimation of age (O=otoliths, S=scales, LF=length-frequencies). Lmaxand tmax denote
maximum body length, in cm, and maximum age, in yr, respectively. LT denotes type of length used in the original study (TL=total, FL=fork,). nr: not reported.

Species Location Country LT Sex L, K toy tmax Lmin  Lmax Lmax/Le N Method Year Author
Adriatic S coraia & B 239 013 166 13 33 230 0960 786 SR 2000-2002  Matic-Skoko et al. (2007a)
raticseaLtoratla ¢ g 2260 017 -146 13 33 200 0885 1872 SR 20002002  Matic-Skoko et al. (2004)
Alexandria  Eygpt TL B 1810 034 -050 6 90 170 0,939 466 SR 1980-1981 Wassef (1985)
Annaba Gulf  Algeria TL B 1954 046 -057 6 126 18,8 0,962 648 SR nr Nouacher and Djebar (2007)"
TL M 2457 0,26 -0,89 6 8,9 20,6 0,838 173 OR 1998 Pajuelo and Lorenzo (2002b)
Ca{;ﬂé’s's' TL F 249 025 -089 6 94 209 0,837 139  OR 1998 Pajuelo and Lorenzo (2002b)
TL B 24,79 0,26 -0,88 6 8,2 20,9 0,843 194 OR 1998 Pajuelo and Lorenzo (2001)
Catalan Spain q d Moli
Coast TL B 2037 054 -0,03 7 9,0 20,0 0,982 180 OR nr Gordoa and Moli (1997)
b annularis  Mallorca TL F 1593 045 -012 9 90 209 1312 166  OR 2007 Alos et al. (2010)
1sland TL M 1517 047 -0,07 8 84 193 1,272 141 OR 2007 Alos et al. (2010)
Edremit FL M 2001 014 -293 6 82 153 0763 330  OR  1997-1998  Torcu-Kog et al. (2002)*
Gulf Turke FL F 1876 021 -1,73 7 80 150 0,802 322 OR 1997-1998 Torcu-Kog et al. (2002)*
S Y FL B 228 025 -145 4 85 170 0744 160 LF  1997-1999  Kinacigil and Akyol (2001)*
Zmir ba
Y TL B 2201 023 -130 7 77 183 0831 2393 OR  2004-2007 Kinacigil et al. (2008)
GGl:geosf Tunusia TL B 2264 0,16 -2,00 6 8,4 16,1 0,712 nr LF nr Bradai et al. (2001)
Theg'l]ff'kos Greece TL B 2010 021 -181 63 174 0866 135 nr nr Froese and Pauly (2017)"
Gulf of Lion France FL B 1866 0,56 -0,02 5 3,3 18,2 0,973 nr SR nr Girardin (1978)*"
D. bellottii Wesﬁggsa' Morocco FL B 2842 027 -0,19 89 208 0733 nr LF  1980-1982 Mennes (1985)*"
Ts'tz'okg:‘ma SO‘ﬂEaAf' FL B 3619 025 -105 21 89 389 1074 318 OR  1989-1990  Mann and Buxton (1997)*
FL F 4084 009 -440 20 89 386 0946 326 OR  2008-2009  Richardson et al. (2011)*
D. capensis South An- Andola FL M 27,70 0,31 -1,40 11 8,9 29,3 1,059 64 OR 2008-2009 Richardson et al. (2011)*"
gola g FL F 2561 045 -100 10 89 350 1,368 131 OR  2008-2009 Richardson etal. (2011)*
FL M 2398 049 -090 8 89 241 1,005 57 OR  2008-2009  Richardson et al. (2011)*"
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Species Location Country LT Sex L K to tmax Lmin Lmax Lmax/Le N  Method  Year Author
TL F 5880 016 -0,80 14 16,0 52,8 0,898 327 OR 2000-2001 Pajuelo et al. (2003a)
i TL ™M 6090 015 -0,73 17 19,3 565 0,928 151 OR  2000-2001 Pajuelo et al. (2003a)
. Canary Islands Spain .
D. cervinus TL ™M 6190 0,15 -0,84 17 19,3 56,5 0,913 114 OR 2000-2001 Pajuelo et al. (2003b)
TL F 5840 0,15 -0,76 14 16,0 528 0,904 298 OR  2000-2001 Pajuelo et al. (2003b)
Annaba Gulf Algeria TL B 6883 0,11 -0,75 13 9,8 52,7 0,766 190 OR 2001 Derbal and Kara (2013)
~ South Atlantic TL B 3580 022 -100 10 125 425 1,187 nr OR  1971-1974 Darcy (1985)
D. holbrooki Bight us
Off N. Carolina TL B 30,76 026 -098 11 55 36,5 1,187 349 OR  1993-1995  Manooch and Potts (1996)
D. hottentotus Ts'ti'o"azrpma SO“r'EEaAf' FL B 4624 015 215 33 16 561 1213 281  OR 1989-1990  Mann and Buxton (1997)*"
TL M 5270 019 -276 10 169 51,0 0968 168 OR  2001-2003 D°m'”9“f22(')gg§’a”e etal.
Canary Islands Spain Dominguez-Seoane et al
TL F 5230 020 -2,23 9 159 50,9 0,973 348 OR  2001-2003 g (2006) '
D. puntazzo Gulf of Gabes Tunusia TL B 2839 0,18 -1,65 114 26,8 0,944 1335 OR  2008-2010 Chaouch et al. (2013)
Gulf of Gabes TL B 2319 047 -0,25 6 119 295 1,272 112 SR nr Bradai et al. (1998)
. . TL B 4528 0,19 -0,31 18 13,3 46,7 1,031 598 SR 2004-2005 Kraljevic et al. (2007)
Adriatic Sea Coratia .
TL B 13,32 048 -0,11 1 1,6 9,3 0,698 663 LF  1991-1992  Matic-Skoko et al. (2007b)
TL F 4990 013 -223 12 162 404 0,810 341 OR  2000-2001  Pajuelo and Lorenzo (2004)
D. sargus ca- . TL M 44,70 0,15 -189 11 158 39,2 0,877 117 OR  2000-2001  Pajuelo and Lorenzo (2004)
. Canary Islands Spain ;
denati TL F 4940 015 -205 12 162 404 0,818 289 OR  2000-2001 Pajuelo and Lorenzo (2002a)
TL M 4590 0,14 -191 12 158 39,2 0,854 97 OR  2000-2001 Pajuelo and Lorenzo (2002a)
TL F 5759 010 -5,33 8 26,0 42,1 0,731 102 OR  1983-1984  Pastor and Quadros (1996)
North Spain TL M 5292 013 -373 8 245 450 0,850 91 OR  1983-1984  Pastor and Quadros (1996)
Spain Martinez-Pastor and Villegas-
TL nr 48,48 0,18 -0,58 174 334 0,689 nr nr nr Cuadros (1996)"
D. sargus sar- Catalan Coast TL B 41,70 025 -0,76 10 9,0 390 0,935 184 OR nr Gordoa and Moli (1997)
gus TL B 3955 0,15 -189 16 169 450 1,138 331 SR 1992-1999 Abecasis et al. (2008)"
South Portugal Portugal TL B 4093 0,18 -128 18 16,9 41,0 1,002 715 OR  1992-1999 Abecasis et al. (2008)"
TL B 4120 0,18 -0,86 16,9 49,0 1,189 nr OR nr Erzini et al. (2001)"
Beymelek Lagoon  Turkey TL B 3990 0,27 -1,75 3 10,0 28,7 0,719 355 SR 2006-2007 Balik and Emre (2016)
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Species Location Country LT Sex Ly K to tmax Lmin Lmax Lmax/Loo N  Method Year Author
Gulf of Lion France - B 3525 022 084 14 60 420 1191 484 SR 1980 Man-Wai and Quignard (1982)
FL B 2286 053 -014 4 100 420 1,837 nr SR nr Girardin (1978)*"
Abu Qir Bay TL B 313 02 -073 6 75 275 0879 746 SR  2008-2009 Mahmoud et al. (2010)
D. sargus : TL B 3270 013 -184 13 112 390 1,193 nr SR nr LahLah (2004)"
sargus Alexandria Eygpt "
TL B 5486 010 -206 8 112 390 0,711 604 SR  2008-2009 El-Maghraby et al. (1981)
North Sinai TL B 4071 025 -028 5 110 380 0933 991 SR  2010-2012 Al-Beak et al. (2015)
East Algeria Algeria TL B 36,30 0,15 -0,49 10 122 34,6 0,953 241 OR 2005-2006 Benchalel and Kara (2013)
Alexandria Evapt J- B 5771 007 -294 7 112 300 0520 410 SR 2008-2009 El-Maghraby et al. (1981)
Abu Qir Bay yap TL B 3130 02 -056 6 85 260 083 616 SR  1998-2008 Adam (2010)
Adriatic Sea Coratia T M 5625 008 -292 10 145 375 0667 1620 SR 2005-2006 Dulcic et al. (2011)
TL F 519 010 -284 11 145 362 0,697 1333 SR  2005-2006 Dulcic et al. (2011)
TL B 2414 016 -233 7 70 250 1,036 1097 SR  2006-2007 Hadj Taieb et al. (2013a)
Gulf of Gabes TL B 2540 018 -163 9 70 250 0984 1097 OR  2008-2010 Hadj Taieb et al. (2013b)
Tunusia TL B 2347 022 -1,45 8 10,8 32,0 1,363 97 SR nr Bradai et al. (1998)
Gulf of Tunu- TL B 399 011 -073 12 100 320 0802 510 SR  2005-2006 Mouine et al. (2010)
sia TL B 3900 010 -09 11 106 320 0,821 492 OR  2005-2006 Mouine et al. (2010)
TL B 2810 030 -162 10 125 305 1,085 374 OR  1992-1994 Gongalves (2000)
TL B 3960 032 -048 125 305 0,770 374 LF  1992-1994 Gongalves (2000)
South Portugal  Portugal TL B 3449 018 -127 14 90 330 0957 377 SR  1992-1999 Abecasis et al. (2008)
D. vulgaris TL B 2740 040 -077 14 90 300 1,095 1076 OR  1992-1999 Abecasis et al. (2008)
TL M 2860 036 -038 14 145 369 1,290 368 OR  1992-2000 Gongalves et al. (2003)
TL F 2767 039 -034 12 138 370 1,337 440 OR  1992-2000 Gongalves et al. (2003)
Gulf of Lion France T B 3780 018 -083 8 100 350 0926 55 SR nr Man Wai (1985)
FL B 30,79 0,26 -0,61 3 90 18,2 0,590 nr SR nr Girardin (1978)*
Canary Islands Spain TL B 39,70 0,23 -0,91 9 13,0 37,0 0,932 488 OR 2000-2001 Pajuelo and Lorenzo (2003)
Catalan Coast TL B 28,78 0,39 -0,66 6 80 28,0 0,973 201 OR nr Gordoa and Moli (1997)
gggggaz' Libya TL B 3330 011 -158 8 110 270 0811 290 SR 2005 Saeid et al.. (2016)
Scilia Strait Italy TL B 3350 0,17 -2,59 140 270 0806 603 OR  1997-1999 Beltrano et al. (2003)
izmir Bay Turkey TL B 279 025 -1,18 3 70 190 0680 709 OR  2004-2007 Soykan et al. (2015)
Wes;g;g S Morocco FL B 4485 040 -0.42 96 372 089 nr  LF  1980-1982 Mennes (1985)*"

*FL transformed to TL according to formula given in the manuscript
“Lmax, Lmin or both not reported in the original study. They are assigned from Fishbase or other studies carried at same location.
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