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ABSTRACT

Aeromonas hydrophila causes symptoms of hemorrhagic septicemia in acute cases and can cause death in
freshwater fish, whereas Saprolegnia parasitica is the cause of ulcers complicated by fungal mycelia located
on skin that has lost its scales for various reasons. Both pathogens co-infect recirculating aquaculture sys-
tems at the izmir Katip Celebi University Fisheries Research and Training Center. Clinical, bacteriological,
parasitological, and mycological studies were carried out on 25 fish samples during the infestation. Sab-
ouraud glucose agar and malt extract agar were used to isolate the fungus, and the bacterial isolates were
streaked on tryptic soy agar (Oxoid) with 5% defibrinated sheep blood. Gray-white cotton-like patches, ero-
sions on the skin, and hemorrhaging were detected on the infected fish samples. The analytical profile index
test and molecular identification showed that the bacterial agent was A. hydrophila and a fungal examina-

tion and amplification by polymerase chain reaction confirmed that the mycotic agent was S. parasitica.

Keywords: Aeromonas hydrophila, Dicentrarchus labrax, Saprolegnia parasitica

INTRODUCTION

Aeromonas hydrophila is an opportunistic mi-
croorganism that is widely distributed in water,
soil and food (Laith and Najiah, 2013). It is a
Gram-negative motile bacterium with aerobic
and facultative anaerobic, oxidase-positive
characteristics and can be found in aquatic
environments and gastrointestinal tracts of
healthy fish (Rey et al., 2009; Laith and Najiah,
2013). It is known as Bacterial Hemorrhagic
Septicemia, Aeromonad Septicemia and Red
Pest (Roberts and Shepherd, 2001) the major
symptoms of which are skin ulcers, hemorrhag-
ing and necrosis of visceral organs (Huizinga
et al., 1979; Austin and Austin, 2007; Cipriano
et al.,, 2001). A. hydrophila has a great impact
on fish farms causing outbreaks with a mortal-
ity rate of 80-100% in a short period of time
(Lukistyowati, 2012; Kusdarwati et al., 2017). To
date the pathogen has been reported in vari-
ous fish species such as mirror carp and gold
fish (Timur, 1986), rainbow trout (Diler and Al-

tun, 1995), guppy (Timur et al., 2003) and xi-
phophorus (Akayli and Zeybek, 2005) caught in
Turkey.

Saprolegniasis is a mycotic freshwater disease
that especially, affects fish and eggs (Gaikowski
et al., 2003). It usually starts with cotton wool-
like patches on the head and dorsal fin region
then spreads all over the body as focal patches
(Abdel-Aziz et al., 2002; Bangyakkum et al.,
2003; Osman et al., 2008; Roberts, 2012). Ero-
sion, poor water quality, overcrowding, han-
dling, malnutrition, spawning or bacterial and
parasitic infections may be the cause of this my-
cotic disease and it can lead to mortality (Noga,
1993, Pickering, 1994; Hussien et al., 2010). In
Turkey, Saprolegniosis has, generally, been re-
ported in freshwater fish species, especially in
rainbow trout eggs (Diler, 1992).

Co-infections are described as infections
caused by two or more genetically different
pathogens and each pathogen has pathogenic
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effects that cause harm to the host when other pathogens are
present (Cox, 2001; Bakaletz, 2004; Kotob et al., 2016). Interac-
tions between different pathogens can have either synergistic
or antagonistic effects on fish. Aeromonas hydrophila and Sap-
rolegnia parasitica were detected in sea bass (Dicentrarchus
labrax) with high mortalities and clinical signs of both pathogens
in this study.

MATERIAL AND METHOD

Infected sea bass (D.labrax) with fungal infections and hemor-
rhages on different parts of the body were found in the univer-
sity pond at Izmir Katip Celebi University Fisheries Research and
Training Center. Fish weighing approximately 40 gr were exam-
ined during the infestation and mortalities with water parameters
were observed. 25 of the samples were subjected to clinical, mi-
crobiological, parasitological and pathological examination. An
external and internal examination was carried out on the skin,
abdomen, fins, gills, kidneys, intestines, liver and spleen. Bacteri-
al examinations were conducted according to Austin and Austin
(2007). Bacterial isolates were streaked on Tryptic Soy Agar (TSA,
Oxoid; Merck, Germany) and Tryptic Soy Agar supplemented
with 5% defibrinated sheep blood (BTSA) from the anterior of
the kidneys, spleen and liver of the fish.

Fungal samples were provided from the patches on the body
surfaces and streaked on Sabouraud Glucose Agar (SGA, Oxoid;
Merck, Germany) and Malt Extract Agar (MEA, Oxoid; Merck,
Germany). The bacterial samples were incubated at 21°C for 2
days and fungal samples were incubated at 21°C for 3-4 days.
Native and colored samples were examined with a light micro-
scope (BX53; Olympus, Japan) after incubation. Colorization of
the fungus samples was conducted according to Arda (2006).

A scanning electron microscopic examination was carried out at
izmir Katip Celebi University’s Central Research Laboratory and
for preparation, samples were sputtered with gold by QUORUM
Q150 RES (Quorum Technologies, UK) and examined with a
scanning electron microscope (Carl Zeiss 300VP, Germany).

Figure 1. Hemorrhagic septicemia and fungal growth on
sea bass (D.labrax)

Aeromonas hydrophila strains were passaged onto TSA and BTSA
three times in order to purify the colonies after primer isolation. They
were then cultivated onto TSA for biochemical tests. Gram staining
and an oxidase test were carried out according to standard proce-
dures. The motility of the bacteria was detected by the hanging-drop
technique. For further information, biochemical tests were carried out
with APl 20E (BioMerieux S.A., France) (Tanrikul et al., 2004).

Molecular identification of the bacteria and fungus were conduct-
ed. The 16SrRNA gene sequence was polymeraze chain reaction
(PCR) amplified in order to ensure that strains were A.hydrophila.
Strains were obtained from the samples that were isolated from
infected D.labrax during the outbreak. A EurX GeneMATRIX Tis-
sue Bacteria DNA Isolation Kit (EURx, Poland) was used for DNA
isolation. Then with a Thermo Scientific Nanodrop 2000 (Ther-
moFisher Scientific, USA), the density and quality of the isolates
were determined. 27F and 1492R primers were used for PCR am-
plifications. Band screening of the PCR products was observed
in the gel electrophoresis. Amplified products of template DNA
were sent to the Macrogen direct sequencing service (Macrogen,
Holland) for sequence determination. Sequences were then-
checked with the BLASTN 2.6.1. database. The Same procedure
was used for fungus samples. DNA isolation was conducted us-
ing a EurX Tissue Bacteria DNA isolation kit. For PCR amplifica-
tion, ITS1 and ITS4 primers were used and DNA samples were
sent to Macrogen direct sequencing service (Macrogen, Holland)
and sequences were checked with the BLASTN 2.6.1. database.

The antibiotic susceptibility of A. hydrophila strains was deter-
mined by the Kirby-Bauer disk diffusion method onto Mueller-
Hinton medium (Hudzicki, 2009).

The water parameters such as temperature, salinity, oxygen and
pH parameters were determined as 10°C, 3.93%o, 10.07 mg/L and
7.7, respectively. The suspended solid matter was analyzed with
gravimetric methods (Stirling, 1985). Analyses of ammonium ni-
trogen, nitrite nitrogen, nitrate nitrogen, phosphate phosphorus,
silica and chlorophyll-a were performed using a Spectrophotom-
eter (DR 6000 Hach LANGE; Germany) (Strickl and Parsons, 1972;
Parsons et. al., 1984; Stirling, 1985). Alkalinity, Ca and Mg were
analyzed according to Egemen and Sunlu, (2003).

RESULT AND DISCUSSION

Stunned swimming, loss of balance and appetite were observed
during the outbreak. Grey-white cotton like patches, erosion on
skin and hemorrhages were shown on the infected fish samples.
Mycelial growth and hemorrhages were observed on the fins and
body surface (Figure 1).

Aeromonas hydrophila was isolated from the internal organs of
sea bass with bacteriological studies from all the fish samples.
Gram staining of the bacteria was shown in Figure 2. APl test and
molecular identification were also conducted (Figure 2, Table 1)
with similar results.

The PCR amplification of the A. hydrophila gene sequence was
registered in the BLASTN 2.6.1 database. It resulted in 100% nu-
cleotide identity between the current isolate and A. hydrophila
(accession number MF445123.1).
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The antibiotic susceptibility test results are shown in Figure 3and ~ Fungal growth was detected on SGA and MEA within 4 days of
Table 2. the samples being taken from mycelial growths on body sur-
faces (Figure 4). Long and branched hyphae with cysts were
detected with a native and colored examination (Figure 5). Fun-
gal zoospore was displayed from scanning electron microscopy
overviews (Figure 6).

The PCR amplification of the 18S rRNA gene sequence was reg-
istered in the BLASTN 2.6.1 database. The FASTA homology
showed 100% nucleotide identity between the current isolate
and Saprolegnia parasitica (accession number AM228725.1).

Aeromonas hydrophila is a part of the normal intestinal micro-
flora of healthy fish and stress is often a contributing factor (Yu et
al., 2004). It is is an opportunistic pathogen (Arda et al., 2002) and
effected by environmental factors such as oxygen, temperature,
pH and stocking density (Klein and Wu, 1974). Like A.hydrophila,
Saprolegnia spp. was reported from the natural environment of
fish and, with suitable conditions, it is possible to be present as
a secondary infection. Fish which are more vulnerable to physi-
cal conditions tend to be infected by Saprolegniosis (Neish and
Huges, 1980; Diler, 1992). Saprolegniosis is considered as a sec-
ondary infection by Bruno et al. (2011) with immunosuppression,
bacterial infections, poor husbandry and parasite infestations.
The effect of this pathogen is reduced osmoregulation, which

Figure 2. Gram staining of A.hydrophila

Figure 5. a, b.  (a) Zoosporangiums of S.parasitica (x40) (b)
Giemsa staining view of zoosporangiums

Figure 3. Antimicrobial susceptibility of A.hydrophila

- Figure 6. The zoospores of S.parasitica. SEM. Bar. 200 um
Figure 4. Fungal growth on SGA from skin samples of sea bass scale
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Table 1. API 20E results of isolated bacteria confirmed that
the isolate was Aeromonas hydrophila
ONPG + GLU
ADH 3 MAN +
LDC - INO -
OoDC - SOR +
CIT - RHA -
H2S + SAC +
URE - MEL -
TDA - AMY +
IND 3 ARA
VP + OX
GEL +
Table 2. The antibiotic susceptibility test results of
A. hydrophila
Antibiotic (ug disc™)
Ampicillin (10) R
Enrofloxacin (5) |
Florfenicol (30) |
Oxytetracycline (30) |
Amoxycillin (10) R
Doxycycline (30) |
Sulphamethoxazole/Trimethoprim (25) R
Flumequine (30) |
R: Resistant, I: Intermediate, S: Sensitive
Table 3. Water parameters during the infestation
Temperature (°C) 10 NO,-N (mg/L) 0.101
Salinity (%) 3.93 NO, (mg/L) 0.461
Oxygen (mg/L) 10.07 PO,3-P (mg/L) 4.16
pH 7.7 Chlorophyll-a(ug(L) 1.59
NH,*-N (mg/L) 0.136 Ca (mg/L) 280.54
NH,* (mg/L) 0.175 Mg (mg/L) 272.23
NO,--N (mg/L) 0.0115  Alkalinity (CaCO, mg/L) 338
NO,- (mg/L) 0.0385 Suspended solids 2.25
SiO, (mg/L) 6.45

may even lead to death (Pickering and Willoughby, 1988). Ku-
bilay et al. (2008) reported Saprolegnia spp. in rainbow trout fry
infected with Flavobacterium columnare as a secondary oppor-
tunistic infection.

Aeromonas hydrophila has been reported in Salmo gairdneri
(Peters et al., 1988), Carassius auratus (Citarasu et al., 2011),
Oreochromis niloticus (lbrahem et al., 2008), Clarias batrachus

(Angka, 1990), Cyprinus carpio (Citarasu et al., 2011) with skin
lesions and hemorrhagic septicemia over the body, tail and fin
regions (Sarder et al., 2016). It is generally considered to be a
secondary invader (Rogers, 1971) like Saprolegniosis. Clinical
symptoms of both pathogens were detected on D.labrax in this
study. Similarly, hemorrhagic septicemia, tail or fin rot, changes
on the body surface, fins, gills and tail because of fungus infec-
tion were reported in catfish (Clarias gariepinus) with the same
clinical symptoms as this study (Kusdarwati et al.,2017) caused by
A. hydrophila and Saprolegnia spp.

The water parameters during the outbreak arre shown in Table
3. Temperature, salinity, oxygen and pH parameters were de-
termined as 10°C, 3.93%., 10.07 mg/L and 7.7, respectively. Sus-
pended solid was measured as 2.25 mg/L while the Ministry of
Food, Agriculture and Livestock of the Turkish Republic deter-
mined maximum 2 mg/L for sea bass farming.

Aeromonas hydrophila infections are mostly found in warm wa-
ters but under stress conditions, it may cause infectionsdown to
5°C. With a sudden increase of turbidity and a decrease in water
temperature to 10°C, Saprolegniasis and A.hydrophila were ob-
served together in this case.

The antibiotic susceptibility tests were conducted from isolated
A.hydrophila strains but after applying 200 mL/tone formol bath
for 30 minutes everyday and revision of physical conditions, it
was no longer necessary to apply antibiotics to infected fish.

The problems in the filtration unit of izmir Katip Celebi University
Fisheries Research and Training Center caused water pollution
and mortalities were observed, particularly in tanks which had
high stocking density. The mortality rate was calculated to be
18% during that period. The sudden change of water quality and
intensive fish stock may have caused this agent to show itself
as hemorrhagic septicemia in this study. The primer pathogen
could not be determined but after fixing the filtration system and
formol bath, the infections were successfully treated. This result
suggested that S.parasitica could be the dominant pathogen in
this case.
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ABSTRACT

The objective of this study was to determine the regressions between otolith size (length and height), oto-
lith weight vs. fish length, and weight of European anchovy Engraulis encrasicolus (Linnaeus, 1758) (n=360)
and European pilchard Sardina pilchardus (Walbaum, 1792) (n=360), living off Gullik Bay, Turkey. Fish were
caught using a purse seine between January and March 2014 in the southern Aegean Sea. No differences
were found between the size and weight of the left and right otoliths. Equations were used to reconstruct
the original dimensions of prey from the size of hard structures found in food samples of piscivorous preda-
tors living in or in the vicinity of the aquatic habitat. A linear regression model was used to determine the
relationship between fish length and otolith size, whereas an exponential regression model was used to
describe the relationships between lengths and weights of otoliths and fish for both species. All regressions
yielded high coefficients of determination () of 0.78-0.93 for E. encrasicolus and 0.80-0.95 for S. pilchardus.
We conclude that otolith length and otolith weight are good indicators of the length and weight of the two

species.

Keywords: European anchovy, European pilchard, Gillik Bay, otolith morphometry

INTRODUCTION

Otoliths are small opaque structures composed
of calcium carbonate in an organic matrix and
they also have vestibular and sound detection
function in fishes other than lampreys, sharks,
and rays (Campana, 2004). Otoliths also have
a distinctive shape, which varies widely among
fish families, yet can be highly species-specific
(Maisey, 1987). Although they are composed
of protein and calcium carbonate crystals, they
are situated in the skull and therefore protect-
ed from digestion. Thus, several identification
guides and keys have been published for South
Africa by Smale et al. (1995), for the northeast
Atlantic Ocean by Harkonen (1986), the Bering
Sea by Morrow (1976), the northwest Atlantic
Ocean by Campana (2004), the western Medi-
terranean, north and central eastern Atlantic
by Tuset et al. (2008), and fossil fishes by Nolf
(1985).

Otoliths can be used in diet studies of piscivo-
rous animals, providing the whole fish is con-
sumed or at least if the head is not discarded
to such an extent that the results of the study
are heavily biased (Harkénen, 1986). During
feeding studies, the identification and quanti-
fication of this prey is often a difficult task: in
most cases specimens are already partially or
totally digested and the hard remains in the
stomach, intestines, and faeces are the only
diagnostic features that can be considered
(Battaglia et al., 2010). Otolithsare somewhat
resistant to digestion and may be used as an
important tool for prey classification in several
feeding studies (Pierce and Boyle, 1991; Pierce
et al., 1991; Granadeiro and Silva, 2000; Batta-
glia et al., 2010). Furthermore, the relationship
between fish length and otolith size and weight
has been used with several fish species to draw
conclusions on the body size and biomass of
prey species (Frost and Lowry, 1980; Al-Mamry
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et al., 2010). Thus, marine biologists frequently depend on the
morphology and size of conserved otoliths to examine the spe-
cies and size composition of the diet of piscivore animals (Cam-
pana, 2004).

In the present study, the relationships between fish size and
otolith size were studied in two marine species in the south-
ern Aegean Sea: the European anchovy Engraulis encrasicolus
(Linnaeus, 1758) and the European pilchard Sardina pilchardus
(Walbaum, 1792). E. encrasicolus is a pelagic-neritic fish species
forming large schools and it is a unique member of the Engrauli-
dae family distributed in the Black Sea, the Sea of Marmara, the
Aegean and the Mediterranean and estuaries of adjacent wa-
tersheds in Turkish waters (Fricke et al., 2007). The conservation
status of this species was reported as vulnerable (VU) and the
threats were FIT (a species that is commercially exploited as a
target species) and FIB (a species that is not regularly commer-
cially exploited, but frequently caught as bycatch in fisheries) in
Turkey (Fricke et al., 2007). Sardina pilchardus is a pelagic-neritic
species forming schools and it is a member of the Clupeidae
family distributed in the Black Sea, the Sea of Marmara, the Ae-
gean and the Mediterranean including adjacent estuaries and
lower reaches of watersheds in Turkey (Fricke et al., 2007). the
conservation status of this species was stated as near threatened
in Turkey (NT) and the threats on the species were reported as
FIT and as FIB by Fricke et al. (2007). Both keystone species,
which have medium priority for conservation action, are sensitive
to human activities (Fricke et al., 2007) and they are also econom-
ically one of the most important fish species for Turkish waters. In
2012, the total marine fish catch was 315636.5 tones in Turkey; of
the catch 163981.9 tones were E. encrasicolus (51.95% of the to-
tal catch) and 28248 tones were S. pilchardus (8.95% of the total
catch). A total of 34784.1 tones, E. encrasicolus (11141.4 tones,
32.03 % of total catch) and S. pilchardus (9973.5 tones, 28.67 %
of total catch) have the highest ratio of catch of marine fishes for
the Aegean Sea, where the present study was conducted (TUIK,
2013). Bascinar & Atilgan (2016), Zengin et al. (20153, b) studied
otolith morphometry and shape analysis of E. encrasicolus in the
Black Sea and the Sea of Marmara. The aim of this study was to
provide new data on the morphology and the relations between
the otolith size and the fish size for the researchers studying the
stomach contents and trophic interactions among marine ani-
mals in the Aegean Sea.

MATERIAL AND METHOD

The fish were collected in monthly intervals during the period of
January-March 2014 off Gullik Bay (southern Aegean Sea) (Fig-
ure 1) using commercial purse seine boats. The total length (TL)
of the fish was measured to the nearest mm. Fish weight (W) was
determined to the nearest 0.01 g on a digital balance. Sagittae
(Figure 2) (total of 360 individuals, i.e., 720 otoliths per species)
were removed with forceps through a cut in the cranium. Otoliths
were then cleaned with 10% NaOH solution and dried, and the
left and right otoliths were considered separately. Each sagitta
was placed with the sulcus acusticus oriented upwards and oto-
lith length (OL) was measured in mm through an eye-piece mi-
crometer under a stereo zoom microscope (Olympus SZX-16). It
was defined as the longest dimension between the rostrum and
postrostrum axis (nomenclature of Smale et al., 1995; Tuset et
al., 2008) through the focus of the otolith (Al-Mamry et al., 2010).
Otolith height (OH) was measured in mm as the longest dimen-
sion between the ventral and dorsal surfaces of each sagitta.
The image was taken of the internal side (medial or proximal) of
the otolith as this side presents the sulcus acusticus (Tuset et al.,
2008). Otolith weight (OW) was determined in mg. The paired t-
test was applied to examine any dissimilarities between sagittae.
When there is no significant difference (p<0.05), the H, hypoth-
esis (bnghtzb\eﬂ) was used. A single regression was used for each
parameter (OL, OW, and OH). Linear regression equations (y=ax
+ b) and exponential regression equations (y=ax®) were fitted to
determine wich equations (TL-OL, TL-OH, TL-OW, W-OL, W-
OH, W-OW, OW-0OL, OH-OL and OW-OH) are best describ-
ing various relations between otolith and fish size (Tarkan et al.,
2007). The highest r? scores were used to determine which type
of regression model (Linear or exponential) was used between
the parameters. Moreover, some otolith shape indices were cal-
culated: aspect ratio (OH/OL:%) and OL/TL:% (Tuset et al., 2008)
for both species to compare with other studies on the same spe-
cies.

RESULT AND DISCUSSION

The sagittal otoliths of 360 Engraulis encrasicolus and 360 Sar-
dina pilchardus specimens were examined. Table 1 shows the
descriptive statistics regarding length and weight of both spe-
cies and their sagittal otoliths (with otolith width): In E. encrasico-

Table 1. Descriptive statistics of length and weight data of specimens and their otoliths obtained from the Southern Aegean
Sea; Values given are the mean + standard deviation (SD) and range in brackets
Fish Otolith
TL Weight Length Height Weight
Mean (+SD) Mean (+SD) Mean (+SD) Mean (£SD) Mean (£SD)

Species N Min.-Max. Min.-Max. Min.-Max. Min.-Max. Min.-Max.
E. encrasicolus 360 109.07+22.96 8.61+5.26 2.68+0.41 1.17+0.17 8+4

[57-150] [1.21-21.21] [1.7-3.4] [0.8-1.5] [1-21]
S. pilchardus 360 126.70+25.39 17.44+9.25 2.39+0.49 1.22+0.18 17+9

[67-177] [2.29-42.67] [1.2-3.4] [0.7-1.5] [2-37]

N: sample size; TL: Total Length; Min.: Minimum; Max.: Maximum

All lengths in mm, fish weight in g, otolith weight in 10 g
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Table 2. Intercept values (a), regression slope (b) and coefficients of determination (r?) for linear (L) and exponential (E)
relationships between otolith morphometric parameters, fish length and weight of Engraulis encrasicolus and Sardina

pilchardus
Relationship Regression a b r? Significance
Engraulis encrasicolus
Fish Length TLvs. OL L 55.427 - 39.467 0.93 p<0.05
TLvs. OH L 137.28 -51.382 0.86 p<0.05
TL vs. OW E 1587.4 0.3714 0.83 p<0.05
Fish Weight W vs. OL E 0.1033 4.3187 0.86 p<0.05
W vs. OH E 3.4932 4.6922 0.78 p<0.05
W vs. OW L 12647 - 15877 0.85 p<0.05
Otolith OW vs. OL E 2E-05 3.6356 0.84 p<0.05
OH vs. OL L 0.3987 0.1002 0.80 p<0.05
OW vs. OH E 0.0004 3.9387 0.81 p<0.05
Sardina pilchardus
Fish Length TL vs. OL L 52.028 2.2924 0.95 p<0.05
TLvs. OH L 140.2 - 44.851 0.84 p<0.05
TL vs. OW E 880.69 0.2962 0.83 p<0.05
Fish Weight W vs. OL E 1.1935 2.9498 0.82 p<0.05
W vs. OH E 6.6862 4.0985 0.80 p<0.05
W vs. OW L 9880 1.1075 0.84 p<0.05
Otolith OW vs. OL E 8E-05 3.2972 0.87 p<0.05
OH vs. OL L 0.3455 0.3972 0.82 p<0.05
OW vs. OH E 0.0006 4.5842 0.80 p<0.05
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Figure 1. Map of the study area

lus, the mean total length was 109.07 mm (57150 mm), and the
length of otoliths ranged from 1.7 to 3.4 mm, height from 0.8 to
1.5 mm, and weight from 0.0001 to 0.0021 g; in S. pilchardus, the
mean total length was 126.70 mm (67-177 mm), and the length
of the otoliths 1.2-3.4 mm, their height 0.7-1.5 mm, and their
weight 0.0002-0.0037 g. Statistically no significant difference Figure 2. a, b.  Left sagittal otoliths of (a) Engraulis

was detected (Student’s t-test for paired comparisons, p>0.05) encrasicolus (TL=150 mm, OL=3.4 mm),

between otolith pairs. So, measurements of left sagittae were (b) Sardina pilchardus (T=150 mm, OL=2.8
mm) from proximal side. OL=0Otolith

length, OH=0tolith height

ANTERIDR

used for detecting fish and otolith size relations. The relations
between fish and otolith measurements are given in Table 2. All
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of them yielded a high coefficient of determination (r?) between
0.78 and 0.93 for E encrasicolus and between 0.80 and 0.95 for S.
pilchardus (Table 2). % (OH/OL) and % (OL/TL) ratios were calcu-
lated with the ranges of 39.6-48.1 and 2.2-3.1 for E. encrasicolus
and 42.0-61.6 and 1.8-2.0 for S. pilchardus. respectively.

Both species are of great economic importance. Furthermore,
they aresignificant for the trophic level in the marine environment
because they are consumed by several piscivor fishes: E. encrasi-
colus are consumed by other E.encrasicolus (Valdés et al., 1987),
Seriola dumerili (Matallanas et al., 1995), Trachurus mediterrane-
us (Santic et al., 2003), Huso huso (Berg, 1962), Alosa fallax (Assis
et al., 1992), Coryphaena hippurus (Palko et al., 1982), Etmopter-
us spinax (Macpherson, 1979), Merluccius merluccius (Cabral and
Murta, 2002), Ophichthus rufus (Casadevall et al., 1994), Scomber
scombrus (Cabral and Murta, 2002), Thunnus thynnus (Sanz Brau,
1990), Galeus melastomus (Macpherson, 1979), Saurida undo-
squamis (Golani, 1993), Uranoscopus scaber (Sanz, 1985), Xiphias
gladius (Cavaliere, 1963), Ciliata mustela (Costa, 1988), Oblada
melanura (Pallaoro et al., 2004) and Elops lacerta (Hie Dare,
1980). For E. encrasicolus, our % ratio relationships between fish
(57-150 mm TL, n=360) and sagitta sizes were calculated as %
(OL/TL)= 2.2-3.1 and % (OH/OL)= 39.6-48.1 for the Southern Ae-
gean Sea; Tuset et al. (2008) reported these ratios as % (OL/TL)=
2.1-2.5 and %(OH/OL)= 42.5-46.3 for three specimens (134, 155
and 177 mm TL) from the Western Mediterranean Sea and the At-
lantic Ocean. In the present study, OL/TL ratios were found to be
similar to those of Tuset et al. (2008). Bascinar and Atilgan (2016)
calculated otolith length and width (height) ratios (A, please see
for the Method to Basginar and Atilgan, 2016) of E. encrasicolus
(n=54) for the Black Sea coast of Ukraine, Rize and Samsun as:
1.69-2.18, 1.82-2.23 and 1.76-2.26. They calculated the equations
between otolith height and length: y=0.3224x+0.7619 (r?=0.39)
in Ukraine, y=0.41x+0.31 (r>=69) in Rize and y=0.3296x+0.5985
(r’=56), with the linear regression model. According to their re-
sults, otoliths in Ukraine are different from the other two regions.
Zengin et al. (2015a) were used otolith shape analyses and cal-
culated dimensions of E. encrasicolus in the Black Sea(n=137)
and Marmara Sea (n=126). According to their data, they could
not find any difference between localities and between the left
and right otoliths from the same locality. In addition, they offered
that, otolith length was the best index for estimating fish length
(please, see Zengin et al. (2015a) for the detailed data). Although
Zengin et al. (2015a) noticed that the linear regression model was
preferred for the examination of the relationship between fish
length and otolith characteristics in most of the studies, in the
present study, the exponential regression model gave higher r?
scores than the linear regression model, especially, for the lenth-
weight relations. Therefore, a exponential regression model
was used to explain relations between length-weight variables.
Zengin et al. (2015b) also investigated some morphometric and
otolith features of E.encrasicolus caught in the Black Sea and the
Marmara Sea. Their results showed that there are statistical dif-
ferences between the Black Sea and the Marmara Sea for otolith
length and otolith weight.

Sardina pilchardus are eaten by Seriola dumerili (Matallanas
et al., 1995), Seriola rivoliana (Barreiros et al., 2003), Trachurus

mediterraneus (Santic et al., 2003), Trachurus trachurus (Cabral
and Murta, 2002), Alosa fallax (Assis et al., 1992), Coryphaena
hippurus (Massuti et al., 1998), Merluccius merluccius (Ca-
bral and Murta, 2002), Sarda sarda (Yoshida, 1980), Scomber
scombrus (Kyrtatos, 1992), Thunnus thynnus (Sanz Brau, 1990),
Lepidorhombus whiffiagonis (Morte et al., 1999), Serranus ca-
brilla (Labropoulou and Eleftheriou, 1997), Serranus hepatus
(Labropoulou and Eleftheriou, 1997), Synodus saurus (Soares
et al., 2003), Chelidonichthys lucernus (Morte et al., 1997), Ura-
noscopus scaber (Sanz, 1985), Xiphias gladius (Cavaliere, 1963),
Zeus faber (Silva, 1999), Oblada melanura (Pallaoro et al., 2004),
Trisopterus luscus (Costa, 1988), and Dicentrarchus labrax (Cos-
ta, 1988). Tuset et al. (2008) reported a % ratio relationship be-
tween the length of S. pilchardus (138, 175 and 214 mm TL, n=3)
and sagitta sizes as OL/TL=1.8-2.0 and OH/OL=45.5-48.7; in the
present study (67-177 mm TL, n=360) these ratios were calcu-
lated as OL/TL=1.8-2.0 and OH/OL=42.0-61.6. In the present
study, OL/TL ratios were found to be higher than those of Tuset
et al. (2008), but again this may be related to the small sample
size of Tuset et al. (2008).

OH/TL ratios have larger ranges in the present study than those
of Tuset et al. (2008) for both species. The largest specimen ex-
amined by Tuset et al. (2008) was larger than the specimens in
this study for both species. However, in the present study, the
number of specimens examined was higher than those of Tuset
(2008). Tuset et al. (2008) described the sagittal otoliths of both
species: having an elliptic shape and a funnel like ostium which is
longer than the cauda. The cauda is tubular, straight, ending far
from the posterior margin in both species. The Sulcus acusticus
is heterosulcoid in E.encrasicolus but pseudo-archaesulcoid in
S.pilchardus. The anterior region is peaked in both species, but
the rostrum is short, broad, and pointed while the antirostrum is
short, broad, peaked or poorly defined in the larger otoliths of
E. encrasicolus S. pilchardus has a broad, long and pointed ros-
trum; and it has a larger antirostrum with otolith growth.

Many otolith atlasses, such as Hérkénen (1986), Smale et al.
(1995) or Tuset et al. (2008), were prepared for large geographic
areas. Even though they includemany fish species, but with fewer
sample sizes. This paper supplies information about the TL-OL,
TL-OH, TL-OW, W-OL, W-OH, W-OW, OW-OL, OH-OL and
OW-OH relationships for E. encrasicolus and S. pilchardus in
the Southern Aegean Sea. According to the data of the present
study, otolith length is the best index for estimating fish length
(r>>0.93) for both species.
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Bu calismada modern ve surdirllebilir Gretim metotlarindan olan akuaponik sisteminde farkli dénemlerde
yetistirilen bitkilerin su kalitesindeki performansi degerlendirilmistir. Kurulan akuaponik tretim sisteminde koi,
Cyprinus carpio var. Koi, baliklarinin ve farkl bitkilerin (yaprakli bitki olarak; marul, Lactuca sativa var. Crispa, ve
meyveli bitki olarak; ¢ilek, Fragaria sp.,) blylme performansi, makro besinlerin déngisi ve bitkilerin su kalitesi
parametrelerine etkileri izlenmistir. Balik ve bitki Gretim Uniteleri ve filtreleme Unitelerinden olusan akuaponik
Uretim sistemde yapilan denemelerde makro besinlerin sistemden giderilme oranlari marul uygulamasinda
fosfat icin %42,95 ve nitrat igin %55,45 ve cilek uygulamasinda da fosfat icin %35,49 ve nitrat icin %46,36 olarak
bulunmustur. Calisma sonucundan bulgulara gére marul ile yapilan denemede, genel olarak makro besinlerin
ortamdan giderilmesi cilek ile yapilan denemelere gére daha ylksek oldugu gérilmustir. Bu calismada elde
edilen makro besinlerin giderilme oranlari, yetistiricilikte artan ¢éziinmis besinlerin etkili bir sekilde azaldigini
gostermis bu Uretim sisteminin ¢cevre-dostu ve strdurilebilir bir metot oldugunu dogrulamistir.

Anahtar Kelimeler: Akuaponik, entegre akuakdiltir sistemi, sirdurilebilir akuakiltir, balik, bitki

ABSTRACT

This study evaluates the performance of plants grown at different times in the aquaponics system-a modern
and sustainable production method—on water quality. In the established aquaponics system, this study
monitored the growth performance of koi fish, Cyprinus carpio var. koi, and different plants (lettuce, Lactuca
sativa, var. Crispa as a leafy plant and strawberry, Fragaria sp. as a fruit plant), pertaining to macro nutrient
cycling and effects of plants on water quality parameters. Experiments in an aquaponics system comprising
a biological filter and plant unit found that the removal rates of macro nutrients from the system were as
follows: 1) 4295% for phosphate and 55.45% for nitrate in lettuce and 2) 35.49% for phosphate and 46.36%
for nitrate in strawberries. It was observed that, in general, the rate of removing macro nutrients was higher
in the lettuce experiment than in the strawberries one. The elimination rates of macro nutrients in this study
show that increasing dissolved nutrients in an aquarium is effectively reduced, which confirms that this pro-
duction system is an environmentally-friendly and sustainable method.

Keywords: Aquaponics, integrated aquaculture system, sustainable aquaculture, fish, plant

GiRiS

bircok tlr, neredeyse her ortam da Uretilebil-

mektedir. Bu tir sistemlerde sicaklik, tuzluluk
Dinyada ve Ulkemizde balik tretimi daha ¢ok

geleneksel havuz ve kafes sistemlerinde yapil-
makta olup, Uretimi yapilabilen balik tirleri ko-

ve su kalitesi parametreleri kontrol edilebil-
digi igin tur ve cografik bdlge seciminde sinir

nusunda da sinirhdir. Son ceyrek yuzyillda tek-
nolojik sistemler olarak kapali devre akuakiltir
sistemleri devreye alinmakta ve endustriyel

tanimamaktadir. Istenilen tiire gére ayarlanan
sistem, istenilen bdlgeye de yerlestirilebilir bu
sekilde geleneksel Uretim sistemlerinde en bi-
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ylk problemi olusturan pazara ulagim da giderilmis olmaktadir.
Kapali devre sistemleri Gretim igin gerekli arazi ve su ihtiyacini bi-
yik oranda azaltirlar. Bu tir sistemlerde su kalitesi filtrasyon sis-
temleri ile duizenlenir ve sistemde su dongisli pompalar aracihigi
ile saglanir (Losordo ve ark., 1992). Teknoloji ile butiinlesen bu
sistemler elbette maliyet ylksektir, ancak kapali devre sistemler
suyun az ve degerli oldugu bdlgelerde Gretim yapmak icin ideal-
dir ve ticari degeri ylUksek balik turleri Uretilerek sabit giderler ve
isletme giderleri kisa stirede amorti edilebilir.

GUnUmUzde vyetigtiricilik sartlan su kalitesinde bazi standartla-
ra uyma gerekliligi nedeni ile agirlasmis olup Uretim tesisleri su
kaynaklarinin kullaniminda bazi diizenlemeler geredi ekonomik
ve sosyal agidan baski altinda islem yapmaktadirlar (Summerfelt,
1998). Bunun sonucunda da yeni teknolojik gelismelerin ihtiyac
dogmakta olup Uretimden kaynaklanacak atiklarin en alt seviye
ye indirilmesi i¢in gelismelere ihtiya¢ duyulmaktadir. Kapal devre
sistemleri bu tlr taleplere cevap verebilmesine ragmen, atik tre-
timi halen devam etmekte olup akuakiltirden olusacak atik so-
runu cevresel olarak daha kabul edilebilir dizeyde ¢ozilmelidir
(Rakocy, 1997). Ayrica artik ginimuizde tekli-akuakiltir (mono-
aquaculture) uygulamalarindan ziyade bu cevresel atiklarin de-
Jerlendiriimesi amaci ile entegre coklu-besinsel (multi-trophic)
akuakultir teknikleri gelistirilmistir. Bu sayede cevresel, ekono-
mik ve toplumsal faydanin arttigi fark edilmistir. Bu sistemlerde
temel prensip, cevresel etkiyi azaltma amaci ile dogal ekolojik
islemler olusturarak, besin yiklemesini kullanarak ve tir etkilesi-
minde faydalanarak farkli ticari Griinler elde etmektir (Chopin ve
ark., 2012).

Artik akuakultir teknikleri giinimuzde ekolojik bir yaklagima dik-
kat cekmekte, enerji tasarrufu ile birlikte yenilenebilir enerjiyi en
Ust seviyeye ¢ikarmakta, besinler arasi geri donlisimi saglamak-
ta, farkli trler yetistirmekte ve diger Uretimi yapilabilen cesitli
drtnlerle entegre olabilmektedir. Bu entegrasyon kapali devre
akuakultir ile topraksiz tarim tekniginin birlesimi ile saglanir ve
akuaponik (aquaponics) olarak anilir (Rakocy, 1987). Balik ve bitki
Uretimi birlestirildigi zaman, Gretim su kullanimina oranla en Ust
seviyeye cikmaktadir (Rakocy ve ark., 1993). Akuaponik dinya-
da besin tedarik edilesinde ve kiresel sorunlarin (su kithdi, gida
glvenligi, kentlesme, enerji kullaniminin azaltilmasi ve gida nak-
liyesi) Ustesinden gelinmesinde dnemli rol oynayan bir sistemdir
(COST, 2013). Akuaponik sistemleri tipik olarak en az su kullanimi
ile en fazla Grlin elde etmek icin tasarlanmistir. Boylece ticari bir
kazang elde edilirken strdurilebilir bir balik¢ilik ve sebze Gretimi
bir arada saglanmis olmaktadir (Adler ve ark., 2000). Ayrica giib-
releme ve enerji kullanimi oransal olarak diger zirai Uretimlere
gore daha azdir. Bundan baska uriinler daha kiicik alanlarda da
ve sehir merkezine yakin yerlerde yetistirilebilir.

Balik-bitki entegre yetistiricilik sistemi akuaponik, akuakultir ile
topraksiz tarmin teknolojik olarak simbiyotik anlamda birles-
tirilmesi olarak da tanimlanir (Rakocy, 1989). Bu sistem ekolojik
anlamda geri donlsimli olarak calisan ve akuakdltir ile olugan
suda ¢b6zlinmus haldeki besinlerin degerlendirilip bagka bir Griin
(bitki) tarafindan kullanilmasini saglayan bir mihendislik harika-
sidir. Sistem isletim karliligini da ekstra Griin Greterek, ayni alani
kullanarak ve su kullanimini distrerek arttirmaktadir. Baliklar tara-
findan sisteme birakilan ¢coziinmus besinler, ikinci bir Grin (bitki)

tarafindan kullanilarak cevresel etki en aza indirilmektedir. Yapay
ve kapali bir ekosistem olarak tasarlanan bu sistem ¢ dnemli bi-
yolojik bdlimun (balik, bitki ve bakteri) entegresi sayesinde balik
Uretmekte, ¢ozinmis besinler ile bitki olarak ikinci bir Griin sag-
lamakta ve her ikisinin kombinasyonu ile de kullanilan suyu geri
dénlsimli bir halde sisteme kazandirmaktadir.

Ayrica balik-bitki entegre yetistiricilik sisteminin uygulamadaki
avantajlan su sekilde de 6zetlenebilir;

e Suyun ve enerji kaynaklarinin nadir bulundugu az gelismis

veya gelismemis Ulkelerde, bolgelere gére glines enerjisin-
den de yararlanilarak yapilan bu yodun balik ve bitki Gretim
sistemi bolgesel besin Uretimine katkida bulunur (Quiellere
ve ark., 1993).

Bu sistem balik yetistiriciliginden dodan negatif cevresel et-
kiyi azaltir (Rakocy, 1989; Rakocy ve ark., 1992).

Bu tur bir sistem su kaynagdinin mesafesi ve toprak yapisi dik-
kate alinmadan her hangi bir yerde kurulup (Or: kentsel alan)
ve hemen hemen btin iklim sartlarinda igletilir (Clarkson ve
Lane, 1991). Ozellikle arid (kurak) bolgelerde uygulanmasi
mUmkindir (Rakocy, 2007).

Geleneksel tarim sistemlerinde kullanilan sulama masrafin ve
teknikleri gerekmemekte, ayrica su tiketim miktar diger ye-
tistiricilik kosullarina gére oldukga dustik olmaktadir.

Baliklar tarafindan sisteme birakilan ¢ézinmuis besinler sa-
yesinde bitkiler glibre kazanmakta ve ek giibreleme gerek-
memektedir.

Butlin yil boyunca istenilen zamanda yetistiricilik yapilip Griin
alinabilir.

Ekolojik ve strdurilebilir tarima, organik yetistiricilik sartlari-
na uygundur.

Sistem ve teknolojisi gelismekte olan Ulkeler i¢in dizenlene-
bilir ve lokal olarak gida guvenligi saglayabilir.

Endustriyel olgekte rekabetci bir sistem ile uygun maliyetli,
saglikli ve strekli gida saglayabilir.

Son yillarda da daha bilimsel olarak incelenmeye baslanmis ce-
sitli sistemler tasarlanmig, farkli tirlerde balik ve bitkiler Gzerinde
farkli aragtirmalar yapilmistir (Rakocy ve Hargreaves, 1993; Seaw-
right ve ark., 1998). 1990 yillarindan sonra sistem baska arastirma-
cilar tarafinda da biraz daha gelistirilerek ginimize kadar farkli
tasarim ve uygulamalar ile gelismistir (Mathieu ve Wang, 1995;
Faucette, 1997). Sistem 2000'li yillardan itibaren yeni tekniklerin
ilavesi ile uygulanabilir seviyelere gelmistir (Diver, 2006). NASA
bile 1998 yilinda uzaya balik (tilapia) yollamis, gelecekte uzaydaki
atiklarin degerlendirilmesi, topraksiz tanmla protein ihtiyacinin
giderilmesi konusunda ¢alismalar baglatmistir (Falls ve Hudson,
1999).

Akuaponik sistemi icinde yetistirilen balik tirleri genellikle kapali
devre yetistiricilik sistemine ve cevre toleransi yiksek balik tir-
leri (Or: tilapia, sazan, koi, sudak ve levrek) secilir. Diger entegre
Urtin bitkiler icinde bu sistemdeki performansi, bitkinin blyime
evrelerine ve besin gereksinimine bagl olarak sebze (Or: doma-
tes, 1spanak, marul, cilek, salatalik, biber) ve ekonomik degere
sahip tibbi veya aromatik bitkiler (Or: nane, feslegen), hayvansal
Uretimde yem olarak kullanilabilen sucul bitkiler (Or: su teresi, su
marulu) ve sucul ortamda yasayan fitoremediasyon 6zellige sahip
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yabani bitkiler (Or: Lythrum salicaria L., Sun ve ark. (2017)) kulla-
nilabilmektedir.

Bu calismada amac koi, baliklar iceren akuaponik sisteminde
yesil yaprakli bitki olarak marulun ve meyveli bitki olarak da ¢i-
legin Gretimini saglamak ve Uretim periyodu boyunca bu kapali
entegre sisteminde mikro ve makro besinlerin dengesini belir-
lemek, baliklar tarafindan Uretilen ¢6zinmUs besinler ile bitkiler
tarafindan uzaklastinlan besin miktarini tespit etmek, su kalitesi
parametreleri ile balik-bitki blylime verilerini gézlemlemektir.

MATERYAL VE METOT

Koi baliklar, Cyprinus carpio var. koi, renkli gérlintsleri agisindan
ozellikle havuz ve akvaryum sektoriinde talebi olan bir sts baligi-
dir. Akuaponik sistemlerinde cevre toleransi yiksek oldugundan
tercih edilen bir tirdir. Sistemde yaprakli ve meyveli olarak iki
farkli tur bitkisel tGrin elde edilmesi planlanmig ve yesil yaprakli
sebzelerden kivircik yagli marul, Lactuca sativa var. crispa, salata
olarak tuketimi olduk¢a yaygin olup duslk fosfor ve potasyum
icerikli ortamlara dayanikli olmasi ile meyveli bitkilerden de kiltur
cilegi, Fragaria sp., topraksiz tanima uygunlugu acisindan tercih
edilmistir.

Deneme de kullanilan akuaponik sistem, balik ve ¢cékeltme tanki
(900 ve 100 1), biyolojik filtre (600 ) ve bitki tavalari (900 I) ile toplam
2500 | su kapasitesi olacak sekilde kurulmustur. Ortama adirliklan
15,7+0,6 g olan koi (Cyprinus carpio) baliklan ticari koi Ureticisin-
den (Balikselsu, Cekmekoy, istanbul) satin alinarak sisteme konma-
dan &nce 5 mg/l KMnO, ¢dzeltisinde dezenfekte edilmis ve balik
retim Unitesine her bir uygulama 6ncesi 5 kg/m?® olacak sekilde
stoklanmustir. Bilimsel arastirma protokolu ilgili mevzuat ve yikim-
lilikler goz 6niine alinarak Abant izzet Baysal Universitesi Etik Ku-

rul Karar No:2014/12 ile onaylanmustir. Baliklar glinltk olarak agir-
liklarinin %1,5 kadar %45-50 protein ve %17-20 yag iceren alabalik
yemleri (Abalioglu Yem A.S., Manisa) ile beslenmiglerdir. Zaman
ayarl floresan (soguk beyaz) isiklandirma kullanilarak 16 saat ay-
dinlik 8 saat karanlik uygulanmistir. Deney ortam sicakhigr 22-23°C,
su sicakligr da 24°C'de tutulmustur. Tatl su kaynagi olarak sebeke
suyu 6n filtreden gegirilip ardindan dinlendirilip sisteme verilmistir.
Cokeltme tanki haftalik olarak katr atiklardan kismi temizlenmis ve
dinlendirilmis sebeke suyu ile yenilenmistir.

Bitkiler sisteme eklenmeden dnce 5 kg/m? olarak koi stoklanmig
balik tretim tanklari igin bir ay boyunca sistemde TAN ve NO,
dengesi takip edilip 600 litrelik biyofiltre Unitesinde bakteri olu-
sumu ile nitrifikasyon dengesi sagdlanmistir. Ayrica bu iglemin
devaminda sistemde her bir Uretim periyodu baglangicinda bas-
langi¢ olarak konsantrasyonlarini 2,1 mg/l Fe, 147 mg/I K, 0,14
mg/l Zn, 0,04 mg/I Cu, 20,3 mg/l Mg ve 0,02 mg/l Mo saglayacak
sekilde ve Slglim sonrasi haftalik olarak FeEDDHA, KNO,, ZnCl,,
CuCl,, MgSO, ve Na,MoO, ilavesi yapilmistir (Seawright ve ark.,
1998). Iki haftalik periyodlar halinde ilaveler tekrarlanmistir. Ay-
rica kullanilan alabalik yem formilasyonunda mikro besinlerden
58-60 mg/kg Fe (FeSO, olarak), 5-7 mg/kg Cu (Cu,O), 100-150
mg/g Zn (ZnO) ve makro besinlerden Ca %2,21-2,48, toplam fos-
for %1,54-1,67 olarak bulundugu Uretici tarafindan belirtilmistir

Her biri 300 | olan 1 m? yizey ve 30 cm derinlige alanina sahip
3 adet bitki Uretim tavalan yuzer sal (floating raft) sistemi olarak
tasarlanmistir. Tanklar bitkilerin biytumelerini ve kéklenmelerini
saglayan 5 cm kalinlikta képik kaplama (styrofoam) ile kaplanmig
ve su Ustlinde ylzey alaninca ylizmesi saglanmistir. Daha sonra
bu kaplamalar bitkilerin dikim yapildigi delikli saksilar i¢in uygun
ebat ve sayl da delinmistir. Bitki Uretimi 8'er haftalik Uretim bo-
yunca ilk uygulama da marul sistemin yenilenmesi ardindan da

Tablo 1. Marul ve cilek tiretim periyodu boyunca su kalitesi parametreleri. iki uygulama icinde ayni harfe sahip olan satirlar arasi
ortamalar istatistiksel olarak farkli degildir (p>0,05)
Table 1. Water quality parameters during the lettuce and strawberry production period. Inter-line spaces with the same letter
in two applications are not statistically different (p>0,05)
Su Kalitesi
Haftalar
Bitki turd Parametre 1 2 3 4 5 6 7 8 Ort. + SH
Marul Sicaklik (°C) 23,8 23,5 23,9 23,7 23,8 23,8 24,0 239 238 005
DO (mg/l) 6,6 6,5 6,6 6,3 6,4 6,6 6,7 6,4 6,5 0,04
TAN (mg/l) 1,23 1,35 1,42 1,29 1,04 1,25 1,32 1,52 1,3 0,05
NO, (mg/) 0,41 0,22 0,16 0,12 0,18 0,15 0,26 0,31 0,22 0,04
pH 7,89 7,93 7,98 7,84 7,86 7,94 7,55 7,8 7,8 0,02
Alkalinite (mg/l) 140 130 150 140 130 130 140 150  138,8= 2,90
Cilek Sicaklik (°C) 24,1 23,8 23,9 24,3 24,0 23,9 23,8 242 2400 0,06
DO (mg/l) 59 6,4 6,3 6,6 6,0 6,1 6,7 6,2 6,3 0,09
TAN (mg/l) 1,17 1,22 1,25 1,13 1,41 1,36 1,61 1,73 1,42 0,04
NO, (mg/) 0,29 0,53 0,74 0,65 0,96 0,73 0,41 0,58 0,6° 0,08
pH 7,22 7,66 7,42 7,77 7,35 7,17 7,55 7,41 7,42 0,08
Alkalinite (mg/l) 130 140 140 150 140 130 150 140 140,00 2,67
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Tablo 2. Marul ve cilek iiretim periyodu boyunca makro besin dederleri ve degisim oranlari. iki uygulama icinde ayni harfe sahip olan satirlar arasi ortamalar

istatistiksel olarak farkl degildir (p>0,05)

Macro nutrients and rates of change during the lettuce and strawberry production period. Inter-line spaces with the same letter in two applications are not

statistically different (p>0,05)

Table 2.
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ikinci uygulama olarak cilek planlanmistir. Marul yetistirme uygu-
lamasinda ilk olarak marul tohumlari sisteme konacak saksilarda
bulunan stinger medyumlar icinde ilk birka¢ glini karanlk daha
sonraki U¢ hafta boyunca aydinlk bitki kiltiri laboratuvarinda
¢imlendirilmis yaklagik 3-4 cm boyuna ulaginca 3 m2lik bitki Gre-
tim alanina 24 adet/m? olacak sekilde yerlestirilmiglerdir. Marullar
ylzer sal ortamina alindiktan 8 hafta sonra hasat edilmis, yaprak
uzunluklar ve agirliklarn kayit edilmistir. Hasat sonu sistem temiz-
lenmis, yeni grup balik satin alinmig ve stok miktar ayni oranlar-
da yenilenerek tekrar diizenlenmis, TAN ve NO, dengesi sonrasi
ikinci bitki Gretim uygulamasi olan ¢ilek Uretimine hazirlanmigtir.
Cilek uygulamasi icin de fideler hazir satin alinmig yaprak adedi
esit olacak sekilde bitki Gretim alanina 24 adet/m? olarak yerles-
tirilmiglerdir.

Uretim periyodlarn siiresince haftalik olarak pH seviyesi kontrol
edilmis (Orion pH metre, Boston, ABD) ve pH'in 7'nin ve alkali-
nitenin (Merck test kiti, Darmstadt, Almanya) de 100 mg/I'nin Us-
tlinde tutulmasi KOH ve sénmiis kireg ilavesi ile saglanmistir. PO,
ve NO, gibi makro besinler ve su kalitesi parametrelerinden TAN
ve NO, ile Fe, K, Zn, Cu, Mg ve Mo gibi mikro besinler her hafta-
nin ayni gini érnek Gzerinden Hach Lange DR 1900 (Dusseldorf,
Almanya) spektrofotometreye ait olan hazir kitler ile él¢timustir.
Makro besinler icin érnekler ‘Sistemden Cikan Su’ olarak ¢okelt-
me tankindan ve ‘Sisteme Giren Su’ olarak da akuaponik Unite-
sinde ¢ikan ve sisteme ddnen sudan alinmigtir.

Elde edilen rakamsal verilerin istatistiksel analizi MedCalc (versi-
yon 15.8; Ostend, Belcika) istatistik programi kullanilarak yapilmig
ve ortalamalar arasindaki farkliliklarin = %5 dizeyinde énemlilik
durumu t-testi ile kargilagtinlmistir.

BULGULAR VE TARTISMA

Marul ve cilek uygulamasi periyodunca su kalitesi parametreleri
degisimi koi baliklarina uygun araliklarda gérilmdas, kiltire uy-
gun seviyelerde seyretmis ve uygulamalar arasinda NO, harig
fark goézlemlenmemistir (p>0,05) (Tablo 1). CozlinmuUs oksijen
sisteme hava motorlari ile saglandigindan seviyesinde herhan-
gi bir degisim olmamistir. Olciilen ortalama toplam amonyak
(NH,+NH,) su sicakligi ve pH degerinden iyonize olmamis ser-
best NH,'e cevrildiginde marul igin 0,04 mg/I ve cilek igin 0,01
mg/l oldugu gézlemlenmistir. Serbest NH, miktarlari kapali devre
sistemler icin tavsiye edilen dederlerde (<1 mg/I) kalmistir (Nijhof
ve Bovendeur, 1990; Van Rijn ve Rivera, 1990). Uygulamalar ara-
sinda sadece NO, konsantrasyonlari arasinda fark goriilmis, ma-
rul igin 0,2 mg/l ve cilek icin de 0,6 mg/| olarak l¢llmustir. NO,
icin genellikle 0,5 mg/I alti olmasi istenir ancak sazan baliklar bu
degerlere oldukca toleranslidir (Williams ve Eddy, 1986).

Yuksek nitrat sucul ortamlarda bitkiler icin en ¢ok tercih edilen
besinlerden olup, balklara toksik agidan zararn oldukca azdir
(Rakocy ve ark., 2007). Ozellikle koi'lere genel olarak olumsuz-
luk teskil etmemektedir. Ebeling ve ark.larinin (1993) yetistiri-
cilik sistemleri icinde nitrat konsantrasyonlarinin 25 mg/Il astidi
durumlarda bile baliklarda bir zarar olusturmadigini bildirmistir.
Licamele (2009), marul-tilapia akuaponik sisteminde nitrat se-
viyesini 50 mg/| olarak rapor etmistir. Bu ¢alisma da akuaponik
sistemi icinde ortalama nitrat degerleri sisteme giren ve ¢ikan su
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Tablo 3. Marul ve ¢ilek Uretim periyodu boyunca mikro besin degerleri)
Table 3. Micro nutrients during the lettuce and strawberry production period

Haftalar
Bitki tlrl Mikrobesinler (mg/) Baslangi¢ 1 2 3 4 5 6 7 8 Ort. =SH
Marul Fe 2,10 2,00 2,20 210 230 2,00 1,90 220 2,10 2,190 0,05
K 20,00 18,30 21,60 22,80 19,60 21,50 2040 2290 22,10 21,15 0,57
Zn 0,14 0,22 0,30 035 037 048 055 062 058 043 0,04
Cu 0,04 0,05 0,08 0,11 0,09 0,12 0,11 0,09 0,0 0,09 0,01
Mg 20,30 2580 2920 31,20 30,30 3260 3350 28,10 2890 2995 0,97
Mo 0,02 0,05 0,03 0,05 0,07 0,04 0,05 0,08 0,06 005 0,01
Cilek Fe 3,11 2,80 2,86 256 289 244 236 278 255 266 0,08
K 18,90 20,11 2042 21,20 20,60 21,11 2152 21,63 20,03 20,83 0,19
Zn 0,26 0,18 0,36 028 048 055 08 079 074 053 0,08
Cu 0,10 0,08 0,09 013 075 055 061 041 030 037 0,11
Mg 18,62 20,80 2546 27,45 2856 30,78 29,15 28,34 29,23 27,47 1,25
Mo 0,04 0,06 0,08 006 005 004 008 007 009 007 0,01
Tablo 4. Marul ve gilek Gretim periyodu boyunca balik Tablo 5. Marul ve cilek Gretim periyodu boyunca bitki
blylime parametreleri. Iki uygulama icinde blylime parametreleri
ayni harfe sahip olan kolonlar arasi ortamalar Table 5. Plant growth parameters during the lettuce and
istatistiksel olarak farkli degildir (p>0,05) strawberry production period
Table 4. Parameters of fish growth during the production
period of lettuce and strawberries. Averages Marul
between two columns having the same letter Bitki bilylime parametreleri 24 adet/m?
Lgiv(\)/%Sa)ppllcatlons are not statistically different ik uzunluk (cm) 26+0,1
Son uzunluk (cm) 24,3+1,3
Marul Cilek
— : Hasat (kg/m?) 1,8+0,2
Balik blylime parametreleri 5 kg/m? 5 kg/m?3 Cilek
. ile
Ik agirlik (g) 15,32+0,06° 16,03+0,28°
. 24 adet/m?
Ilk uzunluk (cm) 7,81+0,032 7,34+0,112 .
. Ik yaprak sayisi 6+1
Son agirhk (g) 21,42+0,132 20,91+0,222
Son yaprak sayisi 28+2
Son uzunluk (cm) 13,24+0,07¢ 14,52+0,43¢2
5 Meyve hasati (kg/m?) 0,6+0,2
Agirlik kazanci (%) 39,82+0,022 30,44+0,13°
Spesifik bliylime orani (%g/gtin) 0,56+0,01°  0,44+0,08° alabaligi-ispanak uygulamasinda 3,7 mg/I olarak bildirmistir. Bu
Yem degerlendirme orani 2,6+0,01° 2.9+0,22° calismada da giren ve ¢ikan suda marul icin 2,38-1,36 mg/I ve ci-

Agirlik Kazanci (%) = [ (son agirlik-baslangic agirhg)) / (baslangic agirhigi) ] x 100
Spesifik Buytime Orani (%g / gtn) = [ [Ln(son agirlik) - Ln(baslangic agirhign] /
(gtin) 1 x 100

Yem Degerlendirme Orani = (Tuketilen yem miktari) / (Agirlik Kazanci)

da marul uygulamasinda 23,92 ve 10,66 mg/| ve cilek uygulama-
sinda da 25,47 ve 13,66 mg/| olarak gdzlemlenmistir. Marul ve
cilek uygulamasindaki nitrat degerleri sisteme giren ve c¢ikan su
da istatiksel olarak karsilastinldiginda farkl oldugu bulunmustur
(Tablo 2). Akuaponik uygulamalari icinde diger énemli bir makro
besin olan fosfat dengesi de bu calismada normal seviyelerde
seyretmistir. Lennard ve Leonard (2006) morina baliklari igin kur-
dudu akuaponik sisteminde marullarla yaptigi uygulamada fosfat
oranini 3,47 mg/| olarak ve Petrea ve ark.nin (2009) gokkusagi

lek i¢in 2,03-1,31 mg/| olarak bulunmustur (Tablo 2). Uygulamalar
arasinda sisteme giren su icerisinde farkli fakat ¢ikan su da farkl
olmadigi gorilmustir (Tablo 2).

Sekiz haftalik Gretim periyodunca nitrat ve fosfat besinlerinin gi-
derilme (ortadan kaldirlma) oranlarinin marul ve cilek uygulama-
lari arasinda farkli oldugun goézlemlenmistir (Tablo 2). Marul uy-
gulamast ile elde edilen giderilme oranlarinin fosfat icin %42,95
ve nitrat icin %55,45 iken cilek uygulamasinda fosfat icin %35,49
ve nitrat icin %46,36 olarak daha ylksek oldugu hesaplanmistir.
Marul uygulamasinda makro besinlerin daha yiiksek seviyeler-
de giderilme oranlar gérilmesinin nedeni marulun cilege gore
yesil yaprak alan ve sayisinin daha fazla olmasi ve kék yapisinin
daha sik ve genis alana yayillmig olarak gosterilebilir. Lennard
ve Leonard'nin (2006) fosfat giderilme oranini %36,3 buna kargin
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nitrat giderilme oranini %93,2 olarak bulmustur. Yine Hussain ve
ark.'nin (2014) ispanak uygulamasinda, giderilme oranlarini nitrat
icin %80, 75 ve 58 ve fosfat icin %53, 49 ve 39 olarak g farkl koi
stok oraninda (1,4; 2,1; 2,8 kg/md) gézlemlemistir.

Akuaponik sistemleri icinde en yiiksek bitki Gretimi yapabilmek
icin temel elementleri iceren uygun mikro besinlerin dizenli
olarak sisteme eklenmesi gerekmektedir. Seawright ve ark.'nin
(1998) 6nerdigi baslangic miktarlarina marul ve cilek Uretim do-
nemleri baginda uyum saglanmig Gretim periyodu boyunca sevi-
yeleri takip edilip eklenmistir (Tablo 3). Bu nedenle mikro besinler
agisindan her hangi bir olumsuzluga rastlaniimamustir.

Gunlik olarak agirliklarinin %1,5 kadar beslenen baliklarnin altmig
glnlik Gretim periyodu sonunda yapilan hasadin da, koi balikla-
rinda agirlik kazanci, spesifik blylime orani ve yem degerlendir-
me orani uygulamalar arasinda istatiksel olarak farkli bulunmus
olup, en iyi blylime ve yem degderlendirme marul uygulamasinda
gergeklesmistir (Tablo 4). Sirasi ile agirlik kazanci, glinldk biyime
orani ve yem degerlendirme orani marul uygulamasinda %39,82,
%0,56 ve 2,6 cilek de ise %34,44, %0,44 ve 2,9 olarak hesaplan-
mistir. Bir Gretim sisteminde balik stok yogunlugu biyimeye etki-
li hassas bir degisken olup Uretimi etkileyen en dnemli faktérdur.
Ayrica akuaponik sistemlerde de uygun stok yogunlugu belirlen-
mesi gerekli temel faktorlerin baginda gelir. Bu nedenle benzer
calismalar ile ilgili karsilastirma yapmak uygun olmamaktadir.
Ornegin; Shelton ve ark.nin (1981) yaptigdi bir calismada stok yo-
Junlugunun artmasi ile ot sazanlarinda blylime parametrelerinin
azaldig, Licamele'in (2009) calismasinda Nil tilapyasi ile yapilan
marul Uretiminde artan stok yogunludu ile yem degerlendirme
katsayisinin arttigi rapor edilmistir. Yine Vijayan ve Leatherland'in
(1988) alabaliklarla ve Imanpoor ve ark.nin (2009) adi sazanlarla
caligmalarinda stok oranina bagli blyime ve yem degerlendir-
menin azaldigi gézlemlenmistir. Bu calismaya benzer olarak is-
panak-koi akuaponik sisteminde stok oranina (1,4; 2,1; 2,8 kg/md)
bagli olarak agirlik kazanci %66, 35 ve 28 ve yem degerlendirme
orani 1,95; 3,9 ve 4,7 olarak bulunmustur (Hussain ve ark., 2014).

Yuzer sal seklinde képUk kaplama Uzerine yerlestirilerek yapilan
bitki Gretim alaninda yetistirilen marul ve cileklere ait blyime
verileri Tablo 5'te 6zetlenmistir. Buna gore sekiz haftalik Gretim
periyodu sonunda marullar tiketim boyuna ulagmisg ve cilekler de
meyve vermeye baslamislardir. Sisteme dizenli olarak mikrobe-
sin takviyesi yapildigindan ve degerleri de haftalik olarak tespit
edildiginden her hangi bir olumsuzluga rastlanilmamistir. Yaprak-
I bitkiler icin en iyi buyimenin saglandigi ylzer sal metodunun
akuaponik sistemler icinde en fazla tavsiye edilen oldugu belirtil-
mistir (Lennard ve Leonard, 2006).

Bu calismanin sonunda; modern ve sirdurilebilir Gretim metotla-
rindan olan topraksiz tarim tekniginin ve kapali devre sisteminin
entegresi olan akuaponik sisteminde balik ve bitkilerin blylime-
sini optimize eden yapay ve kontrolli bir cevre saglanmis ve be-
sin déngisii degerlendirilmistir. Uretim boyunca su kalitesinin ve
makro besinlerin uzaklastinlmasinin etkin bir sekilde saglanmasi
koi-yaprakli bitki (marul) veya meyveli bitki (cilek) uygulanabilir-
ligini gostermistir. Ancak makro besinlerin uzaklastirlmasinda
marul uygulamasinin ¢ilege goére daha etkili oldugu gézlemlen-
mistir. Bu calisma ile akuaponik uygulamasi tretim sistemleri igin-

de ortamdaki artan besin maddelerinin bagka bir Griine cevirerek
gidermesi ve uygun su kalitesi saglamasi agisindan en fazla uygu-
lanmasi gerekli strdirilebilir teknik olarak énerilir.
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Son yarim yiizyilda Karadeniz'de zooplankton kommunitelerinde énemli degisimler gézlenmis, bazi tirler
hemen hemen kaybolurken, bazi tirler artis géstermistir. Bu tirlerden biri olan heterotrofik dinoflagellat
Noctiluca scintillans, diinya denizlerinde yaygin olarak dagilim gdstermektedir. Blyik boyutu (>200 um)
ve fagotrofik beslenme davranigi nedeniyle mesozooplankton icinde degerlendirilen Noctiluca scintillans
1970'lerden sonra Karadeniz'de mesozooplanktonun baskin katilimcilarindan biri olmustur. Bu calisma ile
Mayis 2015-Nisan 2016 tarihleri arasinda Gineydodu Karadeniz ylzey sularinda Noctiluca scintillans popu-
lasyon yapisi ve mesozooplanktona olan katkisi arastirilmistir. Ylzey sularinda Noctiluca scintillans hiicre bol-
luk degerleri en dustik yaz aylari, en yliksek Subat-Mayis periyodu olmak tizere 0-23357 hlicre.m= arasinda
degismis ve nehir agzindan aciga dogru artis egilimi sergilemistir. Ornekleme siiresince Noctiluca scintillans
hicre ¢api 352-629 um ve hacmi 2.28x107-1.3x108 uym? arasinda degismistir. Toplam mesozooplankton bollu-
Ju 10-24020 birey.m arasinda degisim gdstermistir. Ornekleme istasyonlari arasinda Noctiluca scintillans ve
mesozooplankton bollugu bakimindan istatistiksel olarak dnemli farkhlik bulunamamisgtir (p>0,05). Noctilu-
ca scintillans toplam mesozooplanktona en dustk katkiyr yaz aylarinda yaparken, Subat-Mayis periyodunda
toplam mesozoplanktona katkisi nehir agzinda %79+4, kiyi sularinda ise %982 olarak belirlenmistir. Calisma,
bdlgede Noctiluca scintillans'in zooplanktonun hala dnemli bir katilimcisi oldugunu dogrulamaktadir.

Anahtar Kelimeler: Noctiluca scintillans, heterotrofik dinoflagellat, mesozooplankton, Karadeniz

ABSTRACT

During the last half century, significant changes have been observed in the zooplankton communities in
the Black Sea. While some species have almost disappeared, someother species have increased in number.
Noctiluca scintillans is a red-tide forming heterotrophic dinoflagellate, which is widely distributed in the
world’s oceans. Due to its large cell size (>200 pm) and phagotrophic feeding behavior, Noctiluca scintillans
is assessed within mesozooplankton communities. After the 1970s, Noctiluca scintillans became dominant
in the mesozooplankton community in the Black Sea. Between May 2015 and April 2016, the population
characteristics of Noctiluca scintillans and its contribution to mesozooplankton communities were inves-
tigated in surface waters in the southeastern Black Sea. The abundance of Noctiluca scintillans in surface
waters ranged between 0-23357 cells/m with the lowest number found in the summer and the highest
number found from February to May. Abundance tended to increase from the river mouth toward open
waters. During the study, the cell diameter and volume of Noctiluca scintillans varied between 352-629 um
and 2.28 x 10’-1.3x108 um?, respectively. The total mesozooplankton abundance ranged between 10-24020
individuals/m=. There are no statistically significant differences in Noctiluca scintillans and mesozooplank-
ton abundance between sampling stations (p>0.05). The contribution of Noctiluca scintillans to the me-
sozooplankton population was the lowest during summer, but from February to May, Noctiluca scintillans
comprised 79%+4% and 98%+2% of the total mesozooplankton population in the river mouth and coastal
waters, respectively. These results confirm that Noctiluca scintillans is still an important contributor of the
mesozoplankton community in the southeastern Black Sea.

Keywords: Noctiluca scintillans, heterotrophic dinoflagellate, mesozooplankton, Black Sea
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GIRIS

Karadeniz ekosisteminde otrofikasyon, asin avlanma, kirlilik,
nitrient rejiminde degisimler, istilaci tdrlerin girisi ve iklimsel
degisimin etkisiyle son yarim ylizyilda degisimler gézlenmektedir
(Zaitsev, 1992; Besiktepe ve ark., 1999; Kideys, 2002; Daskalov,
2002; Oguz ve Gilbert, 2007; Oguz ve ark., 2012). Bu degisimler
Karadeniz’'de denizel besin zincirinin temelini olusturan fito-
plankton ve zooplankton komunitelerini ciddi sekilde etkilemistir.
1970'lerden sonra zooplankton bollugu, biyomasi ve komunite
yapisinda c¢cok dnemli degisimler gdzlenmis, bazi zooplankton
turleri ortadan kaybolurken, bazi tirler de ortamda h&kimiyet
saglamaya baslamistir (Shiganova ve ark., 2008).

Bu tirlerden biri olan heterotrofik dinoflagellat Noctiluca scin-
tillans (Macartney) Kofoid & Swezy iiman ve tropikal bolgel-
erde yaygin olarak dagdilim gdstermektedir (Elbrachter ve Qi,
1998; Harrison ve ark., 2011). Hizli Greme 6zellikleri ve beslenme
davranigi ile N. scintillans'in miktar kisa bir stre icinde hizla ar-
tarak, red-tide olusturabilmekte ve plankton biyomasi lzerinde
baski kurabilmektedir (Tiselius ve Kigrboe, 1998). Blylk boyutlu
olusu (>200 pum) ve fagotrofik beslenme davranigi dolayisi ile
mesozooplankton icerisinde degerlendiriimektedir. 1970'lerden
sonra Karadeniz ekosisteminde meydana gelen degisimlerle
birlikte N. scintillans sayica yaklagik 8-10 kat artis gostererek
zooplankton icinde &nemli bir yere gelmistir (Shiganova ve
ark., 2008). Karadeniz'in kuzey ve kuzeybati kita sahanhginda
N. scintillans miktarindaki artig 6trofikasyon ile iligkilendirilmistir
(Shiganova ve ark., 2008). N. scintillans Karadeniz'de genel-
likle Mayis-Haziran periyodunda artis gdstermekte ve cevresel
kosullardaki degisikliklerden &tir(, yaz aylarinda Karadeniz'in st
karisim tabakasinda neredeyse ortadan kaybolmaktadir (Mikae-
lyan ve ark., 2014). Kuzeybati Karadeniz'den Ekim-Kasim periyo-
dunda da bolluk degerlerinde artiglar kaydedilmistir (Velikova ve
Mihneva, 2005). Karadeniz'in giney kiyilarinda ise Nisan-Mayis
aylarinda N. scintillans bollugundaki artislar rapor edilirken,
Temmuz-Adustos veya Aralik aylarinda da artisi gozlenmistir
(Ustiin, 2005). Giineydodu Karadeniz'de yapilan calismalarda N.
scintillans'in su kolonunda dagilimi rapor edilmistir (Feyzioglu
ve Sivri, 2003; Ozdemir ve Ak, 2012; Yildiz ve Feyzioglu, 2014).
Guneydogu Karadeniz'den 2011 yili Nisan ayi sonunda ilk kez
N. scintillans'in neden oldugu red-tide vakasi rapor edilmistir
(Kopuz ve ark., 2014).

Karadeniz ekosisteminde gerceklesen dramatik degisimler
artiy  gostererek  mesozooplanktonun  baskin
katilimcilarindan biri haline gelen ve pelajik besin zincirinin
énemli bilesenlerinden biri olan N.scintillans'in izlenmesi énem
arz etmektedir. Bu ¢alisma ile Mayis 2015-Nisan 2016 tarihleri
arasinda balikgilik bakimindan énemli bir alani temsil eden
Guneydogu Karadeniz ylzey sularinda N.scintillans’a ait hicre
bollugu (hicre.m®), capi (um) ve hacminin (um? aylk olarak
degisimi arastinlmistir. Ayrica N.scintillans’in mesozooplanktona
katkisi belirlenmis ve cevre ile etkilesimi degerlendirilmistir.

MATERYAL VE METOT

slresince

Orneklemeler darbir kita sahanligiile karakterize olan Giineydogu
Karadeniz'de, nehir agz (40° 55'14" N; 40°11'31" E) ve kiyi (41°

00'01" N; 40°10'33" E ) (5 deniz mili) sularinda secilen iki istasyon-
da Mayis 2015-Nisan 2016 tarihleri arasinda gerceklestirilmistir
(Sekil 1). Deniz suyuna ait sicaklik, tuzluluk, iletkenlik parame-
treleri Sea bird SBE-19 Plus CTD prop kullanilarak, ¢éziinmus
oksijen konsantrasyonu ise CTD prop Uzerinde yer alan SBE 63-
DO sensoru kullanilarak optik olarak yerinde dl¢cilmustdr. In-situ
floresan dl¢imleri CTD Uzerinde bulunan WETLAB flourometre
kullanilarak gerceklestirilmistir.

Zooplankton &rnekleri  su  ylzeyinden 09:00-15:00 saatleri
arasinda 200 uym goz acikhigina ve 70 cm agiz acikhgina sahip
WP2 net ile 2 knot hizda 5 dk sure ile alinmistir. Kepge disaridan
nazikce yikanarak tim &rnegin kolektdrde toplanmasi saglanmig
ve ornekler %4'luk formaldehit ile fikse edilmistir. Laboratuvarda
ornekler Stempel pipet ile alt drnekleme yapilarak Bogorov
sayim kamarasina aktariimig ve ZEISS Stemi 508 stereo mikros-
kop altinda ana taksonomik gruplara ayrilmislardir (Copepoda,
Chaetognatha, Appendicularia, Cladocera, Scyphozoa, Cte-
nophora, Noctiluca). N. scintillans hicre capinin belirlenmesi
icin 10-50 hicrenin fotodraflan cekilmis ve dlciimler (um) resim
yazilimi aracihdr ile gergeklestirilmistir. Hicrenin kiresel oldugu
varsayimi yapilarak hacim hesaplanmistir (Hillebrand ve ark.,
1999). Ana taksonomik gruplara ait hicre bolluklan birey.m= ve
N.scintillans'a ait hiicre bollugu hicre.m olarak hesaplanmistir.
statistiksel analizlere baglamadan 6nce verilere logaritmik
dénistim yapilarak normal dagilim goésterip gdstermedikleri test
edilmigtir. N.scintillans ile fiziksel ve biyolojik veriler arasindaki
iliskinin anlagilabilmesi i¢in parametrik olmayan Spearman
Rank-Order korelasyonu gerceklestirilmistir. istasyonlar arasinda
N.scintillans ve mesozooplankton bollugu bakimindan farkhlik
olup olmadigi one-way ANOVA ile test edilmistir.

BULGULAR VE TARTISMA

Hidrografi

Ornekleme istasyonlari, 2001 yilindan bu yana bircok arastirmaya
konu olmustur ve hidrografik kosullar iyi bilinmektedir (Adirbas,
2010; Kopuz, 2012; Adirbas ve ark., 2015). Calisma bdlge-
sinde ylzey suyu sicakhdi en dustk (9,7 °C) Subat ve en ylk-
sek (28,2°C) Adustos ayinda kaydedilmistir (Sekil 2). Nehir agzi
sularinda tuzluluk ytzeyde %.15,82-18,05, kiyi sularinda ise %.17-
18 arasinda degisen tuzluluk degerleri (Sekil 2), derinlige bagli
artig gostermistir. Calisma bolgesi tuzluluk ve sicaklik bakimindan
bolgede yluritilmus onceki ¢alismalarla uyum iceresindedir
(Agirbas, 2010; Kopuz, 2012). CoziinmUs oksijen konsantrasyonu
nehir agzi istasyonu ylzey sularinda 7,43 (Ocak)-8,57 mg.I" (Tem-
muz), kiyristasyonunda ise 7,06 (Subat)- 8,77 mg.I"" (Ocak) arasinda
degisim gdstermistir. Ornekleme siiresince yiizey sularinda en
ylksek klorofil-a degerleri nehir adzi istasyonunda tespit edilmis
ve kiyidan a¢ida dogdru azalma egilimi gdstermistir. Nehir adazi
istasyonunda ylzey klorofil-a de@erleri 0,50 (Mayis)-3,90 pg.l”
(Ekim) ve kiyi istasyonunda ise 0,28 (Haziran)-3,43 pg.I" (Ekim)
arasinda degisim gdstermistir (Sekil 2). Giineydogu Karadeniz'de
2009-2010 periyodunda ylizey suyu klorofil-a degderleri kiyisal
bolgede ortalama 1,97 pg I olarak tespit etmistir (Agirbas, 2010).
Ayni boélgede Ekim 2010- Aralik 2011 tarihleri arasinda yapilan
bir baska ¢alismada ise ylzey klorofil-a degerleri 0,17-2,21 pg I
arasinda rapor edilmistir (Kopuz, 2012). Bu calisma esnasinda
dlcgllen yizey klorofil-a degerleri Agirbas (2010) tarafindan rapor
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edilen degerlerle benzerlik sergilerken, Kopuz (2012) tarafindan
rapor edilen dederlere gore yiksek bulunmustur. Son yillarda
Guneydodu Karadeniz'de klorofil-a'nin iklimsel degisime bagl
olarak dalgalanmalar gésterdigi bildirilmistir (Adirbas ve ark.,
2015). Karadeniz kiyisal bolgesi nehir girdileri ve dzellikle siklonik
sirt akintisi ve bununla iligkili meso-6lcekli girdaplar, filament ve
cephelerin etkisiyle olduk¢a dinamik bir yapi sergilemektedir.
Her ne kadar klorofil-a fitoplankton biyomasinin bir gostergesi
olarak kullanilsa da, klorofil-a konsantrasyonu i1sik, besin elementi
konsantrasyonu ve tir kompozisyonu gibi faktérlerin etkisi ile
degisim gosterebilmektedir.

Noctiluca scintillans popiilasyon yapisi

Guneydogu Karadeniz'de c¢alisma suresince ylzey sularinda
N.scintillans hicre bolluk degerleri en dislk yaz aylan, en
yUksek Subat-Mayis periyodu olmak UGzere 0-23357 hicre.m?
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Sekil 1.  Calisma bdlgesi ve érnekleme istasyonlari

arasinda degismistir (Sekil 3). Ornekleme istasyonlari arasinda
N.scintillans'in bollugu bakimindan istatistiksel olarak &nemli
bir farkhlik bulunmamistir (ANOVA, p>0,05). Dinya genelinde
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Sekil 2. a, b. Ornekleme istasyonlarina ait ylizey suyu

sicaklik (°C), tuzluluk (%o) ve klorofil-a (ug.I")
degerleri (A: nehir agzi, B: kiyi)

Figure 2. a, b.  Sea surface temperature (°C) (black line),
salinity (%o) (orange line) and chlorophyll- a
(green line) at the sampling stations (A:
river mouth, B: coastal)

Sekil 4. a, b. Calisma stresince 6rnekleme istasyonlarinda
Noctiluca scintillans hiicre ¢api (A) ve hacminin
(B) degisimi

Figure 4. a, b. Changes on cell diameter (A) and volume (B)
of Noctiluca scintillans at the sampling stations
during study
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sayisindaki artisin ilkbahar aylarinda gerceklestigi bilinmektedir
(Nikishina ve ark., 2011; Ozdemir ve Ak, 2012; Mikaelyan ve ark.,
2014; Kopuz ve ark., 2014). Bulgaristan kiyillarinda N.scintillans
populasyonunun Nisan ayinda artmaya baslayip Haziran ve
Temmuz aylarinda en yiksek degderlere ulastigi (yaklagik 10000
hiicre.m?) rapor edilmistir (Shiganova ve ark., 2008). Kuzeydogu-
merkez Karadeniz ve Kuzey Adriyatik Denizi'nde N.scintillans
populasyonlarin  kargilastinldigr ¢alismada, 2008-2012  yillan
arasinda en yiksek hicre bollugu Mayis'ta ve Haziran'in ilk
yansinda tespit edilmis ve 1x103-25x10® hicre.m? arasinda
degismistir (Mikaelyan ve ark., 2014). Glneydogdu Karadeniz'de
Ekim 2007 ile Eylul 2008 tarihleri arasinda yuritilen bir calismada
N.scintillans hicre bollugu 5-3753 hicre.m? arasinda degismis
ve en ylksek bolluk degerleri Mayis ayinda rapor edilmistir (Oz-
demir ve Ak, 2012). Calisma suresince her iki érnekleme ista-
syonunda Subat ayi ile birlikte bolluk degderlerinde ciddi artiglar
gorllmus ve nehir adzi istasyonunda en yiksek bolluk degderleri
(806 hicre.m?®) Mart 2016'da, kiyi istasyonunda ise Mayis 2015
(12776 hicre.m3) ve Subat 2016'da (23357 hiicre.m?®) tespit
edilmistir. Hicre bolluk degerleri ve en ylksek degerlere ulastigi
dénem Karadeniz'de yapilan calismalarla uyum icerisindedir (Ni-
kishina ve ark., 2011; Ozdemir ve Ak, 2012; Mikaelyan ve ark.,
2014). N. scintillans'in su sicakliginin 25 °C Gzerine ¢iktigi dénem-
lerde biyime hizinin ciddi seklide dismesi dolayisiyla ¢ok
dusik bolluk degerleri sergiledigi rapor edilmistir (Tada ve ark.,
2004). Mikaelyan ve ark., (2014) tarafindan yapilan calismada da
beslenme ve cevresel kosullardaki degisikliklere bagl olarak yaz
aylarinda N. scintillans'in Karadeniz'de Ust karigim tabakasindan
neredeyse kayboldugu bildirilmistir. Benzer sekilde bu ¢alismada
da en dusuk hiicre yodunlugu (0-29 hicre.m3)su sicakh@inin 25°C

Uzerine ¢iktigi yaz aylarinda tespit edilmistir. Dinya genelinde
N.scintillans'in neden oldugu red-tide vakalan siklikla rapor ed-
ilmektedir (Harrison ve ark., 2011). Glneydogu Karadeniz'den
N.scintillans'in neden oldugu red-tide ilk kez 2011'de bildirilmis
ve hiicre sayisinin 1x10¢ hiicre.l”" ulastigi rapor edilmistir (Kopuz
ve ark., 2014). Bu ¢alisma esnasinda N. scintillans'in olusturdugu
bir red-tide vakasina rastlaniimamustir.

Ornekleme siiresince yiizey sularinda N.scintillans hiicre capi
nehir agzi istasyonunda 352-629 um (ortalama 486+78 um), kiyi
istasyonunda ise 405-581 pm (ortalama 494+67 um) arasinda
degisim gostermistir (Sekil 4a). Karadeniz'de uzun yillara dayali
degerlendirme sonucunda N.scintillans’a ait hiicre capi 401-
600 pm arasinda rapor edilirken (Mikaelyan ve ark., 2014),
Karadeniz'den ilk kez rapor edilen red-tide vakasinda 425-
809 um arasinda tespit edilmistir (Kopuz ve ark., 2014). Blyik
boyutlu hicrelerin red-tide 6ncesinde ve esnasinda bdlin-
mek Uzere olan hucreler oldugu bildirilmistir (Kopuz ve ark.,
2014). Genel olarak degerlendirildiginde Mayis 2015-Nisan
2016 periyodunda bdlgede N.scintillans 500 pym’den kigik
hicreler (ortalama 490+72 pm) ile temsil edilmistir. Bulunan
degerler Karadeniz'in kuzey sahillerinden Mikaelyan ve ark.
(2014) tarafindan rapor edilen dederlere benzer olup, red-tide
esnasinda bulunan degerlere gére dusik bulunmustur (Kopuz
ve ark., 2014). Kiglk boyutlu hiicreler (340-450 pm) iyi beslenen
ve hizli blylyen hicreleri temsil ederken, blyik boyutlu hiicrel-
erin (450-1200 pum) yetersiz kosullar altindaki durumu temsil
ettigi rapor edilmistir (Murray ve Suthers, 1999; Dela-Cruz ve
ark., 2008). Bu ¢aligma siresince bulunan dederlerin bdlgede
saglikl buylyen bir N. scintillans popilasyonunun gdstergesi
oldugu dustnilmektedir. N.scintillans’in hicrelerinin kiresel
oldugu varsayilarak cap kullanilarak hesaplanan hiicre hacmi
degerleri ise nehir agzi istasyonunda 2.28x107-1.3x108 um? (or-
talama 6.4x107+3x107 pm3), kiy istasyonunda ise istasyonunda
2.4x107-1.03x108 um?3 (ortalama 6.6x107+2.5x10” um?3) arasinda
degisim gostermistir (Sekil 4b).

Calisma esnasinda N. scintillans bollugu sicaklik ve tuzluluk ile
istatistiksel olarak 6énemli bir iligki sergilememistir. N. scintillans
artiginda potansiyel besin artiginin biytk etkisi oldugu (Harrison ve
ark., 2011), ozellikle diatom bloomlar esnasinda N. scintillans’in
sayica artig gosterdigi bilinmektedir (Dela-Cruz vd., 2008; Kopuz ve
ark., 2014). Yapilan bir cok ¢alismada N. scintillans ile fitoplankton
biyomasinin bir géstergesi olarak kabul edilen klorofil-a arasinda
istatistiksel olarak 6nemli bir iliski bulunurken (Kopuz ve ark.,
2014; Tsai ve ark., 2018), diger bir cok calismada ise N. scintillans
bollugu ile klorofil-a arasinda istatistiksel olarak énemli bir iligki
bulunmamistir (Huang ve Qi, 1997; Tada ve ark., 2004; Ozdemir
ve ark., 2017). Bu ¢alisma esnasinda da drnekleme istasyonlarinda
N.scintillans ile klorofil-a arasinda istatistiksel olarak dnemli bir iligki
bulunamamistir. N.scintillans bakteriden, fitoplankton, protozoa,
kopepod ve nauplileri, metazoa yumurta ve larvalarina kadar genis
bir av araligi Gzerinden beslenebilmektedir (Elbrachter ve Qi, 1998;
Nikishina ve ark., 2011). Bu c¢alismada N.scintillans ile klorofil-a
arasindaki iliski yil genelinde degerlendirildiginden, N.scintillans
bollugunun yalnizca kisa sureli fitoplankton artiglarina bagli olarak
degdil, ortamda mevcut diger av kompozisyonuna bagl olarak da

degdistigi disunilmektedir.
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Noctiluca scintillans’in mesozooplanktona katilimi

Caligsma bodlgesi yuzey sularinda mesozooplankton 7'si Copepo-
da, 3't Cladocera, 1'i Chaetognatha, 1'i Appendicularia, 1'i Cte-
nophora, 1'i Cnidaria ve 1'i Dinoflagellata’ya (N. scintillans) ait
toplam 15 tur tarafindan temsil edilmistir. Toplam mesozooplank-
ton bollugu (Noctiluca dahil) nehir agzi ylzey sularinda 10-6021
birey.m, kiyi sularinda ise 12-24020 birey.m? arasinda degisim
gostermistir.  N.scintillans'in  mesozooplanktona katkisi nehir
adzi ylzey sularinda  %0-83, kiyi sularinda ise %0-99 arasinda
degismistir (Sekil 5). N.scintillans toplam mesozooplanktona her
iki istasyonda da en dusulk katkiy (<%3) yaz aylarinda yaparken,
ayni dénemde Cladocera baskin grup olmustur (>%65). N.
scintillans’in toplam mesozooplanktona en yuksek katkisi nehir
adzi istasyonunda Mayis 2015 (%83) ve Nisan 2016'da (%81), kiyi
istasyonunda ise Mayis 2015 (%99) ve Subat-Nisan 2016 (%96)
periyodunda gdzlenmistir (Sekil 5).

Karadeniz komisyonunun raporunda, N.scintillans'n Karadeniz
kiyllarinda 6zellikle 1970'lerden sonra artig gdstererek mesozoo-
planktonun en énemli katilimcilarindan biri oldugu bildirilmistir (Shi-
ganova ve ark., 2008). Bulgaristan kiyilarinda &trofikasyon periyodu
boyunca (1970-1990) N.scintillans zooplankton kommunitelerinde
baskin grup olarak rapor edilmistir. Bu donemde N.scintillans to-
plam zooplanktona katilimi 1970 baglarinda %35-42, 1970 ortalarn
ve 1980 sonlarina kadar olan dénemde %90'dan fazla olmustur.
Turkiye kiyllarinda 1999-2005 yillarinda Bulgaristan kiyilarina oran-
la daha kicik degerlerde katki yaparak zooplanktonun %70'ini
olusturmustur. Romanya kiyilarinda 2002 yilinda N.scintillans'in to-
plam zooplanktona %98 oranla katilim gdsterdigi bildirilmistir (Shi-
ganova ve ark., 2008). Ozdemir ve Ak (2012) tarafindan Giineydogdu
Karadeniz'de ydritilen galismada N.scintillans'in hiicre bollugunun
en ylksek oldugu Mayis ayinda toplam zooplanktona katkisinin
%90'nin tzerinde oldudu bildirilmistir. Glneydogu Karadeniz'de
yurGtilen bu calismada da Karadeniz'de yapilan calismalarla uyum
icerisinde N.scintillans mesozooplanktonun 6nemli bir katilimcisi
olmustur ve mesozooplanktona en ylksek katkisi (%99), Ozdemir ve
Ak (2012) tarafindan rapor edildigi sekilde sayica en ylksek oldugu
dénem olan Mayis ayinda gergeklestirmistir.

DEGERLENDIRME

Guneydogu Karadeniz’'de N.scintillans'in  poptlasyon yapisi
Karadeniz’de daha once yapilmis calismalarla uyum icerisinde-
dir. Beklendigi Uzere yizey sulannda ilkbahar periyodunda artis
gostererek zooplanktonun 6nemli bir katlimasi olmusg, ancak
glgli termal tabakalagma periyodunda yiizey sularinda neredeyse
bulunamamistir. Karadeniz’de mesozoplankton icinde bu denli
baskin olan N.scintillans, Deniz Stratejisi Cerceve Direktifi'nin “lyi
Cevresel Durum” gostergelerinden ‘Besin A’ amaglar kapsaminda
Karadeniz pelajik ekosisteminde indikator bir tir olarak géz énlinde
bulundurulmalidir. Karadeniz pelajik besin zincirinde gergekten bes-
insel kér ug olup olmadigi ve besin zincirindeki roliintn anlasilmasi
gercekgi karbon dénglsi yaklagimlar igin nem arz etmektedir.
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ABSTRACT

The striped red mullet (Mullus surmuletus) is a commercially important demersal species caught by mixed trawl
fishing in the Mediterranean Sea. Although it is not among the target species of bottom trawl operations, the
striped red mulletis an important species due to its high commercial value in trawl catch composition. The pri-
mary target is to catch adult individuals while allowing the immature and juvenile fish to escape for sustainable
fisheries using selective fishing gears. Various selectivity studies regarding trawl codends aimed at improving
selectivity have been carried out in the past two decades. However, the selectivity sea trials generally require
a great deal of work, time, and labor on the deck and are also expensive. Therefore, instead of experimental-
based selectivity studies, simulation-based studies (i.e., the FISHSELECT methodology) were recently started
to predict the size selectivity of species in bottom trawl fisheries. In this study, sampled individuals of the
striped red mullet were used in morphological measurements, fall-through experiments, and simulation phas-
es. Diamond mesh sizes of 40, 44, and 50 mm and a square mesh size of 40 mm of bottom trawl codends were
simulated, and the L50 values were calculated as 9.87, 10.75, 12.19, and 12.3 cm for the aforementioned mesh
sizes, respectively. Design guides were then created for various mesh sizes and opening angles. The study
results were compared with those of previous studies on the red mullet (M. barbatus) that were conducted
using the FISHSELECT methodology, and the selectivity results of these two species were found to be similar.

Keywords: FISHSELECT, striped red mullet, Mullus surmuletus, selectivity, bottom trawl

INTRODUCTION

total of 3,047 tons of fish were caught in the seas
off Turkey (TUIK, 2016). 12,014 tons of striped red
mullet were caught worldwide according to lat-
est reports (FAO, 2014). Generally, gill net, tram-

Certain rules and guidelines have been estab-
lished for the scientific use of resources in fisher-

ies management. One of these is to prevent juve-
niles from being caught in fishing operations by
means of selectivity and to ensure that fish popu-
lations are used in a sustainable manner. Using
the morphological characteristics of fish, predict-
ing the basic selectivity characteristics of fishing
nets and adapting this to Mediterranean fisheries
is one of the main objectives of such methods.

It has been reported that 30% of the species
caught in the Mediterranean and Black Sea are
demersal species (FAO, 2011). Among these
demersal species the striped red mullet (Mullus
surmuletus) is one of the most commercially im-
portant species. According to the latest data, a

mel net and bottom trawling methods are used
in the fishing of the striped red mullet.

Conventional selectivity studies are usually car-
ried out by analyzes of experimental data ob-
tained from sea trials. However, these studies
are very expensive and require manpower and
time. To avoid such problems, less experimen-
tal data is used in the theoretical selectivity pre-
diction studies which have started to be used
extensively in recent years. The relationship
between the morphological characteristics of
captured species and mesh openings can be
examined in terms of selectivity through these
studies.
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izmir Bay and the vicinity were selected as the study area. In this
region, there is intensive fishing of the striped red mullet. Gener-
ally, gill and trammel nets are using as fishing methods but bot-
tom trawling is also used as a method although, in this case, the
red mullet is not among the primary target species. It also shows
morphologically significant similarities with the red mullet which
indicates that the comparative selectivity properties of these two
species can be studied. Thus, problems that can be encountered
in fisheries management could be solved much more quickly and
scientifically.

To briefly mention the similarities between the striped red mul-
let and the red mullet, the striped red mullet has a longer snout
structure than the red mullet. In addition, the red mullet has a
more perpendicular head shape than the striped red mullet. The
red mullet also has a purple-maroon color while the striped red
mullet has a red stained body color. The striped red mullet has
a clear red line on the lateral side starting from the back of the
eye, above which there are three yellow lines extending up to
the caudal keel.

In conventional selectivity studies, the main method of evaluat-
ing selectivity is based on obtaining experimental data with sea
expeditions and analyzing this data statistically. But during trawl
hauling, difficulties and unpredictable conditions can arise such
as streams, weather, equipment, crew etc. If we take these vari-
able factors into consideration, many high cost and time-con-
suming expeditions at sea are required to get reliable results.
Scientists have introduced many methods to solve these prob-
lems. The FISHSELECT methodology, which simulates and pre-
dicts codend selectivity based on fish morphology (Herrmann et
al., 2009), could be one of the solutions to such issues in sustain-
able fisheries managment.

This method has already been applied in a number of studies
to estimate the selective properties of codends of towed fishing
gears for larger species of some round fish (Herrmann et al., 2009,
2012; Krag et al., 2011; Sistiaga et al., 2011), flatfish (Herrmann et
al., 2013), nephrops (Frandsen et al., 2010) and krill (Krag et al.,
2014). This method was also used on the red mullet as a Mediter-
ranean species (Tokag et al., 2016). The results of these studies
show that there is a similarity between the estimated and actual
results when compared with actual marine selectivity studies.
This is the first theoretical basis selectivity study on the striped
red mullet, which has an economically important place in bottom
trawl catch composition.

Table 1.  Striped red mullet (Mullus surmuletus)
experimental selectivity data for diamond mesh
and square mesh codends. n denotes the number
of open meshes in codend circumference

Nominal/

Measured L50 SR

Mesh Size (em) (cm) n References

40 mm Square 12.2 2.1 - Ordines et. al., 2006

40 mm Diamond 9.8 29 51
13.2 32 28

Ates et. al., 2010

40 mm Square Ates et. al., 2010

MATERIAL AND METHOD

Study Area and Experimental Selectivity Data

In this study, the striped red mullet was used as a material. The
striped red mullet is a demersal species belonging to the Acti-
nopterygii class, Perciformes order, Mullidae family. The striped
red mullet has a relatively high commercial value among other
species caught by bottom trawl fishing in the Mediterranean
Sea. Although there were not enough selectivity studies on
trawl fisheries of this species, published historical study results
are listed below with retention rates (L50) and selection range
(SR) (Table 1).

The FISHSELECT method was used in this study. This method
has three different phases, in chronological order; sea trials, lab-
oratory phase, simulation analyzes.

Individual samples were collected from izmir Bay and bought
fresh and with no deformities from fish auctions in the izmir
region. A total of 65 fish from the smallest to the largest pos-
sible size of the species were obtained and used in this study.
Species are sampled according to length-frequency data
about the striped red mullet population in izmir Bay (ilhan et
al., 2009). Specimens were brought to the laboratory before
body deformation such as dehydration and rigor mortis oc-
curred.

Measuring Fish Morphology

Fresh samples were transferred directly to the laboratory for
length and weight measurements. A weight scale (TypeBD&000:
Mettler, USA) of 0.01 gr precision was used during this process.
Measured weights were recorded in grams. To take size mea-
surements, a specially designed PVC ruler was used.

A morphometer was used for body cross section measurements,
which are required for the simulation study. Cross sections (CS)
are coded as CS1 and CS2 (Figure 1). CS1, a spiny structure lo-
cated in the middle of the opercula which is located at the widest
bony part of the head, and CS2, the foremost point of the spiny
dorsal which is located at the point of the maximum transverse
perimeter, fin were used for the red mullet cross section mea-
surements in Tokac et al., 2016.

These cross sections were determined using a morphometer
and were scanned by a flatbed scanner and these measurements
were marked and digitized by computer using FISHSELECT soft-
ware (Figure 2).

Fall-through Experiments

A new set of mesh templates comprised of 478 different mesh
shapes, were made specifically to carry out fall-through experi-
ments for small fish species. Mesh templates were made from
4 mm thick solid polyethylene material (Figure 3). Each fish was
held by the tail and dropped into the mesh templates upside-
down. The template plates were held horizontally and each fish
turned optimally to fall through the mesh. The only force that
influenced the fish was gravity as they faced the mesh templates
(Herrmann et al., 2009). At the end of this experiment, it was de-
cided whether or not fish passed through plates.
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Simulation of Mesh Penetration and Selection of a Penetra-
tion Model

After length and weight data obtained in the laboratory were
converted into a list called a fish list, a mesh list was created
which includes 478 different mesh models representing mesh
sizes from 20 to 245 mm. The shapes include diamonds (252
meshes), hexagons (98 meshes) and rectangles (128 meshes).

Figure 2. a-d.

(a) Morphometer and sample, (b) CS1
measurement, (c) CS2 measurement, (d)
Flatbed scanner

Figure 3. Fall-through experimental setup

By using the cross-sectional body models available in the pro-
gram, the closest matching model for each digitised cross sec-
tion was determined as the most appropriate model for the rel-
evant cross section. At this stage, 3 cross-section models: ellipse,
flexellipse and flexdrope shapes were chosen for analyzes. These
cross-sections were chosen for their potential to determine a
striped red mullet’s ability to pass through meshes of different
configuration and size size and shape.

After the determination of the cross-sectional shapes, the com-
pression ratio was estimated. In order to make the closest es-
timate of the results obtained in laboratory studies, the tissue
stiffness differences in the dorsal, lateral and abdominal regions
were estimated and the compression rates were calculated.
Compression models obtained for cross-sections were com-
pared with fall-through experiment results and simulated by
FISHSELECT. The simulation process varies depending on the
processing performance of the computer, however, in this study,
it took approximately two weeks. The most appropriate model
was then selected for the best resultant compression model type.

A virtual population of 5,000 individuals was created for use in
predict size selectivity regarding length-weight distributions of
65 specimens morphological data. The selected best compres-
sion model was tested along with the mesh size and virtual popu-
lation, and the selectivity parameters for mesh sizes were calcu-
lated. These were determined as the 50% retention rate (L50)
selectivity parameter of the species. All these results were trans-
formed into the design guide with the help of R statistic pro-
gram. These isobar graphics show all retention rate possibilities
and help us to estimate theoretical selectivity of target species.

RESULT AND DISCUSSION

A total of 65 striped red mullet individuals were sampled and ID
numbers for each fish were created (Figure 4). Sampled species
were measured and found to be between 87-234 mm and 4-192
g in length and weight, respectively. This data was recorded in
the FISHSELECT software for the study.

Fish Shape and Cross Section Analyzes

The striped red mullet has a fusiform body shape. According to
this shape, three similar forms were chosen; ellipse, flexellipse1
and flexdrope. Cross sections have been imaged from a flatbed
scanner and those images pinpointed from their edges one by
one, each image is marked with at least 120 dots to enable the
shape of the most suitable model to be analyzed (Figure 5).

To determine the most suitable shapes for CS1 and CS2 separately,
the mean AIC (Akaike, 1974) and R?values were calculated for each
striped red mullet individually for each of the three models for both
CS1 and CS2. The highest R? and the lowest AIC values were con-
sidered as parameters. According to this analysis, the most suitable
body shape has been found as the flexellipse1 model (Table 2).

Fall-through Results and Penetration Model

Fall-through pass results were recorded as yes or no for the 65
samples for each of the 478 meshes with varying sizes of open ar-
eas and a total of 31,070 trials were completed. Based on the re-
sults of these fall-through trials, we selected a penetration model
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(compression model) to use for simulating size selection of the
striped red mullet.

This process determines the best model to be used in selectivity
simulations by entering the estimated compression rates for the
most appropriate model obtained from analyzes of fall-through
experiments and cross sections. The maximum compressibility es-
timated for this model was 20% lateral, 6% dorsal and 30% ventral.
A combination of different compression rates determined for each
side resulted in 6x4x6=144 compression models (Table 3).

Virtual simulation was carried out by selecting the best 5 mod-
els obtained from the result of the fall-through experiments. The
simulation was then carried out based on the degree of agree-
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Figure 5. a-d.

ment value (DA-value) for the different models compared with
these fall-through experiments result.

S: The number of successful test results compared with the mod-
el's free pass result

D: The number of unsuccessful test results compared with the
model’s free pass result

3
S+D
The model with the highest value of 0.95 above the acceptance
grade was chosen as the best model for both cross sections (CS1
and CS2) and was selected for the compression model (Table 4).

DA =

A virtual population of 5,000 individuals was created based on
the length-weight data of the 65 samples. The recalculation of
the compression values to +/- 0.01 resulted in a test with 3x3x3
= 27 possible combinations of compression, and a virtual simula-
tion has been run. As a result, the highest DA value model was
found to be as the best compression model (Table 5).

When the compression models were examined, it was seen that
the model giving the highest result belongs to the CS2 coded
section with a rate of 97.19%. Estimated compressions were
found as 4% from lateral, dorsal 2%, ventral 18% at the end of
the simulation.

Table 2. Mean R? and AIC values for different shape
descriptions. The highest R? and lowest AIC values

for each cross section are in bold

M. surmuletus

Ellipse Flexdrope Flexellipse1

CS1 AIC 149552164  147.857345 146.766025

R? 0.966616 0.967569 0.967817
CS2 AIC  183.129680  179.886555 178.338775

R? 0.960203 0.961754 0.962417
Table 3. Estimated compression rates matrix
CompO Comp90 Comp270
1.00 1.00 1.00
0.96 0.98 0.94
0.92 0.96 0.88
0.88 0.94 0.82
0.84 0.76
0.80 0.70

Total Compression Model Number:6x4x6=144
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Design Guides

The size selection predicted by FISHSELECT can be applied to
produce design guides in the form of iso-curves for L50 values de-
pendent on mesh size and mesh openness (Tokag et al., 2016) With
the help of the R statistics program, design guides have been cre-
ated. Diamond and square mesh types have been designed in two
guides (Figure 6, 7). In addition, it has been plotted the FISHSE-
LECT predicted L50 values for 40° opening angle (OA). This specific
OA value was reported by Tokag et. al., 2016 as the typical value
for meshes observed during trawling from underwater recording.
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Figure 7. Design guide for square mesh

Diamond mesh codend L50 values for 40 mm, 44 mm, 50 mm
mesh sizes are predicted as 9.87 cm, 10.75 cm, 12.19 cm striped
red mullet. Square mesh codend L50 retention rates are predict-
ed as 12.38 cm mean value between 70" and 120" OA which are
estimated OA values during bottom trawl towing (Table 6).

Diamond mesh codend with 40 mm, 44 mm and 50 mm, and 40
mm square mesh codend were used in the study in accordance
with the European Union’s (1995/2006) mandatory regulation and
the recommendations of the General Fisheries Commission for
the Mediterranean on mesh sizes.

When the results obtained were examined, it was concluded that
it is difficult to make a precise and clear comparative analyzis
due to incomplete and inadequate previous studies. However, if
we compare the results obtained in the controlled computer en-
vironment with the actual selectivity studies, it can be seen that

Table 4.  Best 5 models that given highest results for both cross
sections. Best resultant model is marked in bold
CS 1
comp0 comp90 comp270 S D DA
1 1.00 1.00 1.00 29835 1235 0.96025
2 1.00 0.98 1.00 29779 1291 0.95844
3 1.00 0.96 1.00 29723 1347 0.95664
4 1.00 1.00 0.94 29663 1407 0.95471
5 1.00 0.94 1.00 29658 1412 0.95455
CS2
1 096 0.98 0.82 30715 895 0.97119
2 096 1.00 0.82 30165 905 0.97087
3 096 1.00 0.76 30158 912  0.97064
4 096 0.96 0.82 30156 914  0.97058
5 09 0.98 0.76 30152 918  0.97045

Table 5. Compression results end of precise simulation
gives the best model

CS2

comp0 comp90 comp270 S D DA
Best
Compression
Model 0.96 0.98 0.82 30197 873 0.97190
Table 6. Important L50 values from this study
Mesh Opening Angle Mesh Size Mesh Shape L,
40° 40mm Diamond  9.87 cm
40° 44mm Diamond  10.75 cm
40° 50mm Diamond  12.19 cm
70° 40mm Square  11.21 cm
120° 40mm Square 13.56 cm
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the results are close to the previous study results. In addition, if
the selectivity study is compared to that of numerous previous
studies of the red mullet, it shows that the selectivity parameters
between the two species are very similar.

In the previous FISHSELECT study (Tokag et al., 2016) the red mul-
let had L50 value in 40 mm and 50 mm diamond mesh size pre-
dicted as 11.0 cm and 13.5 cm respectively. When the comparison
result was reviewed both species showed similar results, which is
thought to be due to the low morphological differences between
the two species. Due to the fact that the red mullet has a more
perpendicular head structure than the striped red mullet, result
L50 values are thought to be lower for the striped red mullet.

As can be seen from the design guide (Figure 6), 44 mm dia-
mond mesh codend was found to be the most appropriate for
the striped red mullet when we compare this result with its mini-
mum landing size (MLS) 11 cm.

Based on the results of the 31,070 fall-through trials, a compres-
sion model has been selected to use for simulating size selection
of striped red mullet. This model consists of CS2 and resulted in
a DA-value of 97.19%. The compressibility for this model at CS2
was 4% lateral, 2% dorsal and 18% ventral. These compression
rates can be related to the fact that the dorsal area has a bony
structure because of the spine and skull, towards the lateral area
tissue starts to lose stiffness and at the ventral area the abdomi-
nal tissue is soft.

CONCLUSION

The prediction of the size selection for trawl codends in different
mesh size and shapes can be easily done using the design guides
for guidance and, hence, can be a useful tool for sustainable fish-
eries. In this study, the FISHSELECT methodology was used with
only one species to obtain cross section data defining the striped
red mullet’s ability to penetrate different mesh configuration and
sizes. This methodology can also be used to predict the selectivity
for other species relatively easily and quickly at a low cost.

Like other FISHSELECT studies, this study shows that selective
studies conducted with laboratory and computer experiments
give reliable results. It is suggested that further studies on similar
selectivity methods should be conducted on the same species or
different species and should be compared and interpreted with
these and previous studies.

One of the most important problems is the pressure of overfish-
ing of the fish stocks with by-catch. Useful technical measures
should be found, such as improving codend selectivity for sus-
tainable fisheries. The FISHSELECT methodology is of crucial im-
portance in order to provide solutions by predicting the size se-
lectivity for different species versus different mesh size and mesh
configuration in the mixed bottom trawl Mediterranean fishery.
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ABSTRACT

This study evaluated the sensorial characteristics of fish croquettes produced from different seafood such
as deep-water rose shrimp (Parapenaeus longirostris), sardine (Sardina pilchardus), and rainbow trout (On-
corhynchus mykiss). First, a sensorial appreciation test and a quantitative descriptive analysis (QDA) were
conducted by 12 expert panelists. Then, a consumer appreciation test was carried out with 100 consumers
aged between 20 and 55 years. The appreciation tests showed that all the croquettes were appreciated by
both the panelists and the consumers. The shrimp croquette was found to be the overall favorite in terms
of flavor, odor, and general appreciation parameters among the groups. The QDA results revealed that the
shrimp and sardine croquettes maintained their characteristic flavor and odor, whereas those of the rainbow
trout croquettes were preserved less compared with other croquettes. These results indicate that sardine
croquettes can be recommended to consumers who enjoy consuming seafood with a strong fish aroma.
Trout and shrimp croquettes can be recommended to some consumers who wish to consume seafood but
do not necessarily like the taste of fish or shellfish.
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deep-fried.

INTRODUCTION

Fish and seafood are important sources of
protein which provide 40% of the world’s pro-
tein intake (Diaz and Hu, 2009) in addition to
essential micronutrients which have various
health benefits (Budtz-jorgensen et al., 2013).
Moreover, they are rich in amino acids (Ozden
and Erkan, 2008) and unsaturated fatty acids
especially docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA) (Krzynowek and
Murphy, 1987). Thus, the global fish supply ob-
tained from both aquaculture (Kobayashi et al.,
2015) and captured fish (Rickertsen et al., 2016)
is increasing day by day. This increase of sea-
food consumption is likely to lead to improved
health (Lund, 2013). Along with this trend, peo-
ple want to consume new aquatic species or
new seafood products (European Commision,
2017) which can be processed in various ways

such as fresh, frozen, dried, marinated and
coated products (croquettes) (Tveteras et al.,
2012). Among these processing technologies,
the coating technique is one of the leading
methods of producing new seafood products.
Coating technology can be used to produce
food products using non-economic fish or by-
catch fish species (Yean, 1998) as well as aquatic
species with a high economic value like shrimp
and scallop (Cakli, 2007). Fish croquettes are a
type of small breaded food produced by mix-
ing minced fish meat and various ingredients
(Barros Fuchs et al., 2013) and are usually con-
sumed after being deep-fried (Stastny et al.,
2014). The deep-frying is one of the methods
of frying most favored by consumers (Pokorny,
1987) and adds desirable flavor and textural
properties to food (Holownia et al., 2000).
Therefore, the evaluation of sensorial proper-
ties of fish croquettes is important.
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One of the most important aims of the food industry is under-
standing consumer's senses and acceptance of foods (Mani-Lo-
pez et al., 2018). There is an increase in the number of consumers
who will not compromise on flavor and appearance, in addition
to food quality. In the competitive food production sector, not
only is it imperative to ensure products pass the required food
safety checks but it is also vital that products obtain the approval
of consumers. In view of this, consumer attitudes are becoming
increasingly important both in terms of nutritional and sensorial
aspects. The aim of this study is to provide an insight into the
preferences of consumers due to sensorial characteristics of cro-
quettes produced from different seafood sources, each having a
distinct and diverse aroma, which are easily accessible and ad-
dress different budgets. Thus, the sensorial characteristics of fish
croquettes obtained from deep-water rose shrimp (Parapenaeus
longirostris), sardine (Sardina pilchardus) and rainbow trout (On-
corhynchus mykiss) were evaluated in this paper.

MATERIAL AND METHOD

Main materials

In this study, deep-water rose shrimp (Parapenaeus longirostris),
sardine (Sardina pilchardus) and rainbow trout (Oncorhynchus
mykiss) were used for croquette production. Deep-water rose
shrimp and sardines caught in the Northern Aegean Sea were
purchased from Canakkale fish market. The length of all indi-
viduals were above the minimum legal size in compliance with
Turkish fishing legislation. Rainbow trout were obtained from a
freshwater aquaculture facility operated in Mount Ida Canakkale,
Turkey. In the production of the croquettes, 15 kg of each species
were used.

Supplemental Materials

The frying oil preferred was sunflower oil and main ingredients
like wheat flour, corn flour, bread crumbs, wheat starch and in-
gredients such as dried coconut, dried onion, dried garlic, ci-
lantro, black pepper, white pepper and salt that were used in
the production of the croquettes were obtained from the local
marketplace.

Croquette Production

Croquettes were produced in previous studies carried out by
Cankinhgil and Berik (2017a, 2017b, 2017¢). According to these
studies; croquette formulations consisted of 75.50% meat, 9.70%
wheat flour, 1.31% corn flour, 9.70% breadcrumbs, 0.68% wheat
starch, 1.78% dried coconut, 0.43% dried onion, 0.20% dried gar-
lic, 0.13% cilantro, 0.28% black pepper, 0.23% white pepper and
1.00% salt. Initially, shrimp, pilchard and trout were eviscerated
to remove internal organs and bones. Afterwards, the meat was
pre-cooked at 150°C for 5 minutes in an oven and then minced
with a grinder. The aforementioned ingredients were then added
to the minced meat and mixed together until they become a
homogeneous croquette paste. To form the croquette, this paste
was shaped by hand, sliced evenly and coated with both a lig-
uid soda-based material consist of 70% egg white, 12% carbon-
ate, 8.50% breadcrumbs, 5.0% wheat starch, 1.20% salt and a dry
coating material containing breadcrumbs, wheat flour and corn
flour. The croquettes were deep-fried with sunflower oil at 180°C
for 2 minutes which is the most preferred cooking method for

croquettes (Kilincceker and Hepsag, 2011). In the final stage of
croquette production; 10.40, 10.51 and 10.94 g croquettes were
produced from 15 kg of shrimp, sardine and trout, respectively.
The loss in weight caused by the removal of undesirable parts
such as the head, fins, bones, skin or shells from each species,
was recovered in a ratio of 25% by adding the ingredients above.

Sensorial Analyses

A sensorial analysis was carried out using the fried croquettes. In
the analyses, 50 gram of fried croquettes from each group was eval-
uated by both panelists and consumers. The panelist group con-
sists of expert panelists (6 men and 6 women) between the ages of
25 and 45. In order to determine the consumer group, volunteers
from students and personnel of Canakkale Onsekiz Mart University
were listed with their name, age and gender. 100 consumers were
selected from the list above to create an equally distributed and
homogeneous group in terms of gender and age groups. Thus, the
consumer group was formed with 50 men and 50 women between
the ages of 18 and 55. Once the groups were selected, the sensory
appreciation test, consumer sensory analysis and quantitative de-
scriptive analysis were conducted on the fried croquettes.

Sensory Appreciation Test

The Sensory appreciation test was modified from Mason and
Nottingham (2002) and conducted on deep-fried croquettes by
12 expert panelists. The parameters of flavor odor, texture, ap-
pearance and general appreciation were evaluated by the pan-
elists using a point scale ranging from 1 to 9. The descriptive
terms and sensory appreciation test form are shown in Table 1
and Figure 1, respectively.

Consumer Sensory Analysis

With the aim of assessing the market potential of the fish cro-
quettes, a quantitative sensory test was carried out with the
participation of 100 consumers (Mason and Nottingham, 2002).
Flavor, odor and general appreciation parameters were evalu-
ated by the consumer test group using a short and easy-to-un-
derstand form with five-point hedonic appreciation categories.
The data obtained was expressed as mean values. The consumer
sensory analysis test form is shown in the Figure 2.

Quantitative Descriptive Analysis

In the quantitative descriptive analysis (QDA), the differences
between the deep-fried croquettes were described by the same
12 expert panelists who carried out sensory appreciation test.
The QDA was modified from Mason and Nottingham (2002) and
the descriptive terms used for the fish croquettes were modified
from Hayes (2011) and Shaviklo et al. (2010). The descriptive pa-
rameters of fish flavor, fish odor, saltiness, spiciness, color, hard-
ness, oiliness and frying were evaluated by the panelists using a
point scale ranging from 1 to 9. Results obtained were expressed
in spider diagrams drawn in Excel (Office 2010; Microsoft, U.S.A.).
The descriptive terms and QDA test form are shown in Table 1
and Figure 3, respectively.

Statistical Analyses

Differences between the mean values were evaluated with data
obtained from the 12 expert panelists who had participated in the
sensory appreciation test and quantitative descriptive analysis.
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Table 1.

Descriptive terms used for fish croquettes modified from Hayes (2011) and Shaviklo et al. (2010)

Descriptor

Definition

Sensory appreciation test
Flavor
Odor
Texture
Appearance
General appreciation

Quantitative descriptive analysis

General flavor of deep-fried croquettes

General odor of deep-fried croquettes
Structure of croquette felt with fingers or teeth
Color and general look of deep-fried croquettes

General acceptance considering all parameters

Fish flavor Flavor of selected species like shrimp, sardine or trout
Fish odor Odor of selected species like shrimp, sardine or trout
Saltiness Density of salt
Spiciness Aromatics associated with spices or other ingredients
Color Qutside color of croquettes from light to dark
Hardness Force required to compress the sample in first bite
Oiliness Absorbed oil associated with frying oil
Frying Frying rate of croquettes
| 1]2 i | 5| ¢ g8l9 Poim scale Paramneters 1 2 L] i 5 i 8 @ Painl scale
lavoe Like exiresnely o Fish flives Extrefs: 9
Cidoe Like very misch B Fash odar Veery sirong £
Texture Like modemiely Saltiness Strong T
M- Sphemess Absirve-noderane &
Genersl appeoval o dislike ] Calor Moderate 5
Below-moslerate 1
Name Mishike mesderw Oiiliness Slightly 3
Diate: Halike very much Frveg Very shightly
Dhskike extremely 1 Name Date Absent

Figure 1. Evaluation form of sensory appreciation test

Mame Date Flarvor Odar Greneral

Like very much

Like maderately

Meither like mor diskike

Dhslike mwsderatcly

Dislike very much

Figure 2. Evaluation form of consumer sensory analysis

However, the mean values of the consumer sensory analysis with
a total of 100 participants were evaluated, separately according
to age and gender groups, with the aim of evaluating possible
differences between age or gender. Participants were divided
into 7 categories representing the age ranges of 18-25, 25-30,
30-35, 35-40, 40-45, 45-50 and 50-55. SPSS Statistics package
program version 21.0 (SPSS 21; IBM, U.S.A)) was used in all sta-
tistical analyses. The results were expressed as meanz+standard

Figure 3. Evaluation form of quantitative descriptive analysis
(QDA)

error. Differences between the mean values were evaluated with
Tukey's multiple comparison test using a one-way variance analy-
sis (ANOVA) after the normality and homogeneity of the data
were tested with Anderson-Darling and Levene tests, respec-
tively. The level of significance was set as 0.05.

RESULT AND DISCUSSION

According to the results of the sensory appreciation test all
deep-fried croquettes were liked by consumer groups. The
shrimp croquettes were determined as the most preferred group
with 8.44+0.30 points by the panelists. Moreover, the highest fla-
vor and odor values were found to be 8.33+0.41 and 8.11+0.45,
respectively in shrimp croquettes. The panelists stated that addi-
tions like onion, garlic and pepper into the croquette paste im-
proved the flavor and odor of the products, particularly in shrimp
croquettes. Thus, shrimp croquettes received the highest flavor
and odor values. Several studies have shown that shrimp species
are both nutritional and delicious (Nasiri et al., 2012) and they are
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an aquatic food source in high demand by consumers (Fan et al.,
2017; Khan et al., 2013). In addition, Yanar and Fenercioglu (1999)
stated that the addition of onion and garlic affected the flavor
of coated products, positively. Texture is one of the most im-
portant attributes that indicates quality in fish and fish products
(Cheng et al., 2014). Fried fish croquettes have a crisp texture on
the outside and a soft texture on the inside, similar to other bat-
tered and fried foods. This characteristic texture is formed with a
combination of high temperature, oil uptake and water loss due
to deep-frying (Soto-Jover et al., 2016). In this research, the tex-
ture characteristics of all fish groups were liked by the panelists
and the highest texture value was specified in sardine croquettes
as 8.33+0.41. The appearance value was detected as highest in
trout croquettes as 8.56+0.42. The color of trout meat was found
to be lighter than other materials. Fish with white meat such as
whiting, Alaskan Pollock etc. are preferred mostly in production
of croquettes and surimi products (Boran and Kése, 2007). It is
thought that trout croquettes have got the highest appearance
points because of their similarity to fish croquettes sold commer-
cially in the market. The results of the sensorial appreciation test
are shown in Table 2.

According to the consumer sensory analysis, shrimp croquettes
were found to be the most popular in terms of both flavor and
odor parameters, followed by trout and then sardine croquettes.
When the irresolute consumers are not distributed, 70% of con-
sumers liked shrimp croquettes, 62% of them liked sardine cro-
quettes and 63% of them liked trout croquettes. Among con-
sumers 19%, 23% and 19% of all did not like shrimp, sardine and
trout croquettes, respectively. A significant difference was not
detected for either sex or age groups statistically. The results of
the consumer sensory analysis are shown in Table 3.

Table 2. Results of sensory appreciation test

Parameters Shrimp Sardine Trout
Flavor 8.33+0.412 7.56+0.42¢  8.00+0.41°
Odor 8.11£0.45  7.22+0.56> 8.00+0.29°
Texture 7.89+0.45° 8.33+0.41@  7.44+0.51¢
Appearance 7.56+0.42°>  7.44+0.51° 8.56+0.42°
General approval ~ 8.44+0.30°  7.22+0.39° 7.89+0.35°

Values are expressed as mean £SD, mean values in rows with different

superscripts were significantly different (p<0.05)

The aim of the quantitative descriptive analysis was to evaluate
sensorial differences between products. Cakli (2007) stated that
fish and other seafood can reach out to larger masses by enhanc-
ing the flavor, odor and texture, as is done in croquette produc-
tion technology. Therefore, the differences between croquettes
in terms of sensorial quality owing to unique aromas of raw ma-
terials and the description of final products are important. In our
research, the parameters of spiciness, saltiness and frying were
found to be the same, statistically, in all croquettes because of
the implementation of exact formulation to each group (p=0.05).
The highest flavor and odor values of the species used in the cro-
quette production were specified in sardine croquettes whereas
the lowest values were determined in shrimp croquettes (p<0.05).
Coated products have specific flavor components which come
from the breading, frying oil and raw materials used in produc-
tion (Albert et al., 2012). Deep-fat frying can produce desirable
or undesirable flavor compounds that can affect final products
(Choe and Min, 2007). It is clearly shown that deep-frying affects
croquettes positively with medial frying rate as well as non-dom-
inant aromas of spices or salt. The darker outer-color was speci-
fied in sardine croquettes due to the color of sardine meat and
followed by shrimp and trout croquettes, respectively (p<0.05).
The color parameter showed distinct differences between cro-
quettes due to the specific meat color of each of the species
used in the production of the croquettes. The inner color of
sardine croquettes was found to be darker compared to that of
shrimp and trout croquettes. In addition, the unique rosy color of
shrimp meat was preserved in croquettes. Oiliness was found to
be highest in sardine croquettes (P<0.05) whereas no differences
were found statistically between the shrimp and trout croquettes
(p=0.05). Several sardine species are rich in terms of crude fat
and unsaturated fatty acids (Homayooni et al., 2014; Sanchez et
al., 2013; Senapati et al., 2017). Thus, this can explain why the
oiliness of sardine croquettes was deemed the highest. One of
the results of deep-frying is gaining a distinctive structure of food
(Stevenson et al., 1984). Even if just by a slight amount, hardness
was found to be higher in sardine croquettes than the others sta-
tistically (p<0.05). As a result of deep-frying, food gains a crispy
exterior crust and moist center by virtue of water evaporation and
oil migration between the frying oil and the food (Nieto Salvador,
2014). According to Albert et al. (2012) this contrasting texture is
an important and desirable feature for consumers. The results
of the quantitative descriptive analysis are shown in Table 4 and
Figure 4, respectively. According to the opinions of the panelists,

Table 3. Results of consumer sensory analysis
Shrimp Sardine Trout

Parameters F (0] G F (0] G F o G
Like very much 41% 35% 39% 27% 19% 23% 32% 24% 29%
Like moderately 24% 28% 31% 35% 28% 32% 33% 36% 34%
Neither like nor dislike 16% 19% 17% 16% 28% 22% 14% 27% 18%
Dislike moderately 1% 10% 9% 12% 16% 14% 9% 7% 8%
Dislike very much 8% 7% 4% 10% 9% 9% 12% 6% 1%

*F: flavor, O: odor, G: general
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Table 4. Results of quantitative descriptive analysis (QDA)
Parameters Shrimp Sardine Rainbow trout
Fish flavor 4.41£0.21¢  5.75+0.42: 5.17+0.33°
Fish odor 4.33+£0.42¢ 5.67+0.28° 5.00+0.58°
Saltiness 4.83+£0.172  4.91+0.20° 4.83+0.23°
Spiciness 4.66+0.212  4.67+0.31° 5.25+0.42°
Color 5.33+0.27¢  6.08+0.54° 5.83+0.45°
Hardness 5.00+0.16°  5.33+0.242 5.00+0.31°
Oiliness 5.00£0.17°  6.08+0.23° 5.17+0.33°
Frying 5.66+0.42*  5.50+0.56° 5.67+0.25°

Values are expressed as mean +SD, mean values in rows with different
superscripts were significantly different (p<0.05)

ﬁ Shrisg M [ B sriter Plarcer

i

Quantitative Sensory Analysis (QAD) results
of croquettes; (a) shrimp croquettes, (b)
sardine croquettes, (c) trout croquettes, (d)
combined results of all croquettes

Figure 4. a-d.

sardine croquettes preserved the characteristics of the raw mate-
rial such as fish flavor, odor, color and oiliness used in croquette
production more than others. Shrimp and trout croquettes can
be recommended to consumers who need to consume seafood
but do not particularly like the taste of fish or shellfish. However,
sardine croquettes, which have dominant fish aroma, can be rec-
ommended as a new fishery products to consumers who enjoy
eating seafood. Moreover, according to the European Commis-
sion (2017), 65% of European consumers want to try new fish and
fishery products.

CONCLUSION

In conclusion, fish croquettes produced from different aquatic
species such as deep-water rose shrimp, sardine and rainbow
trout were evaluated in terms of their sensorial quality. Accord-
ing to the results, all products were evaluated by both panel-
ists and consumers. Shrimp croquettes received the highest
approval by both consumers and panelists with their exquisite
flavor. A number of different seafood products have been cho-

sen as raw material. It is necessary to use sustainable and eas-
ily accessible food sources such as fish species from healthy
stocks, aquaculture species, discard species of commercial fish-
ing operations or edible waste of seafood processing facilities
for substantial croquette production. The results of the present
comparative study would be beneficial for the seafood produc-
tion sector.
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Bu ¢aligmanin amaci, sucul canlilar icin sodyum dodesil silfatin (SDS) toksisitesini belirlemektir. Kahverengi
alabaliklarda (Salmo trutta fario) SDS'nin etkileri hematolojik indekslerle aragtirilmistir. Bu amagla baliklar
21 glin sureyle kontrol (0 mg/It), dustik doz (1,5 mg/It) ve yiksek doz (2,25 mg/It) SDS'ye maruz birakilmistir.
Uygulama siiresi sonunda kontrol ve deneme gruplarinda hematolojik indeksler [eritrosit sayisi (RBC), |6kosit
sayisi (WBC), hemoglobin degderi (Hb), hematokrit orani (Hct), trombosit sayisi (PLT), eritrosit ¢cokme orani
(ESR), eritrosit basina diigsen hemoglobin sayisi (MCHC), eritrosit miktari hemoglobin (MCH) ve ortalama erit-
rosit hacmi (MCV)] arastirimistir. Arastirma sonuglari, yiksek dozda SDS konsantrasyonuna maruz birakilan
grubun RBC, WBC, PLT, Hb, ESR, MCV, MCH ve MCHC indeks degerlerinin disik doz ve kontrol gruplarina
gore dnemli derecede arttigini (p<0,05) géstermistir. Dislik konsantrasyona maruz birakilan grupta ise, Htc
degeri diger uygulama gruplarina gére daha yiiksek bulunmustur (p<0,05).

Anahtar Kelimeler: Hematoloji, balik, deterjan, kirlilik

ABSTRACT

The aim of this study was to determine the toxicity of sodium dodecyl sulfate (SDS) to aquatic organisms.
The effects of SDS were investigated using the hematological index of the brown trout (Salmo trutta fario).
Fish were exposed to control (0 mg/l), low dose (1.5 mg/l) and high dose (2.25 mg/l) of SDS over a 21-
day period. At the end of the treatment period, the control and the treatment groups were investigated
for the hematological index [total erythrocyte count (RBC), total leukocyte count (WBC), hemoglobin (Hb),
hematocrit (Hct), total platelet count (PLT), erythrocyte sedimentation rate (ESR), mean cell hemoglobin
concentration (MCHC), mean cell hemoglobin (MCH), and mean cell volume (MCV)]. The results showed
a significant increase in RBC, WBC, PLT, Hb, ESR, MCV, MCH, and MCHC values of the group exposed to
high SDS concentrations compared to those in the low-dose treatment and control (p<0.05) groups. At low
SDS concentrations, the Hct value was significantly higher than that in the other treatment groups (p<0.05).
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ark., 2009). Balik, akuatik ortamda neredeyse her yerde bulunur ve
ekosistemde énemli bir rol oynamaktadir (Gaber and El-Kasheif,
2013). Bu nedenle, baliktaki hematolojik ve biyokimyasal paramet-
relerin analizi hayvan sagligi ve ekolojik kosullarin degerlendiriime-
sine katki saglamaktadir (Pimpéo et al., 2007). Hematolojik para-
metrelerin (eritrosit sayisi (RBC), I6kosit sayisi (WBC), hemoglobin
degeri (Hb), hematokrit orani (Hct), trombosit sayisi (PLT), eritrosit
¢dkme orani (ESR), ortalama eritrosit hacmi (MCV), eritrosit bagi-
na dusen ortalama hemoglobin (MCH) ve eritrosit bagina digen
ortalama hemoglobin konsantrasyonunun (MCHC)) incelenmesiy-
le her tUrlG sosyal, fizyolojik ve cevresel faktoriin (sosyal hiyerarsi,
hastalik, beslenme yetersizligi, toksik madde, su kalitesindeki de-
Jisimler, sicaklik, fotoperyot, yogunluk, tuzluluk, pH, oksijen, agir
metaller, pestisitler, deterjanlar gibi) balik saghgr ve fiziksel duru-
muna olan etkisi belirlenebilmektedir (Yegin ve Ucar, 2017; Parlak,
2016). Hayvanlarda kan parametrelerinin degerlendirilmesi énemli
bir marker ve yaygin bir ydntemdir. Bu teknik ile hayvanin fizyolojik
durumu ve bulundugu ortam sartlarinin belirlenmesinde givenilir
kararlar verebilmek mimkin olmaktadir (Yegin ve Ucar, 2017).

Bu calisma, kullanimi giderek artan deterjanlarin akuatik canlilardan
olan baliklar Gizerinde olusturdugu etkilerin belirlenmesi, kahverengi
alabalik (Salmo trutta fario) kan parametrelerinin kullanilarak toksi-
sitelerinin degerlendiriimesi amaciyla planlanmig ve yiritilmustdr.

MATERYAL VE METOT

Denemede Atatiirk Universitesi Su Uriinleri Fakiiltesi ic Su Baliklar
Uygulama ve Aragtirma Merkezinden temin edilen 30 adet, iki yas-
I, 165+25 g ortalama adirliga sahip kahverengi alabaliklar (Salmo
trutta fario) kullanilmigtir. Baliklar 1 m ¢ap ve 1 m derinlige sahip, su
tahliyesi egik boru sistemiyle yapilan fiberglass tanklarda tutularak,
sodyum dodesil stilfatin (SDS) kontrol (0 mg/L), distk doz (1,5 mg/
[t) ve yiksek dozlarina (2,25 mg/It) 21 giin streyle maruz birakilmig-
lardir. Sodyum dodesil siilfat ticari bir firmadan (Sigma) temin edil-
mistir. Aragtirma siiresince yapilan analizler Atatirk Universitesi Su
Uriinleri Fakiltesi ic Su Baliklan Uygulama ve Arastirma Merkezi, Ak-
varyum Baliklar Uygulama ve Aragtirma Merkezinde bulunan Toksi-
koloji Deneme Unitesi ve Su Uriinleri Fakiiltesi Laboratuvarlarinda

yapllmistir. Arastirma baslangicinda Atatiirk Universitesi Hayvan De-
neyleri Yerel Etik Kuruludan (HADYEK) calismasinin yirGtilmesinin
etik kurallarina uygun olduguna dair Etik Kurul Onayi alinmistir.

Baliklarin kaudal venalarindan girilmek suretiyle alinan kan 6érnek-
leri kullanilarak yapilan hemoglobin tayininde Cyanmethemog-
lobin yontemi, hematokrit tayininde mikrohematokrit metodu,
eritrosit, |©kosit ve trombosit seviyelerinin tespitinde ise Dacie’s
solUsyonu ile boyama yapilarak thoma lami Gizerinden mikroskop-
ta belirlenen alanlarda sayimlar yapilmistir. Bu sayim yontemi ile
elde edilen veriler asadida verilen formillerde kullanilarak diger
indeks (ortalama eritrosit hacmi (MCV), eritrosit miktar hemoglo-
bin (MCH) ve eritrosit basina diigen hemoglobin sayisi (MCHC))
degerleri hesaplanmigtir (Blaxhall and Daisley, 1973; Atamanalp,
2000; Ucar, 2010; Alak ve ark., 2012).

MCV(fl) = Hct (%) * 10/RBC (million/mm?d)
MCH(pg) =Hgb (gm/dL) * 10/RBC (million/mm?3)
MCHC (%) = Hgb (gm/dL) * 100/Hct (%)

Arastirmadan elde edilen veriler SPSS (Statistical Package for the
Social Sciences) paket programi kullanilarak varyans analizine
tabi tutulmus ve ortalamalara alfa 0,05 seviyesinde Duncan testi
uygulanmstir (Alak ve ark., 2012; Javed et al., 2016).

BULGULAR VE TARTISMA

Hematoloji indeksleri agisindan gruplar arasi fark istatistiki ola-
rak dnemli bulunmustur (p<0,05). Calisilan parametreler agisin-
dan artis ve azalislar kaydedilmekle birlikte deterjan uygulanan
gruplarda hemoglobin degeri (Hb), eritrosit ¢cokme orani (ESR) ve
eritrosit miktari hemoglobin (MCH) arasinda istatistiki olarak fark
gozlemlenmemistir (Tablo 1). Yiksek konsantrasyon uygulamasi-
na maruz kalan grubun eritrosit sayisi (RBC), 16kosit sayisi (WBC),
trombosit sayisi (PLT), hemoglobin degeri (Hb), eritrosit ¢cékme
orani (ESR), eritrosit bagina disen hemoglobin sayisi (MCHC),
eritrosit miktari hemoglobin (MCH) ve ortalama eritrosit hacmi
(MCV) indeksleri diiglik doz uygulamasi ve kontrole kiyasla olduk-

Tablo 1. Farkli dozlardaki SDS'nin Salmo trutta fario hematolojik indekslerine etkisi
Table 1. Effect of different concentration of SDS on hematological index of Salmo trutta fario

Parametre/Grup Kontrol 1,5 mg/It SDS 2,25 mg/It SDS
RBC (10¢/mm?3) 0,81+0,18° 0,81+0,20° 0,90+0,33¢
WBC (10%/mm?3) 2,60+0,16° 0,95+0,71¢ 4,52+3,332
PLT (10*/mm?3) 1,65+0,42° 0,70£0,25¢ 416+6,47¢2
Hb (g/dl) 6,35+0,12° 11,65+4,112 12,00+4,782
ESR (mm/h) 2,46+0,342 0,63+0,74° 0,66+0,52°
Htc (%) 25,25+1,5° 33,43+24,71° 24,50+18,39°
MCV (um3) 321,29+69,84¢ 591,07+50,40° 414,26+144,63°
MCH (pg) 99,78+14,63° 148,30+£64,712 146,30+£64,242
MCHC (g/100ml) 31,30+0,06° 24,73+8,84¢ 39,69+28,99°

Ayni satirda ayni harfle (a, b) gosterilen ortalamalar arasinda fark yoktur (p<0,05)

Lowercase superscripts (a, b) indicate significant differences among same line within each experimental treatment group
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ca yuksek belirlenmistir (p<0,05). Duslk konsantrasyonlarinda ise
hematokrit orani (Hct) diger uygulama gruplarina oranla yiksek
belirlenmistir (p<0,05).

Sucul organizmalarin strese tepki olarak verdigi primer yanitin
fizyolojik etkilesiyle, zincirleme bir sekilde sekonder yanitlar olu-
sur. Sekonder yanitlar ise histolojik, histopatolojik, biyokimyasal
ve hematolojik parametrelerde meydana gelen degisikliklerle
belirlenebilmektedir. Baliklarda stres sonrasinda homeostaziyi
saglamak amaciyla, hematolojik, hormonal ve enerji metaboliz-
masini dizenleyen bazi fizyolojik degisiklikler aciga ¢ikmaktadir
(Kayhan, 2009). Baliklarda strese badl fizyolojik degisikliklerin
belirlenmesinde hematolojik parametreler, bir stres faktérinden
kaynaklanan fizyolojik ve biyokimyasal degisikliklerin &l¢tiimesin-
de gosterge olarak yaygin bir sekilde kullaniimaktadir (Stoskopf,
1993; Cataldi et al., 1998; Adeyemo et al., 2003 ).

Yiksek eritrosit sayisi (RBC) ve hemoglobin degeri (Hb), hipoksi
veya anoksi icin ortak yanitlardir. Yapilan bu calismada, deterjan
uygulamasi sonrasi hemoglobin degerleri kontrol grubuna gére
daha ylksek bulunmus ve bu artigin kirmizi kan hicrelerindeki
artigla ilisikli oldugu sonucuna varlmistir. Bu durumda balik kanin
oksijen tagima kapasitesini arttirmak icin RBC ve Hb'yi arttirarak
bu stresi elemine etmeye calismistir (Hedayati and Tarkhani, 2014).
Eritrosit sayist kan oksijen tagima kapasitesini ve eritropoietik doku-
larin fonksiyonlarini belirlemek icin énemli bir parametredir (Wites-
ka, 2005). Eritrosit sayisindaki ani artiglarda, stres ve kan dolagimina
yeni eritrosit salinmasina bagli olarak katekolamin kaynakli dalak
kontraksiyonlarinin etkili olabilecedi dustndirmektedir. Benzer
sekilde eritrosit sayisindaki artis ya mukusla kaplanan solungactan
kaynaklanan hipoksik kosullarin bir sonucu olarak ya da eritrosit
olusumu Uzerine deterjanlann uyarici etkisi ile solungag yapisinda
deformasyonlar ve dokularin oksijen ihtiyacinin artmasina neden
olabilmektedir. Hematopoietik dokularda kirletici konsantrasyonu
ve maruz kalma siresinin, baliklanin eritrosit hiicrelerinde degisik-
lige neden oldugu bilinmektedir (Yegin ve Ucar, 2017). Eritrosit sa-
yisina bagl olan ESR degerinin artig veya azaligi balikta fizyolojik
islev bozuklugunu géstermektedir (Jagtap and Mali, 2012).

Dogan ve Can (2011), hematolojik parametrelerin farkli cevresel
faktorlere ve kimyasallara kargi farkl duyarlilik seviyeleri gésterdi-
gini ve baliklarin kirletici kaynakli stres ve hematolojik paramet-
relere olduk¢a duyarli oldugunu belirtmistir. Bu ¢alismadan elde
edilen sonuclara gére I16kosit degerleri icin, deterjan uygulamasi-
nin farkli konsantrasyonlarindan kaynaklanan degisiklikler bulun-
maktadir. Lékosit hicrelerinin sayisi (WBC) fizyolojik ve cevresel
faktorlerden etkilenmekte ve kirleticiye maruz kalan baliklarda
gorllen WBC ve diferansiyel |6kosit sayisindaki degisim, kirleti-
cilerin immuno-modulasyonunu gdstermektedir. Sucul organiz-
malarda ksenobiyotiklerin imminsupresyon etkiye sahip oldugu
bilinmektedir (Heyedati and Tarkani, 2014). Baliklarda WBC'lerin
immuinolojik fonksiyon ve sayilar strese karsi koruyucu bir yanit
olarak artar. Benzer olarak solungag hasarlarinda da WBC dlzey-
lerinin arttgr bilinmektedir (Saravanan et al., 2011). Arastirma
bulgulanimizda yiksek dizeydeki WBC degerleri hematopoietik
uyarimi tetiklemistir (Ullah et al., 2018).

Calismada, ortalama eritrosit hacmi (MCV)'inde gbzlemlenen arti-
sin, eritrositlerin sismesine bagl olarak makrositer bir sonug oldu-

Ju ve anemiyi isaret ettigi gozlemlenmistir. MCV'de ki artig, ayni za-
manda hipoksik bir artis sonucu RBC'lerin sismesinden veya strese
maruz kalan baliklarda bozulmus su dengesi (ozmotik stres) veya
makrositer anemidende kaynaklanmaktadir; bu durumda kandaki
oksijene olan afiniteyi artirmaktadir (Harikrishnan et al., 2009). Bu
calismada, eritrosit bagina disen hemoglobin sayisi (MCHC), ¢a-
ligma siiresi boyunca deterjan uygulanan baliklarda dnemli él¢lide
artmigtir, MCHC seviyesindeki bu degdisimde Hb'deki artigin etkili
oldugu disindlmektedir (Saravanan et al., 2011). Bu caligmada,
deterjan uygulanmasinin kirmizi hiicrelerin blztismesine neden ol-
dugdu (artmig MCHC) ve eritrosit miktar hemoglobin(MCH) dege-
rinin anlaml bir sekilde arttigini géstermistir ve yiiksek MCHC ve
MCH degerlerinin daha az hemoglobin igerigi olan biyik boyutlu
RBC varligini gosterdigi bildirilmistir (Alwan et al., 2009; Kumar ve
Banerjee, 2016). Calismamizda, deterjana maruz kalan baliklarin
MCV ve MCH seviyelerindeki artista anemik bir durumun etkili ol-
dugunu dislinmekteyiz. Benzer sekilde, gdkkusadr alabaliginda
yapilan bazi ¢calismalarda yiksek MCV seviyesinin aneminin mak-
rositer tipine bagdl olarak gelistigi kaydedilmistir (Jayaprakash ve
Shettu, 2013; Kumar ve Banerjee, 2016). Calisma sonuglanimiza
paralel sonuglar farkli kirleticilerin farkli balik tirlerinin hematolo-
jik indeksi Uzerindeki etkilerinin arastinldidi calismalarla benzerlik
gostermektedir (Sinha ve ark.2000; Devi ve Banerjee 2007; Ramesh
and Saravanan, 2008; Alwan et al., 2009; Jahanbakhshi et al., 2015;
Murussi et al., 2015; Southamani et al., 2015).

Baliklarda stres reaksiyonu, ozmotik dengesizlige ve iyonik degisik-
lik dizenleyici sistemlerde etkili olup kan pH'sinda disus, eritrosit
hacminde artig ve bunun sonucunda da hematokrit ylzdesinde
artisa neden olur (Saravanan et al., 2011). Elde edilen hematokrit
bulgular bu durumu destekler nitelikte ve kontrole oranla ylksektir.
Kumar et al., (1999) kimyasallarin, enerji metabolizmasi ve hemato-
lojik &zelliklerde 6zel etkilerinin oldugunu ve baligin genel fizyolojik
profilini etkiledigini ifade etmiglerdir. Kontrol grubu ile karsilagtiril-
diginda, trombosit sayisi yiksek doz deterjan uygulanan gruplar-
da artmigtir. Stres kosullan altinda baliklarin kan pihtilagma sistemi
daha aktif hale gelir ve bu nedenle trombosit sayisi énemli 8l¢i-
de artabilir (Casillas and Smith, 1977). Trombositlerin en taninmig
fizyolojik rolii hemostaz sirecinde kan pihtilagmasini baglatmaktir
(Engelmann, 2012). Baliklarda trombosit hiicreleri koruma duvarlar
olusturur, fagositik ézelliklere sahip olur ve savunma mekanizma-
sina katilir. Bu hicreler, dogustan edinilmis immunite ile bagisiklik
fonksiyonlarini da iceren intraseliler ve hiicre digi molekilleri ifade
etme baglantisini temsil eder (Yedin ve Ucar, 2017). Stres kosulla-
rinda, kan koagtlasyon sistemi daha aktif hale gelir ve bu nedenle
trombosit sayisinda artisa neden olabilir. Balik Gizerinde trombosi-
topeninin olumsuz bir etkisi olabilir, ciinkd bu hiicreler yalnizca kan
koagulasyonundan sorumlu olmayip ayni zamanda ylizeysel yaralar
ve kan akisinin da kontroliinde rol oynamaktadir (Campbell, 2007).

SONUC

Bu calismada, uygulanan deterjan konsantrasyonlar kahverengi ala-
baliklarda hematolojik degisimlere neden olmustur. Bu ¢alismanin
sonuglari, sodium dodecyl sulfate varliginin sudaki ¢cok distik kon-
santrasyonlarinin bile, suda yasayan organizmalar Gzerinde zararli
olumsuz etkilere neden oldugu sonucuna varlmisti. S6z konusu
kirleticiler icin hematolojik indekslerin farkli zaman araliklari ve farkli
sucul canlilarla arastinlmasinin yararli olacagi dustindlmektedir.
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Akvaryum baliklarinin ticareti ile Glkeler arasi patojen transferi, glinimuzde en énemli patojen yayilim risk-
lerinden birisidir. Akvaryum baligi ticareti ile Tirkiye'ye giren parazit tehlikesini irdelemek tzere Turkiye'ye
ithal edilen 50 altin balik (Carassius auratus auratus) ve 10 disi kilickuyruk baligi (Xiphophorus hellerii) Aralik
2015 ve Ekim 2016 tarihleri arasinda paraziter olarak incelenmigtir. Centrocestus sp. metaserkerleri incele-
nen baliklarin sadece solungaglarinda bulunmustur. Altin baliklarda Centrocestus sp. metaserkerlerinin en-
feksiyon orani %34, disi kilickuyruk baliklarinda %30'dur. Ortalama yogunluklari ise sirasiyla 10,58+2,38 ve
14,3+13,3'dur. Bu, disi kilig kuyruk (X. hellerii) baliklarinda Centrocestus sp. metaserkeri enfeksiyonunun ilk
raporudur. Bu gercevede akvaryum baligi ithali yoluyla Turkiye'ye patojen girisinin mevcut oldugu aciktir ve
kendi sucul tirlerimizi koruyabilmemiz icin gerekli dnlemler acilen alinmalidir.

Anahtar Kelimeler: Parazit, metaserker, ithal, akvaryum baligi, Centrocestus sp.

ABSTRACT

Ornamental fish trade is one of the reasons for pathogen transfer among different countries. To underline
the threat of exported parasite risks, 50 specimens of goldfish (Carassius auratus auratus) and 10 specimens
of the female swordtail (Xiphophorus hellerii) imported into Turkey between December 2015 and October
2016 were examined for the presence of parasites. Metacercariae of encysted Centrocestus sp. were found
only on the gills of the examined fish. The prevalance rates of Centrocestus sp. metacercariae were 34% on
goldfish and 30% on the female swordtail. The mean intensities of infection were 10.58+2.38 and 14.3+13.3,
respectively. To our knowledge, this is the first report of infection with metacercariae of Centrocestus sp. in
the female swordtail (X. hellerii). These results clearly emphasize that pathogen entrance into Turkey occurs
through ornamental fish trade and urgent measures must be implemented to conserve our own aquatic
species.

Keywords: Parasite, metacercariae, import, ornamental fish, Centrocestus sp.

ticaretiyle taginan parazitler de bu ulkelerin fa-
unasi i¢in potansiyel olarak risk olusturmaktadir
(Velez-Hernandez ve ark., 1998; Evans ve Les-

GiRiS

Uluslararasi akvaryum baligi ticareti tim din-

yada 6nemli bir sektérdir ve ihracater Glkelerin
basinda Glneydogu Asya Ulkeleri gelmekte-
dir (Evans ve Lester, 2001; Tirkmen ve Alpbaz,
2001; Kim ve ark., 2002; Whittington ve Chong,
2007). Parazitlerin cogu enfekte baliklarin tica-
ri olarak taginmalari ile yayilmakta ve bu yolla
dinyanin farkli ve yeni bdlgelerine giris yap-
maktadir (Velez-Hernandez ve ark., 1998; Evans
ve Lester, 2001). Enfekte baliklarin Glkelerarasi

ter, 2001). Son yillarda yapilan calismalar, ithal
edilen balklarla ¢cok sayida lkelerarasi patojen
hareketinin oldugunu ve ekolojik riskler kapsa-
minda egzotik organizmalarin ithali ile bolge-
lerarasi patojen transferinin giderek daha da
onem kazandigini gostermektedir (Mood ve
ark., 2010; Pinto ve Melo, 2012; Mehrdana ve
ark., 2014; Krailas ve ark., 2016; Yousif ve ark.,
2016). Akvaryum baliklarinin da i¢inde bulundu-
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Ju sucul organizmalarin taginimi ile gergeklesen patojen transfe-
rinin stirekli olarak takip edilmesi gerekmektedir.

Ozellikle Centrocestus sp. nin de dahil oldugu Heterophyidae ai-
lesine ait intestinal zoonotik digenetik trematodlarin metaserker
evresindekilerin akvaryum balid ticareti ile Meksika, italya, israil,
Sri Lanka, Avustralya, Venezuela, Cin, Hawaii, Hindistan, Japonya
Filipinler, Cekoslavakya, Tayvan,Misir, Hirvatistan, Danimarka ve
iran’a tasindig bildirilmektedir (Farstey, 1986; Saad, 1994; Paper-
na, 1996; Diaz ve ark.,1998; Velez-Hernandez ve ark., 1998; Scholz
ve Salgado-Moldanado, 2000; Evans ve Lester, 2001; Crespo ve
Crespo, 2003; Thilakaratne ve ark., 2003; Gjurcevi¢ ve ark., 2007;
Mehrdana ve ark., 2014).

Centrocestus sp. Heterophyidae familyasina ait digenetik trema-
todlardandir; birinci ara konakgisi salyangozlar (Melanoides tu-
berculatus), ikinci ara konakgisi tatl su baliklarinin pek ¢ok tird
ve son konakgisi da piscivor kuslar ve memelilerdir. Heterophyid
kurtlardan Centrocestus sp.’nin de icine girdigi Stper familya:
Opisthorchioidea’e ait serkeriler baliklarin solungaglarina ya da
ic organlarina yerlesirler. Yumurtalan kabukludur. Heterophyid
kurtlarin tim Gyeleri insanlarda zoonoz olusturmaktadirlar. Arasti-
ricilar, Centrocestus formosanus metaserkerlerinin baliklarda so-
lungaglara kan tagiyan damarlara yakin yerlestiklerini tespit ettik-
lerini bildirerek; metaserkerleri solungag kikirdaginin tabaninda
ve solungag kemerinin kas dokusu i¢inde bulduklarini belirtmis-
lerdir (Farstey, 1986; Madhavi, 1986; Madhavi ve Rukmini, 1991;
Paperna, 1996; Velez-Hernandez ve ark., 1998; Srisawangwong
ve ark., 1997).

Heterophyid metaserkerlerinin, sub-tropik ve tropik havuzlarda
biyutilen baliklarda siddetli solungag hasan ve solunum tole-
ransinda azalmaya neden oldudu, solungag¢ dokusunda hafif hi-
perplasi, solungag lamellerinde epithelial hiperplasi, solungag
hiperemisi ve konjesyon meydana getirdigi saptanmistir (Nowak
ve ark., 2000; Velez-Hernandez ve ark., 1998).

Centrocestus mataserkerlerinin baligin solungaglarina yerlesmesi
su akisl ile olmaktadir. Bu da metaserkerlerin yayiligsinin ne kadar
hizli olabileceginin bir gdstergesidir (Farstey, 1986).

Heterophyidae familyasina ait Centrocestus armatus (Kore),
C.caninus (Tayvan), C. cuspidatus (Misir ve Tayvan), C.formosanus
(Cin ve Japonya), C.kurokawai (Japonya), C. longus (Tayvan)'un
insanlarda bulunan intestinal bir trematod oldugu kalbe, beyine
ve omurilige yerlesebildigi ve daha ¢ok ¢ig balik yeme aliskanh
olan Uzak Dogu tlkelerinde gorildigu kaydedilmistir (Malee-
wong ve ark., 2003).

Bu calisma, uluslararasi akvaryum balidi ticareti ile Glkemize girig
yapan parazitlerin saptanmasi ve llkemiz faunasi icin tagidiklan
riskin yeniden degerlendirilmesi amaciyla yapilmistir.

MATERYAL VE METOT

Bu calismada Ulkemize Singapur'dan ithal edilen altin balik (Ca-
rassius auratus auratus) (n:50,3,4-7,5cm), ve disi kilig kuyruk (Xip-
hophorus hellerii) (n:10, 3,7-5,3cm) baliklari klinik muayenelerinin
ardindan, anestezik madde olarak kullanilan yiksek dozdaki ka-
ranfil yadi ile bayiltildiktan sonra dekapitasyonla 6ldirilmis, ekto

ve endo paraziterler ydninden muayeneleri yapilmigtir. Arastir-
ma, Ankara Universitesi Hayvan Deneyleri Yerel Etik Kurulu'nun
2015-12-136 sayili izni ve hayvan deneyleri icin belirlenen etik
degerlere uygun olarak gergeklestirilmistir.

Metaserkerlerin tespit edildigi solungag yapraklan distan ice
dogru 1,2,3,4 olarak numaralandirilmig ince bir makasla kesilip bir
lam Uzerine alinarak fizyolojik tuzlu su ile sulandirlmig ve Gzerine
bir lamel kapatilmis olarak binokiler mikroskopta (Nikon E100,
Tokyo, Japan) incelenmistir.

Parazitlerin enfeksiyon orani ve ortalama yogdunluk degerleri
Bush ve ark., (1997)'ye gore hesaplanmistir.

BULGULAR VE TARTISMA

Centrocestus sp. metaserkerlerinin sirasiyla enfeksiyon ora-
ni (%) ve ortalama yogunluklari (OY+SH) altin baliklarda %34,
10,58+2,38, disi kilic kuyruk baliklarinda ise %30, 14,33+13,33
olarak belirlenmistir (Tablo 1). Centrocestus sp. metaserkerleri-
nin tespit edildigi bazi baliklarin solungaclarinda Dactylogyrus
sp. (enfeksiyon orani %14) saptanmistir. Centrocestus sp. ile
yogun enfekte baliklarda uyusukluk ve dizensiz ylizme goril-
mustar.

Metaserkerlerin tanimlanmasinda morfolojik &zellikleri dikkate
alinmis; kist icerisinde,oval sekilli, koyu renkli granilli, Centro-
cestus cinsinin karakteristik 6zelligi olan oral sakirn sinli ve x
seklinde bir bosgaltim torbasi oldugu gdézlemlenmistir (Scholz
ve Salgado-Moldanado, 2000; Evans ve Lester, 2001; Scholz ve
ark., 2001; Yildiz, 2005; Mehrdana ve ark., 2014; Yousif ve ark.,
2016).

Son yillarda yapilan calismalara bakildiginda; Gjurcevi¢ ve ark.,
(2007) Hirvatistan'a ithal edilen altin baliklarda Centrocestus for-
mosanus metaserkerlerinin enfeksiyon oranini %40, Mood ve
ark., (2010) iran’a ithal edilen altin baliklarda %25 olarak tespit
etmistir. Mehrdana ve ark., (2014) ise Danimarka'ya ithal edilen
Xiphophorus maculatus'da Centrocestus spp. metaserkerlerinin
enfeksiyon oranini %100 olarak bulmusglardir.

Yildiz (2005), Turkiye'ye ithal edilen altin baliklarda C. formosanus
metaserkerlerinin enfeksiyon oranini %37,5 olarak bulmustur.
2005 yilindan ginimize kadar gecen bu sire icerisinde Cent-
rocestus sp. metaserkerlerinin tlkemize girisinin %34 enfeksiyon
orani ile devam ettigi bu calisma ile ortaya konmaktadir. Calisma-
mizda Centrocestus sp. metaserkerlerinin disi kiligkuyruk balikla-
rinda saptanmasi Turkiye'deki ilk bulgulardan biri olmustur.

Tablo 1. incelenen baliktaki Centrocestus sp. enfeksiyon
orani (%) ve ortalama yogunluk (Ortalama
Yogunluk+Standart Hata)

Table 1. Prevalance rate and mean intensity of
Centrocestus sp. in examined fish

Enfeksiyon  Ortalama Yogunluk

Baligin Tiru Orani (%) (OY+SH)

Carassius auratus auratus 34 10,58+2,38

Xiphophorus hellerii 30 14,33+13,33
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Mehrdana ve ark., (2014) tropikal orijinli olan Centrocestus
spp.'nin larval evrelerinin gelisiminde optimal sicaklik degerle-
rinin 15-25°C arasinda degistigini, yaz déneminde bu sicakligin
avrupa sularina uygun oldugunu ancak kiresel isinma ile birlikte
sonbahar ve ilkbahar aylarinda da parazitin hayatta kalma olasili-
Jinin artacagini bildirmektedir.

Bu parazitlerin baliklarin refahi, cevre ve insan saghdi agisindan
olumsuz etkileri oldudu, endemik olmayan bolgelere girmeleri-
nin engellenmesi gerektigi de Mehrdana ve ark., (2014) tarafin-
dan belirtilmektedir.

Turkiye'ye ithal edilen ¢esitli akvaryum baliklari Gzerinde yapilan
caligmalar ile birlikte bu ¢alismanin sonucunda saptanan Centro-
cestus sp. metaserkerlerinin zoonoz olusturan digenetik bir tre-
matod olmasi, baliklari metaserkerlerinin gelistigi bir ara konakei
olarak kullanmasi ve zaman icerisinde diger balik populasyonlari
Uzerinde de yayillim gdsterebilmesi; canli sis baliklarinin ithala-
tinda, Grinden numune alinip analiz yapilmamasi, ancak drinle
gelen saglik sertifikasindaki bilgilerin degerlendirilmesi gibi ne-
denlerle Glkemize ithal edilen akvaryum baliklari ile taginan para-
zitlerin kapsamli bir sekilde incelenmesi gerektigini bir kez daha
ortaya koymaktadr.

SONUC

Egzotik akvaryum baliklarinin ithali ile tasinan yerli olmayan para-
zit turleri, yerli balik populasyonlar ve su Griinleri endustrisi icin
de bir risk olusturmaktadir. Yeni parazitlerin girisi ile yerli balik
turlerinin yabanci parazitlere karsi uygun savunma mekanizma-
si gelistiremeyebilecedi, parazitlerin yerli tirlerin Uzerinde baski
yaratarak harap edici bir etki gosterebilecekleri belirtilmektedir
(Mouton ve ark., 2001).

Uluslararasi ticaretteki risklerin analizi ve gerekli dnlemlerin alina-
bilmesi icin rutin hastalik kontrollerinin yapilmasi 6nem tagimak-
tadir (Adel ve ark., 2015).

Akvaryum baligi ithalati ile taginan parazitlerin ve tagidiklar risk-
lerin ¢gesitli platformlarda sunulmasi, bilgilendirme yapilmasi ile
ulusal bir ¢ézime ulagilmasinin hedeflenmesi gerekmektedir.

Centrocestus tlrlerinin ara konak seciciliginin distk olmasi se-
bebi ile simdiye kadar pek cok balik tirinde metaserkerlerinin
saptandigi bildirilmistir (Scholz ve Salgado-Moldanado, 2000;
Ortega ve ark., 2009). Metaserkerlerin yayiiminin su akisi ile ol-
dugu dusundldigidnde, Centrocestus metaserkerlerinin tGlkemiz
sularina karisarak tlkemiz balik faunasi Gzerindeki enfestasyon ih-
timali énemli bir risktir. Masrafli olmasi sebebiyle gozardi edilen
hastalik denetimlerinin ve dizenli karantina uygulamalarinin ya-
pilabilmesi icin etkili ydnetim stratejileri gelistirebilmek, Glkemiz
balik faunasinin korunmasi yéninde énemli bir adim olacaktir.
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Statistical analyses must be conducted in accordance with
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System of Units (S).

Review Articles: Reviews prepared by authors who have
extensive knowledge on a particular field and whose scientific
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Tables
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after the reference list, and they should be numbered
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text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below
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Figures and Figure Legends

Figures, graphics, and photographs should be submitted as
separate files (in TIFF or JPEG format) through the submission
system. The files should not be embedded in a Word document

Table 1. Limitations for each manuscript type

Type of Abstract  Reference
manuscript Page word limit limit
Original Article <20 250 40
Review Article <25 250 60
Short Communication <5 250 20
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or the main document. When there are figure subunits, the
subunits should not be merged to form a single image. Each
subunit should be submitted separately through the submission
system. Images should not be labeled (a, b, ¢, etc.) to indicate
figure subunits. Thick and thin arrows, arrowheads, stars,
asterisks, and similar marks can be used on the images to
support figure legends. Like the rest of the submission, the
figures too should be blind. Any information within the images
that may indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300
DPI. To prevent delays in the evaluation process, all submitted
figures should be clear in resolution and large in size (minimum
dimensions: 100 x 100 mm). Figure legends should be listed at
the end of the main document.

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

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

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

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