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Abstract: The present knowledge on the distribution of the members of stygophile Synurella Wrze$niowski, 1877 genus inhabiting Turkey is very limited. To date,
there are only three species, which are Synurella osellai Ruffo, 1974, Synurella lepida Mateus and Mateus, 1990 and Synurella ambulans (O.F. Miiller, 1846), have
been reported as the representatives of the genus from Turkey. The present study aims to contribute to the knowledge on the distribution of Synurella genus in
Turkey. For this purpose, the previous records of Synurella genus from Turkey have been compiled and the new records of S. ambulans and S. osellai were given.
Additionally, a map on the distribution of the members of the Synurella genus in Turkey and a key are presented.

Keywords: Groundwater, eyeless animal, endemic, stygophile, Anatolia

Oz: Stigofil Synurella Wrzesniowski, 1877 cinsinin Tiirkiye'de dagilim gdsteren tyelerinin dagjilimlari hakkindaki meveut bilgiler cok az ve kisitlidir. Bu giine degin,
bu cinsin sadece 3 iyesi Synurella osellai Ruffo, 1974, Synurella lepida Mateus and Mateus, 1990 ve Synurella ambulans (O.F. Miiller, 1846), Tiirkiye'den rapor
edilmistir. Bu calisma, Synurella cinsinin Tirkiye'deki dagilimi hakkindaki bilgilere katki saglamayi amagclamaktadir. Bu amagla, Synurella cinsinin Tirkiye'den
verilmis énceki kayitlar derlenmis ve S. ambulans ile S. osellai igin yeni kayitlar verilmistir. llave olarak, cins Synurella cinsinin Tirkiye dagilimini gdsteren bir
harita ve tayin anahtari sunulmustur.

Anahtar kelimeler: Yeralti suyu, gézsiiz hayvan, endemik, stigofil, Anadolu

INTRODUCTION

Synurella Wrze$niowski, 1877 is a stygophile amphipod
genus occurs in the Holarctic region (Karaman 1974, 1990;
Barnard and Barnard 1983). The members of the genus can be
found in freshwater habitats in lowlands as well as highland
rivers, in small ponds, swamps, temporary pools and small
streams. Moreover, some of the species belong to the genus
have subterranean populations (Boets et al. 2010). The genus
Synurella is stygophile, but lacking typical stygomorphic
features such as anophthalmy, depigmentation and reduced
fecundity. The females normally produce no less than 11- 20
small-sized eggs (Sidorov and Palatov, 2012).

The genus was represented by three species in Turkey
which are Synurella ambulans (O.F. Mller, 1846), Synurella
osellai Ruffo, 1974 and Synurella lepida Mateus and Mateus,
1990. S. ambulans is the type species of the genus and has a
broad distribution area covering Europe, Russia and Turkey
while S. osellai and S. lepida are endemic for Anatolia. The data

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

on the distribution of the members Synurella genus in Turkey
are very scarce and comprise only the type localities of the two
species indeed, except those on the distribution of S.
ambulans.

In the present study, the previous records of Synurella
genus from Turkey have been compiled and the new records of
S. ambulans and S. osellai were given in addition to distribution
map and a key for the genus.

MATERIALS AND METHODS

Synurella specimens were collected on 11.07.2011 from a
ditch near Sakligdl Lake, Denizli province with a fine-mesh
hand-net and preserved in 70% ethanol in the field (Fig. 1, Fig.
2). Similarly, S. osellai specimens were also sampled on
10.10.2014 with a hand net from Solakli Stream (Trabzon
province) and preserved in 4% formalin solution in field. The
sampled specimens were examined and dissected under a
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stereomicroscope, and slide mounts were examined under a
compound microscope. Length measurements were made
along the dorsal outline of the animals, from the tip of the
rostrum to the end of the urosome.

Figure 1. Sampling localities of S. ambulans (left: Sakligél Lake; arrow
indicates the sampling point) and S. osellai (right: Solakli Stream)

i
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28° 3 32

Figure 2. Distribution of Synurella genus in Turkey (S. ambulans:
circle; S. lepida: square; S. osellai: diamond).

Some of the physico-chemical parameters were measured
in the field with a WTW pH330 model pH-meter, a YSI 30 model
SCT-meter (Salinity-Conductivity-Temperature meter), and a
WTW Oxi330 model dissolved oxygen-meter.

All material is deposited in the ESFM (Museum of Faculty
of Fisheries, Ege University, lzmir, Turkey).

RESULTS AND DISCUSSION
Synurella ambulans (F. Maller, 1846) (Figs 3-4)

Material examined: 12 males and 15 females (ESFM-
MALI/11-04), from a ditch near Sakligdl Lake (37°46'36.64"N-
29°23'48.99"E), Denizli Province. Sampling date 11.07.2011.

Ecological features of the sampling locality: Water
temperature 27.5 °C; pH 8.34; dissolved oxygen 4.3 mgl/l;
salinity 0.5 ppt; electrical conductivity 1038 uSasec; altitude 953
ma.s.l.

S. ambulans is the most popular type of this genus in
Turkey (Fig. 4). Ruffo (1974), reported this species at four
localities from Turkey, which were Sinop, Beysehir Lake, Abant
Lake (Bolu) and Kizilcadag (Antalya) (Fig. 2). After his study,
there was no record of this species from Turkey for a long time.
Then, Ustaoglu et al. (2004) mentioned the existence of S.
ambulans in Gavur Lake, which is located in the northern part
of Taurus Mountains. Ozbek et al. (2017) contributed the
knowledge on distribution of the species with two records,

Hamam Lake and Erikli Lake, from Turkish Thrace Region. In
general, the members of the Synurella genus (except S.
ambulans) have localized in limited areas. S. ambulans has
been recorded from a relatively bigger area covering Balkan
Peninsula, middle and eastern Europe (Barnard and Barnard,
1983) and western part of Russia. S. ambulans specimens live
in semi-subterranean habitats and especially prefers stagnant
parts of waters which are connected subterranean waters
(Sidorov and Palatov, 2012).

Figure 3. Habitus of Synurella ambulans () sampled from Sakligél
Lake, Denizli Province (Original photo)

Figure 4. Synurella ambulans (O.F. Mdiller, 1846). A: habitus; B:
telson; C: uropod 3, from Schellenberg (1942)

Synurella osellai Ruffo 1974 (Fig 5)

Material examined: 2 males and 3 females (ESFM-
MALI/14-01), from Solakli ~ Stream, (40°52'37.37"N-
40°16'53.53"E), Trabzon Province. Sampling date 10.10.2014.

112



An overview on the distribution of Synurella genus in Turkey (Crustacea:Amphipoda)

Ecological features of the sampling locality: Water
temperature 19.1 °C; pH 8.4; dissolved oxygen 8.9 mgl/l;
salinity 0.1 ppt; electrical conductivity 126 uSazsec; altitude 60 m
as.l

Figure 5. Synurella osellai Ruffo 1974. A: habitus; B: telson; C: uropod
3, from Ruffo (1974)

The species was found at the lower part of the Solakl
Stream just 60 m above the sea level. The stream was clear
and has a pebbly-stony bottom with moderate velocity and
weak vegetation at the sampling locality (Fig. 1).

S. lepida, a semi-subterranean amphipod species endemic
for Turkey, was described from Adapazari-Diizce in 1990 for
the first time. In its original description (Mateus and Mateus,
1990), morphological features of the species were explained in
detail but the drawings of the extremities of both sexes were
inadequately presented by the authors (Fig. 6). Along the
original drawings and description of S. lepida, there are some
doubts on the status of the species. The authors stated that
there is no sexual dimorphism except the presence of
incubating lamellae in females (Mateus and Mateus, 1990); but
in Synurella genus there is distinct sexual dimorphism in
several species. Similarly, the two other Synurella, S. ambulans
and S. osellai, species inhabiting Turkish freshwaters show
sexual dimorphism especially in the shape of gnathopods and
body size (females are bigger than males).

S. osellai has been identified by Ruffo (1974) and the type
locality of this endemic species is Tirebolu, a small town placed
on NE coast of Turkey (Fig. 2, Fig. 5). After its original
description, there was no record for a long time and then the
second record of the species was given from Fatsa Town, in
Ordu province (Ekinci and Miroglu, 2017). The present record
is the third one for this species.

Figure 6. Synurella lepida Mateus and Mateus 1990. A: telson; B:
antenna 2; C: gnathopod 1; D: gnathopod 2; E: pereopod 7; F: uropod
3, from Mateus and Mateus (1990)

In the original description of S. lepida, the authors
presented a plate including the drawings of the second
antenna, first and second gnathopods, pereopod 7, uropod 3
and telson (Fig. 6). One of the discriminant character given in
the plate is the shape and armament of the ganathopods. They
look very similar to those of female S. ambulans (Fig. 7).
Additionally, the structure and setation of the second antenna
is very similar to that of S. ambulans. On the other hand,
Mateus and Mateus (1990) didn’t mention the existence of C-
setae on the mandibular palp, but it is a distinct character for S.
ambulans (Sidorov and Palatov, 2012). Because of poor
description and incomplete drawings in its original paper, it is
difficult to reach definite conclusion about the status of S.
lepida. The best solution to solve this puzzle can be to study
the type specimens deposited in the Museum of Natural History
of Vienna (NHMW Crust.-Coll. Inv.-No. 6435).

Key for the Synurella species inhabiting Turkish inland
waters (Adult males only)

1 Mandible palp with C-setae ...........cccccovvvvernnnn. 2
Mandible palp without C-setae ............... S. lepida

2 Urosome segments coalesced, Antenna 1 short (<20

flagellar segments) ........c.cocoevneenecnnininncieene, S. ambulans

Urosome segments not coalesced, Antenna 1 long
(>20 flagellar segments) ..........ccceevivieiiiineeiinnen, S. osellai
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Figure 7. Some extremities of Synurella ambulans () sampled from Sakligél, Denizli Province. A: antenna 1; B: antenna 2; C: gnathopod 1; D:

gnathopod 2; E: pereopod 7; F: uropod 3; G: telson
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Abstract: The objective of this study was to determine sensorial, microbiological and physicochemical quality of whole cuttlefish (Sepia officinalis) during the stored
without ice in refrigerator temperature. Sensory (quality index method [QIM]), physicochemical (pH, moisture, color measurement, trimethylamine nitrogen [TMA-
N], total volatile bases nitrogen [TVB-N] values and ammonia value [NHs]) and microbiological analysis [total psychrotrophic bacteria and mesophilic aerobic
bacteria] were determined during storage period. The results indicate that the shelf life of cuttlefish stored was found as 6 days at 2°C “acceptable quality”.Sensory
and physicochemical quality loss and certain deterioration of cuttlefish was determined that unacceptable 9 days at 2°C.

Keywords: Cuttlefish, physico-chemical quality indices, microbiological quality, color, sensory

0z Bu calismanin amaci buzsuz olarak buzdolabi kosullarinda depolanan miirekkep baliginin duyusal, mikrobiyal ve fiziko-kimyasal kalitesinin ortaya
konulmasidir. Duyusal (kalite indeks metodu [QIM], fiziko-kimyasal (pH, nem, renk dlciimd, trimetilamin azot [TMA-N], toplamugucu bazik azot [TVB-N], amonyak
degerleri) ile mikrobiyal analiz [toplam psikrofilik bakteri ve mesofilik aerobik bakteri] sonuglari depolama periyodu boyunca degerlendirilmistir.

+2 derecede depolanan miirekkep baliginin raf dmri 6 gtin stresince kabul edilir kalitede oldugu tespit edilirken, 9. glinde duyusal, fiziko-kimyasal bozulmalar ve
kayiplar agisindan kesin bozuk oldugu tanimlanmistir.

Anahtar kelimeler: Miirekkep baligj, fiziko-kimyasal kalite géstergeleri, mikrobial kalite, renk, duyusal

INTRODUCTION

Cephalopods are main group of invertebrates and one of
the great consumer demand mainly as chilled and frozen in the
coastline of Turkey. Known as common cuttlefish, Sepia
officinalis, belongs to the Sepiidae family are commonly
captured among of cephalopods from Aegean, Mediterranean
and Marmara Sea. According to Fishery Statistics, 745 tonnes
of cuttlefish were caught from Aegean, Mediterranean and
Marmara Sea (TUIK 2016). Cuttlefish is a highly nutritious
invertebra due to being rich in omega-3 fatty acids and a perfect
protein source (Unal, 1991; Ozogul et al., 2008).

The consumer demand for fresh cuttlefish has remarkably
increased due to its aroma and flavour. Lately, the delicious
meal such as fried and stuffed cuttlefish are highly consumed
by Turkish people living in the coastline of Turkey. Therefore
the study of freshness quality of cuttlefish is one of interest to
retailers and consumers. Cuttlefish, being highly perishable,

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

deteriorate rapidly if not stored at cold temperatures. For hence,
it must be stored at cold storage temperature to protect its
freshness until transferred to domestic market immediately. If
fresh cuttlefish after capture is not keep in cold chain it undergo
the changes in texture, flavour and discoloration rapidly. The
state of freshness of cuttlefish is an important factor for its
commercial value. It is generally exposed to on the air in
fishmongers during it sale. Like other seafood, cuttlefish is rapid
deterioration due to microbial activity and/or spoilage specific
chemical reactions. In order to prevent microbial deterioration,
it should rapidly be cooled down at a low temperature (-2°C)
and be kept at cold storage temperature (between 0°C to 4°C).
Sometimes, fishmongers do not pay attention while selling their
seafood under the sunlight all day long. As a result of their bad
habits the change in the external appearance of cuttlefish,
specially related to a decrease in the skin into a pale dark
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brownish color and loss of brightness indicating a loss in initial
quality of cuttlefish. There are only few studies on cuttlefish
quality assessment, most of them are related to determining the
chemical, microbiological and sensory changes of the whole
cuttlefish during iced storage (Ganesan et al., 2005; Vaz-Pires
et al., 2008; Sykes et al., 2009; Tantasuttikul et al., 2011;
Jeyasekaran et al., 2012).Quality assessment of cuttlefish is
determined using sensory, chemical and microbiological
analysis. Sensory analysis is commonly considered as the most
important method for freshness evaluation in the fish research
(Martinsdottir et al., 1987). Quality index method is commonly
used to evaluate seafood freshness quality. In addition to,
physical, chemical and microbiological analyses are also used
to assess the freshness quality of seafood.There is little study
assessing quality deterioration of cuttlefish in the storage of at
different temperatures without ice treatment (Ganesan et al.,
2005).

The objectives of this study were to investigate the shelf life
and quality changes of cuttlefish stored in refrigerator
temperature (at 2°C) without ice treatment in terms of sensory
(QIM), physicochemical (pH, moisture, color measurement,
trimethylamine nitrogen [TMA-N], total volatile bases nitrogen
[TVB-N] values and ammonia content) and microbiological
(total psychrotrophic bacteria [TPBc] and mesophilic aerobic
bacteria count [TMABc]) methods.

MATERIALS AND METHODS

A total of 60 whole cuttlefish (Sepia officinalis, L.) with an
average weight of 440.5 g (range 213-668 g) were used in this
study. Cuttlefish was caught by bottom gillnet from around
Gokceada island close to Ganakkale in Turkey. Immediately
after the catch they were placed on ice in the polystyrene box
and transported to the Istanbul University, Faculty of Aquatic
Sciences, Seafood Processing Technology laboratory within 24
h of its capture. Samples were stored in plastic pouches
separately inside the polystyrene box without ice in a
refrigerator set at 2+1°C.

Sensory evaluation analyses

Sensory characteristics and overall acceptability of whole
cuttlefish were assessed by a panel nine trained panellists of
the Faculty of Aquatic Sciences academic staff who are MSc
and PhD students on the basis Quality Index Method (QIM).
Training consisted of 2 sessions (2h each session) until the
panelists knew the quality characteristics of cuttlefish in terms
of differentiating appearance, odor and texture of QIM score.
Sensory characteristics and total demerit point of cuttlefish was
assessed by Vaz-Pires and Seixas (2006). The sensory
analyses were performed for raw cuttlefish focusing on skin:
appearance, color, odor and mucus; flesh: texture, elasticity;
eyes: cornea and pupil appearance; and mouth region: odour;
internal bone:connection bone/head. Scores were given for all
the quality attributes are summarised by the quality index
method, which increases linearly with the storage time. A score
between 0 to 3 demerit points or 0 to 2 demerit points were

used according to sensory characteristics of whole cuttlefish
and mantle.

Physico-chemical analyses

Samples were diluted with distilled water (1:10) and pH was
measured by Thermo Scientific Model Orion Star A 214 pH/ISE
meter (Beverly, MA, U.S.A).Moisture changes of samples were
measured according to AOAC (1990).

Color analysis was determined using a hand-held Minolta
CR-400 Chroma Meter (Minolta Camera Co.,Japan) during 10
days. The Minolta colorimeter was calibrated with a standard
white plate (D65,Y=93.9, x=0.3155, y=0.3319) before each use
L*, a¥, b* values were measured under D65 illumination. L*, a*,
b* values were evaluated by using triple cuttlefish were
measured three times for skin and mantle, separately. Finally,
the average value was calculated and recorded as result. L*
value represents lightness from black to white between 0 and
100. While a* value represents from red (+) to green (-), b*
value represents from yellow (+) to blue () in color
measurement of cuttlefish.

The method reported by Schormiiller (1968) was used to
determine total volatile base-nitrogen (TVB-N) values of
samples. 10g of homogenized sample was suspended in 250
ml pure water, made alkaline with 1-2g of MgO and distilled.
The rate of heating was adjusted so that the suspension
reached boiling point in 10 minutes and distillation was
performed for 20 minutes. Then, the distillate was titrated with
0.1 N NaOH. The results were expressed as mg TVB-N per 100
g sample. The method reported by Schormiiller (1968) was
used to determine trimethylamine-nitrogen (TMA-N) values of
samples. Trichloroacetic acid (90 ml), formaldehyde (1 ml),
toluene (10 ml) and KOH (3 ml) were added to homogenized-
filtered samples and shaken, toluene phase was allowed to
separate for 15 minutes, then 5 ml from toluene phase was
taken and injected into tubes. As soon as the picric acid was
added into the toluene phase, samples were measured at 410
nm using a spectrophotometer.

Ammonia content of cuttlefish samples was determined by
ammonia ion-selective electrode according to Pivarnik, Thuam,
and Ellis (1998). For this, 5 g cuttlefish mantle samples were
blended with 95 ml of pure water and 2.0 ml alkaline ion-
strength-adjuster (ISA) solution was homogenized for 2
minutes. After Thermo Scientific Model Orion Star A 214
pH/ISE meter was calibrated, ammonia content was measured.
All results were reported as mg ammonia content per 100 g of
samples. All analysis were done in three replicates.

Microbiological analysis

The samples were analyzed during storage time (1, 6, 9
and 10 days). Separate cuttlefish mantles were used for
microbiological analysis. Total mesophilic aerobic bacteria
count (TMABc) was carried out according to FDA (1984).
Inoculation was made by pour-plate method (Merck, Kat. No:
1.05463.0500). After plates were inoculated at 35°C for 48h,
plate counts were determined as colony forming units (CFU).
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Total psychrophilic bacteria count (TPBc) was carried out
according to FDA (1984). Inoculation was made by pour-plate
method (Merck, Kat. No: 1.05463.0500). Plates counts were
determined by the colony forming units (CFU), after plates were
inoculated at 7°C for 10 days (Baumgart, 1986; APHA, 2001).

Statistical analysis

The measurements were repeated twice with three
replications. Collected data were subjected to variance analysis
(ANOVA) to evaluate pH, moisture, color, TMA-N, TVB-N and
ammonia content for the stored samples. GraphPad Prism
software (California Corporation, USA) was used to define
significant differences between storage days by ANOVA. When
a significant (p<0.05) main effect was found, mean values were
further analyzed using the Duncan's Multiple Range Test
comparison test.

RESULTS AND DISCUSSION

During the storage at refrigerator temperature (2°C) QIM
changes of cuttlefish are presented in Fig. 1. The total quality
changes of cuttlefish were daily determined using the total
quality index score by the panelists.

QIM Sensory Scores

1 2 3 4 5 6 7 8 9 10
Storage Period (Days)

Figure 1. Sensory quality evaluation (QIM) of cuttlefish during storage
period

Figure 1 indicates the changes in the quality index of
cuttlefish during refrigerator set at 2°C. From Fig. 1 it was
initially identified as “excellent product” by panelists with sea
fresh odor, very bright appearance and color of skin and firm
texture with 0.77 total quality index score. The total quality
scores (QIM) of cuttlefish increased with loss of sensorial
characteristics during storage time. After 6% days of storage,
the total quality scores was reached with 11 demerit points. The
panelists reported a loss of sensory quality of cuttlefish with the
decrease in brightness of the skin, increase in the eye opacity
and the intensification of the yellowish color of the mantle.
Furthermore unacceptable odor development in the mouth
region, softening in the flesh and mucus loss were also
determined. According to the evaluation of the panelists the
cuttlefish was not consumable with a total quality score of 16.14
after 9 day of storage at 2°C. Vaz-Pires et al. (2008)
determined that the presence of unpleasant odor of squid and
cuttlefish to be perceptible at day 6 and unacceptable at day 8.
They also reported that the sensorial rejection of cuttlefish was
found at day 9 during refrigeration temperature (2£2°C). Our
sensorial results are in accordance with the freshness
evaluation of cuttlefish stored in crushed ice reported in earlier
researchers (Ganesan et al., 2005; Vaz-Pires et al., 2008).

Badiana et al. (2013) reported that QIM scheme is more
accurate determination of the assessment the cuttlefish
freshness quality than EU scheme. They asserted that EU
scheme was not satisfactory enough in monitoring how the
freshness quality evolved during storage time. The freshness
quality can not be exact but only be estimated by EU scheme.
The sensory characteristics of foods may vary depending on
the quality of the raw material they have or the duration and
temperature of storage. However human senses may not
always produce precise results since they identify the color
change in food subjectively. For this reason, the determination
of the characteristic color changes in the food without a
homogenous color using instrumental analysis method is
especially important (Sengor et al., 2014). Color measurement
of cuttlefish samples was summed up in Table 1.

Table 1. Physico-chemical quality parameters of cuttlefish during storage period

Storage H TMA-N TVB-N NH3 L* a* b*
Days P mg/100g mg/100g mg/100g Mantle Skin Mantle Skin Mantle Skin
1 6.59+0.032  3.52+0.162 26.2541.322  7.83+0.642 66.39+1.082 37.30£0.902 2.08+0.342  1.91+0402  -2.48+2.112 7.09+1.182
6 6.97£0.02°  7.87+0.25 34561058  35.60+£0.25° 62.22+0.69° 38.84+1.65° -1.62+0.34> 0.78+£0.33>  -3.44+1.38° 6.34+0.99°
9 7.17£0.01¢  8.11£0.27¢ 70.7615.45°  49.63+0.66° 60.54+2.34c 27.44+159¢ -1.70£0.57° 0.64+0.03>  -2.56+3.262 2.40+0.87¢
10 7.51£0.019 11.33x0.21¢  100.36+10.98¢ 56.76+0.98¢ 57.06+1.25¢ 30.39+2.70¢ -0.89+1.23¢ 0.95+0.46¢ 3.0245.23¢  3.63+1.12¢
a,b,cd

The color change in the mantle and skin of cuttlefish was
evaluated based on the L* (brightness) and b* (yellowness)
values. Accordingly, the minolta L* values for the mantle and
skin of the cuttlefish at the beginning of this study were 66.39

'~ Different letters in the same column indicate significant differences among formulations (p<0.05), + defines standard deviation. (n=3)

and 37.30 on average, respectively. The a* values mantle and
skin of cuttlefish changed from 2.08 to -0.89 and from 1.91 to
0.95 at the end of the storage period (on day 10). The b* values
mantle and skin of cuttlefish varied from -2.48 to 3.02 and from
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7.09 to 3.63 on average respectively at the end of storage
period (on day 10). In mantle and skin of cuttlefish the L* value
representing the brightness decreased during the storage
period, while mantle of cuttlefish the b* value increased with
storage period. On the other hand skin of cuttlefish the b* value
decreased during ten days of storage. The decrease in
yellowness of the skin of cuttlefish might be due to difference in
the chromatophores presented in the skin. The decrease of
yellowness and brightness of the skin of cuttlefish are indicated
as a sign of cuttlefish quality deterioration. Tantasuttikul et al.
(2011) reported that the L* value showing the brightness of
cuttlefish mantle slightly decreased during storage, while the b*
value became yellowish during storage in ice. Similar results
were determined with this study about increasing the b* value
and decreasing the L* value of cuttlefish mantle.

pH measurement is an important test helpful to determine
seafood freshness (Sengor et al.,2000). The initial pH value of
the cuttlefish was 6.59. The pH values were dramatically
increased in accordance with chemical analyses results during
storage time. The pH value raised to 6.97, 7.17 and 7.51 after
6t, 9t and 10t day stored at refrigeration temperature (2°C)
respectively. Caglak et al. (2014) reported that the pH values of
cuttlefish within the plastic bag (air packaged) stored at 2°C
were found as 7.68 on the 9t day of storage. This result is also
in parallel with our findings for pH values of cuttlefish.

Changes in the moisture content of cuttlefish samples were
measured during storage period. At the beginning of the
storage period, moisture content of cuttlefish was 75.88. It was
observed that this value increased during 9t and 10t days
except for the 6! day. This can be explained as humidity of the
environment connection with relative humidity of cuttlefish.

Total volatle base (TVB-N) in squid mantle is
recommended for assessing squid quality. The chemical tests
for trimethylamine (TMA) and free fatty acids (FFA) can be used
as secondary quality parameters for squid quality assurance
(Woyewoda & Kee, 1980). The quality evaluation of
cephalopods as per TVB-N values are classified as A quality
with less than 30 mg/100 g, B quality 30-45 mg/100 g and
unacceptable with more than 45 mg/100 g, Ke et al. (1984).
Generally, pH and TVB-N values are the main indicators for the
initial decomposition of cuttlefish. In our study, the initial pH,
TVB-N, TMA-N values and ammonia content of cuttlefish were
determined as 6.59, 26.25 mg/100 g, 3.52 mg/100 g and 7.83
mg/100 g respectively. After 6 days of storage the cuttlefish was
still consumable with 7.87 mg/100 g TMA-N, 34.56 mg/100 g
TVB-N values and 35.6 mg/100 g ammonia content. At the end
of the 9t day of storage the results of the chemical analysis
were in parallel with the sensorial analysis and with 8.11
mg/100 g TMA-N, 70.76 mg/100 g TVB-N values, 49.63 mg/100
g ammonia content it was determined that the cuttlefish was not
consumable which is above the reported critical level for TMA-
N and TVB-N values by Schormdiller (1968). Sykes et al. (2009)
reported that TVB-N exceeded the acceptable limit of 35
mg/100 g muscle while TMA-N exceeded the acceptable limit
of 10 mg/100 g muscle for cuttlefish after 9 days of ice storage.

Paarup et al. (2002) reported that TMA production increases in
the cuttlefish starting from the 2nd day of storage in ice. They
stated that on day 10, concentrations of NHz and TMA in the
gutted squid constituted 61 and 59 % respectively of the
concentrations detected in the whole squid during stored in ice.
According to our research findings cuttlefish stored as a whole
without ice exceeded the limit values for TVB-N and TMA-N
after 9 days of storage at 2°C. Our measurements are in
parallel with those of pH (initially 6.8 and reaching to 7.2 on 10t
day of storage) and TMA-N (initially 2 mg/100 g and reaching
to 17 mg/100 g 10t day of storage) values of whole squid stored
in ice by Paarup et al. (2002). Similarly the initial pH value of
the cuttlefish was 6.50 and reached to 6.91 on the 9t day of
storage at 2°C in ice and TVB-N exceeded the acceptable limit
of 35 mg / 100 g muscle while TMA-N exceed the acceptable
limit of 10 mg/100 g muscle for cuttlefish after 9 days of iced
storage by Sykes et al. (2009).

Changes in the microbial flora of whole cuttlefish during
storage time without ice in Figure 2.

\,
-

Bacteria Load (log cfulg)

1 6 9 10
Storage Period (Days)

== Psycrotrophic Bacterial Count
== A+ « Mesophlic Bacterial Count

Figure 2. Microbiological quality changes of cuttlefish during storage
period

The TMABc and TPBc slightly increased throughout the
storage period. The initial total mesophlic aerobic bacteria
count (TMABCc) of the cuttlefish was 2.38 log cfu/g and total
psychrophilic aerobic bacteria count (TPBc) was 2.59 log cfu/g
in parallel with this research. After 6t day of storage period the
cuttlefish, total mesophilic aerobic bacteria count was 3.47 log
cfu/g and total psychrophilic aerobic bacteria count was 3.6 log
cfu/g. At the end of 9t days of storage period, total mesophlic
aerobic bacteria count of the cuttlefish was a remarkable
change to 5.12 log cfu/g and total psychrophilic aerobic bacteria
count was reached to 4.30 log cfu/g. Similar results were also
reached by Lapa-Guimaraes et al. (2002) with their research
on contact ice and non-contact ice storage of squid. Lapa-
Guimaraes et al. (2002) reported that at day 10 when the
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sensory quality had decreased the psychrotrophic counts were
barely 1 x 105 and 1 x 104 cfu/g in contact ice and non-contact
ice storage period.

Our findings during 9t day of storage time neither total
mesophilic aerobic bacteria nor total psychrophilic bacteria load
of the cuttlefish reached the limit value of determining the
spoilage.

The probable reasons for still being at a microbiologically
safe condition were supposed to be storing the cuttlefish as a
whole, separated and not being in contact with each other in
PE pouches, following the hygiene rules and procedures prior
to analysis and the effect of washing during cleaning the
cuttlefish before the analysis. Unluturk and Turantas (1998)
reported that with cleaning and washing the bacteria could be
removed from the fish tissue.
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Abstract: The effect of the design of ultraviolet irradiation unit on disinfection performance and operating costs was investigated for aquaculture purposes. Two
prototypes (H and U) were compared with a commercial UV filter (1). The water samples for microbiological cultivation were obtained from water inlet and outlet of
three different types of UV units in four replicates at 15°C and 25°C of sea water temperatures. Finally, considering the efficiency of reduction the total heterotrophic
bacterial load of the UV filters, although significant differences were not found statistically, the best results were obtained from U type UV chamber at both
temperatures (15°C and 25°C) (P>0.05). Also, it was estimated that make 60% savings in renewal and operating costs can be possible with changing the design
of UV chamber.

Keywords: aquaculture, design, disinfection, filter, ultraviolet

Oz: Akuakilltiir kullanimlari igin ultraviyole Isinlama (inite tasariminin dezenfeksiyon verimine ve isletme maliyetlerine etkisi incelenmistir. iki prototip (H ve U),
ticari bir UV filtresiyle (1) karsilastinimistir. Mikrobiyal ekim icin su érnekleri 15°C ve 25°C su sicakliginda dort tekrarli olarak her g ultraviyole filtrenin su girisi ve
cikisindan alinmistir. Son olarak, UV filtreler arasinda istatistiksel olarak énemli farklilk bulunmamakla birlikte, en iyi filtreleme performansi, 15°C ve 25°C su
sicakliklarinda, U tipi UV filtreden saglanmistir (P>0,05). Ayrica, sadece UV (initesinin tasarimini degistirerek bakim - onarim ve isletme maliyetlerinde %60 tasarruf

yapllabilecegdi hesaplanmigtir.

Anahtar kelimeler: Akuakiiltiir, tasarim, dezenfeksiyon, filter, ultraviyole

INTRODUCTION

In aquaculture industry, antibiotics may be effective in
treating pathogens, but antibiotic resistance is common and
most antibiotics are not registered for use in aquaculture
(Barnes and Brown, 2011). Pathogen control technologies such
as UV system models have been emphasized to remove
disease agents from culture systems due to inadequate
vaccines and antibiotics (Patterson et al., 1999; Piedrahita,
2003; Sharrer and Summerfelt, 2007).

UV sterilization units are commonly installed for sea and
freshwater disinfection, and are also used for control in
aquaculture systems (Rosenthal, 1981). Its widespread use is
largely due to factors such as high disinfection efficiency,
minimal presence of disinfection by products, ease of use and
low cost (Lazarova et al., 1999; Gomez et al., 2007; Barnes and
Brown, 2011). UV irradiation inactivates microorganisms by
damaging their DNA and RNA, which prevents them from
replicating and causing infection. The ability of UV to inactive

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

microorganisms is dependent on the applied UV dose, given as
mWscm-2 (microwatt second per centimetre squared), which is
the product of UV light intensity, residence time and UV
transmittance through water. In commercial applications, the
normal UV dose is 30-35 mWscm2, which is sufficient for
disinfection of the most common bacteria in aquaculture
applications (Rodrigues and Gregg, 1993; Liltved et al., 1995;
Wedemeyer, 1996; Summerfelt, 2003; Timmons and Ebeling,
2010; Barnes and Brown, 2011; Lekang, 2013).

For water treatment with UV rays, the water must be
contact in suitable conditions and in sufficient time. Optimum
disinfection efficiency from a UV lamp can be possible with a
UV irradiation system which is designed to suitable the lamp
and/or system. Therefore, UV filtration units can be made at
various types and capacities (Timmons and Ebeling, 2010;
Lekang, 2013). So, the present study was planned to determine
whether the designing of UV irradiation prototypes could effect
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disinfection performance and operating costs for aquaculture
purposes.

MATERIALS AND METHODS

In the study, pressureized U-PVC pipes (PN 6) and fittings
(PN 6), 65 watts of low-pressure high-intensity UV lamps (GPH
846 T5/L HO/4 PIN) and quartz sleeves (20x23x900 mm) were
used for construction of the UV filter prototypes (H and U). A
commercial UV unit (1) (La Purifica®, UV output power per lamp:
65 W, and capacity: 30 m3h-') were used for control (Fig. 1).
The UV filter prototypes were designing according to the using
flow rate of the commercial UV filter and also limited place in
the system. Control panels were used for each ultraviolet filter
systems. Also, open flow-through seawater system (flow rate,
30 m3h-") were used during the experiments. Sea water was
filtered by a sand filter with 20-50 um filtration capability before
passed through the UV filters.

The UV density can be defined as the amount of radiation
per unit surface area and the following equation can be used to
find the radiation dose at distance L from the UV radiation
source:

D= (?) x TE x t (Gebauer etal., 1992)

where D, radiation dose (mWscm-2); P, radiation effect (W); S,
area of radiated surface (cm?2); To, transmission through 1 cm
of water (%; as 95% for the present study); L, thickness of the
water layer that is radiated (cm); t, necessary time for radiation

(s).

H type U type I type

Figure 1. The UV units (the prototyeps, H and U; commercial, 1)

Total heterotrophic bacteria counts were measured in water
samples collected immediately before and immediately after
the UV units in four replicates at 15°C and 25°C of seawater
temperatures. The inlet and outlet samples were collected from
5.0 cm diameter sterilized sample valves that were located
within 5 m of the inlet and outlet of the UV chambers. Water
samples were firstly collected from the outlet of the UV units by
opening the sample valve and allowing as 1.3 Imin- of water
flow to the tank. Water flowing out of the sample point was
collected in autoclave sterilized 100 ml colored glass bottles
without touching the sample point and after have been flowed

for at least three minutes. The sample valve at the outlet of the
UV units was then closed and the same water sampling
procedure was again initiated by opening the sampling valve at
the inlet of the UV chambers.

“Standart Plate Count Technique” was used from culture
counting techniques for “Total Heterotrophic Bacteria”
counting. Counts of live heterotrophic bacteria were made with
TSA agar (Tryptic strain agarTryptone Soya Agar -casein-
peptone-soymeal-peptone) (Oxoid CMO131) containing 3/4
seawater and 1/4 fresh water, which was prepared in the
laboratory. Samples were cultured surface of growth medium
and the results were reported as number of bacteria per colony
forming unit (CFU). Counts of viable heterotrophic bacteria
(CFU) were made in modified tryptone soya agar after 3 days
of culture at 25°C. Dilutions were prepared in modified sterile
TSB (Tryptone Soya Broth) (Oxoid CMO129) solution. Plates
were set up in duplicate for each plated dilution. At the end of
this period, colonies of bacteria growing in petri dishes were
determined as Colony Forming Units (CFU) per 1 ml sample,
and the results were evaluated as zero on plates without any
bacterial colon (Leonard etal., 2000; Sharrer and Summerfelt,
2007). Standard deviations of dilution repeats in each UV unit
design of water samples were determined separately and the
bacterial retention efficiency of the UV chambers was
calculated using the following equation (Sharrer et al., 2005):

bacteria removal (%) =
countiniet]x100

[(countinet — countoutet) /

Then, the LOG10 reduction of bacteria was calculated
using the following equation:

LOG10 reduction = -log1o [1- (percent removal/100)]

As an example, a 1.0 LOG10 bacteria reduction would
correspond to 90% removal efficiency and a 2.0 LOG10
bacteria reduction would correspond to 99% removal efficiency.

The results were tested by using chi-square test (x2
P=0.05) by SPSS 15.0 package software. The values in the text
were given as “mean + standard deviation”.

In addition, operating costs of the UV filters were calculated
according to their electricity consumptions and renewal costs.

RESULTS

The irradiaton intensities of the chambers were calculated
as 56.3 mWscm2 for H type, 63 mWscm-2 for U type, and 88.7
mWscm-2 for .

The filtration efficiencies of UV filters, operated individually
for each water sample, were shown in Table 1 and Table 2
according to the water temperatures. Given the total
heterotrophic bacterial load reduction efficiencies of the filters,
although significant differences were not found statistically, the
best results were obtained from the U type UV unit at both
temperatures (15° C and 25° C) (P>0.05).
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Table 1. Counts of total heterotrophic bacteria at 15°C

H U |
15°C Inlet water (56.3 m Wscm-?) (63 m Wscm??) (88.7m Wscm-?)
*THB 177.5¢17.1 14.047.1 7.25+2.22 14.5+6.4
THB filtration (%) 92.11+3.78 95.83+1.52 92.0+3.0
THB filtration (log1o) - 1.09£0.25 0.85+0.13 1.13+0.2
*THB: Total heterotrophic bacteria (cfu ml-1)
Table 2. Counts of total heterotrophic bacteria at 25°C
H U |
25°C Inlet water (56.3 m Wscm?2) (63 m Wscm??) (88.7 m Wscm??)
*THB 1162.5+89.58 | 167.5+51.88 105+12.91 137.5+35.94
THB filtration (%) 85.68+3.8 90.95+1.0 88.21+£2.7
THB filtration (log1o) 2.21+0.13 2.02+0.05 2.1340.1

*THB: Total heterotrophic bacteria (cfu ml-1)

The power consumption, renewal and repair costs, and
operating costs of the H and U types UV filters were estimated
as 1/3 of the commercial one.

DISCUSSION

Unfortunately, limited studies have been conducted on UV
irradiation unit performance, and they focused on especially
species-specific and/or system-specific (Lazarova et al., 1999;
Gémez et al., 2007; Sharrer et al., 2005; Sharrer and
Summerfelt, 2007; Timmons and Ebelling, 2010). Therefore,
the present findings have been tried to be discussing within
themselves and with the relevant literature as much as
possible, although the obtained results could not have been
discussed as desired.

According to the present results, the UV irradiation
prototypes (H and U) can be replaced with the commercial one.
More, considering the efficiency of reduction the total
heterotrophic bacterial load of the UV filters, although
significant differences were not found statistically, the best
results were obtained from U type UV chamber at both
temperatures (15°C and 25°C) (P>0.05). This result is thought
to be due to the effect of UV irradiation unit design. Namely, all
water entering from one point of the UV unit, has better filtration
due to exposed to the rays of both ultraviolet lamps.

The UV doses calculated for the both prototypes and
commercial UV filters were higher than those commonly used
in aquaculture (Rodrigues and Gregg, 1993; Liltved et al., 1995;
Timmons and Ebeling, 2010; Lekang, 2013) and lower than log
3 values (log 1.97-2.34). It is thought that this is related to the
prototypes, which were designing to base on the technical
specifications of the commercial UV chamber, and the water
flow rate.
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Abstract: This study was conducted to determine changes in the growth performance and distal intestine villi morphology of juvenile Black Sea trout (Salmo
labrax) fed diets with three different protein levels (40%, 45% and 50%). It was carried out in two separate sections; freshwater (RAS) and seawater. Juvenile Black
Sea trout, having average initial weights of 3.44g (freshwater) and 17.70g (seawater), were fed for 90 days. WG, SGR, FCR and survival weren't affected by dietary
treatment. However distal intestine villi length (VL), width (VW) and length to width ratio (VL/VW) were affected by dietary treatments. Villi length, width and length
to width ratio in the fish fed with diet containing 50% protein in freshwater were found to be higher than those fed with other diets. Villi length in the fish fed with
diet containing 50% protein in seawater was higher than those fed with other diets. Results showed that feeding with diets contained different protein levels did not
effect on growth performance of Juvenile Black Sea trout, but affected on distal intestine villi morphology.

Keywords: Black Sea trout, growth, intestine, villi morphology

0z: Bu calisma, iig farkl protein diizeyi (%40, %50 ve %55) iceren diyetlerle beslenen yavru Karadeniz alabaligi (Salmo trutta labrax)' nin biiylime performansi
ve bagirsak villi morfolojisindeki degisimleri belirlemek igin yapilmistir. Calisma tatlisu (kapali devre) ve deniz suyu olmak Uzere iki ayri yetistiricilik sartlarinda
ylritiimistir. Baslangig agirliklar 3.44 g (tatlisu) ve 17.70 g (deniz suyu) ortalamalarina sahip yavru Karadeniz alabaliklari 90 giin boyunca beslenmistir. Agirlik
artisl, spesifik bilylime orani, yem degerlendirme orani ve yasama orani diyetsel uygulamalardan etkilenmemis, bagirsak villi uzunlugu (VL), genisligi (VW) ve
uzunlugun genislige orani (VL/VW) ise diyetsel uygulamalardan etkilenmistir. Tatlisuda %50 protein igeren diyetle beslenen baliklarin VL, VW ve VL/VW degerleri
diger iki diyetle beslenenlerden daha yliksek bulunmustur. Deniz suyunda ise %50 protein iceren diyetle beslenen baliklarin VL degeri diger iki diyetle
beslenenlerden daha yiiksek bulunmustur. Bu sonuglar, farkli protein diizeylerinin yavru Karadeniz alabaliginin bliyiime performansi iizerinde herhangi bir etkiye
sahip olmadidi, ancak bagirsak villi morfolojisi tizerine etkiye sahip oldugunu gdstermistir.

Anahtar kelimeler: Karadeniz alabaligji, biyime, bagirsak, villi morfoloji

INTRODUCTION

Black Sea trout (Salmo labrax Pallas, 1814) as a

n oo«

are called “sea ecotype”, “stream ecotype”, ‘lake ecotype”

subspecies of the brown trout and an opportunistic ecotype is
distributed at the Eastern Black Sea. This is an endemic
species for Turkey. They spawn in freshwater, migrate to sea
in smolt stage, and spend their adult stage in seawater, and
migrate to freshwater to spawn again. Black sea trout have
three different ecotypes: Species that migrate to the sea in the
Black Sea basin, that don’t migrate to the sea but resident in
the stream, and that resident in lakes in the Black Sea Region

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

respectively (Tabak et al. 2002). This species has become an
important aquaculture species of Turkey in recent years with
the works carried out by Central Fisheries Research Institute
over the years.

Proteins are the major components of tissues and organs,
the major structure of diverse enzymes and hormones, protect
the organism against the environment, carry oxygen to the cells
and carbon dioxide from the cells, and also an energy source
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for metabolic actions (Karabulut, 1991). Protein needs of fish is
depending on such factors like feeding rates, genetic
composition of fish, environmental conditions of rearing
environment including water temperature, quality of water
(Anonymous, 2017) and salinity along with age and size of fish
(Ahmad et al. 2004), and amino acid composition of protein
source (Somsueb, 2017). Ramezani, (2009) stated that protein
requirement for salmonids varies between 40 and 50%. Amoah,
(2011) stated that optimum growth occurs when protein
supplies about 40-50% of the energy requirements in
carnivorous fish.

The gastrointestinal tract of fish consist of the mouth,
oesophagus, stomach, pyloric ceaca, mid-intestine, distal
intestine and the rectum (Merrifield et al. 2011). The
gastrointestinal tract are responsible to storing food and water,
processing ingested food and water and absorbing digested
food and water, and excreting wastes (Jutfelt, 2006). The
gastrointestinal morphology is related to feeding habits such as
food components, food intake frequency along with body size,
shape and species (Khojasteh et al. 2009). The intestines are
among the most important organs of fish charged with digestion
and absorption of ingested food. Thus, histologically
examination of the digestive system especially intestine is quite
important. With this way, the knowledge related to nutritional
status of fish is can be obtained (Chowdhary et al. 2013; Yadav
et al. 2014). The histological features of fish intestine can vary
depending on abiotic and biotic factors (Khojasteh, 2012).

In sum, there is lack of knowledge still exist in the Black Sea
trout’s instestine histology. Only few studies carried out with
Salmo labrax in this subjects (Cankiriligil et al. 2016, Ozel et al.
2017; Ozel et al. 2018a). The aim of this study was evaluate to
effect of the different protein levels on the growth and distal
intestinal villi morphology of Black Sea trout. Our research will
contribute to scientific community with revealing effects of
different protein based diets and draw attention to Black Sea
trout as an endemic and valuable species to aquaculture
sector.

MATERIALS AND METHODS

Fish, feeding trials and experimental diets

The study was carried out at Central Fisheries Research
Institute with two trial groups as trouts cultured in freshwater
Recirculateing Aquaculture Systems (RAS) and cultured in
open tank system with seawater. In these groups, the average
initial weights were 3.44g and 17.70g, and fish counts were 70
and 50 respectively. The fifth-generation (F5) juvenile Black
Sea trout were used in both study. Every trial was carried out in
triplicate. Fish were fed manually 3% (in freshwater) and 2% (in
seawater) of their body weight per day at four times at 08:00,
12:30, 13:00 and 15:30 h. Feed amount was mathematically
calculated every three days, and determined by weight
increase every fifteen days. Water temperature was saved

daily. The experiment lasted for 90 days. Water temperature in
the freshwater and seawater were 13.9-17.5 (15.3£0.32)°C
and 7.5-13.5 (10.5£1.76)°C, respectively. Water in tanks was
changed 24 times in a day. The cleaning of trail tanks was done
by siphoning daily. Three experimental diets were formulated
to contain protein at 40%, 45% and 50% levels using fish meal.
Crude fat contents of the experimental diets were adjusted as
15%. Ingredients and nutrient composition of all diets were
shown in Table 1.

Chemical analysis

Proximate composition of diets were determined as three
parallel. Moisture content and crude ash were carried out
Horwitz, (2000). Crude protein was determined by the Kjeldhal
procedure and nitrogen conversion factor set as 6.25 (AOAC,
2009). Finally, crude fat ratios were determined according to
Folch et al. (1957).

Performance parameters

The growth performance of the fish was calculated in
according to Ebrahimi and Ouraji, (2012).

Weight gain (WG) (%) = [(final weight — initial weight) / initial
weight (g)] x 100

Specific growth rate (SGR) (% body weight/day) = [(In final
weight - In initial weight) /trial period (days)] x 100

Feed conversion ratio (FCR) = Total feed intake (g) / Weight
gain (g)

Survival (%) = (final number of fish / initial number of fish) x
100

Intestine histomorphology

Distal intestine samples were taken from intestine and cut
into 1.5 cm pieces and placed into 10% formalin for further
processing. Tissues sections were placed into tissue cassettes
for dehydration process and were embedded in paraffin blocks,
and subsequently cut 5-p thickness and placed on a slide. Each
intestine histomorphologic tissue sample was prepared and
stained with hematoxylin and eosin solution by using standard
paraffin-embedding procedure. After embedding process, villi
length and villi width were photographed and evaluated by
using an image processing and analysis system (ZEN 2012
SP2) (Xu et al. 2003).

Statistical analysis

Data were analyzed by one-way analysis of variance
(ANOVA). Differences between means were compared using
Duncan’s multiple range test. Differences were considered
statistically significant at P<0.05. All statistical analyses were
computed using SPSS 15.0.
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Table 1. Formulation and proximate composition of experimental diets (%)

Ingredients Bt

40 45 50
Fish meal 28 33 40
Soybean meal 19 19 19
Chicken meal 145 145 14.5
Sunflower meal 8.9 8.3 6.9
Semolina flour 19 15 10
Fish oil! 8.1 7.7 71
Wheat gluten 2 2 2
Vit mix2 0.20 0.20 0.20
Mineral mix3 0.15 0.15 0.15
Colin cloride 0,05 0,05 0,05
Vit C 0.1 0.1 0.1
Proximate composition
Crude protein 40.1 449 49.6
Crude lipid 15.0 151 15.1
Ash 6.7 7.3 8.1
Moisture 5.2 5.7 6.4
Metabolic energy (kcallkg) 3622 3611 3600

Cod liver oil

2Roche Performance Premix (Hoffman-La Roche, INC., Nutley, N.J., USA), composition per g of the vitamin mixture: vitamin A, 2645,50 |U; vitamin D3, 220,46
IU, vitamin E, 44,09 IU; vitamin B,12 13 mg; riboflavin,13,23 mg; niacin, 61,73 mg; d-pantothenic acid, 20,05 mg; menadione, 1,32 mg; folic acid, 1,76 mg;

thiamin, 7,95 mg and d-biotin, 0,31 mg.

3Bemnhart Tomarelli salt mixture (ICN Pharmaceuticals, Costa Mesa, CA, USA), composition (g/100 g): calsium carbonate , 2.1; calsium phosphate dibasic, 73.5;
citric acid, 0,.27; cupric citrate, 0.046; ferric citrate, 0.558; magnesium oxide, 2.5; manganese citrate, 0.835; potassium iodide, 0.001; potassium phosphate
dibasic, 8.1; potassium oxide, 6.8; sodium chloride, 3.06; sodium phosphate, 2.14; and zinc citrate, 0.133.

RESULTS

Growth performance and intestine histomorphology

Results demostrated that fish growth wasn't significantly
affected by dietary protein levels but intestine villi morphology
was affected. Final weight, weight gain (WG), specific growth
rate (SGR), feed conversion rate (FCR) and survival rate
weren't affected by the dietary protein levels in both freshwater
and seawater conditions (P>0.05). In freshwater, however, as
dietary protein levels increased, final weight, weight gain, SGR,
FCR improved numerically. But this improvement was
insignificant (P>0.05). Intestine villi length (VL), width (VW) and
length to width ratio (VL/VW) were affected by dietary

treatments in both conditions. Villi length, width and length to
width ratio in the fish fed with diet containing 50% protein in
freshwater were found to be higher than those fed with other
diets. VW and VL/VW in the fish fed with a diet containing 40%
and 45% protein in freshwater was found to be similar to each
other. Villi length in the fish fed with diet containing 50% protein
in seawater was higher than those fed with other diets. Villi
width in the fish fed with a diet containing 40% and 50% protein
in seawater was found to be similar to each other. In both
freshwater and seawater conditions, the intestine villi length
significantly increased with increasing dietary protein levels.

Results are summarized in Table 2 and 3. Histological
photographs of distal intestine were shown in Figure 1 and 2.

Table 2. Growth parameters and distal villi morphology of juvenile Black Sea trout fed diets with three different protein levels for 12 weeks in freshwater

Freshwater (15.3°C)

Growth parameters 40% 45% 50%
Initial weight (g) 3.4340.01 3.44+0.01 3.44+0.01
Final weight (g) 21.37£1.48 21.4110.77 22.63+0.17
Weight gain (%) 522.66+44.04 522.92421.40 558.82+5.31
SGR (%) 2.02+0.08 2.0340.04 2.09+0.01
FCR 1.37£0.18 1.3210.03 1.20+0.04
Survival rate (%) 86.67+5.41 90.48+2.18 87.62+2.18
Villi Morphology

VL (um) 626.16+102.04¢ 707.60+£114.77° 901.79+120.382
VW (um) 111.36+21.61° 114.92+20.66° 129.78+30.082
VLVW 5.82+1.49° 6.31£1.37° 7.27+1.822

Means with different superscript letters in a row are significantly different (P<0.05)
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Table 3. Growth parameters and diatal villi morphology of Black Sea trout juveniles fed diets with three different protein levels for 12 weeks in seawater

Seawater (10.5°C)

Growth parameters 40% 45% 50%
Initial weight (g) 17.70+0.02 17.73+0.01 17.68+0.02
Final weight (g) 55.39+1.68 55.41+3.28 55.23+2.27
Weight gain (%) 212.97+£9.70 228.78+18.36 212.92+12.98
SGR (%) 1.26+0.03 1.32+0.06 1.27+0.05
FCR 1.61£0.12 1.48+0.04 1.55+0.12
Survival rate (%) 96.67+4.16 98.00+3.46 98.00+2.00
Villi Morphology

VL (um) 531.05+104.45¢ 638.28+100.120 788.44+104.262
VW (um) 125.45+34.44a0 116.17+24.39° 127.26+14.022
VLVW 4.44%1.23° 5.74+1.662 6.27+1.172

Means with different superscript letters in a row are significantly different (P<0.05)

Figure 2. Distal intestine villi histology of Black Sea trout fed diets with 40% (D), 45% (E) and 50% (F) protein levels in seawater. (4x, H&E)

DISCUSSION

In a previous study, FCR and SGR in juvenile Caspian
Brown trout (Salmo frutta caspius) fed on diets containing 45
and 50% protein were better than those of 55% protein
(Ramezani, 2009). An additional previous study, juvenile Arctic
charr (Salvelinus alpinus) had highest growth rate when fish fed
with high dietary protein level (39.89% CP) (Amoah, 2011).
Protein requirements for maximum growth of Arctic charr,
Atlantic salmon, Chinook salmon, Coho salmon, Sockeye
salmon and rainbow trout were found as 39%, 55% (or 45),
40%, 40%, 45% and 40%, respectively, depending on protein
sources in diet (Lall and Anderson, 2005). In present study,
weight gain, feed conversion ratio and specific growth rate
weren't affected by dietary protein levels (40, 45 and 50%).
According to this results, in both freshwater and seawater
conditions, diets of juvenile Black Sea trout can contain the

protein 40-50%. It can be said that this results were similar to
those in salmonids described above. Also, in the present study,
it was found that Black Sea trout obtained a growth nearly 5 fold
in weight at the end of 90-days trial period in freshwater
conditions. A similar result was reported by Ozel et al. (2018b).
The growth of brown trout, which is rather slow in fresh water,
is substantially increased in sea water (Quillet et al. 1992). In
the present study, however, it was found that these species
obtained a growth nearly 2 fold in weight at the end of 90-days
trial period in seawater. This result was quite low compared to
freshwater. This may arise from decrease of feed intake.
Because fish were fed 2% of their body weight during
experiment. Whereas were fed 3% in freshwater. Also seawater
temperature was low compared to freshwater. Moreover, fish
may have been exposed to tank and smoltification stress due
to keeping in tank environment during experiment. Similarly,
Dosdat et al. (1997) stated that growth rate of Brown trout was
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decreased during first 20 days after they transferred to
seawater due to large decrease in feed intake. Lower growth
rate can be explain to lesser domestication associated with
feeding behavior of brown trout in small tanks. The most
significant growth rate as 0.98 was recorded in 27 m? sea cages
owing to less stress levels. The reason for that is these fish fed
with equivalent diet (52 % protein and 18 %) with high feeding
ratio as 1 % per body weight by day.

In previous studies, Yadav et al. (2014) found that diets with
fish oil, soybean oil, linseed oil and beef tallow allowed increase
in number of intestine villi of Asian catfish (Clarias batrachus),
Zaki et al. (2015) found that dietary chitosan incorporated into
feed formulation on the intestine morphology of Sea bass
(Dicentrarchus labrax) increased the villus height in duedonum
and jejenum, Heidarieh et al. (2013) found that aloe vera
incorporated in the Rainbow trout (Oncorhynchus mykiss) feed
increased the villus length and decreased the villus width in
proximal intestine. Also Santigosa et al. (2011) stated that
vegetable based feeding of fish effects to intestine histology.
These results shows that intestine villi morphplogy can be
affected by dietary treatments. Raskovic et al. (2011) stated
that intestine histology can vary due to the selected species and
ingested feed. In present study, the villi length (VL), width (VW)
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Yiksek sicaklikla oksidatif strese maruz birakilan Gokkusagi Alabaliginda
(Oncorhynchus mykiss Walbaum, 1792), Karayemis yapragi (Laurocerasus
officinalis Roem.) ekstraktinin biiyime, yasama orani ve bazi antioksidan
enzimler Uzerine etkisi

The effect of Cherry laurel (Laurocerasus officinalis Roem.) leaf extract on
the growth, survival and some antioxidant enzymes of rainbow trout
(Oncorhynchus mykiss Walbaum, 1792) exposed to oxidative stress
induced by high temperature
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0z: Bu calismada, yiiksek sicakiikla oksidatif strese maruz birakilan gokkusagi alabaliginda (Oncorhynchus mykiss), karayemis yapradi (Laurocerasus officinalis)
ekstraktinin bilylime parametreleri, yagama orani ve bazi antioksidan enzimler [speroksit dismutaz (SOD), katalaz (CAT) ve glutatyon peroksidaz (GPx)] Uizerine
etkisi incelenmistir. Bu amagla, biri 6n deneme olmak tizere iki galisma yurtitliimiisttir. On denemede yeme gesitli konsantrasyonlarda (1, 5, 10 ve 15 g ekstrakt/kg)
katilan karayemis yapradi ekstraktinin bilylime, yasama orani, kanda ve solungagta antioksidan enzimler (izerine etkileri incelenerek, uygun karayemis yapragi
ekstrakti konsantrasyonu 15 g/kg yem olarak belirlenmistir. Diger denemede ise 15, 19 ve 21°C olmak lizere 3 sicaklik uygulamasi ile oksidatif stres olusturulan
jivenil gokkusag alabalijinda 15 g/kg konsantrasyonunda yeme ilave edilen karayemis yapragi ekstraktinin blyiime, yasama orani, yem tiketimi, biyokimyasal
kompozisyon ve karacigerde antioksidan enzimler (izerine etkileri incelenmistir. Kullanilan karayemis ekstraktinin biiylimeyi 15 °C'de gerilettigi, 21 oC’de ise olumlu
yonde etkiledigi tespit edilmistir. Ayrica 19 ve 21°C'de karayemis ilaveli yemle beslenen gruplarda, yasama oraninin kontrol gruplarina gére 6nemli oranda arttigi
belirlenmistir (p<0.05). Enzim analizleri bakimindan her iki galismadaki gruplar arasinda istatistiksel olarak énemli bir fark bulunmamistir (p>0.05). Calismanin
sonunda elde edilen sonuglar g6z 6niinde bulunduruldugunda, karayemisin stres altinda yasama oranini arttirdigi belirlenmistir. Sonug olarak ekonomik ve kolay
bulunan bir bitki olan karayemisin, su Urtinleri yetistiriciliginde yaz aylarindaki sicaklik artisi suresince yeme ilave edilerek yasanan kayiplari engelleyen yeni bir
antioksidan madde olma potansiyeline sahip oldugu séylenebilir.

Anahtar kelimeler: Karayemis, oksidatif stres, gékkusagi alabaligi, yasama orani, biyime, antioksidan enzim

Abstract: In this study, the effects of cherry laurel (Laurocerasus officinalis) leaf extract on the growth parameters, survival rate and some antioxidant enzymes
[superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)] of the rainbow trout (Oncorhynchus mykiss) in oxidative stress induced by high
temperature were investigated. For this purpose, two frials, one of which was a preliminary trial, were conducted. In the preliminary study, the effect of cherry leaf
extract supplemented to the diet with different concentrations (1, 5, 10, 15 g extract/kg) on growth, survival rate and antioxidant enzymes in blood and gill tissue
were examined and the optimum concentration was determined as 15 g/kg. In the other study, the effect of supplementation of cherry laurel leaf extract with a
concentration of 15 g/kg food to the diet on growth, survival rate, feed consumption, biochemical composition and antioxidant enzymes in the liver were investigated
in juvenile trout induced by three temperature applications of 15, 19 and 21°C. The used cherry laurel leaf extract caused growth retardation in 15°C but showed
a positive effect on growth in 21 °C. Also, survival rate increased significantly in the groups fed with cherry laurel supplemented diets in 19 and 21°C (p<0.05). In
terms of antioxidant enzymes, there were no significant difference between the groups (p>0.05). Considering the results obtained at the end of the study, it was
determined that cherry laurel increased the survival rate of trout under stress. As a result, it can be said that cherry laurel which is economic and easily found plant
have a potency to become a new antioxidant substance that prevent losses by adding to the trout diet during the summer heat increase in aquaculture production.

Keywords: Cherry laurel, oxidative stress, rainbow trout, survival, growth, antioxidant enzyme
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GIRIS

Yetistiricilik ortaminda, elleme, tasima, asiri stoklama,
uygun olmayan su kosullari gibi birgok stres etkeni
bulunmaktadir ve su sicakligindaki degisiklikler balik igin en
dnemli etkenlerden biridir (Newman, 2000). Sicaklik degisimi,
canlinin 6limlne neden olabilir, baliga dolayl olarak zarar
verebilir, metabolizma hizini ve gelisimi etkileyebilir, aktiviteyi
ve dagilimi sinirlayabilir, diger cevresel faktorlerle etkilesime
girerek onlarin potansiyel etkilerini maskeleyebilir ve duyusal
alglyr uyarabilir (Coutant, 1976). Ozellikle salmonidler igin
yetistiricilik ortaminda su sicakliginin yikselmesi yem aliminda
azalma, buyumede gerileme, hastalik gérilme sikliginda artis
ve yasama oraninda azalma ile sonuglanabilir.

Son yillarda arastirmacilar ve yetistiriciler hastaliklari
onlemek, biylime performansini artirmak ve bagisiklik
sistemini gliclendirmek amaciyla antioksidan 6zellik gosteren
bitkisel katki maddelerine ydnelmeye baslamistir. Arastirmalar,
bu maddelerin oldukga yararli etkilerinin oldugunu géstermistir.
Bitkisel katki maddesi kullaniminin en biylk avantaji, bu
maddelerin dogal icerikli olmasi ve balik, insan ya da cevreye
zarar vermemeleridir (Gabor vd., 2012). Tibbi bitkiler insanlar
tarafindan binlerce yil boyunca ilag ve bagisikiik guglendirici
olarak kullanilmigtir. Bu bitkiler baliklarda spesifik olmayan
savunma  mekanizmalarini  erken  aktive  ederek
immunostimulant olarak gérev yapabilir (Govind vd., 2012).

Herhangi bir stres etkeni nedeniyle, canlida prooksidan—
antioksidan dengesinin bozulmasi sonucunda ortaya gikan
oksidatif stresin etkileri, antioksidan savunma sistemini
guclendiren antioksidan maddeler yardimiyla ortadan
kaldirilabilir. Antioksidan savunma sistemi, enzimatik ve non-
enzimatik antioksidanlar olarak siniflandirilabilir (Mehta ve
Gowder, 2015). Enzimatik antioksidanlarin baslicalari olan
stiperoksit dismutaz (SOD), katalaz (CAT) ve glutatyon
peroksidaz (GPx) aktivitelerindeki degisimler oksidatif stresin
gdstergesi olarak kullanilabilir (Ekambaram vd., 2014).

Karayemis (Laurocerasus officinalis), antioksidan &zelligi
kanitlanmis tibbi bitkiler arasinda yer almaktadir ve yillar boyu
Dogu Karadeniz'in yerel halki tarafindan egzama, bogaz agris|,
astim, Oksurik gibi hastallk ve sorunlarin tedavisinde
kullaniimaktadir (Kolayl vd., 2003; Liyana-Pathirana vd., 2006;
Karahalil ve Sahin, 2011; Demir vd., 2017). Ayrica, oksidatif
hasara karsi hiicrelerin korunmasini saglayan fenolik bilesikler
bakimindan oldukga zengin bir bitki olup yaprak, meyve ve
cekirdekleri ylksek antioksidan kapasiteye sahiptir (Engin,
2007). Bu bakimdan karayemis baliklarda stresin olusturdugu
etkiyi azaltarak, yasama oranini artirabilir ancak daha 6nce
herhangi bir balik tiril Gzerinde antioksidan olarak kullanimina
rastlanmamisgtir.

Bu calismada, karayemis yapradi ekstraktinin gékkusagi
alabali§i (zerinde biiyime, yasama orani, biyokimyasal
kompozisyon ve bazi antioksidan enzimler Uzerine [sliperoksit
dismutaz (SOD), katalaz (CAT) ve glutatyon peroksidaz (GPx)]
etkisini belilemek amaciyla biri én deneme olmak Uzere iki
calisma yuratilmustir. Buna gore on denemede yeme cesitli

konsantrasyonlarda katilan karayemis yapradi ekstraktinin
alabaliklarda biylime, yasama orani, kanda ve solungacta
antioksidan  enzimler bakimindan etkileri incelenerek
galismada kullanilacak olan konsantrasyon tespiti yapilmistir.
Diger denemede 15, 19 ve 21°C olmak Ulzere 3 sicaklik
uygulamasi ile oksidatif stres olusturulan jivenil gbkkusagi
alabaliinda yeme ilave edilen karayemis yapragi ekstraktinin
blylme parametreleri, yasama orani, biyokimyasal
kompozisyon ve karaciger dokusunda bazi antioksidan
enzimler zerine olan etkileri incelenmistir.

MATERYAL VE METOT
Akvaryum sistemi

Arastirmalar, Sinop Universitesi Su Urlinleri Fakiiltesi
Arastirma ve Uygulama Merkezinde  ydritlimistr.
Calismanin yuritilmesi amaciyla 18 adet akvaryum ve 6 adet
sump filtre sisteminden olusan kapali devre sistemler
kurulmugtur. Daimi su sirkiilasyonu ve sump filtre sisteminde
yer alan filtre malzemeleri sayesinde, mekanik, kimyasal ve
biyolojik filtrasyon saglanmistir. Havalandirma, sump filtre
sistemine vyerlestirilen iki adet hava tasi vasitasiyla
gerceklestirilmistir.

Yemlerinin hazirlanmasi ve baliklarin beslenmesi

Sinop ili Karakum mevkiinden toplanan karayemis
yapraklari temizlenip tartildiktan sonra, yapraklardaki nemin
daha hizli ugmasi igin agz1 agik etlivde 72 saat siresince
45°C’de kurutularak, 6gutlcilide toz haline getirilmistir. 50 gram
toz yaprak 1000 ml'lik erlene konulmus ve (zerine 500 ml
metanol ilave edilerek erlenin tamami alliminyum folyo ile
kaplanmistir. 24 saat karanlikta manyetik karistiricida
karistirilan ¢dzelti filtre kagidiyla (Whatman No.1) stzillerek,
metanol rotary evaporatérde 45°C’de vakumla ugurularak
ekstrakt hazirlanmistir (Gokge vd., 2007).

Denemelerde protein orani %54 ve yag orani %20 olan
ticari alabalik yemi kullanilmistir. On denemede ticari alabalik
yemi 6guticl yardimiyla toz haline getirilmistir. Elde edilen
ekstrakt saf su ile ¢ozdirllerek 1, 5, 10 ve 15 g karayemis
yaprag! ekstrakti’/kg yem konsantrasyonlarinda yemlere ilave
edilmis, yem tekrar karistirlmis ve pelet makinesinden
gegcirilmistir. Pelet haline getirilen yemler etiive yerlestirilerek 18
saat  kurutulmustur.  On  denemede sézii  edilen
konsantrasyonlardaki karayemis yapradi ekstrakti iceren
yemlerle beslenen gruplar sirasiyla; KY1, KY5, KY10 ve KY15
olarak isimlendirilmis ve KYO ise kontrol grubunu olusturarak
herhangi bir ekstrakt kullanilimamistir.

Diger denemede ise baliklarin daha kiglk olmasindan
dolay1 ve pelet ydntemiyle daha kii¢ik yem elde edilememesi
nedeniyle yemler plskiirtme yontemine gore hazirlanmistir.
Buna gdre, elde edilen ekstrakt saf su igerisinde gozdiirllerek
ticari alabalik yemi (izerine puskurtilmis (Lee vd., 2012) ve
etlivde 18 saat kurutulmustur. Kurutulan deneme yemleri
posetlenerek +4°C’'de muhafaza edilmistir. Bu islem her iki
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deneme slresince bitki ekstraktinin etkinliginin korunmasi
amaciyla haftalik olarak tekrarlanmigtir.

Baliklar, denemeler stresince 08:00-16:00 saatlerinde,
glinde iki kez olmak (izere haftanin yedi giin(i, bitiin baliklarin
yem almasina 6zen gosterilerek gorlebilir doygunluk sinirina
ulasincaya kadar yemlenmistir. Baliklar tarafindan tiiketilen
yem her 6gunde belirlenerek kayit altina alinmistir.

Balik materyali ve deneme diizeni

Denemelerde kullanilan gokkusagi alabaliklari ozel bir
firmadan (Kuzey Su Urlinleri San. ve Tic. Ltd. $ti., Bafra,
Samsun) temin edilmigtir. Yurttdlen her iki deneme icin getirilen
baliklar, 4000 It hacimli fiberglas tanka stoklanmigtir. 15 giin
stireyle guinde iki kere ticari alabalik yemi ile beslenen baliklarin
ortama adaptasyonlari saglanmistir.

On deneme, iic tekerriirlii bes grup halinde olusturulmus ve
15 glinde tamamlanmigtir. Ortalama agirligi 49.3+0.38 g olan
75 adet gokkusag! alabaligi stok tankindan rastgele segilip her
bir akvaryuma 5’er adet stoklanmistir. On deneme basinda stok
tankindan 14 adet baligin  biyometrik  dlglimleri
gerceklestirilmistir. Deneme slresince ortalama su sicaklig
13.8620.03°C olarak tespit edilmistir. Deneme sonunda, her bir
akvaryumdan 3'er adet balik solungag 6rneklemesi igin alinmig
ve tim baliklar biiylime parametrelerinin ve etteki biyokimyasal
kompozisyonunun belirlenmesi amaciyla 6rneklenmistir.

Diger deneme, g tekerrrll alti grup halinde planlanmis ve
52 glin sire ile yiritilmistir. Ortalama agirh§ 6.05£0.03 g
olan 540 adet gokkusagi alabaligi rastgele secilip her bir
akvaryuma 30’ar adet stoklanmistir. Deneme baginda stok
tankindan 10 adet baligin  biyometrik  él¢tmleri
gerceklestirilmistir. Gokkusagdi alabalidi i¢in optimum blyime
sicaklik araligi  13-17°C olarak bildirilmesinden dolay!
(Celikkale, 1994), denemede kullaniimak (izere, optimum
sicaklik degeri ortalama 15°C, optimum Ustli sicaklik derecesi
ise 19°C olarak segilmistir. Baliklarin sicaklik stresine girip ayni
zamanda halen yem tiketebilmesini saglamak amaciyla 21°C
yuksek sicaklik olarak belirlenmistir (Boyd ve Tucker, 1998). Su
sicakligi 15, 19 ve 21°C’ye ayarlanan 6 gruptan 3 tanesi
karayemis yapradi ekstrakti ilaveli yemle beslenirken (D15,
D19, D21) diger 3 grup karayemis yaprag ekstrakt ilavesi
yapilmamis ticari yemle (C15, C19, C21) beslenmis ve kontrol
gruplari olarak nitelendirilmistir. Deneme stiresince su sicakligi
ve ¢Ozinmis oksijen ginde 2 kez, pH haftada 1 kez
Olgliimlstir. Deneme sonunda, ortalama su sicakigi,
¢6zlinmus oksijen ve pH sirasiyla C15, C19 ve C21 gruplari igin
14.70, 19.02 ve 21.14°C; 8.21, 7.78 ve 7.30 mgL-"; 8.18, 8.18
ve 8.11,D15, D19 ve D21 gruplart icin 14.88, 19,05 ve 21,22°C;
8.20, 7.66 ve 7.32 mgL' 8.22, 830 ve 8.30 olarak
belirlenmistir. Deneme, bliylime parametreleri ve biyokimyasal
kompozisyonun  belirlenmesi amaciyla tim baliklarin
orneklemesi yapilarak sonlandiriimistir.

Kan orneklerinin alinmasi

On denemede ilk kan alimi, baliklarin deneme yemleriyle
beslenmeye baslanmasindan 4 giin sonra gergeklestirilmistir.

Her akvaryumdan rastgele 1 ballk segilerek 30 mg/L
konsantrasyonda karanfil yagi iceren suda bayiimalari
saglanmistir (Metin vd., 2015). Bes ml'lik enjektor kullanilarak
kan 6rnekleri alinmistir. Alinan kan santrifiij tlipline aktarilarak
25°C’de 30 dakika boyunca pihtilasmasi icin bekletilmistir. Bu
stire sonunda kan drnekleri 15 dakika boyunca 4 °C’de 2000 x
g devirde santrifij edilmistir. Santrifiij sonrasi dst kisimda
ortaya cikan sari faz otomatik pipet yardimiyla alinmistir.
Serum érnekleri ependorf tliplerine konularak analize kadar -
80°C’de muhafaza edilmistir.

On denemede kandan elde edilen serum miktarinin, her ti¢
antioksidan enzim analizini (SOD, CAT, GPx) ger¢eklestirmek
icin yeterli olmamasi nedeniyle, yalnizca SOD ve CAT enzim
analizleri gergeklestirimistir. Kan 6rneklemesi yalnizca 6n
denemede gergeklestirilmistir.

Doku orneklerinin alinmasi

Antioksidan enzim analizlerinin gerceklestiriimesi amaciyla,
6n denemede solungag dokusu érneklemesi gergeklestiriimis
olup sonrasinda incelenen literatlir 1s1ginda, yapilan diger
denemede karaciger dokusu érneklemesi yapilimistir.

Denemede ilk doku Orneklemesi, su sicakliklarinin,
planlanan  deneme sicakligina ulagsmasi  sonrasinda
gerceklestirilmistir. ilk 6rneklemede her akvaryumdan rastgele
3 balik, 30 mg/L konsantrasyonda karanfil yagi ile bayiltiimistir
(Metin vd., 2015). Her bireyin boy ve adirlik 6ilim{ yapilmistir.
Baliklarin karaciger dokusu kesilerek ¢ikarilmis ve -80 oC'lik
dondurucuda muhafaza edilmigtir. 15, 30 ve 45. gin
orneklemeleri de ayni sekilde gergeklestirilmis olup her
akvaryumdan 5'er adet balik drneklenerek karacigeri alinmigtir.

Biyokimyasal analizler

Besin madde bilesenleri analizi (Nem, ham protein (HP),
ham yag (HY), ham kil (HK) igin homojenizatdrde homojen
hale getirilen balik etleri, analizler yapilana kadar -80° C'de
saklanmistir. Analizler (AOAC, 1995) standart metoda gére
yapilmistir. Enzim analizleri yapilmak dzere alinan Grnekler
kuru buz ile (-80 °C) dzel bir laboratuvara (Bilim Sag. ve Lab.
Hiz. Tic. Ltd. Sti., istanbul) génderilmistir.

Verilerin hesaplanmasi

Denemeden elde edilen veriler, asagidaki formiillere gore
hesaplanmistir.

CAA (Canli Ag. Artisi, g)= Deneme sonu viicut agirhdi (g)
— Deneme bas! viicut agirigi (g)

SBO (Spesifik Biiylime Orani, %)={[In (Deneme sonu
agirik (g) - In (Deneme basi agirlik (g)] /Deneme suresi} x 100

OBO (Oransal Biiyiime Orani, %)={[Deneme sonu agirlik
(9)-Deneme bas! agirlik (G)}/Deneme bas! agirlik (g)}x100

YO (Yagama Orani, %)=(Deneme sonu canli balik sayisi /
Deneme bas! balik sayisi) x 100

YDS (Yem degerlendirme sayisi)= Tlketilen yem miktari
(9)/ Toplam canli agirlik artisi (g)
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istatistiksel degerlendirme

Her iki denemede gruplardan elde edilen verilerin
normaliteleri Shapiro-Wilk normalite testi ile gruplarin varyans
esitligi ise Levene’s testi ile kontrol edilmistir. Gruplar arasinda
farkllik olup olmadigi tek yonlii varyans analizi (one-way
ANOVA, p<0.05) ile  degerlendirimistir.  Gruplarin
ortalamalarinin kargilastiriimasinda drneklemlerin esit olmasi
durumunda Tukey, 6rneklemlerin esit olmamasi durumunda ise
Dunnet Post hoc test istatistigi kullaniimigtir. Normalite ve
gruplarin varyans esitliginin saglanmadigi verilerde non-

Tablo 1. On calismaya ait bilyiime parametrelerine iliskin bulgular
Table 1. Growth parameters of the preliminary study

parametrik test olan Kruskal-Wallis testi kullanilmigtir. Yiizde
olarak verilen verilerde arcsin transformasyonu yapilmistir.
Istatistiksel analizlerde SPSS-21 paket programi kullanilmistir.

BULGULAR
On galismaya ait bulgular

Denemede CAA, en yiiksek KY15 grubunda 15.73+0.81 g
olarak tespit edilmisken, bu degeri 13.88+2.36 ile KY1 grubu
izlemis, ancak iki grup arasindaki farkin istatistiksel olarak
dnemli olmadigi tespit edilmistir (p>0.05) (Tablo 1).

Y0 KY1 KY5 KY10 KY15
(1g/kg) (5 glkg) (10 g/kg) (15 g/kg)

Deneme bagi 49.20£0.20 49.2040.12 49.47+0.07 49.6020.23 49.27+0.18
Eoer:‘jme 57.0441.712 63.08+2.32%0 61.14+1.47% 59.2240.99%° 64.99+0.96°
CAA 8.04+1712 13.88+2.3630 116413780 9.6241.2020 15.73+0.81
YO (%) 93.33+6.672 93.33+6.672 100.00£0.02 100.00£0.02 100.000.02
SBO (%) (76+0.152 124+0.19%° 1.05+0.112P 0.88+0.113° 1.38+0.06°
OBO (%) 164243492 28.22+4.83%0 23.51+2.72%0 19.42+2 4930 31.91+1.55°
KF 1.1020.06° 1.1620.03 1.130.012 1,07+0.022 1.12+0.012

Her deger ortalamazstandart hatayi ifade etmektedir. Ayni satirda farkli tissel harflerle (a, b, c) ifade edilen degerler istatistiksel olarak birbirinden farkiidir (p<0.05)

En dustik canli adirlik artigi 8.04+1.71 g ile KYO grubunda
belirlenmistir. Deneme stiresince yalnizca KY0 ve KY1
gruplarinda 6lim gerceklesmistir, ancak YO bakimindan
gruplar arasindaki farkin istatistiksel olarak 6nemli olmadigi
belirlenmistir (p>0.05). Deneme sonunda en yiksek SBO
degeri KY15 grubunda (%1.38+0.06) tespit edilmis ve KYO
grubu ile KY15 gruplari arasindaki fark istatistiksel olarak
onemli bulunmustur (p<0.05). Deneme sonunda en yiiksek
OBO degeri KY15 grubunda (%31.91+1.55), en disik deger
ise KYO grubunda (%16.42+3.49) tespit edilmistir ve bu gruplar
arasindaki fark istatistiksel olarak énemli bulunmustur (p<0.05).

On denemede 15. giin dreklenen kan serumundaki SOD
miktari incelendiginde ise en ylksek deger 6.22+0.32 U/ml ile
KY5 grubunda, en disik deder ise 5.14+0.74 U/ml ile KYO
grubunda tespit edilmistir. SOD miktari bakimindan gruplar
arasindaki farkin istatistiksel olarak onemli olmadidi tespit
edilmistir (p>0.05). 15. gun alinan kanda SOD degeri 4. giine
oranla tlim gruplarda artis gostermistir (Tablo 2).

15. gin Orneklenen solungactaki SOD miktarinda en
yiksek deger 1.12+£0.14 U/ml ile KY5 grubunda, en dislk
deger ise 0.39+£0.08 U/ml ile KY10 grubunda tespit edilmis
olup, KY1ve KY10 gruplariile KYO ve KY5 gruplar arasindaki
fark istatistiksel olarak nemli bulunmustur (p<0.05). Solungag
dokusundaki CAT miktarinda en ylksek deger KY1
(35.91£1.22 mol/min/ml), en disik deger ise KY10
(24.58+3.51 mol/min/ml) gruplarinda tespit edilmistir. GPx
miktarinda en yiksek deger 38.48+3.68 nmol/min/ml ile KY1,

en distk deger ise 33.39+0.79 nmol/min/ml ile KY10
gruplarinda tespit edilmis olup, KY1 ve KY10 gruplar
arasindaki fark istatistiksel olarak énemli bulunmustur (p<0.05).

On deneme sonucunda yeme katilan karayemis yapragi
ekstraktinin gékkusagi alabaligi tizerinde herhangi bir toksik
etkiye sebep olmadigi tespit edilmistir. En yliksek canli adirlik
artisl KY15 gruplarinda belirlenmistir. Ayrica KY15 grubunda
8liim meydana gelmemistir. On denem sonucunda elde edilen
verilere dayanilarak gerceklestirilen bir sonraki denemede,
yeme 15 g/kg yem oraninda karayemis yapragdi ekstrakti ilavesi
yapilmasi uygun gortlmastur.

Denemeye iligkin bulgular

Deneme sonunda ortalama canli agirlik dederi en yiksek
24.79+0.85 g ile C15 grubunda, en distik deger ise 12.81+0.62
g ile C21 grubunda tespit edilmistir (Tablo 3). Deneme sonu
ortalama canli agirliklar bakimindan C15 ve C21 gruplari ile
diger gruplar arasindaki fark istatistiksel olarak Onemli
bulunmustur (p<0.05). YO ise %96.67+0.00 ile en yiiksek C15
grubunda belirlenmigtir. Deneme sonunda en yliksek yem
tiketimi 290.5548.67 g ile C15 grubunda tespit edilmis, buna
paralel olarak en iyi YDS de C15 grubunda belirlenmistir
(p<0.05) (Tablo 4).

Balik etindeki ham protein ve ham yag oranlarinin, deneme
bas! hari¢, deneme gruplari arasindaki farkin istatistiksel olarak
dnemli olmadigi belirlenmigtir (p>0.05) (Tablo 5). SOD, CAT ve
GPx enzim miktarlari deneme basinda (0.giin), 15, 30 ve 45.
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gunlerde drneklenen karaciger dokusunda tespit edilmis ve  sonra olim gdzlendigi icin bu gruplar igin veri elde
Tablo 6'da verilmigtir. C19 ve C21 gruplarinda 15. ginden  edilememistir

Tablo 2. On calisma sonucunda kandaki siiperoksit dismutaz enzim (SOD, U/ml) ve katalaz enzim miktarlari (CAT, nmol/min/ml), solungagtaki
stiperoksit dismutaz enzim (SOD, U/ml), katalaz enzim (CAT, nmol/min/ml) ve glutatyon peroksidaz enzim miktarlari (GPx, nmol/min/ml)

Table 2. Superoxide dismutase enzyme (SOD, U/ml) and catalase enzyme amounts (CAT, nmol/min/ml) in the blood, superoxide dismutase
enzyme (SOD, U/ml), catalase enzyme (CAT, nmol/min/ml) and glutathione peroxidase enzymes amounts (GPx, nmol/min/ml) in the gills in the
preliminary study

4.giin (Kan) 15. giin (Kan) 15.giin (Solungag)

SOD CAT SOD CAT SOD CAT GPx

(U/ml) (nmol/min/ml) (Uml)  (nmol/min/ml) (U/ml) (nmol/min/ml) (nmol/min/ml)
KYO  4.92+0.9720 284.94+33.822 5.14+0.742 242.62+28.152 0.89£0.12>  27.0442.122¢ 35.37+1.6320
KY1 5.7240.50° 234.06+11.472 6.02£0.512 208.87+10.732 0.4240.032  35.91%1.220 38.48+3.68°
KY5 5.67+1.328 234.61+30.782 6.2240.32a 203.07+7.002 1.1240.14>  32.03+3.800¢ 34.52+1.48e0
KY10  3.56+0.572  245.39+27.972 6.19+1.572 243.05+15.422 0.39£0.082  24.58+3.512¢ 33.39+0.792
KY15  3.55+0.622  231.35+25.702 5.56+0.802 257.31+14.882 0.74£0.113>  25,01+1.322 35.23+3.772

Her deger ortalamazstandart hatayi ifade etmektedir. Ayni siitunda farkli Ussel harflerle (a, b, c) ifade edilen degerler istatistiksel olarak birbirinden farklidir (p<0.05).
SOD: Siiperoksit dismutaz, CAT: Katalaz, GPx: Glutatyon peroksidaz

Tablo 3. Denemeye ait bliyime parametrelerine iliskin bulgular
Table 3. Growth parameters of the experiment

Deneme Canli Agirlik (g) CAA SBO 0BO YO

Gruplart  Deneme Basi Deneme Sonu (g) (%) (%) (%)

C15 6.05+0.00 24.79+0.85¢ 18.74+0.854 3.06+0.07¢ 309.65+13.94¢ 96.67+0.00¢
D15 6.05+0.00 18.83+1.040¢ 12.78+1.04bc 2.46+0.120 211.20+£17.18b° 91.11£2.22¢
c19 6.05+0.00 17.37+0.22b 11.3240.220 2.24+0.03° 187.071£3.68° 74.44+2 940
D19 6.05+0.00 15.61+1.350¢ 9.56+1.35b 2.00+0.182b 157.95+22.34ab 73.33£1.93
C21 6.05+0.00 12.81+0.622 6.76+0.622 1.47+0.092 111.63+10.262 75.56+7.782
D21 6.05+0.00 19.23%1.27¢ 13.17+1.27¢ 2.26+0.13° 217.62+21.00° 65.56+1.112

Her deger ortalamazstandart hatayi ifade etmektedir. Ayni siitunda farkli iissel harflerle ifade edilen degerler istatistiksel olarak birbirinden farklidir (p<0.05)

Tablo 4. Denemeye ait yem tiiketimi (g) ve yem degerlendirme sayisina (YDS) iligkin bulgular
Table 4. Feed consumption (g) and Feed Conversion Rate (FCR) of the experiment

Deneme Yem Tiiketimi YDS
Gruplari (9)

Cc15 290.55+8.67¢ 0.77+0.022
D15 201.26+7.08b 0.90+0.05
Cc19 205.85+8.11b 0.93+£0.01°
D19 136.90+10.382 1.02+0.02¢d
c21 141.89+21.552 1.18+0.04¢
D21 140.14+7.892 1.11£0.03de

Her deger ortalamazstandart hatayi ifade etmektedir. Ayni stitunda farkli Gssel harflerle (a, b, ¢, d, ) ifade edilen degerler istatistiksel olarak birbirinden farklidir
(p<0.05)

Tablo 5. Denemeye ait balik etinin biyokimyasal kompozisyonu
Table 5. Biochemical composition of fish meat of the experiment

Grup Ham Protein Ham yag Ham kiil Nem
Deneme Basi 16.31£0.03a 3.64+0.09a 1.58+0.06a 76.490.12b
C15 19.26+0.22b 4.24+0.09a 1.90+0.07b 76.4610.14b
D15 19.23+0.26b 4.00+0.13a 1.99+0.47abd 76.09+0.41bc
c19 18.4740.12b 4.82+0.48a 2.00+0.23ab 74.57+0.44a
D19 18.76+0.13b 4.5940.39a 2.14+0.25bc 74.5410.06a
c21 19.17+0.31b 3.5910.30a 2.81£0.03d 74.04+0.91ac
D21 18.38+0.16b 3.69+0.26a 2.59+0.11cd 74.17£0.31a

Her deger ortalamazstandart hatay ifade etmektedir. Ayni stitun farkl Ussel harflerle (a, b, ¢, d) ifade edilen dederler istatistiksel olarak birbirinden farklidir (p<0.05)
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Tablo 6. Deneme gruplarinin stiperoksit dismutaz enzim miktari (U/ml), katalaz enzim miktari (CAT, nmol/min/ml) ve glutatyon peroksidaz enzim

miktarinin (GPx, nmol/min/ml) érnekleme guinii ve gruplara gére degisimi

Table 6. The change of superoxide dismutase (U/ml), catalase (CAT, nmol/min/ml) and glutathione peroxidase enzymes (GPx, nmol/min/ml)

amount by sampling day and the groups in the experiment

Ornekleme giinleri

SOD 0.giin 15.giin 30.giin 45.giin

C15 0.65+0.10abBC 0.65+0.01bB 0.69+0.02abB 0.56+0.04aA
D15 0.42+0.02aA 0.67+0.07aAB 0.55+0.06aB 0.69+0.10aA
C19 0.56+0.02aB 0.7240.03bB - -

D19 0.65+0.04bBC 0.7240.07bB 0.34+0.05aA 0.53+0.01abA
c21 0.57+0.06aC 0.67+0.02bB - -

D21 0.59+0.07bcBC 0.58+0.01cA 0.31£0.05aA 0.52+0.00bA
CAT

C15 22.16x1.14aA 33.1446.09bA 26.66+2.45abA 28.52+0.61bA
D15 29.00+2.76aA 27.7242.82aA 35.21+0.98bA 27.87+2.82aA
C19 27.01£3.60aA 26.89+2.84aA

D19 39.53+2.18bA 27.29+2.92aA 29.03+1.97aA 29.98+0.58aA
C21 29.72+3.38bA 23.91+2.54aA

D21 32.71£1.94aA 26.20+0.53aA 30.04+3.15aA 28.66+1.64aA
GPx

C15 34.01£2.02aA 31.67+3.22aA 33.12+0.99aA 32.00+0.80aA
D15 30.94+0.45aA 31.10+1.03aA 35.15+1.36aA 27.11£0.84aA
C19 32.74+0.48aA 30.97+1.31aA

D19 33.11+2.16aA 31.13+0.59aA 32.6610.75aA 30.29+1.81aA
Cc21 31.09+0.40bA 29.68+1.42aA

D21 31.76+0.79aA 30.02+2.02aA 30.62+0.94aA 30.3140.93aA

Her deger ortalamazstandart hatay ifade etmektedir. Ayni satirda farkli tissel (a, b, ) harflerle ifade edilen degerler istatistiksel olarak birbirinden farklidir (p<0.05).
Ayni siitunda farkli tissel (A, B, C) harflerle ifade edilen degerler istatistiksel olarak birbirinden farklidir (p<0.05). SOD: Siiperoksit dismutaz, CAT: Katalaz, GPx:

Glutatyon peroksidaz
TARTISMA

Bitkisel katki maddelerinin  su Uriinleri  yetistiriciligi
uygulamalarinda, stresi azaltici, biylimede artis ve immin
sistemi gelistirici ézellikler gbsterdigi bildirilmistir (Lee vd.,
2012). Sicaklik (Hisar vd., 2012), stok yogunlugu ($ahin vd.,
2014), dusuk oksijen ¢dzundrligu (Kelestemur, 2009) gibi pek
gok stres etkeninin varliginda, birgok katki maddesinin
(probiyotikler, yem enzimleri, organik asitler, bitkiler) balik
Uzerindeki olumlu etkileri bilinmektedir (Roohi vd., 2017).
Bununla birlikte bitkiler iceriklerindeki bazi etken maddeler
nedeniyle balik tzerinde olumsuz etkilere de sebep olabilir
(Sénmez vd., 2015).

Samsun ilinde gokkusagi alabaligi yetistiriciliginin dnemli
bir kismi baraj géllerinde, ag kafeslerde gerceklestirimektedir.
Ancak yaz aylarinda (temmuz-agustos) su sicakliginin
yukselmesiyle birlikte, gbkkusag! alabaligi strese girmekte,
hastalik gézlenmekte, yem alimi azalmakta ve yetistiriciler
yogun balik élumleriyle karsi karsilya kalmaktadir.

Bu galismada, halk arasinda ylizyillardir tibbi amagli olarak
kullanilan bir bitki olan karayemis yapragi, ylksek antioksidan
icerigi (Engin, 2007) ve Karadeniz Bélgesi'nde bol bulunmasi
nedeniyle tercih edilmistir. Karayemis yapraginin sicaklik stresi
altindaki goékkusagi alabaliginda biyime, yasama orani ve
bazi antioksidan enzimler (zerine etkilerinin belirlenmesi
amaciyla, biri 6n deneme olmak lizere akvaryum ortaminda iki
farkli deneme yuratilmastdr.

On denemede, farkl konsantrasyonlarda (0, 1, 5, 10, 15
g/kg) yeme katilarak kullanilan karayemis yapragi ekstraktinin
alabaliklar Uzerinde toksik etkisi olmadigi ve 15 g/kg yem
karayemis yapradi ekstraktinin en uygun konsantrasyon
oldugu belirlenmistir. Diger denemede, yeme puskurtilerek
kullanilan karayemis yapradi ekstraktinin (15 g/kg) farkli
sicakliklarda (15, 19, 21°C) alabaliklarda biiyiime, yasama
orani ve antioksidan enzimler Uzerine olan etkilerinin
belirlenmesi amaglanmistir.

YO bakimindan elde edilen sonuglar incelendiginde C15
(%96.67+0.00) ve D15 (%91.11%£2.22) gruplari arasindaki
farkin istatistiksel olarak 6nemli oldugunu géstermistir (p<0.05).
S6nmez vd. (2015)'nin gékkusag! alabaliginda nane yaginin
biytime ve YO'ya etkilerini inceledikleri ¢alismalari sonucunda,
nane yaginin YO'yu 6nemli oranda azaltigi bildirilmistir.
Karayemis yapraklarinin, siyanojenik glikozit adi verilen
prunasin ve amigdalin maddelerini icerdigi bildirilmistir. Bu
maddeler, bilesimlerinde bulunan siyaniirii hidrosiyanik asit
(HCN) olarak agiga ¢ikarmaktadir (Dursun, 2010). HCN
kandaki oksijeni dokulara tagiyan enzimleri engellemektedir
(Anonim, 2017). Karayemis yaprag! yiyen koyun ve sigirlarda
ani 6limler meydana geldigi bildirilmistir (Long, 1924).

Denemede sicaklik stresi altinda bulunan C19 ve C21
gruplarindaki tim bireylerde 8liim gézlenmistir. Bununla birlikte
karayemis yapradi ekstrakti ilaveli yemle beslenmis olan D19
(73.33+1.93) ve D21 (65.56+1.11) gruplari ise bu durumu daha
iyi tolere etmislerdir. Buna gdre, karayemis yapragi ekstraktinin
D19 ve D21 gruplarinda direnci ve dolayisiyla YO'yu arttirdigi
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sGylenebilir. Liu vd. (2012)'nin dnce yuksek sicaklik stresine
maruz birakilmig, sonrasinda Aeromonas hydrophila enjekte
edilmis olan Megalobrama amblycephala fingerlinglerinde
yurattikleri galismalari sonucunda, ravent ekstrakti ilaveli
yemlerle beslenen gruplarda YO'nun kontrol grubuna oranla
daha ylksek oldugu bildirilmistir. Nya ve Austin (2009)nin
yeme ilave edilen zencefilin, A. hydrophila patojenine karsi
gokkusagi alabalijinda hastalik direncini inceledikleri
galismalari sonucunda, zencefil ilaveli yemle beslenen grupta
YO'nun énemli oranda artis gosterdigi bildiriimistir. Park ve
Choi  (2012)'nin  Nil tilapyasi (Oreochromis niloticus)
fingerlinglerinde yeme ilave edilen 6kseotunun, A. hydrophila
patojenine karsl hastalik direncini inceledikleri ¢alisma
sonucunda Okse otu ilaveli yemle beslenen gruplarda YO'da
onemli oranda artis gozlendigi bildiriimistir. Denemenin YO
bakimindan bulgulari, Liu vd. (2012), Nya ve Austin (2009) ve
Park ve Choi (2012)'nin ¢alismalarinda elde edilen bulgularla
benzerlik géstermektedir.

On denemede en yiiksek SBO degerinin, KY15 grubunda
tespit edilmesi, karayemis ekstraktinin biiylimeyi olumlu yonde
etkiledigini gosterebilir. Shalaby vd. (2006)'nin Nil tilapyasinda
yeme gesitli konsantrasyonlarda (0, 10, 20, 30,40 g/kg yem)
sarimsak ilavesinin blylime performansi, biyokimyasal
kompozisyon ve YO (izerine etkilerini inceledikleri, 90 gin
stren calismalarinda, sarimsak ilaveli yemle beslenen
gruplarin SBO degerlerinin kontrol grubuna oranla 6nemli
oranda artis gosterdigi bildirilimistir. Devakumar ve Chinnasamy
(2017)nin  Cissus  quadrangularis  ekstraktinin  farkli
konsantrasyonlarinin (0.5, 1.0, 1.5 ve 2.0 g/lkg yem) Asya deniz
levreginde (Lates calcarifer Bloch, 1790) bliylime performansi
ve hastallk direnci Uzerine yaptiklari 60 gun sureli
calismalarinda, SBO’nun deneme gruplarinda kontrol grubuna
oranla daha yiksek oldugu bildirilmistir. Mevcut ¢alismamizda
elde edilen bulgular, Shalaby vd. (2006) ve Devakumar ve
Chinnasamy (2017)'nin galismalarindan elde edilen sonuglar
ile benzerlik gdstermektedir. On calisma 15 giin gibi kisa bir
strede tamamlanmistir. Karayemis eksktrakti ilavesinin uzun
streli kullaniminin SBO'ya olan etkisi dier denemede ayrintili
olarak incelenmigtir.

Elli iki glin stiren diger denemede SBO bakimindan, D15
grubunda C15'e oranla azalma gdzlenmistir. Gabriel vd.
(2015)'nin Nil tilapyas! Uzerinde 5 farkli konsantrasyonda (0,
0.5, 1, 2,4 g/100 g yem) yeme ilave edilen Aloe vera bitkisinin
Streptococcus iniae patojenine karsi direng ve biyimeye
etkisini inceledikleri ¢alismalari sonucunda, 0.5, 1 ve 2 /100 g
Aloe vera ilaveli yemle beslenen gruplarin SBO’larinin, kontrol
grubuna oranla daha yiiksek oldugu ancak Aloe vera’nin 4
g/100 g konsantrasyonunda kullanildigi grupta SBO’nun diger
deneme gruplarina oranla azaldigi bildirilmistir. Gabriel vd.
(2015)'nin bulgularina benzer olarak, SBO’nun en yiksek
konsantrasyon  grubunda azalmasi, eklenen  bitkinin
miktarindaki artigin biyimede gerilemeye yol agabilecegi
sonucunu verebilir. Ayrica, tibbi bitkilerde bulunan saponin ve
tanen  gibi  biyoaktif  bilesenler, dzellikle ylksek
konsantrasyonlarda hayvanlar igin toksik etki gostermektedir.

Bu bilegenler yeme aci bir tat vererek yem alma istegini azaltir
ve sonug olarak biylime negatif olarak etkilenir (Gabriel vd.,
2015). Karayemis yapraklarinin da yiiksek miktarda tanen
icerdigi bildiriimistir (Robinson, 1929). Bu durum, mevcut
galismada SBO’nun D15 grubunda azalmasini agiklayabilir.

Deneme YDS bakimindan incelendiginde, C15 (0.77+0.02)
ve D15 (0.90£0.05) gruplari arasindaki farkin istatistiksel olarak
farkli oldugu gdzlenmistir (p<0.05). S6nmez vd. (2015)'nin
jivenil gokkusag alabaliginda 500, 1000 ve 1500 mg/kg yem
konsantrasyonunda yeme katilan adagayi, nane ve bahge
kekigi yaglarinin antioksidan enzimler ve bliylime parametreleri
Uzerine etkilerini inceledikleri 60 gun streli ¢alismalari
sonucunda, kontrol gruplarinda YDS 0.94+0.02 olarak tespit
edilmis olup, adagaylr ve bahge kekigi yaglarinin YDS'yi
azalttigi bildirilmistir. Ancak nane yagi ilaveli yemlerle beslenen
gruplarda YDS'nin kontrol ve diger gruplara gére 6nemli oranda
arttigi bildirilmistir. Bununla birlikte mevcut galismamizda D15
grubunda elde edilen YDS'nin, Sénmez vd. (2015)nin
galismalarinda, kontrol grubunda elde edilen YDS'den daha
dusik oldugu goézlenmistir. Ancak YDS'nin D15'te C15'e oranla
yuksek bulunmasi, karayemis yapragi ekstraktinin yem
degerlendirmeyi negatif olarak etkiledigini gosterebilir. Abdel-
Tawwab (2010)'in gesitli konsantrasyonlarda (0, 0.125, 0.25,
0.50, 1.00, 2.00 g/kg yem) yeme ilave edilen yesil cay bitkisinin
Nil tilapyasinda, A. hydrophila enfeksiyonuna karsi direng ve
blylme Uzerine etkisini inceledikleri galismalari sonucunda,
yalnizca 0.50 g/kg konstrasyonunda YDS'de azalma gdzlendigi
bildirilmistir. ~ Ayrica  Sivaram  vd.  (2004)nin  gesitli
konsantrasyonlarda (100, 200, 400, 800 mg/kg yem) yeme
ilave edilen kutsal feslegen (Ocimum sanctum), mor salkim
(Withania somnifera) ve Hindistan cevizi (Myristica fragrans)
bitkilerinin lahozda (Epinephelus tauvina), Vibrio harveyi
enfeksiyonuna karsl direng ve blylimeye olan etkisini
inceledikleri ¢alismalari sonucunda, 100 ve 200 mg/kg yem
kutsal feslegen ve 100, 200, 400 mg/kg yem mor salkim ilaveli
yemle beslenen gruplarda YDS'nin kontrol grubuna oranla
yiksek oldugu bildirilmigtir. Abdel-Tawwab vd. (2010) ve
Sivaram vd. (2004)'nin galismalarinda elde edilen sonuglara
gore, YDS'nin bitkinin konsantrasyonuna bagli olabilecegi ve
karayemis bitkisi icin de optimum bir konsantrasyon
belirlenmesi gerektigi séylenebilir.

YDS bakimindan, 19°C ve 21°C gruplarinda istatistiksel
olarak fark gézlenmemis ancak sicaklik yikseldikge YDS artis
gostermistir (15°C <19°C <21°C). Pitaksong vd. (2012)'nin
termal ve asidik stres altindaki hibrid kanal baliginda C ve E
vitaminlerinin bliylime (zerine etkilerini inceledikleri calismalari
sonucunda, antioksidan &zellige sahip bu vitaminlerin ilave
edildigi yemlerle beslenen gruplarda, YDS bakimindan 6nemli
bir fark olmadigi bildirilmistir (p>0.05). Mevcut calismamizda
elde edilen bulgular bu galismayi destekler niteliktedir.

Antioksidan enzimler olan slperoksit dismutaz (SOD),
katalaz (CAT) ve glutatyon peroksidaz (GPx) vicuttaki
radikalleri ~ sliplrerek canlinin  enzimatik  antioksidatif
savunmasina katkida bulunurlar (Nakano vd., 2014). Eger
organizma antioksidan savunma sistemini hizli bir sekilde
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harekete geciremiyorsa bu durum balidin  sagliginin
bozulmasina sebep olabilir. Tiirlere gére baliklarin sicak ya da
soguk suya maruz kalmalari ylksek miktarda antioksidan
ihtiyacini  beraberinde  getirir.  Birgok bilimsel galisma
sonucunda termal stres olusturulan baliklarda, yeme ilave
edilen antioksidan maddelerin oksidatif hasari azalttigi
bildirilmistir (Beaulieu vd., 2014). Aragtirmada incelenen
antioksidan enzimler gerek 6n denemede gerekse denemede
acik ve net bir artis ya da azalis egilimi gdstermemistir. Ancak
on calisma sonucunda SOD, CAT ve GPx aktivitlerine
baktigimizda en yliksek degerlerin karayemis ekstraktinin
kullanildigi ~ yemlerle beslenen gruplarda  g6zlendigini
sOyleyebiliriz. Deneme gruplarina baktigimizda ise 15°C’de 45.
glinde SOD aktivitesinin, 19 ve 21°C'de 15. giinde ve 15°C'de
30. glnde GPx aktivitesinin kendi kontrol gruplarina kiyasla
daha yiiksek oldugu gbzlenmistir. Yine kontrol gruplari olan
C19 ve C21 gruplarinda 15. giinden sonra 6lim gézlenmesine
ragmen ayni sicaklik degerlerinde bulunan deneme
gruplarinda (D15 ve D21) odlim gdzlenmemesi, karayemis
ekstratinin gerek sicaklik gerekse akvaryum kosullarinin
olusturdugu stres altindaki gokkusag alabaliklarini oksidatif
stresten korudugunu gésterebilir.

Mevcut calismaya benzer sekilde, antioksidan enzim
aktivitelerinde gdrilen bu artma, azalma ya da herhangi bir
degisim gdstermeme egilimi diger arastirmacilar tarafindan da
rapor edilmistir. Lygren vd. (2000)'nin hiperoksi stresi altindaki
Atlantik somonu (Salmo salar) smoltlarinda yeme cesitli
konsantrasyonlarda (0.04, 0.3,1.1 g/kg yem) ilave edilen all-
rac-a-tokoferil asetatin SOD, CAT ve GPx enzimleri tzerine
etkilerini inceledikleri 12 hafta slren galismalari sonucunda, bu
maddenin bu kosullar altinda antioksidan enzimlere herhangi
bir etkisinin bulunmadigini bildirmiglerdir. Ayrica El-Gawad vd.
(2016)'min  farkli konsantrasyonlarda (%0, 1, 2 ve 3)
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fruktooligosakkarit (bazi bitkilerde dogal olarak bulunan bir
karbonhidrat) ilaveli yemlerle beslenen Nil tilapyalarinda
antioksidan enzim aktivitelerini inceledikleri 6 hafta slren
galismalari sonucunda, SOD aktivitesinin azaldi§i, CAT
aktivitesinde degisim gdzlenmedigi ve GPx aktivitesinde
azalma gdzlendigi bildirilmistir. Bununla birlikte, Metwally
(2009)'nin Nil tilapyasinda yeme ilave edilen sarimsagin
antioksidan enzim aktiviteleri lzerine etkisini inceledikleri
galisma sonucunda SOD, CAT ve GPx aktivitelerinin kontrol
grubuna oranla 6nemli miktarda artis gosterdigi bildirilmistir.

Antioksidan enzim aktiviteleri agisindan elde ettigimiz bu
sonuglar dikkate alindiginda, ilerde yapilacak daha detayli
calismalar ile yemlere ilave edilebilen karayemis ektratinin,
stres altinda olan yalnizca gokkusagi alabaligi degil diger farkl
tirlerde de antioksidan etkileri degerlendirilebilir. Ayni sekilde,
gesitli konsantrasyonlarda yeme katilan karayemis yapragi
ekstraktinin, ticari yetistiricilik ortaminda daha ylksek stok
yogunluguna sahip ag kafeslerde gokkusagi alabaliginin
yasama orani, blylime performansi ve antioksidan enzimler
Uzerine etkileri arastirilabilir. Bdylece, yaz aylarinda ylikselen
su sicakhgiyla birlikte, yliksek stok yogunlugunun ikincil bir
stres etkeni oldugu vetistiricilik ortaminda, karayemis yapragi
ekstraktinin kullanilabilirligi degerlendirilebilir.
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Abstract: Gamogenetic cycle, the condition index and meat yield of the Arca noae Linnaeus, 1758 (Noah'’s ark shell) were followed in Gerence Bay (Aegean Sea,
Turkey), between August 2009 and July 2010. Temperature, salinity, chlorophyll-a, particulate organic and inorganic matter were monitored during the sampling
period. According to histological observation, inactive stage was determined as 100% in September. The spawning period was observed through the year except
September, with a peak from April to June. Sex ratios were not equal and females were dominant during the study period (2:1). Meat yield, condition index and
gonad index reveal a positive relationship between each other (P<0.05). Among environmental parameters, inverse relationship was only found between particulate
inorganic matter and reproduction (P<0.05).

Keywords: Arca noae, histology, reproduction, condition index, meat yield

0z: Bu galismada Gerence Korfezinde (Ege Denizi, Tiirkiye) Arca noaeLinnaeus, 1758 tiiriiniin (Nuhun gemisi) gametogenik déngisii, kondisyon indeksi ve et
verimi Agustos 2009 ve Temmuz 2010 tarihleri arasinda takip edilmistir. Her drnekleme déneminde sicaklik, tuzluluk, klorofil-a, partikiil organik ve partikiil inorganik
madde igerigi belirlenmistir. Yapilan histolojik calismalara gére dinlenme safhasi Eylil ayinda %100 olarak tespit edilmistir. Eyltl ayinin disinda, dl atimi tim yil
boyunca gézlenmis ve Nisan ile Haziran aylari arasinda yiiksek degerlerde oldugu belirlenmistir. Cinsiyet orani esit olarak tespit edilmemistir ve disiler
poplilasyonda baskindir (2:1). Et verimi, kondisyon indeksi ve gonadindeksi arasinda pozitif iliski tespit edilmistir (P<0.05). Cevresel parametreler icerisinde sadece
partikill inorganik madde ile ireme arasinda ters iligki oldugu tespit edilmistir (P<0.05).

Anahtar kelimeler: Arca noae, histoloji, tireme, kondisyon indeksi, et verimi

INTRODUCTION

Noah’s Ark or ark shell (Arca noae Linnaeus, 1758) is
Atlanto-Mediterranean ~ species and  distributed in
Mediterranean, Black Sea, the eastern Atlantic Ocean,West
Africa and the West Indies (Hayward et al., 1996;0zturk et al.,
2014).ltis attached by a massive green byssus in dead mollusc
shells, among stones, on semi mobile gravies or in rock
crevices (Tebble, 1966; Hrs-Brenko and Legac,1996; Morton
and Peharda, 2008). It is collected occasionally between tide-
marks and offshore to about 119 meters. Ark shell can reach
up to 10 cm (Sileti¢, 2006) and live approximately for 16years
(Peharda et. al., 2002).

The production amount of ark shell in the world was
approximately 30250 tons in 2015 (FAQ, 2017). This production
was carried out by China, Venezuela, Mexico, Korea and Costa
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Rica. In addition that, it is particularly appreciated in Croatian
Adriatic Sea is harvested by local fishermen using modified
rakes or divers (Benovi¢, 1997). In Turkey, unfortunately, there
is no reported record about ark shell production in fisheries
statistics. The most important reason; fishermen and
production areas have not been controlled by the government.
This species is only produced by fishing from coastal area for
mostly bait of Sparidae species and rarely for human
consumption. Although there is no scientific data about
production, it is thought that natural beds have begun to
overexploited and been affected adversely.

Most of the studies on ark shell in Mediterranean Sea,
about population structure (growth and age) (Peharda et al.,
2002; Peharda et al., 2003; Peharda et al., 2009), reproductive
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cycle (Peharda et al., 2006), aquaculture (Zupan et al., 2012;
Zupan et al., 2014), biochemical composition (Radi¢ et al.,
2014) have been carried out in Adriatic Sea. However, in
Turkey, studies on basic biology of the species are lacking still
while only faunistic studies have been conducted (Demir, 2003;
Oztlirk et al., 2005; Oztirk et al., 2014).

In this study, histological examination of the gonads of A.
noae was carried out to determine the sexual characteristic for
Aegean Sea, Turkey. These data will be key element to
improve understanding reproductive biology. Therefore, out
puts of present study have a great importance to ensure the
sustainable fishery, to supply to legal legislations, to provide
knowledge for aquaculture activities.

MATERIALS AND METHODS
Study area

This study was conducted in Gerence Bay (38°25" N and
26°30" E) located on the west side of Izmir Bay, Aegean Sea,
Turkey; between August 2009 and July 2010 (Figure 1). Ark
shells were collected monthly from natural stock by SCUBA
diving from 1 m to 5 m water depth at shallow coastal water.

Figure 1. Location of study site in Gerence Bay (Aegean Sea, Turkey)

Environmental parameters

Surface water temperature (°C) and salinity (psu) were
measured by monthly using a thermometer (£1°C) and light
refractometer, respectively. Chlorophyll-a concentration was
calculated by spectrofotometric method (Strickland and
Parsons, 1972). Particulate inorganic matter (PIM) and
particulate organic matter (POM) in suspension were
determined by weight differences after heating of filtered
papers (Jones and lwama, 1991).

Meat yield and condition index

Collected samples were transported to laboratory where
they were fully removed from biofouling and other adherences.
Then, samples were measured for biological parameters such
as shell length, total weight and soft tissues except byssus.
Whole weight and shell length were measured with an
electronic calliper (Mitutoyo CD-15PK) and an electronic scale

(0.01 g, Sartorious GE 412), respectively. Shells were dried at
60°C for 48-72 h to a constant weight while soft tissues were
dried by dry freezer (Christ Alfa-1-2 LDplus). Meat yield (MY)
and condition index (CI) were calculated according to formulas
used in Freeman (1974) and Crosby and Gale (1990),
respectively.

_ wet meat weight (g)

MY X 100

total weight (g)

dry meat weight
_dry g (g)><100

" dry shell weight (g)
Histological treatment

Gonad development stage (S1: early active, S2:
developing, S3: mature, S4: partly spawning, S5: spent) and
sex ratio were determined using histologically prepared slides.
Histological procedures method was used in previous studies
(Peherda et al., 2006; Sahin et al., 2006; Yurimoto et al., 2008).
The top surface of the stomach for each specimen was
dissected to obtain the gonad. The gonad samples were fixed
in Davidson solution and dehydrated using alcohol between
70% and 100% series and then embedded in paraffin. Paraffin
blocks were sectioned to 4um thickness and stained with
hematoxylin-eosin. Slides were observed under the light
microscopy to determine stage of male and female
development of gonad.

Gonad index

A gonad index (GI) was calculated for each sample by
ranking the different gametogenic stages as follows:

1=inactive (I)+spent (V),
2=early active (Il)+late active (lll)+partly spent (V),
3= mature (IV)

These values were summed then divided the resulting
value by the total number of animals in the sample (Soria et al.,
2002).

sum of specimens X category

" total number of specimens
Statistically analysis

Percentage data was arcsine transformed before statistical
treatment. The chi-square test was used to asses differences
from the 1:1 sex ratio. The data distribution to determine
normality was tested using the Kolmogorov-Smirnov Test.
Pearson’s correlation analysis was applied to determine the
degree of association between environmental parameters
(temperature, salinity, particulate inorganic matter, particulate
organic matter and chlorophyll-a) and gonad index (Gl),
condition index (Cl), meat yield (MY). Data were analyzed using
SPSS 13.0 for Windows.
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RESULTS
Environmental Parameters

Temperature showed a progressive decrease from 26.5 °C
in August to 15.5 °C in February and then increased until July
except May (Figure 2a). Salinity was recorded between 35psuin
January and 40 psu in May and October (Figure 2b).Maximum
chlorophyll-a values were observed in December and April
(1.32 pg/l) and minimum values were observed in February and
June (0.30 g/l and 0.46ug/l, respectively) (Figure 2c). Monthly
variation in particulate organic matter (POM) values associated
with particulate inorganic matter value (PIM) (P<0.05). PIM and
POM peaked as 24.5 mg/l and 11.2 mg/l in October,
respectively (Figure 2c).

Meat Yield and Condition Index

Length range, weight range, meat yield and condition index
were showed in Table 1. Meat yield and condition index reveal
a positive relationship between each other (P<0.01). The
highest condition index was recorded as 12.8 in August. The
lowest condition index was observed as 8.4 in September. After
September, condition index showed fluctuation and it reached
to 11.1 at the end of study
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Figure 2. Monthly variations of environmental parameters in the study
area(temperature (a), salinity (a), particulate organic matter POM (b),
particulate inorganic matter PIM (b), chlorophyll-a (c))

Table 1. Monthly variation of shell length, total weight range, condition index (mean + SE) and meat yield (mean + SE) of Noah's ark from

Gerence Bay, Aegean Se

Shell length (mm) Live weight (g) Meat Yield (%) Condition index

August 34.50-71.00 10.60-57.42 27.714£2.23 12.87+0.71
September 36.00-70.00 9.34-50.39 17.48+0.40 8.60+0.27

October 30.96-76.43 4.88-54.61 20.52+1.66 10.37£0.30
November 33.09-55.75 7.58-28.54 22.50+0.61 11.13£0.37
December 38.09-73-46 7.61-47.46 21.14+0.54 11.36+0.45
January 10 42.56-74.39 10.81-53.89 20.47+0.46 10.95+0.30
February 42.67-73.55 11.79-49.79 21.89+0.89 12.03£0.93
March 48.03-78.00 14.11-70.23 22.27+0.65 11.61£0.34
April 50.40-82.00 21.72-78.26 23.47+0.52 12.65+0.37
May 38.03-77.26 13.94-64.42 22.85+0.63 12.38+0.29
June 45.72-70.30 14.21-53.04 20.77+0.49 11.97+0.32
July 43.70-70.50 11.51-48.21 22.7240.58 11.14+0.29
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Sex Ratio

Amongst the total of 360 individuals examined, 84 male
(23%), 181 female (50%), 3 hermaphrodite (0.8%) and 92
inactive (25%) were determined (Figure 3, Figure 4, Figure 5).
Sex ratio (female: male) during reproductive period was 2.1:1
and female was favorite. The gonad development was not
observed in September. Female was dominant through the

study period, except in October (6%) and November (20%).
Hermaphrodite individuals were observed only one for each
December (53.1mm — 32.58g), April (67.2mm - 50.63g) and
May (55.24 mm - 32.58g) (Figure 4). At macroscopic
observation color of gonad was observed mostly between
purple and brown-cream. These colors were observed in
female for purple and in male for brown-cream. Hermaphrodite
individuals were determined as purple color.

Figure 3. Photomicrographs showing inactive stage (a), reproductive maturity stages of ark shell in female gonad early active (b), late active (c),
mature (d), partially spend (e), spent (f). ao: atresia oocyte, cd: connective tissue, digestive gland, fw: follicle wall, mo: mature oocyte, m: muscle,

ro: residual oocyte, pdo: pedunculated oocyte, previtollegenic oocyte
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200 pm

Figure 4. Photomicrographs showing reproductive maturity stages of ark shell in male gonad early active (a), late active (b), mature (c), partially
spend (d), spent (e) and hermaphrodite individual (f).fw: follicle wall, mo: mature oocyte, rsp: residual spermatozoa, spd: spermatids, sz:

spermatozoa

The reproductive cycle of both sex of A. noae from Gerence
Bay is presented in Figure 5 and Figure 6. After inactive stage
in September no males were in early active stage except in
December although early active stage in female occurred from
October to March. It appeared that gonad development of
females realized longer than male. Late active stage in male
individuals was found between October and March. Females in
this stage occurred from December to February, and in April.
Maturation stage in both sexes was seen at the same time but
this stage in female was higher proportion than male. Spawning
in female began in January (7%) and increased until June
(91%) while spawning in female was observed through the year
and more intensive than male. During the study period, spent
stage in both sexes was observed firstly in August. After
August, spent stage in male and female was observed from
October to March and from December to April, respectively.
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Figure 5. Monthly changes in percentage of inactive, hermaphrodite,
female and male individuals in the total population
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Figure 6. Frequency of gametogenesis in male (a) and female (b)

To sum up the reproduction cycle of the population,
beginning of the study inactive stage was determined as 6%,
and then it was recorded as %100 in September and gradually
decreased to 10% until April. Early and late active stage
occurred between October and March. The highest percentage
of both stages was found in December and January. Mature
stage was seen in August (26%) and December (3%), between
March (23%) and July (66%). Spawning stage was observed
throughout the study period except in September. Its highest
percentage was determined in June (90%) and the lowest in
October and December (6%). Spent stage occurred in August,
from November to April with maximum activity in March (30%)
(Figure 7).
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Figure 7. Frequency of different stages of in total population

Gonad Index

Gl was sharply dropped from 2.4 (August) to 1
(September), after this month it was gradually increased and
reached to 3 (May). It was stable between May and July (Figure
8). Gl was significantly related to condition index and meat yield
(P<0.05). Besides, a negative correlation was noted between
PIM and GI (P<0.05). No significant relationships were found
between other environmental parameters (Table 2).
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Figure 8. Monthly variation of gonad index (Gl) in Noah's ark

Table 2. Pearson correlation of environmental parameters and other
parameters (temperature (T), salinity (S), chlorophyll-a (CHL),
particulate organic matter (POM), particulate inorganic matter (PIM))
gonad index (Gl), meat yield (MY) and condition index (Cl))

T S Ch POM PIM Gl My Cl
T 1 355 068 078 -072 091 135 -170
1 -262 307 129 296 103 168

Ch 1077 200 -132 378 22
POM 1 895" -544 -338 -375
PIM 1 -577 -201 -353
Gl 1595 777"
my 1 .821"
Cl 1

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

DISCUSSION

Previous studies have showed that environmental factors
including temperature, salinity, food and energy metabolism
influenced on gonad development and maturation in marine
bivalves (Resgalla et al., 2007; Acarli et al., 2015; Hasan et al.,
2017). This information is not consistent with previous results
and same species may vary among geographical areas
(Derbali et al., 2009; Kandeel et al., 2013). Comparisons of the
spawning period of Arcidae families’ species in different
localities are shown in Table 3.Peharda et al. (2006) reported
that the correlation analyses indicated that an environmental
factor was not directly influence the gonadal growth. Findings
of the present study show similarities with Peharda et al.
(2006). However, only negative association between PIM and
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gonad index was found in the present study. It is known that
increased amount of particulate inorganic particles negatively
affect on feeding of bivalves wherefore particulate organic
matter and phytoplankton are strongly diluted by inorganic
particles (Ward and Macdonald, 1996).As a result of these,
food quality in water column and filtration of bivalves rate can

decrease (Resgalla et. al., 2007; Celik et al., 2015). However,
Lista et al. (2006) informed that A. zebra was well adapted to
the high loads inorganic seston in the northeastern Venezuela.
It is estimated that A. noae could not show same adaptation in
this study whereas inorganic matter value was higher than in
the northeastern Venezuela.

Table 3. A comparison of spawning period between location and Arcidae species

Locality Spawning period Species References

Turkey June-September Anadara inaequivalvis Sahin et al., 2006

Japan July - September Scapharca kagoshmensis Yurimoto et al., 2008

Venezuela June-October Anadara notabilis Freites et al., 2010

Venezuela July-late September Arca zebra Lista et al.,2006

Croatia-Adrriatic Sea June-September Arca noae Peherda et al., 2006

North Tunisia November-April Arca noae Ghribi et al., 2017
July-September

Turkey Mainly May-August Arca noae In this study

As it is known, condition index and meat yield values detect
commercial quality of bivalves species (Orban et al., 2002), is
a parameter of ecophysiological and economic importance,
especially with regard to industrial processing (Yildiz et al.,
2011). These parameters in bivalves were influenced by
environmental parameters (mainly temperature or food
availability) (Delgadao and Camacho, 2005; Herrmann et al.,
2009) and reproductive activities (Acarli et al., 2015; Christo et
al., 2016).1t is reported in Peharda et al. (2003) and Sahin et al.
(2006) condition index was ranged for Arca noae in Mali Ston
Bay from 9 (December and January) to 11 (April and June)and
for Anadara inaequialvis in Southeastern Black Sea Coast from
4.2 (August) to 11.6 (May), respectively. Zupan et al. (2014)
estimated condition index for A. noae in Central Adriatic Sea
(Padman Channel) according to formulas in Davenport and
Chen (1987). Condition index was found between 18
(December) and 25 (June) (Zupan et al., 2014). In this study, a
significant correlation was found between condition index and
meat yield. Maximum condition index was determined as 12.8
in August when individuals were in mature and spawning period
and minimum condition index was determined as 8.6 in
September when individuals were in resting stage. Results of
this study show that meat quality of A. noae has a good index
during the study period, except September when it can be
considered as suitable human for consumption.

Sex ratio of marine bivalves for a healthy population is
nearest to 1:1 (Morton, 1991). Genetic control (Yusa et al.,
2013) or hormones (Thompson, 1996) and changes in
environmental conditions such as temperature, salinity and
food availability also affect the sex ratio of bivalvia species
(Chavez-Villalba et al., 2011;Gonzalez-Araya et al., 2013;
Teaniniuraitemoana et al., 2016). Peharda et al. (2006) notified
that Arca noae may exhibit functional protandric dioecy with
some male individuals changing to female in subsequent. They
also determined that rising of female individuals’ number is
related with increasing shell length or age. Furthermore, Quayle
(1969) and Breton et al. (2017) informed that population was in

favor of females when food availability conditions were
favorable or it was in favor of male in when food availability
conditions were poor. A correlation between sex ration and food
quality or availability is explained by Diaz-Aimela et al. (2004)
that females need to heavier energy utilization to development
of oocytes. Several authors highlighted that female was in favor
in the population for A. noae (Valli and Parovel, 1981; Peherda
et al., 2006; Ghribi et al., 2017), for A. zebra (Villarroel et al.,
2016), for Anadara tranversa (Walker and Pover, 2004),and for
Anadara antiquate (Jahangir et al., 2014; Mzighani, 2005).In
this study, female individuals dominated at the population with
female to male ratio of 2:1. Some authors had expounded that
a significant increase in the population of female associated
with length or age. In the present study, it is suggested to
consider that both food availability and age might be affected
on sex ratio.

Hermaphrodite individuals were found as 2.2% for A. noae
in south Adriatic Sea (Peharde et al., 2006) and 3% for A. noae
in southwestern Adriatic Sea (Bello et al., 2013), 5.49% for
Anadar aantiquata in Tanzania (Mzighani, 2005) and 1.1% for
A. noae in the Aegean Sea (present study). Yolkolu and Lok
(2000), and Eversole (1989) stated that the result of
environmental trigger such as sudden changes in temperature
and salinity or high turbidity maybe lead to hermaphrodite
individuals in the population. Furthermore, one gametogenic
phase can continue to the next sex phase while reabsorption
uncompleted in protandric hermaphroditism (Acarli et al.,
2015).

Although there is no relationship between Gl and
temperature, development seems to be begun during the winter
month and reached to maturation and spawning mainly
summer months. This information can help for protocol
managing of this species for aquaculture activities and strategy
of fishery. Also, it has a great importance to ensure the
sustainable fishery, to supply to legal legislations.
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This paper is the first study to determine reproduction
characteristics of A. noae in the Turkish coastal waters. Further
studies on stock assessment, spawning season, size at first
maturity and morphometric characteristics are needed to
ensure the sustainability of the stocks. Therefore, decision-
makers and Ministry of Food, Agriculture and Livestock of the
government should assess and monitor the stock by the
relevant investigations, and establish appropriate policy and
planning for stock management of this species. It is vital that
measures must be taken before the species can be threatened
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0z: Bu calismada, Thalassoterapi'de kullanim potansiyelini belilemek amaciyla sularmizda dogal olarak dagilim gésteren makroalg tiiferimizin (Ulva rigida,
Gracilaria gracilis, Sargassum vulgare, Cystoseira barbata ve Dictyopteris membranacea) kiiltlr kosullarinda vitamin kompozisyonlari belirlenmistir. Vitamin analiz
sonuglari alglerin B-karoten (provitamin A), askorbik asit (vitamin C) ve a- tokoferol (vitamin E) yoniinden zengin oldugunu géstermektedir. f-karoten (provitamin
A) ydniinden en zengin 3.25 + 0.41 mg.100 g miktariyla Gracilaria gracilis bulunurken vitamin C (askorbik asit) yéninden en zengin 7.42 + 0.67 mg.100 g-!
miktariyla Ulva rigida bulunmustur. Alfa (a) - tokoferol (vitamin E) yoniinden en zengin tiir ise 5.03  0.12 mg.100 g-' miktariyla Dictyopteris membranacea 'dir.

Anahtar kelimeler: Algler, Akvakiiltir, Deniz terapisi, SPA, Yosun uygulamalari

Abstract: In this study, vitamin compositions were determined in culture conditions of macroalgae (Ulva rigida, Gracilaria gracilis, Sargassum vulgare, Cystoseira
barbata and Dictyopteris membranacea) which are naturally distributed in our waters in order to determine their potential usage in Thalassotherapy. The results of
vitamin analysis show that the algae are very rich in terms of B-carotene (provitamin A), ascorbic acid (vitamin C) and a-tocopherol (vitamin E). According to the
results, it was found that Gracilaria gracilis is the richest species in terms of B-carotene (provitamin A) with the amount of 3.25 + 0.41 mg 100 g -, Ulva rigida is
the richest species in terms of ascorbic acid (vitamin C) with the amount of 7.42 + 0.67 mg 100 g - and Dictyopteris membranaceae is the richest species in terms
of a-tocopherol (vitamin E) with the amount of 5.03 + 0.12 mg 100 g -' among the macroalgal species.

Keywords: Algae, Aquaculture, Sea therapy, SPA, seaweed applications

GIRiS

icinde kremlerin ve losyonlarin da dahil oldugu gesitl
guzellik ve kozmetikle ilgili Uriinlerin (zerindeki etiketlere
bakildiginda “deniz 6zleri” “yosun Ozleri” “alg ozleri” veya
benzeri yazilar gérilmektedir. Genellikle bu tip aciklamalar
alglerden elde edilen degerli hidrokolloidlerden en az birinin
Urdndn icinde bulundugunu gésterir. Aljinat veya karragen
guzellik trtintintin cilt nemini dengeleme ézelligini saglar. Ezme
veya dondurarak pargalama yontemleriyle macun haline
getirilen algler Thalassoterapi'de kullanilir. Deniz Terapisi
anlamina gelen Thalassoterapi, deniz suyunun, alglerin,
gamurun, kumun ve deniz havasinin insan sagligi ve guizelligi

esnasinda sadece kaynak sulari kullanirken, Thalassoterapi
kiirleri icin sadece deniz suyu kullanilir (Donadieu ve Basire,
1985; Boisvert, 1988; De Roeck-Holtzhauer, 1991; Cirik, 2005).

Fizyoterapiden farkli olarak Thalassoterapi deniz
kiyisinda, Ozellikle travma ve ameliyatlar sonrasi meydana
gelen rahatsizliklari ve engelllerde gérilen agrilarin
tedavisinde uygulanir. Thalassoterapi'de uygulanan tedavi
hastanelerdeki terapdtik protokolle aynidir.  SPA’larda
uygulanan tedavi esnasinda ise verdidi hafiflik hissi nedeniyle
evlerimizde bulunan g¢esme sular kullanilir. Thalassoterapi

icin 6zel merkezlerde saglik uzmanlarinin kontroli altinda
yapilan bir tedavi ydntemidir (De Roeck-Holtzhauer, 1991).

Thalassoterapi’'nin, ¢ogu zaman termal su terapisi,
fizyoterapi veya SPA terapi uygulamalariyla ayni oldugu
dustnulmektedir. Oysa termal su merkezlerinde hastaliklarin
tedavisi sirasindaki banyo, dus, gamur ve yosun uygulamalari
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kadar, popiler adiyla SPA’lar giinimizde saglik ve gizellik
merkezlerinin vazgecilmez pargalari halini almaktadir (Cirik,
2005).

Thalassoterapi merkezlerinde tibbi ve saglik amagli alglerin
kullanildi§i programlar arasinda, kilo verme, cilt ve vicut
sikilastirma, sellilit, stres, toksinlerden arinma (detoks),
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dolagim bozukluklarinin giderilmesi, viicut enerjisinin yeniden
dengelenmesi, depresyon, spor yaralanmalari, osteoporoz,
menapoz, slrmenaj, sigara birakma ve dogum sonrasi
yenilenme ve sikilasma, sunulan kirlerden bazilaridir
(Donadieu ve Basire, 1985; Boivert, 1988; De Roeck-
Holtzhauer, 1991; McHugh, 2003; Cirik, 2005; Cirik ve Turan,
2003).

Alglerin Thalassoterapi’de kullanimi tedavilerin basarisinda
biyik bir rol oynar. CUnki zengin mineral ve vitamin
iceriklerinden dolay! algler essiz saglik kaynaklaridir. insan
viicudu canliigini surdirebilmek i¢in mineral maddelere ve
vitaminlere ihtiyag duyar. Kalsiyum, magnezyum, sodyum,
potasyum gibi mineraller, demir, bakir, ginko ve mangan gibi iz
elementler ve tim vitaminler alglerin  yapilarinda
bulunmaktadir. Bir alg tiriinin Thalassoterapi igin degerinin
saptanmasinda dikkat edilen en 6nemli faktdr igeriginin
zenginligidir (De Roeck-Holtzhauer, 1991).

Pudra veya macun halinde haziflanan algler
Thalassoterapi Merkezlerindeki kirler esnasinda uygulanir.
Laminaria digitata, Fucus vesiculosus ve Lithothamnion
corallioides yaygin olarak kullanilan makroalg tlrleri olmasina
ragmen Thalassoterapi Urlinlerine her gegen gln yeni alg tiirleri
eklenmektedir. Alglere olan ilginin strekli artmasi, mineral ve
vitaminlere ek olarak ¢ok degerli ve orijinal yapilarin alglerde
tespit edilmesiyle agiklanmaktadir. Degerli Urinlerin arasinda
proteinler, pirolik yapilar, fenoller, arseno sekerler, fufosterol
gibi steroller, kondrin, gigartinin ve kainik asit gibi amino asitler,
kirmizi alglerden elde edilen fikoeritrin, kahverengi alglerden
elde edilen ksantin, ve mavi-yesil alglerden elde edilen
fikosiyanin gibi pigment maddeleri sayilabilir (Cirik, 2005).

Ulkemizde ~Thalassoterapi merkezlerinin  sayisi  ve
programlari hizla gelismektedir. Saglik ve gizellik icin dogal
formiiller arayan kisiler Thalassoterapi merkezlerine seyahat
ederek turizm sektorine de énemli katkilar saglamaktadir.
Thalassoterapi merkezlerinde kullanilan alg bazli drinler
yliksek fiyatiardan dlkemize ithal edilmektedir. Halbuki Grlinler
icindeki alg turleri veya esdegerleri tlkemiz sularinda mevcuttur
(Cirik ve Turan, 2003). Denizlerimizdeki makroalg turleri
tizerinde bugtine degin yapilan arastirmalarda denizel floranin
1,000 kadar tiirden olustugu saptanmistir (Cirik, 1978; Cirik vd.,
1988; Cirik vd., 2001; Cirik vd., 2006; Cirik ve Cirik, 2017).

Tirkiye'de Thalassoterapi amagli yosunlara dayali bir
sanayi heniiz gelismemis olmasina ragmen Thalassoterapi ve
SPA, latince adiyla “Senus Per Aquam” yani su'dan gelen
saglik, sektdrlinin gelisimine paralel olarak onimuzdeki
yillarda deniz bitkilerinin yetistiriciligi ve bu bitkilere yonelik
sanayinin gelisip yayginlasacagi diistiniimektedir (Ak ve Cirik,
2017).

Bu calismada, (Ulkemiz kosullarinda (retimin  ve
Thalassoterapi’de kullanim potansiyelini belilemek amaciyla
sularmizda dogal olarak dagiim gdsteren makroalg
tirlerimizin (Ulva rigida, Gracilaria gracilis, Sargassum vulgare,
Cystoseira barbata ve Dictyopteris membranacea) vitamin
kompozisyonlari belirlenmistir. Sonuglar THALGO firmasinin

ayni isimle piyasada yer alan (rliniin analiz sonuglari ile
karsilagtirilarak - sunulmustur. THALGO driinleri  igerisinde
bulunan algler Laminaria digitata, Fucus vesiculosus ve
Lithothamnion corallioides turlerinden olusmaktadir.

MATERYAL VE METOT

Yesil makroalglerden Ulva rigida, kirmizi makroalglerden
Gracilaria gracilis ve kahverengi (esmer) makroalglerden
Sargassum vulgare, Cystoseira barbata ve Dictyopteris
membranacea bu arastirmada (zerinde calisilan makroalg
tarleridir.

Makroalglerin toplandigi istasyonlar

Ulva rigida ve Gracilaria gracilis bol bulunduklari ilkbahar
aylarinda izmir Koérfezi Bostanli iskelesi civarindan ve
Sargassum vulgare, Cystoseira barbata ve Dictyopteris
membranacea yaz aylarinda Urla-iskele sahillerindeki calisma
istasyonlarindan dogrudan elle toplama yéntemi ile temin
edilerek Ege Universitesi Su Uriinleri Fakiiltesi Urla Birimine
getirilmistir (Sekil 1). Uzerindeki epifit ve diger organizmalardan
deniz suyu ile yikanarak temizlendikten sonra dig tanklara
kltdr calismalari igin yerlestirilmistir.

EGE DENIZi

" T026%0.00€

Sekil 1. Makroalglerin toplandigi istasyonlar
Figure 1. Stations where macroalgae were collected

Kiiltiir ortami

Kiiltir ortami olarak inorganik ticari giibrelerden % 46
oraninda Fosfat igeren Avrupa Glbresi (TSF: Triple Super
Fosfat) ve % 26 oraninda azot igeren (% 13 amonyum nitrojen
ve % 13 nitrat nitrojen) ve % 12 oraninda kalsiyum igeren
Kalsiyum Amonyum Nitrat (CAN) glibresi, her biri bir litrede 1’er
gr olacak sekilde zenginlestirilimis deniz suyu kiiltir ortami
kullaniimistir (Ak vd., 2011).

Kiiltiir kogullar

Makroalg kiltirleri denemelerinde 7 m2 yiizey hacmine
sahip dairesel polyester kiltiir tanklari kullaniimigtir. Kultdr
tanklarindaki ~ derinlk 0.5-1 m olarak ayarlanmistrr.
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Havalandirma ile kiiltlir ortaminda sirekli karigim ve pompalar
araciligiyla taze deniz suyu girigi saglanmigtir.

Kiltiir tanklarina U. rigida 1 kg.m2 (Neori vd., 1991), G.
gracilis 0.4 kg.m-2 (Lapointe ve Ryther, 1978; McLachan, 1982)
stok yogunlugunda olacak sekilde yerlestirilmistir. S. vulgare
50 gr.m2, C. barbata 87 gr.m2 ve D. membranacea 74 gr.m?
olacak sekilde substratumlari ile birlikte kiltir tanklarina
konulmustur (Largo ve Ohno, 1993).

Analiz iglemleri

Laboratuvar kosullari analizler i¢in hazir hale geldigi her bir
makroalg turd i¢in minimum 20 adet birey kiltr tankindan
hasat edildikten sonra deniz suyu ile yikanmig ve mutfak tipi
santriftij yardimiyla Uzerindeki su uzaklastinlmigtir. Alg
ornekleri kurutma kagitlar ile tekrar kurulandiktan sonra
oncelikle laboratuvarda gdlgede daha sonra da Etiivde 40 °C
‘nin altinda kurutulmustur. Kurutulan ornekler 6gutuctden
gegirilerek toz haline getirildikten sonra vitamin analizleri igin
ayrilarak analizlere baglanmistir. Analiz islemleri boyunca
hazirlanan alg 6rnekleri 6zellikle vitamin kayiplarini 6nlemek
amactyla 4 °C’ de buzdolabinda koyu renkli amber siseleri
icinde karanlikta saklanmistir (Sukatar, 2004).

Vitamin analizleri

Vitaminler ¢ok cabuk oksidasyona ugrayan maddeler
oldugu icin kUltiir kosullarinda yetistirilen alg érnekleri gdlgede
ve etlivde kurutma isleminden ve G6gtticlyle pargalanarak
pudra haline getirilme islemlerinden hemen sonra Provitamin A
(B -karoten), vitamin C (askorbik asit) ve vitamin E (a-tokoferol)
analizleri Urla Birimindeki Plankton Kiiltiiri Laboratuvari ve
Mikro-algal Biyoteknoloji Laboratuvarinda yapiimistir. THALGO
firmasinin Urettigi mikronize edilmis alg érnekleri satin alinarak
diger alg érnekleri ile birlikte vitamin analizleri yapilmistir.

Provitamin A (B-Karoten)

B-karoten miktari spekirofotometrik ydntemle bulunmustur
(Zou ve Richmond, 2000). Alg érnekleri spektrofotometrede
(Optima SP-300) 475 nm dalga boyunda (As7s) okunmus, (-
karoten miktarinin  belilenmesinde  kalibrasyon  egrisi
hazirlanmigtir.  Kalibrasyon egrisinin  olusturulmasinda -
karoten standardi (% 95den daha fazla saflikta, Sigma
Chemical Co., St. Louis, MO, ABD) kullaniimistir. Bu
standarttan %0.1’lik B-karoten Stok ¢ozeltisi hazirlanmigtir.
Calisma Standart Solusyonlari ve Standart Kurveler
hazirlandiktan sonra Ornek Cozeltiler hazirlanmistir (Jensen,
1978; Durmaz, 2005). Spektrofotometre 475 nm absorbans
degerine ayarlandiktan sonra referans ile sifirlanmistir. Daha
sonra ornegdin ve standardin absorbansi okunduktan sonra
asagidaki formilden pB-karoten  miktari (mg.100 ml-)
bulunmustur:

Cp-karoten (mg1 00 m-1 )= 4.5A 475 (ZOU ve Richmond, 2000)

Elde edilen deger mg.100 ml-! olarak yosun ekstrakti 'nin
sahip oldugu B-karoten miktarini verilmistir. Bu sonug toplam
yosun Ornedi igin bagslangigtaki toplam yosun ekstrakti

miktariyla carpildiktan sonra karsilastirmalarin kolay olmasi
i¢in 100 g yosun drnegi igin bulunmustur.

Vitamin C (Askorbik Asit)

Vitamin C miktar spektrofotometrik yontemle tespit
edilmistir (Hisil, 2004). Vitamin C miktarinin belirlenmesinde
kalibrasyon egrisi hazirlanmis ve kalibrasyon egrisinin
olusturulmasinda vitamin C Standardi (L-Askorbik asit, saflik %
99, Sigma Chemical Co., St. Louis, MO, ABD) kullanilmistir.
Yiizde 0.4 oraninda okzalik asit iceren Stabilizan Cozeltisi ve
%0.1'lik askorbik asit iceren Stok Askorbik Asit Cozeltisi
hazirlandiktan sonra bu gozeltiden 1, 2, 3, ve 4 mg.100 ml-*
konsantrasyonlarda Calisma Standart Sollisyonlari, boya
gozeltisi ve standart kurveler hazirlanmigtir. Hazirlanan
ornekler Spektrofotometrede 518 nm 'de okunmustur. Ornege
ait absorbans degerlerine (Asmex) karsilik gelen konsantrasyon
standart kurveden okunmustur. Ornek 10 misli seyreltiimis
oldugundan bulunan konsantrasyon 10 ile ¢arpiimistir. Sonug,
yosun suyunda mg.100 ml-" askorbik asit olarak verilmistir. Elde
edilen sonug toplam yosun &érnedi igin baslangictaki toplam
yosun ekstrakti miktariyla garpildiktan sonra karsilastirmalarin
kolay olmasi igin 100 g yosun drnegi igin bulunmustur (Hisil,
2004).

Vitamin E (a-Tokoferol)

Yosun orneklerinin vitamin E igeri§i spektrofotometrik
yontemle tayin edilmistir (Martinek, 1964). Alfa (a)-tokoferol
miktarinin belirlenmesinde kalibrasyon egrisi hazirlanmistir.
Kalibrasyon egrisinin olusturulmasinda a-tokoferol Standardi
(% 95'lik saflikta, Sigma Chemical Co., St. Louis, MO, ABD)
kullanilmigtir. Bu kimyasaldan Stok o-tokoferol Standart
Sollisyonu ve Galisma Standart Sollisyonu hazirlanmistir.
Standart  kurve  spektrofotometrede ¢alisma  standart
solisyonlari ve absorbans degeri ile bir grafik seklinde
olusturulmustur. Spektrofotometre 450 nm absorbans degerine
ayarlandiktan sonra referans ile sifirlandiktan sonra 6rnegin
absorbansi okunmustur. Okunan deger ekstre edilen toplam
karoten degeridir. Ferrik sollisyon tiiplere ilave edildikten sonra
karistiriimistir. Spektrofotometre 600 nm absorbans degerinde
referans ile sififandiktan sonra &rnegin ve standardin
absorbans degerleri okunduktan sonra asagidaki formiilden
Vitamin E miktari (mg.100 ml-) bulunmustur:

VitaminE  (mg.100mI-")=Ornek(Asoo)-
460))/Standart(A eo0) (Martinek, 1964).

(04.0mek (A

istatistik analizleri

Vitamin - kompozisyonuna ait veriler SPSS listatistik
Programindaki varyans Analizi ANOVA testi uygulanarak
degerlendirilmigtir. Tim data ortalama + standart sapma olarak
sunulmustur. Alg tirlerinin vitamin kompozisyonlari ortalama
degerleri SPSS Istatistik programindaki Tukey'in Coklu
Karsilastirma Testi uygulanarak karsilastiriimis ve P<0.05
degerleri istatistiki yonden farkli olarak kabul edilmistir.
(Ozdamar, 2009).
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BULGULAR

Ulva rigida, Gracilaria gracilis, Sargassum vulgare,
Cystoseira barbata, Dictyopteris membranacea ve THALGO
firmasinin “mikronize edilmis algler” olarak iretmis oldugu ve
saglik ve guzellik merkezlerinde yaygin olarak kullanilan (riin
orneklerinin  vitamin  kompozisyonu belirlemek amaciyla
olglimler yapilmistir. Analiz sonuglari Tablo 1’ de dzetlenmistir.

B-karoten (provitamin A) y6ninden en zengin 3.25+0.41
mg.100 g' miktariyla Gracilaria gracilis bulunmustur. G.
gracilis’i sirasiyla 1.25+ 0.13 mg.100 g-' ile U. rigida, 0.65 +
0.05mg.100 g ile D. membranacea, 0.63 + 0.05 mg.100 g
ile S. vulgare, 0.60 £ 0.05 mg.100 g* ile C. barbata ve  0.05
1 0.00 mg.100 g* ile THALGO izlemigtir. 3-karoten ydninden
D. membranacea, S. vulgare ve C. barbata arasinda istatistik
yonlnden bir fark bulunmazken diger alg tiirleri arasinda
anlamli bir farklilik bulunmugtur (P<0.05) (Tablo 1).

En yiiksek Vitamin C (askorbik asit) 7.42 + 0.67 mg.100 g
"olarak U. rigida’da saptanmistir. Vitamin C, G. gracilis’de 1.12

1 0.33 mg.100 g, C. barbata’ da 0.78 + 0.08 mg.100 g, S.
vulgare’ de 0.65 £ 0.05 mg.100 g', D. membranaceae ‘de 0.60
+ 0.13 mg.100 g, THALGO'da ise 0.05 £ 0.00 mg.100 g
olarak saptanmistir. Vitamin C miktari yoninden G. gracilis, C.
barbata, S. vulgare ve D. membranacea arasinda istatistik
ybnunden dnemli bir fark tespit edilmezken bu tlirlerin U. rigida
ve THALGO alg &rnekleri ile arasinda istatistik ydniinden
anlamli bir farklilik bulunmustur (P<0.05) (Tablo 1).

D. membranacea alfa (a)- tokoferol (vitamin E) yéninden
en zengin (5.03 £0.12 mg.100 g-") alg tiirii olarak belirlenmistir.
D. membranacea 'y sirasiyla C. barbata (3.20 + 0.03 mg.100
g", U. rigida (3.00 £ 0.05 mgr.100 g'*), S. vulgare ( 2.70 +
0.07 mg.100 g*) , THALGO (1.5 + 0.03 mg.100 g*) ve G.
gracilis ~ (1.30 £0.03 mg.100 g-') izlemistir. Alfa (a)-tokoferol
dlzeyleri yoninden G. gracilis ile U. rigida ve THALGO, C.
barbata ile S. wvulgare, U. rigida ve THALGO arasinda
istatistiksel olarak 6nemli bir fark bulunmazken diger alg tirleri
arasinda énemli bir farklilik bulunmustur (P<0.05) (Tablo 1).

Tablo 1. U. rigida, G. gracilis, S. vulgare, C. barbata, D. membranacae ve THALGO mikronize edilmis alglerin vitamin kompozisyonu (mg.100 g-') (N=3)
Table 1. Vitamin composition (mg.100 g-) of U. rigida, G. gracilis, S. vulgare, C. barbata, D. membranacae and THALGO micronized algae (N = 3)

Tiirler Provitamin A Vitamin A Vitamin C Vitamin E
(mg.100 g') (IU)* (mg.100 g') (mg.100 g-')
U. rigida 1.25° +0.30 2083.75 £ 500.10 7422 +0.67 3.00b¢ £ 0.05
G. gracilis 3.252+ 0.41 5417.75 + 683.47 1125 +£0.33 1.30¢ + 0.03
S. vulgare 0.630+0.35 1050.21 + 83.35 0.65° £ 0.05 2.70b¢ £ 0.07
C. barbata 0.60° £ 0.20 1000.20 + 83.35 0.78°+0.08 3.20 £ 0.03
D.membranacea 0.65° £ 0.25 1083.55 + 83.35 0.60°+0.12 5.302+0.12
THALGO 0.05¢ £ 0.02 83.35+33.34 0.07¢+0.03 1.500 + 0.03
*: ppm olarak belirtmek igin B-karoten (provitamin A) degerleri 2.2 ile garpilarak veya IU olarak ifade etmek icin B-karoten degerleri 1667 ile carpilarak ifade edilebilir
(AOAC, 1975)
TARTISMA VE SONUG Gracilaria coronopfolia’ da 1500 [U.100 g ve Gracialaria

Vitamin analiz sonuglari alglerin B-karoten (provitamin A),
askorbik asit (vitamin C) ve a- tokoferol (vitamin E) yéninden
zengin oldugunu géstermektedir. Makroalglerin zengin vitamin
kompozisyonlari daha énceki galismalarda da vurgulanmigtir
(Donadieu ve Basire, 1985; Boisvert, 1988; De Roeck-
Holtzhauer, 1991). Analizleri yapilan alg tlrleri arasinda B-
karoten (provitamin A) yoninden en zengin 3.25 + 0.41 mg f-
karoten.100 g* (veya 5417.75 + 683.47 1U.100 g' ) miktariyla
G. gracilis bulunmustur. Onceden vyapilan ¢alismalarla
kiyaslandiginda tlizerinde caligilan alg turlerinin diger tlirlerin
vitamin A kompozisyonuna es deder veya daha fazlasina sahip
oldugu gérilmektedir. Laminaria sp.’ nin vitamin A igerigi 430
1U.100 g1, Ascophyllum nodosum’ un 58345-13336 1U.100 g,
Porphyra tenera’ nin 38 400 mg.100 g-*, Porphyra yezoensis'in
16 000 1U.100 g', Palmaria palmata’ nin 26 600 1U.100 g,
Ulva tirlerinde 590-960 1U.100 g-* Enteromorpha prolifera’ da
13000 1U.100 g'*, Monostroma latissumum’ da 2700 1U.100g",

salicornia’ da 6000 1U.100 g olarak bulunmustur (McDermid
ve Stuercke, 2003). B-karoten miktari alg tirleri arasinda
onemli farkliliklar gosterir (McHugh, 2003). B-karoten miktari
kuru 100 g kahverengi alg igin 29-190 mg iken mavi-yesil algler
icin 93-408 mg'dir (McDermid ve Stuercke, 2003). -karoten
miktari tirlere gére farklilik gosterdigi gibi ayni tiirde
mevsimlere gore de farkliik gdsterir (Indergaard ve Minsaas,
1991). Kirmizi bir alg tirti olan Rhodymenia palmata 'nin B-
karoten miktari mevsimsel olarak 225 ile 420 mg.kg-! arasinda
degisir. Genellikle yaz aylarinda artan ve kis aylarinda azalan
B-karoten miktari Ascophyllum nodosum icin kis aylarinda 35
mg.kg! ve yaz aylarinda 80 mg.kg', Fucus serratus igin kis
aylarinda 80 mg.kg' ve yaz aylarinda 185 mg.kg' olarak
degisir (Indergaard ve Minsaas, 1991).

Bu galismada provitamin A olarak sadece B-karoten igerigi
incelenmistir. Gelecekteki calismalarda alglerin toplam karoten
degerleri vitamin A kompozisyonunun tam olarak belirlemek
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igin analiz edilmelidir. Onceki galismalarda da belirtildigi gibi
vitamin A" nin biyolojik dederinin alglerdeki karoten miktarinin
% 80-100" iine denk gelmekte ve bu bakimdan alglerin vitamin
A degerinin sadece karoten miktarina bagli oldugu ve karoten
miktarindan vitamin A degerinin tespit edilmesinin dogru oldugu
belirtilmistir (Atay, 1984).

Vitamin C (askorbik asit) yéniinden en zengin 7.42 £ 0.67
mg.100 g miktariyla U. rigida bulunmugtur. Daha dnceden
farkh  alg  tirleri  (zerine  yapilmis  galismalarla
karsilastirildiginda bu galismada analizlerini yaptigimiz alglerin
vitamin C kompozisyonlarinin diisik oldugunu goririiz.
Laminaria sp.’ nin vitamin C miktari 11 mg.100 g1, Ascophyllum
nodosum’ un 55-165 mg.100 g, Porphyra tenera’ nin 20
mg.100 g, Porphyra yezoensis'in 112 mg.100 g, Palmaria
palmata’ nin 200 mg.100 g!, Ulva tirlerinde 10-12 mg.100 r-*
Enteromorpha prolifera’ da 43.2 mg.100 g1, ve Monostroma
latissumum’ da 54 mg.100 g-' olarak bulunmustur (Indergaard
ve Minsaas, 1991; McHugh, 2003). Tire bagdli olmakla beraber
alglerde vitamin C miktari mevsimlere bagli olarak da
degismektedir. Norveg'te yetisen kahverengi alglerin vitamin C
miktarlari kis aylarinda en dlsik ve ilkbaharda en yiiksek
olmak tizere Ascophyllum nodosum igin 100 g kuru alg icin kis
aylarinda 65 mg ve ilkbahar aylarinda 165 mg, Fucus serratus
icin kis aylarinda 60 mg ve ilkbahar aylarinda 260 mg ve Fucus
vesiculosus igin kis aylarinda 50 mg ve ilkbahar aylarinda 220
mg vitamin C tespit edilmistir (Jensen, 1966).

Analizleri yapilan alg 6rneklerinin vitamin C miktarlarinin
daha diistik miktarda ¢ikmasi vitamin C ‘nin gevre sartlarindan
en kolay etkilenen ve hizli bir sekilde okside olarak biyolojik
aktivitesini kaybeden bir vitamin olmasiyla agiklanmistir. Algler
% 10 nem ve 15 °C sicaklikta depolandiginda vitamin C' nin
yarisi 9 ayda, % 20 nemde depolandiginda ise 7 ayda hepsinin
kayboldugu belirtilmistir Ayrica, kurutma, égiitme ve depolama
islemleri sirasinda biyik kayiplar ortaya ¢ikar (Atay, 1984;
Pérez vd., 1992; Hossu vd., 2005). ilerdeki calismalarda
alglerin C vitamini kayiplarini azaltacak olan liyofilizasyon
(dondurarak kurutma) gibi yeni kurutma ve basingla par¢alama
gibi yeni sistemler kullanilarak algal Urinler hazirlanmalidir
(Donadieu ve Basire, 1985; De Roeck-Holtzhauer, 1991;
Sukatar, 2004).

Alfa (a)- tokoferol (vitamin E) yoniinden en zengin 5.30 +
0.12 mg.100 g' miktariyla D. membranacea bulunmustur.
Alglerin vitamin E icerigi 1-34 mg.100g-" 'dir (Chapman ve
Chapman, 1980). Kahverengi makroalgler iginde vitamin E
miktari en ylksek Ascophyllum ve Fucus turlerinde 200-600 mg
tokoferol.kg-! (kuru agirlik) olarak bulunmustur (Chapman ve
Chapman, 1980; Indergaard ve Minsaas, 1991). Genellikle
Fucus tirlerinin ki 6rneklerinde tokoferol dlizeyi yaz
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orneklerine gbre daha ylksektir. Ascophyllum tirlerinde ise
degisimler daha kiigiiktlr. Vitamin E, ocak ayinda en az ve eylil
ayinda en fazla olmak tizere 100 g Fucus vesiculosus igin ocak
ayinda 13.8 mg ve eylil ayinda 27.2 mg, Ascophyllum
nodosum igin ocak ayinda 15.6 mg ve eylil ayinda 29.8 mg ve
Pelvetia canaliculata igin ocak ayinda 22.9 mg ve eyliil ayinda
34.7 mg bulunmustur (Jensen, 1966).

Kahverengi alglerden Fucus ve Ascophyllum tirleri ile
karsilastirldiginda, bu ¢alismada alg Orneklerimizde
buldugumuz daha dlisiik vitamin E miktari, vitamin A ve vitamin
C igin de belirttigimiz gibi alg pudralarinin hazirlanmasi
esnasinda kayiplara ugramasiyla agiklanmistir. Ayrica, alg
unlarinin depolanmasinda sicaklik ve nemin az olmasi istenir.
Sicaklik ve nem alglerin depolanmasinda kaliteyi etkiler.
Gelecekte yapilacak olan calismalarda alglerin  vitamin
kayiplarini en aza disirecek olan kurutma ve pargalama
islemleri  kullanilarak  algal  Grlnlerin  hazirlanmasi
gerekmektedir (Atay, 1984; Pérez vd., 1992; Hossu vd., 2005).

Yetistiricilik kosullarinin ve tlirlerin mevsimsel vitamin
icerikleri arastirilarak optimum vitamin depoladiklari zamanlar
ve Kkiltir kosullari ayrica arastiriimalidir. Zengin vitamin
kaynaklari olan algler Thalassoterapi' nin yaninda insan ve
havyan gidasi olarak da kullanilabilir.

Sonug olarak Tirkiye sularinda icinde ekonomik degeri
bulunanlarin da oldugu 1000 kadar makroalg tlrl tespit edilmis
olmasina Kkarsilik henlz makroalglere dayali bir sanayi
gelismemistir. Zengin makroalg kaynaklari 6zellikle tlkemizin
zengin cografik ve ekolojik konumundan ileri gelmektedir. Son
yillarda sayllari hizla artan Thalassoterapi ve SPA
merkezlerinde  kullanilan alg tlrleri veya esdegerleri
sularimizda mevcut olmasina ragmen, Thalassoterapi kullanim
amagli bu rlnler yiksek fiyatlardan ithal edilmektedir. Bu
sebeple Ulkemizde Thalassoterapi'de kullanilmak (izere alg
kaynaklarimizin aragtiriimasi  kaginilmaz bir zorunluluktur.
Alglerin Thalassoterapi igin dneminin yaninda insan ve hayvan
gidasi, ziraate gubre, eczacilik, kozmetik, tip, discilik, tekstil
alanlarinda da hammadde ve tamamlayici madde olarak
degerlendirilmesi Uizerinde de galismalar yapiimalidr.
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Abstract: More than fifty published on demersal trawl codend selectivity studies have been carried out in the Mediterranean waters of Turkey since the mid-1980s.
In this study, in an attempt to enhance the size selectivity of three species in the Aegean Sea trawl fisheries, three 90° turned meshes codens were investigated.
Experiments were carried out in the Kusadasi Bay of the Eastern Mediterranean, between 19 January and 29 March 2015 with commercial stern trawler. The
meshes of tested codends were turned 90°, two of them have 44 mm mesh size with 300 and 150 meshes around codend circumferences (44T300 and 44T150).
The other has 40 mm mesh size with 165 meshes around codend circumferences (40T165). Individual hauls and mean selectivity parameters were estimated by
using the CC2000 and EC-Modeller softwares, respectively. The mean Lso values of 447300, 44T150 and 407165 were 17.5 £ 0.2 mm, 18.6 + 0.1 mm and 17.1
+ 0.2 mm carapace length for shrimp, 16.4 + 0.4 cm, 17.1 £ 0.4 cm and 14.8 + 0.2 cm total length for horse mackerel, respectively. The pooled Lso values of, 12.8
+0.5cm, 13.2 £ 0.6 cm and 12.1 + 0.1 cm total length for hake. While there are no differences between Lso values of 407165 and 44T300 for deepwater rose
shrimp (p>0.05), there are significant differences for horse mackerel (p<0.05). The likelihood ratio test results showed that there were no significant differences
among all codends for European hake. In conclusion, any effort such as using square mesh, turned mesh codends or halved the number of meshes in the codend
to release immatures of some species, is probably to cause the loss of marketable sizes of other species in the Mediterranean. This economical loss of revenues
is the essential concern of fishermen that prevents them using alternative codend designs, though such designs are technically applicable. Consequently, the
losses of income caused by using T90 mesh codend and halving the number of meshes around codend circumference should also be investigated in future studies.

Keywords: Demersal trawl, turned meshes, deepwater rose shrimp, horse mackerel, European hake, Aegean Sea

Oz: Tiirkiye'nin Akdeniz sularinda 1980’lerin ortalarindan beri demersal trol torba segiciligi izerine elliden fazla galisma yiiriitiilmistiir. Bu calismada Ege Denizi
trol balikgiliginda 3 tiriin boy segiciligini gelistirmek icin 3 farkli dondtrilmis ag goz torbalar arastiriimistir. Denemeler Dogu Akdeniz'de bulunan Kusadasi
Korfezinde 19 Ocak ve 29 Mart 2015 tarihleri arasinda ticari trol teknesiyle gergeklestirilmistir. Deneme torbalarinin ag gézleri 90° dondirilmus olup ikisi 44 mm
ag g6z boyunda, 300 ve 150 torba gevre g6z sayisina sahiptir (44T300 ve 44T150). Diger torba 165 gevre goz sayisina sahip 40 mm ag géz boyundadir. Bireysel
cekimler ve ortalama segicilik parametreleri sirasiyla CC2000 ve EC-Modeller yaziimlari kullanilarak hesaplanmistir. Derinsu pembe karidesinin 447300, 447150
ve 40T165 torbalarinda ortalama Lso degerleri sirasiyla 17,5 £ 0,2 mm, 18,6 £ 0,1 mm ve 17,1 + 0,2 mm karapas boyu, istavritin 16,4 + 0,4 cm, 17,1 £ 0,4 cm and
14,8 + 0,2 cm total boydur. Bakalyaronun birlestirilmis Lso degerleri 12,8 0,5 cm, 13,2 £ 0,6 cm ve 12,1 £ 0,1 cm total boydur. Derinsu pembe karidesi igin 407165
ve 44T300'den elde edilen Lso degerleri arasinda fark yokken (p>0,05), istavrit igin dnemli fark vardir (p<0,05). Olabilirlik oran test sonuglari bakalyaro igin tim
torbalar arasinda istatistiksel olarak 6nemli bir fark bulunamamistir. Sonug olarak Akdenizde bazi tiirlerin jivenillerini serbest birakmak igin kare gdzlii, déndirilmus
g0zlii torba kullanma veya torba etrafindaki g6z sayisini yariya diisiirme gibi ¢abalar, pazarlanabilir boydaki diger tiirlerin kaybina neden olabilmektedir. Alternatif
torbalar teknik olarak uygulanabilir olmalarina ragmen, ekonomik gelir kaybi balikgilarin torbalari kullanmalarini énleyen esas kaygidir. Bu nedenle, T90 torba ve
torba gevre g6z sayisinin yariya indirilmesinin sebep olacag gelir kayiplari gelecek caligmalarda arastiriimalidir.

Anahtar kelimeler: Demersal trol, dénd(riilmis torba, derinsu pembe karidesi, istavrit, bakalyaro, Ege Denizi
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INTRODUCTION

More than fifty scientific papers have been published on
demersal trawl codend selectivity in the Mediterranean waters
of Turkey since the mid-1980s (Stewart, 2002). The studies
show that conventional mesh codends selectivity results are
rather poor (Tokag et al., 1998; Tosunoglu et al., 2003; Tokag
et al.,, 2004, 2010; Ozbilgin et al., 2012; Aydin et al., 2011). In
order to improve selectivity, scientists have been made effort.
One of these works is T90 mesh codends. T90 codend
obtained by turning 90° of standard diamond mesh and can
create important improvements in size selectivity (Madsen,
2007; Wienbeck et al., 2011). T90 codend was first tested by
Moderhak (1997) for cod (Gadus morhua) fishery and then
scientific interest have been increasing all around the world
(Arkley, 2008; Hansen, 2004; Herrmann et al., 2007; Wienbeck
et al., 2011, 2014; Madsen et al., 2012; Gorman and Dixon,
2015; Herrmann et al., 2013; Madsen et al., 2015; Steppulttis et
al., 2016). It has been introduced in 2006 the legislation (EU
Regulation no. 2187/2005) for the Baltic Sea cod fishery (EU,
2005; Herrmann et al., 2007). On the otherhand, few studies
have been conducted on selectivity of T90 codend in the
Mediterranean. Kaykag (2005) has investigated the selectivity
of 40 mm turned meshes in Aegean Sea for Mullus barbatus,
and Diplodus annularis. Tokag et al. (2014) have compared the
size selectivity of TO and T90 codends with three different mesh
sizes for Mullus barbatus, Pagellus erythrinus and Diplodus
annularis. Aydin and Tokag (2015) have compared the size
selective properties of the same mesh size of 90° turned mesh
codend and square mesh codend for Parapenaeus longirostris
and Phycis blennoides. Deval et al. (2016) estimated the
selectivity of the same mesh size (50 mm) of TO and T90
codends in deep water demersal trawl fisheries for P.
longirostris, Plesionika martia, Aristaeomorpha foliacea and
Aristeus antennatus. Dereli and Aydin (2016) gave selectivity
results of four codends; two different mesh sizes of diamond
mesh codends, square mesh codend and turned mesh codend
for M. barbatus, Merluccius merluccius, Trachurus trachurus
and Dentex moroccanus. lkyaz et al. (2017) studied the
selectivity of 900 turned meshes of three different mesh size
codends for bogue (Boops boops) in the Eastern
Mediterranean.

Turkish Fishery Regulations (TFR) define a minimum mesh
size of 44 mm diamond or 40 mm square mesh netting for
demersal trawl codends used in Aegean Sea (Anonymous,
2016), However, Fishers widely use 40 mm diamond mesh
netting in trawl codends, accept in practice as legal as it usually
measures about 43 mm with a wedge gauge (Ozbilgin et al.
2012). On the other hand, studies with the same mesh size
codends have shown that the selectivity can be improved by
reducing the meshes around the codens (Reeves et al., 1992;
Broadhurst and Kennelly, 1996; Lok et al., 1997; Broadhurst et
al., 2004; Ozbilgin et al., 2005; Sala and Luchetti, 2011; Eryasar
et al., 2014). Since August 2013, there was the provision that
“the number of meshes around codend can’t be more than half
of the number of meshes of tunnel” (Anonymous, 2012).

However, this provision is not present in the TFR which came
into force in September 2016.

This study aimed to investigate the selectivity of 90° turned
meshes of 44 mm mesh sizes with 300 meshes around codend
circumferences (44T7300), 44 mm meshes size with 150
meshes around codend circumferences (44T150) and 40 mm
mesh size with 165 meshes around codend circumferences
(40T165) for the deepwater rose shrimp (P. longirostris), horse
mackerel (T. trachurus) and European hake (M. merluccius)
which have high economical value but different body shape.
Selectivty results for hake firts time presented from the study.

MATERIALS AND METHODS

Experiments were carried out in the commercial fishing
grounds of the Kusadasi Bay (Aegean Sea) during the period
19-24 January and 25-29 March 2015 on board a commercial
stern trawler “Efsane G” (LAO: 19.85 m 500 HP engine power).
A modified 900 meshes fishing circle demersal trawl net was
used for all experiments (Sensurat, 2015). The water depth
ranged from 65 to 215 m (average: 115.5 m). The average
towing duration was 178.1 min. (110-250 min). All hauls were
carried out during daytime.

All tested codends are same material (380d / 21 no) made
of knotted polyethylene netting and 5 m in length. The
implementation of a T90 mesh where the diamond codend
mesh (T0) is turned 90° (Wienbeck et al., 2011). Characteristics
of the experimental codends are as follows:

(1) 447300: nominal 44 mm (45.4 mm £ 0.11) 300 meshes
on its circumference.

(2) 44T150: nominal 44 mm (45.4 mm + 0.11), 150 meshes
on its circumference.

(3) 40T165: nominal 40 mm (40.4 mm £0.10), 165 meshes
on its circumference.

The end of the tunnel consisted of 44 mm mesh size of 300
meshes in circumferences (44 x 300= 13200 mm). According
to the EC regulation (Anonymous, 2006), the square mesh
codend in particular, the circumference of the rear most part of
the trawl body, and the extension piece should be from 2 to 4
times the circumference of the front end of the codend. We
used the codends circumferences tested in the study
considering the EC regulation as square mesh codend
circumferences ((13200 mm / 40 mm) / 2= 165 meshes) and
900 turned meshes ((13200 mm /40 mm/ 2 = 165 meshes).

Full mesh sizes of the codends (four lines of 20 consecutive
meshes in the towing direction) were measured while the
netting was still wet after the tows by using OMEGA mesh
gauge at 50 N. Each codend was attached to end of the tunnel,
which had 300 meshes in circumference made of 48 mm
knotless PE netting. A protective bag, 5.5 m in length and
knotted polypropilen material with 100 mm mesh size, was
used around the codend whereby the protective bag was laced
around the codend. Aft ends of the codend and the protective
net were tied tog?ether. The main characteristic of the codends
are given in Table 1.
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Table 1. Codend specifications

Codend features Tested Codends

447300 447150 407165
Nominal mesh size (mm) 44 44 40
Measured mesh size (mm) 454 454 40.4
Number of measurements 80 80 80
Twine thickness 380d/21 no 380d/21 no 380d/21 no
Materieal PE knotted PE knotted PE knotted
Circumference mesh number 300 150 165

The selectivity of the codends was estimated using the
hooped covered codend method described by Wileman et al.
(1996). The cover was made of knotless polyamide (PA) netting
with a nominal mesh size of 24 mm and supported by hoops,
that 1.9 m in diameter. The hoops were made of 5 cm diameter
PVC material. Supporting hoops were used to avoiding the
masking effect of the cover on the codend meshes.

At the end of each tow the cover catch was first removed.
If necessary, random sub-sampling of an appreciable amount
for all hauls was made from the codend and the cover. The
investigated species separately sorted from the rest of the
catch and weighed. Meantime, crews sorted the marketable
codend catch by species and left the discards on deck. Three
species were deepwater rose shrimp, horse mackerel and
hake, collected for selectivity analyses. Full or sub-samples
were taken and weighed separately from marketable catch and
discards.

Length measurements were obtained to the nearest cm for
horse mackerel and European hake. Sub-samples were taken
from the cover and codend for the deepwater rose shrimp. The
length class frequencies were then estimated by raising the
sub-sampled frequencies obtained by the ratio of the total
weight to the sub-sample weight. The length class frequencies
for the shrimps in the codend and cover were estimated by
multiplying the measured frequencies in the subsamples by the
inverse of the sampling proportion. The carapace length (from
the orbital sinus to the internal posterior margin of the
carapace) was measured to the nearest mm for the deep-water
rose shrimp by using digital calipers. When the numbers of
individuals retained and escaped were insufficient for individual
haul estimation, data were pooled over all hauls to estimate the
selection curve for only European hake. The length distributions
of the discarded individuals were added to the codend’s
distribution for the selectivity analysis.

To compare the retention rates of immature specimens
between the different codend, a 13 and 20 c¢m total length (TL)
minimum landing sizes (MLS) were used for Atlantic horse
mackerel and European hake given by Anonymous (2016),
respectively. MLS regulation does not given in TFR for
deepwater rose shrimp. Therefore, 20 mm carapace length
(CL) MLS were used for rose shrimp given by EU (2005).

Selectivity parameters for individual hauls were obtained by
using the CC2000 software (ConStat, 1995). The data were
analized using a logistic equation with the maximum likelihood
method  (Wileman et  al, 1996) asS(l) =
exp(vl + v21)/[1 + exp(v1l + v2])], where the
parameters vs and v2 are the intercept and slope of the linear
logistic function, respectively. The mean selectivity of the
individual hauls was calculated by taking into account between-
haul variation according to Fryer (1991) using the ECModeller
software (ConStat, 1995) which adopts the REML method
(residual maximum likelihood). The values of Lso were
estimated from the expression:

L50 = (—v1/v2)

Selection Range (SR, difference between the 75% and
25% retention lengths) was estimated with the equation:

SR =L75-L25

Fryer (1991) model was used to test between-haul variation
of the selectivity parameters v+ and v2 by mesh configuration,
allowing the estimation of mean curves for the three different
mesh codends by using the software ECModeller (ConStat,
1995) which utilizes the REML (Residual Maximum Likelihood)
approach. The model of Fryer (1991) was also used to
investigate the significance of catch size, mesh configuration
on the selectivity parameter estimates. Some of the explanatory
variables effect on the Lso and SR values such as the mesh
configuration, mesh numbers of codend circumference, the
codend catch, the species catch and the haul duration were
tested.

The statistical significance among pooled selection curves
for the European hake was evaluated with a likelihood ratio test
(e.g. Campos et al. 2003).

RESULTS

A total weight of 5.02 tonnes was caught in the codend and
cover during 100.9 h, in 34 hauls (11 hauls 44T300, 11 hauls
44T150 and 12 hauls 40T165). The total catch was composed
of 0.93 t with 44T300, 2.36 t with 44T150 and 1.73 t with
40T165. Deepwater rose shrimp (P. longirostris), Horse
mackerel (T. trachurus) and European hake (M. merluccius)
accounted for the majority of the total catch by weight (Table
2).
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Table 2. The total catch and percentage of catch by species in codend and cover as caught from 447300, 447150 and 40T165 codends

44T300

447150 40T165
Codend Cover Total Codend Cover Total Codend  Cover Total
Weight (kg) 750.5 182.2 932.7 2138.0 219.3 2357.3 1398.4 336.4 1734.8
Deepwater rose shrimp (%) 5.9 16.5 7.9 0.6 53 1.0 33 9.0 4.6
Horse mackerel (%) 8.7 16.8 10.2 31 19.9 4.6 20.1 30.9 235
European hake (%0) 111 0 8.9 25 0.2 2.3 4.0 0.1 3.2
Others (%) 74.3 66.7 73.0 93.8 74.6 92.1 72.6 60.0 68.7

Deepwater rose shrimp (Parapenaeus longirostris
Lucas, 1846)

In total, 51 276 deepwater rose shrimp were caught from
33 valid hauls. While 52.4% (26 888) specimens retained,
47.6% (24 388) was escaped.

Total number of specimens, captured and escaped
percentage and their minimum and maximum sizes in codends
are given in Table 3. Length-frequency distributions show their
size ranges between 7 to 32 mm for all tested codends, with a
main peak at 15-17 mm CL (Figure 1, right side). A total of 43.6,
56.1 and 32.9% of the specimens were found above MLS in the
447300, 447150 and 40T165 codend, respectively.

Table 3. Total number of deepwater rose shrimp specimens, captured and escaped percentage and their minimum and maximum sizes in

codends
nu;(:)t:: of  Captured Size ranges (mm)  ppoye Escaped  Sizeranges (mm)  apoe MLS
specimens (%) Min Max MLS (%) (%) Min Max (%)
44T300 21333 54.7 7 32 43.6 453 6 27 12.6
447150 7030 43.4 10 32 56.1 56.6 7 27 15.6
407165 22913 53.1 9 31 32.9 46.9 8 28 13.6

Selectivity estimates for individuals and mean curves
(according to Fryer, 1991) of rose shrimp are given in Table 4
and Figure 1. Table 4 also presents numbers of shrimp in
codends and covers. The mean Lso and SR values were 17.5
and 5.7 mm for 447300, 18.6 and 5.1 mm for 447150 and 17.1
and 6.0 mm for 40T165. An inspectation of the fit statistics
indicated problems using a logistic curve to describe the
selection data for all hauls (p< 0.05), except for hauls no. 3, 4,
7 and 10 for 447300, no. 1, 2, 3, 7, 10, 11 for 447150 and no.
4,5, 6, 7 and 10 for 44T165. Inspection of the deviance
residuals indicated structural problems when using the logistic
curve to model the experimental data in these hauls. Lack of fit
does not certainly refer that the fitted selection curve is not a
good model of the selection of the species. If a plot of residuals
vs. length shows no clear structure, then the lack of fit is due to
over-dispersion (McCullagh and Nelder, 1989; Deval et al.,
2016), that is, the failure of the assumption that fish behave
independently (Wileman et al., 1996).

Significant differences were found only between 44T150
and the other two codends. On the other hand, there were no
significant differences between SR values between the
codends (p>0.05). Explanatory variables results which affect
selectivity parameters are also given in Table 5.

Horse mackerel (Trachurus trachurus Linnaeus, 1758)

A total number of 13 562 horse mackerel were caught with
30 valid hauls. While 63.5% (8617) specimens retained, %36.5
(4945) was escaped. Total number of specimens, captured and
escaped percentage and their minimum and maximum sizes in
codends are given in Table 6. Length-frequency distributions
show their size ranges as 12.5 to 31 cm for all tested codends.
All of the captured specimens in the 44T300 and 44T150
codends, 99.7% of the specimens were found above MLS in
40T165 codend (13 cm, Anonymus, 2016).
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Figure 1. The selection curves and length distribution of the deepwater
rose shrimp (P. longirostris). Y-axis left: percentage retained for the
selection curves of: 447300, 44T150 and 407165 (thick drawn lines;
mean selection curve (Fryer 1991), thin drawn lines; individual
selection curves). Y-axis right: normalized length-frequency
distribution, drawn lines: codend specimens, broken lines; and cover
specimens.
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Figure 2. The selection curves and length distribution of the horse
mackerel (T. trachurus). Y-axis left: percentage retained for the
selection curves of: 44T300, 447150 and 40T165 (thick drawn lines;
mean selection curve (Fryer 1991), thin drawn lines; individual
selection curves). Y-axis right: normalized length-frequency
distribution, drawn lines: codend specimens, broken lines; and cover
specimens

Table 4. Estimated selectivity parameters of individual and mean hauls (according to Fryer, 1991) for deepwater rose shrimp in 447300, 447150

and 407165
Codends HN Lso gll ::::h SR Eilgl::w-cl Vi V2 R R12 Rz deviance dof pvalue NCd NCv
1 18.7 18.0-19.5 53 3.8-6.9 -1.707 0411 1.061 -0.057 0.003 96.22 14 0.00 914 1035
2 176 16.8-18.5 59 3.9-8.0 -6.525 0.370 1.222 -0.067 0.004 143.99 21 0.00 820 667
3 16.1 15.5-16.7 45 3.1-58 -7.930 0.494 1.209 -0.075 0.005 211 13 0.05 133 143
4 18.7 17.7-19.7 49 3.1-6.7 -8.388 0.449 2416 -0.124 0.007 15.14 18 0.65 79 64
g 5 17.2 15.5-18.9 1341 5.6-20.7 -2.878 0.167 0.645 -0.037 0.002 1070.21 23 0.00 5083 5146
S
~ 6 16.3 16.0-16.6 16 1.3-1.9 -22.377 1.372 4.854 -0.286 0.017 97.01 23 0.00 2371 896
7 171 16.3-18.0 6.9 4.8-90 -5.441 0.317 0.689 -0.038 0.002 11.74 19 0.90 294 144
8 174 16.5-18.2 9.6 7.0-12.1 -3.980 0.229 0.286 -0.015 0.001 88.81 21 0.00 1155 999
9 174 16.6-18.2 5.1 3863 -7.568 0.435 0.876 -0.047 0.003 59.54 20 0.00 469 325
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10 17.8 16.5-19.1 5.2 3.2-71 -7.567 0.425 2212 -0.113 0.006 1217 18 0.84 94 40
1" 18.1 15.9-20.3 10.1 42-159 -3.944 0.218 1.341 -0.068 0.004 79.88 17 0.00 258 204
F 17.5 17.3-17.7 57 5.3-6.1 -7.309 0.426 21.479 -1.337 0.084 17.00 17 0.00
1 18.1 17.2-19.0 5.1 3171 -7.768 0.429 2.086 -0.114 0.006 16.3 17 0.50 76 80
2 17.2 15.9-18.5 3.8 21-54 -9.988 0.581 4.948 -0.262 0.014 10.9 14 0.69 84 23
3 18.0 16.1-19.9 3.0 0.1-5.9 -13.369 0.742 32.045 -1.736 0.095 72 7 0.41 " 10
4 18.2 16.9-19.5 71 3.8-10.4 -5.587 0.308 1.517 -0.081 0.005 109.4 15 0.00 51 513
5 18.4 17.9-18.9 4.0 3.1-4.9 -10.095 0.549 1.258 -0.065 0.003 48.9 18 0.00 705 414
s 6 19.1 18.2-20.1 72 4995 -5.685 0.307 0.784 -0.041 0.002 937 19 0.00 603 753
g 7 19.1 18.5-19.8 39 2.7-5.0 -10.904 0.570 2428 -0.129 0.007 14.2 20 0.82 85 134
8 19.7 18.4-20.9 6.9 4494 -6.293 0.320 0.989 -0.054 0.003 166.8 17 0.00 474 1020
9 19.2 16.9-21.5 10.5 5.2-15.9 -4.002 0.208 0.728 -0.042 0.003 145.9 19 0.00 387 739
10 18.0 17.4-18.7 22 1.5-3.0 -17.775 0.986 6.822 -0.403 0.024 10.6 17 0.88 48 203
" 19.4 17.7-2141 9.8 5.5-14.1 -4.354 0.224 0.804 -0.041 0.002 14.8 18 0.68 70 84
F 18.6 18.5-18.7 5.1 4.7-5.5 -8.040 0.438 9.165 -0.488 0.026 17.00 17 0.00
1 16.5 15.8-17.2 8.5 6.1-10.9 -4.266 0.259 0.352 -0.020 0.001 329.9 19 0.00 5487 4697
2 18.0 17.0-19.0 124 79-17.0 -3.181 0.177 0.295 -0.016 0.001 119.8 17 0.00 2014 2142
3 18.5 17.7-19.3 6.9 4.7-91 -5.844 0.317 0.738 -0.040 0.002 98.6 17 0.00 927 1088
4 18.1 17.7-18.5 54 4465 -7.303 0.404 0.467 -0.025 0.001 232 15 0.08 391 346
5 16.5 16.1-16.8 43 3.6-5.0 -8.398 0.510 0.475 -0.027 0.002 24.2 15 0.06 634 331
g 6 17.3 16.0-18.6 5.0 2179 -7.640 0.441 4.499 -0.253 0.014 83 13 0.83 40 37
s 7 15.7 14.9-16.6 5.0 3.7-6.3 -6.876 0.437 0.688 -0.044 0.003 23.0 16 0.11 110 136
8 17.0 15.7-18.4 1.6 6.1-17.2 -3.217 0.189 0.603 -0.033 0.002 833 18 0.00 779 655
9 16.3 15.8-16.9 5.7 4.3-71 -6.280 0.385 0.553 -0.032 0.002 85.0 18 0.00 1417 1053
10 17.8 16.8-18.8 44 26-6.2 -8.915 0.501 3.061 -0.169 0.010 10.0 15 0.82 60 56
1" 16.5 15.5-17.5 5.8 38-7.7 -6.263 0.380 1121 -0.063 0.004 512 18 0.00 305 208
F 17.1 16.9-17.3 6.0 5.7-6.3 -5.938 0.345 2915 -0.166 0.010 17 17 0.00

Lso: 50% retention length (mm); Cl: confidence interval; SR: selection range; v1 and vz: regression parameters; dof: degree of freedom; R: variance
matrix measuring the within-haul variation; NCd: Number of specimens in Codend; NCv: Number of specimens in Cover

Table 5. Explanatory variables affected on selectivity parameters

Parameters Estimate SD t-value dof p-value
P. longirostris

Mesh (Lso) -16.053 1.418 -11.331 35 0.000
Mesh (SR) -4.565 1.543 -2.958 35 0.006
Codend species catch (Lso) -0.000 0.000 -2.317 35 0.027
Duration (Lso) 0.020 0.007 2,777 35 0.009
Circumference (Lso) 15.293 1.224 12.492 35 0.000
Circumference (SR) 5.142 0.691 7.442 35 0.000

Lso: 50% retention length, SR: selection range, SD: standart deviation; dof: degree of freedom

Table 6. Total number of horse mackerel specimens, captured and escaped percentage and their minimum and maximum sizes in codends

numat:: of Captured SR Above Escaped S RS ([ Above MLS
. (%) Min Max MLS (%) (%) Min Max (%)
specimens
44T300 1365 67.4 135 31.0 100 326 1.5 215 98.0
447150 2367 55.3 135 30.0 100 44.7 5 20 99.1
40T165 9830 65.0 12.5 25.0 99.7 35.0 10 20 99.2

Thirty valid hauls provided data to obtain selection curves
for all codends. Selectivity estimates for individuals and mean
curves (according to Fryer, 1991) of horse mackerel are given
in Table 7 and Figure 2. The mean Lso values for 44T300,
447150 and 407165 were 16.4, 17.1 and 14.8 cm, respectively.
SR values of these three codends were 2.7, 3.4 and 2.5 cm,
respectively. Inspection of the fit statistics (p-value and model

deviance vs. df) indicated that there were no problems using a
logit curve to describe the selection data for any haul (p>0.05),
except for hauls no. 5, 6 and 10 for 447150, and no. 1, 2, 4, 5,
6, 8, 9 and 11 for 44T165. There were significant differences
between Lso values of 40T165 and the other two codends (p<
0.05). Explanatory variables which affect on selectivity
parameters are given in Table 8.
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Table 7. Estimated selectivity parameters of individual and mean hauls (according to Fryer, 1991) for horse mackerel in 447300, 447150 and

407165
Codends  HN  Ls Cllow- —gp Cllow- vi v Rit Rez Rz  deviance dof P Ncd  NCv
i Cl high Cl high value
T 12 5160 16 0725 21271 1398 37867 234 0146 7.08 0% 10 N
2 169 147492 37 0471 095 0588 14070 0907 0059 191 14 08l 8 2%
3 161 128495 29 4470 1204 0748 41922 274 0487 551 7 060 3 9
= 4 166 156176 45 2764 8077 0487 2971 0164 0009 1996 23 085 13 49
8 5 133 107158 41 1666 7042 0531 7020 0405 0024 145 21 08 192 16
g 6 104 51456 132 09254 1731 0167 132 0088 0005 2277 14 006 316 124
7 188 181195 27 1836  -15486 0823 5361 0306 0017 2401 15 007 48 159
8 179 172485 29 1741 13583 075 7511 049 0024 1046 25 100 62 46
9 161 126497 58 79196  -6.066 0376 34868 243 04 6.71 6 035 8 7
F 164 16.0-168 2.7 2529 8785 0536 16,607 0779 0038 13 000
T2 146199 09 0927 41512 2407 100520 62892 3938 307 7 088 1 5%
2 190 183497 37 2847 11205 0589 1503 008 0005 3244 25 015 112 341
3179 173185 34 2247 11457 0640 3570 0204 0012 582 18 061 81 107
4 158 149167 49 2475 7011 0444 3288 0195 0012 1743 16 036 1% 79
s 5 196 186207 37 2252 -11.661 0593 4183 023 0013 325 20 004 69 234
2 6 136 17155 42 1766 7138 05% 5903 035 002 4716 18 000 510 81
3 7 146 133160 37 2054 8623 059 4903 028 0017 2906 18 005 324 54
8 179 166192 58 2195 6779 0378 3807 026 0013 My 17 08 47 83
o 171 157185 38 0471 9917 0581 15,573 0947 0058 9.86 5 08 2 2%
10 168 143194 27 2377 12682 0813 102155 £385 0401 1525 7 003 9 18
F 171 167175 34 3236 -0415 0541 2862 0055 0.001 15 0.00
T 142 16447 31 2041 10050 0710 2809 01810012 330 16000 93 288
2 158 151161 18 0125 1935 1238 12648 0811 0082 1557 19 000 685 375
3 159 156162 18 1324 19478 1206 8437 o511 003 187 18 041 150 90
4 167 164470 13 0946 28753 1722 13.927 0866 0054 473 19 000 188 5%
- 5 152 147457 29 1444 11625 0765  7.101 0476 0032 56.0 M 000 385 496
8 6 149 144153 25 1436 13239 0891 8214 053% 0035 336 13 000 272 155
g 7 148 143453 34 2146 9667 065 3014 o197 0013 204 6 020 143 &7
8 146 140451 30 1841 -10.85 074 4616 0207 0019 77 14000 1033 406
9 143 139148 26 1736 -11.961 0835 4654 0309 0021 974 14000 1374 619
10 123 103142 36 1359 7491 0610 7513 0495 0033 153 13 020 230
M 141 136146 30 1940  -10421 0740 3600 023 0016 767 19 000 975 369
F 148 146150 25 2426 -13.328 0793 30492 1628 0.087 17 000

Lso: 50% retention length (mm); ClI: confidence interval; SR: selection range; v+ and v2: regression parameters; dof: degree of freedom; R: variance matrix measuring

the within-haul variation; NCd: Number of specimens in Codend; NCv: Number of specimens in Cover

Table 8. Explanatory variables affected on selectivity parameters

Alpha parameters Estimate

SD

t-value dof p-value

T. trachurus
Codend catch (SR)
Codend species catch (Lso)

0.000
-0.000

Duration (Lso) 0.099

0.000
0.000
0.005

10.661
-2.230
18.795

32
32
32

0.000
0.033
0.000

European hake (Merluccius merluccius Linneaus, 1758)

A total number of 1978 European hake were caught. While
93.5% (1850) specimens retained, 6.5% (128) was escaped.
Total number of specimens, captured and escaped percentage
and their minimum and maximum sizes in codends are given in
Table 9. Length-frequency distributions show their size ranges
as 10 to 58 cm for all tested codends. A total of 60.5, 59.6 and
74.0% of the specimens were found above MLS in the 447300,
44T150 and 40T165 codend, respectively (20 cm, Anonymus,
2016).

For European hake the data structure did not allow for a
haul-by-haul analysis, but selection curves could be estimated
for all codends based on pooled data. Selectivity estimates for
pooled mean curves of European hake are given in Table 10
and Fig 3. The pooled Lso values and SR in 447300, 44T150
and 407165 were 12.8 and 4.6 cm; 13.2 and 4.0 cm; and 12.1
and 1.7 cm, respectively. The likelihood ratio test results
showed that there was no significant difference between
codends.

100 - 100

<5}
S

£ 75

=23
S

«ees 407165

——amso | 0

S
S

— 447300

F25

Percent retained (%)
Numbers of individuals

[
(=3

Total length (cm)

Figure 3. Mean selection curves for European hake based on pooled
data with observed retention in the three codends. Thin lines
correspond to length frequency in codends. Y-axis left: percentage
retained for the selection curves of: a; 44T300, 44T150. Y-axis right:
normalized length-frequency distribution.
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Table 9. Total number of European hake specimens, captured and escaped percentage and their minimum and maximum sizes in codends

Total nymber Captured Size ranges (mm) Above MLS Escaped (%) Size ranges (mm) Above  MLS
of specimens (%) Min Max (%) Min Max (%)
447300 837 94.0 12 48 59.6 6.0 15 19 0
447150 413 95.9 1 58 74.0 41 15 19 0
407165 728 91.6 10 63 53.1 84 8 16 0
Table 10. Estimated selectivity parameters of pooled and stacked for European hake in 447300, 447150 and 40T165.
c Lso Iilw-hi gh SR E(I)w-high V1 V2 R11 R12 Rz deviance  dof pvalue NCd NCv
447300 P 128 12.3-133 46 4250 -6.115 0.479 0529 -0463 0506 27.64 31 0.64 787 50
447150 P 132 126-138 40 3545 -7.243 0.547 4638 -0.268 0.016 11.39 30 0.99 396 17
40T165 P 121 1214122 17 16-18 -15.385 1267  0.076 -0.018 0.051 6.88 33 1.00 667 61

C= Codends Lso= fifty percent retention length, Cl= confidence interval, SR= selection range; viand v2 regression parameters, R11, R22 and Rx= variance matrix

values, dof= degree of fredom

DISCUSSION

This study presents selectivity of three turned mesh
codends in the Aegean Sea demersal traw! fishery. To deal with
the multi-species characteristics of this fishery, the investigation
focused on the main three commercial species (P. longirostris,
T. trachurus and M. merluccius) of this area. T90 selectivty
results for hake first time determimed in the study.

There were many selectivity studies carried out with 40 mm
diamond (Ozbilgin et al., 2005, 2012; Kaykag et al., 2009), 44
mm diamond (Aydin et al., 2009; Lucchetti, 2008; Sala et al.,
2008; Aydin and Tosunoglu, 2010) and 40 mm square mesh
codends (Guijaro and Massuti, 2006; Lucchetti, 2008;
Tosunoglu et al., 2008b; Deval et al., 2009; Aydin and Tokag,
2015) for three investigated species (Table 11). Some of these
studies have been indicated that the selectivity of 40 mm
diamond mesh codend are rather poor (Tokag et al., 1998;
Tokag et al., 2004, 2010; Ozbilgin et al,, 2012; Aydin et al,,
2011). Wienbeck et al. (2011) reported that both turning the
neting direction 90° and halving the number of meshes around
codend circumferences had an important and possitive effect
on the size selection of cod. Thus, we tested T90 codends
instead of 40 and 44 mm diamond mesh codends. Among our
three codends, the highest results were obtained from 447150,
in which both factors were applied together.

In order to increase rose shrimp selectivity, many studies
have been carried out with different mesh sizes in the range of
39-60 mm (Guijaro and Massuti, 2006; Deval et al., 2006, 2009;
Sala et al., 2008). However, T90 codend was used in just two
studies for rose shrimp in Mediterranean. One of these studies,
Aydin and Tokag (2015) were estimated Lso value of 14.8+0.1
mm for deepwater rose shrimp with 40 mm turned mesh with

330 meshes on its circumference. This value was lower than
our findings especialy 407165 coded which is same mesh size
with theirs. This difference could be the number of meshes
around codend circumference because it is well known that
decreasing number of meshes around codend, increase the
L50 values. On the other hand Deval et al. (2016) investigated
the selectivity of an experimental 50 mm diamond (T0) and 90°
turned mesh (T90) codends, the researchers reported Lso value
21.4 and 22.6 mm for P. longirostris, respectively. These results
are higher than our findings due to the using large meshes. Lso
value obtained in their study present a statistically significant
increase with a change in the same mesh size codens from T0
to T90 for four commercial shrimp species including P.
longirostris.

Sala et al. (2008) also reported that mesh configuration
affect Lso values of rose shrimp. Guijarro and Massuti (2006)
obtained in the Western Mediterranean an increase the Lso
value for rose shrimp from 17.2 to 20.6 mm with a change in
mesh configuration from 40 mm diamond to 40 mm square.
Deval et al. (2009), using 40 mm square mesh codend found
the same Lso value (18.6 mm) as our results of 447150 codend.
The results of this study show that 44T150 codend better than
the others, but none of them was adequate for the 20 mm MLS
of deepwater rose shrimp. On the other hand, there is no MLS
regulation in TFR. However, Manasirli and Avsar (2008) and
Dereli (2010) studied on 50% maturity size of the P. longirostris,
first maturity size (CLwso) of female deepwater rose shrimps
were found as 18.2 mm and 24.56 mm, respectively. Dereli
(2010) also estimated CLwso of male shrimp as 12.9 mm. Given
by the results MLS regulation will be implemented by the TFR
for the sustainable fishery of the rose shrimp.

Table 11. Some of the selectivity studies in Mediterranean demersal trawl fisheries

Species References EsM Area MSh MS cc Lso SR
P. longirostris Guijaro and Massuti, (2006) P WM S 40 180 20.2 21
Aydin et al. (2009) F EM D 44 400 12.0 4.0

Aydin and Tosunoglu, (2009) F EM S 40 200 16.7 6.5

F EM H 40 200 174 6.2

Deval et al. (2009) P EM S 40 100 18.6 6.0

P EM D 44 200 16.6 44

Kaykag et. al. (2009) F EM D 40 300 145 5.6

164



Selectivity of turned meshes codends for Deepwater Rose Shrimp (Parapenaeus longirostris), Horse Mackerel, (Trachurus trachurus) and European Hake (Merluccius merluccius) in the Aegean Sea

F EM D 48 275 16.1 6.5

F EM S 40 150 16.3 43

Aydin et al. (2014) P EM D 44 50 16.3 6.7
P EM D 44 *215 16.8 6.9

Aydin and Tokag, (2015) F EM S 40 165 15.5 54
F EM T90 40 330 14.8 74

Deval et al. (2016) F EM D 50 300 214 9.3
F EM T90 50 300 22.6 8.3

Present study F EM T90 44 300 17.5 5.7
F EM T90 44 150 18.6 5.1

F EM T90 40 165 17.1 6.0

T.trachurus Tosunoglu et al. (2008a) F EM D 50 400 15.6 55
Aydin and Tosunoglu, (2010) F EM D 44 400 14.7 4.6
F EM S 40 200 15.9 5.6

F EM H 40 200 17.1 5.0

Aydin et al. (2014) F EM D 44 *50 16.3 55
F EM D 44 *215 16.7 6.2

Dereli and Aydin, (2016) F EM D 44 300 16.2 3.1
F EM D 50 264 14.2 42

F EM S 40 165 15.3 32

F EM T90 40 330 17.1 2.1

Present study F EM T90 44 300 16.4 57
F EM T90 44 150 17.1 5.1

F EM T90 40 165 14.8 6.0

M. merluccius Ozbilgin et al. (2005) F EM D 40 100 14.3 34
Bahamon et al. (2006) P NWM D 40 230 10.1 3.1
P NWM S 40 140 16.0 32

Guijaro and Massuti, (2006) P WM D 40 11.6 3.1
P WM S 40 180 15.3 22

Lucchetti, (2008) F CM™m S 40 310 13.0 37
Tosunoglu et al. (2008a) F EM D 50 400 1.4 41
Aydin and Tosunoglu, (2010) F EM D 44 400 10.4 3.1
F EM S 40 200 144 4.8

F EM H 40 200 11.0 4.3

Sala and Lucchetti, (2011) F CM D 43 280 11.5 5.6
. F CM™m D 56 240 16.3 7.8
Ozbilgin et al. (2012) F EM D 40 300 10.5 38
F EM D 48 275 12.8 37

F EM S 40 150 15.2 47

Aydin et al. (2014) P EM D 44 *50 9.7 72
P EM D 44 215 10.4 42

Dereli and Aydin, (2016) F EM D 44 300 12.3 1.6
F EM D 50 264 14.4 6.3

F EM S 40 165 14.3 34

Present study P EM T90 44 300 12.8 4.6
P EM T90 44 150 13.2 4.0

P EM T90 40 165 121 1.7

NWM, North western-;WM,western-;EM, eastern-; CM, central Mediterranean; EsM, method for estimation of selectivity (F, Fryer's; P, pooled); MSh, mesh shape
(D, diamond-; S, square-; H,hexagonal-;T90, 90 turned mesh); MS, mesh size; Lso, mean value of retention length at 50%; SR, selection range

To the best of our knowledge, there is only one study about
T90 turned mesh codends for horse mackerel in the Aegean
Sea (Dereli and Aydin, 2016). Among three different mesh
configurations, the highest Lso value (17.1 c¢m) for horse
mackerel was obtained from T90 codend by researchers.
Although their T90 codend has both smaller mesh size and
wider codend than our 44T300 codend, Lso values were
obtained equal. Our results of 44 mm turned mesh codends are
higher than 44 mm diamond mesh codends given by same
fishing grounds (Aydin and Tosunoglu, 2010). They are
estimated a Lso value of 14.7 cm for the 44 mm diamond mesh
with 400 meshes around codend circumference. This value
(14.7 cm) is close to just our 40 mm turned mesh codend. This
closeness may be resulted of using narrower codend in our
study according to the other. Morphological and behavioural
characters may also explain the higher Lso values for T.

trachurus. Tosunoglu et al., (2008a) indicate that most horse
mackerel individuals showed continuous stronger swimming
ability in the belly section of the trawl until the trawl was hauled
up. For this reason, Lso values of the codend for mackerel is
20% higher than the MLS (13 cm), thus allowing for the
escapement of most the juveniles.

Studies that carried out different mesh shape, size and
material, ranging from 28 to 70 mm mesh size in Mediterranean
(Ozbilgin et al., 2005, 2012; Guijaro and Massuti, 2008;
Lucchetti, 2008; Tosunoglu et al., 2008a; Aydin and Tosunoglu,
2010) for hake. However, due to the differences in the mesh
size and material, mesh configuration and number of meshes
at the codend circumference, results of most of these studies
are not comparable to those found in the existing findings
(Tosunoglu et al., 2008a; Sala and Lucchetti, 2010). Their
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results show that the use of larger diamond mesh codend
increases the Lso values for M. merluccius. Furthermore, the
analysis of selectivity presented that square mesh codend
positively affected Lso of hake; this codend increased the size
of escapement in the Mediterranean (Guijarro and Massulti,
2006; Ordines et al., 2006; Lucchetti, 2008; Aydin and
Tosunogulu, 2010; Ozbilgin et al., 2012; Dereli and Aydin,
2016). But none of them mentioned T90 codends. The present
study for the first time presents selectivty parameters of T90 for
hake. The results of Lso (13.2 cm) value of the 44T150 codend
is higher than the values for 447150 and 40T165 codends.
However, these Lso values are still very low compared to the 20
mm MLS (Anonymous, 2016). On the otherhand, Our 40 mm
turned mesh size codend (40T165) selectivity results are higher
than those reported by Bahamon et al. (2006), Guijarro and
Massuti (2006) and Tosunoglu et al. (2008a) who determined
Lso values for 40 mm nominal mesh sizes as 10.1 ¢cm, 11.6 cm
and 11.4 cm, respectively. From the Table 11, no investigations
were adequate release the under 20 cm individuals.

Sala and Lucchetti (2011) reported that the codend
circumference plays a role which is as important as mesh size
for M. merluccius, M. barbatus and Alloteuthis media. An
increase in mesh size from 48 mm to 56 mm could be made
futile by an increase in codend circumference of only 13-17%.
Tosunoglu et al. (2008a) and Sala and Lucchetti (2011) also
found that selectivity increases with larger mesh size but also
decreases with wider codends. These results showed that it is
not sufficient to increase selectivity in multi-species fisheries
only by setting a minimum mesh size, account must also be
taken of the effects of the other factors such as the codend
circumference, mesh configuration.
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0z Bu arastirmada Chlorella vulgaris killtiirlerinde farkli ortamlarin ve farkli 1sik yolu uzunluguna sahip olan panel fotobiyoreaktdrlerin etkileri incelenmistir.
Jaworski besin ortaminda hizl bir hiicre artigi tespit edilmistir (60,8 x 108 hiicre mL-"). F/2 besin ortaminda ise 11. glinde hicre sayisi 1,37 x 108 hlicre mL-" olarak
kayit edilmistir. Jaworski ve F/2 besin ortamlarinda yetisen kiiltlrlerin kuru agirlik degeri 11. glin sonunda 0,46 gL, 0,13 gL olarak dl¢iiimistir. Cam panel
biyoreaktér denemelerinde en yiksek hiicre sayisina 31. giinde 1 cm isik yolu uzunluguna sahip biyoreaktérde ulagiimistir (230 x 10 hticre mL-"). Fakat 3 cm ve
5cm 1s1k yoluna sahip biyoreaktdrlerde ise en yiiksek hicre sayisi oldugu deder 90 x 108 hiicre mL-" olarak tespit edilmistir. 1, 3 ve 5 cm 1s1k yolu uzunluguna sahip
biyoreaktérlerde maksimum kuru agirlik degerleri ise sirasiyla 3,6 gL, 2,8 gL ve 2,4 gL olarak tespit edilmistir. Panellerde yapilan Chlorella vulgaris kiiltirlerin
klorofil a degerleri zamanla diistigu tespit edilmistir. Ayni zamanda yapilan denemede blylime oranlari ile klorofil a degerlerinin ters orantili oldugu gézlenmistir.

Anahtar kelimeler: Chlorella vulgaris, mikroalg, 1sik, 1sik yolu uzunlugu, besin ortami, pigment

Abstract: In this study, the effects of panel photobioreactors with different nutrient mediums and different light path lengths on Chlorella vulgaris cultures were
investigated. Rapid cell growth was detected in the Jaworski nutrient medium (60.8 x 106 cells mL-"). In the F / 2 nutrient medium, the cell number was recorded
as 1.37 x 108 cells mL-" on the 11t day. Dry weight of cultures grown in Jaworski and F / 2 nutrient media were measured as 0.46 gL' and 0.13 gL-* at the end of
11 days, respectively. At the experiments in glass panel bioreactor, the highest cell number was found on the 31st day (230 x 109 cells mL-") in a bioreactor with 1
cm light path length. Whereas, the highest cell numbers was found as 90 x 10 cells mL-! in glass panel bioreactors with 3 cm and 5 cm light path length. The
maximum dry weights for bioreactors with 1, 3 and 5 cm light path lengths were determined as 3.6 gL, 2.8 gL' and 2.4 gL, respectively. It was also determined
that chlorophyll a values of Chlorella vulgaris on the panels bioreactors decreased over time. Moreover, the inversely proportion between growth rates and the
chlorophyll-a values was observed.

Keywords: Chlorella vulgaris, microalgae, light, light path length, nutrient medium, pigment

GIRiS

Mikroalgler, 6zelliklede kabuklu su canlilarinin ve bazi balik
larvalarinin ilk besinini olustururlar. Bu nedenle balik
beslemede kullanilan rotifer, cladocera ve copepod besini
olarak akuakiltirde blylk 6nem tagimaktadir. Tek hiicreli
mikroalglerin  bircogu gida sektdrinde degerlendirilir ve
icerdikleri  pigment maddeleri, antibiyotikler, vitaminler
nedeniyle tip, eczacilik alanlarinda ve kozmetik Urtnlerinde
katki maddesi olarak kullanilirlar. Ayni zamanda insan ve
hayvan gidasi olarak degerlendirilirler. Bu nedenle mikroalgler

oksijen  dénustirticileridir.  Mikroalgler  biyoteknolojinin
gelecekteki en onemli kaynagidir. Bu 6zelliklerinden dolayi,
mikroalg dretiminde guvenli, uygun bir Gretim sisteminin
segilmesi gerekmektedir (Borowitzka, 1992; Pulz, 2001).

Algal biyoteknolojideki gelismelere ragmen mikroalg
tirlerinin kltdrlerinde cesitli glcliklerle karsilagiimaktadir.
Mikroalg kltlirlerinde biyomas artisi, biyomasin biyokimyasal
kompozisyonu ve yag asitleri de@erleri, cevresel faktorler, besin
ortami, sicaklik, tuzluluk, pH ve 1sik gibi biiyime kosullarina

yaplilarindaki zengin protein, vitamin, yag asitleri, mineraller,
pigmentler ve degerli hiicresel metaboliter nedeniyle
ulkemizde ve diinyada yogun olarak galisilan organizmalardir.

Mikroalgler sucul sistemlerin ilk biyolojik karbondioksit—

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

baglidir (Sukenik, 1991; Cohen vd., 1988; Brown vd., 1989).

Fotobiyoreaktdr tasarimlari hem bilimsel hem de ekonomik
acidan énemlidir. Fotobiyorektdr tasarimlarinda amag; yiiksek
seviyeli 1sik kaynaginin kullanilmasiyla kdiltir sistemlerinin
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yapilandiriimasidir (Richmond, 1986).

Bu galisma kapsaminda, farkli besin ortamlarinin ve farkli
Isik yolu uzunluguna sahip panel fotobiyoreaktorlerin ticari
defere sahip Chlorella vulgaris'in  biylimesine etkisi
incelenmesi amaglanmistir.

MATERYAL VE METOT
Kiiltiir Sartlan

_ Aragtirmada _kullanilan  Chlorella  vulgaris ~ Gukurova
Universitesi Su Urlnleri Fakiltesi'nden temin edilmistir. C.
vulgaris Kiltiirlerinde, F/2 (Guillard, 1975) ve Jaworski (JM)
(Tompkins vd., 1995) olmak Ulzere iki farkli besin ortami
kullanilmigtir.

Hazirlanan stok sollisyonlar, kiltir ortamlari, kullanilan
malzemeler otoklavda (ALP CL-32S & L) 121°C' de buhar
basinci altinda 15 dakika bekletilerek steril hale getirilmistir.

Denemeye baslamadan dnce stok kiiltir olusturmak amaci
ile C. vulgaris ilk olarak 500 mL'lik erlenlere tatli suya ortam
zenginlestirimesi  yapilip  asilanmigtir.  Kltirler  20+3°C
sicaklikta, havalandirma ile karistiriimistir. Stirekli aydinlatma
olacak sekilde 2400 Iiix 1sik siddeti saglayacak sekilde floresan
lamba (Osram L 36W/L765, Almanya) kullaniimistir.

C. vulgaris’in farkli 151k yolu uzunluguna sahip cam panel
fotobiyoreaktor denemelerinde 24 cm genislikte, 52 cm
yikseklikte ve 1, 3, 5 cm eninde fotobiyoreaktorler
kullaniimistir. Panel fotobiyoreaktorlerin hacimleri sirasiyla;
1,05L, 3,00 L ve 5,00 L'dir.

Deneme Plani

Denemeler E.U Su Uriinleri Fakiiltesi Urla Tesisleri
Plankton Laboratuvar’nda surdirilmistir. C. wvulgarisin
kiltlrinde JM ve F/2 besin ortamlar ile farkli 1sik yolu
uzunluguna sahip panel fotobiyoreaktérlerde biylimesine olan
etkilerin incelenmesi amaciyla yapilmig olan denemeler iki
asamada yuritilmus olup, tim denemeler 3 tekrarli olacak
sekilde tamamlanmisgtir.

Arastirmanin ilk blimiinde C. vulgaris’in iki farkli ortamda
biylimesi incelenmistir. Optik yodunluk degeri 0,202 olan C.
vulgaris kiltir(i 6 adet 1 litre’lik erlene; 400 mL saf su ve 100
mL alg kiltiri miktarinda agilanmistir. 3 adet erlene F/2 ortami
diger 3 adet erlene ise JM besin ortami eklenmistir.

Aragtirmanin ikinci boliminde C. vulgaris farkli 151k yolu
uzunluguna sahip panel fotobiyoreaktdrlerde kiltiire alinmigtir
(Sekil 1). Optik yodunluk degeri 0,033 olan C. vulgaris kiltlrG
cam panel sistemlere asilanmistir. Denemede JM besin ortami
kullanilmigtir.

Analiz

Hicre sayimi  Neubauer haemacytometer ile 1sik
mikroskobu (Nikon, Japonya) kullanilarak yapilmigtir.

Spesifik  bliyime hizi  asa§idaki formile gore
hesaplanmistir. Formillerdeki X2 ve X1 sirasi ile t2 ve t

zamanlarindaki biyomas kuru agirhdini belirtir (Durmaz ve
Bandarra, 2017).

_In%,) ~In(Xy)
= =t

Kuru agirlik igin; filtre kagitlari 60 °C’de kurutuldu. Kurutulan
0,45 p goz agikhigindaki Whatman GF/C filtre kagitlarinin
0,0001g duyarll hassas terazi (Sartorius GC8035 — OCE) ile
darasi alindi. Kiltirlerden alinan 1 mL drnek filtre kagitiari
kullanilarak siiziildii. Orneklerin siiziildiig filtre kagitiari 105
‘C'de 3-4 saat boyunca etlivde (MMM Medcenter Ecocell)
kurutuldu. Daha sonra kurutulan filtre kagitlar hassas terazi ile
agirlik lgtimleri yapilarak litredeki kuru agirlik degerleri gram
cinsinden hesaplandi (Uslu vd., 2014)

Optik yogunluk 6lctimleri igin 1 mL érek alinip, 1/10
oraninda seyreltilmistir. Cam kiivetlerde 450 nm dalga boyunda
spektrofotometrede  (Boeco, S-20) dlglimler okunmusgtur
(Durmaz, 2000).

EET— a8 = ~ 3 o gl rewr=: ey

Sekil 1. Farkli 1sik yolu uzunluguna sahip panel fotobiyoreaktorlerde
Chlorella vulgaris kiiltrleri

Figure 1. The culture of Chlorella vulgaris in panel photobioreactors
with different light path lengths

Klorofil a analizi igin her kultlirden 5 mL ornek alinarak 3500
rom’ de (NGve CN-180) ¢oktirdldu. Ustiindeki berrak kisimlari
atildi ve 6rneklere cam tozu (600 mikron) eklendi. 1 dakika
boyunca buzda bekletilen érnekler vortex (Heidolph Reax top
vortex) ile 30 saniye boyunca karistirildi. Bu islem 3 kere
tekrarlandi. Omeklerin {izerine 5 mL metanol (Merck %100,
Almanya) eklendi ve vortex ile 30 saniye karigtirildi. Tekrar
santriflije konulan drnekler, santrifijden alindiktan sonra
ustlerindeki sivi kisim ayri tliplere alindi ve metanol ile kalibre
edilen spektrofotometrede 666 nm’de élglldi. Asagida verilen
formdil ile klorofil a miktarlari tespit edildi.

Chla= ODess x 13,9 (Sanchez vd., 2005)

Veriler Kolmogorow-Smirow testi ile normal dagilisa
uygun olup olmadigi kontrol edildikten sonra parametrik
testlerden Anova (tek yonli varyans analizi) testi uyguland.
Gruplar arasinda farklilik olup olmadigini ve farkliligin nerede
oldugunu tespit edebilmek igin Tukey testi uygulandi (Zar,
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1999). Istatistik anlizler i¢in Graphpad Prism Software for
Windows (ver 4.0) programlari kullanildi.

BULGULAR

ilk denemede JM ve F/2 besin ortamlarinin C. vulgaris
kiltirinde biylmeye etkisi arastiriimistir. Bu denemeler 11
guin strmustir. JM besin ortamina ekilen kltir grubu hizl bir
biyime grafigi gosterirken, F/2 besin ortamina ekilen kultlr
grubunda biyime gérilmemistir. Hicre yogunlugu JM besin
ortaminda kiiltlire alinan grupta 11. glinde 60,8 x 108 hiicre mL-
Te ulagsmistir (p<0,05). F/2 besin ortaminda yetisen kltlr
grubu ise 11. giinde 1,37 x 108 hiicre mL-"e ulagmistir (Sekil 2).
JM besin ortaminda yetisen kiltirlerin hlicre sayisindaki artis
6. glinden itibaren 11. gline kadar devam ettigi tespit edilmistir.
F/2 besin ortaminda yetisen Kkiiltirlerin hiicre sayisi deneme
suresi boyunca artmadig tespit edilmistir.

80

70 —— JM ortami T
60 T

50 == F/2 ortami

40

=30
: M
BT oo

Zaman (giin)

Hiicre Sayisi (n x 106 hiicremL-"

Sekil 2. Chlorella vulgaris’in farkli besin ortamlardaki (JM ve F/2)
hicre sayilari

Figure 2. The cell number of Chlorella vulgaris in different nutrient
medium (JM and F/2)

JM besin ortaminda yetisen kiltirlerin kuru agirlik degeri
11. glin sonunda 0,46 gL-"* e ulagmistir (p<0,05). F/2 besin
ortaminda yetistirilen kulttirler 1. ginde 0,1 gL den 4. glinde
0,14 gL-"" e yiikselmis fakat 11. glinde 0,13 gL-"e diistigu tespit
edilmistir (Sekil 3).

—&— JM ortami

=== F/[2 ortami

Kuru Agirhk (gL-1)

Zaman (giin)

Sekil 3. Chlorella vulgarisin farkli besin ortamlardaki kuru agirlik
degerleri

Figure 3. The dry weight values of Chlorella vulgaris in different
nutrient medium

Optik yogunluk degerlerine gére JM besin ortaminda
yetistirilen kultlrlerin artan bir bliylime egrisine sahip oldugu

gortlmektedir. F/2 besin ortaminda yetistirilen kiltirlerde ise
biyime gérilmemistir ve optik yodunluk  degerleri
degismemistir. JM ve F/2 besin ortamlarinda yetistirilen
kiltirlerin 11. glnde en ylksek optik yogunluk degerleri
sirasiyla 1,55 ve 0,34 oldugu saptanmistir (Sekil 4).
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Sekil 4. Chlorella vulgaris in farkli besin ortamlardaki optik yogunluk
degerleri
Figure 4. The optical density of Chlorella vulgaris in different nutrient
medium

Spesifik blylime hizi (Sekil 5) JM besin ortaminda
yetistirilen kiltiirlerde 4. giinde 0,81 bdliinme/giin elde
edilmistir.
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Sekil 5. Chlorella vulgaris’in farkli besin ortamlardaki spesifik bilyiime
hizi

Figure 5. The specific growth rate of Chlorella vulgaris in different
nutrient medium

ikinci denemede 1, 3, 5 cm 1sik yolu uzunluguna sahip
panel reaktérlerin C. vulgaris kiltirlerinde biyimeye etkisi
arastinimistir. Bu denemeler ise 33 giin stirmUstir. Ayni hiicre
yogunluguna (4,67 x 108 hiicre mL-") ve ayni optik yogunluga
sahip (0,033) kdltirlerin cam panel sistemlere ekimleri
yapilmigtir.

En yiksek hlcre sayisina 31. ginde 1 cm’lik panelde
ulasiimigtir. Hicre sayisi 230 x 108 hlcre mL-"e cikmigtir
(p<0,05). 3 cm'lik panelde ise hiicre sayisi en yiksek oldugu
deger 31. giinde 90 x 106 hiicre mL-"e, 5 cm'lik panelde ise
hiicre sayisi en yiksek 19. ginde 90 x 106 hiicre mL"e
ulasmistir (Sekil 6). 3 cm ve 5 cm sk yoluna sahip
biyoreaktérlerde hiicre sayilari arasinda istatistiki olarak fark
olmadigi tespit edilmistir (p>0,05)
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Sekil 6. Chlorella vulgaris’ in farkli 151k yolu uzunluguna sahip panel
fotobiyoreaktorlerde hiicre sayilari (1 cm, 3 cm ve 5 cm)

Figure 6. The cell number of Chlorella vulgaris in panel
photobioreactors with different light path length (1 cm, 3 cm and 5 cm)

Sekil 8. Chlorella vulgaris’in farkli 151k yolu uzunluguna sahip panel
biyoreaktdrlerde optik yogunluk degerleri

Figure 8. Optical density values of Chlorella vulgaris in panel
bioreactors with different light path lengths
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Sekil 7. Chlorella vulgaris’in farkli 151k yolu uzunluguna sahip panel
biyoreaktdrlerde Kuru Agirlik Degerleri

Figure 7. Dry weight of Chlorella vulgaris in panel bioreactors with
different light lengths

Kuru agirlik degerleri (Sekil 7) ise 1 cm'lik panelde
biylmenin en yiksek oldugu 31. ginde 3,6 gL-'(p<0,05), 3
cm’lik panelde biytimenin en yiksek oldugu 31. giinde 2,8 gL-
" (p>0,05) ve 5 cm'lik panelde bliyimenin maksimum oldugu
19. ginde 2,4 gL' (p>0,05) olarak tespit edilmistir.

Optik yodunluk degerleri (Sekil 8) ilk 8 glinde ayni oranda
artti§1 gézlenmistir. 8. ginden sonra 1 cm’lik cam panelde optik
yogunluk artigi gézlenmistir. 3 cm’lik ve 5 cm’lik cam panellerde
ise optik yogunluk degerinin yaklasik olarak ayni oranda arttigi
saptanmistir.

Panellerde yapilan kiiltirlerin klorofil a dederleri zamanla
dustigi tespit edilmistir. Yapilan denemede biyime oranlari
ile klorofil a degerlerinin ters orantili oldugu gézlenmistir (Sekil
9).

Sekil 9. Chlorella vulgaris’in farkli 1sik yolu uzunluguna (1 ¢cm, 3 cm ve
5 cm) sahip panel biyoreaktdrlerde klorofil a degerleri

Figure 9. Chlorophyll a values of Chlorella vulgaris in panel
bioreactors of different light path lengths (1 cm, 3 cm and 5 cm)

TARTISMA VE SONUG

Fototrofik kiiltlir sistemlerinde kdltire alinan tir ile optimal
biytme hizi elde etmek igin, kullanilan besin ortami, kullanilan
sistemin ylizey alani ve materyali ve 1$1§in su kolonunda aldig
yol, niifuz etme glict biyomasi etkiler.

Ozellikle fototrof olarak retilmek istenen mikroalg
kiltdrlerinde 151k Onemli bir parametredir. Bu ylzden
fotobiyoreaktér tasarimlarinda isiktan verim cok &nemlidir.
Isiktan yeteri kadar verim alabilmek i¢in kullanilan materyalin
ylzey alani, yani fotobitoreaktérin 151§ aldigi agi 6nemlidir.
Zijffers vd., (2008)’e gbre reaktdrlin giines 1s1gini veya herhangi
bir 151k kaynagini en verimli sekilde almasi énemlidir. Ayrica
biyoreaktor tasarimlarinda, 1si1gin  fotosentetik  verimlilik
agisindan reaktdriin ylizey alani géz dniinde bulundurulmasini
gereklidir. Genelde iyi bir 1sik enerjisi dagilimi igin diiz ve
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dikddrtgen sekilli sistemler veya dogrusal ve silindirik sekilli
sistemlerin kullaniimasini énermislerdir. Dogrusal ve silindirik
sistemler 15191 odaklamasi bakimindan verimli olabilmektedir
(Richmond, 1986; Zou ve Richmond, 1999; Durmaz ve Erbil,
2017).

Durmaz, (2000) yaptigi ¢alismada Chlorella sp.nin farkli
181k yolu uzunlugu (10 cm, 15 cm ve 20 cm) olan reaktérlerde
laboratuvar diginda dogal aydinlik/karanlik periyotlarda
blylmesini arastirmistir. Kullanilan reaktorler cam panel
seklindedir ve aydinlatmada gunes 151§ kullaniimistir. Farkl
IStk yolu uzunlugu olan reaktérlerde hicrelerin 11k
adaptasyonu, 10 cm isik yolu uzunlugu olan biyoreaktorlerde 7
guin, 15 ¢cm ve 20 ¢cm 151k yolu uzunlugu olan biyoreaktdrlerde
ise 5 giin strmustir. Denemelerde kullanilan biyoreaktorler
arasinda daha kolay Isinan ve en dlstk hacime sahip olan 10
cm 1s1k yolu uzunluguna sahip biyoreaktordiir. Kolay sogumasi
ise bu 1sik yolu uzunlugu igin dezavantajdir. Disarida uretim
yapilabilmesi igin reaktor hacmi sicaklik agisindan énemlidir.
Giines 151§1 kullanilarak Uretim yapilan reaktorlerde sabah ve
aksam saatleri arasinda isik siddeti (400 — 1400 ft cd)
degismektedir. Bu aydinlatma ile Chlorella sp. lretiminde 20
cm’lik fotobiyoreaktorlerde en yiiksek 49,5 x 106 hiicre mL-!
yogunluguna ulagilmistir. 15 cm’lik panelde en yiiksek 49 x 108
hiicre mL-' ve 10 cm'lik panelde ise 36,5 x 108 hiicre mL-* hiicre
yogunluguna ulagilmistir.  Yapilan galismada isik yolu
uzunlugunun kiltire alinan tire gore ayarlanmasi gerektigi
belirtilmigtir. 15 cm ve 20 cm'lik panellerde spesifik biyime
hizinin yiksek oldugu belirtilmistir. Isik yolu uzunluklari farkli
olan cam panellerde yapilan mikroalg kiltiriinde giines 151di
siddeti ve suresi 6nemli oldugu vurgulanmis ve tir igin uygun
1S1K yolu uzunlugunun tespiti, verimlilik agisindan énemli oldugu
belirtilmistir.

Yapilan bu galismada ise, C. vulgaris, 1, 3, 5 cm'lik isik yolu
uzunluguna sahip cam panellerde yetistirilmistir. Uretim 33 gtin
siirmiistiir. ilk 8 giinde ayni oranda biiyiime gdzlenmistir. 1
cm’lik panelde en yiksek hicre sayisina 31. giinde, 230 x 108
hicre mL-1 ulagiimigtir. 3 cm’lik panelde en yiksek Gretim 31.
glinde 90 x 108 hiicre mL-"e ve 5 cm'lik panelde ise hiicre
sayisi en yuksek 19. giinde 90 x 108 hiicre mL-""e ulagmistir.

Degen vd., (2001) yapti§i ¢alismada Chlorella sp.’'nin
panellerde bliylimesini incelemistir. Bu calismada 1s1§in etkisi
arastinlmigtir. Kuru agirlik degerleri 0,11 gL-" glin, maksimum
Uretim ise 1,95 gL' bulunmustur. Bu calismada ise 1 cm’lik 11k
yolu uzunluguna sahip panellerde C. wulgarisin hiicre
yogunlugu daha fazla olmasina ragmen, en ylksek spesifik
biyime hizi 3. glinde (0,719 bdllinme/guin) elde edilmistir. Kuru
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maruz kalan hicrelerin klorofil igerigi keskin bir sekilde distigu
gbzlenmistir. Fakat 7 glin sonra yiksek aydinlatmada (2000 ve
3000 ME m2s7) 1si§a uyumun baslamasi ile birlikte klorofil
konsantrasyonunda da bir artis olmustur. Dlsik hiicre
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gozlenmistir. ilk 8 giinde biiyime ile dogru orantili olarak artan
klorofil a degeri isik stresi ile birlikte diismusgtir.

Bu calismada farkli fotobiyoreaktorlerin C. wvulgarisin
biyimesine etkisi arastinimistir. C. vulgaris’in dretimi igin JM
besin ortami, F/2 besin ortamina gdre daha verimli bir dretim
sadlamaktadir. Yetistiricilik ¢alismalarinda JM besin ortami
kullaniimasi tavsiye edilmektedir. C. vulgaris’in Gretimi igin 151k
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Abstract: In this study, the length-weight and length-length relationships of chub (Squalius cephalus, L.1758) sampled from a few inland waters of the middle
Black Sea were investigated. A total of 218 (Abdal (N=44), Akcay (N=57), Terme (N= 55), Yedikir (N=62)) chub individuals were sampled from different localities.
All captured individuals were measured to the nearest 0.1 cm for total, fork and standard lengths. The weight of each sample (W) was recorded (0.01 g). According
to results of analyses, there were no statistically significant differences between sexes in terms of length and weight (P>0.05). So, entire populations (female+male)
were evaluated together for analyses. The average total lengths of chub sampled from the Abdal Stream, Akgay Stream, Terme Stream and Yedikir Dam Lake
varies between 11.4940.792, 10.31+0.518, 10.3340.289 and 11.11+0.327 cm, respectively. The length-weight relationships (LWRs) were found highly significant
(P <0.001, r2>0.990) for all localities. The value of ‘b’ of LWR was significantly different from 3.0 in chub and the growth type is possitive allometric for all localities.
The equations of length-weight relationship were calculated as W=0.007TL3224, W=0.006TL3285, W=0.005TL32%¢, W=0.007TL3210 for Abdal, Ak¢ay, Terme and
Yedikir, respectively. Length-length relationship was also highly significant (P<0.001) with coefficient of determination (r2) ranging from 0.916 to 0.999.

Keywords: Chub, length-weight relationship, length-length relationship, Black Sea, Turkey

0z: Bu calismada orta Karadeniz Bolgesindeki baz igsularda yasayan tatlisu kefalinin (Squalius cephalus, L.1758) boy-agiriik ve boy-boy iliskileri incelenmistir.
Toplamda 218 (Abdal (N=44), Akcay (N=57), Terme (N= 55), Yedikir (N=62)) drnek farkli lokalitelerden 6reklenmistir. Yakalanan tim 6rneklerin total, gatal ve
standart boylari (0.1 cm) dlgtilmiistiir. Her bir 6megin agifigi (W) kaydedilmistir (0.01 g). Analiz sonuglarina gére cinsiyetler arasinda boy ve agirlik bakimindan
istatistiksel olarak énemli bir farklilik yoktur (P>0.05). Bu sebeple tiim populasyon (disi+erkek) analizlerde birlikte degerlendirilmistir. Abdal Cayi, Akcay Gay,
Terme Cayi ve Yedikir Baraj Golii'nden érneklenen tatlisu kefalinin ortalama total boylari sirasiyla 11.49+0.792, 10.31+0.518, 10.33+0.289 ve 11.11£0.327 cm
arasinda degismektedir. Boy-agirlik iliskileri tim lokaliteler icin dnemli bulunmustur (P < 0.001, r2 > 0.990). Boy-agirlik iliskisinin “b” degeri istatistiksel anlamda
3'ten faklidir ve tiim lokaliteler icin bliylime tipi pozitif allometriktir. Boy-agirlik iliskilerinin denklemleri sirasi ile Abdal, Akgay, Terme ve Yedikir igin W=0.007TL32%,
W=0.006TL3285, \W=0.005TL32%, W=0.007TL32"0olarak hesaplanmistir. Boy-boy iligkilerinin regresyon katsayilari 0.916 ile 0.999 arasinda degisim géstermektedir
ve istatistiksel anlamda dnemlidir (P<0.001).

Anahtar kelimeler: Tatlisu kefali, boy-adirlik iliskisi, boy-boy iliskisi, Karadeniz, Tiirkiye

INTRODUCTION

Squalius cephalus (chub) (L., 1758) is a freshwater fish
species widely distrubuted all around the world. The chub is
widespread in the whole of Europe, the Black Sea, the Azov
Sea, the Caspian Sea, and most of the inland waters in
Anatolia. This fish species is economically important and there
are lots of studies about genetic, biological characteristic,
population parameters and systematics of chub from different
localities (Laroche et al., 1999; Arlinghaus and Wolter, 2003;
Turan et al., 2007; Dehais et al., 2010; Bulut et al., 2012; Cejko
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and Krejszeff, 2016; Gouskov, 2016; Ozcan et al., 2017). The
conservation status of chub is “LC” according to IUCN (The
IUCN Red List of Threatened Species, Version 2017-3).

Length-weight (LWRs) and length-length relationships
(LLRs) are very important for fisheries researches. Length-
weight-related parameters provide predicting the weight of the
fish from its length and life cycle of the populations from
different habitats. Also, LWRs allow the transformations of
growth-in-length equations to growth in-weight, for use in stock
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assessment models; an estimate of the condition of fish; useful
for region comparisons of life histories of fish species (Petrakis
and Stergiou, 1995; Gongalves et al., 1997; Binohlan and
Pauly, 1998). LLRs are important in comparing growth studies
using different length types for fisheries management
(Moutopoulos and Stregiou, 2002).

In fisheries biology, LWRs and LLRs are base studies and
allow for comparisons of species growth between different
regions. Therefore, these studies are also prefered for stock
analyses. In this study, we aimed to determine the LWRs and
LLRs of chub which sampled from the four different localities
(Abdal Stream, Akcay Stream, Terme Stream and Yedikir Dam
Lake) along inland waters of the Middle Black Sea Region.

MATERIALS AND METHODS
Sampling

Chub samples obtained from Abdal Stream (N=44), Akgay
Stream (N=57), Terme Stream (N=55) and Yedikir Dam Lake
(N=62). The coordinates of sampling locations and date were
recorded using GARMIN GPS (Table 1-Figure 1). Samples
were collected with SAMUS 725 MP electroshocker.
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Figure 1. Sampling area

Table 1. Coordinates of sampling localities

Locality Sampling Date Coordinates N
Abdal . 41°09'22.38 "N
Stream April 2017 6442150 E
Akcay 41°05'30.99 "N
Stream October 2015 37°07'2089°E O
Terme 41°09'34.03 "N
Stream February 2016 sgos3984grg 90
Yedikir Dam 40°47.5'5.38 "N
Lake July 2016 35°33'1016'E 02

Biological studies and statistical analysis

Fish samples were measured for total length (TL), fork
length (FL) and standard length (SL) (0.1 cm.) The weight of
each fish (W) was recorded (0.01 g). Sex was determined by
macroscopic examination of the gonads.

Length—weight relations were calculated using the equation
W = alb, where W is the total weight of the fish (g), L is the total
length (cm), a and b are the parameters of the equation
(Bagenal and Tesch, 1978). The t-test employed to test
whether the slopes (b) were significantly different from 3,
indicating the growth type: isometric (b=3), positive allometric
(b>3) or negative allometric (b<3). Analysis of variance
(ANOVA) was used to test differences of the b values of length-
weight relationship between sexes (Zar, 1999).

Al length-length relationships of chub samples were
computed using linear regression analysis (Zar, 1999).
Relationships between TL & FL, FL & SL, and SL & TL were
estimated separately according to all localities.

Statistical analyses were tested by at the 0.05 significance
level. SPSS 20, Minitab 15.0 and the Excel software were
utilized in the evaluation of data.

RESULTS

The average total length of the individuals sampled from the
Abdal Stream, Akgay, Terme and Yedikir Dam Lake varies
between 11.49£0.792, 10.31+0.518, 10.33£0.289 and
11.11+0.327 cm. The descriptive statistics of chub samples
from four locality indicated in Table 2. There are no differences
in terms of TL or W between localities according to sex
(P>0.05). So, entire populations (female+male) were evaluated
together for analyses.

LWRs were calculated for all localities. The LWRs were
significantly important (P < 0.001, rz2 > 0.990, Table 3). The
value of ‘b’ of LWR was found to be significantly different from
3.0 in chub and the growth type were possitive allometric for all
localities according to results of this study (Table 3).
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Table 2. Descriptive statistics of S. cephalus samples from different localities

. Parameters .

Locality TL (cm)/ W (g) N Mean Min. Max. SD. SE.
L 11.49 5,60 2940 5.255 0.792
Abdal Stream w 44 3359 182 328.1 64.36 9.700
L 10.31 5.80 18.00 3.911 0.518
Akgay Stream w 5 18.81 179 6757 19.37 2,570
Torme Stream L 55 10.33 6.40 15.60 2146 0.289
w 13.18 2.39 46.99 8.61 1.160
. L 111 6.70 17.70 2575 0.327
Yedikir Dam Lake w 62 2018 339 7130 16.75 2130

TL: total length; W: weight; SD: standard deviation, Min: minimum; Max: maximum; SE: standard error

Table 3. Parameters of the LWR and growth types for S. cephalus
according to localities

95%

Locality a b r2 Confidence G-I[ow:h
Interval P
Abdal 0007 3224 0995  3.156-3292 (*)
Stream Allometry
Akgay ! ()
Stroam 0006 3285 0997 32453356 b
Terme 0005 3208 0993  3.194-3.402 (*)
Stream Allometry
Yedikir (+)
Damlake 0007 3210 0992 3043316

Table 4. LLRs between TL, FL and SL of chub inhabiting a few inland
waters of Middle Black Sea Region of Turkey

Localities  Equations a b r2 P
Abdal TL=a+bFL 0279 1.04 0.999  <0.001
Stream FL=a+bSL -0.019 115 0.999  <0.001
SL=a+bTL -0.201 0.84 0.999  <0.001
Akgay TL=a+bFL 0110 1.06 0.998  <0.001
Stream FL=atbSL 0929 099 0.922 <0.001
SL=a+bTL 0239 0.87 0916  <0.001
Terme TL=a+bFL -0.048 1.08 0.981  <0.001
Stream FL=atbSL 0297 1.09 0.985 <0.001
SL=atbTL -0.016 0.83 0.984  <0.001
. TL=a+bFL  0.267 1.03  0.991  <0.001

Yedikir _

Dam Lake FL=a+bSL  0.011 111 0.996  <0.001
SL=a+bTL -0.125 0.86 0.989  <0.001

LLRs were calculated by using the linear regression model.
LLRs were also highly significant (P<0.001) with coefficient of
determination (r2) ranging from 0.916 to 0.999 (Table 4).

DISCUSSION

The LWRs parameters are extremely important for fish
biology and fisheries management (Garcia et al., 1989). Also,
length-length associations have a great importance in the
comparison of studies using different lengths types
(Moutopoulos and Stergiou, 2002; Hossain et al., 2006; Singh
and Serajuddin, 2017).

In this study, maximum total lengths of S. cephalus were
found as 29.40 cm (Abdal Stream), 18.00 cm (Akgay Stream),
15.60 cm (Terme Stream) and 17.70 cm (Yedikir Dam Lake),
respectively. Variations in fish growth in terms of length and
weight can be explained as an adaptive response to different
ecological conditions (Nikolsky, 1963). Le Cren’s concept
hypothetically stated that the value of ‘b’ in ideal fish to be 3,
indicating an isometric growth, which is widely used as a scale
in length—weight relationship study (Singh and Serajuddin,
2017). The values of ‘b’ in the present study indicated positive
allometric growth for all localities. Many studies have been
found when the literature examined about LWR and growth
type of S. cephalus (Table 5).

In this study, the growth type of chub was found as possitive
allometric. “b” values of Abdal Stream, Akgay Stream, Terme
Stream and Yedikir Dam Lake are 3.224, 3.285, 3.298 and
3.210, respectively. Some factors such as genetic isolation and
specific  environmental  conditions (e.g. temperature,
eutrophication levels, food supply and diseases) are
responsible for intraspecific differences in growth parameters
(Stefanova et al., 2008). Therefore, “b” values of most of the
studies could be different from each other between regions.

Length-weight and length-length relationships provides
important baseline data to facilitate future fish monitoring and
researches. In this study, both LWRs and LLRs were found
significantly important (P<0.001). “r2" values of LWRs were
between 0.992 and 0.997. Various studies indicated that LWRs
are very strong in chub (Table 5).

LLRs are also useful for conversion purposes when
comparisons are made with literature values, information on
growth patterns and consequently to estimate fish biomass
(Ault et al., 2005; Aburto-Oropeza et al., 2011). There are
different studies used total, fork and standard lengths. This
differences causes confusion in some of the studies carried out.
At that point, LLRs plays a key role in comparision of studies.
Ozcan et al. (2017) investigated LLRs of chub from Karasu
River and found highly significant relationships (r2 >0.95,
P<0.001). In this study, LLRs were significantly important for all
localities (P<0.001) and coefficient of determination (r2) ranged
from 0.916 to 0.999.
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Table 5. Length-weight relationships of chub from different areas

Study area N b Growth Type Literature

Northern Aegean Eustuarine ¢, 3856 A¥) Kautrakis and Tsigliras (2003)

(Greece)

Topgam Dam Lake (Turkey) 332 3.12 A(+) Sasi and Balik (2003)

Isikli Lake (Turkey) 528 3.04 I Balik et al. (2004)

Sir Dam Lake (Turkey) 422 gf;j gg; 2?223) Qg; Kara and Solak (2004)

Almus Dam Lake (Turkey) 305 3.359 A(+) Karatas and Can (2005)

Karakaya Dam Lake (Turkey) 527 2.820 A(-) Kalkan et al. (2005)

Gelinglili Dam Lake (Turkey) 267 2.870 I Kirankaya and Ekmekgi (2007)

ikizcetepeler ~ Dam  Lake 2.96 (for males) Al

(Turkey) 414 286 (forfemales)  A(") Kog etal. (2007)

Hafik Lake (Turkey) 242 2.828 I Unver and Kekilli (2010)

Gamkoru Pond (Turkey) 374 3.012 A(+) innal (2010)

Todurge Lake (Turkey) 466 3.088 | Unver and Erk'akan (2012)

Gamasiab River (Iran) 60 3.97 A(+) Sedaghat et al. (2012)

Apa Dam Lake (Turkey) 474 243 A(-) Mert et al. (2015)

Uzungayir Dam Lake (Turkey) 334 3.136 A(+) Demirol et al. (2016)

Yeniaga Lake (Turkey) 729 3.109 A(+) Kilig and Becer (2016)

Devres Stream (Turkey) 329 297 (for males)-3.11 Benzer and Gl (2017)
(for females)

Karasu Stream (Turkey) 254 3.24 A(+) Ozcan et al. (2017)

Akgay River (Blylk Menderes 2.72 (for) males) A() "

Baginy) (Turke(y) ! 366 2.75 (for females) A(-) Sag! and Ozay (2017)

Abdal Stream (Turkey) 44 3.224 A(+) This study

Akcay Stream (Turkey) 57 3.285 A(+) This study

Terme Stream (Turkey) 55 3.298 A(+) This study

Yedikir Dam Lake (Turkey) 62 3.210 A(+) This study

(M: Male, F: Female, A(+): Possitive Allometry, I: Isometric, A(-): Negative Allometry)

Length-weight and length-length  relationships are
important in effective management of fisheries. This is the first
study that examined the relationships between total length-
weight and length-length relationships of S. cephalus sampled
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Abstract: In total, 24 replicate hauls were conducted on January-February in 2011 and September in 2012. A tailored bottom trawl with 800 meshes around the
mouth was used with covers to retain individuals of common pandora (Pagellus erythrinus). Mortality of fish escaping through 40 mm square, 44 and 50 mm
diamond mesh codends was investigated by collecting and monitoring the escapees from the codend covers for 7 days. We also observed possible water
temperature effect in the escape mortality of common pandora. The escape mortality of common pandora was negligible (<5%). No significant difference was
demonstrated in the average mortality for all test codends and controls between the winter and the summer (p>0.05). Mesh size and shape was not a significant
factor (p>0.01) for the both seasons.

Keywords: Escape mortality, bottom trawl, common pandora, water temperature, Aegean Sea

0z: Ocak-Subat 2011 ve Eyliil 2012 tarihleri arasinda toplam 24 trol gekimi yapilmistir. 800 gézlii kesimli dip trol agindan kagan kirma mercan (Pagellus erythrinus)
bireylerini yakalamak igin 6rtli kullaniimigtir. 40 mm kare, 44 ve 50 mm rombik gozli trol torbalarindan kagan bireylerin 6lim oranlari 7 giin boyunca yapilan
gozlemler ile tespit edilmistir. Ayrica su sicakliginin kirma mercan éliimleri izerine etkisi de incelenmistir. Kirma mercan’in 6liim oranlari dsiik bulunmustur (<%5).
Kis ve yaz mevsimleri i¢in deneme ve kontrol gruplarinda saptanan ortalama 6lim oranlarinda istatistiksel olarak 6nemli bir fark bulunmamistir (p>0,05). Her iki

mevsim icin de ag g6z boyutu ve sekli istatistiksel olarak énemli bir faktor degildir (p>0,01).

Anahtar kelimeler: Kagis mortalitesi, dip trolii, kirma mercan, su sicakligi, Ege Denizi

INTRODUCTION

Escape mortality, which is a component of unaccounted
mortality, has been described as pre-catch losses occur fish
that escaped and died later (Gilman et al., 2016). The results of
escape mortality have been reported approximately for 40 fish
species, particularly gadoids and flatfishes, by several
researchers (Sangster et al., 1996; Suuronen et al., 1996;
Suuronen, 2005; Ingélfsson et al., 2007; Dizbastilar et al.,
2010a; Dizbastilar et al., 2010b, c; Diizbastilar, 2014).
Information of fishing gear selectivity is essential to good the
probability of survival. However, improving the gear selectivity
without reducing the injuries of fish escaping from the fishing
gear is not applicable to fisheries management (Suuronen,
2005; Guijarro and Massuti, 2006).

Traditional Turkish demersal trawl selectivity is rather poor
and has a considerable amount of by-catch and discards
(Ozbilgin and Tosunoglu, 2003; Soykan et al., 2016).

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

Therefore, there are many studies associated with bottom
trawls incorporating the selectivity of trawl codends in Turkish
fisheries (Ozbilgin et al., 2007; Deval et al., 2006; Tosunoglu et
al., 2009). However, studies focusing on the escape mortality
of fish escaping from the trawl codend in the Mediterranean
Sea are scarce (Metin et al., 2004; Dizbastilar et al., 2010a, b,
c; Dizbastilar et al., 2016). Unfortunately, a considerable
amount of survival studies does not reflect the commercial trawl
fishery (Suuronen, 2005). Because, there are major problems
affecting inadequate investigations on survival rates such as
mixed-species trawl fishery, some methodological defects (high
mortality in control groups, sampling time, catch size etc.), and
having extremely complicated and problematic structure (Metin
et al., 2004; Suuronen, 2005; Dizbastilar et al., 2010a, c). A
small number of fish species escaping from trawl codends was
investigated (Metin et al., 2004; Dizbastilar et al. 2010a, b, c;
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Diizbastilar, 2014; Dizbastilar et al., 2016, 2017) while more
than 50 species were captured by trawlers in Turkish waters
(Tosunoglu et al., 2003).

One of the major factors causing mortality of trawl-caught
fish is water temperature influencing physiological activities and
fish behaviours (Ozbilgin and Wardle, 2002). However, a few
investigations about the water temperature effect on the escape
mortality were conducted and most of these so far have not
reflected the commercial trawl fishery (Suuronen et al., 2005;
Dizbastilar et al., 2010a; Dizbastilar, 2014; Dizbastilar et al.,
2017). Nevertheless, the effect of seawater temperature, which
is a key factor affecting fish condition, swimming performance
(Ozbilgin and Wardle, 2002), spawning stage (Ozbilgin et al.,
2007), healing of gear-induced wounds (Suuronen, 2005;
Suuronen et al., 2005; Diizbastilar et al., 2015) etc., must be
studied in order to understand its function in the escape
mortality In this study, the escape mortality of common
pandora, which is targeted species by commercial trawls in the
Aegean Sea and the effect of water temperature on the
mortality of fish escaping from trawl codends was reported. In
addition, the condition factor of common pandora was
calculated in order to determine the difference between the
escapees and the season.

MATERIALS AND METHODS

Two experiments were conducted by R/V EGESUF (26.8
Loa, 405 kW) in the izmir Bay (Aegean Sea, Turkish coast)
during the periods 26 January—4 February 2011, and 8-16
September 2008. A conventional bottom trawl (800 meshes)
was used in samplings (Fig. 1A-C). Three polyethylene (PE)
codends (40 mm square, 44 and 50 mm diamond mesh) were
tested. A total of 24 hauls with 15 min tow duration (6 control +
18 test cages) were performed in depths of 10-30 m for the both
seasons, located between lat 38.38333°-38.40000° N and long
26.78333°-26.80000° E. Sea water temperature around the
cages were measured using a digital thermometer by divers
three times a day.

In total, 9 hauls (3 experiments x 3 replicates) were
conducted for test cages for each year. For the control
category, which were defined as open codend, the trawl codend
was opened and fish were caught in codend cover. In the test
hauls, a same type of cover was used to collect escapees.
Covers (7.5 m in length and 0.8 m in radius) were made of
knotless polyamide (PA) netting in 24 mm mesh size. At the
end of each haul, the cover was detached from the trawl, moved
and fixed to the sea ground (<10 m) by divers (Fig. 2).

Control and test cages were observed by divers three times
a day for 7 days. The mortalities were collected and the
survivors were fed by divers using one-meter-long zipper
mounted three different locations of the cover. All dead fish
were transferred to the laboratory for measurement. At the end
of the monitoring period (on day 8), survivors in all the cages
were retrieved. The number of dead and survived fish along
with information of their size ranges, mean, min and max
lengths, and standard deviation (s.d.) of the size distribution are

obtained. Total (TL) and standard lengths (SL) of dead fishes
and survivors were measured to the nearest mm. Escape
mortality (Fe) was calculated by the equation, where nm is the
number of mortalities, and n is the total number of escaped fish
in a cage.

n
Fp = —= x100
n

Figure 1. A. Bottom trawl surveys were successfully performed
maintaining a continuous towing speed of 2.7 knots. B. Codend cover
was attached to the codend using a thin polypropylene (PP) rope C.
Codend cover was detached from the codend by cutting the rope very
quickly connecting the cover and the codend by divers (Underwater
video recordings were performed by Altan Lok)

The underwater observations (the behaviour of the captive
fish, trawl performance and underwater works) were recorded
by an underwater camera (Sony PC350E with housing
Sea&Sea) by divers in the form of video clips.

Fulton’s condition factor (K) was calculated from the weight
and total length of the fish using the formula of Fulton (1904) to
determine the possible variation between months (January and
September) on fish condition:

_ (weight [g] x 100)
~ length3[cm?3]

The length (TL)-weight (W) relationship was estimated by
using the equation (Ricker, 1973), where a and b are the
coefficients calculated by the least squares method.

W =loga+blogTL
W=all

The effect of water temperature on the mortality of test
codends (40 mm square, 44 and 50 mm diamond mesh
codends) in length groups was tested by t-test. ANOVA was
used to determine whether there is a significant difference
between mortality rates of test codends. The difference
between each of two test codends was analysed by t-test. F-
test was used to analyse the condition factor of survivors in
different codends and seasons.
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Figure 2: The settlement of codend covers were used as an observation cage during the experiments (Underwater video recordings were

performed by F. Ozan Diizbastilar)

RESULTS

In winter 2011, 12 hauls were conducted. Mean water
temperature was 13°C at the cage site. In test and control
cages, red mullet (Mullus barbatus) was the most abundant
species (931), followed by solenette (640) (Buglossidium
luteum, Soleidae), scaldfish (514) (Arnoglossus laterna,
Bothidae), annular seabream (442) (Diplodus annularis,
Sparidae), common pandora (440) (Pagellus erythrinus,
Sparidae), blotched npicarel (438) (Spicara maena,
Centracanthidae), and brown comber (397) (Serranus hepatus,
Serranidae). In the catch composition, number of fish and
species were differed between years.

In summer 2012, there were 12 hauls and mean
temperature was 25°C at the study site. In the test and control
codends, red mullet was the most captured fish (2743),
followed by anchovy (947) (Engraulis encrasicolus,
Engraulidae), brown comber (840), red bandfish (668) (Cepola
macrophthalma, Cepolidae), blotched picarel (560), black goby
(539) (Gobius niger, Gobiidae), solenette (407), and common
pandora (292).

The total number of common pandora escaped from 40 mm
square, 44 mm and 50 mm diamond mesh codends were 130,
58 and 81 in winter, respectively (Table 1, Fig. 3). The size of
these fish ranged between 5.6 and 13.9 cm. Escape mortality

percentages were 1.6, 4.3, and 6.8 in the 3 square mesh
codend cages. There was no mortality of common pandora in
44 mm diamond mesh codends. There were only 3 dead
common pandora individuals in cage 1 (50 mm diamond mesh
codends), resulted in escape mortality percentage of 5.4. There
was no difference in mortality rates between control (mean,
5.3%=4.6) and experimental groups (mean, 2%+2.7) in winter
(p>0.01). Mesh size and shape were not significant factors for
the escape morality of common pandora in winter season
(p>0.01).

In summer, the total number of common pandora in 40 mm
square, 44 mm and 50 mm diamond mesh codends cages were
60, 37, and 71, respectively (Table 1). The sizes of fish ranged
between 5.6 and 14.9 c¢m in the six cages population. There
were 4 dead individuals in 40 mm square cages, 3 in 44 mm
diamond cages, and 2 in 50 mm diamond cages, resulted in
mean escape mortality percentages of 2.9, 5.9, and 3.3,
respectively (Table 1, Fig. 4). Statistically, there was no
difference in the escape mortality rates between control (mean,
4.2%+4.6) and test (mean, 4%=6.5) cages for summer season
(p>0.01). The escape mortality did not differ significantly
between test categories (p>0.01). It was concluded that the
mortality of common pandora in the test cages for two
experiments (2011 and 2012) was negligible and the escape
mortality was unrelated to the water temperature effect
(p>0.05).
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Table 1. Data of common pandora escaping from square, diamond mesh codends and open codend during winter-2011 and summer-2012
experiments (n: total fish number; nu: number of mortalities; Fe: escape mortality in percentage; s.d.: Standard deviation)

Winter-2011 Summer-2012
Cages Cage Total length (cm) Total length (cm)
no n m Fe : n m Fe -
mean min max s.d. mean min max s.d.
403 1 63 1 16 } 46 4 87 }
23 1 43 9.7 56 135 16 9 0 0.0 9.1 57 136 26
4 3 68 5 0.0
44D 1 28 0.0 } 15 0.0 }
13 0.0 10.1 65 139 16 17 176 104 60 140 28
17 0.0 5 0 0.0
50D 1 56 54 ] 40 0 00 |
1 00 | 9.8 65 133 14 20 2 100 114 56 149 27
14 0.0 11 0 0.0
0C 1 72 00 | 10 4 36 |
2 86 81 10.1 50 188 22 11 1 91 11.7 62 163 25
3 13 7.7 3 0 0.0
20 n=130 207 n=>58 January-February 2011
40 A 40 A
30 A o 30 A
74
20 4 20 A
10 | 10 1
5 40 mm square |—| 44 mm diamond
e 0+ G o +—-H 4=ty e
g 50 4 50 -
_;—E n=281 n=171
= 40 40 1
30 A 30 -
) . Mortalities
24 ! 201 2 ] D Survivors
10 4 v 10 A
50 mm diamond Open codend
0 =1 0 Hl a0 P

5 I6 '7 '8 I9 IIO Ill v]2 l]3 I14 KIS ']6 ‘17 IIS Il9
Total length (cm)

56 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure 3: Common pandora in the codends (winter 2011): numbers of mortalities and survivors in each length class for the combined data of the

test (40 mm square, 44 and 50 mm diamond) and open codend cages (n: number of fish)
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Figure 4: Common pandora in the codends (summer 2012): numbers of mortalities and survivors in each length class for the combined data of
the test (40 mm square, 44 and 50 mm diamond) and open codend cages (n: number of fish)

The calculated LWR parameters of common pandora in the
combined test and open codends were presented in Figure 5.
Fulton’s condition factor (Kw) for survivors in 40 mm square, 44
and 50 mm diamond mesh codends, and open codends were
1.22 (£0.07), 1.17 (£0.06), 1.21 (+0.08), and 1.21 (£0.14) in
winter, 2011, respectively (Table 2). There were no significant
differences in the mean condition factor (p>0.05) between the
survivors placed in experimental cages and controls.

In summer 2012, Ku values in 40 mm square, 44 and 50
mm diamond mesh codends, and open codends were 1.37

(£0.21), 1.33 (+0.18), 1.38 (+£0.17), and 1.49 (+0.21),
respectively (Table 2). No significant difference from test and
control cages was found (p>0.05).

However, for the survivors in the open codend cages, there
were significant differences for the mean calculated condition
factor between winter (1.21) and summer (1.49) (p<0.05). In the
3 test cages (40 mm square, 44 mm and 50 mm diamond mesh
codends), there was significant differences in condition factor
between winter and summer seasons (p<0.05).

Table 2. Length-weight relationship of common pandora survivors escaping from square, diamond mesh codends and open codend during
winter-2011 and summer-2012 experiments (a: Intercept; b: Slope of the linear regression; CF. Condition factor; Km: The mean calculated

condition factor (Fulton’s); TLu: Mean total length-cm)

Winter-2011 Summer-2012
a b CF  Ku TLy 2@ b CF  Ku TLu
Survivors
40 mm square 001 299 125  1.22+0.07 96 001 300 143 4474001 90
44 mm diamond 001 289 151  1.17+0.06 94 002,00 g 133:018 104
50 mm diamond 9.8 0.02 11.6
' 001 303 113  1.21+0.08 204 160  1.38+0.17
Open codend 9.8 0.02 117
pen 002 289 153  121+0.14 285 214 1494021

185



Diizbastilar et al. Ege Journal of Fisheries and Aquatic Sciences, 35(2): 181-188 (2018)

40 1 W=001%3 January-February 2011
35 4 r=099
30 A & *
25 4
.‘
20 1 <
ol Mi‘
10 A ‘
. 40 mm square
5 4 - sq
. 00"
0 . .
40 1 W=001*12
35 r=0.99
30 1 . o
25 pAn
20 RO
15 1 *
10 4 .
—_ * s
CHER oo 44 mm diamond
= 0 r
&0
L 40
= W= 0.01#E%
35 1 £=098
30 4
o*
25 .
20 4 *
&S
15 4
10 .
* e g 3
5 . \“"’ 50 mm diamond
0
40 1 W=0.02¢12% .
35 4 r'=0.96
*
30 .V %
25 R 4
20 S * o0
* ’.. ’0
15 o
o
10 M
. Open codend
5 e p
ot
0 . . . . . . . . .
5 6 7 8 9 10 11 12 13 14

40 1 W =001 September 2012
35 4 £=098 .
.0
30 "
25 1 « ¢ %
20 00‘ * Q.
15 TR
10 1 -
et S 40 mm square
5 1 '~.wd‘
0 r .
401 W =0.02*12%
35 4 r'=098 n
g
30 4 . 5t
5 | ,zw
*
“e
20 4 .
15 4
10 4 *
o .
5 RS 44 mm diamond
0
] W= 0.0252% eet $
35 4 r
r'=098 -, :“0. L R
30 1 R -
*
25 ¥ Q‘z
20 s
15 4 P 4 *
*
10 R
54 o o * 50 mm diamond
0 -
40 4 W =0,02*1255 f
35 4 =096 24
30 A % :’0‘ -
*
25 A P I v
*
20 X R
2
2 »
10 o
PO Open codend
5 e
0,0 - : - . . . . . ; ,
5 6 71 8 9 10 11 12 13 14 15

Total length (cm)

Figure 5: Total length-weight relationship of survivors for the all test and open codend cages in winter and summer

DISCUSSION

The aims of this study were to investigate the escape
mortality rates of common pandora for square and diamond
mesh codends and the effect of water temperature on those
rates. In addition, the condition factor of survivors was
calculated to show the possible difference between the test and
control groups and seasons. In the experiments, open codend
was used to capture common pandora individuals in similar size
range likewise the control groups in order to compare test
cages.

The escape mortality depends on many factors such as fish
species and size, mesh size and shape, catch size and
composition, water temperature, fishing gear properties
(Sangster et al., 1996; Suuronen, 2005; Broadhurst et al., 2006;
Ingdlfsson et al., 2007; Diizbastilar et al., 2017). We focused

on the effects of mesh size and shape by considering water
temperature and condition factor, which are accounted to be
seasonal effects, on the escape mortality for common pandora.
Therefore, three different codends were tested to demonstrate
the effects of mesh size and shape on the mortality of fish
escaping from trawl codends. However, the mortality was not
affected by mesh size and shape for both seasons. Similarly,
some studies have reported that mesh size was not related to
fish mortality or had less influence on the escape mortality
(Sangster et al., 1996; Suuronen et al., 1996). The mesh shape
has an important role for decreasing the escape mortality,
because fish may pass more easily through square mesh
codends than diamond mesh codends (Suuronen, 2005). In the
experiments, we tested one square and two diamond mesh
codends and average morality rates of 40 mm square, 44 mm
and 50 mm diamond mesh codends were 4.2%, 0%, and 1.8%,
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respectively in winter, 2011. Likewise, we observed low
mortality, as 2.9, 5.9, and 3.3%, respectively, for the above
mentioned codends respectively in summer 2012. Diizbastilar
et al. (2010b) reported that the square mesh (40 mm) codend
cages had a greater mean survival rate of red mullet than that
of the diamond mesh (40 mm) codend cages.

The average mortality rates of common pandora in the test
cages did not differ significantly between winter (2.0%; s.e.:
0.91) and summer (4.0%; s.e..2.17). Similarly, control cages
were not seriously different in winter and summer, resulting in
average mortality rates of 5.3% and 4.2%, respectively. Low
water temperatures may affect the behaviour of fish, which
influences fish swimming performance and escapement of fish
from the codends (He and Wardle, 1988; Ozbilgin and Wardle,
2002). Nevertheless, Suuronen et al. (2005) observed lower
mortality (<3%) of Atlantic cod (Gadus morhua) at lower water
temperatures (<10°C compared to >15°C). Higher mortalities
(up to 75%) were determined when the observation cages were
held at higher temperatures because of the cover-cage method
as described by Lehtonen et al. (1998). Diizbastilar et al. (2017)
found that mean escape mortality of mullet for all trawl hauls in
winter (33.2%z6.51) was higher than that in summer
(26.5%+6.19). Likewise, Duzbastilar (2014) reported higher
mortality rates (between 61.3-95.3%) for red bandfish at higher
seawater temperatures (<13°C and compared to >24.9°C).
However, Diizbastilar et al. (2010a) found that the mortality of
brown comber (2.2% in winter and 1.9% in summer) escaping
from diamond mesh codends was not affected by seawater
temperature (<13°C and compared to >24°C).

Fish condition varies with fish size (Ricker, 1973) and is
associated with age, sex, environment, water temperature,
feeding pattern, and stress factors (Barton and Schreck, 1987;
Brown et al., 1987; Bolger and Connolly, 1989; Carscadden
and Frank, 2002). We used Fulton’s condition factor (Ku), which
is one of the condition indices, to determine the possible
difference between the survivors of test and control cages and
season. Ku was calculated for 346 survivors observed in the
test and control cages, which varied in the range between 1.17
and 1.22 in winter 2011. In summer 2012, Ku values were
calculated for 280 survivors and ranged between 1.33 and 1.49.
We found that the condition index, which is the one of seasonal
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knotless fibres).
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0z: Calisma Karadeniz Bolgesindeki dip trolii balikgiiginin Gilkemiz balikgiligindaki yeri ve aveiliga yonelik uygulamalari belirlemek amaciyla Eyliil 2016-Nisan
2017 tarinhleri arasinda gergeklestirilmistir. Dip troll ekonomik ve rasyonel anlamda dip baliklarinin avciliinda yogun olarak kullanilan bir av aracidir. Tlrkiye'de
dip trolii aveiliginin yapildigi sahalara bakildiginda Dogu Karadeniz fazla kirikli yapiya sahip oldugundan dolay: dip trolii gekimine uygun degildir. Orta Karadeniz
si§ ve diiz yapiya sahip olmasi nedeniyle 6zellikle Sinop’un batisindan Ordu’ya kadar olan sahalar dip trol aveili§i igin uygundur. Bati Karadeniz'deki dip trol
sahalar Orta Karadeniz kadar genis olmamakla birlikte igneada Kefken arasinda bulunmaktadir. Arastirmada dip trol agjlari ile en gok yakalanan tiir olan mezgit
baliklarinin 7 cm ile 30 cm arasinda dagilim gdsterdigi ve ortalama 150,13 cm boyunda oldudu tespit edilmistir.

Anahtar kelimeler: Dip trolii, mezgit, Orta Karadeniz

Abstract: The study was carried out between September 2016 and April 2017 to determine the location, current status and applications of the catching of the
bottom trawl fishing in the Black Sea Region. Bottom trawl is a fishing gear used extensively to catch the demersal fishes as economical and rational. Considering
the field where fishing activities held by bottom trawl in Turkey, since the Eastern Black Sea has fractured composition the bottom trawling is not applicable. Due
to the shallow and flat structure of the Central Black Sea, the areas from west of Sinop to Ordu are suitable for bottom trawl fishing. Bottom trawling areas in the
West Black Sea are not as wide as the Middle Black Sea but they are located between Igneada and Kefken. In this study, the length of whiting fishes, which is the
most caught species by bottom trawlers, rages from 7 cm to 30 cm and an average length is detected as 15 + 0.13 cm.

Keywords: Bottom trawl, whiting, Middle Black Sea

GIRiS

Trkiye balik¢iiginda énemli bir yeri bulunan, TUrkiye’nin
en verimli denizlerinden biri olan Karadeniz Tlrkiye'nin deniz
baliklari avciligindan elde ettigi yillik su Grinleri Gretiminin
yaklasik %74'linl saglamakla birlikte, avianan deniz baliklari
bakimindan diger denizlere gore en yiksek paya sahiptir
(BSGM, 2016). Ulkemizde demersal tiirler igerisinde 11541 ton
ile en fazla avlanan tiirin mezgit oldugu gorilmektedir (TUIK,
2017).

Diger denizlerimizde 400-600 m derinliklerde dip
balikgihgindan ~ verimli ~ sonuglar ~ alinmasina  karsilik
Karadeniz’de bu derinlikler 100 m'den asagiya ge¢gmez. Bu
olumsuz kosullarina ragmen demersal balik avciliina misait
olan alanlar kisitl bile olsa Karadeniz’de yer yer olumlu
ozellikler gosteren trol sahalari vardir. Karadeniz'de dip trolu ile
ilgili yapilan ilk caligmalar Et Balik Kurumu tarafindan 1955-
1960 yillari arasinda avciliga uygun sahalarin yerlerini tespit
etmeye yonelik olmustur (Anonim, 1989). Giiniimiize kadar dip
trolu ile ilgili galismalar degisik nedenlerle gerceklestirilmistir.

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

Bunlarin cogunda dipte yasayan balik miktarini tahmin ederek
dipteki balik stoklarinin izlenmesi olup ayrica bliyime ve élim
hakkinda bilgi saglamalari nedeniyle, avianan baliklarin boy ve
agirlik dlgtimlerini de icerir (Clark, 1981, Bingel, 1985).

Ulkemiz karasularinin biiyik bir bslimiinde trol aglarinin
kullanimi yasak olmasina ragmen, Kizilirmak ve Yesilirmak
sayesinde zemin yapisi ve stok zenginligi bakimindan uygun av
sahasi haline gelen Orta Karadeniz kiyilarinda, avcilik
uretimine hem demersal hem de semipelajik tiirler bakimindan
dnemli katkilar saglamaktadir (Erdem vd., 2007).

Ozellikle Karadeniz'de gergeklestirilen hemen hemen tiim
calismalarda avlanan tlrler igerisinde yer alan mezgit baligi en
cok av veren tiir konumunda olmasi nedeniyle Karadeniz igin
son derece dnemli bir tlirdir (Bradova ve Prodanov, 2003).

Bu calismada Orta Karadeniz'de dip troli balik¢iligi yapan
tekneler, kullandiklari adlar ve dip trol aglari ile yakalanan
baskin tir olan mezgit baligi ile ilgili degerlendirmeler
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yapiimistir.
MATERYAL VE METOT

Bu galisma 2016-2017 av sezonunda dip trol avciliginin
serbest oldugu Ordu ili Unye ilgesi Taskana Burnu’ndan
Samsun ili Yakakent ilgesi Cayagzi Burnu arasinda kalan
kiyilarda gergeklestirilmistir (Sekil 1).

KARADENiZ

Sekil 1. Arastirma sahasi
Figure 1. Research area

Arastirma  materyalini  Orta Karadeniz Bolgesi'nde
kullanilan dip trol aglari ve bu aglar ile yogun olarak yakalanan
mezgit baliklar olusturmaktadir. Dip trol adi ve teknelere ait
veriler tekne sahipleri ile yapilan birebir gorlismelerle,
teknelerin Uzerinde bulunan gliverte Usti mekanizasyonlar ile
elektronik cihazlar hakkinda bilgiler ise tekne (izerinde yapilan
incelemeler sonucunda elde edilmistir. Mezgit baligi
orneklemeleri 2016 Eylul-Ekim ve 2017 Subat-Mart-Nisan

Tablo 1. Incelenen teknelere ait bilgiler
Table 1. Features of fishing vessels

aylarinda, ayda bir defa olmak (izere, dip trolii
operasyonlarindan tesadifi drnekleme yontemi ile yapilmigtir.
Yakalanan baliklarin total boy 6lgimleri 1 mm aralikli boy dlglim
tahtasi ile agirlik Glgiimleri ise 0,01 g hassasiyetli terazi ile
Olgtlmugtir.

Balik drneklerinin boy-frekans grafikleri olusturulmus olup
boy-agirlik iligkisinin hesaplanmasinda W=a*Lb formulinden
yararlaniimigtir (Ricker, 1973).

BULGULAR

Calismada incelenen 4 adet trol teknesinin boyu 19,90-
2440 m arasinda olup ortalama 21,75+1,12 m’'dir. Motor
gugleri ise 380-550 HP arasinda degismektedir. Gliverte st
mekanizasyon olarak mekanik irgat sistemleri, kreynler ve dzel
mekanik sistemler kullanilimaktadir. Bu sistemler avcilik
operasyonlarinin daha etkin ve kisa sirede gergeklesmesini
saglamaktadir. Orta Karadenizde dip trol balikgihg trol
aglarinin arkadan atilip toplanmasi seklinde
gerceklesmektedir. Bu nedenle trol teknelerinin arka
kisimlarinda aglarin kolayca atilip toplanmasini saglayan
tamburlar bulunmaktadir. Dip troli avciidi yapan balikgi
gemilerinde ecosounder, su Ustl radari, satalayt olmak lzere
uc onemli elektronik mekanizasyon cihazi kullaniimaktadir.
Bunlarin yani sira kisa mesafe telsiz, GPRS gibi cihazlarda
bulunmaktadir (Tablo 1).

Dip trolli teknelerinde kaptan disinda 5-6 personel
bulunmaktadir. Gemicilerin gegmiste pay dagitma usulline gore
verilen cretleri son vyillarda maas Odeme seklinde
gerceklesmektedir.

T T3 T4

Boy 19.90 19.90 22.80 24.40

- 2 Adet 2 Adet
Motor gicti 540 HP 500 HP 550 HP 450 HP 470 HP,380 HP
Irgat sistemleri Mekanik Mekanik Mekanik Mekanik

) 2 Adet
Jenerator 75 KW 110 KW 75 KW (110 KW, 35 KW)
Echo-sounder Var (2000 W) Var (2000 W) Var (3000 W) Var (1000 W)
Satalayt Var Var Var Var
Su Ustii radari Yok Var (48 Mil) Var (48 Mil) Var (64 Mil)
Kisa mesafe telsiz Var Var Var Var
GPRS Var Var Var Var
Personel sayisi 5 6 5

incelenen trol aglarinin kanatlarinda 160 mm, omuz ve
karin kisimlarinda 44 mm, tiinel ve torba kisminda ise 40 mm
gbz acikhginda polietilen malzemeden yapilmis aglar
kullanilmistir.  Kapilar demir cergeve ile cevrili ahsap
malzemeden yapiimis dikdortgen seklinde geleneksel kapilar
olup agirhgr 130-150 kg arasindadir. 200 m uzunlugundaki
palamar halatlarinin gapi 32 mm’dir (Tablo 2).

Aragtirmada dip troli érneklemeleri sonucunda elde edilen
516 adet mezgit baliginin minimum 7 ¢m, maksimum 30 cm
arasinda dagilim gosterdigi, ortalama boylarinin ise 15+0,13
cm oldugu tespit edilmistir. Yakalanan baliklarin %40’inin 13-
15 cm'lik boy araliginda olduklari belirlenmistir (Tablo 3, Sekil
2). Orneklenen tiim bireylere ait boy-agirlik iliskisi Sekil 3'te
verilmistir.
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Tablo 2. Incelenen trol aglarina ait bilgiler
Table 2. Features of fishing gears

T 2 3 T4
Boy (kulag) 20 Kulag 20 Kulag 20 Kulag 20 Kulag
Agiz yiksekligi 1 1 1 1

m

Torba goz 20 20 20 20

acikhgr (mm)

Trol kapi 130 130 150 150
agiriiklari

Tobaboyuve 430065, 3x300Géz  3x300Géz  3x300 Géz
goz sayis

Tablo 3. Mezgit baliklarinin boy-frekans degerleri
Table 3. Length-frequency values of whiting

Boy Sinifi Frekans % Frekans
79 3 0,58
9-11 18 3,49
11-13 63 12,21
13-15 207 40,12
15-17 138 26,74
17-19 42 8,14
19-21 20 3,88
21-23 15 2,91
23-25 5 0,97
25-27 2 0,39
27+ 3 0,58
N 516
Ort. 15
Min 7
Max 30
1+SE 0,13

45

40 -

35 -
= 30 -
@ 25
©
S 2 -
L

15

10 -

5 4

0 5

79 1

13 156 17 19 21 23 25 27
Boy Sinifi (cm)

Sekil 2. Mezgit baliginin boy- % frekans grafigi
Figure 2. Length-frequency distributions of whiting

300 y = 0,0046x3,1823
2 =

250 R2=0,938 °
200
5 N=516
X150
< 100 ¢

50

0
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Sekil 3. Mezgit baliginin boy-agirlik iligkisi
Figure 3. Length-weight relationship of whiting

TARTISMA VE SONUG

Ulkemizde mezgit (Merlangius merlangus), barbunya
(Mullus barbatus) ve kalkan (Scophthalmus maximus) gibi
demersal balik tiirleri yogun bir sekilde avlanmakta iken,
gunimiizde teknoloji trtinlerinin artigi ve tekne boylari ile motor
guglerinin artmasina bagli olarak ortaya cikan avlama
glclindeki artis sonucu dip baliklari stoklarinda asiri av baskisi
ortaya ¢ikmistir. Karadeniz'deki demersal balikgilik faaliyetleri
hem kiyisal habitat hem de denizel ekosistem (izerinde Gnemli
derecede etkili olmaktadir (Ozturk ve Karakulak, 2003).

Trol tekneleri diinyada ¢ok yaygin kullaniimakla birlikte
herbir Ulkeye 0zgl yapisal ve donanim Ozellikleri farklilk
gostermektedir. Malezya, Singapur ve Tayland gibi Asya ve
Uzakdogu ulkelerinde tekne boylari cok fazla olmayip genellikle
aglari tambura sarili olarak teknenin arka kismindan atilip
toplanmaktadir. Avrupa’da ise yine arkadan atilan ve tambura
sarili agl olan ¢ogu 10 m'den fazla olmayan trol tekneleri
kullaniimaktadir (Samsun, 2016). Karadeniz'de ise teknenin
arkasindan atilip toplanan, tambura sarili olmayan geleneksel
aglar kullaniimaktadir.

Calismada incelenen bireylerin ortalama boy ve agirlik
degerleri sirasiyla 15+0,13cm (7-30 cm), 29,03 £1,02 g (3,72-
248 q) olarak tespit edilmistir. En fazla bireyin bulundugu boy
sinifi 13-15 cm’dir. Samsun ve Akyol (2017), mezgit baliklarinin
ortalama boy ve agirlik degerlerini 14,97 +0,04 cm (8,8 - 22,8
cm), 27,4 £0,25 g (5,3 g - 83,2 g) ve en fazla érnegin bulundugu
boy sinifini 13-16 cm olarak bildirmislerdir. Ozdemir vd., (2018),
genel, disi, erkek ve belirsiz olarak ortalama boylari 13.25
+0.04 cm, 13.72 £0.05 cm, 13.01 £0.04 cm, 10.78 £0.12 cm
seklinde bildirmiglerdir. Génener ve Erkoyuncu (2005), dip trolu
ile avlanan mezgit baliklar icin ortalama boy ve agirlik
degerlerini sirasiyla 13,65+0,06 (8,1-20,6); 24,49+0,33 (5,0-
71,0 g) olarak belirtmislerdir. Bu galismada elde edilen sonuglar
yapilan ¢alismalarla benzerlik gdstermektedir.

516 adet mezgit bireyinin  boy-agirhk iligkisi
W=0,0046*L3.1823, R2=0,938 seklinde belirlenmistir. Samsun ve
Akyol (2017), mezgit baliklarinin boy-agirlik iligkisi esitligini
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W=0.0113*TL286% (n=1495; R2=0.9243), Ozdemir vd., (2018)
ise  W=0.0068*L30202 (n=2173; R=0.987), Calik ve Erdogan
Saglam (2017), W=0.0131*L2773 (n=140; R2=0.91), olarak
hesaplamiglardir.

Karadeniz'deki mezgit balii igin Geng vd. (2002) ilk cinsi
olgunluk yasini 1 ve bu yasa karslilik gelen ortalama total boyu
12-13 cm olarak, Samsun (2005) ilk cinsi olgunluk yasini 1 ve
bu yasa karsilik gelen ilk Greme boyunu disiler i¢in 13,8 cm,
erkekler icin ise 12,9 cm olarak bildirmiglerdir. Gonener ve
Erkoyuncu (2005), 6zellikle mezgit ve barbunya baliklarinin dip
trolli ile aveiliginda, avlama mevsiminin ve aviamanin yapildig
derinligin, bdyuklik kompozisyonunu 6nemli derecede
etkiledigini belirtmislerdir. Erdem vd., (2007) dip trolu ile fazla
miktarda ve biylk boyda mezgit baligi avlanabilmesi igin
avlama mevsimi ve av sahasina bagli olarak avciligin 50 m ve
uzeri derinliklerde yapilmasi gerektigini ifade etmislerdir. Bu
calismada dip troli &rneklemelerinin  yapildigi avcilik
operasyonlari 40-80 m arasinda gergeklestirilmistir. Orneklerin
boy kompozisyonuna bakildiginda, baliklarin % 83,7’sinin 13
cm ve Uzerinde oldugu tespit edilmistir.

Ticari amagl su Urlnleri avcihdini diizenleyen tebliglerde
Karadeniz'de trol avcilijina yer yasaklari, zaman yasaklari ve
teknik Ozellikler gibi yasak ve sinirlamalar getirimektedir.
Ancak uygulamada ¢odu zaman bu yasak ve sinirlamalara
aykin faaliyetlerle karsilagimaktadir.  Samsun-Ordu I
sinirindan Giircistan sinirina kadar yasak olan bdlgede trol
avelliinin yaygin olarak yapildigi, denetimlerde karsilasilan
zorluklar nedeniyle trol avciiginin  dniine  gegilemedigi
belirtiimektedir (Geng vd., 2002). Bati Karadeniz'de kiyidan
itibaren 3 mil icerisinde trol avciligi yasak olmasina ragmen trol
balikgilari  &zellikle barbunya avlamak icin bu yasaga
uymayarak si§ sulara girmektedirler (Yildiz, 2016).
Karadeniz'deki dip trol aglarinda torba ad géz agikligi 40 mm
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olarak kullaniimaktadir (Anonim, 2016). Bati Karadeniz'de trol
balikgilari bu kurala uymakta, ancak iki trol torbasi Ust Uste
kullanilmasi  nedeniyle, trol torbasinda a§ gozleri
kapandigindan kugik baliklarin kagma sansi 6nlenmektedir
(Yildiz, 2016). Maksimum 37-110 m derinliklerde dip aglari ile
avcilik yapan kiigik balikgilar ekonomik nedenlerle dip trol
teknelerinin bu bdlgelerde avcilik yapmasini istememektedir.
Dip troli teknelerinin buralarda engellenmesi ve istenmemesi
kendi karasularimizda su drinleri stoklarindan yeterince
yararlanilamamasina neden olmaktadir (Samsun, 2016). Dip
trolii balikgiliginda karsilagilan bu olumsuz kosullarin énline
gegilebilmesi icin yasak ve sinirlamalar kararlastirilirken gerek
sektor bilesenleri, gerek (lke ekonomisi ve gerekse balik
stoklarinin yarari g6z 6nlinde bulundurularak bilimsel veriler
1s19inda degerlendirmeler yapilmalidir.

Dip troli aglari demersal balik populasyonlarindan
ekonomik ve sirdrlebilir anlamda yararlanilabilmesi
bakimindan énemli bir potansiyele sahip av araglaridir. Bunun
yanisira yogun avcilik faaliyetinin ekosisteme ve diger kiiclk
balikgilarin aglarina verdigi zarar da gézardi edilememektedir.
Ozellikle Orta Karadeniz'de demersal balik avciliginda yogun
bir sekilde kullanilan diger taraftan kiiglik balik¢i grubu ile
ekonomik tabanl catismalara neden olan dip trolii balik¢ihginin
demersal balik stoklarinin ekonomiye kazandirilabilmesi
agisindan ilgili yasa, yénetmelik ve tebliglerde belirtilen
kurallara uyulmasi balikgigin strdirilebilmesi igin gereklidir.
Giinde yaklasik 6-7 operasyon gergeklestiren trol teknelerinin
her bir operasyon slresinin 1,5-2 saat stirdigu disintlirse
avcllik yapilan ortamdaki bentik ekosisteme verilen zarar ve
uzun gekim slresi nedeniyle iskarta oraninin artmasi séz
konusu olabilmektedir. Bu nedenle dip trol avciliginin daha
verimli gergeklestirilebilmesi igin operasyon sayisi ve siresi ile
ilgili diizenlemeler faydali olabilir.
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Abstract: Due to the essential oils known as having great antimicrobial activities, they have been heavily used by several industries such as medical, cosmetics,
food and agriculture since long past of human history. The essential oils are the secondary metabolite of aromatic plants and about 1/10t of known 3000 essential
oils are widely used. They reached to the environment after used in any product and behave as xenobiotics especially in aquatic environment. Although, essential
oils are natural plant extracts could be potential candidates for pest control or used any other purposes possible environmental impact needs to be investigation.
In order to investigate the environmental impact of some essential oils such as rosemary oil, tea tree oil, wheat germ oil, grape seed oil, thyme oil and eucalyptus
oil, Scenedesmus subspicatus were selected for testing as one of the primary producer species since they are the first trophic level of food chain. This test is
approved as OECD 201 Algal Growth Inhibition test. As the result of this investigation, algal growth inhibition assays of tested oils did not show severe effects on
the population growth of algae. The estimated ECso values were 15.6, 35.09, 65.03, 100.17, 201.02, 414.47 mg/L for rosemary oil, wheat germ oil, tea tree oil,
thyme oil, eucalyptus oil and grape seed oil respectively.

Keywords: Essential oils, Algal Growth Inhibition Assay, aquatic toxicity, Scenedesmus subspicatus, Phytotoxicity

0z: Giiclii antimikrobiyal etkisi bilinen ugucu yaglar; tip, kozmetik, gida ve tarim gibi birgok alanda uzun yillardan beri yogun bir sekilde kullaniimaktadir. Aromatik
bitkilerin ikincil metabolitleri olan ugucu yaglarin 3000 gesidinden 1/10’ u yaygin kullanima sahiptir. iceriginde bulunan maddelerin kullanimi ile gevreye salinmakta
ve Ozellikle sucul ortamlarda ksenobiyotik gibi davranmaktadir. Ugucu yaglar bitkilerden elde edilen dogdal maddeler olarak zararli miicadelesinde kullanilsalar da
olasi gevresel etkilerinin arastirimasi gerekmektedir. Ugucu yaglardan; biberiye yagi, cay agaci yagi, bugday yagi, iziim gekirdegi yagi, kekik yagi ve okaliptus
yaginin gevresel etkilerinin belirlenmesi igin besin zincirinin ilk basamagindaki lreticilerden olan Scenedesmus subspicatus kullanilarak OECD 201 Algal Biyime
inhibisyon testi olarak bilinen testler uygulanmistir. Denemelerin sonunda test edilen ugucu yaglarin alg popiilasyonunun bilyiimesi izerinde a§ir olumsuz etkilerinin
olmadigi gérilmistir. Biberiye yadi, Cay agaci yag|, bugday yagdi, Gziim cekirdegi yadi, kekik yagi ve okaliptus yaginin ECso dederleri sirasiyla; 15,6, 35,09, 65,03,
100,17, 201,02, 414,47 mg/L olarak hesaplanmistir.

Anahtar kelimeler: Ugucu yaglar, Algal Bilyiime Inhibisyon Testi, sucul toksisite, Scenedesmus subspicatus, fitotoksisite

INTRODUCTION

Recently, essential oils are popular products as consumers
search for alternatives to some chemicals that are toxic both to
their bodies and to the environment (Anonymous, 2017a).
Essential oils are used in four main purpose commercially: as
pharmaceuticals, as flavour enhancers in many food products,
as odorants in fragrances, and as insecticides (Geetha and
Roy, 2014). Anonymous (2017a) reviewed that global essential
oil market is expected to reach $11.67 billion by 2022

the natural plant oils contain a wide range of chemical
ingredient which can interrupt biological life cycle of animals
such as insects.

As the demands of essential oils increases, this minds up a
point that their possible impacts on the environment. Since,
aquatic environments collect the contaminants as reservoirs for
the drained of the land around or directly from several
discharges, as one of the most sensitive compartments of the

(Anonymous, 2017a). Due to the essential oils known as having
great antimicrobial activities, they have been heavily used by
several industries such as medicinal, cosmetics, food and
agriculture since long past of human history like 1500 BC as
first recorded blend in Egypt. Recently, more than 3000 kind of
essential oil have been produced but about 300 of them are
widely used for several purposes (Arslan et al., 2015). Some of

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

environment needs to be investigated. Regarding this point, the
essential oils reached to the aquatic environment may have
potential to impact on the non-target living organisms. Many of
the safety data sheets developed for several essential oil has
included the notice as “Adopt good working practices, so that
the product is not released into the environment. Very toxic to
aquatic organisms, may cause long-term adverse effects in the
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aquatic environment.” (Anonymous, 2017b). Several studies
reported deleterious effect of essential oils to aquatic
organisms. There are valuable researches about biological
effects of some essential oils by using different experimental
designs such as mammalian cell lines (Minaiyan et al., 2011),
microbial organisms or mollucidal and larvicidal activities
(Rodrigues et al, 2013) and acaricid effects (Laborda et al.,
2013) considering the impact on aquatic organisms. Conti et al
(2014) have reported the EO extracted from aerial parts of M.
alternifolia was evaluated for its toxicity against larvae of
mosquito and estimated results were EO had a remarkable
acute toxicity also towards adults of the non-target arthropod D.
magna, with a LCso = 80.636 ppm (Conti et al., 2014).

Although being used for a long time it appears that there
are still gaps in the manner of environmental impacts of these
natural compounds. There is no doubt that analytical chemical
testing of chemicals such as pollutants give information about
the quality and quantity of them but biological testing methods
can give a qualitative result of the presence and strength of
toxicity (Arslan et al., 2015). Algae and aquatic plants are the
most important primary biomass producers in both fresh and
marine waters. Accordingly, they are the most important parts
of the aquatic food chain besides they are food resource and
provide oxygen and shelter for many aquatic organisms
(Ferreira and Graga, 2002). Algae are accepted as equally or
more sensitive than animals (Ferreira and Graga, 2002) and
have been widely used in toxicity tests for many purposes. Algal
growth inhibition test was accepted as standard test to qualify
the aquatic ecosystems by national and international
organizations such OECD and EPA.

In this investigation, considering the knowledge above,
Algal Growth inhibition test (OECD 2011) were applied to
determine the acute toxic effects of rosemary oil (RO), wheat

germ oil (WGO), tea tree oil (TTO), thyme oil (TO), eucalyptus
oil (EO) and grape seed oil (GSO) and using Scenedesmus
subspicatus. As it is well known the toxicity of chemicals were
ranged according to species.

The aim of this research is to draw a conclusion on the
effects of several natural plant oils on the primary producers in
aquatic environment.

MATERIALS AND METHODS

The EOs as bioactive compounds in plants are produced
as secondary metabolites (Bernhoft, 2010). The main chemical
components of the essential oils produced from natural plants
are low molecular weight as terpenes and terpenoids and the
other of aromatic and aliphatic constituents. They can be
synthesized by all parts of plants such as seed, leaves, flowers,
stems, fruits etc. The essential oils are lipophilic agents and
generally liquid, volatile and colourless (Bakkali et al., 2008).
The essential oils such as rosemary oil (RO), tea tree oil (TTO),
wheat germ Oil (WGO), grape seed oil (GSO), thyme oil (TO)
and eucalyptus Oil (EO) were tested for the toxicity on
phytoplankton, Scenedesmus subspicatus Chodat (regarded
as syn. Desmodesmus subspicatus (Chodat) E.Hegewald &
A.Schmidt). Essential oils were kindly provided by private
company (Dalan A.$) which produce them routinely. Stock
solutions were prepared as 10 ppm of all essential oils by
dissolving the chemicals with Dimethyl sulfoxide (DMSO)
(Sigma, Cat. No: 67-68-5). From the stock solutions, five
experimental concentrations of five essential oils and four
concentration of thyme oil (Table 1) were used after serial
preliminary experiments which were started with 1 — 10 — 100
- 1000 ppm and according to obtained results we took another
serials of concentrations by dilutions from stock solutions in
order to determine the acute toxicity on growth (Table 1).

Table 1. Concentrations of essential oils applied for algal growth inhibition test

Essential Oils Physical State and Density Concentrations (mg/L)
Appearance (g/ml)(d)

Rosemary (RO) Liquid 0.8015 5,10, 25, 50, 100

Tea Tree (TTO) Liquid 0.8043 12.1,20.11, 48.26, 100.1, 201.1

Wheat Germ (WGO) Liquid 0.8057 5,10, 25, 50, 100

Grape Seed (GSO) Liquid 0.7456 27.96, 46.6, 111.8, 233, 466

Thyme (TO) Liquid 0.8136 30.51, 50.85, 122.04, 544.25

Eucalyptus (EO) Liquid 0.8446 22.53, 33.78, 45.05, 56.31, 67.57

Control group accompanying the experiments consisted of
untreated negative controls (Filtered Fresh Water: FFW),
solvent control (DMSO: 1ml/10ml) and 104 M CdCl
(100p1/10ml; Sigma, Cat no: 7790-78-5) as a positive control.

Algal growth inhibition test

The green alga Scenedesmus subspicatus was used as the
test organism. Algal bioassay was carried out according to
OECD 2011 standard for algal growth inhibition testing (OECD,
2011).
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The stock algal culture was maintained on algal medium
according to OECD 2011 procedure. The pH of this medium
after equilibration with air is approximately 8. Four days before
the test pre-culture was set up and incubated at 21 £ 2 °C. The
initial cell concentration in the test cultures is approximately 2-
5x103cells/ml for S. subspicatus. Test tubes were held on a
rocker at 100 rpm under constant illumination at approximately
2000 lux. Cell density counted at every time point (24, 48 and
72 hour) by Neubauer haemocytometer. The relative inhibition
of growth rate was determined as reduced cell number of the
treated samples in relation to controls.

The endpoints were evaluated based on cell count data and
calculated growth rate (0 to 72h) as described in standard
protocols (OECD, 2011) from the mean cell counts of each test
series. The average specific growth rate (u) for exponentially
growing cultures were calculated as:

Moj =
Moj: growth rate,

Inx;- Inxofti-to (day -1)

Xo: nominal number of cells/ml at time to,

Xj: measured number of cells/ml at t;

to: time of first measurement of cells/ml after beginning test
ti: time of last measurement of cells/ml after finishing test

The percentage inhibition of the cell growth (% Ir) at each
test substance concentration is calculated as the difference
between the control growth curve (uc) and the growth curve at
each test substance concentration (ut) as:

%= Me 'Hr/HcX 100

ECso values were calculated from the % inhibitions by probit
analyses. The Statistica-6.0 software programme was used for
probit analysis and the statistically importance of the data of
growth rates were compared with controls by t-test.

RESULTS

Algal growth inhibition assays of six essential oils (RO,
TTO, WGO, GSO, TO and EO) did not show severe effects on
the population growth of S. subspicatus (Figure 1).
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Figure 1. The ECso values of tested essential oils

Inhibition (%) of algae was calculated from the cell density
(Figure 2). The results show that all of the essential oils used in
this investigation had inhibitory effects in some degree on the
growth of algae.
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Figure 2. Algal growth inhibition of Scenedesmus subspicatus caused
by some essential oils

ECso values calculated from growth inhibitions were ranged
between 15.6 mg/L (for RO) and 414.468 mg/L (for GSO). The
toxicity ranking of all oils used for growth inhibition test is 15.6
mg RO/L < 35.09 mg WGOIL < 65.03 mg TTO/L <100.17 mg
TO/L < 201.018 mg EO/L < 414.46 mg GSOIL. The ECso of
Rosemary is 15.6 mg/L which is quite high when comparing
with Tea Tree Oil (35.09) but other essential oils did not show
strong inhibitory effects on the growth of S. subspicatus. Thyme
oil with having 100 mg/L ( in the border of weak toxicity to algae
and grape seed oil has very high ECso value which means it's
toxicity is very low as expected due to knowledge of great
antioxidant properties of grape. Wheat germ oil and tea tree oil
have greater toxicity than grape oil and thyme oil but they are
still not toxic as Rosemary oil. According to student t test results
Thyme oil and wheat germ oil show differences between
concentration (0,019 and 0,042 respectively).

DISCUSSION

It has known that EOs have no specific cellular targets and
pass thorough the cell membrane since they are lipophilic
character. Cytotoxicity and membrane damage caused by
some EOs have been detected in organisms in a broad of
variety from bacteria, virus, fungi to mammalian cells (Bakkali
et al., 2008). Environmental concerns are getting more notable
in recent years and the possible impacts of chemicals produced
and used for several purposes have come into prominence.
Due to these reasons, there is growing interest on the
assessments of the xenobiotics. To investigate the impacts of
chemicals on ecosystems, toxicity assessment tests have been
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accepted as powerful tools and give powerful information about
the toxicity of chemicals like persistent organic pollutants,
pharmaceutically active compounds or status of sediment
(Arslan and Parlak, 2007; Parlak et al., 2009; Gunduz et al.,
2013) and besides mutagenic effects of chemicals can be
assessed (Boyacioglu et al., 2007). There are quite a lot of
scientific researches on adverse effects of essential oils on
different groups of test organisms (Pavela, 2015). Since algae
is the first trophic level in ecosystems, it has been necessary to
investigate the effects of chemicals on primary producers.

In this investigation, the result show that the EOs applied
had several toxic effects from non-toxic to moderate toxic level.
ECso of Rosemary oil is 15.16 mg/L and caused the highest
growth inhibition while ECso of grape seed oil has the lowest
effect.

An examination on the impacts of EOs on aquatic
organisms in scientific literature showed that, there are valuable
papers about the pest control using some EOs. They also
mentioned about the adverse impacts on non-target aquatic
animals. However, in the most studies, fishes were used as
non-target organisms (Govindarajan and Benelli, 2016)
whereas arthropods or other organisms were rarely considered.
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Abstract: No data on the parasites of Blicca bjoerkna have been reported to date from Lake Buyiik Akgél. Therefore, the current study aimed to investigate the
composition and diversity of parasite component and infra-communities in this cyprinid fish from hypereutrophic Lake Biytik Akgél. A total of 61 B. bjoerkna were
examined between July 2016 and June 2017. All fishes were hosts to at least one parasite species from the following taxa: Trichodina sp., Epistylis sp. (Protozoa);
Myxobolus sp. (Myxozoa); Dactylogyrus sphyrna, D. coru, D. cornoides, D. distinguendus and Paradiplozoon homoion (Monogenea); Caryophyllaeus laticeps
and Cestoda gen. sp. (Cestoidea); Diplostomum sp., Thylodelphys clavata and Posthodiplostomum cuticola (Digenea); Piscicola geometra (Hirudinea); Glochidium
sp. (Mollusca) and Argulus foliaceus (Crustacea). Dominant species in the component community were Diplostomum sp., D. cornoides, and D. comu. Totally 2063
metazoan parasite individuals were collected. Parasite infra-communities of B. bjoerkna infected 1-10 species and the mean species richness found was 5.3. The
mean metazoan parasite diversity (Shannon’s H index) was 2.08 and the Shannon-Wiener Evenness (E) had a mean value of 0.81. Identified parasite species in
B.bjoerkna were the first records from Lake Biyiik Akgol.

Keywords: Parasite communities, Blicca bjoerkna, Lake Biiyiik Akgdl

0z Bugiine kadar Bilyiik Akgdl'den Blicca bjoerkna'da bulunan parazitler hakkinda herhangi bir veri bildirimemistir. Bu nedenle calismamiz, hiperdytrofik
karakterdeki Biiylk Akgdl'de yasayan bu cyprinid baligin parazit component ve infra-komiinitesinin kompozisyon ve cesitliliginin arastirimasini amaglamis ve
Temmuz 2016 ile  Haziran 2017 arasinda toplam 61 B. bjoerkna ile galisiimistir. Tim baliklar asagida belirtilen taksonlardan en az bir parazit tiiriine konak
olmustur: Trichodina sp., Epistylis sp. (Protozoa); Myxobolus sp. (Myxozoa); Dactylogyrus sphyra, D. comu, D. cornoides, D. distinguendus ve Paradiplozoon
homoion (Monogenea); Caryophyllaeus laticeps ve Cestoda gen. sp. (Cestoidea); Diplostomum sp., Thylodelphys clavata ve Posthodiplostomum cuticola
(Digenea); Piscicola geometra (Hirudinea); Glochidium sp. (Mollusca) ve Argulus foliaceus (Crustacea). Komponent komiinitedeki baskin tiirler Diplostomum sp.,
D. cornoides ve D. cornu olarak belirlenmis ve toplam olarak 2063 adet ¢ok hiicreli parazit bireyi toplanmistir. B. bjoerkna’'nin parazit infra komunitesinin 1-10 tiir
tarafindan enfekte edildigi ve ortalama tiir zenginliginin 5.3 oldugu belirlenmistir. Cok hticreli parazit ortalama gesitliligi (Shannon’s H index) 2.08 ve Shannon-
Wiener Evenness (E) ortalama degeri 0.81 olarak bulunmustur. B.bjoerkna'da teshis edilen parazit tirleri Bliyik Akgol icin ilk kayitlardir.

Anahtar kelimeler: Parazit komiinite, Blicca bjoerkna, Biyiik Akgdl

INTRODUCTION

Lake Biyik Akgdl is considered hypereutrophic due to high
nutrient input from domestic sources and agricultural activities
(Sahin et al., 2013). During the summer months, the entire lake
area is covered by sixteen species of submerged, floating
and emergent macrophytes associated with excessive blooms
of planktonic algae (Altinsagl et al., 2013). This shallow lake
with a mean depth of 1.5 m is located in the north-west region
of Turkey. Fish species examined in the current study Blicca
bjoerkna is a European species of freshwater fish of the family
Cyprinidae. White bream was zoogeographically introduced
into Turkey from the Western Thrace region, and it spreads

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

widely in inland waters and lagoons of Marmara and Black Sea
regions in Turkey (Geldiay and Balik, 1988). B. bjoerkna are
exclusively bottom feeders and their diet depends largely on
benthic invertebrates and insect larvae. There are some papers
on parasites of B. bjoerkna in Turkey (Akinci,1999; Oztiirk,
2001; Soylu, 2006, 2012; Selver, 2010; Akmirza and Yardimct,
2014). The description of the composition and structure of the
fish parasite communities was based on species richness and
diversity. Diversity is one of the most important community
attributes, and measured using both species richness and
species evenness. Species richness is the simplest measure of
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diversity and does not consider whether abundances are
evenly distributed among species (Krebs, 1999; Stirling and
Wilsey, 2001). Therefore relative abundance of each parasite
species or species evenness is a key component of the
structure of any parasite community (Poulin, 1996). Index of
dominance is another diversity indice and use to assess the
magnitude of the numerical supremacy of the top-ranked
species in the parasite community (Poulin et al., 2008). In the
present study we calculated species richness, Shannon-
Wiener Index, Shannon-Wiener Evenness and Simpson’s
Diversity as some diversity indices to determine composition
and structure of parasite community of B. bjoerkna.

This study represents the first investigation of parasite
fauna of white bream from Lake Biiyiik Akgol.

MATERIALS AND METHODS
Study area

Lake Blytik Akgdl is located in Western Black Sea Region
of Turkey (41°02'52.97"N and 30°33'49.61"E), at an altitude of
58 m above sea level. Biiyilk Akgdl is a freshwater lake of a
eutrophic character and with a mean depth of 1.5 m, maximum
depth of 5 m and surface area of 3.5 km2(Altinsagli et al., 2013).
Mean annual surface water temperature in the lake is 16.5C
and varied from 0°C in January to 27.19C in August during the
present study. The Lake fed by underground and rain water, in
spring months excess lake water is discharged by a small
chanel to Sakarya River (Altinsagli et al., 2014).

Fish sampling and parasitological analysis

A total of 61 white bream B. bjoerkna specimens (20 males
and 41 females) were examined between July 2016 and June
2017. They had a mean (* SD) total length of 21.0 £ 2.8 cm
(range 15.9-28.3 cm) and a mean (* SD) weight of 111.1 *
48.4 g (range 48.6-178.9 g). Fish were caught using gillnets
with a knot to knot mesh size of 10, 20 and 30 mm. Nets were
50 m long with a 1.5 m hanging depth and cast net. The fish
were transported to the laboratory alive, anesthetized with 100
mg/l buffered Tricaine Methane Sulfonate (MS-222), weighed
and measured. The sex of each individual was determined by
visual and microscopic examination of the gonads. The fish
were necropsied as soon as possible; the external surfaces of
the body, gills, eyes and internal organs were examined
separately.

Wet smears of skin and gills were prepared and examined
in order to detect the presence of protozoan parasites.
Monogenean parasites were removed and placed on a slide
with ammonium picrate-glycerine or lactophenol and covered
with a cover-glass, and flat mounts were prepared. Trematode
and cestode specimens were identified alive or fixed in 70%
alcohol. Parasites were stained in acetocarmine, dehydrated
through an alcohol series, cleared in dimethyl phthalate and
examined as permanent mounts in Canada balsam. Most of
these parasite specimens were slightly flattened before fixation.
Crustacean parasites were cleared in lactophenol and mounted

in Canada balsam. Slides were studied with a microscope at
40x and 100x magnification.

Statistical analysis

The prevalence, mean intensity and abundance of the
parasite species were determined as defined by Bush et al.,
(1997). Kruskal Wallis H Test were used to compare species
richness and parasite effect on fish condition factor. Mann
Whitney U Test was used to compare differences in mean
number of parasite species between male and female fish. The
following indices were used to characterise the parasite
communities: the Berger-Parker dominance index, d=nmax/N;
the Shannon-Wiener species diversity index, H'=-Z(pixIn pi);
the Simpson index, D=Zni(ni-1)/N(N-1); an index of evenness =
H/Hmax. Parasites recovered were fixed and preserved
according to Bylund et al., (1980). Parasite species were
identified according to Lom and Dykova (1992), Niewiadomska
(2003), Pugachev et al., (2010) and Bykhovskaya-Pavlovskaya
etal., (1962).

RESULTS

A total of 61 Blicca bjoerkna specimens were examined; all
of the fish hosts were parasitised by at least one parasite
species and a total of 2063 individuals of metazoan parasites
were collected in or on the fish hosts. Totally 16 parasite
species were identified from the following taxa; Trichodina sp.,
Epistylis sp. (Protozoa); Myxobolus sp. (Myxozoa);
Dactylogyrus sphyrna, D. cornu, D.cornoides, D. distinguendus
and Paradiplozoon homoion (Monogenea); Caryophyllaeus
laticeps and Cestoda gen. sp. (Cestoidea); Diplostomum sp.,
Thylodelphys clavata and Posthodiplostomum cuticola
(Digenea); Piscicola geometra (Hirudinea); Glochidium sp.
(Mollusca) and Argulus foliaceus (Crustacea), (Figs. 2-7). The
infra-communities consisted of 1-10 parasite species, overall,
3.3% were parasitised by one species, 6.6% by two, 26.2% by
five parasite species (Figure 1).

16
14 4
12 4
10
8,

oON B~ O
I

1 2 3 4 5 6 7 8 9 10

Figure 1. Frequency distribution of the number of parasite species in
Blicca bjoerkna from Lake Biyik Akgdl

Dominant species in the component communities were
Diplostomum sp., D. cornoides, and D. cornu. The most
prevalent parasites were Diplostomum sp. (78.7%), D.
cornoides (68.9%), D. cornu (67.2%) and D. sphyrna (63.9%).
The epidemiological parameters of infection by parasites of B.
bjoerkna are given in (Table 1).
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Table 1. Infection parameters of Blicca bjoerkna from Lake Biiyiik Akgdl (n=61)

Parasite IFN P(ﬁ,Z‘)’a'ence PN MI£ SD MA SD Min-max  Site of Infection
Trichodina sp. 9 14.8 - - - Skin
Epistylis sp. 1 1.6 - - - Skin
Myxobulus sp. 22 36.1 - - - - Gill
Dactylogyrus sphyrma 39 63.9 206 53 + 3.04 35 %352 1-12 !
Dactylogyrus cornu 41 67.2 262 6.4 £ 4.02 446 + 3.52 1-17 !
Dactylogyrus cornoides 42 68.9 479 14 £ 531 79 = 690 1-25 !
Dactylogyrus distinguendus 12 19.7 41 34 + 2.31 0.7 = 1.69 1-7 !
Paradiplozoon homoion 21 344 146 7.0 + 578 24 * 472 1-24 !
Caryophyllaeus laticeps 24 39.3 226 94 £ 10.65 3.7 t 8.06 1-37 Intestine
Cestoda gen. sp. 3 49 7 23 + 153 01 + 0.58 2-3 "
Diplostomum sp. 48 78.7 422 88 £ 9.50 6.9 = 9.16 1-57 Lens of eye
Tylodelphys clavata 4 6.6 12 30 £ 216 02 = 0.89 1-6 Vitreous humor
Posthodiplostomum cuticola 27 443 160 59 + 533 26 = 0.89 1-26 Skin
Piscicola geometra 3 49 6 20 £ 10 01 + 047 1-3 "
Glochidium sp. 13 213 94 72 + 743 15 + 447 1-25 Gill-Skin
Argulus foliaceus 2 3.3 2 10+ 0 0.03 + 0.18 1 Gill

IFN: Infected Fish Number; TPN: Total Parasite Number; MI: Mean Intensity; MA: Mean Abundance

The highest dominance index of the metazoan parasites
was recorded for D. cornoides (23.2%), and the lowest for A.
foliaceus (0.1%); the dominance index (D) values of the
parasite species are given in (Table 2).

Table 2. Dominance index of the metazoan parasites in Blicca
bjoerkna from Lake Biyik Akgol

Dominance index D

Parasite Species (%)

Dactylogyrus sphyma 10.0
Dactylogyrus cormnu 12.7
Dactylogyrus cornoides 232
Dactylogyrus 20
distinguendus '
Paradiplozoon homoion 71
Caryophyllaeus laticeps 1.0
Cestoda gen. sp. 0.3
Diplostomum sp. 20.5
Tylodelphys clavata 06
Posthodiplostomum 77
cuticola

L 0.3
Piscicola geometra
Glochidium sp. 45
Arqulus foliaceus 0.1

The mean parasite diversity (Shannon’s H index) was 2.08
and the Shannon-Wiener Evenness (E) had a mean value of
0.81. Diversity indices of the parasite community of Blicca
bjoerkna from Lake Blyik Akgdl are given in (Table 3). The
mean number of parasite species richness per host individual
(mean infracommunity richness) found was 5.3 and this value
increased from 5 in (15.0-16.9 cm) size class to 6.2 in 23.0 cm

> size class and no significant differences were found (Kruskal
Wallis H test p > 0.05). Also, the mean numbers of parasite
species in male and female fish hosts were found to be 4.4 and
5.8 respectively with significant differences observed (Mann-
Whitney U test p <0.05). The condition factor from each size
group was computed to analyse the influence of the parasites
on fish condition and no significant differences were found
(Kruskal Wallis H test p > 0.05). Higher prevalence and mean
intensity for Dactylogyrus cornu and D. cornoides were found
in March and April whereas D. sphyrna reached high
prevalence and mean intensity in February. Distribution of other
most prevalent parasite Diplostomum sp. was highly
homogenous. Monthly prevalence and mean intensity of the
parasites are given in (Table 4).

Table 3. Diversity indices of the metazoan parasites of Blicca bjoerkna
in Lake Buyik Akgdl

Diversity Indices

Number of white bream
Number of metazoan taxa
Species richness
Shannon-Wiener Index
Shannon-Wiener Evenness
Simpson’s Diversity
Dominant taxon

61

13

16

2.08

0.81

0.85

Dactylogyrus cornoides
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Figure 4. A. Dactylogyrus cornu, B. Dactylogyrus cornoides copulatory organs
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Figure 5. A. Dactylogyrus distinguendus vaginal tube, B. Paradiplozoon homoion a. clamp b. anchors. C. Caryophyllaeus laticeps a. ovary b.
vitelline follicles.

Figure 7. A. Piscicola geometra posterior end, B. Glochidium sp., C. Argulus foliaceus
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Table 4. Monthly prevalence and mean intensity of the parasites in Blicca bjoerkna from Lake Biytik Akgél

Parasite Species December February March April May June
P(%) M P (%) M P (%) Mi P (%) MI P (%) Mi P (%) MI

D.sphyma 25 2 847 68 739 34 444 75 25 85 100 6.5

D.comu 538 74 739 55 88.9 10.9 625 44 100 4

D.cornoides 692 95 69.5 10.1 889 8.1 50 95 100 10

D.distinguendus 7.7 3 348 3 222 6

Paradiplozoon homoion 444 57 100 99

Caryophyllaeus laticeps 461 25 65.2 11 66.7 9.8

Cestoda gen. sp. 1.1 2 25 25

Diplostomum sp. 100 152 69.2 10.2 100 6.2 889 15 75 5.3 100 16

Tylodelpyhs clavata 100 3.3 7.7 1 43 1

Posthodiplostomum cuticola 385 36 652 5 555 114 11 4.0 75 5

Pisciola geometra 7.7 1

Glochidium sp. 50 3 7.7 5 889 11.3 75 6.3

Argulus foliaceus

25 2

P: Prevalence; MI: Mean Intensity

DISCUSSION

The present paper is a first-time study of parasites
communities infecting B. bjoerkna from Lake Biyiik Akgol.
When the water level is high at the end of winter, the Lake is
connected by a canal to Sakarya River. On the other hand
nearby Lake Sapanca, during spring months release excess
water into Sakarya River. Soylu (1991, 2006) recorded D.
cornu, D. cornoides, D. sphyma, D. distinguendus,
Bothriocephalus acheilognathi, ~Aspidogaster limacoides,
Asymphylodora imitans, Tetracotyl sp., Diplostomum sp.,
Tylodelphys clavata, Posthodiplostomum cuticola and
Glochidium sp. in B. bjoerkna from oligotrophic Lake Sapanca.
Akmirza and Yardimci (2014) found Trichodina sp.,
Paradiplozoon homoion, Allocreadium lobatum,
Caryophyllaeus laticeps and Glochidium sp. in B. bjoerkna from
Sakarya River. Naturally, there are similarities between
parasite communities of B. bjoerkna from these three related
aquatic environments. But there are also some differences, in
Lake Biiylik Akgdl, no intestinal digeneans, acanthocephalan
and nematodes were found in B. bjoerkna, despite this fish
infected by three intestinal digeneans in Lake Sapanca. A
parasitological survey conducted in Kocadere Stream, Bursa
on B. bjoerkna by Selver et al. (2010) and five parasite species
identified. The overall prevalence of parasitic infection in this
lotic environment were Dactylogyrus sphyma 24.2%, D.
distinguendus 30.8%, Diplostomum spathaceum 95.8%, C.
laticeps 2.5% and Eustronglydes sp. 8.3%. Similar
parasitological investigation on B. bjoerkna performed in Anzali
Lagoon, Caspian Sea Iran by Pazooki et al. (2011) and 11
parasite species found. Identical parasite species from Anzali
with our study and their overall prevalence are Trichodina
perforate 53.9%, Myxobolus musayevi 27.2%, D. sphyrna
5.2%, D. spathaceum 98.7% and P. cuticola 15.4%. In Anzali
Lagoon only one and in Kocadere Stream two monogenean
species recorded, however in the present study five

monogenean species identified. D. sphyrna has highest
prevalence in our study with 63.9%. In three studies
Diplostomum recorded in high percentage. Differently than
these two studies we could not find nematodes. According to
Wisniewski (1958) character of a water body, especially its
trophic status influenced and determined composition of
parasite species. Toxic pollutants were effective on the free-
living stage of parasites and reduced their infectivity and
longevity of cercariae. Parasites with indirect life cycles are
linked more tightly to the presence of intermediate hosts. The
prevalence of digeneans in their intermediate and definitive
hosts is inversely related to the degree of pollution and
disturbance of aquatic ecosystems (Sures et al., 2017). The
species composition of parasite communities is clearly
impacted by environmental stress and species richness tends
to decrease under degraded conditions (Marcoglies, 2005).
Absence of intestinal digenean, acanthocephalan and
nematodes in the present study is connected to heavy polluted
conditions of the lake. During summer and autumn months
accompanied by hypereutrophy and minimum water level,
dissolved oxygen measured at bottom and surface of the lake
were 0.17 and 0.93 mg/l respectively (Sengdrir and Demirel,
2002). Drainage waters that flow from irrigated fields bring
fertilizers and pesticides into the lake.

The most common elements of zoobenthic biomass were
three dominant taxa: Gastropoda, Chironomidae, and
Oligochaeta (Aras, 2011). Viviparus viviparus, Lynnea
stagnalis, Borysthenia naticina and Planorbarius corneus are
dominant gastropod species as intermediate host of digeneans
that has a wide range of tolerance to different environmental
conditions. But two pulmonats; Gyraulus sp., and Radix labiata
(bioindicator species for pollution) were very scarce.
Caryophyllaeus laticeps was one of the most prevalent
parasites in Blicca bjoerkna and intermediate host Potamothrix
hammoniensis is dominant oligochaet in the lake benthos.
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Aquatic tubificid oligochaetes known as the intermediate host
of C. laticeps Mackiewicz (1994) is common on benthic fauna
of Lake Biiyiik Akgdl and is pollution tolerant. Proclaidus sp.,
Chironomus plumosus and C. tentans are also dominant
chironomids Aras (2011), that are tolerant organisms to
pollution (Tasdemir et al., 2010). In Lake Buyik Akgdl, annual
mean concentration of Pb, Cu, Cr and Cd exceeded the alert
limit (Aras, 2011). Monogeneans were the most abundant
species in parasite component communities of B. bjoerkna.
Dzika (2003) specified that the structure of a parasite
community, where monogeneans are a dominant component,
indicates a high eutrophication. Koskivaara (1992) found the
highest density of Dactylogyrus parasites in the most
eutrophied and polluted Vatia Lake. In the current study, the
lowest mean abundance value of glochidium sp. (1.5 individual
per fish) was associated with distorted lake conditions.
Anthropogenic disturbances, including pollution are the major
factors driving changes in freshwater mussels and listed as

REFERENCES

Akmirza, A. & Yardimci, R.E. (2014). Fish Parasites of the Sakarya River,
Turkey. Journal of Academic Documents for Fisheries and Aquaculture 1,
23-29. ISSN: 2148-2608.

Akincl, A.G. (1999). Identification of platyhelminth parasites of the white bream
(Blicca bjoerkna L. 1758, Cyprinidae) from Lake Uluabat (Apolyont). Bursa
Uludag University, Institute for Graduate Studies in Pure and Applied
Sciences, Master’s thesis 34pp.

Altinsagli, S., Altinsagli, S. & Temel, M. (2013). Species composition and
qualitative distribution of macrophytes in four lakes (Karasu, Adapazari,
Turkey). Phytologia Balcanica, 19, 67-75.

Altinsacli, S., Altinsagli, S. & Pagal, F.P. (2014). Species composition and
distribution of ostracods (Crustacea, Ostracoda) in some lakes and
lagoons (Kocaeli and Sakarya, Turkey). Journal of Entomology and
Zoology Studies, 2 , 182-192.

Aras, S. (2011). Macrozoobenthic Limnofauna (Gastropoda, Oligochaeta,
Chironomidae) of Lake Buyik Akgdl (Adapazar) and accumulation of
macro and microelements in biotic and abiotic components. Eskisehir
Osmangazi University, Institute for Graduate Studies in Pure and Applied
Sciences, Ph D Thesis 128 pp.

Bush, A.O., Lafferty, K.D., Lotz, J.M. & Shostak, AW. (1997). Parasitology
meets ecology on its own terms: Margolis et al. revisited. Journal of
Parasitology 83, 575-583. DOI: 10.2307/3284227

Bykhovskaya-Pavlovskaya, I. E., Gussev, A.V., Dubinina, M.N., lzyumova,
N.A., Simimova, T. S., Sokolovskaya, I., Shtein, G.A., Shulman, S. &
Epshtein, V.M. (1962). Key to parasites of freshwater fish of the USSR.
Izdatelsvi Akademi Nauk SSSR. Moskva Leningrad (Translated from
Russian, Israel Program for Scientific Translation, Jerusalem).

Bylund, G., Fagerholm, H.P., Calenius, G., Wikgren, B.J. & Wikstrom, M.
(1980). Parasites of fish in Finland. Il. Methods for studying parasite fauna
in fish. Acta Academiae Aboensis Series B 40, 23 pp.

Dzika, E. (2003). Parasites of roach, Rutilus rutilus (L.), in lakes of the Masuria
Lake I and as indicator of the quality of aquatic environment. Wydawnic
two UWM Olsztyn, (In Polish).

Geldiay, R. & Ballk, S. (1988). Freshwater fishes of Turkey. Faculty of Science,
Ege University, Set of books. Nr: 97.

Keller, A.E. & Zam, S.G. (1991). The acute toxicity of selected metals to the
freshwater mussel, Anodonta imbecilis. Environmental Toxicology and
Chemistry 10, 539-546. DOI: 10.1002/etc.5620100415

threatened or endangered species in some countries (Keller
and Zam, 1991; Nobles and Zhang, 2015). Many mussel
species are relatively intolerant of elevated nutrient and toxin
concentrations, especially during their larval and juvenile life
stages (Valenti et al., 2006).

In conclusion, Monogenea were the most common parasitic
group encountered with 16 species found. Identified parasite
species of B.bjoerkna and their intermediate hosts are pollution
tolerant organisms. Intestinal digenean, acanthocephalan and
nematodes were not found in B. bjoerkna from this heavily
polluted lake.

ACKNOWLEDGEMENTS

This article was extracted from a Master’s thesis conducted
at the Institute for Graduate Studies in Pure and Applied
Sciences, Marmara University. We would like to thank Konacik
Village Fishermen’s Cooperative for their assistance.

Koskivaara, M. (1992). Environmental factors affecting monogeneans parasitic
on freshwater fishes. Parasitology Today 8, 339 - 341.
DOI: 10.1016/0169-4758(92)90069-E

Krebs, C. J. (1999). Ecological methodology. 2d ed. AddisonWesley, Boston.
ISBN-13: 978-0321021731

Lom, J., & Dykova, I. (1992). Protozoan parasites of fishes. Series:
Developments in  Aquaculture and Fisheries Science. Elsevier,
Amsterdam, 315 pp. ISBN : 0444894349

Mackiewicz, J.S. (1994). Order Caryophyllidea van Beneden in Carus, 1863. In
Khalil, L.F., Jones, A., Bray R.A. (Eds) Keys to the cestode parasites of
vertebrates. CAB International, Wallingford, UK, pp. 21 - 43.

Marcogliese, D.J. (2005). Parasites of the superorganism: Are they indicators
of ecosystem health? International Journal for Parasitology 35, 705-716.
DOI:10.1016/j.ijpara.2005.01.015

Niewiadomska, K. (2003). The parasites of Polish fish (key to species
identification). The flukes-Digenea. Warszawa: P.T.P., pp. 169.

Nobles, T & Zhang, Y. (2015). Survival, growth and condition of freshwater
mussels: Effects of municipal wastewater effluent. PLos One. 10.
E0128488. DOI: 10.1371/journal.pone.0128488

Oztiirk, M.O. & Altunel, F.N. (2001). The occurrence of cestodes in four species
(Blicca bjoerkna, Rutilus rutilus, Scardinius erythrophthalmus, Vimba
vimba) of Cyprinidae from Manyas Lake. Veterinary Journal of Ankara
University 48, 43-50.

Pazooki, J., Goorabzarmakhi, F.T. & Masoumian, M. (2011). Parasitic Infection
of an Endemic Fish (Blicca bjoerkna) and an Exotic Fish (Hemiculter
beucisculus) In Anzali Lagoon, Caspian Sea, Iran. lran Journal of
Parasitology. 6, 66-73.

Poulin, R. (1996). Patterns in the evenness of gastrointestinal helminth
communities. International Journal for Parasitology 26,181-186.
DOI: 10.1016/0020-7519(95)00112-3

Poulin, R., Luque, J.L. F. Guilhaumon, F. & Mouillot, D. (2008). Species
abundance distributions and numerical dominance in gastrointestinal
helminth communities of fish hosts. Journal of Helminthology, 82, 193-
202. DOI:10.1017/S0022149X08982626

Pugachev, O.N., Gerasev, P.l, Gussev, A.V., Ergens, R. & Khotenowsky |.
(2010). Guide to Monogenoidea of freshwater fish of Palaeartic and Amur
regions. (Scientific Editors: Pugachev O.N., P. Galli and D.Kristsky).
567pp. ISBN 978-88-95994-10-9.

205


http://dx.doi.org/10.2307/3284227
http://dx.doi.org/10.1002/etc.5620100415
http://dx.doi.org/10.1016/0169-4758(92)90069-E
https://www.cabdirect.org/cabdirect/search/?q=bn%3a%220444894349%22
https://doi.org/10.1016/j.ijpara.2005.01.015
https://doi.org/10.1371/journal.pone.0128488
https://doi.org/10.1016/0020-7519(95)00112-3
https://doi.org/10.1017/S0022149X08982626

Altan and Soylu. Ege Journal of Fisheries and Aquatic Sciences, 35(2): 199-206 (2018)

Selver M.M., Aydogdu A.l. & Cirak V.Y. (2010). Helminth parasites of white
bream (Blicca bjoerkna L. 1758) from Kocadere Stream, Bursa. Acta
Parasitologica Turcica 34, 118 — 121.

Soylu, E. (1991). Monogeneans of some fishes from Lake Sapanca. Istanbul
University Institute of Marine Sciences and Geography Bulletin 8, 145-156.

Soylu, E. (2006). Some metazoan parasites (Cestoda, Trematoda and
Mollusca) of Blicca bjoerkna Linnaeus, 1758 from Sapanca Lake, Turkey.
Istanbul University Journal of Fisheries & Aquatic Sciences 20, 51-62.

Soylu, E. (2012). Monogenean parasites of white bream (Blicca bjoerkna
Linnaeus, 1758) in Lake Sapanca, Turkey. Journal of the Faculty of
Veterinary Medicine, Kafkas University 18 (Suppl-A): A23-A28.

DOI: 10.9775/kvfd.2011.5239

Stirling, G., & Wilsey, B. (2001). Empirical relationships between species
richness, evenness, and proportional diversity. American Naturalist, 158,
286-299. DOI:10.1086/321317

Sures, B., Nachev, M., Selbach, C. & Marcogliese, D.J. (2017). Parasite
responses to pollution: what we know and where we go in ‘Environmental
Parasitology Parasites & Vectors, 6, 65.

DOI: 10.1186/s13071-017-2001-3

Sahin, A.P, Morkoyunlu, Y.A. & Soylu, E. (2013). Composition and seasonal
changes of phytoplankton in Lake Biyik Akgdl (Sakarya). Journal of
Egirdir Fisheries Faculty 9: 14-21. E-ISSN: 1308-7517.

Sengbrtir, B. & Demirel, A. (2002). Eutrophication in Akgdl (Golkent-Sakarya)
and water quality classification. Sakarya University Journal of Science, 6,
1-8.

Tasdemir, A., Ustaoglu, M.R. & Balik, S. (2010). The Chironomidae (Diptera-
Insecta) fauna of Yuvarlakgay Stream (Koycegiz-Mugla-Turkey). Ege
University Journal of Fisheries & Aquatic Sciences 27, 61-64. ISSN 1300
- 1590.

Valenti, T.W., Cherry, D.S., Currie, R.J., Neves, R.J., Jones, J.W. & Mair, R.
(2006). Chlorine toxicity to early life stages of freshwater mussels
(Bivalvia: Unionidae). Environmental Toxicology and Chemistry 25, 2512-
2518. PMID:16986807

Wisniewski, W.L. (1958). Characterization of the parasitofauna of an eutrophic
lake (parasitofauna of the biocoenosis of Druzno Lake. Part I). Acta
Parasitologica Polonica. 6, 1-64.

206


http://dx.doi.org/10.9775/kvfd.2011.5239
https://doi.org/10.1086/321317
http://dx.doi.org/10.1186/s13071-017-2001-3

http://lwww.egejfas.org
Ege Joumal of Fisheries and Aquatic Sciences, 35(2): 207-217 (2018)

Su Uriinleri Dergisi (2018)
DOI: 10.12714/egejfas.2018.35.2.15

DERLEME

REVIEW

Endustriyel balik¢i gemilerinde L tipi matris yontemi ile risk degerlendirmesi
ve kullanilabilirligi

Risk assessment in industrial fishing vessels by L type matrix method and
its usability

Ozan Soykan

Ege University, Fisheries Faculty, 35100 Bornova, izmir, Turkey
ozansoykan@hotmail.com

Received date: 16.02.2018 Accepted date: 23.03.2018

How to cite this paper:
Soykan O. (2018). Risk assessment in industrial fishing vessels by L type matrix method and its usability. Ege Journal of Fisheries and Aquatic Sciences, 35(2),
207-217. DOI:10.12714/egejfas.2018.35.2.15

0Oz: Balikgilik diinyanin birgok tilkesinde en tehlikeli ve riskli meslek olarak sayiimaktadir. Tehlikeler ve bu tehlikelerden kaynaklanan riskler ancak detayl bir analiz
ve degerlendirme asamasindan sonra tespit edilebilir ve kabul edilebilir dizeye indirilebilir. Bu ¢alismada Turkiye'deki endustriyel balikgi gemilerindeki risk
degerlendirmesi kavrami ele alinmis ve L tipi matris yontemi ile risk degerlendirmesinin sektére uygulanabilirligi tartisiimistir. Calismada balikg gemilerinde
yapilacak risk analizi ve degerlendirmesinde kullanilimasi gereken 37 adet faaliyet/calisma alani belirtilmis ve bunlara iliskin 110 adet tehlike kaynagi ve tehlikeli
olay tespit edilmistir. L tipi matris yontemi, her sektdre uygulanabilirligi, basit ve kolay anlasilir yapisi, balik¢i gemilerinde mihendis istihdaminin yapiimamasi ve
calisanlarin egitim diizeyinin bu metoda daha uygun olmasi gibi 6nemli dzelliklere sahip olmasi nedeniyle balikgilik sektdrinde kullanilabilmektedir. Dinyanin en
tehlikeli mesleklerinden biri olan balikgiigin tilkemizdeki guvenlik diizeyini belirlemek, mevcut diizeyi gelistirmek ve balikgilarin farkindaliklarini arttirmak igin gerek
iniversiteler gerekse de devletin ilgili kurumlar tarafindan ulusal dlgekte projeler yiiriitiimesi ok dnemlidir. Is saglgi ve givenliginin en énemli asamasi olan risk
degderlendirmesi konusunda tlim sektdr galisanlari bilgilendirilmeli ve endlstriyel balikgi gemilerinin hepsinde risk degerlendirmesi yapiimalidir.

Anahtar kelimeler: Balikgilik, Risk Degerlendirmesi, Matris Yoéntemi

Abstract: Fishing is acknowledged to be the most dangerous and risky occupation in many parts of the world. Hazards and risks can only be determined after a
detailed analyze and evaluation in order to reduce them to an acceptable level. In this study, risk assessment of Turkish industrial fishing vessels was argued and
applicability of L type matrix method on industrial fishing sector was discussed. 110 danger sources belonging to 37 activities were determined for the risk
assessment studies in the fishing vessels. L-type matrix method can easily be used in the fishing sector by its simple and understandable structure, applicability to
all sectors, nonemployed engineers in the fishing vessels and eligibility of fishermen’s education level with this methodology. In order to determine the safety level
of fisheries in Turkey, which is one of the most hazardous occupation around the world, to develop its current situation and to increase the awareness of fishermen,
national projects must be conducted by universities and relevant bodies of the state. Workers of the fishing sector must be informed about risk assessment which
is the crucial step of occupational health and safety and risk assessment must be performed in the industrial fishing vessels.

Keywords: Fisheries, Risk Assessment, Matrix Method

GIRiS
Gunimizde calisma hayati gittikge zorlasmakta ve
calisanlar bu durumdan gerek psikolojik gerekse de fizyolojik

gorilenlerden bir tanesi balikgilara sabit bir maas yerine avdan
pay veriimesidir. Bu durum balikgilara belli maddi avantajlar

olarak olumsuz etkilenmektedir. Ballk ve diger denizel
kaynaklarin avciligi  genelde zorlu deniz sartlarinda
gerceklesmektedir. Hava durumunun zorlu oldugu ya da avin
kendisinin risk olusturdugu zamanlarda kaza ve yaralanmalarin
sayisi oldukga yiksek olmaktadir (Kaplan ve Kite-Powell,
2000). Bir balikgl, hastalik veya kaza durumunda profesyonel
saglik hizmetinden ok uzakta olabilmekte ve kiyiya getirilene
kadar diger gemi personelinin yardimina ihtiyag duymaktadir.
Ayni zamanda balikgilik kokli geleneklere sahip olan bir
meslektir. Bunlar icerisinde dinyanin hemen her yerinde
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yaratirken, k6ti hava kosullarinda dahi denizde kalmayi tercih
etmelerine, ¢ok uzun saatler galismalari sonucunda fazla
yorulmalarina, dolayisiyla da daha yuksek risklere maruz
kalmalarina ve daha fazla kazayla karsi karsiya gelmelerine
sebep olmaktadir. Bu nedenlerle balik¢ilik diinyanin birgok
llkesinde en tehlikeli ve riskli meslek olarak sayilmaktadir (ILO,
2010). Bu duruma paralel olarak, balikilik, Tlrkiye'de de
26.12.2012 tarihinde yayinlanarak ytirirliige giren “is Sagligi ve
Giivenligine iligkin Tehlike Siniflari Tebligie gére tehlikeli igler
sinifinda yer almaktadir. Her tirlii hava kosullarina agik, gece
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calismasinin var oldugu, strekli hareket halinde bir glivertenin
yani sira hidrolik ve mekanik makineler, kaygan ve sulu zemin,
aglar, halatlar, celik teller galisma ortamini oldukga tehlikeli
hale getirmektedir. En ufak hatanin yaralanma ya da 6limle
sonuglanabilme riski vardir (Ulukan, 2016).

Dinya genelinde 58 milyon kisinin balik¢ilik ve akuakultir
sektorinde galistigi, bunlardan 38 milyonunun aveilik
sektorinde calistigi ve avcilik sektdriinde calisanlardan 15
milyonun balik¢i gemilerinde tam zamanli olarak galistigi
bildirilmistir (ILO, 2017). Turkiye'de toplam 14340 balikgi gemisi
olup bunlardan 411 tanesi girgir, 650 tanesi trol olup bu
gemilerin yarattigi istihdama bakildiginda trol teknelerinde
3482, girgirlarda 8267 olmak Uizere toplamda 31350 balikgi
Tiirkiye'deki balikgilik sektoriine hizmet vermektedir (TUIK,
2015).

Ulkemizde konuya iliskin temel yasal diizenlemeler, tiim
sektorlerde is sagligi ve giivenligini diizenleyen “6331 sayili is
Saglig Ve Giivenligi Kanunu” (is Saglig ve Givenligi Kanunu,
2012), T.C. Calisma ve Sosyal Giivenlik Bakanhgrnca
hazirlanan “Balikgi Gemilerinde Yapilan Galismalarda Saglik
ve Glvenlik Onlemleri Hakkinda Yonetmelik” ve (T.C. Resmi
Gazete, 28741, 20.08.2103), T.C. Ulastirma, Denizcilik ve
Haberlesme Bakanligr'nca hazirlanan "Balikgi Gemilerinin
Emniyeti Hakkinda Yonetmelik” tir (T.C. Resmi Gazete, 26089,
23.02.2006) .

is saglgl ve giivenligi uygulamalarinin dncelikli ve en
onemli adimi risk deg@erlendirmesidir. Tehlikeler ve bu
tehlikelerden kaynaklanan riskler ancak detayli bir analiz ve
degerlendirme asamasindan sonra tespit edilebilir ve kabul
edilebilir diizeye indirilebilir. 6331 Sayili is Sagli§i ve Givenligi
Kanunu’na gdre risk degerlendirmesi; isyerinde var olan ya da
disaridan gelebilecek tehlikelerin belirlenmesi, bu tehlikelerin
riske donilismesine yol acan faktorler ile tehlikelerden
kaynaklanan risklerin analiz edilerek derecelendirilmesi ve
kontrol tedbirlerinin kararlastiriimasi amaciyla yapiimasi gerekli
galismalar” olarak tanimlanmis ve tim sektorlerdeki
isverenlerin yapmasi veya yaptirmasi zorunlu kilinmigtir.

Dinyada, balikgiliktaki is saghigi ve gtlivenligi konusunda
yapilan bircok bilimsel ¢alisma mevcuttur. Kaplan ve Kite-
Powell (2000), balik¢iligin tim meslekler igerisinde risk alma,
sakatliklar ve 6limler dikkate alindiginda en 6nemli ve en zor
mesleklerin arasinda yer aldigini bildirmiglerdir. Ayrica
murettebat  6limlerinin - ¢ogunun  yangin/patlamalarin  ve
geminin  alabora olmasindan  kaynaklandigini  ortaya
koymuslardir. Havold (2010), balik¢i gemilerindeki guvenlik
kltlrd algisinin balikginin yas grubu, gemi tipi, gemide yapilan
is ve balik¢l bir yakinin varligi gibi kriterlerle ciddi sekilde
degistigini ortaya koymustur. Pfeiffer ve Gratz (2016), kotaya
badli balikgilik yénetiminin balikgilar arasindaki rekabeti
dugCrerek (6zellikle zorlu hava ve deniz sartlarinda baliga
cikma gerekliligini azaltarak), balikgiligi daha givenli bir hale
getirebilecegini bildirmislerdir. Ulkemizde konuya iliskin yapilan
calismalar nicelik ve nitelik yoninden oldukga sinirlidir Akyildiz
(2009), balik¢i gemilerinin sistematik glvenlik degerlendirmesi

konusunda calismistir. Ulukan (2016), Dogu Karadeniz'de
avcilik yapan girgir teknelerindeki galisma ve yagam kosullarini
ortaya koymustur. Tirkiye balik¢iligindaki is saghigi ve
guvenligi kavraminin farkli yonleriyle ele alindigi bildiri
dlizeyinde ¢aligmalar da (ilkemizde yapilmistir (Soykan, 2016,
Soykan, 2017a, Soykan 2017b). Doganyilmaz Ozbilgin ve Tok
(2017) yaptiklari galismada, Turkiye'nin Mersin kiyilarinda
faaliyet gosteren trol teknelerinde galisan balikgilarin denizde
guvenlik  farkindaliklarini  ortaya  koymuslardir.  Ulusal
literatirde, trol ve girgir gemilerinde risk degerlendirmesi
konusunda Tantoglu (2016) tarafindan yapilmis yalnizca 1 adet
calismaya rastlanmigtir.

Bu calismada Turkiye'deki endistriyel balikgi gemilerindeki
risk  de@erlendirmesi  kavrami ele alinmistir.  Risk
degerlendirmesi is glvenligi konusunun en énemli asamasi
olup ¢ok gesitli ydntemlerle yiirttiilmektedir. Bunlardan L tipi
matris yontemi, kolay anlasilir yapis ile balikgilikta daha gok
tercih edilmektedir. Calismada balik¢ilik alaninda L tipi matris
yénteminin uygulandii akademik ¢alismalar ve &ézel sektor
tarafindan hazirlanan risk degerlendirmeleri g6z &niinde
bulundurulmustur. Bu calisma Tlrkiye'de faaliyet gdsteren
endustriyel balikgl gemilerinde yapilmasi gereken risk
degerlendirmesi konusunda balik¢i toplumunu, balikgilikla
ugrasan sivil toplum kuruluglarini, akademisyenleri ve devlet
otoritesinin ilgili erklerini bilgilendirmeyi ve (lkemizde bu
alandaki bilimsel literatiir eksikliginin gideriimesine katki
koymay! amaglamaktadir. Bu amagla, L tipi matris ydntemi ile
balikgi  gemilerinde yapilan  risk  degerlendirmesinin
anlagilabilirligi ve uygulanabilirligi, ortaya konmustur.

RISK KAVRAMI, DEGERLENDIRME YONTEMLERI VE
ENDUSTRIYEL BALIKGILIKTA KULLANIMI

is sagli§i ve giivenlii risk degerlendirmesi yénetmeliginde
risk; “Tehlikeli bir olayin veya maruz kalma durumunun
meydana gelme olasiligi ile olay veya maruz kalma durumunun
yol agabilecedi yaralanma veya saglik bozulmasinin ciddiyet
derecesinin birlesimi” olarak tanimlanmigtir. Akyildiz (2009),
risk analizi, risk degerlendirmesi ve risk yonetimi kavramlarini
asagidaki sekilde tanimlamstir:

Risk analizi, tehlikeli sonuglari belirlemek igin mevcut
bilgilerin sistematik olarak kullanimi ve bu bilgiler 1siginda riskin
tahmin edilmesidir.

Risk degerlendirmesi, mevcut standartlarla karsilastirip
analiz edilerek gelistirilen kriterleri kullanmak suretiyle riskin
kabul edilebilirliginin gdzden gegirimesidir.

Risk yonetimi ise uygun risk azaltma tedbirleriyle ve
tedbirlerin olasi sonuglariyla karar gelistirme asamalarina katki
saglayacak seviyede olan risk degerlendirme uygulamalari
olarak tanimlanabilir.

Risk degerlendirme yontemleri isletmelerin yapisi ve
biyukltgua ile ilgili olarak farkli ézellikler tagimaktadir. Risk
analiz ydntemleri genelde kalitatif ve kantitatif ydntemler olarak
2 ana baglikta toplanmaktadir. 100°den fazla risk degerlendirme
yontemi mevcut olup en ¢ok kullanilan risk degerlendirme
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yéntemleri, Kontrol Listeleri, Tehlike ve isletilebilme Caligmasi
Metodolojisi (HAZOP), Olasi Hata Tirleri ve Etki Analizi
Metodolojisi (FMEA), Hata Agaci Analizi (FTA), L Tipi Matris ve
Neden - Sonug Analizi yéntemleridir (Ozkilig, 2005).

L tipi matris, sebep-sonug iligkisinin analizinde kullanilan bir

Tablo 1. A Riskin gergeklesme sikiigina gore tayin edilen olasilik

degerleri (Ozkilig, 2005)

Table 1. Appointed value according to the frequency of risk occurrence

(Gzkilig, 2005)

metottur (Ozkilig, 2005). Bu ydntemde risk degeri olayin olma Rlskm.gergekle§me sikiigt OIas".'.k" Deger
olasili ile yaratacai siddetin bileskesi olarak ifade edilir. Hem ~ Yilda bir Gok kiigtik 1
olasilik hem de giddet bilegenleri 1'den S'e kadar numerk  (jc ayqa bir Kiligik 2
degerler alirlar ve buna bagh olarak da risk degeri 1 ile 25 .
arasinda  degisir.  Olasilk ve siddet degerlerinin  Aydabir Orta 3
numaralandiriimasinda kullanilan kriterler sirasiyla Tablo 1 ve Haftada bir Yiksek 4
2de sunulmustur. Olasilik ve siddetin carpimindan elde edilen  yer gijn Cok yilksek 5
risk skoruna gore yapilacak eylemlere karar verilir
Tablo 2. Riskin doguracagi sonuca gore belirlenen siddet degerleri (Gzkilig, 2005)
Table 2. Consequence values according to the risk (Ozkilig, 2005)

Olasi sonug Siddet Deger

Is saati kaybi yok, basit ilk yardim gerektiren durum Gok hafif 1

is giinii kaybi yok, kalici etkisi olmayan ve ayakta tedavi gerektiren durum Hafif 2

Hafif yaralanmaya sebebiyet veren, yatarak tedavi gerektiren durum Orta derece 3

Ciddi yaralanmaya sebebiyet veren, uzun siireli tedavi gerektiren durum, meslek hastaligi Ciddi 4

Oliime veya siirekli is gdrememezlige sebebiyet veren durum Gok ciddi 5

Tablo 3. Tespit edilen risk skorunun anlamlandiriimasi ve eylemlerin kararlastirimasi

Table 3. Explaining the risk score and determination of actions

Risk skoru Anlam

Eylem

25 Katlanilamaz risk

15, 16, 20 Yiiksek diizey risk

8,9,10,12

Orta diizey risk

2,3,4,56

Dustk risk

1 Onemsiz risk

Belirlenen risk kabul edilebilir bir seviyeye distiriliinceye kadar isin
baslatiimamasi, devam eden bir faaliyet varsa derhal durdurulmasi
gerekmektedir. Alinan 6nlemlere ragmen riski dusirmek mimkiin
degilse, faaliyetin engellenmesi gerekmektedir.

Galisma risk azaltiimadan baslatiimamalidir. Riskin azaltiimasi icin
dikkate deger kaynak ayriimasi gerekebilir. isin bu riske ragmen
devam etmesi gerekiyorsa acil dnlemler alinmalidir.

Risk seviyesini azaltmak icin ¢aba harcanmalidir. Fakat 6nleme
maliyeti dikkatle olgtlmeli ve simirlandinimalidir. Risk azaltma
onlemleri belirlenen en kisa zaman periyodunda uygulanmalidir.
Siddeti ¢ok yiiksek olabilecek orta seviye riskler sdz konusu
oldugunda; daha iyi dnlemler alinabilmesi icin olasilik degerlendirmesi
bir kez daha yapilmalidir.

Belirlenen risklerin ortadan kaldiriimasi icin ek onlemlere ihtiyag
duyulmamaktadir. ~ Mevcut ~ Onlemlerin  siirdUriilmesi ~ ve
strddrdlduglnin denetlenmesi gerekmektedir.

Belirlenen riskleri ortadan kaldirmak igin dnlem almaya ve
gerceklesecek faaliyetlerin kayitiarini saklamaya gerek yoktur.

Balikgi gemilerinde yapilan isler, gerek zorlu deniz ve hava
sartlari gerekse de yapilan avcilik faaliyeti nedenleriyle birgok
tehlikeli hareket ve tehlikeli durumu barindirirlar. Tehlikeli
hareketler ve tehlikeli durumlar is kazalarinin  %98'ini
olusturmakta ve bunlar 6nlenebilir sebepler olarak ifade
edilmektedir (Alli, 2008).

Bu calismada balik¢i gemilerinde yapilacak L tipi matris
metoduyla risk degerlendirimesinde kullaniimak  (zere
kapsamli bir risk degerlendirme tablosu olusturulmustur. Ornek
tablonun hazirlanmasinda bir akademik ¢alismadan (Tantoglu,
2016), T.C. Calisma ve Sosyal Givenlik Bakanligi'nca
hazirlanan cesitli ydnetmeliklerden ve bir trol teknesi igin ézel
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bir sirket tarafindan yapilan risk degerlendirme ¢alismasindan
yararlaniimigtir.

TARTISMA, SONUG VE ONERILER

6331 sayili is saghg ve givenligi kanununa gore her
sektorde risk degerlendirmesinin yapilmasi zorunlu iken,
kullanilacak risk analiz yontemi hakkinda bir hikim
bulunmamaktadir. Risk degerlendirme yontemlerini birbirinden
ayiran temel farkliliklar kendilerine has metodolojileri ve
uygulandiklari veya anlamli sonug verdikleri sektorlerdir
(Ozkilig, 2005).

L tipi matris yontemi, her sektére uygulanabilirligi, basit ve
kolay anlasilir yapisi, fazla dékimana ihtiyag duymamasi,
balikgi gemilerinde mihendis istihdaminin yapiimamasi ve
galisanlarin egitim dlizeyinin bu metoda daha uygun olmasi gibi
onemli dzelliklere sahip olmasi nedeniyle balikgilik sektdriinde
rahatlikla kullanilabilmektedir (Tantoglu, 2016).

is saglgi ve giivenligi kavram ve uygulamalari {ilkemizde
2012 yili itibariyle balikgilik da dahil olmak iizere tiim sektérleri
kapsami igine almistir. TUrkiye'de endustrinin bircok alaninda
is guvenligini konu alan pek ok bilimsel ¢alisma olmasina
ragmen, balik¢ilik konusunda yapilan akademik galismalar
yetersiz ve sinirli diizeydedir. Bu yetersizlik konunun bilimsel
bir altyapida tartisiimasini giglestirmektedir. Tantoglu (2016)
endiistriyel balikgi gemilerindeki (trol ve girgir) risk
degerlendirmesinde kullanilacak toplam 81 adet tehlike
kaynagi ve tehlikeli olay bildirmis, bunlardan %20 sine yakinin

makine dairesi ve burada yapilan iglerden kaynaklandigini
rapor etmigtir. Yazar inceledidi gemilerdeki risklerin
gogunlugunu dlsik ve orta dizey olarak bildirmis, trol
gemilerindeki yiksek dlizey risk sayisinin girgirlara gére ¢ok
daha fazla oldugunu belirtmistir. Bu yiksek diizey risklere
neden olan tehlike kaynaklari/tehlikeli olaylar; ving
operatdrliniin trol kapisi ile ilgilenen personeli gdrmemesi, ving
operatérliniin galisma alanini gérmemesi, ving operat6riiniin
glvertedeki calismayl gérmemesi, yetersiz acil durdurma
sistemi, celik halatlarin kopmasi ve elektrik panolari olarak
rapor edilmistir (Tantoglu, 2016). Bunlara ek olarak 6zellikle dip
trol av kompozisyonunda yer alan ve yukarida tartigilan
calismada bahsi gegmeyen trakonya tirli baliklar (Trachinus
spp.), gucuna bali§i (Myliobatis aquila), iskorpit baliklari
(Scorpaena spp.) gibi tehlikeli deniz canlilari biyolojik risk
etmenleri kapsaminda risk degerlendirmesine dahil edilmelidir.
Ayrica gemilerin glverte ve makina bakiminda kullanilan cesitli
kimyasallarin (boya, tiner, soliisyonlar vb.) gemide bulunup
bulunmadigi,  bulunuyorsa  depolama  sekli,  risk
degerlendirilmesinde dikkate alinmasi gereken bir diger
konudur.

Bu galismada balik¢i gemilerinde yapilacak risk analizi ve
degerlendirmesinde  kullanilmasi  gereken 37  adet
faaliyet/calisma alani belirtiimis ve bunlara iliskin 110 adet
tehlike kaynad ve tehlikeli olay tespit edilmistir. Balikg
gemilerinde uygulanacak olan L tipi matris yontemi ile risk
degerlendirme 6rnegi Tablo 4'te sunulmustur.

Tablo 4. Endlstriyel balikgi gemilerinde L tipi matris yontemi ile risk degerlendirme érnegi

Table 4. An example of risk assessment in industrial fishing vessels by

L type matrix method

Faaliyet/  Tenlike Risk seviyesi Kalan risk seviyesi
kaynagi/tehlikeli  Olasi sonug Mevcut koruma 6nlemleri . Kontrol 6nlemleri .
Galisma gy intimal  Siddet  SK intimal  Siddet S
alani skoru skoru
1. Gemiye binis ve inig
" Gemiye binis ve inislerde merdiven veya iskele
11 il;ﬂ:;?;ven veya Denize diigme, Mevcut koruma 6nlemi 3 3 9 kullaniimalidir. Kullanilacak iskelede, korkuluklar 1 3 3
’ Kullanimamas! yaralanma bulunmamaktadir. uygun malzemeden yapilmis ve saglam
olmalidir.
12 Zye(tje\rzlse:ma yD:rr;llzairil;§me, Aydinlatma yapiimaktadr. 1 3 3 Mevcut koruma dnlemleri yeterlidir. 1 3 3
. Gemiye binis ve inis yapilan L .
Takilma ve disme, Gemiye binis ve inis yapilan glverte alanlarinin
13 Engeller hafif yaralanma :lr?:(lj?rrn?nngilrden s s 9 diizenli tutulmasi gerekmektedir. L 8 8
2. Giivertedeki genel calismalar
N Galisanlarin Calisma esnasinda balikgi . i
21 Islak ve soguk dsimesi ve tulumu giyilmektedr. 3 2 6 Call§anlarlr_1_ kullandigr tulumlar termal 6zellikte 2 2 4
kosullar islanmas! olmali ve ndbetlese calisma yapiimalidir
Avinve av Sirtincinmelerive  Mevcut koruma nlemi Elle tagimayi engelleyecek kaldirma aparati
29 araclarnin sakatlanmalar, bulunmamaktadir. 3 3 9 kullaniimalidir. Yiiklerin tek kisi tarafindan 1 3 3
i ta %mam ellerde ’ kaldiriimasi dnlenmelidir. Elle tagima ile ilgili
s yaralanmalar egitim verilmelidir.
Diisme tehlikesinin oldugu Diisme tehlikesinin oldugu yerler hakkinda
yerler hakkinda calisanlara calisanlara egitim verilmelidir. Diisme
egitim verilmistir, calisanlar tehlikesinin oldugu yerler isaretienmeli, yetkisiz
23 Denize diisme Bogulma, 6lim kaydimaz tabanli gizme 1 5 5 personelin diisme tehlikesinin oldugu yerlere 1 5 5
iymekiedir gegisi engellenmelidir. Kaydirmaz tabanli gizme
! ’ giymeyen personel uyarilmali ve giymesi
saglanmalidir.
Talimatlari Mevcut koruma Gnlemi Motor ve kaldirma araglarinin bakimlari yapiimali
24 Giriilti duymama, isitmede ~ bulunmamaktadr. 2 4 8 veya giriiltii seviyesi az olanla degistirimel;, 1 4 4
azalma isaret dile ile iletisim saglanabilir.
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Giiverte -
25 iizerindeki gi'jd‘:égfe’f'a”ma“
acikliklar 5
Yetersiz Ciddi yaralanma,
26 aydinlatma (gece  denize disme,
calismalari) 6lim
. Hafif yaralanmali
27 Kaygan giiverte dismeler
28 Uzun calisma Dikkatsizlik sonucu
i sireleri yaralanmalar
S_l_gara t.”ke“m' e Dikkatsizlik sonucu
29 glivensiz
yaralanmalar
hareketler

3. Girgir agi atma ve sarma operasyonu

Avclilik techizatina
31 kiyafetlerin

takimas! denize disme

Kayma, takilma ve

Tehlikeli giiverte diismeler, ciddi

32

alanlari
yaralanma
Tehlikeleri
. 6rmede
Yetersiz gorme )
33 aydinlatma n?ksanllk, denize
disme,
yaralanmalar
Ag atilirken ’
p Denize
34 aga/halatlara e -
dolanmak slriiklenme, 6lim

4. Ag makarasi ile yapilan faaliyetler

Kontrol
noktasindan ag Ciddi yaralanma
4.1 istifinde o
veya 6lim
calisanlarin
gorilmemesi

Kontrol eksikligi
sonucu makara

Eskimis kontrol altinda alisan

42

kumandasi tayfanin zarar
gormesi
Makaranin Ciddi yaralanma,
43 i
bosalmasi 6lim
. Denize diisme,
44 SG;\;E?:: egh ma iskelet-kas sistemi
cals sorunlari
Makaranin altinda
calisanlarin
45 uygun KKD Bas yaralanmalari
kullanmamasi
Ag istifinde
tekrarlanan Kas iskelet sistemi
46 .
hareketlerin sorunlari
yapilmasi

5. Trol aginin atiimasi ve trol kapilari

Denize
51 Ag atilirken sliriiklenme, ciddi
. aga/halatlara yaralanma veya
dolanmak 6lim
Trol kapisinin
takilmasi veya
cikarimasi -
52 esnasinda kapi (;Ir(i\llj;nma 6lim
tarafindan ¥
sikistirimak veya
ezilmek
Ving
operatorinn trol -
53 kapist ile galisan Ciddi -
! yaralanma/olim
personeli
gormemesi
6. Torbanin kaldiriimasi
6.1 Gliverteden Denize diisme,

sarkarak calisma  hafif yaralanma

Sallanan torbanin  Ciddi yaralanma,

62 tayfaya garpmasi  diisme

Ciddi yaralanmalar,

Acikliklarin gevresi korkuluk
ile kapatiimistir.

Aydinlatma sistemi yeterlidir.

Calisanlar kaydirmaz tabanli
Gizme giymektedir. Giiverte a§
gekim isleminden sonra
ylkanmaktadir.

Mevcut koruma nlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Calisanlarin kullandig
yagmurluklar beden 6lgiilerine
goredir, cep vb. takilmaya
sebep olabilecek kisimlar
bulunmamaktadir, personelin
taki takmasi yasaklanmistir.
Galisma ortami diizenli
tutulmaktadir, kaymalarin
Gnlenmesi igin gliverte
temizlenmektedir, gerilmis
halatlara yaklasiimamaktadir.
s tanimlari bellidir.

Aydinlatma sistemi yeterlidir.

Adin atildigi bélgeye yetkisiz
personel girigi engellenmistir.

Mevcut koruma onlemi
bulunmamaktadir.

Kontrol kumandast iyi
durumda olup, bakimlari
yapilmaktadir

Ag makarasinin bakimlari
duizenli bir sekilde
yapilmaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Calisanlar darbe basligi
kullanmaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Kapinin takilma ve ¢ikariima
islemi kontrollii olarak
yapilmakta olup kontrolii
yapan kisi onay vermeden
operatdr kapiy! ving ile
hareket ettirmemektedir.

Operatdriin gors agisi
uygundur.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Acikliklarin etrafi korkuluk ile gevrilmelidir.
Gerekmedigi durumlarda kapaklari kapali
tutulmalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Nobetlese calisma yapiimalidir.

Calisma sirasinda sigara tiiketiimesi
engellenmeli ve galisanlarin glivensiz
hareketlerde bulunmasi 6nlenmelidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Naylon brandalar kaldiriimalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Giivenlik kemeri kullaniimasi gerekmekte olup
bu iglemi hep ayni kisinin yapmasi
engellenmelidir.

Darbe bagliklari risklere karg! koruyucu degildir.
Koruyuculuk diizeyi yiiksek olan baretler
kullaniimalidir. Ayrica personele baretlerin
devamli kullanilimast igin egitim verilmelidir.

Nobetlese calisma yapiimalidir.

Ag atimi sirasinda koordinasyonu saglayacak bir
kisi gorevlendiriimelidir. Ag atacak tayfanin
kaymaz gizme giymesi gerekmektedir. Yiizik,
bol kiyafet gibi aga takilma ihtimali olan taki ve
kiyafetler kullaniimamalidir.

Trol kapilarinin takilmasi ve gikariimasi iglemi
mekanize olmalidir.

Mevcut koruma dnlemleri yeterlidir.

Giivenlik kemeri kullaniimasi gerekmektedir.

Torbanin sallanmasini kontrol altina alacak
ekipman kullaniimalidir. Torbanin sallanmasi
durmadan torba agzi agilmaya galigiimamalidir.
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Ving

operatoriinin
6.3

calisma alanini

gormemesi

Torbani agiri

64 dolmasi

6.5 Kaygan zemin

Ciddi
yaralanma/6lim

Ciddi yaralanma,
geminin hasar
gormesi veya
batmasi

Kayma, denize
diisme, hafif
yaralanma

7. Ving ve halat ile yapilan faaliyetler

Korumasiz
71 hareketli
makaralar

Eskimis makine

72
elemanlari

Ving
operatorlinin
glivertedeki

7.3 calismay!
gormemesi veya
gorlsiinin
engellenmesi
Yetersiz acil

4 durdurma sistemi

75 Celik halatlarin
kopmasi
Frenleme
sisteminin
calismamasi

76

Ciddi yaralanma

Techizatin zarar
gormesi, ciddi
yaralanma

Ciddi yaralanma
veya 6lim

Tekne hasari, ciddi

yaralanma veya
olim

Ciddi yaralanma
veya 6lim

Ciddi yaralanma
veya 6lim

8. Yakalanan baligin tasiyici gemiye alinmasi

8.1 Giivenli olmayan
gliverte alani
Gemiler arasi
8.2 .
gecls

9. Hasarli donanimin tamiri

Giiverteden

91 sarkarak calisma
92 Donanimin
’ aniden bogalmasi
Yipranmis celik
93 halatlar
Uygun olmayan
94 malzeme
kullanimi

10. Kaptan kogki

10.1 Uyuya kalma

Diimenin bagibog

102 birakilmasi

103 Tecriibesizlik

11. Gemi mutfadi

Daginik ¢alisma

1.1
alani

1.2 Kaygan zemin
13 Hijyen eksikligi

LPG tiipii

14 kullanimi

12. Yatakhane

121 Dag!nlk gegis ve
zemin

122 Yetersiz
aydinlatma

Takilma ve disme
- hafiflciddi
yaralanma

Disme - ciddi
yaralanmalar

Denize diisme

Ciddi yaralanma
veya 6lim

Elin gizilmesi ve
yaralanma

Hafif yaralanma

Geminin batmasi -
6liim

Geminin batmasi -
olim

Geminin batmasi -
olim

Takilma, diisme

Kayma, diisme

Besin
zehirlenmesi,
hastalik
Patlama, yangin
geminin batmasi -
6lim

Takilma, kayma,
diisme, hafif
yaralanma

Tehlikeleri
gorememe

Operatdriin gorlis agis!
uygundur.

Geminin taglyabilecegi kitleye
esdeger hacimde ag
kullaniimaktadir.

Tayfanin bir bollim{i kaymaz
tabanli gizme giymektedir.

Mevcut koruma onlemi
bulunmamaktadir.

Makinelerin periyodik
kontrolleri zamaninda
yapilmaktadir.

Operatdriin gorlis agisi
uygundur.

Mevcut koruma dnlemi
bulunmamaktadir.

Mevcut koruma dnlemi
bulunmamaktadir.

Periyodik kontrolleri
yapilmaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Tamiri yapilacak donanim,
giiverteye alinmadan iglem
yapiimamaktadir.
Ekipmanlar, Uizerindeki yiik
bosaltiimadan tamir
edilmemektedir, donanimlarin
rutin kontrolleri diizenli bir
sekilde yapiimaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Gerekli olabilecek tamir
ekipmani gemide
bulunmaktadir.

Geminin idaresi kaptan ve
ikinci kaptan tarafindan
yapilmakta olup, doniisimli
olarak galigilmaktadir.

Gemiyi idare edebilecek en az
bir kisi stirekli olarak kaptan
késkiinde bulunmaktadir.
Kaptan ve ikinci kaptanin
kaptanlik belgeleri
bulunmaktadir.

Galisma alani diizenli
tutulmaktadr.

Mevcut koruma nlemi
bulunmamaktadir.

Yemeklerde kullanilan gida
malzemeleri yikanmaktadir.

Mevcut koruma dnlemi
bulunmamaktadir.

Dagdiniklik olmamas! igin
personele kisisel esyalarini
koyabilecekleri dolaplar
verilmigtir.

Aydinlatma yeterlidir. Lamba
kapaklari bulunmaktadir.

1

1

N

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Tayfanin tamaminin kaymaz tabanli gizme
giymelidir, baliklar istiflendikten sonra giiverte
yikanmalidir

Hareketli makaralar sabitlenmelidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Acil durdurma sistemi kurulmalidir.

Deforme olmus halatlarin degistirimesi
gerekmektedir.

ise baglamadan énce uygun sekilde calistigi test
edilmelidir.

Galisma ortaminin diizenli ve temiz tutulmasi
gerekmektedir.

Genmiler birbirine tamamen yanasmadan gegis
yapilmasi engellenmelidir. Seyyar iskele
kullaniimalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Deforme olmus halatlarin degistirimesi
gerekmektedir. Belirli araliklarla halatlarin kontrol
edilmesi gerekmektedir.

Tamirat iglemleri ile ilgili bir talimatname
olugturulmal, tamiratin ehil kigilerce yapilmasi
saglanmalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Mutfak zemini kaymaz ve kolay temizlenebilir
malzeme ile kaplanmalidir.

Belirli araliklarla ilaglama yapiimalidir.
Sanayi tipi mutfak diginda muhafazali olarak

konuslandiriimali ve dedantér diizenli olarak
yenilenmelidir.

Yatakhanenin diizenli tutulabilmesi igin bir
personel gérevlendirilmelidir.

Mevcut koruma dnlemleri yeterlidir.
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123 Gilriiti

Havalandirma ve

124 sicaklik
125 Darlve sikiik
gegis yollari
126 Sigara
Lavabo, WC, dus
127 gibi ortak kullanim

alanlarinda hijyen
eksikligi

13. Makine dairesi

131 Zayif ulagim
Yetersiz

132 aydinlatma

133 Bas hizasi
engeller

134 Ana motorlarla
temas
Sicak yiizeylere

135 temas

136 Gilriilti
Yakit ve ya§

137 sizdirma

13.8 Akiler

139 Elektrik panolari

13.10 Sikistirnimis hava

Hidrofor (tatl su
tanki)

Asinmig borular,
gevsek baglant,
yipranmig
contalar

13.11

13.12

Sintine alarminin

1813 calismamasi

Tecriibesizlik/egiti
1314 m eksiKligi

13.15 Yalniz calisma

Yetkisiz
personelin
makine dairesine
erigimi

13.16

14. Geminin iskeleye baglanmasi

Yetersiz

141 haberlesme

Gemi tam olarak
iskeleye

142 yanasmadan
karaya glkmaya
calismak

Halat atilirken

143 diisme

15. Gemi givenligi

Isitmede azalma,
yetersiz dinlenme

Saglik problemleri,
hastalik

Hafif yaralanma

Yangin, ciddi
yaralanma ve 6lim

Hijyen problemleri

Hafif yaralanmalar

Tehlikeleri
gorememe, hafif
yaralanmalar

Basg yaralanmalari

Ciddi yaralanmalar

Yaniklar

Isitme kaybi

Yangin, 6lim

Patlama, yangin,
olim

Elektrik garpmasi,
yaniklar, yangin,
6lim

Patlama

Ekipman arizas|,
geminin hasar
gormesi

Su baskini -
geminin batmasi,
muhtemel 6limler

Su almanin tespit
edilememesi

Gemiyi ve tayfayi
riske atacak ariza
veya durum

Kaza durumunda
farkinda olmama

Maddi hasar,
yaralanma

Maddi hasar,
denize diigme,
yaralanma

Denize diisme,
ciddi yaralanma

Denize diisme,
ciddi yaralanma

Mevcut koruma nlemi
bulunmamaktadir.

Dogal havalandirma
yapilmaktadir.

Mevcut koruma nlemi
bulunmamaktadir.

Yatakhanede sigara igilmesi
yasaklanmigtir.

Mevcut koruma onlemi
bulunmamaktadir.

Makine dairesine inen
merdiven kaymaz
malzemeden yapiimis olup
korkuluklar iyi durumdadir.

Aydinlatma sistemi
yeterlidir.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma dnlemi
bulunmamaktadir.
Mevcut koruma onlemi
bulunmamaktadir.

Makine dairesine inig yapilan
merdiven bagina bir adet
kulak koruyucu asiimigtir.

Makineler diizenli araliklarla
kontrol edilmektedir.

Makine dairesinde dogal
havalandirma yapilmaktadir.
Periyodik bakimlari diizenli bir
sekilde yapiimaktadir.
Isaretlenmis ve yetkisiz
personelin erigimi
engellenmistir.
Kompresérin periyodik
kontrolii diizenli bir sekilde
yapilmaktadir. Yetkisiz
kisilerin erisimi engellenmis
olup kullanim talimatnamesi
asiimigtir.

Periyodik kontrolii diizenli bir
sekilde yapiimaktadir.

Makine ve ekipmanlarin
baglanti noktalari diizenli
olarak ehil kisilerce kontrol
edilmektedir.

Sintine alarmlarinin galigir
durumda oldugu diizenli
araliklarla kontrol
edilmektedir. Alarmin aktif
oldugunu gdsterir 1sikli uyart
sistemi bulunmaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Calismalar en az iki kisilik
ekipler tarafindan
yapilmaktadr.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Halat atma islemi reis
kontroliinde tecrtibeli personel
tarafindan yapiimaktadir.

Yatakhanede griiltii izolasyonu yapilmali.

Dogal havalandirmanin yeterli olmadigi durumlar
icin havalandirma sistemi kurulmalidir.
Yatakhaneye inig merdivenlerine korkuluk
yapilmali ve basamaklar kaymay onleyici
malzeme ile kaplanmalidir. Bas hizasi ve
korkuluklar darbe séniimleyici malzeme ile
kaplanmalidir.

Mevcut koruma dnlemleri yeterlidir.

Ortak kullanim alanlari hergiin temizlenmelidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Bas hizasindaki engeller mihendislik énlemleri
alinarak kaldiriimali, miimkiin degilse bu
engellerin etrafi darbe emici malzeme ile
kapatiimalidir.

Ana motorlarin saglam malzemeden yapiimis
korkuluk ile gevrelenmesi gerekmektedir.

Sicak yiizeyler is1 yalitimi yapan malzeme ile
kapatiimalidir.

Kullanilan kulak koruyuculari eskimis ve deforme
olmustur. Kulak koruyucularin sayisi
artinimalidir. Makine dairesine inmeye yetkisi
sadece yetkin personele verilmelidir. Yetkili
personel kadar kulak koruyucu temin edilmelidir.
Sizinti varsa derhal temizlenmeli ve sizintinin
engellenmesi igin makinenin tamiri yapiimalidir.

Muhafaza altina alinmalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Yetkisiz kisilerin erisimi engellenmeli ve giivenli
kullanim talimatnamesi hazirlanip gériilecek bir
yere asiimalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Yagci belgesi olan tayfaya makine dairesine
inme yetkisi verilmelidir. Diger personelin makine
dairesine inigi yasaklanmalidir.

Mevcut koruma dnlemleri yeterlidir.

Yagci belgesi olan tayfaya makine dairesine
inme yetkisi verilmelidir. Uyari levhalar asiimali
ve tayfanin tamami

bilgilendirilmelidir.

Yonlendirme ehil ve tek bir kisi tarafindan ve
iletigim telsiz vb. cihazlarla yapiimalidir.

Gemi motorlari kapatiimadan ve gemi limana
baglanmadan gemiden inilmesi engellenmelidir.
Inis icin gegis iskelesi kullaniimalidir.

Mevcut koruma dnlemleri yeterlidir.

213



Soykan, Ege Journal of Fisheries and Aquatic Sciences, 35(2): 207-217 (2018)

15.1 Yangin

Acil durum
1562 alarminin
calismamasi

Yeterli sayida can

kurtarma

ekipmaninin

bulunmayisi

Can kurtarma
154 salinin uygun

olmamasi

15.3

Geminin dengesi
ve denize uygun
kosullarda
tutulmamasi

15.5

16. ilkyardim

Teknede
ilkyardim
dolabmnin
olmayigi
likyardim egitimi
16.2 eksikligi
Teknede sedye
16.3 ve battaniye
bulunmamasi

16.1

17. Ise girig muayenesi

Personellerin ise
171 giris
! muayenelerinin
olmayigi

18. Elektrik

Topraklama ve
pano kapaklarinin
18.1 olmamasi ve
) panoda kagak
akim rolesinin
bulunmamasi

Elektrik
panosunun
oniinde yalitkan
paspasin olmayisi

18.2

Elektrik kablolarin
ylpranmisg

18.3 prizlerin
yuvalarindan
¢tkmis olmas|

19. Tatli su-kullanma suyu tanki

Tatli su tankinda
hijyen kontroli

20. Gop kutulari

19.1

Cop kutulari

olmamasi veya
201 kontrol

edilmemesi

21. Raf ve dolaplar

Raf ve dolaplarin
211 sabitlenmemis
olmasi
22. Bag Irgati

Irgati kullanan
kisinin
bilgisiz/deneyimsi
z olmasi
Demir vira/funda
edilirken
kullanilan zincir
ve demir gdziiniin
bakimsiz ve
yipranmig olmasi
Irgatin elektrik
22.3 tesisatinin hasarl
olmasi

221

222

Geminin batmasi,
6lim

Geminin batmasi,
olim

Oliim

Oliim

Geminin batmasi,
6lim

Yaralanma, is
kaybi

Yaralanma

Yaralanma, is
kaybi

is kaybi

Ciddi yaralanma,
6lim, yangin

Elektrik carpmasi
sonucu yaralanma,
6liim

Ciddi yaralanma,
6lim, yangin

Bulasici hastalik,
hijyenik sorunlar

Bulasici hastalik,
hijyenik sorunlar

Devrilme veya
dlisme sonucu
yaralanma

Yaralanma, maddi
hasar, is kaybi

Maddi hasar, is
kaybi

Elektrik carpmasi
sonucu yaralanma,
6lim

Yangin gikmasina neden
olabilecek makine ve araglarin
periyodik kontrolleri diizenli bir
sekilde yapiimaktadir.
Geminin her béliminde
yangin sondirme tlipleri
bulunmaktadir.

Periyodik kontrolleri
yapilmakta olup caligir
durumda oldugu belirli aralikla
test edilmelidir.

Yeterli sayida can kurtarma
ekipmani bulunmaktadir.

Talimatlar Ingilizcedir ve bazi
bolimleri boyali oldugundan
okunamamaktadir.

Yakalanan baliklar giiverteye
alinmadan tastyici gemiye
aktarilmaktadir. Geminin
taglyabilecegi kitleye esdeger
hacimde ag kullaniimaktadir.
{lgili dokiimanlar kaptan
késkiinde bulunmaktadir.

Teknede ilkyardim dolabi
bulunmaktadir.

Teknede ilkyardim egitimi
almis galigan yoktur

Teknede sedye yoktur.

Caliganlardan ise baglarken
istenmemektedir.

Topraklama tesisati
mevcuttur.

Mevcut koruma onlemi
bulunmamaktadir.

Yuvasindan gikmis bazi
prizler mevecuttur.

Mevcut koruma onlemi
bulunmamaktadir.

Cop kovas! doldugunda
bosaltiimaktadir.

Raf ve dolaplar duvarlara
sabitlenmistir.

Mevcut koruma dnlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.
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Yangin sondiirme tiiplerinin yerleri
isaretlenmelidir. Son kullanim tarihleri dolmadan
yeniden doldurulmalari saglanmalidir.

Mevcut koruma dnlemleri yeterlidir.

Can kurtarma ekipmani muhafazali bir béime
icinde tutulmali ve gériilebilecek sekilde
isaretlenmelidir.

Talimatname basit ve anlasilir bir sekilde Tirkce
olarak hazirlanip goriilebilecek bir yere
asiimalidir.

Mevcut koruma dnlemleri yeterlidir.

ilkyardim dolabinin igerisinde ilkyardim
yonetmeligine uygun olmalidir.

Teknede calisan en az 1 kisi ilkyardim egitimi
almig olmalidir

Teknede sedye bulundurulmalidir.

Personelin ige giris muayeneleri yaptiriimali ve
kendilerine ait 6zliik dosyasinda yer almalidir.

Elektrik panosuna kapak yaptiriimali ve kapaklar
siirekli olarak kapali tutulmalidir. Panoda kagak
akim rolesi bulunmalidir.

Panonun 6niindeki zemine yalitkan (kauguk)
paspas konulmalidir.

Yipranmig, yanmis priz ve kablolar derhal
onarilmali ya da yenisi ile degistirilmelidir.

Tatli su tanki periyodik olarak klor veya muadili

dezenfekte edilmeli ve rutin temizligi yapiimalidir.

Cop kovas! giinliik olarak bosaltiimali ve
temizlenmelidir.

Mevcut koruma énlemleri yeterlidir. Dolap
kapaklari daima kapali ve kilitli tutulmalidir.

Bas irgati kullanan miirettebat egitimli ve
tecriibeli olmalidir.

Zincirin kontrolii diizenli olarak yapiimalidir.

Tesisatin kontrolii dizenli olarak yapilmalidir,
irgat topraklama hattina baglanmalidir.
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Demir vira/funda
edilirken
halat/zincir
arasindalyaninda
baska birinin
bulunmasi

224

23. Vardavela puntelleri

Puntellerin
231 olmamasi veya
! yeterli yikseklikte
olmamasi

24, Aj

Agin diizenli
241 sekilde
istiflenmemesi

25. Baglama halatlar

Halatlarin
251 eskimis/yipranmig
olmasi

26. Babalar ve kurtagizlari

Babalarin ve
kurtagizlarinin
gliverteye olan
26.1 baglanti
noktalarinin
zayiflamis veya
yipranmig olmasi

27. Su lstii radar

Su Uistli radarinin

2741
calismamasi

28. Su alti radari

Su Uistli radarinin

281 calismamasi
29. Satallite
Kontrollerin ve
21 bakimlarin
yapllmamasi

30. Pusula cihazlari

Kontrollerin ve
30.1 bakimlarin
yapllmamasi

31. Telsiz

Egitimsiz kisilerce

314 kullaniimasi

32. Can simitleri

Can simitlerinin
nitelik/nicelik
agisindan yetersiz
olmasi

3241

33. Can yelekleri

Can yeleklerinin
nitelik/nicelik

331 agisindan yetersiz
olmasi

34. Can kurtarma botlar

Can kurtarma
341 botlarinin
olmayis!

Can kurtarma
botlarinin
342 kontrollerinin
yapilmamasi /
hasarli olmasi

35. Acil durum plani

Ciddi yaralanma,
6lim

Giiverteden disme
sonucu ciddi
yaralanma, 6lim

s kaybr, takilip
disme sonucu
yaralanma

Halat kopmasi
sonucunda maddi
hasar, yaralanma

Maddi hasar

Maddi hasar, deniz
kazasi sonucu
yaralanma, 6lim

Maddi hasar, deniz
kazasi sonucu
yaralanma, 6lim

is kaybi

Rota kaybedilmesi
sonucu is kaybi

is kaybi

Giiverteden diisme
durumunda can
kaybi

Giiverteden diisme
durumunda can
kaybi

Catisma veya
batma durumunda
can kaybi

Catisma veya
batma durumunda
can kaybi

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma nlemi
bulunmamaktadir.

Istifleme ag tamburuna
yapilmaktadir.

Halatlar diizenli olarak kontrol
edilmektedir.

Mevcut koruma nlemi
bulunmamaktadir.

Su Ustii radarinin ve buna
bagli donanimlarin bakimlari
diizenli olarak yapilmaktadir.

Su alti radarinin ve buna bagli
donanimlarin bakimlari
duizenli olarak yapilmaktadir.

Satallite ve buna bagli
donanimlarin bakimlari
duizenli olarak yapiimaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Mevcut koruma onlemi
bulunmamaktadir.

Teknede miirettebat
sayisindan daha fazla sayida
can simidi vardir ve bunlar
SOLAS'in belirledigi kriterlere
uygun olup gerekli sertifikalar
sahiptir.

Teknede miirettebat
sayisindan daha fazla sayida
can yelegi vardir ve bunlar
SOLAS'in belirledigi kriterlere
uygun olup gerekli sertifikalar
sahiptir. Ancak gemi lizerinde
balikgilar bunlari
giymemektedirler.

Teknede can kurtarma botu
meveuttur fakat botun denize
indirilmesinde kullanilacak
mekanik tertibat yoktur.

Can kurtarma botlarinin
sismesini saglayan
donanimlarin galigir vaziyette
ve hazir durumda degildir.
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Yetkisiz personel burada gérev yapmamalidir.
Uyari levhasi bulundurulmalidir.

Vardavela puntellerinin yiksekligi en az 90 cm
olmalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Babalarin ve kurtagizlarinin kontrolii diizenli
olarak yapiimalidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Mevcut koruma dnlemleri yeterlidir.

Pusula cihazlarinin bakimlari ddnemsel olarak
yapilmalidir. Eger diiglin alismiyorlarsa ehliyetli
kisilerce diizeltiimelidir.

Telsiz mutlaka telsiz egitimi almis kisilerce
kullaniimalidir.

Mevcut koruma nlemleri yeterlidir.

Gemi iizerinde bulunduklari siirece balikgilarin
bunlari giymesi saglanmalidir.

Botun denize indirilmesinde kullanilacak mekanik
tertibat yok acilen yapilmali ve hazir tutulmalidir.

Can kurtarma botlarinin sismesini saglayan
donanimlar galigir vaziyette tutulmalidir. Botlarin
kontrolleri yapilmali aksi takdirde yenisi ile
degistirilmelidir.

33
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Yangin veya kaza
durumunda acil

35.1 durum planinin
hazirlanmamig
olmasi

Teknede halihazirda bulunan
bir acil durum plani yoktur.

Yaralanma, 6lim,
maddi hasar

36. Is sagh ve giivenligi egitimleri

Calisanlarin is Is kazas! sonucu
sagligi ve yaralanma, 6lim, Teknede is sagligi ve
36.1 guvenligi meslek hastaliina  glvenligi egitimi 4
egitimlerini yakalanma, maddi  verilmemektedir.
almamis olmas| hasar

37. Boyalar ve diger kimyasallar

Boya ve diger Boya ve diger
kimyasal kimyasallarin Tekne ambarinda bir dnceki

371 maddelerin devrilmesi sonucu bakimdan kalan ¢ok sayida 5
teknede yangin, kimyasal madde mevcuttur.
bulunmasi zehirlenme, 6lim

Acil durum plani derhal hazirlanmal, acil
15 durumda gorev yapacak personelin gérev yerleri 1 5 5
ve sorumluluklari tanimlanmalidir.

Calisanlar yasal haklari olan yillik 12 saatlik is 1 5 5

20 o PR
sagligi ve givenligi egitimlerini almalidir.

Teknede gok gerekli olmadikga yanici ve
25 zehirleyici olan kimyasal madde 1 3 3
bulundurulmamalidir.

Aciklama: 1-15 arasi basliklar Tantoglu (2016)'dan alinmis, 16-37 arasi bagliklar, T.C. Galisma ve Sosyal Giivenlik Bakanligr'nca hazirlanan gesitli ydnetmelikler,
bir trol teknesi igin 6zel bir sirket tarafindan yapilan risk degerlendirme calismasi ve kisisel gézlem ve deneyimler baz alinarak olusturulmustur.

Tablo 4'te verilen tehlike kaynaklari ve tehlikeli olaylara
karsin alinan mevcut koruma onlemleri riskin siddetini
dolayisiyla da riskin skorunu belirlemektedir. Mevcut 6nlemler
dogrultusunda hesaplanan risk skoru mevcut risklerin
analizidir. Yapilan degerlendirmede 9 tehlike kaynadi veya
tehlikeli olayin 15 ve (Uzeri risk skoruna sahip oldugu
bulunmustur. Bu yuksek risk skoruna ait potansiyel durumlarin
hepsi alinacak ek tedbirlerle kabul edilebilir bir seviyeye
indirilmistir (Tablo 4).

Balikgilik sektdrindeki ulusal istatistiklere bakildiginda
2010 — 2014 yili arasindaki T.C. Sosyal Givenlik Kurumu
verilerine gore balikcilik meslegindeki is kazasi sayilari giderek
artis gostermistir. 2011, 2012 ve 2013 yillarinda olayin 15'den
biyk risk skoruna sahip oldugu bulunmustur. Bu yiiksek risk
skoruna ait potansiyel durumlarin hepsi alinacak ek tedbirlerle
kabul edilebilir bir seviyeye indirilmistir (Tablo 4).

Balikgilik sektdriindeki ulusal istatistiklere toplam 3 adet
olumli is kazasi meydana gelmistir. 2014 yili 196 is kazasi ile
en ¢ok kaza yagsanan yil olmus buna ragmen bu yil igerisinde
olumli is kazasi rapor ediimemistir (SGK, 2017). T.C. Sosyal
Guvenlik kurumunun 2015 yili verilerine gére avcilik
sektorinde 169'u deniz balik¢iiginda ve 130 tatl su
balikgiliginda olmak tizere toplam 182 is kazasi gerceklesmis
ve bunlarin hicbiri dlumle sonuglanmamigtir. Buna kargin
balikgilikta hi¢ meslek hastaligi rapor edilmemistir (SGK, 2017).
Kaza ve meslek hastaliklari sayilarinin bu denli disik
¢ikmasinin muhtemel nedeni elde edilen verilerin sigortali
balikgilar Gzerinden saglanmasidir. Oysaki balikgilarin énemli

KAYNAKCA

Akyildiz, H. (2009). Bir balikgi gemisinin sistematik guvenlik degerlendirmesi.
Gemi ve Deniz Teknolojisi, 179, 11-17.

Alli, B.O. (2008). Fundamental principles of occupational health and safety.
Geneva: International Labour Office

Doganyilmaz Ozbilgin, Y. & Tok, V. (2017). Investigation of Mersin bay trawl
fishermen’s safety at sea awareness. Ege Journal of Fisheries and Aquatic
Sciences, 34(2), 139-144. DOI: 10.12714/egejfas.2017.34.2.04

Havold, J.I. (2010). Safety culture aboard fishing vessels. Safety Science, 48,
1054-1061.

bir bdliminin sigortasiz (pay karsiligi veya sadece (cret
karsiligi ¢alisan) galistigi bilinmektedir. Konuya iligkin bir diger
nedenin de balikgilarin is kazasi ve meslek hastaligi
farkindaliklarinin yetersizligi olarak diistindlmektedir (Soykan,
2017b). Bu calismadaki arastirmalar sonucunda Turkiye'deki
endstriyel balikcilikta faaliyet gdsteren trol ve girgir
teknelerinin ne kadarinin is saghigi ve guvenligi hizmeti aldigi
konusunda net bir bilgiye ulasilamamistir. Tantoglu (2016),
Karadeniz'de faaliyet gosteren 2’si trol, 2si girgir olmak iizere
4 gemi (zerinde yapti§i calismada teknelerden 3'Unilin is
saghgi ve givenligi hizmeti aldigini, 30 calisani olan bir girgir
gemisinin ise bu hizmeti almadigini bildirmistir. En dogru ve
bilimsel verilere ulasabilmek igin; kaza ve meslek hastaligi
istatistikleri, ramak kala olay bildirimleri, periyodik muayene
raporlari gibi bilimsel verilere ihtiya¢ duyulmaktadir. Balikgilik
sektdrlinde bu verilere ulagsmak ¢odu kez mimkin
olamamaktadir.

Dinyanin en tehlikeli mesleklerinden biri olan balikgiligin
Ulkemizdeki guvenlik dizeyini belilemek ve mevcut diizeyi
gelistirmek icin gerek Universiteler gerekse de devletin ilgili
kurumlari tarafindan ulusal dlgekte projeler yirttiilmesi gok
onemlidir. Buna ek olarak balikgilarin is gtivenligi ve isci saghg
konularinda farkindaligini arttirmak toplumsal bir gérev olarak
konuyla ilgili ¢alisan tim kamu kuruluslarinin ilgisi dahilinde
olmalidir. Is sagligi ve giivenliginin en dnemli asamasi olan risk
degerlendirmesi  konusunda  tim  sektér  calisanlari
bilgilendirilmeli ve risk degerlendirmesi tim endustriyel balikg
gemilerinde yapilmalidir. Balikgilarin givenli sartlar altinda
caligabilmesini saglamanin ilk adimi budur.
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Oz: Su iiriinleri Gretiminde dogal kaynaklarin korunmasi ve gevresel standartiara uygun yetistiricilik yapiimasi igin siirdriilebilir metotlarin gelistirimesi bir
gerekliliktir. Hayvan refahi ve gida etigine uygun Uriin arzi, giinimiizde 6nem gésterilen baslica bir konudur. Gevre dostu yeni tiretim metotlarindan biri biyoyumak
(biofloc) teknolojisidir. Bu teknoloji, su Urtinleri yetistiricilik sistemlerinde karbon ve azot dengesine dayanan ve su kalitesini artiran bir sistemdir. Bu calismada, su
urtinleri yetistiriciliginde son yillarda etkin bir bigimde kullanilmaya baslanan biyoyumak teknolojisinin yetistiricilikte sundugu faydalar derlenmistir.

Anahtar kelimeler: Biyoyumak, su kalitesi, karbon/azot orani, besleme

Abstract: Itis necessary to develop sustainable methods for the conservation of natural resources and the production in accordance with environmental standards
in aquaculture. Animal welfare and product supply suitable for food ethics is a major issue that is important today. One of the eco-friendly new production methods
is biofloc technology. This technology is based on carbon and nitrogen balance in aquaculture systems and improves water quality. In this study, biofloc technology,
which has been used effectively in aquaculture in recent years, has been compiled.

Keywords: Biofloc, water quality, carbon/nitrogen ratio, nutrition

GIRiS

Artan dlinya nifusuyla birlikte kiresel gida ihtiyaci temini,
alternatif ve sUrddrdlebilir Gretim sistemlerinin giin ylziine
gikmasina neden olmustur. Bu noktada besin Uretimine ¢dzim
arayislari gergevesinde FAO ve Diinya Bankasi projeksiyonlari
insan gidasinin sularda yapilacak su Urlnleri yetistiriciligiyle
karsilanabilecegini dngérmektedir.

2015 yil itibariyle dinya toplam dretimi 162 milyon tona
ulagan su Uriinleri Uretimi bu gida temininde 6nemli bir rol
oynamaktadir (FAO 2015). Su urinleri yetistiriciliginde temel
prensip; cevreyle dost, canli refahi ile etik/biyogivenlik
olgularini  gbzeten, slrdurdlebilir  Gretim  sistemlerinin
gelistirilebilmesidir. Bununla birlikte yetistiricilikte uygun mali
oranlarin yakalanabilmesi, hem sosyal hem de ekonomik
stirdUrilebilirligin saglanmasi agisindan ayni derecede dnem
tasimaktadir (Crab vd. 2012). Su Urinleri yetistiriciliginin etkin
bir sekilde yapilabilmesi ve devamliliinin saglanmasi igin
biyoyumak (biofloc) teknolojisi; mevcut Uretim tekniklerine
alternatif bir ¢zlim olarak ortaya ¢ikmaktadir.

Biyoyumak teknolojisi ilk olarak Fransiz Denizel
Aragtirmalar Enstitlist, Pasifik Okyanus Merkezi (Ifremer-COP)
calisanlari tarafindan 1970’li yillarin baginda farkli penaeid

© Published by Ege University Faculty of Fisheries, Izmir, Turkey

karides tirlerinin  (Penaeus monodon, Fenneropenaeus
merguiensis, Litopenaeus vannamei ve L. stylirostris)
yetistiriciliginde denenmistir (Aquacop, 1975; Emerenciano vd.
2012a). Bu teknoloji organik madde ile bakteri, protozoa, rotifer,
nematod ve dider organizmalar gibi mikroorganizmalar
arasindaki iliskinin anlagiimasi ile farkl arastirmalara konu
olmustur. Biyoyumak teknolojisi su Urinleri  yetistiricilik
sektoriinde Asya ve Latin Amerika Ulkelerinde genis alanlarda
uygulanan ve gelismeye devam eden bir dretim teknigi olarak
bilinmektedir. Ayrica Amerika Birlesik Devletleri, Giiney Kore,
Brezilya ve Cin'de de kiglk Olgekte yirtilmektedir. Diinya
genelinde ise bircok arastirma merkezinde ve Universitede
temel olarak yetistiricilik yonetimi, besleme, treme, mikrobiyal
ekoloji, biyoteknoloji ve su Uriinleri ekonomisi lizerine yogun
arastrma ve gelistirme projeleri ile  galisiimaktadir
(Emerenciano vd. 2012a).

Su Uriinleri yetistiricilijinde yogun yem kullanimi, su
ortaminda besin elementlerinin artisina neden olmakta ve bu
durum, suyun énemli élclide kalite parametrelerini etkileyen
olumsuz bir siireci hazirlamaktadir. Bu baglamda, su degisimini
sinirlayan, organik atiklarin birikimini engelleyen, yemin etkin


http://www.egejfas.org/
http://dx.doi.org/10.12714/egejfas.2018.35.2.16
mailto:dogukankaya@ankara.edu.tr
http://orcid.org/0000-0002-8832-5496
http://orcid.org/0000-0001-7474-2208

Kaya and Geng, Ege Journal of Fisheries and Aquatic Sciences, 35(2): 219-225 (2018)

bir bigimde degerlendirilmesini sadlayan ve suyu Kkalite
parametreleri  yoniinden iyilestiren  sistem  arayislari,
yetistiriciligin - odak noktalarindan biri haline gelmistir.
Biyoyumak teknolojisi bahsedilen bu arayiglara cevap
verebilecek iretim sistemlerinin bir pargasi olarak gorlebilir.

Biyoyumak teknolojisi ve 6nemi

Partikiil haldeki organik madde ile mikroorganizmalar ve
sucul canlilarin olusturdugu yapi potansiyel besin kaynagi
Ozelligi  tagimaktadir.  Biyoyumak teknolojisinde, bu
mikroorganizma yumaklarindan vyetistiriciligi yapilan tlrler
besin olarak faydalanabilmektedirler (Emerenciano vd. 2013b).
Biyoyumak teknolojisi, yetistiricilik sisteminde heterotrofik
mikroorganizmalarin gogalmalar tegvik edilerek su kalitesini
artirmay saglayan, bédylelikle daha ekonomik ve sirdrlebilir
yetistiricilige olanak veren bir {retim teknigi olarak
tanimlanmaktadir (Crab vd. 2012; Long vd. 2015). Heterotrofik
mikroorganizmalari ve organik parcaciklari iceren biyoyumak,
suya bir karbon kaynagi ilave edilerek ortamda optimum
karbon/azot oraninin saglanmasiyla gergeklestirilir (Sekil 1)
(Crab vd. 2007; Long vd. 2015). Bu ydntemle tesvik edilen
biyoyumagin azot alimi, amonyum konsantrasyonunun
azaltlmasini  nitrifikasyon ~ strecine gbére daha hizl
sekillendirmektedir (Hargreaves, 2006; Crab vd. 2012).
Biyoyumak sisteminde, amonyum ve diger azotlu organik atik
bilesikler; bakteriyel biyomasla sucul canlilar igin besin kaynagi
Ozelligi tasiyacak bir nitelige donistiriimektedir. Bu anlamda
biyoyumak teknolojisi, yetistiricilikte su kalitesini iyilestirmesinin
yaninda daha az su kullanimini olanakli hale getirmekte ve
ekstra besin kaynagi olarak fayda yaratmaktadir (Avnimelech
2006; Long vd. 2015).

Biyoyumak kompozisyonu ve besinsel degeri

Biyoyumaklar alg, bakteri, protozoan, digki ya da
tiketimeyen yemler gibi diger partikil organik maddelerin
olusturdugu kime olarak ifade edilmektedir. Biyoyumak
iceriginde zooplankton ve nematod tiirleri de yer alabilmektedir.
Bazi biyoyumaklar makroskobik nitelik tagirken; bunlarin

Biyoyumaklarin besinsel kalitesinin yetistiriciligi yapilan
tirler igin uygun oldugu bilgisi de mevcuttur. Biyoyumagin kuru
agirik bazinda protein igerigi %25-50 araliginda, ortalama
olarak %30- 45 dizeyinde, yag iceriginin ise %0,5-15
araliginda ve ortalama %1-5 diizeyinde oldugu ifade
edilmektedir. Biyoyumagin metiyonin ve sistin aminoasitlerinin
temin edilmesindeki yeterliligine yonelik geliskili ¢alismalar olsa
da vitamin ve mineraller igin iyi bir kaynak oldugu, ayrica
probiyotik etkilerinin de séz konusu oldugu bildiriimektedir
(Hargreaves 2013).

Giinliik olarak venlen yem muktan: Bahk agichginin %2'st
Giinde bir kg balik igin ihtiyag duyulan yem miktari: 20 g
Ortalama bir yemde protein miktari: %25
Giinde bir kg bahk igin ortama giren protein miktar: 5 g
Proteinin azot igengi: %16
Giinde bir kg balik igin ortama giren azot miktan: 0.8 g
Yemdeki azotun ortalama %75°1 suya kanyr
Giinde bir kg balik igin suya karigan azot miktar: 0.6 g

Mikroorgani zmalann ihtiyag duydugu karbon/azot oram: 10

Biyoyumak firetinu igin giinde bir kg balik basina ihtiyag duyulan karbon miktan: 6 g

$Sekil 1. Biyoyumak uygulamasinda tiketilmeyen yemden ve digkidan
kaynakli azotlu drlinlerin uzaklastiriimasi igin ihtiyag duyulan karbon
miktarinin sematik gdsterimi (Crab vd. 2012'den uyarlanmistir)
Figure 1. Schematic display of amount of carbon needed to remove
the nitrogen wasted from uneaten feed and feces by biofloc practice
(Modified from Crab et al. 2012)

Su iriinleri yetistiriciliginde biyoyumak uygulamalari

Su Urlnleri yetistiriciliginde gelisen teknolojik olanaklar ve
pratik uygulamalar sayesinde alternatif dretim modellerinden
biri haline gelen biyoyumagin son yillarda artan bir ivme
yakaladigi anlasiimaktadir. Biyoyumagin karbon kaynagi
kullanilarak su Urlnleri alaninda uygulamaya girdigini ve
yetistiricilik igin olumlu sonuglar elde edildigini gdsteren

gogunlukla 50-200 mikron boyutlarinda olduklari kayit  calismalar Tablo 1'de konuyla ilgii arastirmacilarin
edilmektedir (Hargreaves 2013). yararlanabilmeleri icin listelenmistir.
Tablo 1. Biyoyumagin farkli karbon kaynaklarinda bazi yetistiricilik parametrelerine etkisi
Table 1. Effect of biofloc on some aquaculture parameters in different carbon sources
Karbon kaynagi Yetigtirilen tir D Loroty Su. . Literatiir
performansi  parametre  kalitesi
Bugday unu Oreochromis niloticus 1 1 1 Azim ve Little (2008)
Nisasta O. niloticus x O. aureus 1 > ) Crab vd. (2009)
Asetat, gliserol Macrobrachium rosenbergii 1 > ) Crab vd. (2010)
Bugday unu Penaeus semisulcatus 1 0 0 Megahed (2010)
Melas Litopenaeus vannamei 1 > ) Krummenauer vd. (2011)
Siikroz Litopenaeus vannamei 1 - ) Ray vd. (2011)
Dekstroz Litopenaeus vannamei 1 > ) Gaona vd. (2011)
Melas Oreochromis sp. 1 - 1 Ekasari ve Maryam (2012)
Melas, bugday kepedgi Farfantepenaeus brasiliensis T T T Emerenciano vd. (2012b)
Siikroz Litopenaeus vannamei — 1 PN Xu ve Pan (2013)
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Melas Litopenaeus vannamei
Melas Litopenaeus vannamei
Melas, tapyoka, piring kepedi  Litopenaeus vannamei
Bugday unu Penaeus monodon
Melas Farfantepenaeus brasiliensis
Melas Oreochromis niloticus
Glukoz Oreochromis niloticus
Melas Cyprinus carpio
Bugday unu Oreochromis niloticus
Melas, misir nisastasl, glikoz ~ Cyprinus carpio

Melas, misir nisastasl, glikoz ~ Cyprinus carpio
Bugday unu, melas Litopenaeus vannamei
Bugday unu Apostichopus japonicus
Gliserol Clarias gariepinus

Schveitzer vd. (2013)
Silva vd. (2013)
Ekasari vd. (2014)
Anand vd. (2014)
Souza vd. (2014)
Ekasari vd. (2015)
Long vd. (2015)
Najdegerami vd. (2016)
Mansour ve Esteban (2017)
Bakhshi vd. (2018a)
Bakhshi vd. (2018b)
Peixoto vd. (2018)
Chen vd. (2018)

Dauda vd. (2018)

S O — 1 —

1: Artig, <> Belirlenmemis

Eklembacaklilar iizerine yapilan ¢aligmalar

Biyoyumak teknolojisi kullanilarak farkli karides tirleri (L.
vannamei, P. monodon, F. paulensis, F. brasiliensis, F.
Setiferus, P. semisulcatus) Uzerine yapilan ¢alismalarda
basarili sonuglar alindigi arastirmacilar tarafindan kayit
edilmektedir (Samocha vd. 2007; Mishra et al. 2008; Arnold vd.
2009; Ballester vd. 2010; Emerenciano vd. 2011b; Peixoto vd.
2018). Bu teknolojinin baglica avantajinin  biyoyumagin
eklembacakli canlilar igin daha iyi beslenme olanagi saglamasi
ve pazar boyuna yetistiricilk stresinin kisaltimasidir
(Emerenciano 2013a).

Kuhn vd. (2010), tilapya yetistiriciliginden elde ettikleri balik
diskisi kullanilarak Uretildigi bildirilen iki farkl biyoyumak tipinin
kapali dolagimli sistemde karides yetistiriciligi Uzerindeki
etkisini aragtirmislardir. Biyoyumaklar ardisik kesikli reaktérde
(karbon eklemesiyle) ve membran biyolojik reaktdrde (karbon
eklemesi olmadan) Uretilerek, balik unu ve/veya bitkisel protein
yerine kullaniimistir. Biyoyumak kullanilimayan kontrol grubu ile
dért farkli biyoyumak ilave seviyesini (%10, 15, 21 ve 30)
karsilastirnimasinda; yasama orani ve hasat miktan
bakimindan gruplar arasinda istatistiki bir fark gézlenmedigini
fakat biyoyumak ilaveli yemle beslenen baliklarin kontrol
grubuna gbre daha iyi blylime oranlari elde ettiklerini
bildirmislerdir. Arastiricilar, biyoyumagin uygulamada balik unu
ve Ditkisel proteinden gelen hammaddenin  yerine
kullanilabilecegdini ayrica tilapya yetistiriciliginden kaynakli
atiklarin da bu ydntemle geri kazaniminin - mimkin
olabilecegini vurgulamiglardir.

Schveitzer vd. (2013), farkli biyoyumak tiplerinin (toplam
askida kati madde; 200 mg/L, 400-600 mg/L, 800-1000 mg/L)
sifir su degisimi sartlarinda Litopenaeus vannameinin yogun
stok kosullarinda biyime performansi (zerine yaptiklari
arastirmada; biyoyumagin orta seviyede (400-600 mg/l)
tutulmasi halinde yodun vyetistiricilik i¢in ve sistemin
stirdirtilebilirligi ile tretkenligi agisindan daha verimli sonug
alinacagini  bildirmiglerdir. Gaona vd. (2017) tarafindan,
biyoyumak uygulamasi esnasinda farkli seviyelerde askida kati
madde (100-300 mg/L; disik seviye, 300-600 mg/L; orta
seviye, 600-1000 mg/L; yiiksek seviye) varliginin su kalitesi ve

karides (Litopenaeus vannamei) yetistiriciligi zerine etkisinin
arastinldigi  calismada karideslerin  biylime performansi,
yasama orani, yem dontsim orani ve toplam Gretimin; disik
ve orta seviyede askida kati halinde biyoyumak uygulanan
gruplarda daha yiiksek oranlarda bulundugunu fakat gruplar
arasinda istatistiki farkliligin belilenemedigini bildirmislerdir.
Yiksek biyoyumak seviyesindeki gruplarda ise anilan
parametrelerin distiginl ve diger iki gruba gore istatistiki
farklilik gosterdigini bildirmiglerdir. Aragtiricilar, dlistik seviyede
biyoyumagin L. vannamei yetistiriciligi igin daha iyi bir bliylime
performansi sagladigini ve bu seviyenin 100-300 mg/L
araliginda surdirilmesinin 6nemini vurgulamislardir.

Emerenciano vd. (2012b) tarafindan sinirli su degisimi
yapilan havuzlarda karides (Farfantepenaeus brasiliensis)
yetistiriciliginde biyoyumak teknolojisi yem kaynagi olarak
degerlendirilmistir. Calismada, deneme sonu canli agirlik ve
biyomas bakimindan biyoyumak uygulanan gruplarin kontrol
grubuna gére daha iyi gelisim gésterdiklerini kayit etmislerdir.
Calisma ile biyoyumadin besinsel kalitesinin F. brasiliensis
larva vyetigtiriciliginde blylmeyi artirma niteligi bakimindan
onemli goruldigu bildirilmigtir.

Zhao vd. (2012), Marsupenaeus japonicus Uretiminde
yogun stoklama ve sifir su degisimi kosullarinda biyoyumak
teknolojisinin etkinligini arastirmiglardir. Biyoyumak uygulanan
grubun amonyak ve nitrit diizeylerinin kontrol grubuna gore
istatistiki olarak daha dlslk seviyelerde saptandigini
bildirmislerdir. Biyoyumak uygulanan grubun karides verimi
bakimindan kontrol grubuna oranla % 41,3 daha yiiksek
seviyelerde sonug verdigini, benzer sekilde %12,0 daha
ylksek protein etkinlik orani ve %7,22 daha iyi yem déniigtim
orani belirlediklerini kayit etmiglerdir. Biyoyumak teknolojisinin
M. japonicus yetistiriciliginde yiksek stok yogunlugu ve sifir su
degisimi kosullarinda etkin bir ara¢ olarak kullanilabilecegini
ifade etmislerdir.

Xu vd. (2013), biyoyumak uygulamasinin juvenil karides
(Litopenaeus vannamei) yetistiriciliginde immun yanita ve
antioksidan aktivitesine etkisini arastirdiklari  ¢alismada,
biyoyumak gruplarinda sifir su degisimi kosullarinda iki farkli
karbon/azot orani 15:1 ve 20:1 belirlemigler, kontrol grubu icin
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ise su degisimi yapildigini  belirtmiglerdir. Biyoyumak
gruplarinda toplam hemosit fagositik aktivitesinin ve hemolenf
icerisindeki toplam hemosit miktarinin kontrol grubuna gére
daha ylksek seviyede bulundugunu, benzer sekilde
hepatopankreas ve plazmada toplam antioksidan kapasitenin
de kontrol grubuna oranla daha yiksek saptandidi kayit
edilmistir. Sifir su degisimi kogullarinda karbonhidrat ilavesiyle

olusturulan biyoyumagin karides yetistiriciliginde immun
hicresel yanit ile antioksidan seviyesini artirdigini
bildirmislerdir.

Furtado vd. (2015), biyoyumak uygulamasi ile karides
(Litopenaus vannamei) yetistiriciliginde nitrat toksisitesinin (75
(kontrol), 150, 300 ve 600 mg NOs - N/L) etkisini
arastirmislardir. Artan nitrat seviyelerinin ortalama olarak
yasama oranini diistrdigand, canh agirlik, agirlik kazanci ve
yem donlsim orani bakimindan yiiksek nitrat seviyelerinin
istatistiki olarak olumsuz etkilendigini, haftalik canli agirlk
kazanci ve yasama orani bakimindan ise artan nitrat
seviyesiyle  negatif bir  korelasyonun  saptadiklarini
belirtmiglerdir.  Ylksek nitrat seviyelerinin; solungag ve
hepatopankreasta histopatolojik hasara da neden oldugunu
bildirmiglerdir.

Peixoto vd. (2018) Litopenaeus vannamei yetistiriciliinde
biyoyumak uygulamasi ile birlikte yemleme sikhdinin
rejimlerinin bliylime performansi ve enzim aktivitesi (izerine
etkilerini belirledikleri calismada; giinde U¢ kez yemlemenin

biyime performansi ve enzim aktivitesini arttirdigini
kaydetmiglerdir.
Moreno-Arias  vd. (2018) dlslik tuzlulukta  (%05)

Litopenaeus vannamei yetistiriciliinde balik unu yerine bitkisel
protein karisimi kullaniminin biyoyumak varliginda etkisini
arastirmiglardir. Biyoyumagin yiksek kalitede protein ve
esansiyel yag asitlerini saglayabilecegini ve kismen de balik
unu yerine ikame edilebilecegini belirtmiglerdir.

Baliklar iizerine yapilan ¢aligmalar

Biyoyumak  teknolojisi,  eklembacakli  canlilarin
yetistiriciliginde etkin olarak son yillarda kullaniimaya baglasa
da balik yetigtiriciligi agisindan galigmalarin oldukca sinirl
oldugu ozellikle de tilapya baliklarina odakl gergeklestigi
anlasiimaktadir. Azim vd. (2008)’e gdre biyoyumak icerigi balik
yetistiriciliinde ve su kalitesini artirmada etkin olarak
kullanilabilir. ~ Bu  yaklagimla  baslayan  calismalar
incelendiginde; Azim ve Little (2008), tilapya (Oreochromis
niloticus) yetistiriciliginde su kalitesi, biyoyumak kompozisyonu,
biyime ve balk refahi (zerine yaptiklari galismada;
biyoyumak uygulamasiyla birlikte iki farkli ham protein oranina
sahip yem (%35 ve 24) verilen baliklar ile biyoyumak
uygulanmaksizin %35 ham proteinli yem (kontrol grubu)
verdikleri  baliklari  karsilagtirmiglardir.  Balik  Gretiminin
biyoyumak uyguladiklar gruplarda kontrol grubuna kiyasla
%45 daha yuksek Grln elde ettiklerini bununla birlikte
biyoyumak uygulamalari arasinda yemdeki protein oranlarinin
degisiminin biyimede istatistiki agidan farklilik yaratmadigini
belitmiglerdir. ~ Ballk  refahi  agisindan  yaptiklari

degerlendirmede biyoyumak uygulanan gruplara ait baliklarda;
ylizgeg, solungag histolojisi, kan parametreleri, hematokrit ve
plasma  kortisol  seviyelerinin ~ kontrol  grubu ile
karsilastiriidiginda  farklilik  gdstermedigini  bu anlamda
biyoyumak varliginin baliklar lzerinde stres faktorli olarak
olumsuz bir etkiye neden olmadi§ini da bildirilmigtir.

Ekasari ve Maryam (2012), farkli stok yogunluklarinda (25,
50 ve 100 balik/m3) tilapya (Oreochromis sp.) yetistiriciligi
yapilan tanklarinda  biyoyumak uygulamasinin  dretim
performansi ve su kalitesi Uzerine etkilerini incelemislerdir.
Yetistiricilikte kritik dnemi olan azotlu bilegiklerden toplam
amonyak azotu ve nitit seviyelerinin biyoyumak grubunda
kontrol grubuna kiyasla daha digtk bulundugunu, en ylksek
yasama oraninin ise 25 balik/m3 stok yogunlugunda biyoyumak
uygulanan grupta saptandigini bildirmislerdir.

Luo vd. (2013) biyoyumak teknolojisini kullanarak
yetistiricilikten kaynakli atiklarin  uzaklastirimasi (izerine
yaptiklari  galismada;  inorganik  azot  dinamiklerini

arastirmislardir. Calismada Scortum barcoo tiri kullanildigini
ve iki farkli deneme diizeninde (birinde sisteme ardisik kesikli
reaktdrlerde organik karbon kaynagi olarak glukoz ilave
edilirken diger grupta bir karbon kaynagi kullaniimadan)
yetistiricilikten gelen amonyumun heterotrofik bakteriler
tarafindan kullanildigini ve yeterli miktarda karbon kaynagi
ilavesi ile biyoyumak olusumunun gergeklestigini belirtmislerdir.
Calismanin 6 haftalik dilimi igerisinde glukoz eklenen grubunda
amonyum konsantrasyonunun 13,22+0.98 mg N/L'den
0,40£0.02 mg N/L'ye, nitrat konsantrasyonu ise ilk 5 hafta
icinde 72,41£1.34 mg N/L'den 0,10+0.02 mg N/L'ye duserek
keskin bir azalma gdsterdigi bildirilmistir.

Long vd. (2015), fiberglas tanklarda biyoyumak
teknolojisinin  tilapya (Oreochromis niloticus) baliklarinda
biyime, sindirim aktivitesi, hematoloji ve immun yanit izerine
etkilerini sifir su degisiminde arastirmiglardir. Nitrit ve nitrat
konsantrasyonlarinin biyoyumak uygulanan tanklarda kontrol
grubuna gére daha distk seviyelerde saptandigdi belirtilmistir.
Kontrol grubuyla karsilastirildiginda, biyoyumak uygulanan
grubun canli agirh@, agirik kazanci ve protein etkinlik
oranlarinin daha ylksek seviyede bulundugunu, benzer sekilde
yem d6nlstim oraninin da daha dislk seviyede belirlendigini
kaydetmiglerdir. Karacigerde tripsin ve amilaz seviyelerinin her
iki grup icin istatistiki olarak benzerlik gdsterdigini, lipaz
aktivitesinin ise biyoyumak grubunda daha yiksek seviyede
bulundugunu  bildirmiglerdir. Badirsak tripsin ve lipaz
seviyelerinin her iki grupta da farkliik gdstermedigini, amilaz
aktivitesinin ise biyoyumak grubunda daha yiksek seviyede
saptandigini belirtmislerdir. Hematoloji analizleri bakimindan iki
grupta da farkhlik gorllmedigi bildirilmistir. Arastiricilar
biyoyumak uygulamalarinin; iyi su kalitesini stirdirmede,
yemden faydalanmada ve bliyime performansinda etkinlik
sagladigini, baliklarda sindirim enzimleri aktivitesini artiran bir
arag oldugunu da ifade etmislerdir. Bakhshi vd. (2018b), sazan
baliklarinda  biyoyumak uygulamasinda farkli  karbon
kaynaklarinin  blyime performansi, kan parametreleri ve
immun sistem Uzerindeki etkilerini incelemisler, karbon kaynagi

222



Biofloc technology in aquaculture

olarak misir nisastasi kullaniimasinin bagisiklik sistemini
gelistirdigini  ve hastallk dayanimini  arttirdigini rapor
etmislerdir. Farkli karbon kaynaklarinin arastirildigi bir diger
galismada da Deng vd. (2018) Pelteobagrus vachelli
yetistiriciliginde biyoyumagin yapisi ve mikrobiyal topluluk
cesitligi  Gzerine  etkilerini  belirlemiglerdir. ~ Biyoyumak
teknolojisinde karbon kaynagi olarak seliiloz kullaniminin
bakteriyel gesitlilik agisindan tapiyoka nigastasina gore daha
faydall oldugunu bildirmisler, her iki karbon kaynagi
uygulamasinda da biyoyumak teknolojisinin azotlu Urlinleri
uzaklastirmada etkin olduguna ve amonyak okside eden
bakteri topluluklarinin gelisimine katkida bulunduguna da
dikkat gekmiglerdir.

Fauji vd. (2018) tarafindan karabalik (Clarias gariepinus)
yetistiriciliginin ~ biyoyumak  uygulamasiyla  farkli  stok
yogunluklarinda denendigi ¢alismada biyoyumak teknolojisinin
biylime performansi, yemden yararlanma, enfeksiyonalara
kars1 dayanim ve yetistiriciligin ticari karlihgi bakimindan pozitif
yonlerinin  dikkat cektigini vurgulamislardir.  Arastiricilar
biyoyumak teknolojisi ile tanklara 8 larva/L stok yogunlugu
uygulamasinin  (retimde uygun olabilecegini tavsiye
etmislerdir.

SONUG

Su Urlnleri yetistiriciliginde biyoyumak teknolojisine yonelik
galismalarin sinirli diizeyde oldugu ve 6zellikle de son yillarda
agiik kazandigi anlasilmaktadir. Biyoyumak teknolojisinin
yetistiricilik uygulamalarinda kullanilmasinin, biyime ve su
kalitesinde yasanan bazi sorunlarin minimize edilmesinde aktif
rol oynayabilecegi ve bununla birlikte bu teknolojinin yetistiricilik
calismalarinda daha fazla yer bulacagi dretim sistemlerinin
gelecekte uygulamaya girecegi dustnilmektedir.
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