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Abstract: Non-native pufferfish have been a part of the Mediterranean marine ecosystem since the 1930s. However, there is a lack of knowledge regarding the by-catch of these species. This study
aimed to compare the by-catch of pufferfish species between different types of fishing gear and to determine the monetary losses due to pufferfish on the Aegean (west) and Mediterranean
(south) coasts of Turkey. A total of 467 commercial and recreational fishers (n= 244 and n=223 respectively), based in the 7 coastal cities were interviewed in the period of June - December
2017. A semi-structured questionnaire provided detailed information on by-catch amount of pufferfish in fishing gears, and economic loss caused by pufferfish. The most commonly caught
pufferfish species was Lagocephalus sceleratus. The by-catch amount of pufferfish is higher on the Mediterranean coast in comparison with the Aegean coast. The highest pufferfish by-catch was
recorded in purse seines and trawls on the south coasts, but in set nets on the west coasts. When seasonal changes were considered, the highest by-catch was occurred in the summer months
for both commercial and recreational fisheries. Regarding the damages caused by pufferfish species in the small-scale fisheries, 92% and 90% of fishers, who fished on the south coasts, claimed
that pufferfish species damage their fishing gears and fish entangled to these fishing gears, respectively. In conclusion, pufferfish species (e.g. L. sceleratus) are part of the ecosystem with their
unknown quantified impacts. In fact, such information is required for fisheries management to mitigate the impacts of these species. The present study contributes to filling the gaps in this area.

Keywords: Pufferfish, Lagocephalus sceleratus, by-catch, local ecological knowledge, monetary loss, Mediterranean Sea

0z: Yerli olmayan balon baliklari 1930'lu yillardan beri Akdeniz ekosisteminin bir parcasi olmasina ragmen bu tiirlerin hedef disi avi konusu ile ilgili bilgi eksiklidi s6z konusudur. Bu calisma,
Tiirkiye'nin Ege ve Akdeniz kiyilarinda balon baliklarinin farkli av araglarindaki hedef disi avini kiyaslamayi ve balon baliklarindan kaynaklanan parasal zararlari tespit etmeyi amaglamistir. Calisma
kapsaminda, Haziran-Aralik 2017 periyodunda 7 kiyr ilinde, toplam 467 ticari ve amatdr balik¢i (n= 244 ve n= 223 sirasiyla) ile goristilmistir. Yari yapilandirilmig anket, balon baliklarinin av
araclarindaki hedef digi av miktar ve balikgilikta sebep olduklari parasal zararlar hakkinda detayli bilgi saglamistir. Av araclarinda yakalanan en yaygin balon balig tiirii Lagocephalus sceleratus olarak
tespit edilmistir. Akdeniz kiyisindaki hedef disi av miktan Ege kiyisina nazaran daha yiiksek bulunmustur. En yiiksek hedef disi av miktari, giiney kiyilarinda girgir ve trollerden kaydedilirken,
bati kiyilarinda uzatma aglarinda tespit edilmistir. Mevsimsel degisimler dikkate alindiginda, hem ticari hem de amator balikcilikta en yiiksek hedef digi av yaz aylarinda gozlemlenmistir. Giiney
kiyilarinda avlanan kiigiik dlcekli balikgilarin % 92'si balon baliklarinin av araclarinda hasara sebep oldugunu belirtmis ve ayrica balikgilarin %907, bu tiirlerin yakaladiklar hedef ava da zarar
verdiklerini rapor etmislerdir. Sonug olarak, balon balid tiirleri (6rn. L. sceleratus), bilinmeyen etkileri ile ekosistemin bir parcasidir. Bu tiirlerin etkilerini azaltmak icin balikgilik yonetiminde bazi
bilgilere ihtiya¢ duyulmaktadir. Mevcut calisma, bu alandaki bosluklan doldurmaya katki koymaktadir.

Anahtar kelimeler: Balon baliklar, Lagocephalus sceleratus, hedef disi av, lokal ekolojik bilgi, parasal zarar, Akdeniz
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INTRODUCTION

Since the opening of the Suez Canal in 1869, the
ecosystem of Mediterranean Sea has been exposed
to non-indigenous species (NIS) which are called
“Lessepsian” and the rates of immigrations of fish
species have increased over several decades (Por,
1964; Kalogirou, 2013). Lessepsian species exhibit both
ecological and socio-economic impacts (Kosker et al.,
2016). More specifically, some species cause problems
for both commercial and recreational fishers; damage
through to fishing gears and the target catch (Katikou et
al., 2009; Nader et al., 2012; Unal et al., 2015). Moreover,
these species reduce the local stocks of commercial
species through the predation (Kalogirou, 2013). Some
Lessepsians, such as pufferfish are also dangerous for
human and animal consumption (Chamandi et al., 2009;
Bekoz et al., 2013).

Tetrodontidae family members are commonly
known as pufferfish, balloon fish, toad fish or globe fish

and the aforementioned family includes 190 species
worldwide (Hastings et al., 2014). To date, although
Bilecenoglu et al. (2014) reported a total of 7 pufferfish
species in Turkish waters, according to Turan et al.
(2017) 8 pufferfish species have been recorded. This
difference is related to the identification of L. spadiceus
and L. guentheri. Vella et al. (2017) suggested that L.
spadiceus and L. guentheri may be the same species
and more research needed for the correct taxonomic
identification. Table 1 shows the list of pufferfish species
have been recorded in Turkish waters, along with details
of initial confirmed record data and location where
available. The pufferfish, Lagocephalus sceleratus was
first recorded in Turkish waters in February 2003 in
GoOkova Bay (Akyol et al., 2005) and was listed within the
100 Invasive Alien Species (IAS) in the Mediterranean
Sea because of the presence of tetrodotoxin, a source of
food poisoning (Streftaris and Zenetos, 2006; Kalogirou,
2013).

Table 1. Pufferfish species that were first reported in Turkish waters

Initial Record

Species name Year Location References
v’ Lagocephalus guentheri (Miranda Ribeiro, 1915) 1949 iskenderun Kosswig, 1950
v’ Lagocephalus lagocephalus (Linnaeus, 1758) NA NA Aksiray, 1987
v' Lagocephalus suezensis (Clark and Gohar, 1953) 1998 Mersin Avsar and Cicek, 1999
v' Sphoeroides pachygaster (Miller and Troschel, 1848) 1999 Saros Eryllmaz et al.,, 2003
v Torquigener flavimaculosus (Hardy and Randall, 1983) 2002 Fethiye Bilecenoglu, 2005
v' Lagocephalus sceleratus (Gmelin, 1789) 2003 Gokova Akyol et al., 2005
v’ Tylerius spinosissimus (Regan, 1908) 2010 iskenderun Turan and Yaglioglu, 2011

By-catch can be defined as the incidental capture of
non-target individuals in fishing gear and it consists of
under sized individuals of the target species and all size
classes of non-target species that have no commercial
value (Kelleher, 2005; Soykan et al., 2008; Kaiser et al.,
2011; Ondes et al.,, 2017a). By-catch can decrease the
overall catch of target species and cause damage to
fishing gear and the target catch (Kalogirou, 2013;
Briceno et al., 2015). Little is documented about the by-
catch of Lessepsian species, such as pufferfish (Yemisken
et al,, 2014; Cicek and Avsar, 2015; Bilecenoglu, 2016).
The importance of monitoring by-catch species has
increased based ontheimplementation of the Common
Fishery Policy (CFP) of the European Commission (EP,
2015). To date, assessment of by-catch has been based
on several data sources; fishery dependent data (FDD)
(government statistics and logbooks etc.), fishery
independent data (FID) (observer data), local ecological
knowledge (LEK) and traditional ecological knowledge
(TEK).

The LEK is a useful data source to understand the

population ecology of species and to estimate the
impact of human activities on ecosystems (Posey and
Balick, 2006; Macdonald et al., 2014). In addition the
catch characteristics of fish and invertebrates, by-
catch issues are evaluated based on the LEK (Leite and
Gasalla, 2013; Dawe and Schneider, 2014; Ondes et al.,
2017a, b). The aforementioned data source has some
advantages in comparison with the FID and FDD. For
instance, fishery independent surveys are expensive
sampling methods, while LEK is an inexpensive data
source and it provides reliable data for the large
localities via short terms surveys. It should be noted
that LEK is also an important source of information on
the distribution and abundance of Lessepsian species
overtime (Azzurro et al.,, 2011; Deidun et al., 2015).
Additionally, the data related to the economic losses
to fisheries as a result of Lessepsian species is generally
estimated using the questionnaire studies (Unal et al.,,
2015; Unal and Génciioglu-Bodur, 2017).

Previous studies on pufferfish in Turkish waters
were related to the original confirmed records,
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distribution (Akyol and Unal, 2017), toxicity (Acar et
al., 2017) reproductive biology (Aydin, 2011; Cek-Yalniz
et al,, 2017) and feeding ecology (Aydin, 2011; Irmak,
2012). However, the economic impacts of pufferfish on
the fisheries have been little studied to date (Unal et
al, 2015; Unal and Goncioglu-Bodur, 2017). There has
been no comprehensive study on by-catch issues of
this group in Turkey. Consequently, the first objective
of the present study was to compare the estimated by-
catch amounts of pufferfish in different fishing gears.
We also aimed to evaluate ecological knowledge on
body size, seasonal and spatial by-catch estimations of
pufferfish species as the second objective of the study.
The last but not the least objective was to see the trend
of the monetary losses caused by pufferfish for fishers
compare to the previous values in the same area.

MATERIALS AND METHODS

A total of 244 commercial and 223 recreational
fishers, in the seven coastal cities along the Aegean
and Mediterranean coastlines of Turkey (Figure 1), were
interviewed in the period of June to December 2017.

We had the interviews with the recreational
anglers and commercial fishers included longliners,
set netters, purse seiners and trawlers. Small scale
fisheries were generally performed in shallow waters
with boats smaller than 12 m in length with the main
target species generally are the sparids, red mullets and
octopus, which are also diets of pufferfish (Irmak, 2012;
Kalogirou, 2013). Large scale fisheries included purse
seiners and trawlers that generally target sardine and
anchovy or shrimps and red mullets respectively.

A semi-structured  questionnaire  provided
information on the bio-ecological characteristics,

by-catch amounts and socio-economic impacts of
pufferfish species in recreational, small scale and large-
scale fisheries in different locations. The survey was
conducted in four parts.

The first part gathered the data related to the
general characteristics of fishing (the annual days at sea,
number of hooks for each operation of longlines, used
daily net length for set nets, the averaged operation
time for trawls and purse seines).

The second part was related to the local ecological
knowledge. In this part, we asked questions to fishers for
the identification of pufferfish species (questionnaires
included the photos of pufferfish species which
distributed Turkish waters and aforementioned photos
were shown to fishers for identification). It was aimed
to assess information on the comparison of fishing
gears (fishing rod, set net, longline, purse seine, and
trawl) in terms of estimated by-catch amounts of
pufferfish species. In order to understand estimated
by-catch amounts in different fishing gears, we asked
this question; how many pufferfish did you catch in
2016? Moreover, the seasonal and spatial trends on
pufferfish by-catch amounts were investigated. In
order to understand the seasonal differences related
to pufferfish by-catch, we asked followed question
to small scale fishers (longliners and set netter) and
recreational fishers, who fish all months during the year,
which season have you encountered with the highest
pufferfish by-catch? Regarding the spatial differences
in the pufferfish by-catch, we compared two sub-area
(Mediterranean Sea (south coast) including Hatay,
Adana, Mersin and Antalya, and Aegean Sea (west coast)
including izmir, Aydin and Mugla. Other questions were
aimed to assess information on;
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Figure 1. Map of the sampling areas (izmir, Aydin, Mugla, Antalya, Mersin, Adana, and Hatay)
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a) the mean body length (+ SD) of caught pufferfish in
different fishing gears,

b) their habitats in terms of depth and substrates.

Third part of the questionnaire dealt with the awareness
of the fishers regarding the poisonous status of pufferfish.
We aimed to understand whether fishers consume them or
not. Other question was aimed to understand what fishers
do in case of the caught of pufferfish.

The last part of the survey was evaluating the economic
loss related to damaging fishing gears and target catch
were estimated based on respondents’ declarations to the
relevant questions. Similarly, spatial differences related to
the economic loss were investigated. It was also aimed to
understand whether fishers fish the pufferfish as a target
species in the future. We asked the following questions;
Can you catch pufferfish, if you would have been paid 5
TL (1TL = 3.3€ in 2016) for each pufferfish specimen? If
yes, how many individual can you fish a year? In addition,
to estimate the total mean value of the damage related
to pufferfish in Turkey, the small scale fishers’ numbers of
sampling areas (Figure 1) were obtained from TUIK data
(TUIK, 2018).

In this study a total of 5 pufferfish species were reported
by fishers. For all statistical analyses, graphs and tables, we
combined all species because some fishers had a difficulty
to identify species. However, it is noted here that 66% of
the pufferfish mentioned by fishers (both commercial and
recreational) is L. sceleratus.

Statistical analyses were performed with the SPSS
software (Version 20). The data were tested for normality
and homogeneity of variance using a Kolmogorov-
Smirnov test and Levene’s test, respectively. Dependent
on the results of aforementioned tests, parametric or
non-parametric tests were performed subsequently. To
compare the pufferfish by-catch in different types of fishing
gear, Kruskal Wallis test was performed. Similarly, Kruskal
Wallis test was performed to understand whether the
mean body size was different dependent on fishing gear
types (1-fishing rod, 2- set net and ongline, 3- trawl and

purse seine). Mann-Whitney U-test was used to compare
spatial patterns in pufferfish by-catch between south and
west coasts.

RESULTS

The mean number of hooks used per day on longlines
was calculated as 725 + 400 and the mean net length
per each operation of set nets was 2,893 + 1,661 m. The
mean daily operation time per trawl and purse seine was
estimated as 15 + 2 and 13 * 3 hrs respectively. 93% of the
commercial fishers interviewed spent 100 to 300 working
days at sea a year and the mean value of annual working
day was calculated as 161 + 57. Estimated annual days at
sea of interviewed recreational fishers varied between 5
and 300 days, with 32% fishing for 100 to 300 days a year
and the mean was 80 + 69 days a year.

Respondents identified a total of 5 pufferfish species.
These species were Lagocephalus sceleratus, Lagocephalus
suezensis, Lagocephalus  guentheri,  Sphoeroides
pachygaster and Torquigener flavimaculosus. Just 2
pufferfish species were identified on the west coast; L.
sceleratus and L. guentheri. However, all 5 were reported
from the south coast. Interviews suggested that the most
commonly caught pufferfish species was L. sceleratus on
both west coast (98%) and south coast (46%).

There was no statistically significant difference in the
estimated by-catch amounts (year 2016) between types
of fishing gears (P = 0.165, Chi-square = 6.49, df = 4). The
highest pufferfish by-catch was recorded in purse seines
and trawls around the south coasts (Table 2). However,
there are significant differences in Mediterranean (south)
and Aegean (west) coasts in all different fishing gears
within the commercial fisheries (Table 2). Similarly, there
was a significant spatial difference in by-catch amounts
of recreational fisheries between coasts (Table 2). For
both commercial and recreational fisheries, the estimated
pufferfish by-catch was higher on the south coast than the
west coast. When seasonal differences in the by-catch were
considered, both recreational and small scale commercial
fishers indicated that the highest pufferfish by-catch
occurred in summer (Figure 2).

Table 2. Mean catch amount (boat/year) + SD (all species; Lagocephalus sceleratus, Lagocephalus suezensis, Lagocephalus
guentheri, Sphoeroides pachygaster and Torquigener flavimaculosus) in different fishing gears

Fishing Gear Sample Size (n) Mean Catch Amount (boat/year) Mann Whitney U-test
West C. (n) South C. (n) South C. West C. U Value P

Purse seine 10 1 946 + 1128 6+5 66.000 <0.001

Trawl 36 25 619 + 1356 4+£5 32.000 <0.001

Set net 34 47 360 + 462 30£111 86.500 <0.001

Longline 28 45 276 + 261 4+9 11.500 <0.001

Fishing rod 138 85 252+518 3+7 484.000 <0.001

*Purse seine, trawl, set net, and longline are the commercial fishing gears, whilst fishing rod represents the recreational fisheries in this study.
South coast includes the cities of Antalya, Mersin, Adana and Hatay while west coast includes the cities of Izmir, Aydin, and Mugla.
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Figure 2. The highest pufferfish by-catch in different seasons for recreational and commercial fisheries

Reported pufferfish body size in by-catch varied longliners and set netters caught smaller pufferfish
between 5 to 85 cm and the common size class was in comparison with trawlers and purse seiners (Figure
determined as 11-20 cm. The mean body length of 3). There was a statistically significant difference in
pufferfish was calculated as 26 + 13 cm based on the body size of pufferfish caught in different fishing gears
fishers’ declaration. The results show that anglers, (P<0.001, Chi-square =21.76, df =2).
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Figure 3. Percentage (%) of body size estimations of pufferfish species caught by A) anglers, B) longliners and set netters,
C) trawlers and purse seiners, D) all fishers
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Pufferfish species were reported from depths of
2m to 115m. Fishers reported that pufferfish species
inhabit various habitats including sand, mud, rock,
mixed stone, gravel and seagrass meadows. However,
they were not able to identify the most preferred
habitat of pufferfish.

On the south coast, 57 % of commercial fishers
declared that pufferfish were very negatively affecting
their fishing activity, whereas on the west coast only 9 %

Table 3. Fishers’ declaration on pufferfish impacts

of commercial fishers were very negatively influenced.
In particular, longliners and set netters were the most
impacted fishers by pufferfish(Table 3).Additionally, all
longliners and 70% of set netters on the south coast
stated that pufferfish in their fishing gears impacted
the catch productivity, whilst 48% of longliners and
22% of set netters on the west coast declared that their
catch productivity was impacted by pufferfish (Figure
43, 4b). Similar ratios related to the catch composition
were found in south and west coasts (Figure 5a, 5b).

Area Fishers Sample Very Negative Not Positive Very
Size Negative (%) (%) (%) Positive
(n) (%) (%)
South Coast  Recreational Fishers (Anglers 136 65 21 14 0 0
Longliners 31 97 3 0 0
Set netters 36 75 19 6 0 0
Trawlers 35 17 34 49 0 0
Purse seiners 10 10 0 920 0 0
All commercial fishers 112 57 18 25 0 0
West Coast Recreational Fishers (Anglers 85 13 39 48 0 0
Longliners 30 13 23 63 0 0
Set netters 37 11 16 73 0 0
Trawlers 21 0 0 100 0 0
Purse seiners 11 0 0 100 0 0
All commercial fishers 100 9 13 72 0 0
A) SOUTH B) WEST
Longlmers Set netters Trawlers Purse seiners Longliners  Set netters  ( Trawlers Purse seiners

O Affected catch productivity [J Not affected catch productivity

[ Affected catch productivity [ Not affected catch productivity

Figure 4. Affected and unaffected catch productivity (%) for different fishers: A) South Coast, B) West Coast
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Figure 5. Affected and unaffected catch composition (%) for different fishers: A) South Coast, B) West Coast

366



By-catch and monetary loss of pufferfish in Turkey, the Eastern Mediterranean

On the south coast, 94% and 90% of small scale
commercial fishers (longliners and set netters) claimed
that pufferfish species damage their fishing gears and
fish entangled to these fishing gears, respectively.
On the other hand, on the west coast, 30% and 26%
of commercial fishers claimed that pufferfish species
damage their fishing gears and fish entangled to these
fishing gears, respectively. For the small scale fisheries,
the average loss originated by pufferfish in 2016 for

Table 4. Annual monetary loss (TL) in fishing gear

longliners was 2,929.00 TL/vessel (approx. 888 Euro)
and for set netters was 3,352.90TL/vessel (approx. 1,016
Euro). The average loss originated by pufferfish in 2016
in both set net and longline (alternately) was 3,070.60
TL/vessel (approx. 931 Euro). Estimates provided in this
study were 113% and 20% higher than the reported
losses in 2011-2012 and 2013-2014 respectively (Table
4).

Annual monetary loss (TL)

Gear Type
Mean + SD
Unal et al. 2015 Unal and Génciioglu-
naletal, Present Study
2011-2012 ST 2016
Value LA Value
Value
Longline 942,4+1,007.7 2,336.1+ 2,087.9 2,929.4 +2,026.0
Set net 1,346.9+ 1,415.0 2,820.6+ 3,393.4 3,3529+4,311.8
Longline and set net (alternately) 1,440.6+ 900,7 2,559.6+ 2,781 3,070.6 £2,949.4

Table 5 shows the annual monetary loss related
to the damaged target fish. The small scale fishers
interviewed of 59% reported that monetary loses due
to pufferfish by-catch and the study area includes 7
cities and 5,373 fishing boats which include set nets

Table 5. Annual monetary loss (TL) in damaged target catch

and longlines. It was estimated that a total of 3,170
fishers in the sampling areas might have monetary loss.
Thus, the total mean value of the damage related to
pufferfish was calculated at 14,825,225 TL (=4,507,644
EUR) per year.

Annual monetary loss (TL)

Gear Type
Mean + SD
. Unal and Génciioglu-
Unal et al, 2015 natanchonctiogin Present Study
2011-2012 Bodur, 2017 2016
Value 2013-2014 Value
Value
Longline NA NA 2,460.0 +1,742.3
Set net NA NA 3,410.0 £4,431.1
Longline and set net (alternately) NA NA 2,776.7 £2,907.5

76% of the small scale fishers who fish on the south
coast and 22% of the small scale fishers fish on the
west coast indicated that they would be able to catch
pufferfish if 5 TL was paid for each pufferfish specimen.
These fishers predicted that if such an application
started, they would be able to catch between 300 and
3,000 pufferfish/year.

When pufferfish toxicity awareness was considered
commercial fishers had more information than the
recreational fishers. According to the survey’s results,
10% of recreational fishers and 7% of commercial
fishers did not know that pufferfish are poisonous and
are dangerous for human health. 14% of recreational

fishers and 21% of commercial fishers declared that
they had consumed pufferfish at least one time.
Only one commercial fisher stated that he had been
poisoned as a result of pufferfish consumption.

In the case of pufferfish by-catch, 31% of commercial
fishers returned pufferfish to the sea alive, whereas
67% of fishers killed them first and then returned them
to the sea. Regarding the recreational fishery, 14% of
fishers returned pufferfish to the sea alive, whereas
79% of fishers killed and returned them to the sea.
Moreover, 3 fishers stated that they consumed them,
whilst 8 fishers gave pufferfish to other people.
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DISCUSSION

In the present study 2 pufferfish species (L.
sceleratus, L. guentheri) were reported by fishers on
the Aegean (west) coast, whilst 5 species were found
on the Mediterranean (south) coast. Similarly, Irmak
(2012) reported that the abundance of L. sceleratus,
L. guentheri and L. suezensis decreased from south
to north along the Turkish Coasts of Mediterranean
Sea and Aegean Sea. Irmak (2012) also noticed that T.
flavimaculosus and T. spinosissumus were rarely reported
in the Mediterranean Sea. This may be related to the
temperature tolerance of pufferfish, which generally
distribute warm waters (Irmak, 2012). The mean annual
water temperature of the Mediterranean Sea is warmer
than the Aegean Sea (TUIK, 2013). In the current study
the most commonly reported pufferfish species was
Lagocephalus sceleratus in all fishing gears. Coro et al.
(2018) evaluated the geographical distribution of L.
scelaratus in the Mediterranean Basin and reported
that the highest abundance of L. scelaratus was found
in the Eastern Mediterranean. It was estimated that
L. scelaratus currently represents 4% of the weight of
the total artisanal catches (Nader et al., 2012; Coro et
al., 2018). On the other hand, in Cyprus, as of 2012, the
contribution of this species increased to about 50 % of
total catches by weight (Ulman et al., 2015).

Little is known regarding the by-catch amounts of
pufferfish. Previous studies have estimated the catch
per unit effort (CPUE) of L. sceleratus in trawl hauls
from Mediterranean coasts (Glicii, 2012; Basusta et al.,
2013; Yemisken et al., 2014; Bilecenoglu, 2016; Ozbek
et al, 2017), the Aegean coasts (Bilecenoglu, 2016).
The present study indicates that the pufferfish by-
catch was highest in purse seine on the south coast,
with the highest by-catch on the west coast reported
in the set net. Interestingly, Unal et al. (2015) reported
that fishers believe the most suitable fishing gear to
extirpate pufferfish is purse seine. By-catch amounts
of pufferfish significantly different between fishing
areas. For small scale, industrial and recreational
fisheries the higher by-catch amounts were recorded
on the south coast than the west coast. This is related to
abundance of pufferfish in these two different regions.
Coro et al. (2018) compared the geographical areas in
the Mediterranean basin in terms of the geographical
reachability for L. sceleratus. According to Coro et al.
(2018), the geographical reachability distribution
predicts medium-to-high probability of occurrence
(0.4-0.6) in the Aegean Sea, whilst it predicts the
highest probability (> 0.8) on the South coast of Turkey.

Moreover, the present study demonstrates the
highest by-catch occurred in recreational and small
scale fisheries (longlines and set nets) in summer
months. This may be related to the metabolism of
pufferfish, which are less active and exhibit limited

feeding activity when water temperatures decrease
(Kalogirou, 2013).

The present study highlights that LEK is a valuable
resource from which to estimate size distribution.
The mean length of pufferfish was 26 £13 cm in the
present study. From calliper measurements, Aydin
(2011) determined the mean length as 27.3 + 12.02
cm for males and 28.8 + 13.35 ¢cm for females of L.
sceleratus collected around the Antalya Bay. Trawlers
and purse seiners in the present study caught larger
fish in comparison with the small scale and recreational
fishers. The latter two groups generally fish in shallow
waters, while purse seiners and trawlers fish in deeper
areas. Hence, the body size distribution of pufferfish
may be influenced by depth. Alternatively, older
individuals may notice passive fishing gears and
actively avoid them, whereas they may not escape from
mobile fishing gears such as purse seine and trawls.

Previous reports suggest that L. sceleratus is
commonly found in shallow and intermediate waters (0
to 50 m). They live in various habitats including sandy,
rocky substrates and seagrass meadows (Rousou et al.,
2014). Ozbek et al. (2017) performed trawl operations at
six depth levels (25, 50, 75, 100, 150, 200 m) around the
Antalya Bay, and reported the highest abundance of
L. sceleratus at 25m, with non-reported at 200m. From
LEK it is suggested that pufferfish inhabit numerous
substrates including sand, mud, rock, mixed stone,
gravel and seagrass meadows and they were present at
the depths between 2m to 115m.

The present study suggests that commercial
fishers of the south coasts of Turkey are more affected
in comparison to the fishers of the west coasts. In
particular, set netters and longliners have economical
loss due to both damaged fishing gears and smashed
target catch due to pufferfish. Our study emphasizes
that the estimated total annual monetary loss has
increased markedly compare to Unal et al. (2015) and
reached almost the same value estimated for 2013-
2014 by Unal and Génciioglu-Bodur (2017). For the
small scale fisheries, our study estimates the average
loss originated by pufferfish in 2016 in longline was
2,929.0 TL/vessel (approx. 888 Euro) and in set net
was 3,352.9 TL/vessel (approx. 1,016 Euro). However,
results signified these species have not economically
influenced the small scale fishery around the western
coasts yet.

The pufferfish species are carnivorous and generally
feed on crustaceans (shrimp, crab), mollusc (squids,
octopus) and fish (Rousou et al., 2014). Pufferfish
should also be considered a problem due to their
damage to target species of the commercial fisheries.
Our results show that for the small scale fisheries, the
average loss originating from pufferfish to the target
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specimens on longlines was 2,460.0 TL/vessel (approx.
746 Euro) in 2016 and on set net was 3,410.0TL/vessel
(approx. 1,033 Euro).

Many fishers declared that the populations of
pufferfish and other Lessepsians in the Mediterranean
Sea have increased markedly for last several years
(Tuset et al., 2012; Mavruk et al., 2017). This might be
related to decreases in the stocks of native species
(particularly predators), because many native species
are influenced by overfishing and illegal fisheries
(Irmak and Engin, 2015; Engin et al, 2016). When
native species are overexploited, invasive species may
fill their vacant niche. Pufferfish exhibit fast growth,
early reproduction, and high adaptability. There is no
fishing pressure, and an absence of natural predators
or competitors (Michailidis, 2010; Ozbek et al., 2017).
Consequently, pufferfish populations are increasing in
the Eastern Mediterranean.

These species are consumed by humans in some
countries such as Japan (Cohen et al., 2009). However,
L. sceleratus from the wild (marine capture) is not
permitted for human consumption even in Japan
(Arakawa et al., 2010; Nader et al., 2012). Therefore, in
Japan, L. sceleratus is produced by aquaculture sector
(Venmathi Maran et al, 2011). The present study
suggests that 76% of small scale fishers from the
Mediterranean region and 22% of small scale fishers
from the Aegean region would target fish pufferfish,
if the government regulations allowed it and there
was a market value. This may be an effective method
to overcome the pufferfish problem in Turkish small
scale fishery. The landing statistics of L. sceleratus was
only available from Cyprus in the Mediterranean Sea
where the average annual landing of this species was
reported as 31.5 tonnes for the period of 2010-2013
(Ozbek et al., 2017).

Consumption of these species can result in human
fatalities (Bekoz et al., 2013), and this study highlights
that Turkish fishers do not have enough information
about the poisonous status of pufferfish. The
consumption rate is higher in commercial fishers than
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recreational fishers. Some fishers also give pufferfish
to others for consumption. Fisheries legislation should
contain more information about these poisonous
species and theirimpacts on human health. Workshops
for fishers may be beneficial.

CONCLUSION

The Common Fishery Policy (CFP) of the European
Commission aims to increase the data collection of
discard, by-catch and target catch (Ondes et al., 2017a),
which is important for ecosystem based fisheries
management. However, neither commercial nor the
recreational fishers record target catch or by-catch
data properly in Turkey. The present study contributes
some way to filling the gap in knowledge of the by-
catch of pufferfish by providing novel findings related
to seasonal by-catch estimations in the small scale and
recreational fishery. Another notable contribution of
the study is to emphasize the increasing monetary loss
caused by pufferfish by years. The annual monetary
loss estimated in this study is about 4,507,644 Euro
for 2016. This is higher than the losses reported for
2011-2012 (Unal et al.,, 2015). The dramatic increase in
monetary losses caused by pufferfish should influence
future policy decisions.

In conclusion, considering the overall findings of the
presentstudy,itis suggested thatfisheries management
authorities initiate a detailed data collection system
for not only target species but also by-catch species
particularly those that create considerable socio-
economic problems for fishers, marine ecosystem and
public health. The magnitude of the problem must be
quantified before practical management measures can
be formulated and instigated mitigate the economic
impacts or solve the problem.
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0z: Son yillarda kirmizi yanakli su kaplumbadalan (Trachemys scripta elegans, Wied-Neuwied, 1839) iilkemizde evcil hayvan olarak ilgi gdrmektedir. Siiriingen hayvanlarin normal bagirsak
mikrobiyotasinda Salmonella tiirlerini barindirdiklari ise bilinen bir durumdur. Ulkemizde evcil hayvan olarak satisi yapilan kirmizi yanakli su kaplumbagalari ile ilgili yapilmig herhangi bir
mikrobiyolojik arastirmaya rastlanamamistir. Bu calismada, evcil hayvan isletmelerinde satisa sunulan kirmizi yanakli su kaplumbagalarinda, insanlar icin patojen olan Salmonella spp. varligi ve
antibakteriyel ilag duyarliiklan aragtinlmigtir.

Aragtirma kapsaminda, Mersin‘de 10 ayr isletmeden 10%ar adet kaplumbaganin kloaka siiriintii 6rnegi ve kaplumbagalarin icinde barindigi sudan 50 mL alinarak toplam 110 adet calisiimistir.
Salmonella izolasyonu ve identifikasyonu klasik teknikler, API20E ticari sistemi, agliitinasyon yontemine dayali serolojik testler ve arbitrarily primed polimeraz zincir reaksiyonu (AP-PZR)
uygulanarak gerceklestirilmistir. Izolatlarin antibakteriyel duyarlilik testi Kirby-Bauer disk difiizyon yontemi ile yapilmistir.

Aragtirma neticesinde beg adet Salmonella spp. izole edilmis, izolatlar 100 adet kirmizi yanakli kaplumbaga kloaka siiriintii 6rneginin dordiinde (% 4) ve 10 adet su drneginin birinde (%
10) saptanmustir. Izolatlarin tiimiiniin Salmonella enterica subsp. enterica serovar pomona [28; y; 1,7 (z60)] ve AP-PZR sonuglarina gdre de izolatlarin ayni genotipik yapiya sahip olduklan
belirlenmistir.

Antibakteriyel ilag duyarlilik test sonuglarina gore izolatlarin tamaminin ampisilin, enrofloksasin, gentamisin, neomisin, siprofloksasin, streptomisin, tetrasiklin ve siilfametoksazol-trimetoprime
duyarli; doksisilin‘e orta derecede duyarli; amoksisilin, eritromisin, klindamisin, linkomisin, novobiosin, penisilin ve vankomisin'e direngli olduklan anlasiimistir.

Yapilmis olan literatiir taramalarina gore Salmonella enterica subsp. enterica serovar pomona iilkemizde ilk defa saptanmistir.

Sonug olarak, Mersin‘de satisi yapilan kirmizi yanakli su kaplumbagalarinda ve paludaryum suyu érneginde Salmonella spp. saptanmis olup, 6zellikle cocuk, hamile, yasli ve bagisiklik sistemi
yetersizligi olan bireylerin bu hayvanlarla ve suyla temaslarinda hijyen kurallarina uymalan; insan saghginin korunmasi amaciyla pet hayvanlardan kaynaklanabilecek bulas tehlikesinin daha
aynintili arastinlarak, gerekli tedbirlerin alinmasi 6nem arz etmektedir.

Anahtar kelimeler: Kirmizi yanakli su kaplumbagasi (Trachemys scripta elegans), Salmonella spp., AP-PZR, antibakteriyel ila¢ duyarliligi

Abstract: In recent years, red-eared slider turtles (Trachemys scripta elegans, Wied-Neuwied, 1839) are popular among domestic pet animals, in Turkey. It is well known that intestinal microbiota
of reptiles embody the types of human pathogenic Salmonella. In our country, there is no research about this issue. In this study the presence of Salmonella on red-eared slider turtles saled in
pet shops in Mersin was determined. Also antibacterial susceptibilities of the isolates have been detected.

For this purpose, a total of 100 cloacal swab samples of 100 turtles and 10 water samples, provided from ten pet shops, were studied. Isolation and identification of Salmonella have been carried
out by conventional techniques, API20E trade system, agglutination tests for serological diagnosis, and arbitrarily primed PCR (AP-PCR). Antibacterial susceptibility test was performed by Kirby-
Bauer disk diffusion method.

As a result of this study, five Salmonella spp. have been isolated, four (4 %) from turtles, and one (10 %) from water. Al the strains have been identified as Salmonella enterica subsp. enterica
serovar pomona [28; y; 1.7 (260)]. According to the results of AP-PCR the genotypic structure of the isolates were identical.

The antibacterial susceptibility results of the five isolates were also identical. All isolates were sensitive to ampicillin, enrofloxacin, gentamicin, neomycin, ciprofloxacin, streptomycin, tetracycline,
and sulfamethoxazole-trimethoprim; moderately sensitive to doxycycline; and resistant to amoxicillin, erythromycin, clindamycin, lincomycin, novobiocin, penicillin, and vancomycin.

To best of our knowledge, this is the first detection of Salmonella enterica subsp. enterica serovar Pomona in our country. Findings of this study indicates that hygiene precautions are nessessary
in contact with red eared water turtles and their paludarium water. Further investigations are necessary for protection of human health from the risk of microbiological contaminations by pet
animals.

Keywords: Red eared slider turtle (Trachemys scripta elegans), Salmonella spp., AP-PCR, antibacterial susceptibility
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GRS

Anavatani Amerika ve Meksika olan kirmizi yanakli
su kaplumbagdalarinin  (Trachemys scripta elegans,
Wied-Neuwied, 1839) evcil hayvan olarak ilgi gérmeye
baslamasi yarim asri gecmistir. Ulkemizde daha cok
“Singapur kaplumbadasi” ya da “sis kaplumbadasi”
olarakbilinenve 6zellikle cocuklarinblyukilgigosterdigi
bu sevimli “kapluglar” insan saghgini tehdit edebilen
bazi bakterileri bunyelerinde tasiyabilmektedirler. Bu
bakterilerden biri olan Salmonella spp. kirmizi yanakli
su kaplumbadgalari ve diger suriingen hayvanlarin
normal bagirsak mikrobiyotasi icinde yer almaktadir.
Salmonelld’lar insanlarda bakteri ile temastan 6-72
saat sonra ishal, karin agrisi, mide bulantisi, kusma,
ates, kas agrisi ve halsizlik belirtileri ile seyredebilen
ve 4-7 ginde kendiliginden iyilesebilen basit gida
zehirlenmelerinden menenijit, miyokardit, sepsis ve
Olime kadar varan ciddi sistemik enfeksiyonlara yol
acabilmektedir (CDC, 2018; WHO, 2018).

insanlarda  salmonelloz  olgularinda  kiiciik
kaplumbagalarin  etkisi  pet  hayvani  olarak
popularitesinin artmasiyla birlikte 1960'h yillarda
baslamistir.  Kaplumbaga  kaynakh  salmonelloz

insidansinin 6zellikle 10 yas alti ¢cocuklarda ¢ok ciddi
boyutlara ulasmasi (% 14) nedeniyle, 1975 yilinda
Amerikan Gida ve ila¢ Dairesi (FDA) tarafindan 10,2
cm'den kiiguik kirmizi yanakli su kaplumbadalarinin tilke
icindeki satisi ve her tirlU ticari faaliyeti yasaklanmis,
ancak ihracatina engel konulmamistir (CFSPH, 2013).
Diinya Saglik Orgiitii (WHO) Amerika'da yetistirilen bu
kaplumbagalarin kiiclik boyda ihra¢ edilmelerinin diger
tlkelerdeki insanlar, 6zellikle de ¢ocuklar igin bir saglik
riski teskil ettigini bildirmistir (CDC, 2018). Evcil hayvan
olarak siriingenlere olan ilginin tim diinyada artmasi
nedeniyle de siriingen kaynakli salmonelloz tehlikesi
halen devam etmektedir (CFSPH, 2013). Nitekim,
Hollanda'da 1988'de % 0,3 olan siirlingen kaynakli
salmonelloz olgularinin 2013'te % 9,3'e yikseldigi
ortaya konulmustur (Mughini-Gras vd., 2016). Kirmizi
yanakli kaplumbadalarda Salmonella varligi (Shane vd.,
1990; CDC, 1995, 2003, 2005, 2008, 2018; Woodward
vd., 1997; Gaertner vd., 2008; Hidalgo-Vila vd., 2008;
Sanchez-Jiménez vd., 2011; Gong vd., 2014; Bo3njak
vd., 2016; Clara vd., 2016; Zhang vd., 2016) ve insanlarda
kaplumbaga kaynakli salmonelloz olgulari (Tauxe vd.,
1985; CDC, 1995, 2003, 2005, 2008, 2018; Bertrand vd.,
2008; Kuroki vd., 2015; Mughini-Gras vd., 2016) tim
diinyada bildirilmistir. Ulkemizde kaplumbagalarda
Salmonella varhdi sadece dogadan yakalanan tatli
su kaplumbagalarinda bildirilmis (Ang vd. 1973;
Ozcan vd., 2006; Ozcan ve Sarieyyiipoglu, 2009), evcil
hayvan niteligindeki kirmizi yanakl su kaplumbadalari
ile ilgili herhangi bir yayina rastlanmamistir. Bu
arastirmanin amaci, Salmonella spp. varligi ve izolatlarin
antibakteriyel direnclilik durumunun saptanarak evcil
ve slis hayvanlarl satis isletmelerinde sahiplenilmeyi
bekleyen kirmizi yanakh su kaplumbagalarinin insan

saghg acisindan tehdit unsuru olup olmadiklarinin
belirlenmesidir.

MATERYAL VE METOT
Kirmizi yanakli su kaplumbagasi ve su 6rnekleri

Ornek temini Mersin'in degisik semtlerinde bulunan
evcil ve sis hayvanlar satis isletmelerinin onundan
gerceklestirilmistir. Her isletmede onar adet kirmizi
yanakli su kaplumbadasinin kloakasindan siirinti
ornekleri ve kaplumbadalarin icinde barindigi sudan 50
mL alinarak toplam 110 adet 6rnek calisiimistir. Stirlintt
ornekleri hijyen kurallarina uygun olarak isletme icinde
alinmig, slriintiler 6n-zenginlestirme  besiyerine
konularak laboratuvara getirilmistir (Nowakiewicz,
2012). Su ornekleri 50 mLlik steril enjektorle alinmis,
soguk zincire uyularak laboratuvara getirilmistir.
Su oOrnekleri 3000 rpm'de 10 dakika santrfiijlenerek
stpernatant atilmis, pelet 6n-zenginlestirme amaciyla
kullanilmistir (Hahn et al., 2007).

Salmonella izolasyonu ve identifikasyonu

SalmonellaizolasyonuveidentifikasyonuUluslararasi
Hayvan Hastaliklari Orgiitii OIE (2016)'nin &nerdigi
metotlar esas alinarak yapiimistir. Kaplumbada striintt
ornekleri ve su ornekleri tamponlanmis peptonlu su
(TPS) (pepton 10 g, sodyum kloriir 5 g, disodyum fosfat
9 g, potasyum fosfat 1,5 g) icinde 37°C'de 24 saat 6n-
zenginlestirmeye tabi tutulmustur. On-zenginlestirme
orneklerinden 1 mL alinarak Rappoport-Vassiliadis
Broth (RVB)'a inokiile edilmistir. inkiibasyon 41,5°C'de
24 saat gergeklestirilmistir. RVB'tan 2-3 6ze alinarak
MacConkey (MCA) ve Ksiloz lizin dekstroz (XLD) Agar'a
(Merck) ekim yapilmis, 37°C'de 24 saat inkiibe edilmistir.
XLD Agarda pembe-kirmizi ve/veya ortasi siyah,
MCAda ise renksiz koloniler secilerek subkdltirleri
yapilmistir (OIE, 2016).

Klasikyontemle bakteritanimlanmasi Gram boyama,
katalaz, oksidaz, hareket muayenesi, oksidasyon/
fermentasyon, indol, voges-proskauer, metil red, eskiilin
hidrolizi, glukoz ve laktoz fermentasyonu, gaz varlig,
hidrojen sulfiir olusumu, lizin dekarboksilaz varligi ve
Simmon’s sitrat Ozelliklerine gore yapilmistir. Klasik
yontemlerle ve polivalan Salmonella O antiserumu
ile Salmonella spp. olarak belirlenen izolatlara API20E
ticari kiti (BioMerieux, Fransa) ile tanimlama testleri
yapilmistir. Test kiti sonuglan 37°C'de 24 saatlik
inklibasyondan sonra degerlendirilmistir.

Konvansiyonel Serotiplendirme

Serotiplendirme Tirkiye Halk Saghgi Kurumu Ulusal
EnterikPatojenlerReferansLaboratuvarindaKauffmann-
White semasina gore yapilmistir. Biyokimyasal olarak
Salmonella ile uyumlu bulunan suslar polivalan ve
monovalan Salmonella O ve H antiserumlari kullanilarak
(Statens Serum Institut antiserumlari, Danimarka) lam
aglutinasyonu ile serotiplendirilmistir (Popoff, 2001).
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Salmonella izolatlarinin genotipik yakinhig:

Arbitrary primer polimeraz zincir reaksiyonu (AP-
PZR) Mersin Universitesi Tip Fakiiltesi Tibbi Mikrobiyoloji
Anabilim Dali laboratuvarinda yirutilmustir. Bu
teknik, epidemiyolojik olarak birbirine yakin izolatlarin
genetik yakinhgmin ortaya konulmasinda etkili olmasi
nedeniyle tercih edilmistir (Durmaz ve Ayan, 2001).

Bakteriyel DNA ekstraksiyonu

Sajduda et al. (2004)'in tanimlamis oldugu hizli DNA
ekstraksiyon metodu modifiye edilerek uygulanmistir.
MCA lzerinde Uretilen Salmonella kolonilerinden bir
Oze dolusu alinarak 1 mL steril distile su ile slispanse
edilmistir.  80°C'de 20 dakika 1s1 uygulamasiyla
parcalama isleminden sonra 12000 g devirde 5 dakika
santrfiij uygulanarak siipernatant atilmistir. Pelet 200 pL
kloroform ve 200 pL steril su ile kanstirilarak 12000 g'de
10 dakika santrfujlenmis, siipernatant amplifikasyonda
template olarak kullaniimistir.

AP-PZR amplifikasyonu

Amplifikasyon amaciyla universal primer M13
(5-GAGGGTGGCGGTTCT-3) kullaniimistir (Durmaz ve
Ayan, 2001). iki uL DNA soltisyonu 50 pL ayirag [75 mM
Tris—HCI (pH 8.8), 0.2 mM dNTPs (DNTP-100; Sigma),
1.5 mM MgCl, (A3513; Promega), 0.5 IM of universal
primer M13, and 1 U Taq polymerase (D1806; Sigma)]
icinde amplifiye edilmistir. Amplifikasyon islemi termal
dongil cihazinda (Eppendorf Mastercycler, Hamburg,
Germany) iki devir 94°C'de 5 dakika, 40°C'de ve 72°C'de
5 dakika ile baslatilarak, 40 devir 94°C'de 60 saniye,
40°C'de 60 saniye ve en nihayetinde 72°C'de 60 saniye
yurGttlmustir. PZR Grdnd % 1,8 agaroz jel elektroforez
ve etidium bromit boyama sonrasi goriintilenerek
DNA bantlari benzerlik ydniinden incelenmistir.

Antibakteriyel duyarlilik testi

Salmonella spp. izolatlarinin antibakteriyel duyarhhk
testleri Kirby-Bauer disk diflizyon ydntemine gore
yapilmistir (CLSI, 2012). Bu amacgla amoksisilin (AMX,
10 pg), ampisilin (AM, 10 pg), klindamisin (CC, 2 pg),
ofloksasin (OFX, 30 pg), oksitetrasiklin (T, 30 pg)
(Becton Dickinson, BD), enrofloksasin (ENO, 5 ug),
eritromisin (E, 15 pg), gentamisin (GM, 10 pg), neomisin
(N, 30 pg), novobiosin (NB, 30 pg), penisilin (P, 10
ug), siprofloksasin (CIP, 5 ug), streptomisin (S, 10 pg),
trimetoprim-sulfametoksazol (SXT, 23,75/1,25 ug) ve
doksisiklin (D, 30 pg) (Bioanalyse) antibakteriyel ilag
diskleri kullanilmistir. inkiibasyon 37°C'de 24-48 saat
gerceklestirilmistir.

Referans sus olarak Salmonella enterica subsp.
enterica serovar typhimurium (ATCC 14028) ve
Escherichia coli (ATCC 25922) kullanilmistir.

BULGULAR

XLD ve MCA agarda Ureyen 73 Salmonella supheli
koloni identifikasyon testlerine tabi tutulmustur.
Klasik biyokimyasal testlerle 10 adet izolat Salmonella
spp. supheli olarak degerlendirilmistir. Bu izolatlarin
besi Salmonella H antiserum poly a-z ile pozitif
sonug vermistir. API20E sistemi ile bu 5 izolatin timu
Salmonella spp.[6 7047 5 25 5] olarak tanimlanmistir.
Serolojik kontrollerde Salmonella O antiserum faktor
28, Salmonella H antiserum faktoér y, Salmonella H
antiserum 1 kompleks ve Salmonella H antiserum faktor
7 pozitif bulunmustur. Izolatlarin besi de Salmonella
enterica subsp. enterica serovar Pomona [28;y;1,7(z60)]
olarak tanimlanmistir. Salmonella pomona izolatlarinin
biyokimyasal test sonuclar Tablo 1'de yer almaktadir.

Tablo 1. Salmonella Pomona izolatlarinin biyokimyasal test sonuglari
Table 1. Biochemical test results of Salmonella pomona isolates

izolatlar Referans Suslar
Testler 112.5° .12¢ IvV.10° 1X.8° X.5° ST El@ts
Gram
Oksidaz
Katalaz + + + + + + +
Oksidatif/Fermentatif F F F F F F F
Glikoz + + + + + + +
Glikoz'da gaz + + + + + +
Laktoz - +
H,S + + + + +
Hareket + + + + + + +
MR + + + + + + +
VP
indol +
Eskdlin + + + + + + +
Simmon Citrat + + + + + +
Ureaz
Salmonella H antiserum poly A-Z + + + + + +

2jsletme numarasi ®Kirmizi yanakli su kaplumbagasi numarasi <Su érnegi * Salmonella typhimurium (ATCC 14028) < Escherichia coli (ATCC 25922)
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AP-PCR sonuglarina gore izolatlarin ayni genotipik
yaplya sahip olduklari belirlenmistir (Sekil 1).

100 bp

Sekil 1. Salmonella enterica subsp. enterica serovar
pomona izolatlarinin AP-PZR elektroforez goriintiisii [Kolon
M: 100 bp DNA molekdler agirlhk markeri (DNA MW Marker,
100 bp Ladder, K180-250UL, Amresco), Kolon 1, 2, 3, 4, 5: S.
pomona izolatlari; Kolon 6: Referans sus S. typhimurium (ATCC
14028)].

Figure 1. Electrophoresis image of AP-PCR of Salmonella
enterica subsp. enterica serovar Pomona isolates. [Column M:
100 bp of DNA molecular weight marker (DNA MW Marker,
100 bp Ladder, K180-250UL, Amresco), Column 1, 2, 3,4, 5: S.
Pomona isolates, Column 6: Referance strain S. typhimurium
(ATCC 14028).

Arastirma kapsaminda incelenmis olan 100 adet
kirmizi yanakh kaplumbaganin doérdiinde (% 4)
ve 10 adet su ornedinin birinde (% 10) Salmonella
spp. izole edilmistir. Sonuclar isletme bazinda
degerlendirildiginde, 10 isletmenin 4’linde Salmonella
spp. tespit edildigi gorilmektedir.

Salmonella  pomona izolatlarinin antibakteriyel
duyarlilik test sonuglarina gore izolatlarin tamaminin
benzer sonuclar verdigi, timinin enrofloksasin,
trimetoprim-sulfametoksazol, ampisilin, siprofloksasin,
gentamisin ve neomisin’e duyarli, streptomisin
ve doksisiklin’e orta derecede duyarli, eritromisin,
klindamisin, novobiosin ve linkomisine ise direncli
olduklarr anlasilmistir.

TARTISMA VE SONUC

Kirmizi yanakh su kaplumbagalarinin anavatani ABD
olmakla birlikte diinyanin bircok Ulkesine yayilmistir
(Burger, 2009). Ulkemizde de Anamur'da (Mersin)
dogada yasadiklari saptanmistir (Cicek ve Ayaz, 2015).
Yasamlari 20-50 yil siirebilen bu kaplumbagalarin
eriskin disileri 25-30 cm, erkekleri 20-25 cm uzunluga
erisebilmektedir (Burger,2009).Tiirkiyelistatistik Kurumu

dis ticaret istatistikleri veritabanina gore tlkemize 2012
yilinda ABD'den 465.003 adet (3.504 kg) ve 2013'te
237.000'i ABD, 90.000'i Cin olmak Uizere toplam 327.000
adet (2.116 kq) sus kurbagasi ithalati yapilmistir (TUIK,
2018). Arastirma kapsamina alinan evcil hayvan satis
isletmelerindeki siis kaplumbadalarinin boylari 5-7
cm olup, FDA tarafindan satisi yasak boylarda (10,2
cm’den kiguk) olduklari tespit edilmistir. Bu yasak,
10 yas alti cocuklarin salmonella tasiyicisi olabilen
kiglk kaplumbagalarn agizlarina gottirme riski ve
hijyen kurallarina uyma glcliikleri tasidiklarindan
konulmustur (CFSPH, 2013).

Suriingenler Salmonella ile hasta olmazlar, ancak
tastyici olmalari sebebiyle bakterileri digkilariyla disari
atarak suya ve temas ettikleri ylzeylere bulastinrlar
(CFSPH, 2013). 10 cm'den kiiciik kaplumbadgalar
sevimli ve zararsiz goriindiiklerinden ve ucuz olmalari
nedeniyle aileler tarafindan tercih edilmektedir. Kiiglik
cocuklar bu kaplumbagalar ellerine alip, 6pmekte,
hatta agizlarina goéturebilmektedir. Hayvanlarla temas
sonrasi ellerin ylkanmamasi, bulasik olan kaplarinin
yikanmasi esnasinda gerekli 6zenin gdsterilmemesi,
hijyenik kurallara uyulmamasi neticesinde etken
insanlara agiz yoluyla bulasmaktadir (CDC, 2018).

Enterobacteriaceae familyasina mensup Gram
negatif bir basil olan Salmonella'larin 2500'den fazla
serotipi bulunmaktadir (LPSN, 2017). Dogada, insan,
sicakkanli ve sogukkanh hayvanlarin bagirsaklarinda
bulunan Salmonella turleri zoonotik olup, bir¢ok
serotipi insan ve hayvanlar i¢cin patojendir. Diinyadaki
dort onemli ishal yapici etkenden biri olarak bildirilen
Salmonella’'nin (WHO, 2018) Amerika'da 2010 yilinda
bir milyondan fazla hastalik olgusu ve 400'e yakin 6lim
olayina yol actig bildirilmistir (CFSPH, 2013). Avrupa
Birligi (EU/EEV) Ulkelerinde ise ECDC (2017) verilerine
gore 134 olimle sonuglanan yillik 100.000 civarinda
salmonelloz olgusu bildirilmistir (ECDC, 2017). Etken,
insanlara daha cok tavuk eti, domuz eti, yumurta, sigir
eti, suit gibi hayvansal Girlinlerden ve kontamine bitkisel
Urtnlerden bulasmakla birlikte (OIE, 2016), salmonelloz
olgularinin ABD'de yaklasik % 7’sinin (CFSPH, 2013),
Hollanda'da % 2-9 (Mughini-Gras vd., 2016), isvec'te
ise % 5'e yakin bir oranda (de Jong vd. 2005) sliringen
kaynakli oldugu bildirilmistir. Tablo 2'de diinyanin ¢esitli
llkelerinde insanlarda meydana gelmis kaplumbadga
kaynakli salmonelloz olgularinda ve Kirmizi yanakl
su kaplumbagalari ve su 6rneklerinde bildirilmis olan
Salmonella serovarlari yer almaktadir. Ulkemizde ise
bugiine kadar kaplumbaga kaynakli salmonelloz
bildirisine rastlanilamamistir.
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Tablo 2. insan salmonelloz olgulari, Kirmizi yanakli su kaplumbagalari ve su érneklerinde bildirilen Salmonella tiirleri
Table 2. Salmonella species reported in human salmonellosis cases, Red-eared water turtles and water samples

insan Kurbaga
No Bakteriadi Ulke (Kaynak) Ulke (Kaynak)
1 S.abony Japonya (Kuroki vd., 2015), Japonya (Kuroki vd., 2015)",
Isvec (de Jong vd., 2005), Belcika (Meervenne vd., 2009)’
Belcika (Meervenne vd., 2009)
2  S.abaetetuba isvec (de Jong vd., 2005) -
3  S.agbeni ABD (CDC, 2018) -
4 S.anatum - ispanya (Hidalgo-Villa vd., 2008)'
5 S.arizona - ABD (Shane vd., 1990)’,
Cin (Chen vd,, 2010)"
6 S.bonn isvec (de Jong vd., 2005) -
7  S.Bovismorbificans isvec (de Jong vd., 2005) -
8 S.Braenderup Avrupa (Bertrand vd., 2008), Japonya (Kuroki -
vd., 2015), Isvec (de Jong vd., 2005)
9  S.bredeney isvec (de Jong vd., 2005) ispanya (Hidalgo-Villa vd., 2008)'
10 S.chester isvec (de Jong vd., 2005) -
11  S.enteritidis isvec (de Jong vd., 2005) Kolombiya (Sanchez-Jiménez vd., 2011)’
12 S.gaminara - ABD (Gaertner vd., 2008)’
13 S. hartford Japonya (Kuroki vd., 2015) -
14 S. heidelberg isvec (de Jong vd., 2005), -
Japonya (Kuroki vd., 2015)
15 S.Infantis Avrupa (Bertrand vd., 2008) ABD (CDC, 2007)'?
16 S.Itami Japonya (Kuroki vd., 2015) -
17 S.Java Japonya (Kuroki vd., 2015), Kanada (Woodward vd., 1997)"
isvec (de Jong vd., 2005),
18 S. Lichtfield isvec (de Jong vd., 2005), ABD (CDC, 2007)'2
Japonya (Kurokivd., 2015),
19 S. Matadi isvec (de Jong vd., 2005) -
20 S.Mikawasima isvec (de Jong vd., 2005) -
21 S. Montevidio isvec (de Jong vd., 2005) -
22 S.Muenchen isvec (de Jong vd., 2005), Kanada (Woodward vd., 1997)’
Japonya (Kuroki vd., 2015)
23  S.Newport ABD (CDC, 2018), Kanada (Woodward vd., 1997)",
Isve¢ (de Jong vd., 2005) ABD (Gaertner vd., 2008', CDC, 2018'?)
24  S.Oranienburg isvec (de Jong vd., 2005) -
25  S. ParatyhpiBvar. Java ABD (2007, 2008), ABD (CDC, 2008)'2
Japonya (Kuroki vd., 2015)
26 S.Pomona ABD (CDC, 2005, 2007, 2018), ABD (CDC, 2005, 2007, 2018)'?,
Puerto Rico (Tauxe vd., 1985), Kanada (Woodward vd., 1997),
Avrupa (Bertrand vd., 2008), gin (Gong vd., 2014),
Isveg (de Jong vd., 2005) Ispanya (Hidalgo-Villa vd., 2008)',
Puerto Rico (Tauxe vd., 1985)’,
Tarkiye '3
27 S.Poona isvec (de Jong vd., 2005), ABD (Shane vd., 1990, CDC, 2018'2,),
Japonya (Kuroki vd., 2015), Kanada (Woodward vd., 1997)",
ABD (CDC, 2018) Cin (Chen vd., 2010)’
28 S.Potsdam - ispanya (Hidalgo-Villa vd., 2008)'
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29  S.Rubislaw -
30 S.Saintpaul isvec (de Jong vd., 2005),
Japonya (Kuroki vd., 2015)
31 S.Sandiego ABD (CDC, 2003, 2018)
32 S.Schleissheim Japonya (Kuroki vd., 2015)
33 S.Solna -
34 S.Shubra isvec (de Jong vd., 2005)
35 S.Stanley ABD (CDC, 1995),
isveg (de Jong vd., 2005)
36 S.Thompson -
37 S.Typhimurium ABD (CDC, 2005, 2008, 2018)
38 S.umbilo -
39 S.urbana Japonya (Kuroki vd., 2015),
Isvec (de Jong vd., 2005)
40 S.virchow isvec (de Jong vd., 2005)
41 S.enterical, 28:y:1,7 Avrupa (Bertrand vd., 2008)
42 S.14,[5],12:i:- ABD (CDC, 2007, 2018)
43 S.114,12,27:b: [e,n,x] -
44 S.llib 61:i:z53 ABD (CDC, 2018)
45 S.1lIb 60:r:2 (Diarizonae) -

ABD (Meervenne vd., 2009)’

ABD (CDC, 2003',2018'?)

ABD (Meervenne vd., 2009)’

Kanada (Woodward vd., 1997)",
ABD (CDC, 2007)'

ABD (Gaertner vd., 2008)’,
ispanya (Hidalgo-Villa vd., 2008)',
Sirbistan (Bosnjak vd., 2016)’,
Cin (Zhang vd., 2016)’

ABD (CDC, 2005, 2018)'?,

ispanya (Hidalgo-Villa vd., 2008, Clara
vd., 2016)",

Cin (Zhang vd., 2016)’

Sirbistan (Bosnjak vd., 2016)’

ABD (CDC, 2007, 2018)'?
ispanya (Hidalgo-Villa vd., 2008)

ABD (CDC, 2005)"?

'Kaplumbaga ornekleri 2Su 6rnekleri 3 Bu arastirma

ilk defa 1944 yilinda Hinshaw vd. tarafindan hindilerde bildirilen Salmonella pomona daha sonralari
kaplumbaga ve diger siirlingenlerde ve insanlarda bildirilmistir. S. Pomona patojenitesi yliksek bir serotip olup,

ozellikle cocuklarda salmonelloze neden olmaktadir.
(Gong vd., 2014). Arastirma kapsaminda kirmizi
yanakli kaplumbada ve paludaryum suyu 6rneklerinde
saptanmis olan S. pomona bircok Ulkede (Puerto
Rico, Fransa, bazi Avrupa lilkeleri, isvec, ABD, Cin gibi)
meydana gelen salmonelloz olgularinda bildirilmistir
(Tauxe vd., 1985; Bertrand vd., 2008; CDC, 2005, 2008,
2018; de Jong vd. 2005, Gong vd., 2014).

Trachemys scripta elegans’larda Salmonella Pomona
Puerto Rico'da % 89 (Tauxe vd., 1985), Cin'de % 39
(Gong vd., 2014) ve ispanya'da % 9,3 (Clara vd., 2016)
oranlarinda bildirilirken, bu arastirmada % 4 oraninda,
su orneklerinde ise % 10 oraninda saptanmistir. Oranin
diger Ulkelerden daha disik oldugu goériinmektedir.
Ulkemizde insan ve hayvanlarda bircok Salmonella
serovari bildirilmis olmasina karsin (Ang vd., 1993;
Erdem vd., 2004; Toreci vd., 2013), Salmonella enterica
subsp. enterica serovar Pomona Ulkemiz icin bir ilk
bildirim niteligindedir. Ayni etken 2012-2013 yillarinda
ABD'de meydana gelen bircok kaplumbaga kaynakh
salmonellosis olgusunda da bildirildiginden (CDC,

2018), etkenin 2012-2013 yillarinda ABD'den satin
alinmis olan siis kaplumbagalar ile birlikte Glkemize
ithal oldugu tahmin edilmektedir. Her nekadar
Ulkemizde kaplumbaga kaynakl salmonellosis olgusu
gorilmemis olsa da, 2015 sonrasi slis kaplumbadasi
ithalatinin durdurulmus olmasi (TUIK, 2018) potansiyel
bir riskin onlenmesi acisindan isabetli bir karar gibi
gorinmektedir.

Antibakteriyel duyarhhklarin Salmonella
serotiplerine gore farkliliklar gosterebildigi dikkat
cekmektedir. Bu calismada saptanan izolatlarin
timindn  eritromisin,  klindamisin,  linkomisin,
novobiosin, penisilin ve vankomisin'e direncli,ampisilin,
enrofloksasin, gentamisin, neomisin, siprofloksasin
ve sulfametoksazol-trimetoprim’e duyarli olduklari
belirlenmistir. Meervenne vd. (2009) S. Abony'nin tiim
antibakteriyellere duyarli, S. solna'nin ise ampisilin,
gentamisin, streptomisin, tetrasiklin ve trimetoprim-
sulfametoksazole direncli oldugunu saptamislardir.
Chen vd. (2010) de kaplumbadalalardan izole edilen
Salmonella’larda direnclilik oranlarini enrofloksasin,
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gentamisin, trimetoprim-sulfametoksazol, ampisilin,
tetrasiklin ve streptomisin siralamasiyla % 0,5-11,5
olarak belirlemislerdir. Kaplumbadalardan saptanan
S. arizonge ve S. pomonad’nin tim izolatlarinin
eritromisin, gentamisin ve eritromisine direncli, havuz
suyu orneklerinde belirlenen izolatlarin (S. arizonae,
S. cubana ve S. newport) S. cubana’nin oksitetrasiklin
direnci harig, timUndn eritromisin’e direncli, ampisilin,
gentamisin, neomisin’e duyarh olduklari anlasiimistir
(Shane vd., 1990).

Bu sonuglar, salmonelloz riski agisindan gida
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Abstract: In this study, it was aimed to determine the opening and survival rates of Holothuria tubulosa eggs at four different stocking densities (1,5,15,30 eggs / ml) and to determine the effect
of stocking density on egg size and larval size in different stages. Fertilized Holothuria tubulosa eggs were stocked in cylindrical conical collectors with a capacity of 30 I. Eggs were counted
under light microscope at fertilization, early gastrulation, late gastrulation and hatching stages. It was found that there is an inverse relationship between stock intensity and opening rate (r =
-0.848; p<0.001). The lowest hatching and survival rate was determined in 30 eggs / ml group (p <0.05). However, different stocking densities did not affect the diameter of the egg in different
embryological stages (p> 0.05) and the length of early auricularia larva at 65 h (p> 0.05). As a result, the optimal stocking density for the highest hatching and survival rates of the fertilized
eggs of Holothuria tubulosa was determined as 1-5 eggs / ml.

Keywords: Fertilized egg, hatching rate, Holothuria tubulosa, sea cucumber, stocking density, survival

0z: Bu calismada, Holothuria tubulosa yumurtalaninin, dort farkl stok yogunlugunda (1,5,15,30 yumurta/ml) agilma ve yasama oranlarini belirlemek ve ayni zamanda stok yogunlugunun
farkl evrelerdeki yumurta capina ve larval boyutuna etkisini ortaya koymak amaclanmistir. Déllenmis Holothuria tubulosa yumurtalan, 30 | hacimli silindir konik kollektdrlere stoklanmistir.
Yumurtalar; dollenme aninda, erken gastrulasyon, ge¢ gastrulasyon ve yumurtadan ¢ikma asamasinda mikroskop altinda sayilmistir. Stok yogunlugu ile agilma orani arasinda ters iligki oldugu
bulunmustur (r = -0.848; p<0.001). En diisiik agilma ve yasama orani 30 yumurta/ml stoklandigi deneme grubunda saptanmustir (p<0.05). Ancak farkli stok yogunluklari farkli embriyolojik
safhalardaki yumurtanin capini (p>0.05) ve 65. saatteki erken auricularia larvasinin boyunu (p>0.05) etkilememistir. Sonug olarak, Holothuria tubulosanin ddllenmis yumurtalarinin en yiiksek
a¢ilma ve yagama oranlari igin optimum stoklama yogunlugu 1-5 yumurta / ml olmustur.

Anahtar kelimeler: Déllenmis yumurta, acilma orani, Holothuria tubulosa, deniz hiyari, stok yogunlugu, yasama orani
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INTRODUCTION

Fresh and processed sea cucumbers (beche-de-
mer) are being used as luxury food and food supple-
ment for several centuries (Asha and Diwakar, 2013;
Choo, 2008). Increasing demand for beche-de-mer
all over the world has been caused excessive fishing
and extinction of natural stocks (Purcell et al., 2013).
Depending on the movement and feeding activities
of sea cucumbers which is resulting as regulation of
both oligotrophic and hypereutrophic environments
(i§géren-Emiroqu and Gilnay, 2007), extinction of
these species may reversely affect the recovery process
of marine sediments.

Aquaculture studies on sea cucumber species have
been carried out in the Far East and Asian countries
for several years (Gamboa et al., 2005, Tuwo and Tres-
nati, 2015). The amount of sea cucumbers provided by
aquaculture has been increased by six times between
the years 2003 and 2015, while catch amount has been
stabilized during the last five years. FAO (2017) has re-
ported 208104 tons and 43216 tons of sea cucumber
production from aquaculture and fisheries for 2015, re-
spectively. Holothuria scabra is the most valuable (Rai-
son, 2008) and the most commonly cultured tropical
sea cucumber species (Purcell et al.,, 2012) followed by
Apostichopus japonicus, which is the other sea cucum-
ber species widely produced in all over the world. How-
ever, many studies on aquaculture of new sea cucum-
ber species are being conducted on all over the world
(Santos et al., 2015, Sicuro and Levine, 2011; Tolon et
al,, 2017).

Holothuria tubulosa is one of the most common and
commercial sea cucumber species in the Mediterra-
nean Sea (Ocana and Tocino, 2005) and a candidate for
aquaculture (Tolon et al., 2017). They are extremely de-
manded due to their rich proximate composition, high
protein component and nutritional value (Cakli et al.,
2004). Sicuro and Levine (2011), reported that H. tubu-
losa might be one of the potential aquaculture species
in the Mediterranean Sea. Recent studies on adaptation
of H. tubulosa to aquaculture reported successful results
(Gunay et al., 2015; Tolon et al. 2015). However, studies
on the hatching stages are lacking in the literature.

Stocking density is the most important criteria at
hatching stage for production of sea cucumbers (Asha
and Diwakar, 2013; Liu et al., 2010; Battaglene and Bell,
1999). Previous studies on H. scabra (Asha and Diwa-
kar, 2013), Holothuria scabra versicolor (Ivy and Giraspy,
2006) and A. japonicus (Liu et al., 2010) reported a signif-
icant relationship between stocking density and hatch-
ing rate. This is the first report in the literature which
aims to determine the optimum stocking density of H.
tubulosa eggs for maximum hatching and survival rate.
Therefore, the hatching and survival rates of fertilized
sea cucumber H.tubulosa eggs under various stocking

densities have been investigated. Moreover, the effects
of various stocking densities on the diameter of eggs
and larvae size in early auricularia stage have been de-
termined.

Therefore, we investigated the hatching and sur-
vival rates of fertilized sea cucumber H.tubulosa eggs
under selected stocking densities. Moreover, we deter-
mined the effects of various stocking densities on the
diameter of eggs and larvae size in early auricularia
stage.

MATERIAL AND METHODS

H. tubulosa adults were hand-picked from the Ae-
gean Sea shores of the lldir village in Izmir city, Turkey
(38°23'48.61"N- 26°28'26.02"E) by scuba-divers. Thirty
brooders (150+15 g) were induced to spawn by raising
water temperature 3-5 °C above initial temperature of
23°C in 1000 | PVC tanks (Battaglene et al., 2002). Since
gender of sea cucumbers can not be distinguished from
their physical characteristics, only one male continuing
to spawn left in the tank. Thus, excessive sperm density
in the tank could be prevented. After spawning of fe-
males, samples were taken from the water column into
a 500 ml beak, the fertilization rate was checked under
the microscope and the egg diameters were recorded
(at 0 h). The fertilized eggs in the water column were
then collected in a 70 | collector, by siphoning water
through a 80 um sieve and washed to remove excess
sperm. Five subsamples were taken from 70 | collector
and counted to estimate average density.

The trial was consisted of four stocking densities,
selected as 1 (Group A), 5 (Group B), 15 (Group C) and
30 (Group D) eggs/ml. Fertilized eggs were transferred
to 301 trial collectors. Five subsamples were taken from
each collector, than counted and diameters of eggs
were measured under microscope (1%t hour).

Trial was carried out in three 30 | cylinder collectors
which were covered by 80 um sieve and placed into
one 1000 | PVC tanks (Figure 1). Gentle water circula-
tion by continuous flow of filtered sea water was ap-
plied. Dissolved oxygen concentration was maintained
at 7.6+0.3 mg/l by continuous air flow through the air
diffusers in all collectors, water temperature and pH
were 23.5+0.2 °C and 7.4 + 0.1, respectively. Black cov-
ers were placed on top of each tank in order to keep the
eggs in dark environment.

The development of fertilized eggs was monitored
under the microscope every 4 hours to detect the accu-
rate time for sampling that majority of them are at the
same development stage. Initial survival rates (about in
one hour), early gastrulation (20" hour), late gastrula-
tion (45" hour) and hatching rates at early auricularia
larvae stage (65" hour) have been determined for all
groups. The time of sampling was determined when
the majority of eggs (=90%) were at the same stage
in all groups. Egg and larvae samples were taken from
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the water column after pausing the aeration for 1 min-
ute. Egg diameter and larvae size were measured by a
graduated micrometer eyepiece and compound micro-
scope at 10X magnification. Larvae size was measured
from prominent posterior protrusion (p) to anterior
commissure (a) (Figure 2). Five 1 ml subsamples were
taken from each collector and counted using a Sedge-
wick-Rafter chamber under a microscope to calculate
survival and hatching rate at all sampling times.

Aeration + 30 | collector Aeration + 30 | collector

Sea water Filtered sea
output water input
L € - € 4

l,’,‘?q ﬁ ”:-;0

N
R

Aeration + 30 | collector

iyl |

1000 | tank

1

Figure 1. Design of the experimental tank
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Figure 2. Early auricularia larvae of H. tubulosa; posterior
protrusion (p), anterior commissure (a)

Statistical analysis

The data were tested for homogeneity of variance
using Levene’s test prior to analysis. Normal distribu-
tion of the data was tested by Kolmogorov-Smirnov.
Arcsine transformation was performed to the data of
survival and hatching rates before analysis.

Survival rates (20" and 45™ hours), hatching rates
(65" hour), egg (1%, 20" and 45™ hours) and larvae size
(65" hour) were compared among the trial groups.
Data of the groups were analyzed by one-way ANOVA
and significant differences between treatments were
determined by Duncan's Multiple Range test.

Level of 0.05 was accepted as an indication of statis-
tical significance. Nonparametric Spearman Correlation
Analyses were performed to determine the relationship
between stocking density and hatching rate. Tempera-
ture, pH and dissolved oxygen values were presented
as mean + standard deviation (SD). Size of samples,
survival and hatching rates were presented as mean +
standard error (SE).

RESULTS

Male sea cucumbers started to spawn in the after-
noon (16:00-18:00), and females followed them approxi-
mately one hour later. Elongations were observed for the
measured eggs for all groups after the early gastrulation.
More than 90% of the populationin all collectors reached
early gastrulation, late gastrulation and early auricularia
stages at 20™, 45% and 65" hours, respectively.

During the study, dead or deformed eggs and lar-
vae stayed very close to the bottom of the tanks in
each collector. There were no significant differences be-
tween eggs and larvae sizes of all groups (A, B, C, D) per
sampling times (p>0.05) (Table 1). No differences found
in sizes among all treatments but there were signifi-
cant differences in hatching rates (p<0.05). The lowest
hatching rate was observed in group D at 30 eggs/ml
stocking density. An inverse relationship was detected
between stocking density and hatching rate according
to the results (r=-0.848; p<0.001). Hatching rates were
81.1+1.11, 81.6%£1.22, 53.3+0.39 and 43.1£0.95% at
stocking densities 1, 5, 15 and 30 eggs/ml, respectively
(Figure 3).

Table 1. Size of fertilized eggs (1%, 20" and 45" hours) and auricularia larvae (65" hour) at stocking density groups

(meanz*SE, n=15)

Size (n)
Group Group Group Group
Hour A B C D
1 252.85+3.30 255.34+6.31 252.14+1.13 252.89+3.65
20 253.64+2.41 253.64+3.57 245.48+2.89 247.52+2.32
45 398.48+4.61 405.96+3.75 391.68+7.09 390.32+4.03
65 492.32+5.58 493.68+4.85 480.08+7.21 496.40+4.18

Groups labels indicate: A=1 egg/ml; B=5 eggs/ml ; C=15 eggs/ml; D=30 eggs/ml
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Figure 3. Effect of stocking density (eggs/ml) on hatching rates (%) of fertilized H. tubulosa eggs

There were no significant differences for survival
and hatching rates of group A and B at all sampling
times (p>0.05). There were significant differences in
survival and hatching rates between group C and D at

all sampling times (p<0.05). Group D had the lowest
survival rates for all sampling times (Table 2). The stock-
ing density determined as to be maximum 5 eggs/ml
for fertilized H. tubulosa eggs in this study.

Table 2. Survival (1%, 20* and 45" hours) and hatching rate (65" hour) at eggs incubation time in stocking density groups

(mean +SE, n=15)

Survival and Hatching Rates (%)

Group Group Group Group
Hour A B C D
1 100 100 100 100
20 94.4+5.55? 97.4+1.372 59.8+1.03° 46.7+1.43¢
45 94.4+4.56* 92.1+0.10* 59.6+0.68° 44.7+0.50¢
65 81.1£1.112 81.6+1.222 53.310.39° 43.1+0.95¢

Groups labels indicate: A=1 egg/ml; B=5 eggs/ml; C=15 eggs/ml; D=30 eggs/ml. Data with different superscripts in rows are significant-

ly different from each other (p< 0.05)

DISCUSSION

The significant relationship between stocking den-
sity and hatching rate for sea cucumber species Holo-
thuria scabra (Asha and Diwakar, 2013; James, 1996)
and Apostichopus japonicus (Sui, 1989; Yanagisawa,
1998) was mentioned in the previous studies. Conform-
ing to the results of these studies, it was found a signifi-
cant inverse relationship between stocking density and
hatching rates in the groups with high stocking density
(groups C and D) for H. tubulosa eggs in this study. Pre-
vious studies on echinoderms reported that gastrula
stage is one of the most vulnerable phase to external
factors as salinity, temperature and heavy metal ions
(Yaroslavtseva et al., 2002; Kashenko, 2005; Pia et al,,
2012). Similarly, mortalities were first seen in early gas-
trulation in this study especially in high stocking rates,

groups C and D. Dissolved oxygen, pH and tempera-
ture parameters were kept at optimum levels during
the study. Big differences in temperature avoided as
described by Agudo (2016), pH and dissolved oxygen
were also kept in optimum range (Agudo, 2016; James
et al., 1994).

Therefore, low survival rate caused by high stock
density observed at the first development stage. The
results of this study advising low stocking densities
like 1-5 eggs/ml for successful breeding of H. tubulosa.
These stocking densities reported in this study is similar
with the findings of Ramofafia et al. (1995) (2.7 eggs/
ml for Holothuria atra), Agudo (2006) (0.3-1 eggs/ml for
Holothuria scabra) and Guisado et al. (2012) (3 eggs/ml
for Athyonidium chilensis).

Similar with the report of Pitt et al. (2001), precise-
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ly cleaned and gently handled fertilized eggs can be
incubated up to 5 eggs/ml, under the determined
temperature, dissolved oxygen and pH levels of this
study. In contrast, Asha and Diwakar (2013) reported
the highest (66.4%) and lowest (22.6%) hatching rates
at 0.5 eggs/ml and 6 eggs/ml stocking densities for H.
scabra eggs, respectively. In this study high hatching
rates were observed for H.tubulosa eggs in both low
stocking density groups (1 and 5 eggs/ml) . Therefore, it
can be concluded that stocking densities up to 5 eggs/
ml do not critically influence the hatching rates of H.
tubulosa eggs in this study.

Liu et al. (2010) reported over 80% hatching rate
and no significant differences among 0.2, 0.5, 1, 2, 5
and 10 eggs/ml stocking densities groups where the
significant differences appeared at 20 and 50 eggs/ml
stocking densities for Apostichopus japonicus. Similarly,
hatching rates at 15 and 30 eggs/ml stocking densities
were found lower than the other density groups for
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Abstract: Oxidative stress and antioxidant enzyme activities after starvation of Oncorhynchus mykiss larvae were studied. Just after yolk-sac
absorption, free-swimming larvae were maintained under starved condition for a period of 21 days. Sampling of fish were carried out every
week and their whole bodies were used for the analysis of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSHpx),
glutathione reductase (GR), glutathione S-transferase (GST) and also analysis of malondialdehyde (MDA) and glutathione (GSH). Antioxidant
enzymes activities showed that GST and CAT had the highest activity, whilts SOD and GSHpx had the lowest activity of all the enzymes assayed
in 14 day free swimming starved larvae. SOD activity were reached to the peak in free swimming larvae before the appearance of higher level
of MDA in 7 day starved larvae. The level of MDA was significantly higher in 7 day starved larvae and significantly lower in 14 day starved larvae.
YPUFA and Xn-3 fatty acid have the highest level in 7 day starved larvae and lowest level in 14 day starved larvae. After the free swimming
larvae, there was a significant decrease in vitamin E (a-tocopherol and 8-tocopherol) level in all starved larvae.

Keywords: O.mykiss larvae, oxidative stress, starvation, antioxidant enzyme, MDA & GSH

0z: Bu calismada Oncorhynchus mykiss larvalarinin acliktan sonra oksidatif stres ve antioksidan enzim aktiviteleri calisilmistir. Yumurta kesesinin
emilimiyle birlikte serbest ylizmeye gecen larvalar 21 giin boyunca a¢ birakilmistir. Balik 6rnekleri her hafta alinmis ve butun viicutlari,
stiperoksit dismutaz (SOD), katalaz (CAT), glutatyon peroksidaz (GSHpx), glutatyon rediktaz (GR), glutatyon S-transferaz (GST) analizi ve
ayrica malondialdehit (MDA) ve glutatyon (GSH) analizinde kullanilmistir. 14 glin a¢ birakilmis serbest yiizen yavrularda, analizi yapilan bitiin
antioksidan enzim aktiviteleri icerisinde, GST ve CAT en ylksek aktiviteye sahipken, SOD and GSHpx en dslik aktiviteye sahip olmustur. 7 glin
a¢ birakilan larvalarda MDA'nin yiiksek diizeyi ortaya ¢cilkmadan 6nce SOD aktivitesi serbest ylizen yavrularda zirveye ulasmistir. MDA diizeyi 7
glin a¢ birakilan larvalarda belirgin olarak daha yiiksek ve 14 gtin a¢ birakilan larvalarda belirgin olarak daha duisiik bulunmustur. XPUFA ve Xn-3
yag asidi, 7 glin a¢ birakilan larvalarda en ylksek, 14 giin a¢ birakilan larvalarda ise en diislik seviyeye sahip olmustur. Serbest ylizen larvalardan
sonra, a¢ birakilan larvalarin hepsinde E vitamini (a-tokoferol ve 8- tokoferol) seviyesinde belirgin bir azalma olmustur.

Anahtar kelimeler: O.mykiss larvalari, oksidatif stress, aclik, antioksidan enzimler, MDA ve GSH
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INTRODUCTION

The larval stages of fish are considered to be very
sensitive periods for the future period and larval quality.
Stressful situations (genetic or physical conditions,
pollutants and diet) at these sensitive stages can lead
to increased disease susceptibility, reduced of survival
rate, growth and reproductive success in several fish
species or even malformations (Solé et al.,2004). Once
the yolk-sac reserves are exhausted, food deprivation
or inappropriate food quality may cause a severe
reduction in larval survival (Piccinetti et. al., 2014).
Food deprivation reduces the energy expenditure
and as a consequence the activity, resulting to lower
oxygen consumption which can lead to oxidative
stress caused by hypoxia (Portner and Farrell, 2008).
Under this condition, enhanced reactive oxygen
species (ROS) are produced. ROS adversely affect
cellular proteins, DNA, and membrane lipids (Silva et
al, 2017).Glutathione peroxidase (GSHpx) activityis
able to detoxify organic peroxides produced by lipid
peroxidation.Glutathione reductase (GR) is required to
regenerate reducedglutathione (GSH) from oxidized
glutathione (GSSG) and regardedas essential to
maintain intracellular GSH redox status. Theantioxidant
superoxide dismutase (SOD) catalyses dismutation
of0, to H,0,, and the resulting H,0, is converted water
and oxygenby catalase (CAT) or detoxified by GSHpx
activity (Ritola et al.,2002)

There are a number of molecules that function
as scavengers of free radicals. These low molecular
weight antioxidants, such as reduced glutathione,
retinoic acid (vitamin A), tocopherol (vitamin E) and
ascorbate (vitamin C), act in conjunction with these
enzymatic defenses (Pascual et al, 2003; Valko et
al,, 2006).However, one of the most abundant and
most important molecular antioxidants in cellular
cytoplasm is glutathione (GSH). It can react directly
with ROS species. The balance between GSH and GSSG
can be restored by GR. Levels of total GSH, GSSG and
GR activity have all been proposed as biomarkers of
oxidative stress in fish (Stephensen et al. 2002).

Rainbow trout Oncorhynchus mykiss, are one of
major cultured freshwater species. However, a few
study (Furné et al., 2011) is available on the effect of
starvation on body composition and enzyme activity
in O. mykissafter yolk-sac absorption, especially when
the total lipid, HUFA content, lipid peroxidation,
antioxidant enzyme activity and vitamin E levels are
considered together.The understanding of the early
larval antioxidant defenses as well as the oxidative
damage and oxidative stress are of primary importance.
Therefore, thepresent study investigated effects of

starvation in free swimming O. mykiss larvae starved
for 21 days after yolk-sac absorption, with special
emphasis on the activities of the antioxidant enzymes
SOD, CAT, GSHpx, GR, GST as well as lipid peroxidation
levels. Basic knowledge of starvation on fatty acids,
particularly HUFA, total proteins, MDA as an indication
of lipid peroxidation, glutathione and fat soluble
vitamins were also provided.

MATERIALS AND METHODS

Eggs and sperm samples used in the present study
were obtained from three females and malesaged 4 and
3 years, respectively. Mature O. mykiss were artificially
spawned; the eggs were fertilized by conventional
procedures and immediately transported to a hatchery.
Just after yolk-sac absorption, free-swimming larvae
were starved over a period of 21 days. When deaths
were seen after 21™ day in starved larvae, the trial was
ended. All samples of starved larvae were collected
as 1g of 3 repetitions at free-swimming larvae, at 7,
14 and 21 days. Eggs were fertilized in February. The
water temperature was 9.7 °C during embryogenesis,
10.9 °C during yolk-sac larvae in March and was 12.1 °C
during starving period in April. pH and oxygen level of
the water varied between 7.4-7.6 and 8.5-8.3 mg L™
respectively from February to April. Hatching occurred
35 days after the fertilization and the yolk-sacs were
completely exhausted 19 days posthatching after the
embryonic development. When the O. mykiss larvae
finished their endogenousfeeding and the larvae
being at their free-swimming stage. Justafter yolk-sac
absorption, O. mykiss larvae was starved. When deaths
were seen after 21" day, the trial was ended. The
samples of starved O. mykiss larvae (3x1g) were taken
at free-swimming larvae after yolk-sac absorption and
on days 7, 14 and 21. All samples were frozenin liquid
nitrogen and stored at —80 °C prior to the preparationof
the homogenate. The poolin which the fish were reared
had a flow-through water supplyoriginating from an
underground natural spring. The water flowrate was 26
L min-1.

Analytical Methods

Whole body of starved larvae O. mykiss (1 g x 3
replicates) werehomogenized in ice-cold buffer (20
mM phosphate buffer pH7.4, T mM EDTA and 0.1%
Triton X-100). Homogenates werecentrifuged at 30,000
x g for 30 min. After centrifugation, thedebris was
removed. The supernatant was collected and frozenat
—80 °C until analysed. The resultant supernatants were
useddirectly for enzyme assays.

Superoxide dismutase (SOD) (EC 1.15.1.1) activity
was assayedin terms of its ability to inhibit the oxygen-
dependent oxidationof adrenalin (epinephrine) to
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adenochrome by xanthine oxidaseplus xanthine
(Panchenko et al., 1975). The reaction was followedat
480 nm and one unit of SOD activity is defined as the
amountof the enzyme causing 50% inhibition of the
rate of adenochromeproduction at 26 °C. Solutions
used in SOD activity measurementwere made fresh
daily. The assays were run by adding to thecuvette
sequentially 0.05 M potassium phosphate buffer
pH7.8/0.1 mM EDTA, 100 pl adrenaline, 100 pl xanthine
and 200 plsample. The reaction was then initiated by
adding 20 pl xanthineoxidase.

Catalase (CAT) (EC 1.11.1.6) activity was measured
by followingthe reduction of hydrogen peroxide (H,0,)
at 30 °C and 240 nmusing the extinction coefficient
0.04 mM-1 cm-1 (Beers and Sizer,1952). Immediately
before assay, a stock solution was prepared.The quartz
assay cuvette contained 50 pl sample solution in a
finalvolume of 250 pl containing 67 mM phosphate
buffer pH 7.0 and20 mM H,0,. One unit of CAT
represents the amount of enzymethat decomposes 1
umol of H,0, per minute.

Glutathione peroxidase (GSHpx) (EC 1.11.1.9) was
assayedby following the rate of NADPH oxidation
at 340 nm by thecoupled reaction with glutathione
reductase (Bell et al, 1985).The GSSG generated by
GSHpx was reduced by GR and NADPHoxidation
was monitored at 340 nm. The quartz assay
cuvettecontaining the reaction mixture which
consisted of 50 mMpotassium phosphate buffer (pH
7.1), TmMEDTA, 3.6mMreducedglutathione (GSH), 3.6
mM sodium azide, 1 IU mL™" glutathionereductase,
0.2 mM NADPH and 0.05 mM H,O,. Moreover,0.05
mM cumene hydroperoxide was used as substrate
instead ofhydrogen peroxide. Sample was added and
specific activities weredetermined using the extinction
coefficient of 6.22 mM~' cm™.

Glutathione reductase (GR) (EC 1.6.4.2) activity
was determinedby the oxidation of NADPH at 340
nm using the extinctioncoefficient 6.22 mM~" cm™.
Reaction mixture in quartz assaycuvette consisted of
0.1 M potassium phosphate buffer (pH 7.2),2 mM EDTA,
0.63 mM NADPH and 0.15 mM GSSG. The reaction was
initiated by the addition of the sample.

Glutathione S-transferase (GST) (EC 2, 5, 1, 18)
activity wasmeasured at 340 nm with 1 mM 1-chloro-
2,4-dinitrobenzene(CDNB) and 1 mM glutathione
(GSH) in 100 mM potassiumphosphate buffer, pH 6.5.
The quartz assay cuvette containing100 mM potassium
phosphate buffer pH 6.5. 100 ml GSH and100 ml
CDNB were prepared and the reaction was initiated by
theaddition of 50 ml sample. Specific activities were
determined usingan extinction coefficient of 9.6 mM~'

cam,

Fatty Acid Analyses

Total lipid contents of starvedO. mykiss larvae
were extractedafter homogenization in 3:2 (v/v)
hexane isopropanol mixturesaccording to procedures
described by Hara and Radin (1978). Allsolvents
contained 0.01% butylated hydroxytoluene as an
antioxidant.Fatty acid methyl esters were prepared
from total lipid by acidcatalyzedtransmethylation
at 55 °C for 15 h according to methodof Christie
(1998). They were analysed in a GC-17A Shimadzu
gaschromatograph  equipped  with  SPTM-2380
fused silica capillarycolumn 30 m X 0.25 mm X 0.2
pm film thickness.The levels of Vitamin A, D, E, K
and Cholesterol, Stigmasteroland [-sitosterol were
analysed by Shimadzu full VP series HPLCaccording
to the method of Katsanidis and Addis (1999).
Totalprotein, glutathione (GSH) and malondialdehyde
(MDA) levelswere spectrophotometrically measured.
They were assayed at750 nm according to the method
of Lowry et al. (1951) with bovineserum albumin as a
standard, 412 nm according to the method of Teare et
al. (1993) and 532 nm according to the method of Salih
et al. (1987) respectively.

Statistical Analysis

The statistical analyses were performed using a
commercialstatistical software (SPSS 15.0) for Windows.
Allanalyticaldeterminationswere performedintriplicate
and the mean values (mean%S.E) were reported. All
data were statistically compared by one wayvariance
analysis (ANOVA) and comparisons between means
wereperformed with Tukey’s test. Differences between
means werereported as insignificant if p > 0.05,
significant if p < 0.05, moresignificant if p < 0.01 and
most significant if p < 0.001.

RESULTS

Fatty acid compositions of O. mykissstarved larvae
from free-swimmingto 21 days starvedlarvae are
presented in Table 1.XSFA showed a significant and
steady increase over the 21-day starving period. It
was noted that on the investigation in the fatty acid
composition of the free-swimming larvae and 7, 14
and 21 days starved larvae, while C14:0 fatty acidwas
not detected in the 21 days starved larvae of O. mykiss,
C15:0, C17:0 ve C22:0 fatty acids were not detected
from 7 days starved larvae to 21days starved larvae of
O. mykiss.2SFA were at a minimum (26.43%) at free-
swimming larvae and reached a maximum (31.63%) at
21 day starved larvae of O. mykiss. The percentages of
the ZSFA increased significantly (P < 0.05) at 7, 14 and 21
days starved larvae due to increase in the content of the
most abundant saturated fatty acid, C16:0 and C18:0.
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Table 1. Fatty acid composition of free-swimming larvae and 7, 14, and 21days starved larvae of Oncorhynchus mykiss”

Fatty acids Free-swimming 7 day 14 day 21 day
Larvae Starved larvae Starved larvae Starved larvae

C14:.0 1.17+0.03* 0.72+0.01° 0.73+0.04° 0.00+0.00¢
C15:0 0.20+0.01° 0.00+0.00 0.00+0.00 0.00£0.00
C16:0 16.71+0.06° 18.73+0.05° 18.65+0.11° 19.80+0.08¢
C17:0 0.23+0.01° 0.00+0.00 0.00+0.00 0.00£0.00
C18:0 6.93+0.03° 8.97+0.04° 10.14+0.06¢ 11.17+0.24¢
C22:0 0.43+0.03° 0.00+0.00 0.00+0.00 0.00+0.00
C24:0 0.75%0.04* 0.40+0.01° 0.71+0.02¢ 0.66+0.00¢
> SFA 26.43+0.11° 28.82+0.09° 30.23+0.10¢ 31.63+0.27¢
C16:1n-7 2.85+0.032 1.93+0.05° 2.01+0.08° 1.94+0.10°
C17:1 0.18+0.00* 0.00+0.00 0.00+0.00 0.00+0.00
C18:1n-9 16.38+0.07° 13.82+0.13 16.55+0.08* 14.94+0.01¢
C20:1n-9 0.82+0.02* 0.39+0.00° 0.47+0.01¢ 0.00+0.00
C22:1 0.42+0.02* 0.00+0.00 0.00+0.00 0.00+0.00
> MUFA 20.66+0.06° 16.14+0.18° 19.03+0.01¢ 16.89+0.09¢
C18:3n-3 1.84+0.04° 0.98+0.04° 1.06+0.03° 0.73+0.01¢
C20:5n-3 7.90+0.06* 6.43+0.06° 5.39+0.10¢ 5.12+0.06¢
C22:5n-3 2.43+0.05* 2.96+0.05° 3.47+0.12¢ 1.90+0.08¢
C22:6n-3 30.00+0.06* 36.27+0.10° 30.79+0.21¢ 34.44+0.134
>n-3 42.17+0.11° 46.65+0.09° 40.70£0.23¢ 42.19+0.09°
C18:2n-6 5.98+0.06* 3.87+0.10° 5.20+0.17¢ 4.41+0.10¢
C18:3n-6 0.23+0.02* 0.00+0.00 0.00+0.00 0.00+0.00
C20:2n-6 0.78+0.02* 0.62+0.02° 0.69+0.01¢ 0.62+0.01°
C20:3n-6 0.60+0.01° 0.43+0.01° 0.60+0.01° 0.00+0.00
C20:4n-6 3.15+0.07° 3.46+0.03° 3.54+0.10° 4.27+0.02¢
>n-6 10.74+0.04° 8.39+0.14° 10.03+0.20¢ 9.30+0.09¢
> PUFA 52.91+0.07° 55.04+0.10° 50.74+0.11¢ 51.49+0.18¢
>n-3/In-6 3.93+0.02° 5.57+0.10° 4.06+0.10° 4.54+0.03¢

*The data are expressed as percentages of total fatty acids. Each value is the meanzS.E. (standard error) of 3 repetitions. Superscripts
after values in a same line with different letters represent significant difference (p< 0.05). X: Total. ZSFA: Total Saturated Fatty Acid.

>MUFA: Total Monounsaturated Fatty Acid. n-3: Total n-3 Fatty Acid. Xn-6: Total n-6 Fatty Acid. XPUFA: Total Polyunsaturated Fatty Acid.

However, in the case of IMUFA, they were at a
minimum (16.14%) at 7 days starved larvae and at a
maximum (20.66%) at free-swimming larvae O. mykiss.
The percentages of the XMUFA increased significantly
(P < 0.05) at 14 day starved larvae due to increase in
the content of the most abundant unsaturated fatty
acid, C18:1n-9. According to free-swimming larvae,
a statistically significant (P < 0.05) decrease in the

percentages of C16:1n-7 was observed at 7, 14 and 21
days starved larvae.Throughout the starving periods,
total polyunsaturated fatty acids (XPUFA) were at a
maximum (55.04%) at 7 days starved larvae and at
a minimum (50.74%) at 14 days starved larvae of O.
mykiss, mainly composed of the increased percentage
of C18:2n-6, C20:4n-6(ARA) C20:5n-3, C22:5n-3 and
C22:6n-3.
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Table 2. Changes in Total Protein, GSH and MDA levels in free-swimming larvae and 7, 14, and 21 days starved larvae of

Oncorhynchus mykiss®

Free-swimming 7 day 14 day 21day
Larvae Starved larvae Starved larvae Starved larvae
Total Protein mg/g 49,67+0,86" 51,42+0,98° 52,55+1,10° 47,25+0,70¢
GSH pmol/g 0,86+0,04* 0,51+0,02¢ 0,53+0,00¢ 0,85+0,012
MDA nmol/g 17,08+1,16* 30,78+1,06¢ 14,590,412 16,56+0,38*

"Each value is the meanzS.E. (standard error) of 3 repetitions. Superscripts after values in a same line with different letters represent

significant difference.
a:Values ofp>0.05 is not statistically significant.

c: Values of p<0.01 is statistically more significant

The level of total protein, glutathione (GSH) and
malondialdehyde (MDA) in mg per gram tissue, umol
per gram tissue and nmol per gram tissue respectively
were examined in fish O. mykiss throughout the period
of 21 days starving (Table 2).Compared with the O.
mykiss larvae passing through the free swimming stages
with the absorption of the yolk-sac, it was observed that
no significant change (p>0.05) had occurred in the total
protein amounts of 7, 14 and 21days starved larvae.
The decrease in the total protein amounts of the larvae
starved for 21 days was significant (p<0.01) than that
of the 7 days and 14 days starved larvae. The difference

b: Values of p < 0.05 is statistically significant.
d: Values of p<0.001 is statistically most significant

in the GSH concentration between the free swimming
larvae and 21 days starved larvae was found statistically
insignificant (P>0.05). However the GSH concentration
in7 and 14 days starved larvae exhibited significantly
(P<0.001) low values.While the GSH concentration in
7 and 14 days starved larvae exhibited significantly
(P<0.001) low values, the most significant increase in
the MDA concentration was detected in 7 days starved
larvae. There was no significant (P>0.05) change in
the MDA concentration of starved larvae at the other
stages of the starving period.

Table 3. Changes in antioxidant enzymes, superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSHpx),
glutathione reductase (GR) and glutathione S-transferase (GST) activities in free-swimming larvae and 7, 14, and 21 days

starved larvae of Oncorhynchus mykiss"

Free-swimming 7 day 14 day 21 day
Larvae Starved larvae Starved larvae Starved larvae
SOD
(U/9) 8,77%0,67 6,90+0,03 5,66+0,24¢ 6,15+0,14¢
CAT
(ug/g/Tmin) 140,12+4,12 126,44+2,46 302,12+3,12¢ 206,82+1,71¢
GSHpx
(U/g/1min) 87,16+1,21 80,12+0,972 65,62+2,51°¢ 75,86%2,79°
GR
(U/g/1min) 30,43+3,76 27,81+£3,622 33,33+£2,09° 39,79+0,43¢
GST
(ug/g/Tmin) 250,33+6,25 243,67+4,72 279,33+3,48¢ 168.00+5,77¢

*The meaning of the symbols is given under Table 2.

The specific activities of five enzymes of the
antioxidation system in starved larvae of O. mykiss over
a period of 21 days starving are shown in Table 3. SOD
activityinfreeswimminglarvaeand7 daysstarvedlarvae
showed its highest valuebut it its lowest value occurred
in the 14 day starved larvae. Conversely, CAT activity
was significantly (P<0.001) low in free swimming larvae
and 7 days starved larvae and significantly (P<0.001)

highin 14 and 21 days starved larvae. Compared to free
swimming larvae, GSHpxactivity showed a significant
(P<0.01) decrease in 14 days starved larvae which had
the lowest activity in all starved larvae. Its activity did
not showany significant change in 7 and 21 daysstarved
larvae (P>0.05). GR activity did notshow any significant
change from free swimming larvae to 14 days starved
larvae which had the lowest activity but it its highest
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value occurred in the 21 days starved larvae (P<0.01).
Unlike SODactivity which showed its highest value
in the first two weeks, GSTactivity showed its highest
value in third weeks, but it decreased sharply in 21 days
starved larvae (P<0.001).

Table 4 shows the levels of Retinol (ug/g), Vitamin
D, (ug/g), &-Tocopherol (ug/g), a-Tocopherol (ug/qg),
Vitamin K, (ug/g), Vitamin K, (ug/q), Cholesterol
(umol/g), Stigmasterol (ug/g) and f-sitosterol (ug/g) in
free swimming larvae, 7, 14 and 21 days starved O. mykiss
larvae.When retinol levels were examined throughout
the period of 21 days starving, there were the most
significant (P<0.001) decrease in all starved larvae
according to the free swimming larvae.Therewere no
significant differences in the level of vitamin D, between
the free swimming larvae, 14 days starved larvae
and 21 days starved larvae, but the most significant
(p<0.001) increase was observed in the 7 days starved

larvae. 6 -Tocopherol level showed a significant (P<0.01)
decrease in 7 days starved larvae before decreasing
sharply in 14 days and 21 days starved larvae (P<0,001).
The highest 6 -tocopherol level was observed in free
swimming larvae.a-tocopherol did notshow any marked
change during the 21 days starving period. The highest
a-tocopherol values (25,47+0,18)were found in the free
swimming larvae, but it its lowest value (11,49+0,22)
occurred in the 21 days starved larvae.O. mykiss's starved
larvae did not show any remarkablechange in vitamin
K, levels from 7 days to 21 days starved larvae, butthe
level of K was most significantly (P<0.001) higher in free
swimming larvae.ln the starving period of O.mykiss's
larvae, K, levels showed asignificant (P<0.01) decrease in
7 days starved larvae and the most significant (P<0.001)
decrease in 14 and 21 days starved larvae. K, levels was
high in the free swimming larvae and significantly (P <
0.001) was low in 14 days starved larvae and 21 days
starved larvae.

Table 4. Changes in Retinol, Vitamin D,, §-Tocopherol , a-Tocopherol , Vitamin K , Vitamin K, Cholesterol, Stigmasterol and
[B-sitosterol levels in free-swimming larvae and 7, 14, and 21 days starved larvae of Oncorhynchus mykiss®

Free-swimming

7 day

14 day 21 day

Larvae Starved larvae Starved larvae Starved larvae

Retinol (vit. A) wo/a 0,56+0,05 0,270,049 0,24+0,03¢ 0,24+0,04¢

Vitamin D, - 0,1140,02° 0,25+0,02¢ 0,07+0,00° 0,06+0,01°

6-Tocopherol wola 2,04+0,19 1,38+0,15¢ 0,55+0,08" 0,27+0,04¢

a-Tocopherol wo/a 25,47+0,18 13,98+0,18¢ 15,53+0,29¢ 11,49+0,22°

Vitamin K, d d d

ualg 0,31%0,01 0,130,00 0,07+0,00 0,09+0,01

Vitamin K, 4,07+0,10 2,56+0,18° 1,7140,19¢ 0,71+0,04¢
Mg/g

Cholesterol 3,2240,06 2,510,04¢ 2,48+0,24¢ 2,73+0,11°
umol/g

stigmasterol Lo/ 94,13+3,35 82,93+1,97" 65,80+1,26¢ 56,62+4,90°

p-sitosterol L/g 0,22+0,02° 0,22+0,04° 0,240,04° 0,26+0,00°

*The meaning of the symbols is given under Table 2.

Cholesterol levels showed a small but statistically
significant (P<0.05) decrease in 21 days starved O.
mykiss's larvae and the more significant (P<0.01)
decrease in 7 and 14 days starved larvae according
to the free swimming larvae. Although therewere no
significant differences in stigmasterol levels from 14
days to 21 days starved larvae, the most significant (P
< 0.001) decrease was observedin the last two weeks

according to the free swimming larvae. B-sitosterol
levels did not show any significant change in any of the
groups.

DISCUSSION

Starvation is a threat that fish often face in their
native aquatic ecosystems, which affects their
reproduction, development, growth and survival.
During starvation, fish goes into a special anti-stress
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status due to the lack of available energy. Specifically,
all physiological metabolism in fish undergo a variety
of changes, including those relevant to enzymatic
activity, energy substance composition, ammonia
excretion rate, and many others (Pérez-Jiménez et al.,
2007). Lipids are essential molecules of the cell acting
as structural components of cell membranes, cellular
communication and energy store. These key functions
are especially relevant in early developmental stages
of teleosts since they exhibit high growth rates
demanding significant amounts of lipids as a main
source of energy and for membrane formation (Roman-
Padilla et al., 2016).

Levels of protein in the all starved stages were not
significantly affected by starvation. Even though the
difference in the protein content was insignificant,
an increment was detected for the 7 days and 14
days starved larvae. Results from the present study
showed that starvation stimulates protein synthesis
in early life stages of the O. mykiss larvae. The results
implied a likely correlation between starvation and
protein synthesis, which is valuable for investigation.
This studyhave similar resultwith theseveral studies
reported in fingerlings (Labeo rohita) (Yengkokpam
et al., 2008),Dicentrarchus labrax (Antonopoulou et al.,
2013) and Solea senegalensis during early larval stages
(Solé et al., 2004).

The protein and lipid levels of starving larvae are
different. In the former case like Salem et al. 2007, the
observed increase in protein level with time may be the
preservation of the protein synthesis in the growing
organism, whereas in the latter it reflects the utilization
of the body’s lipid reserves mainly due to the utilization
of energy derived from lipids during starvation.This
results revealed that decrease in protein level occurred
after 21 days starvation in O. mykiss. This finding was
compatible with the study of Salem et al. (2007). They
showed that decreased expression of proteins at mRNA
level occurred after 21 days starvation in rainbow trout,
and mobilize their endogenous reserves to obtain
the energy required to maintain vital processes (brain
function, respiration, regulation of mineral balance,
etc.). Changes in the amount of fatty acids in starved O.
mykiss larvae were also noticeable (Table 1). In starved
O. mykiss larvae, a significant reduction of lipid content
occurred from day 7 and kept low levels to day 14
compared to the free swimming larvae and 21 days
starved larvae. The amount of XPUFA in 7 days starved
larvae (55.04%) decreases significantly in 14 days
starved larvae (50.74%) during 7 days of starvation,
while total protein increases from 7 days starved larvae
(51.42 mg/q) to 14 days starved larvae (52.55 mg/qg)
even if no significant differences were observed among

(Tables 1 and 2). Lipid peroxidation, specifically PUFA
oxidation is highly deleterious, resulting in damage to
cellular biomembranes as a consequence of oxidative
deterioration of membrane lipids (Porter et al., 1995).

The intensive use of C18:1n-9 and C16:1n-7 during
development was observed in 7 and 21 days starved
larvae. The intense utilization of monounsaturated
fatty acids, especially C18:1n-9 and C16:1n-7 pointing
out the importance of these nutrients as energy
substrates (Abi-ayad et al., 2004). There was, even,
an increase of saturated fatty acids especially C16:0
and C18:0, probably due to bioconversion processes
which is in accordance with other studies (Cejas et
al., 2004; Abi-ayad et al., 2004). On examination of n-6
and n-3 fatty acids, it was determined that the starved
larvae, in comparison with the fed larvae (Zengin and
Yilmaz., 2016), while using less C20:5n-3, they more
strongly conserved C22:6n-3. This supports the view
that C20:5n-3 and C22:6n-3 acids are generally spared
for physiological functions as well for incorporation
in specific tissues such as the brain and retina. During
starvation (C22:6n-3 was preferentially conserved
compared with C20:5n-3 (Oxley et al., 2005).

Although the starved O. mykiss were under very
difficult nutritional conditions, Arachidonic acid
(C20:4n-6) acids were more strongly conserved in
the starved larvae than in the fed larvae (Zengin
and Yilmaz., 2016).C20:4n-6and C20:5n-3 exhibit
a competitive relationship for binding to some
enzymes in fish, such as the eicosanoid synthesis
enzymes, phospholipid esterase or fatty acid elongase
(Tocher, 2003). C20:4n-6 is the preferred substrate
for eicosanoids, whereas C20:5n-3 is the preferred
substrate for phosphoglycerides. But the amount of
the C20:4n-6 significantly inreased with the increasing
starvation period. In starved larvae, there was an
apparent preference in utilization of C20:5n-3 than
C20:4n-6.Investigations have been carried out on the
physiological effects of C20:4n-6. C20:4n-6, which
is precursor of eicosanoids, has an importance on
the growth and reproduction of fish and also many
physiological events, such as gamet, larvae quality,
fertilization of eggs and hatching, survival rate of
hatched larvae, immune system, and adaptation to
changeable environmental factors (i.e., changes in
salinity levels of water) (Bae et al., 2010;Harlioglu, 2014).

Changes on thelevels of certain metabolites, such as
MDA and GSH, and on the activity of some antioxidant
enzymes such as SOD, CAT, GSHpx, GR and GST have
been described as biomarkers of oxidative stress
provoked either by different nutritional conditions or by
prolonged starvation (Pascual et al., 2003; Morales et al.,
2004). Because of the high unsaturation, C20:4n-6 and
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C20:5n-3are easy to be attacked by free radicals, which
cause lipid peroxidation and impair the functional
integrity of cell membranes and enzyme activity.
MDA is the end product of lipid peroxidation and its
content could reflect the degree of lipid peroxidation.
It is an important indicator of the oxidative changes of
lipid (Tian et al., 2017). Results from the present study
showed that during 21 days of starvation, the highest
MDA generation was enhanced in 7 days starved
larvae that antioxidant defenses were inadequate
for effective scavenging ROS, and leading to the
appearance of lipid peroxidation as a MDA generation.
Thus, the highest MDA content resulted in decreased
levels of total PUFA, particularly eicosapentaenoic acid
(C20:5n-3) in 14 and 21 days starved larvae. Based on
MDA levels, this results clearly showed that prolonged
starvation led to oxidative stress, with starved O.
mykiss larvae showing increase in MDA with respect
to the free swimming larvae. A study with sea bream
(Sparus aurata) evaluated the influence of prolonged
starvation on MDA levels, and a significant increase of
this metabolite has been reported (Pascual et al., 2003).

Among the antioxidant nutrients, vitamin E is the
major membrane-bound lipid-soluble antioxidant.
In the present study, there is the most significant
decrease in vitamin E (a-tocopherol and §-tocopherol)
level in all starved larvae of O. mykiss according to the
free swimming larvae. These results indicated that
vitamin E deficiency impaired the antioxidant capacity
in the starved larvae. The intracellular levels of non-
enzymatic antioxidants, GSH influence the activity of
the enzymatic antioxidants. As shown in Table 2 and 4,
decreased in GSH content and the vitamin E levels were
not protect O. mykiss larvae against lipid peroxidation.
Decrease in vitamin E level significantly decreased
the GSH content in the 7 and 14 days starved larvae.
Decrease in vitamin E level also significantly decreased
the activities of SOD and GSHpx in 14 days starved
larvae (Morales et al.,, 2004; Pan et al., 2017). Thus,
Vitamin E is an indispensable nutrient required to
maintain normal physiological functions in fish and
has been used in fish diets as an antioxidant substance
to prevent the peroxidation of highly unsaturated
fatty acids (HUFA) in fish oil (Ortuiio et al., 2000).In
order to evaluate the effects of starvation as a source
of oxidative stress, we checked the GSH levelsin the
21 days starving period(Table 2). In the present study
we have detected GSH depletion in O. mykiss larvae
and the decline in GSH levels occured in 7 days to 14
days starvation. The starved fish had low GSH levels.
These changes were coincident with the appearance
of MDA shown as useful early biomarkers of oxidative
stress. Results from Pascual et al. (2003) confirm this

conclusion.

GSH acts as an effective antioxidant molecule
besides serving as a substrate for GSHpx and GR to
neutralize H,0, produced by SOD. Thus, cellular GSH
store represents the competency of living organism to
resist the oxidative damage. GSHpx catalyses a variety
of lipid peroxides by using GSH. In general, GSH is
reformed by GR in a NADPH dependent reaction, and
NADPH is generated by multiple redox enzymatic
reactions that are markedly synchronized with nutrient
supply (Morales et al.,, 2004; Sinha et al., 2015).Lower
availability of NADPH as a consequence of nutrient
limitation would curtail GR activity. This was reflected
by an impaired GR activity in starved fish accompanied
by a decline in recycling rate of GSH regeneration.
Thisindicate an insufficient GSH-recycling system in
starved fish under starvation conditions. Similarly,
depletion of endogenous GSH pool in fish has been
reported to occur under a situation of starvation (Sinha
et al., 2015).

While the activities of GSHpx are reduced in 14 days
starved larvae during starvation, GR activity showed
the highest value when deaths were seen at 21t day.
GR activities increased in parallel with starvation. A
similar increase in the hepatic GR activity was reported
in Sparus aurata (Pascual et al., 2003). The nutritional
deficiency that fish were confronted to, could have
restricted the availability of sulphur amino acids. This
might detain the production of GSH and functional
activities of GSHpx in the starved fish. (Paterson et al.,
2001). In this study, starvation condition have shown
that starvation was resulted in the most significant
decrease in GSH content in 7 days and 14 days starved
O. mykiss larvae, connoting an disadvantage for the
starved larvae to resist oxidative stress.

Glutathione S-transferases have a critical role
against oxidative damage (Elia et al., 2003). GST may
be increased, especially in diets with low vitamin E,
as it is thought to form GSH conjugates with peroxy
radicals (Choi et al., 2008). Thus, GST can inactivate
lipoperoxidation products, lipid hydroperoxides, and
their derivatives (Doyen et al., 2008).Unlike Mourente
et al. (1999) and Pascual et al. (2003), GST activity in
this study showed the most significant increase in 14
days starved O. mykiss larvae. We observed that from
free swimming larvae, all enzymatic activities were
already measurable and they tended to increase in the
case of CAT, GR, GST and to decrease in the case of SOD
and GSHpx in 21 days starvation periods.The highest
CAT and GST activities during starvation suggest that
defences against ROS assume greater importance
during periods of starvation (Guderley et al., 2003). In
response to the starvation, O. mykiss larvae showed the
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lowest activities of SOD and GSHpx of any other animal
in previous studies (Morales et al., 2004).

In conclusion, various metabolic adjustments
were observed during 21 days starvation in O. mykiss
larvae. Lipids played a more important role as energy
reserves on a relative basis in whole body; lipids were
more important sources of catabolizable energy in
starved larvae, whereas protein might be preferentially
mobilized in muscle. O. mykiss larvae preferentially
utilized C18:1n-9 and C16:1n-7 as energy substrate
and preferentially reserved C16:0 and C18:0 during
starvation. MUFA were a major energy source for
starving O. mykiss larvae, and DHA and EPA in O. mykiss
larvae during starvation were conserved. The amount
of protein during starvation may reflect its abundance
in the larval body, their protection by intracellular
chaperones or their critical functional roles. GR activity
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Kiiltur cipura (Sparus aurata) ve levrek (Dicentrarchus labrax) baliklarinin
fileto edilmesi sonucunda ortaya ¢ikan atiklardan protein hidrolizat eldesi,
fonksiyonel ve antioksidant ozellikleri ve depolamadaki kararliligi

Stability of fish protein hydrolysate from processing wastes of gilthead
seabream (Sparus aurata), European seabass (Dicentrarchus labrax) and
rainbow trout (Oncorhyncus mykiss) during storage
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Oz: Bu calismada kiltiir cipura (Sparus aurata) ve levrek (Dicentrarchus labrax) baliklarinin fileto edilmesi sonucunda ortaya cikan atiklardan
protein hidrolizat Gretilmistir. Hidrolizat iki farkl enzim kullanilarak tretilmistir. Alkalaz ve flavur enzimleri kullanilarak tretilen hidrolizatlarda;
emiilsiyon, renk, képlrme gibi fonksiyonel 6zelliklerin tespiti ve antioksidant 6zellikler ve amino asit komposizyonu tespiti yapilmistir. Ayrica
farkli iki enzim kullanilarak tiretilen hidrolizatlarinin 18°C de 6 ay siire ile depolanarak, depolama zamanina bagl bazi degisimleri saptanmistir.
Sonug olarak, alkalaz enzimiyle uretilen toz protein hidrolizatinin flavur enzimine gore daha yiiksek seviyelerde fonksiyonel ve antioksidatif
ozellik gosterdigi tespit edilmistir.

Anahtar kelimeler: Hidrolizat, balik atiklar, kalite kontrol

Abstract: In this study, protein hydrolysate was produced from the wastes resulting from the filling of culture sea bream (Sparus aurata) and sea
bass (Dicentrarchus labrax). Hydrolysates were developed by employing the alcalase and flavor enzyme. In addition, the functional properties
of hydrolysates were characterized such as emulsion, color, rage and antioxidant as well as amino acid compositions. Also, the effects of
storage time on the hydrolysates which was developed by using the two different enzymes and stored at 18°C on 6 months were determined.
As a result, it was found that hydrolysate protein powder made by alcalase was showed higher level of functional and antioxidant properties
compared to the flavor enzyme.

Keywords: Hydrolysate, fish wastes, quality control
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GiRIS

2016 senesinde (lkemizde aquakultir Gretimi
253.395 ton dur. Cipura baligi 58.254 ton, levrek 80.847
ton olarak yetistirilmis ve Glkemizin toplam su Grtnleri
ihracati yaklasik 2,4 milyar Turk lirasi degerindedir
(ANONIM, 2018). Balik isleme yan urlinleri; balik isleme
isleminden arta kalmis olan Urunlerdir. Balik isleme
suresince Uretilen yan Uriinlerin orani, ilk baslangictaki
materyalin agirlik olarak %50 sini olusturabilmektedir
ve bu atiklardan kurtulmak maliyetlidir. Bu olay sadece
maliyeti ile degil ayni zamanda cevreye olan zararlari
ile de sikinti olusturmaktadir. isleme atiklarindan
para harcayarak kurtulmak yerine firmalar hayvan
yemi, balik yemi ve gibre Ureterek para kazanma
yoluna gitmektedir. Fakat bunun kazanci dusuktdr.
Bu da firmalar degeri daha yulksek olan Uriinlere
yoneltmistir. Balik toz protein hidrolizatlari, proteinin
enzimatik hidrolizinden olusan Urlnlerdir. Balikta
bulunan proteinin, enzim yardimi ile aminoasitlere
parcalanmasiyla Uretilmektedir. Elde edilen protein
hidrolizatlari gida sanayiinde bir katki maddesi
olarak kullanildigindan islevi ¢ok fazladir. Proteolizi
hizlandirmak icin bazi enzimler ve mikrobiyal starterler
eklenir. Toz protein hidrolizati Giretmek ve elde edilmek
istenen 6zellikleri yakalamak icin; sicaklik, pH ve zaman
gibi parametreler oldukga iyi bir sekilde takip edilmek
zorundadir. Toz protein hidrolizatlari, lezzet arttirici,
fonksiyonel gida maddeleri ve protein bakimindan
dusuk icerikli gidalarda besleyici bilesen takviyesi
olarak kullanilabilmektedir. Protein ilavesi olarak; saghk
alaninda, eczacilik takviye riinlerinde ve beslenme ve
diyetlerde kullanildiklari bilinmektedir (Cakl, 2008).

Bu arastirma da  “Turkiyede kilturi yapilan
cipura (Sparus aurata) ve levrek (Dicentrarchus labrax)
baliklarinin fileto edilmesi sonucunda ortaya cikan
isleme atiklaridan flavur ve alkalaz enzimi yardimiyla;
protein hidrolizat eldesi ve baz fonksiyonel ve
antioksidant 6zelliklerinin bulgulanmasi ve dondurarak
depolama  siresindeki  kararhhigin  belirlenmesi”
hedeflenmistir. Ayrica farkli iki enzim kullanirak Gretilen
hidrolizatlarinin 18°C de 6 ay sure ile depolanarak,
depolama zamanina bagh bazi kalite degisimleri
degerlendirilmistir.

MATERYAL METOT
Ham Materyal

Calisma materyali olan balik isleme atiklari cipura
(Sparus aurata) ve levrek (Dicentrarchus labrax)
baliklarinin fileto edilmesinde ortaya ¢ikan atiklardir
(bas bolgesi ve sindirim sistemi ve diger organlarin
bulunmadigi, omurga lizerine bagh olarak bulunan kas
dokusu). Dondurarak muhafaza edilen isleme atiklari,
planlanan protein hidrolizat miktarina gére +4°C’ de
¢Ozdurilerek tGretime alinmistir. Her bir balik tirlindeki
isleme atiklarindan, iki farkli enzim (flavur ve alkalaz)

kullanilarak hidrolizatlar elde edilmistir. Tim analizler
U¢ tekrar ile yapilmustir.

Metot
Balik isleme atiklarindan Hidrolizat Uretimi

Cipura ve levrek isleme atiklarnndan hidrolizat
Uretimi Bougatef vd., 2010’a gore yapilmistir. Cipura
(Sparus aurata) ve levrek (Dicentrarchus labrax)
baliklarinin fileto edilmesinde ortaya cikan atiklar
(bas bolgesi ve sindirim sistemi ve diger organlarin
bulunmadigl, omurga Uzerine bagh olarak bulunan
kas dokusu) blendr ile karistirilarak omurga Usttindeki
proteinin suya gecmesi veya ¢Oziinen fraksiyonun
(peptidler, serbest amino asitler, di peptit ve
oligopetitlerin) suya gecisi saglanmistr. iki farkl enzim
kullanilarak (flavur ve alkalaz’) protein hidrolizat tGretimi
gerceklestirilmistir. Uretilen protein hidrolizatlar toz
halinde, depolamadaki kararlihgini tespitamaciyla-18°C
de polietilen ambalajlar icerisinde 6 ay depolanmistir.
Depolama siiresi sonunda hidrolizatlarin antioksidant
ve aminoasit komposizyonundaki degisimler tespit
edilmistir.

Analiz Metotlari

Protein miktari ve ¢oziiniirliigii (%)

Protein, Lowry vd. (1951) ve bovin serum
albumin  standart metodu kullanilarak  tespit
edilmistir. Cozinarlik asagidaki formal kullanilarak
hesaplanmistir.

Gozunrlik (%): sivi kismin protein miktart x 100

Ornegin toplam protein miktari

Hidroliz derecesinin dl¢iilmesi (%)

Hidroliz derecesinin dl¢lilmesinde Benjakul ve
Morrissey (1997) metodu kullanilmis, hidroliz derecesi
asagidaki formal kullanilarak hesaplanmistir.

HD (%) = [(Lt-Lo)/(Lmax-Lo)] x100
Lt: zamana bagli kaybolan a-amino asit miktari

Lo: ham maddenin sahip oldugu a-amino asit
miktari

Lmax: maximum a-amino asit miktari
Antioksidatif Ozellikler

Serbest radikali giderme kapasitesi (DPPH)
DPPH tespiti icin Wu (1999) metodu kullaniimistir.
Metal selatlama

Metal selatlama Chung vd. (2002) yontemi ile tespit
edilmis ve asagidi verilen formiille hesaplanmistir.

Selatlama Kabiliyeti (%)= [1-(Absorbans 6rnek/
Absorbans kontrol) x100.

Antioksidatif aktivite

Antioksidatif aktivite tespiti Chen vd. (1995)'e gore
yapilmistir.
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Fonksiyonel Ozellikler
Emiilsiyon ozellikleri

Pearce ve Kinsella (1978) yontemi kullanilarak;
emilsiyon aktivite indeksi (EAl, m2/g) ve Emdilsiyon
Stabilite indeksi (ESI, DK) olarak tespit edilmistir.

Kopiirme o6zellikleri

Koplrme miktari (FE) ve koplrme stabilitesi (FS)
Shahidi vd. (1995) yontemi ile saptanmistir..

Su tutma kapasitesi (WHC) (g protein/mL su)

Eide vd. (1982) metodu kullanilarak su tutma
kapasitesi belirlenmistir.

Yag tutma kapasitesi (OHC) (g protein/mL su)

Haque ve Mozaffar, 1992'in metodu ile yag tutma
kapasitesi tespit edilmistir.

Renk ozellikleri

Spektropen (Hach-Lange GmbH & Co., Dusseldorf,
Germany) renk o6lcim cihazi ile 10 tekrarli olarak
Schubring, (2002) yontemi ile hidrolizatlarin renk
ozellikleri belirlenmistir.

Amimo asit komposizyonu

TUBITAK-MAM'dan hizmet alinarak (D.05.G105,
isletme ici metot- HPLC UV) yapilmistir.

istatistiksel Degerlendirme

SPSS for Windows 9.0 programi kullanilarak,

karsilastirmalar ~ icin ~ parametrik  varsayimlarin
gerceklestigiverilerde tek yonlii varyans analizi (ANOVA)
ile yapilmistir. Post-hoc Tukey HSD ve Duncan testleri ile
farkliigin nereden kaynaklandigi tespit edilmistir.

Tablo 2. Hidroliz derecesi*
Table 2. Degree of hydrolysis*

BULGULAR

Protein Coziinirligii

Tablo 1'degruplardaelde edilen protein ¢oziintrligi
degerleri verilmistir. Alkalaz enzimi kullanilan gruplarda
en ylksek protein ¢oziinGrligid saptanmistir. Flavur
enzim kullanilan gruplarda daha dusiik degerler vardir.
Alkalaz ve flavur enzimi arasinda ki elde edilen protein
¢ozlinarlaga farklari bir anlam teskil etmemektedir.

Tablo 1. Protein ¢ozinUrlugi*
Table 1. Protein solubility*

Cipura hidrolizati | Levrek hidrolizati

Alkalaz 98,24+4,47 98,59+3,12°"

Flavur 98,51+5,04° 96,17+5,58°

*Ayni sttundaki farkl harfler ve ayni satirdaki farkl sayilar

istatistiksel Gnemi (p< 0,05) belirtir.

4.2, Hidroliz Derecesi

Tablo 2'de gruplar da tespit edilen hidroliz
dereceleri gorilmektedir. Hidroliz derecesi (H.D.) 60
dk/dan baslamak Uzere cipura ve levrek den elde
edilen gruplarda 90 ve 120 dk’larda saptanmistir.. TUm
zamanlarda orneklerde anlamli fark bulunmustur (p
<0.05). Butiin 6rneklerde hidroliz deresi, stireye bagli
olarak artmistir. Alkalaz enzimi uygulanan gruplarda
daha yuksek degerler elde edilmistir.

4.3.Antioksidatif Ozellikler

Tdm orneklerde ki Serbest radikali giderme
kapasitesi, Metal selatlama ve Antioksidatif aktivite
degerleri asagidaki tablolarda verilmistir (Tablo 3-5).

Cipura Levrek
Zaman /% Alkalaz Flavur enzim Alkalaz Flavur enzim
60 dakika 25,41+2,86° 20,34+2,47° 16,21+2,65° 14,262,712
90 dakika 29,27+3,45° 24,49+3,11° 24,31+2,35° 19,91+2,06*
120 dakika 31,08+4,34° 27,43+4,40° 28,89+1,46° 23,52+2,78°

* Ayni sttundaki harfler istatistiksel 5nemi (p< 0,05) belirtir.

4.3.1. Serbest radikali giderme kapasitesi

Depolama zamani serbest radikali giderme
kapasitasinde anlamli bir fark yaratmamistir (p< 0.05).
Protein hidrolizatlar gruplarinda depolama siresine

bagh diisus tespit edilmistir. Alkalaz enzimi kullanilarak
elede edilen cipura Orneklerinde en yiksek DPPH

degerleri saptanmistir.
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Tablo 3. Serbest radikali giderme kapasitesi *

Table 3: Free radical scavenging capacity*

Cipura Levrek
Zaman/% Alkalaz Flavur Alkalaz Flavur
0. Giin 90,58+0,11° 91,82+0,17" 90,38+0,38" 93,24+0,22"'
6. Ay 72,65+0,69% 70,54+1,11b2 68,48+2,50 70,49+1,05

*Ayni satirdaki farkli harfler (¢ipura icin a,b; levrek icin x,y) istatistiksel 6nemi (p< 0,05), ayni stitundaki farkli sayilar istatistiksel

6nemi (p< 0,05) belirtir.

Metal selatlama

Depolamanin  baslangicinda metal selatlama
degerleri alkalaz enzimi ile Uretilen levrek
hidrolizatlarinda bulgulanmasina ragmen, depolama

Tablo 4. Metal selatlama*

Table 4. Metal chelating*

sonunda bu degerler en ylksek ¢ipura hidrolizatlarinda
saptanmistir.. Buna karsin, depolama zamani serbest
metal selatlama degerlerinde anlamli  bir fark
yaratmamistir (p< 0.05).

Cipura Levrek
Alkalaz Flavur enzim Alkalaz Flavur enzim
0. Giin 83,91+8,98 73,16%3,56"' 95,95+14,69 57,26+3,92"
6. Ay 72,58+1,17% 67,57+0,92° 68,68+0,37* 43,40+1,23%

*Ayni satirdaki farkli harfler (cipura icin a,b; levrek icin x,y) istatistiksel Gnemi (p< 0,05), ayni stitundaki farkli sayilar istatistiksel

onemi (p< 0,05) belirtir.

Antioksidatif aktivite

Tum gruplar da; bitillenmis hidroksi anisol (BHA)
ve kontrol grubuna karsi aktiviteleri yorumlanmistir.
Depolamanin baslangicinda; alkalaz ile Uretilen ¢ipura
orneklerinde en az antioksidatif degerler bdtillenmis

Tablo 5. Antioksidatif aktivitedeki *
Table 5. Antioxidative activity*

hidroksi anisol de saptanmistir. Fakat tim grupladaki
bulgulanan degisimler anlamli degildir. Depolama
sonunda ise; bitillenmis hidroksi anisol degeri en
az cipura hidrolizatlarinda bulgulanmis ve kontrol
grubuyla birlikte cipura ve levrek hidrolizatlarinda
antioksidatif aktivite tespit edilememistir.

Cipura Levrek
Alkalaz Flavur Alkalaz Flavur BHA Kontrol
0.giin 0,13+0,0014%' 0,13+0,01°' 0,14+0,007¢ 0,15+0,01¢ 0,11+0,009 0,12+0,01
6.ay 2,03+0,782 2,11+0,90* 2,44+0,84% 2,49+0,89 0,12+0,02 2,51+0,03

*Ayni satirdaki farkli harfler (cipura igin a,b; levrek icin x,y) istatistiksel 5nemi (p< 0,05), ayni stitundaki farkli sayilar istatistiksel

onemi (p< 0,05) belirtir.

Fonksiyonel Ozellikler
Su Tutma kapasitesi

Su drunleri atiklarindan elde edilen protein
hidrolizatlarinin iyi bir su tutma kapasitesinin oldugu

glinimiize kadar yapilan ¢alisma sonuglar géstermistir.

Kiyma temelli Grinlere eklendigi zaman pisirme
verimini de arttirdigi bilinmektedir (Wasswa vd. 2007).
Burada verilen bulgular, her bir ml suyu baglayan 1 gr
protein dir. En yiksek su tutma kapasitesi flavor enzim
ile Uretilen grupta elde edilmis olmasina karsin, tim
gruplardaki fark anlamli degildir (Tablo 6).
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Tablo 6. Su tutma kapasitesi*
Table 6. Water binding capacity*

Cipura Levrek
Alkalaz 18,50+0,50? 17,66+0,28%
Flavur 18,83£0,28% 17,50+0,50""

*Ayni satirdaki harfler istatistiksel 6nemi (p< 0,05), ayni situndaki sayilar istatistiksel Gnemi (p< 0,05) belirtir.

Yag tutma kapasitesi

Alkalaz ve flavur enzim kullanilarak elde edilen
balik protein hidrolizlarinin yag tutma kapasitesi Tablo
7'de verilmistir. Farkli enzim kullanmanin yag tutma

kapasitesi Uzerinde; cipura ve levrek isleme atiklari
kullanilarak Gretilen balik protein hidrolizatlarinda bir
etkisinin olmadigi tespit edilmistir.

Tablo 7. Yag tutma kapasitesi*
Table 7. Oil binding capacity*

Cipura Levrek
Alkalaz 8,40+0,17° 8,06+0,15°
Flavur 8,53+0,20% 8,16+0,15%

*Ayni satirdaki harfler istatistiksel 6Gnemi (p< 0,05), ayni situndaki sayilar istatistiksel Gnemi (p< 0,05) belirtir.

Emiilsiyon aktivite indeksi

Tum gruplarda yogunluklara ve kullanilan enzim tiiriine bagli olarak farkl degerler elde edilmistir (Tablo 8).

Tablo 8. Emiilsiyon Aktivite indeksi (EAI) (m2/g)*
Table 8. Emulsion Activity Index (EAI) (m2/g)*

Cipura Levrek
Alkalaz Flavur Alkalaz Flavur
%0,1 0,39+0,04°* 0,360,011 0,420,074 0,46+0,05"!
%0,5 0,240,024 0,19+0,01°%2 0,30+0,0362 0,27+0,02x2
%1 0,19+0,0°* 0,23+0,0°* 0,23+0,01°83 0,27+0,02""
%3 0,16+0,0° 0,44+0,04 0,17+0,0°% 0,37+0,01V%®

*Ayni satirdaki farkl harfler (cipura icin a,b; levrek icin x,y; alkalaz icin A,B; flavur icin X,Y) istatistiksel 6nemi (p< 0,05), ayni
stitundaki farkli sayilar istatistiksel 6nemi (p< 0,05) belirtir.

Emiilsiyon stabilite indeksi
Tum gruplarda yogunluklarina ve kullanilan enzim tiiriine bagl olarak farkli degerler elde edilmistir (Tablo 9).

Tablo 9. Emiilsiyon Stabilite indeksi (ESI)*
Table 9. Emulsion Stability Index (ESI)*

Cipura Levrek
Yogunluk/dk Alkalaz Flavur enzim Alkalaz Flavur enzim
%0,1 1,69+0,85 20,21£104,17 0,95+0,28 0,99+0,05
%0,5 0,93+0,20 7,06+8,36 3,05+5,59 0,77+0,22
%1 0,90+0,23 1,49+0,86 2,43+2,28 0,56+0,16
%3 0,76+0,35 0,20+0,11 4,38+1,28 0,46+0,06

Her iki tirde alkalaz enzimi ile Uretilen hidrolizat gruplarinda enzim konsantrasyonu yukseldikce EAI'nin ve
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ESI'nin distigu saptanmistir. Buna karsin her iki
tirde flavur ile Uretilen hidrolizat gruplarinda enzim
konsantrasyonu artigina bagl olarak ESI'da dogrusal
bir azalma tespit edilmistir. Enzim konsantrasyonu
yukseldikce yalnizca ESI'nin distligi saptanmistir.

Kopiirme miktari (%)
Table 10. Foaming amounts*

Kopurme miktarinin yuksek olmasi proteininin
proteinin elastiki olmasini arttirir ve ylizey gerilimini
disurur. Peptidler iyi bir molekil kitlesine sahip
oldugunda kopiirme kapasitesi artar (Klompong vd.
2007). Gruplarda bulgulanan degerler Tablo 10da
verilmistir.

Tablo 10. Képiirme miktarr®

Cipura Levrek
Yogunluk/mm Alkalaz Flavur enzim Alkalaz Flavur enzim
%0,5 105,66+1,15? 104,66+0,587 104,66+0,58"' 104,3340,58¢
%1 112,0+£1,02 110,33+1,52 112,3340,58< 110,33+0,58"
%3 118,33+1,53* 112,66+0,58 124,67+3,513 111,67+1,53”

*Ayni satirdaki farkli harfler (¢ipura icin a,b; levrek icin x,y) istatistiksel 6nemi (p< 0,05), ayni stitundaki farkli sayilar

istatistiksel nemi (p< 0,05) belirtir.

Kopiirme stabilitesi

En iyi kdplrme stabilitesi baslangicta levrek hidrolizatinda tespit edilmistir. Zaman arttikca stabilite azalmistir (Tablo 11).

Tablo 11. Koplrme stabilitesi *
Table 11. Foaming stability*

Cipura Levrek
Zaman/mm Alkalaz Flavur enzim Alkalaz Flavur enzim
0 4,41+0,22 4,81+0,56 29,43+0,18 35,67+£1,48
5 2,33+0,27 4,1+0,15 17,33%£1,46 25,67+0,08
10 2,08+0,11 3,26+0,12 16,66+0,85 15,66+0,01
40 0,53+ 0,02 3,03+0,5 13,66+0,1 5,13+0,12
60 0,21+0,2 2,33+0,26 11,33+0,14 4,33+0,13
Renk ozellikleri

L*, a* ve b* degerleri dlcilerek renk degerlendirmesi
gruplarda yapilmistir. Baslangig ta en iyi parlakhk (L¥)
cipuradan ve flavur enzim ile Uretilen grupta elde
edilmis olup, gruplar arasinda farklar anlamli olarak
bulgulanmamistir. Orneklerin a* degerleri yesile déniik

Tablo 12. Renk *
Table 12. Colour *

yukselmekte ve negatif degerler olarak tespit edilmistir.
En iyi a* degeri levrek alkalaz grubunda saptanmistir.
(p>0.05 tim gruplarda ). b* degeri tim orneklerde
sarlya yakin (+) olarak ve en iyib* degeri levrek flavur
enzim de saptanmistir. (Tablo 12).

Cipura Levrek
Renk parametresi Alkalaz Flavur Alkalaz Flavur
L* 89,51+2,39*A 91.24+2,33 82,78+2,03® 89,12+2,01%
a* -1,69+0,112* -1,78+0,21% -0,73+0,36® -0,8+0,35
b* 18,21+0,63* 22,15+0,91% 26,19+1,31 29,43+0,89"Y

*Ayni satirdaki farkli harfler (cipura icin a,b; levrek icin x,y; alkalaz icin A,B; flavur icin X,Y) istatistiksel 5nemi (p< 0,05) belirtir.
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Aminoasit komposizyonu

Tuim gruplardaki protein oranlari ve amino ait
komposizyonlari Tablo 13, 14 ve 15'de gorilmektedir.
Uretimden sonra 0.giin ve 6.ay sonuclarina goére

Tablo 13. Protein

alkalazdan elde edilen verim daha yiksektir.
6. ay sonunda cok dusik miktarlarda icerikte
disls goOzlenmistir. Herhangi bir istatistiki fark
gozlemlenmemistir (p < 0.05).

Table13. Protein
% Protein 0.Giin 6.Ay
Cipura- Alkalaz 81,22+0,25° 80,38+0,41°
Cipura - Flavur enzim 75,19+0,34° 74,44+0,29°
Levrek- Alkalaz 80,94+0,14% 80,66+0,372
Levrek - Flavur enzim 78,78+0,19° 78,31+0,33

*Ayni satirdaki farkli harfler istatistiksel Gnemi (p< 0,05) belirtir.

Tablo 14. Cipura kaynakl balik protein hidrolizatlarinin aminoasit kompozisyonlar*
Table14. Amino acid compositions of fish protein hydrolysates based on seabream*

Alkalaz Flavur
0.Guin 6.Ay 0.GUln 6.Ay
L-Alanin (Ala) 5047,5+334,46° 8310+172,53° 5357,5+£103,94* 7151£1128,54
L-Aspartik asit (Asp) 5855,5+164,75° 3811,5+26,16° 5075+12,72* 3429+91,92Y
L-Metionin (Met) 2812,5+27,57° 2957,5+13,43° 2683+12,72% 2227+24,04Y
L-Glutamik asit (Glu) 5805+147,07° 4484+15,55° 6429+14,14* 4368,5+34,64Y
L-Fenilalanin (Phe) 3891+31,11° 4494,5+27,57° 3492+18,38 3574,5+96,19Y
L-Lizin (Lys) 4739,5+289,20° 2915+9,89° 5461+21,21* 2881,5+23,33Y
L-Histidin (His) 2464+39,59° 1815,5+12,02° 2635,5+23,33¢ 17772121
L-Tirozin (Tyr) 3309+7,07° 3694+18,38° 2776,5+£14,84* 2723,5+37 47
L-Glisin (Gly) 8893+73,53° 10306+66,46° 9209+46,66* 10281,5+139,9
L-Valin (Val) 3681,5+37,47° 4116+19,79° 3521+18,38 3788,5+44,54
L-L6sin (Leu) 7086+60,81° 8327+24,04° 6777,5+£34,64* 7111,5+£84,14
L-Isolésin (lle) 4528+39,59° 5696,5+24,74° 4229+19,79 5346+69,29
L-Treonin (Thr) 6866,5+12,02° 7668+42,42° 6189+21,21* 6659,5+71,417

L-Arjinin (Arg)

L-Serin (Ser) 4249,5+41,71° 3377,5£17,67° 419319,79* 3098,5+33,23
L-Prolin (Pro) 6005,5+10,60° 7151+185,26° 6067+97,58* 72174608,117
1056,5+12,02° 531%1,41 1009,5+10,60% 369,5+2,12/

*Ayni satirdaki farkh harfler (alkalaz igin a,b; flavur icin x,y) depolama zamanlari arasindaki farkliliklari géstermektedir (p < 0.05).
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Tablo 15. Levrek kaynakl balik protein hidrolizatlarinin aminoasit kompozisyonlar*
Table15. Amino acid compositions of fish protein hydrolysates based on seabass*

Alkalaz Flavur
0.Giin 6.Ay 0.Giin 6.Ay
L-Alanin (Ala) 5344+28,28° 6956+337,96° 5710£11,31* 11951+115,25Y
L-Aspartik asit (Asp) 4534,5+20,50° 3368+8,48° 5937+41,01* 4035+8,48"
L-Metionin (Met) 3036,5+21,92° 2636+1,41° 2732,5+31,81% 2298+26,87Y
L-Glutamik asit (Glu) 5001+91,92° 4566,5+7,77° 5970+50,91* 4980+14,14”
L-Fenilalanin (Phe) 4478,5+24,74° 4464+20,11° 3861,5+48,79% 3873+33,23
L-Lizin (Lys) 2639,5+14,84° 3584+36,76° 3666,5+55,86* 2483+37,47Y
L-Histidin (His) 2008,5+10,60° 1599,5+81,31° 1625+18,38" 1582+57,27
L-Tirozin (Tyr) 3738+14,14° 3398+4,24° 2878,5+41,71% 2581+23,33y
L-Glisin (Gly) 10936+56,56° 11170,5+17,67° 11023,5+133,64 12047+119,50y
L-Valin (Val) 3899,5+14,84° 3845,5+0,70° 3491+36,76" 3754+24,74y
L-Lésin (Leu) 7627,5+34,64° 7876+1,41° 7089,5+85,55* 7267+58,68y
L-Isolésin (lle) 5058,5+19,09° 5312+7,07° 4530+50,91% 5389+44,54y
L-Treonin (Thr) 7321+25,45° 7834+63,63° 6801,5+65,76* 7022+49,49y
L-Serin (Ser) 4015,5+19,09° 3529+7,07° 3964+41,01* 3387+21,92y
L-Prolin (Pro) 9504,5+58,68° 8351,5+60,51° 8355+67,88" 5393+16,26y
L-Arjinin (Arg) 747,5+0,70° 552+7,07° 846,5+10,60* 370+1,41Y

*Ayni satirdaki farkli harfler (alkalaz icin a,b; flavur icin x,y) depolama zamanlari arasindaki farkllklari géstermektedir (p < 0.05).

Amino asitler tim gruplarda, alkalaz enzimi ile
Uretilen protein hidrolizatlar da depolamin baslangici
ve sonunda flavur enzim kullanilarak Uretilen protein
hidrolizatindan daha vyiksek degerlerde genellikle
saptanmistir. Elde edilen protein degerleri, her iki tiirden
elde edilen protein hidrolizatlarinda iyi bir protein geri
kazanimi saglandigi tespit edilmistir. Depolamanin
baslangici ve sonunda Ornekler ve orneklerin kendi
iclerinde anlamh farklar saptanmistir. (p< 0,05). Tim
gruplarinin aminoasit kompozisyonlarinin genel olarak
benzerlik gosterdigi tespit edilmistir. Balik protein
hidrolizatlari  aminoasit kompozisyonlarinin  0.giin
verileri karsilastinldiginda treonin, 16sin, tirozin, valin
ve serin aminoasitleri icin alkalaz gruplari; flavur enzim
gruplarindan daha verimli gortlmdstir (p>0,05). Treonin,
[8sin, tirozin, valin ve serin amino asidi disinda kalan tim
aminoasitlerinin 0.gln ve 6. ay verileri karsilastirildiginda
cipura, levrek gruplari arasinda anlamli fark saptanmistir
(p< 0,05). Genel anlamda aminoasit kompozisyonlarinda
benzerlik olmakla birlikte bazi aminoasitler de ture,
enzime bagl artis ve azalislar tespit edilmistir. Ornegin
bazi gruplar da fenilalanin ve histidin daha yuksek iken,
bazi gruplarda prolin ve glisin daha ylksek bulunmustur.

TARTISMA VE SONUC

Balik¢ilik yan Uriinlerinden elde edilen protein
hidrolizatlari  diger hidrolize edilmememis balik
proteini ile ya da diger satim amacli ayni fonksiyona
sahip gida niteligindeki Grlinlerle karsilastirildiginda
Ustlin fizikokimyasal nitelikler gostermistir (Muzaifa
vd. 2012). Emiilsifikasyon ve jelleme gibi nitelikler icin
iyi coztnrlik gereklidir. Balik protein hidrolizatlari icin
en 6nemli gelisme ¢ozUnurlukteki artistir. Bu calismada
da protein ¢ozinurligl degerleri hidroliz derecesiyle
cipura ve levrek isleme atiklarnndan elde edilen toz
protein hidrolizatinda her iki tiirde ve enzimde yaklasik
degerler gostermektedir. Alkalaz enziminde, flavur
enzime oranla daha fazla verim alinmistir. istatistiki
olarak bir fark gozlemlenmemistir (p>0,05). Hidroliz
boyunca tim yan driinler, kahverengi tonlarinda
siviya donusmektedir. Hidroliz  stresinin  artmasi
ile hidroliz derecesi de dogru orantili olarak artis
gostermistir. Ozellikle cipura tizerinde kullanilan alkalaz
enziminde hidroliz derecesi en iyi sonucu vermistir.
En distk hidroliz derecesi flavur enzim kullanilan
levrek orneklerinde goézlemlenmistir. Hidroliz islemi
baslangicinda hizli bir sekilde parcalanan urin, ilerleyen
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stire boyunca hidroliz isleminin yavaslamasiyla optimal
seviyede kararli bir yapiya ulasmistir. DPPH antioksidatif
ozelligin tespitinde kullanilan yontemlerden birisidir.
Depolama sonrasi yapilan analizlerde cipura ve levrek
de her iki enzim icin DPPH'In bir miktar azaldigi
gorulmastir. Cipura, alkalaz enziminde azalma flavur
enzime gore daha az gézlemlenmistir (p>0,05). Metal
selatlama hidroliz derecesi siresi ile dogru orantih
olarak artmaktadir. Alkalaz enziminin her iki tirde de
flavur enzim ile kiyaslandiginda lipid oksidasyonu
konusunda daha fazla verim gosterdigi goriilmektedir.
Alkalaz ile elde edilen levrek hidrolizatlarinda metal
selatlama aktivitesi en iyi degerlerdedir. Depolama
siresi boyunca selatlama etkisinde tim gruplarda
azalma saptanmistir. Lipit oksidasyonu, gidanin rengini,
lezzetini, kokusunu ve icerik kalitesini etkilemektedir.
En yuksek antioksidatif aktivite levrek baligindan
alkalaz ve flavur enzim ile elde edilen hidrolizatta
tespit edilmistir. En dlstk bulgular cipura da ve
sentetik antioksidan BHA da saptanmistir. Kullanilan
tim enzimler her iki tiirde de sentetik antioksidant
olan BHA dan iyi sonuglar vermistir. Hidroliz derecesi
yukseldikce hidrolizatlarin su tutma kapasitesinin de
yukseldigi bilinmektedir (Wasswa vd. (2007)). Bulgular
da en iyi dederlerin hidroliz derecesinin en fazla
oldugu cipura gruplarinda elde edildigi gorilmektedir.
Yag tutma kapasitesi et ve tath Griinlerinde kullanilan
onemli bir fonksiyondur. Tum gruplar yag baglama
kapasiteleri ile kiyaslandiginda; elde edilen sonuglar
birbirinden ¢ok farkli degildir. Farkli enzim kullaniminin
yag tutma kapasitesi Uzerinde buyuk bir etkisinin
olmadigi soylenebilir. Hidroliz derecesinin artmasi
ile birlikte; emulsiyon stabilitesinde daha az etki
gosteren peptidlerin olusmasindan dolayr emiilsiyon
ozelliklerinde diisme goériilmektedir. Buna gore dusik
hidroliz yogunlugunda daha kuvvetli emdilsiyon
ozelligi gozlemlenmistir. Cipura gruplarinda yiksek
oranda hidroliz nedeni ile, EAl ve ESl'inde diisme tespit
edilmistir. Levrekte ise cipuraya gore daha az azalma
gozlemlenmistir. Sentetik maddeler stabil kopuk
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Abstract: The semi-terrestrial marbled crab (Pachygrapsus marmoratus Fabricius, 1787) is one of the most common species in the intertidal
belt of rocky shores of the Mediterranean Sea. This study aimed to understand survival and restricted growth of marbled crab in different
salinity levels (0, 5, 15, 25, 35%o) and dry area (D). Crabs were collected from rocky shores by hand in izmir in January 2018. Specimens (initial
mean weights of 0.82+0.01 g and n=180) were randomly distributed to 10-L aquariums with three replicates and they were not fed during the
experiment. Results indicated that the survival times of crabs showed significant differences in salinity levels (P<0.001). All the individuals in
the dry area and 0%o salinity level died within the first 2 months. For the other salinity levels, all specific growth rate values decreased at minus
on 84 day. Forty percent of crabs in aquariums that represented 15%o salinity level were survived until the 126" day and the experiment
was ended in the 140™ day when the mortality of the last crab (0.73 g) occurred. In conclusion, the optimal salinity level for the survival and
restricted growth of P marmoratus was determined as 15%o and 25%o, respectively. Future surveys would need to investigate the effects of
different food types on survival and growth of this potential ornamental crab species of marine aquariums.

Keywords: Pachygrapsus marmoratus, salinity, survival rate, starvation, aquarium

Oz: Yari karasal bir tiir olan mermer yengeci (Pachygrapsus marmoratus Fabricius, 1787), Akdeniz'in kayalik kiyilarinda bulunan gelgit zonundaki
en yaygin tirlerden biridir. Bu ¢alisma, mermer yengecinin farkli tuzluluk seviyelerinde (%00, 5, 15, 25, 35) ve kuru ortamda (K) hayatta
kalmasinin ve sinirl biiyiimesinin anlagiimasini amaclamistir. Yengecler, Ocak 2018'de izmir'deki kayalik kiyilardan el ile toplanmustir. Bireyler
(ilk ortalama agirlik 0.82+0.01 g ve n=180), li¢ replikat olmak lizere 10-L akvaryumlara rastgele dagitiimis ve deney sirasinda beslenmemislerdir.
Bulgular, yengeclerin hayatta kalma stirelerinin tuzluluk seviyelerine gére anlamli farklilik gosterdigini belirtmistir (P<0,001). Kuru ortamda ve
%o 0 tuzluluk seviyesindeki tiim bireyler ilk 2 ay icinde 6lmustir. Diger tuzluluk seviyeleri icin, tim spesifik biylime oranlari, 84. giinde eksiye
dismustur. Akvaryumlarda %o15 tuzluluk seviyesindeki yengeclerin ylizde kirki 126. gline kadar hayatta kalmis olup, calisma son yenge¢ (0,73
g) 6limiiniin meydana geldigi 140. glinde sona ermistir. Sonug olarak, . marmoratus'un hayatta kalma ve kisitli biiylimesi icin optimal tuzluluk
diizeyi sirastyla %015 ve %025 olarak belirlenmistir. Gelecek calismalar, deniz akvaryumlarinin bu potansiyel siis yengecinde hayatta kalma ve
buylme Uzerine farkl besin tirlerinin etkilerini aragtirmalidir.

Anahtar kelimeler: Pachygrapsus marmoratus, salinite, hayatta kalma orani, aglk, akvaryum
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INTRODUCTION

With the development of the aquarium systems,
the aquarists have interested in marine aquariums.
The first marine aquarium was established in 1846
with only coral and seaweed species (Kisling, 2000).
Personal saltwater aquariums have spread in the early
1950's (Vitko, 2004). Currently, 10% of pet ownership
in the U.S. have freshwater and 2% of have saltwater
aquariums (APPA, 2018). About 1500 fish species have
used in marine aquariums and 20-24 million fish have
sold per year during the last decade (Turkmen et al.,
2011). Besides the fish, invertebrate species such as
shrimps and crabs have become more popular in
marine aquariums (Calado et al., 2003a). The most
commonly traded decapod species in the marine
aquarium sector were remarked as Caridean shrimps.
Brachyuran and Anomuran crabs were following this
group (Penha-Lopes et al., 2005). It has been reported
that four crab species belonging to Gecarcinidae and
Sesarmidae families were sold in the aquarium sector
in Turkey (Turkmen and Karadal, 2012a). Karadal and
Ondes (2018) suggested that 35 crab species were
found in the costs of Turkey, which may be considered
as suitable decapods in marine aquariums.

The larval development of some crab species such
as Pachygrapsus marmoratus, Mithraculus forceps, Uca
tangeri, Pisa tetraodon (Rodriguez and Jones, 1993;
Rodriguez, 1997; Cuesta and Rodriguez, 2000; Penha-
Lopes et al., 2005) were investigated in the laboratory.
Calado et al. (2003b; 2007; 2008) also studied the
culture and rearing system designs of marine
ornamental crabs. Effects of some physical parameters
(temperature, light intensity, dissolved oxygen) on crab
species were reported in previous studies (Gardner
and Maguire, 1998; Hamasaki, 2003; Paschke et al.,
2010) in the controlled conditions. In addition, feeding
characteristics and starvation were examined on
some freshwater and marine crabs, including Eriocheir
sinensis (Wen et al., 2006), Perisesarma bidens (Tirkmen
and Karadal, 2012b), M. forceps (Penha-Lopes et al.,
2006; Figueiredo et al., 2008), Scylla serrata (Suprayudi
et al.,, 2002; Ruscoe et al., 2004), and Portunus pelagicus
(Redzuari et al., 2012).

Many studies indicated that some biological and
ecological characteristics of crabs such as, survival
(Romano and Zeng, 2006; Nurdiani and Zeng, 2007),
geographical distribution (Bryars and Havenhand,
2006), gonadal development (Fisher, 1999; Long
et al, 2017), growth (Castejon et al., 2015), oxygen
consumption (Winch and Hodgson, 2007), feeding
behaviour (Shentu et al., 2015), and limb regeneration
(Stueckle et al., 2009) were influenced by salinity. In
addition to the impacts of salinity, some studies noticed
that the combined effects of salinity and temperature
on the development of crab species (Blaszkowski and
Moreira, 1986; Paula et al., 2003).

Pachygrapsus marmoratus, commonly known as the
marbled rock crab or marbled crab, which is one of the
most common grapsid species in the intertidal belt of
rocky shores throughout the Mediterranean Sea, Black
Sea and North-eastern Atlantic coasts of Southern
Europe (Flores and Paula, 2002a; Dauvin, 2012; Vinagre
et al.,, 2012; Deli et al., 2015). This semi-terrestrial crab
cannot be considered an opportunistic feeder and its
diet mainly consists of limpets, barnacles, mussels, and
algae (Cannicci et al., 2002; Silva et al., 2009).

Previous studies on marbled crab were related to
the distribution and population structure (Cannicci
et al.,, 1999; Flores and Paula, 2002a; Silva et al., 2009;
Aydin et al., 2014; Arab et al.,, 2015; Sumer et al,, 2016),
relative growth (Protopapas et al, 2007), feeding
habits (Cannicci et al., 2002; Cannicci et al., 2007; Silva
et al, 2009) and reproductive ecology (Flores and
Paula, 2002b). However, this species has been little
investigated in the tank or aquarium to date (Sciberras
and Schembri, 2008; Madeira et al., 2012; Coquereau et
al.,, 2016). There has been no comprehensive study on
the survival rates without food and salinity tolerances
of this crab species. The first objective of the present
study was to compare the survival times of marbled
crabs in different salinity levels without feeding in the
aquarium. The second objective was to determine the
restricted growth rate of marbled crabs at the aquarium
conditions.

MATERIAL AND METHODS
Collection of crabs and experimental conditions

Marbled crabs (Pachygrapsus marmoratus) were
collected from rocky shores by hand in Urla, izmir
(38° 22" 17" N, 26° 45’ 44" E) in January 2018. Crabs,
which had same moult stage (hard carapace) and did
not have limb loss, were selected for the experiment.
A total of 180 crabs were transferred to aquariums in
the Education & Research Unit of Faculty of Fisheries,
izmir Katip Celebi University, Turkey. The experiment
was performed in 10 L plastic aquariums filled with 6 L
of marine water with different salinity levels. Ten crabs
(initial mean weights of 0.82+0.01 g) were randomly
placed per each aquarium with three replicates (Figure
1). Five different salinity levels (0, 5, 15, 25, 35%o) and
dry area (D) were compared to assess information on
survival times and restricted growth. Each aquarium
contained 4-cm-diameter PVC pipes as the refuge and a
stone, which was placed in the center of the aquarium.
The water temperature of aquariums was maintained
as 17.6+0.4°C (same temperature value of the sampling
area). Salinity, temperature, dissolved oxygen and pH
(Hach HQ40D Portable Multi Meter) were checked in
each aquarium daily. Dissolved oxygen was 9.53+0.01
ppm, pH was 8.28+0.02 and photoperiod was held
at 12:12 (light/dark). The water in all aquariums was
changed once a week with the ratio of 20%.
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10 Individuals 10 Individuals 10 Individuals
Pachygrapsus marmoratus Pachygrapsus marmoratus Pachygrapsus marmoratus
Dry Area 0% Salinity 5% Salinity
3 Replicates 3 Replicates 3 Replicates

10 Individuals 10 Individuals 10 Individuals
Pachygrapsus marmoratus Pachygrapsus marmoratus Pachygrapsus marmoratus
15%o Salinity 25% Salinity 35%. Salinity
3 Replicates 3 Replicates 3 Replicates

Figure 1. Design of the experimental study

Evaluation of restricted growth and survival rate

Weight and length measurements were carried
out biweekly during 140-days experiment. All animals
were dried with a paper towel to remove water before
measurement process. Crab weights were individually
recorded with an electronic compact scale (SF-400D,
precision of +0.01 g). Carapace length (CL; length of
the carapace along the midline) and carapace width
(CW; width of the frontal region of the carapace) were
measured with the vernier caliper. All aquariums were
checked daily and molting, weight, carapace length
and carapace width of dead crabs were noted. The
specific growth rate (SGR) was calculated as following
equation: SGR =100 x [(Ln final crab weight) - (Ln initial
crab weight)] / experimental days.

Data analysis

All data sets were examined to verify normality,
independence, and homogeneity of variance. All data
were subjected to one-way analysis of variance (ANOVA)
when the interaction between the factors is found
differences, Duncan’s multiple range test was used to
rank groups using SPSS 20.0 (SPSS Inc., Chicago, lllinois,
USA) software (Zar, 1999). All data were presented as
the “meanzstandard error” from all replicates.

RESULTS

The lowest survival rates of crabs were observed in
the aquariums without water (Figure 2). The survival
rate of crabs with 0%o salinity level was lower than other
salinity levels (5%, 15%o, 25%o, and 35%o). Fifty percent
of crabs in aquariums at the salinity levels of 15%o and
25%o were survived more than 100 days (Figure 2).
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Figure 2. Survival rates (%) of marbled crabs during 140 days period in different salinity levels

The marbled crabs survived 2.0+0.5 days at 17.6 °C
without water and food. Our results indicated that the
highest survival time was determined as 140 days at
15%o salinity. Moreover, 25%o, 35%o0 and 5%o salinity

Survival time (days)

levels exhibited longer survival times than the salinity
level of 0%o (Figure 3). The survival times of crabs
showed significant differences in salinity levels (ANOVA,
P<0.001, F=20.061).
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Figure 3. Survival time (days) of marbled crabs in different salinity levels
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Weight and growth changes of marbled crabs in
different salinities during 140-days of the experiment
were detailed in Table 1. The continuous data were
not presented in D, 0%o, 5%o0, 25%0 and 35%o groups
because the mortalities were observed throughout the
trial. On the 14" day, mean weights (MW) and specific
growth rates (SGR) of 25%o were significantly different
from 5%o0 (P<0.05). MW of 25%0 was different from
5%o and the lowest SGR was found in 5%o group on
the 28" day (P<0.05). The highest and the lowest MW
were observed in 25%o0 and 5%o groups, respectively
(P<0.05) and no statistical differences was found in SGR
on 42" and 56 days (P>0.05). The first minus growth

rate was observed in 5%o group on the 56 day. MW of
25%o0 was different from 5%o (P<0.05) and SGR of 25%o0
and 35%o groups were decreased to minus on the 70%"
day. All SGR values were seen at minus and MW of 25%o
was different from 5%o on the 84" day (P<0.05). MWs
of 15%o0 and 25%o were significantly different from
5%o0 (P<0.05) and no differences was observed in SGR
(P>0.05) on the 98t day. Only three groups (5%o, 15%o0
and 25%o) survived on 112" day and MW of 25%o was
different from 5%o (P<0.05). Four individuals of 15%o
lived until 126" day and last individual (0.73 g) died on
the 140" day.

Table 1. Mean weights (MW, g) and specific growth rates (SGR, %/day) of the starved marbled crabs in different salinity

levels during 140-days

Days D 0%o0 5%o 15%o0 25%o0 35%o0
0 Mw 0.82+0.01 0.82+0.01 0.81+0.01 0.82+0.01 0.82+0.02 0.81+0.01
14 Mw 0.81+0.01° 0.84+0.012° 0.88+0.02° 0.84+0.01%
SGR -0.03+0.09° 0.21+0.12°° 0.50+0.05° 0.23+0.10%
28 Mw 0.80+0.01° 0.86+0.012° 0.91+0.03° 0.86+0.01%
SGR -0.09+0.03° 0.11+0.01° 0.23+0.04° 0.18+0.02°
2 Mw 0.81+0.01° 0.87+0.01° 0.93+0.02¢ 0.88+0.01°
SGR 0.06+0.09 0.12+0.02 0.22+0.11 0.12+0.01
56 Mw 0.79+0.02° 0.87+0.01° 0.94+0.02¢ 0.88+0.01°
SGR -0.14+0.09 0.02+0.00 0.03+0.01 0.04+0.01
70 MW 0.72+0.09° 0.88+0.01°° 0.91+0.01° 0.87+0.012°
SGR -0.76+0.72 0.04+0.03 -0.21+0.10 -0.07+0.02
84 Mw 0.69+0.09° 0.85+0.01°° 0.90+0.01° 0.87+0.01%°
SGR -0.26+0.08 -0.23+0.04 -0.07+0.04 -0.07+0.01
08 Mw 0.68+0.07° 0.83+0.01° 0.90+0.02° 0.83+0.01%
SGR -0.08+0.20 -0.14+0.02 -0.01+0.20 -0.34+0.01
112 Mw 0.68+0.05° 0.81+0.01°° 0.88+0.04°
SGR -0.03£0.26 -0.24+0.01 -0.21£0.15
126 Mw 0.78+0.01
SGR -0.26+0.04
140 FW 0.73

In the same line, different letters indicate statistical significant differences (P<0.05) among the groups.

The mean weights of marbled crabs tended to
reduce on different days (Figure 4). Groups of D and
0%o did not live until the 14% days. Mean weights
showed a decrease for 5%o on 42" day, for 25%o and

35%o on the 56" day and for 15%o on the 70 day. In
addition, moults were observed on 27t, 42" and 93¢

days (one individual for each day) in the 25%o group.
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Figure 4. Changes of average body weights (g) of marbled crabs during 140 days experiment

The data of the carapace lengths (CL) and carapace
widths (CW) of the experimental groups were given

highest value among all groups (P<0.05). FMCL of 15%o
was significantly higher than D, 0%o, 5%0 and 35%o

in Table 2. The final mean carapace length (FMCL) and  groups (P<0.05). FMCW of 5%o was significantly lower

final mean carapace width (FMCW) of 25%o showed the

than 0%o, 15%o0, 25%0 and 35%o0 groups (P<0.05).

Table 2. Initial mean carapace lengths (IMCL, mm), final mean carapace lengths (FMCL, mm), initial mean carapace widths
(IMCW, mm) and final mean carapace widths (FMCW, mm) of the starved marbled crabs in different salinity levels during 140-days

D 0%eo0 5%o0 15%o0 25%o0 35%o0
IMCL 7.40+0.60 7.45+0.60 7.20+0.50 7.65+0.33 7.80+0.24 7.55+0.33
FMCL 7.65+0.76% 8.05+0.80° 7.38+0.88° 8.50+0.43¢ 9.21+0.29¢ 8.07+0.53°
IMCW 8.00+0.68 8.10+0.69 7.85+0.61 8.20+0.35 8.35+0.27 8.05+0.33
FMCW 8.20+0.84% 8.70+0.86" 8.00+0.94° 9.10+0.49¢ 10.00+0.36¢ 8.64+0.55

In the same line, different letters indicate statistical significant differences (P<0.05) among the groups.

DISCUSSION

The present study showed that Pachygrapsus
marmoratus individuals survived 2.0+0.5 days at 17.6 °C
without water and food. Similarly, this species was lived
5 days at 20 °C without water, and more than 1 week at
12 °C (Pora, 1939; Vernet-Cornubert, 1958). Our results
indicated that the highest survival time was determined
as 140 days at 15%o salinity. Moreover, 25%o, 35%o0
and 5%o salinity levels exhibited longer survival times

than 0%o. Similarly, Costlow (1967) noticed that eggs
and larvae of blue crabs (Callinectes sapidus) exhibited
higher survival rates in higher salinity levels.

Salinity also plays an important role in the
development and growth of crab species (Fisher,
1999; Castejon et al, 2015). Intermolt duration of
C. sapidus was affected by salinity (Chazaro-Olvera
and Peterson, 2004). Furthermore, Long et al. (2017)
investigated the impacts of salinity on the gonadal
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development of Chinese mitten crab (E. sinensis) and
reported that gonadosomatic index (GSI) showed
a significant increase at salinity levels of 12%o0 and
18%o0 with compared to lower salinities of 0%o and
6%o. Fisher (1999) declared that there was a negative
correlation between salinity and growth of C. sapidus.
In the present study, the optimal salinity level for the
restricted growth was determined as 25%o. Crabs
showed lower growth rate at the dry area and low
salinity level (5%o).

Nutritional stress affects various important
parametersin crustaceans, suchasgrowth performance,
energy metabolism or nutrient deposition. The growth
increased for a while in this study, even though the
crabs were left hungry. Then, growth rates of all
groups decreased to minus on 84" day. Comoglio et
al. (2008) reported the similar situation in southern
king crab (Lithodes santolla) which survived at 12
days without feeding. This previous study has been
pointed out that the minus growth rate observed on
the 9% day. In contrast, Wen et al. (2006) declared that
continuous weight loss in E. sinensis for 70 days. Energy
metabolism of crustaceans is difficult to put on a
standard schedule (Oliveira et al., 2003). The metabolic
activities of many crabs decreased during starvation
and they consume protein, glycogen and lipid sources
(Oliveira et al., 2004; Wen et al., 2006). Differences in
the consumed organic material may determine the
rise and fall in restricted growth. Furthermore, the
mean weight of crabs which represented at 25%o
salinity level was moderately higher than all other
groups during the study. This differentiation can be
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Abstract: Our environment has been affected by increasing level of discharged organic and inorganic pollutants from anthropogenic sources.
Perfluorinated compounds (PFCs) are one of the important sources of pollution and they are major risks for the aquatic ecosystems. The aim
of this study is to determine the effects of PFOS on GST enzyme activities in mussels (Mytilus galloprovincialis). For this purpose, mussels were
exposed to six different PFOS concentrations and the effects were evaluated. PFOS has been caused to a statistically significant increase in GST
activity in hepatopancreas in all experimental groups compared with the control group. In conclusion, it has been approved that GST which is
a defense mechanism of organisms, can be a very useful tool to detect the toxic effects of pollutants.

Keywords: Perfluorinated compounds, perfluorooctane sulfonate, mussels, Mytilus galloprovincialis, GST enzyme activity

0z: insan aktiviteleri sonucunda, cevremiz her gecen giin gittikce artan konsantrasyonda organik ve inorganik kirleticilere maruz kalmaktadir.
Bu kosullarda, sucul ekosistemler agisindan bytik risk olusturan perflorlu bilesikler 6nemli bir yer tutmaktadir. Calismanin amaci, PFOS'un
midyede (Mytilus galloprovincialis) GST enzim aktivitesi Gzerine etkilerini belirlemektir. Bu amagla, midyeler 6 farkli PFOS konsantrasyonuna
maruz birakilmis ve etkileri degerlendirilmistir. Sonug olarak, midye hepatopankreasinda GST enzim aktivitesinin biitlin deneme gruplarinda
kontrole gore istatistiksel olarak anlamli bir yiikselme gdsterdigi bulunmustur ve midyelerin korunma mekanizmasi olarak GST'nin, kirleticilerin
toksik etkilerini belirlemek icin yararli bir arag oldugu ortaya konulmustur.

Anahtar kelimeler: Perflorlu bilesikler, perflorooktan stilfonat, midye, Mytilus galloprovincialis, GST enzim aktivitesi
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INTRODUCTION

The aquatic environment is affected by different
sources of pollution like domestic, industrial
wastes and residue of human agricultural practices.
Unfortunately, this ecological problem perceived as a
universal problem nearly after the industrial revolution
of the 1750s. The chemicals were increasingly used
to enhance our daily life comfort in various fields.
Researchers have paid more attention and give priority
to the studies related with deleterious effects of
chemicals such as persistent organic pollutants (POPs)
on ecosystems, since the concentrations of organic and
inorganic pollutants from anthropogenic sources in the
environment have been increasing. Effects of different
pollutants can be assessed by various bio tests like
AMES/Salmonella mutagenicity test (Boyacioglu et al.,
2007), embryotoxicity test with sea urchins (Karaaslan
et al, 2012; Gunduz et al, 2013) or algal growth
inhibition assay (Katalay et al., 2012).

POPs are the priority pollutants that pose a risk
to aquatic ecosystems and human health due to
biomagnification through aquatic food chain. The
usage of POPs was restricted in 2004 by the Stockholm
Convention. Perfluorinated compounds, particularly
PFOS are widely used in the industrial applications,
such as protective coatings of carpets, furniture, paper
and textile as well as in the polytetrafluoroethylene
products, and fire-fighting foams (Ahrens and
Bundschuh 2014). Perfluoroalkyl and polyfluoroalkyl
substances (PFASs) have been detected in many
compartments of ecosystems due to the gross usage
for almost 60 years (Houde et al, 2011; Wang et al,,
2015; Yamashita et al., 2005). Some of the PFASs are
listed in the national and international regulations
because of bioaccumulative and toxic nature (OECD,
2002). Perfluorooctanesulfonic acid (PFOS) were
added to Stockholm Convention's Annex B in 2009 and
then its production and usage gradually decreased.
Although, Zhao et al (2017) reported that major global
manufacturers of perfluorooctanoic acid (PFOA) and
its precursors were promised to voluntarily stop their
production in 2015 (Zhao et.al, 2017; EPA, 2010), the
releases of PFASs continue (Kwok et al., 2015; Miiller et
al.,, 2011). PFOS have strong carbon fluorine bonds and
have lipophobic and hydrophilic characteristics (Kissa,
2001; Lindstrom et al., 2011). lonic PFASs are resistant to
photolysis, pyrolysis, hydrolysis and biotransformation.
Thus they are highly persistent component in the
environment (Kissa, 2001; Han et al., 2015).

As aresult of this, PFOS has been detected in various
environments such as air, sediments and water (Yeung
et al, 2006; Kovarova et al.,, 2012; Naile et al., 2010).
Paul et al. (2009) had reviewed that “total historical

worldwide production of POSF was estimated to be 96
000 t (122 000 t, including unusable wastes) between
1970-2002. Estimated global release of production
were 45 250 t to air and water 1970-2012 from direct
(manufacture, use, and consumer products) and
indirect (PFOS precursors and/or impurities) sources.
The various ecological studies confirm that a large part
of perfluorinated compounds were found in surface
waters, especially in the oceans (Prevedouros et al.,
2006). Several studies on terrestrial and aquatic species
showed that these compounds lead to toxic effects in
living organisms (O'Brien et al., 2009; Huang et al., 2010;
Boudreau et al., 2003).

In order to find out harmful effects of pollutants,
back ground information is necessary at different
trophic levels. Biomarkers is considered the most
promising tools for ecotoxicological applications
because of their ability to identify causal mechanisms
that is potentially responsible for effects at higher levels
of organization (Peakall and Walker, 1994; Adams, 2002).
Generally, GST enzyme activities are included in this
group of biomarkers and it catalyzes the conjugation of
glutathione with xenobiotic, including perfluorinated
compounds (Jemec et al.,2010). Oxidative stress and
antioxidant enzymes are widely used as biomarkers in
mussels. Mussels are sensitive to the effect of reactive
oxygen species like other aerobic organisms (Winston
et al,, 1996; Funes et al., 2006). It has been shown that
PFC type pollutants alter the levels of antioxidants in
mussels (Liu et al., 2014). Glutathione S-transferase
(GST) is the important phase Il enzyme present
in the living organisms. Glutathione S-transferase
enzymes are dimeric proteins that have a key role
in the detoxification of endogenous and exogenous
electrophilic compounds (Mainwaring et al., 1996).
Glutathione S-transferase activity measurements
have been used in many different studies to monitor
contamination level in different marine species. Many
pollutants such as dichlorodiphenyl trichloroethane
(DDT), Benzola]pyrene (BaP), perfluorooctanoic
acid (PFOA), perfluorooctane sulfonate (PFOS). are
detoxified by glutathione S-transferase enzymes.

The effects of persistent organic pollutants such
as PFOS can occur at any different trophic levels. In
aquatic toxicological studies to define the effects of
toxicants, biomarkers are accepted as highly important
tools. They have been used as early warning systems in
order to protect environmental damages

In this study, the effects of Perfluorinated
compounds (PFOS) on the induction of glutathione
S-transferase activity in mussels were examined.
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MATERIALS AND METHOD

Mussels were collected from the mussel
culture facilities in izmir-Cesme, and acclimated to
artificial seawater for 6 days. After the acclimation
process, to evaluate the effect of GST enzyme
activity, Mytilus galloprovincialis were exposed to
different concentrations of PFOS. In order to test six
concentrations of PFOS (2-3-5-6-8-10 ppm), a total
of 120 mussels were used. During the experiment, M.
galloprovincialis were fed daily by addition of 30 ml/I
of Chlorella sp. (approximately 70,000 cells/mL) to each
aquarium sized 57x39x28 cm. The mussels were kept
by 12/12 light cycle. The water in the aquarium was
changed every other day.

Atthe end of the experiment, the mussels were taken
out and shell length and weight were measured by
using calipper and digital scale [6,61 + 0,41 (cm), 24,43
+ 5,01 (gr)]. To analyze the GST activity, hepatopancreas
was dissected from the mussel as fast as possible
and scaled. Collected tissues were washed with the
phosphate buffer and homogenized in an Ultra Turax
tissue homogenizer in homogenization buffer. 300 ml
of homogenization buffer contained 1 M KCI (45 mL),
100 MM DTT (3 mL), 100 mM EDTA (3 mL), 10 mM PMSF
(3 mL), 100 mM phosphate buffer (200 mL) and pH 7.4.
The homogenate tissue was centrifuged at 10 000xg
at 4°C for 30 min to obtain the postmitochondrial
fraction. During the analysis, great attention is required
to maintain the entire cold chain

GST activity was measured according to the method
of Habig et al. (1974), by following the conjugation
of reduced glutathione (GSH) with 1-chloro-2,4-
dinitrobenzene (CDNB) at 340 nm for 10 min at constant
temperature using kinetic spectrophotometer (BioTek-
SYNERGY|HTX). Protein concentration was measured
according to the method of Bradford (1976). GST
activities were expressed as nmoles/min/mg of S10
protein (mg P). The differences between samples were
investigated one-way ANOVA and Multiple Range
Test. The statistical analysis was performed using the
Statgraphics software v.16.2 and statistical significance
was defined at p<0.05 level.

RESULTS

Hepatopancreas (digestive glands) were taken
to determine the effect of various concentrations of
PFOS on antioxidant enzyme activities of mussel, M.
galloprovincialis. The results are presented in Figure 1
for all treatment periods including 7, 15 and 21 days.
Levels of GST in control group were ranged between
0.023and 0.035 pmol/min/mg.

GST activity in hepatopancreas of mussels exposed
to lowest concentration (2 mg/L) increased gradually

from 0,027 to 0,044 pumol/min/mg between the 7
day and 21" day of experiment. Furthermore, in the
mussels exposing to 3 mg/I PFOS concentration had
the highest GST activity (0,074 pmol/min/mg) which
was nearly twice of control value at the end of the 21t
day of experiment The group exposed to 5 mg/lI PFOS
concentration showed similar pattern with slightly
decreased value in the 21 day. The GST activity in the
mussels exposed to 8 mg/l PFOS was higher nearly
two times compared with control value in 7t day and
the value decreased slightly in the next few days. On
the other hand, the highest dosage of PFOS (10mg/I)
caused the lowest GST activity in the mussel when
compared to other experimental groups.

GST activity increasing regularly in lower
concentrations was statistically significant (p<0.05).
The results indicated that in lower concentrations of
PFOS, GST activity can be increased. It means that
organisms have healthy reaction to metabolizing the
contaminants. However, in higher concentrations (8,10
mg PFOS/I), GST values changed irregularly comparing
to control group (p<0,05). M. edulis samples exposed
to 8 mg PFOS/l showed sharp increase during the
first week of the test, but the level lowered gradually
afterwards. Unlike to this, the group exposed to 10 mg
PFOS/I had the weekest GST activity. This may explaine
the toxic effect of PFOS on hepatopancreas of mussel
in high concentrations. It seems that they couldn't have
enough function to produce the enzymatic activity for
protection. This result suggests that the toxic effect
of PFOS is increased by restraining the production of
enzyme

GST ACTIVITY
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Figure 1. GST activity in the mussels affected by various
concentrations of PFOS in the different test periods.

DISCUSSION

M. galloprovincialis has been commonly used as
bioindicator organism in biomonitoring programs
(Livingstone, 1998; Cheung et al, 2001; 2002).
Because they are filter feeding organisms and they
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bioaccumulate and biomagnify the pollutants (Zhou
et al., 2008). Biomarker enzyme activities such as
glutathione S-transferase and the other antioxidant
enzymes have been studied in different mussel species
(Cheung et al., 2004; Power and Sheehan, 1996; De
Luca-Abbott et al.,2005).

Hepatopancreas of M. galloprovincialis were used
in measurements of enzyme activity as biomarker.
Because the hepatopancreas is the major metabolic
organ for degrading xenobiotics and the first
metabolic reactions on the molecules are achieved by
the enzymes involved in biotransformation process
in metabolism (Meyer,1996). Previous studies showed
that GST in hepatopancreas tissue shows more utility
for further investigation than gill tissue (De Luca-
Abbott et al.,2005)

According to the results of this studies, GST
activity (umol/min/mg) in mussel exposed to low
concentrations of PFOS tended to increase when it
compared to the control group (p <0.05). Similarly,
positive correlations were observed between GST
activities and POP’s in the mussel, M. galloprovincialis
collected from Bizerte Lagoon (Tunusia) where GST
activity showed a trend of increase with increased
toxicant concentration (Barhoumi et al.,2014).
Fitzpatrick and Sheehan (1993) reported that GST
enzyme activity can be useful indicator of mussel
exposed to persistent organic pollutants.

Glutathione-Stransferases (GSTs) are the main
enzymes involved in xenobiotic phase Il metabolism.
GSTs detoxify a number of environmental carcinogens
(Gallagheretal., 1996).The measurement of glutathione
S-transferase activity is also used as a biomarker of
oxidative stress (Rodriguez-Ariza et al., 1993; Martinez-
Gomez et al., 2006).

Organisms exposed to xenobiotics in various ways
tend to convert chemicals into a more harmless form
(Parlaketal., 2011).Theinduction of antioxidant enzyme
activities represents a cellular defense mechanism to
neutralize toxic effects of reactive oxygen species. There
are many studies in which these activities are induced
by pollutants presented in contaminated waters (Otto
and Moon, 1995; Ferreira et al., 2005; Martinez- Gdmez
et al., 2006). In several studies, it has been shown that
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Isirgan (Urtica dioica), esek gevregi (Sonchus asper) ve karahindiba
(Taraxacum officinale)'nin depolama siiresince balik kalitesi lizerine etkileri
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Abstract: The objective of this research was to examine the abilities to retard oxidation and microbial growth of three green-leaf plants on
aquacultured seabass (Dicentrarchus labrax) fillets during refrigerated storage (+4 °C + 2). For this purpose, dandelion (Taraxacum officinale),
nettle (Urticia dioica) and spiny sowthistle (Sonchus asper) herbs commonly consumed as food in Aegean region were used. The protection
capacities of the water extract and vapor distillates of the plants were investigated. After the fishes obtained from an aquaculture farm in
Cesme, were brought to the laboratory and filleted. The extracts and distillates of the plants were obtained using conventional cooking dosing
and then fillets were applied at 10 °C difference between them to increase the diffusion effect. Chemical, microbial and sensorial analyses were
done until the fillets spoiled. Results showed that, TBARS values of all samples were under the recommended limits at the end of the storage
period. Unlike the TBARS values, all samples were exceeded the recommended TVB-N limits except dandelion distillate samples at the end of
the storage period. When all results are examined, the most important finding is that microbial growth was retarded in the samples treated
with extracts.

Itis concluded that extract and vapour distillates of nettle, dandelion and spiny sowthistle herbs could be used as a preservative to protect the
quality and prolong the shelf-life of seafood.

Keywords: Seabass, quality changes, preservation, antioxidant, herbal additives

Oz: Bu calismanin amaci g yesil yaprakli bitkinin, buzdolabi sartlarinda (+4 °C +2) depolanan levrek (Dicentrarchus labrax) filetolarindaki
oksidasyonu, mikrobiyal gelisimi dnleyebilirliklerini 6lcmektir. Bu amacla Ege Bolgesi'nde gida olarak bolca tiketilen karahindiba (Taraxacum
officinale), 1sirgan (Urticia dioica) ve esek gevregi (Sonchus asper) kullanilmistir. Bitkilerin su fazi ekstrat ve su buhari distilatlarinin toplaminin
koruma kapasiteleri arastiriimistir. Cesme’de bulunan bir su Urlnleri tesisinden elde edilen baliklar laboratuara getirilip fileto edildikten
sonra, bitkilerin ekstrakt ve distilatlari geleneksel pisirme dozaji kullanilarak elde edilmis, daha sonra diflizyon etkisinin yiiksek olmasi
amaciyla aralarinda 10°C fark olacak sekilde filetolara uygulanmistir. 4°C'de depolanan filetolar bozulana kadar kimyasal kalite parametreleri,
mikrobiyolojik ve duyusal analizler tespit edilmistir. Sonuclar, tim numunelerin TBA degerlerinin depolama siiresinin sonunda 6nerilen
sinirlarin altinda oldugunu gostermistir. TBA degerlerinin aksine, karahindiba distile numuneleri disinda tim 6rnekler depolama periyodunun
sonunda onerilen sinirlari asmislardir. Tum sonuglar incelendiginde en 6nemli bulgu, ekstrakte edilmis 6rneklerin mikrobiyolojik gelisimi
geciktirme kabiliyeti gostermesidir.

Isirgan, karahindiba ve esek gevregi gibi bazi bitkilerin, kaliteyi korumak ve raf dmriini uzatmak icin deniz Griinlerinin islenmesinde koruyucu
olarak kullanilabilecegi sonucuna varilmistir.

Anahtar kelimeler: Levrek , kalite degisimi, koruma, antioksidan, bitkisel katkilar
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INTRODUCTION

Herbs have been used for a great variety of
objectives. They have been found to be natural
antioxidants’ important sources. Some of them have
been used for hundreds of years, and their clinical and
pharmacological effects have been widely investigated
from various standpoints. Some clinical effects of herbs
closely regard with their antioxidant activities. The
researches on the extending shelf-life of the food by
use of natural antioxidants gained increasing interest.

It has been demonstrated that the quality loss
of food can be prevented by using antioxidants
due to their preventive or delaying their oxidative
deterioration during processing and storage. Wild fruits,
plants and vegetables have allured much attention
as sources of natural antioxidants. Many of the wild
fruits, plants and vegetables have antioxidants such
as polyphenols (catechins, flavonoids, tannins) and
vitamins (B-carotene, vitamins C and E) (Alpinar et al,,
2009). While some synthetic antioxidant compounds
such as butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) are commonly used in processed
foods, it has been reported that these chemical
compounds may have side effects. Only few researches
available about antioxidant effects of dandelion on fish
(Tan et al., 2018). On the other hand, several researchers
were focused on antimicrobial and antioxidant effects
of mentioned herbs on food products (Aksu and Kaya,
2004; Biel et al,, 2017; EI-Alim et al., 1999; Frankel et
al., 1996; Gilcin et al., 2004; lvanov, 2014; Karabacak
and Bozkurt, 2008; Mavi et al., 2004; Oz, 2014; Ozyurt
et al,, 2007; Shah et al., 2014). Biel et al,, (2017) have
studied on the chemical composition and antioxidant
properties of common dandelion leaves contrasted
with sea buckthorn and indicated that the leaves of
dandelion and sea buckthorn may be used as good
source of biologically active substances in the human
diet.

Most articles on nettle are related to medical
studies and they demonstrated positive medical
effects of nettle (Alirezalu, Hesari, Eskandari, Valizadeh,
& Sirousazar, 2017; Avci, Kupeli, Eryavuz, Yesilada,
& Kucukkurt, 2006; Bnouham et al.,, 2003; Randall,
Meethan, Randall, & Dobbs, 1999; Testai et al., 2002;
Toldy et al., 2005; Yener, Celik, Ilhan, & Bal, 2009). Ozen
and Korkmaz (2003) have reported that the activities
of cytochrome b5 (cyt b5), NADH-cytochrome b5
reductase (cyt b5 R), glutathione S-transferase (GST),
DT-diaphorase (DTD), glutathione peroxidase (GPx),
glutathione reductase (GR), superoxide dismutase
(SOD) and catalase (CAT) showed an important rise in
the liver at 50 and 100 mg/kg body dose levels of Urtica
dioica extract. Haghju et al., (2016) have performed
investigation to identify and contrast antimicrobial,
physical and mechanical properties of chitosan-based

films, involving free or nanoencapsulated nettle (Urtica
dioical.)extract.Researchersreportedthatthe probable
antimicrobial activity of the films comprising NE-
loaded nanoliposomes against Staphylococcus aureus
was diminished in proportion to free NE-incorporated
films, which could be based on the inhibition effect of
the encapsulation that hinders the release of NE from
the matrix.

Choi et al, (2010) notified that dandelion has
beneficial effect in prohibiting hypercholesterolemic
atherosclerosis and decreasing risk factors for coronary
artery disease. Ovadje et al., (2011) have reported that
dandelion root aqueous extract induces apoptosis in
human leukemia cell lines. Dandelion water extract can
improve the lipid metabolismandis usefulin prohibiting
diabetic complications from lipid peroxidation and
free radicals in diabetic rats (Cho et al., 2002). Hu and
Kitts (2005), have reported that the dandelion flower
extract marked antioxidant activity in both chemical
and biological models and the efficacy of it in inhibiting
both reactive nitric oxide and oxygen species were
bound to its phenolic content. Khan (2017) evaluated
the antidiabetic activity of a Sonchus asper methanol
extract (SAME) in rats and concluded that the important
antidiabetic potential of the SAME in ameliorating
the diabetic conditions in diabetic rats might be due
to the existence of the bioactive components in the
extract. Khan et al., (2012) have suggested that Sonchus
asper composed of active components; displaying
preservative effects against the toxic effects of carbon
tetrachloride (CCl,) in lung of rat.

In this study, it is aimed to investigate the effect
of three green-leaf plant, (nettle, spiny sowthistle and
dandelion) extracts on the quality changes of seabass
(Dicentrarchus labrax) fillets during refrigerated storage
(4 £2°C).

MATERIAL AND METHODS
Preparation and treatment of samples

Herbs were purchased as fresh from local bazaar
in Izmir and transferred to the laboratory. Seabass
(Dicentrarchus labrax) were taken from an aquaculture
farm in Cesme and transferred in iced box to the
laboratory within 2 hours. All samples were headed,
gutted and filleted in the laboratory.

All herbs washed with tap water and allowed to
drain for 30 min. Each plant was distilled by using
herb:water mixture (2:5, w:v) (400 gr plant +1000 ml
water). Distillates and extracts were obtained with
traditional cooking dosage, applied separately to fillets
with 10°C temperature difference forincreased diffusion
efficiency (1/1, 100ml +100g fillet, 30 min.). Two fillets
were inserted in a styrofoam tray and packaged by
over-wrapping with polyvinylidene film. The packaged
fillets were stored at 4°C. Samples were analysed on 0,
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2,5,7,9and 12 days of the storage period.

Analysis

Total volatile bases nitrogen (TVB-N) analysis

TVB-N analysis was done according to the method
proposed by the Codex Alimentarius Committee in
1968 as modified by Malle and Poumeyrol (1989).

Thiobarbituric acid (TBA) analysis

Thiobarbituric acid (TBA) was determined according
to Tarladgis et al. (1960).

Microbiological analysis

Total aerobic mesophilic bacteria counts (TAMBC)
were determined by Rohde, 2007 and psycrotrophic
bacteria counts (PBC) were determined by Ariyapitipun
et al. (1999).

Sensorial analysis

Closed system-vapour cooking apparatus was used
to prepare samples for sensory test. Sensorial analysis

Table 1. TBA results of the samples (mg malonaldehyde/kg)

were performed to the method from Carbonell et al.
(2002).

Statistical analysis

Statistical analysis was carried out using SPSS
(SPSS, 1999, Version 16.0. Chicago, IL, USA) followed
by Duncan’s multiple range test. The test was used to
compare the differences among means. The results are
presented as means + SD with the significance level set
at p < 0.05 under varying storage periods.

RESULTS AND DISCUSSION
Changes in chemical quality parameters

One of the most commonly used methods for
monitoring lipid oxidation in meat products is the
2-thiobarbituric acid (TBA) test. The steam distillation
method of Tarladgis et al., (1960) in which a portion
of the distillate is directly reacted with an acidic TBA
reagent is frequently used to follow lipid oxidation. The
TBA analysis results of the seabass are given in Table 1.

Days
Samples
0. 2. 5. 7. 9. 12.

C 0.14+0.02% 0.12+0.0142 0.23+0.00°! 0.24+0.00"' 0.24+0.00¢' 0.23+0.00¢'
ND 0.13+0.01% 0.21+0.01** 0.24+0.0153 0.17+0.01¢ 0.43+0.00% 0.47+0.01*!
NE 0.12+0.00%¢ 0.15+0.01%° 0.27+0.00** 0.31+0.01* 0.35+0.01°2 0.48+0.02°'
SD 0.18+0.05* 0.14+0.025< 0.20+0.02< 0.19+0.00* 0.28+0.00<" 0.34+0.00¢'
SE 0.13+0.00* 0.09+0.00% 0.22+0.015 0.23+0.00° 0.27£0.01¢ 0.51+0.00*'
DD 0.14+0.00°% 0.10£0.03< 0.15+0.00% 0.22+0.00< 0.25+0.02%2 0.32+0.00<¢
DE 0.15+0.00* 0.08+0.00% 0.20+0.01¢ 0.19+0.01 0.28+0.01¢ 0.31+0.00%

C: Control; ND: Nettle Distillate; NE: Nettle Extract; SD: Sowthistle Distillate; SE: Sowthistle Extract; DD: Dandelion Distillate; DE: Dandelion Extract
* Means in the same column with the same latter and means in the same line with the same number do not differ significantly at the level of

P<0.05 significance.

The initial TBA values of all samples were all low,
ranging from 0.12 to 0.18. At the end of the 12%" day of
storage at refrigerator, the lowest TBA value was found
in the control group (0.23) and the highest was found
in the sowthistle extract treated samples (0.51) which
means none of the samples reached the admissible
limit of 1 mg malonaldehyde/kg. The sample groups
of ND, NE and SE contained higher TBA values than
others with significant differences at day 12. On the
other hand, TBA values at the end of storage trial were
found to be recommended limit. Since TBA values of
control group was also determined in very low levels,
indication of oxidation is not problem for this species

for the experimented storage period due to its low fat
value.

Packaging methods and addition of antioxidants
affect TBA values. Giilcin et al., (2004), have studied the
antioxidant and antimicrobial effects of WEN (Water
Extract of Nettle), and reported that on the basis of the
outcomes of their work, it is unambiguously referred
that WEN has a strong antioxidant activity against
various oxidative systems in vitro; additionally, WEN can
be used as gainable source of natural antioxidants and
as a potential food supplement or in pharmaceutical
industry. Karabacak and Bozkurt (2008) have studied
the effects of Urtica dioica and Hibiscus sabdariffa on
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the quality and safety of sucuk (Turkish dry-fermented
sausage) and reported that Urtica dioica was more
effecient on reducing histamine formation than the
nitrite/nitrate and BHT. Authors indicated that natural
antioxidant extracts were more effecient than nitrite/
nitrate and BHT. Since seabass is not considering in
the high histamine produced fish species, histamine
formation was not investigated in the present study.

The effects of nettle (Urticia dioica), spiny sowthistle
(Sonchus asper) and dandelion (Taraxacum officinale)
extract on the lipid oxidation have been investigated
previously but only a few studies available about
seafood. As a consequence of the present study, it is
detected that those herbs have positive effects on

Table 2. TVB-N results of the samples (mg/100g)

the total quality of fish but it should be studied more
detailed on compound basis.

Total volatile basic nitrogen (TVB-N) is significant
feature for the evaluation of quality in fishery products
and appear as the most common chemical indicator
of marine fish spoilage. It was indeed established that
a post-mortem decrease of trimethylamine oxide by
bacterial enzymes might cause a dramatic increment
in TMA-N. This process is accompanied by a significant
production of ammonia and other basic nitrogenous
compounds such as methylamine and dimethylamine
which are collectively known as TVB-N (Dhaouadi,
Monser, Sadok, & Adhoum, 2007). TVB-N results of this
study are shown in Table 2.

Days
Samples
0. 2. 5. o 9. 12,

C 10.19+0.44% 22.60+0.44% 28.59+0.22¢42 35.46+0.88%" - -
ND 13.74+0.44% 21.72+1.33% 35.90+0.442! 37.01+0.22% - -
NE 10.63+1.77%* 22.61+1.33% 28.81+0.44<2 37.68+2.22% - -
SD 12.85+1.33%4 20.83+1.33% 28.37+1.77<%2 36.35+2.66%" - -
SE 11.08+0.4423 21.28+2.66% 31.92+2.66 36.79+1.33% - -
DD 11.97+1.33%3 21.27+0.88% 24.38+1.33% 34.57+1.77 - -
DE 11.52+1.77%3 21.72+0.44% 37.23+3.54% 38.12+0.88%' - -

C: Control; ND: Nettle Distillate; NE: Nettle Extract; SD: Sowthistle Distillate; SE: Sowthistle Extract; DD: Dandelion Distillate; DE:

Dandelion Extract

* Means in the same column with the same latter and means in the same line with the same number do not differ significantly at the

level of P<0.05 significance.

The highest TVB-N concentration was found in DE
with 38.12 mg/kg and lowest in DD as 34.57 mg/kg
which was the only sample below the limit at seventh
day of storage. Statistically ND and DE were significantly
different and have the values which passed the limit
first among all included control group. At the end
of day 12, TVB-N value of DD was under 35 mg/100
g which is in consumable range. All other samples
were exceeded the recommended limit although no
significant differences were obtained. There is not any
study on relations of nettle and spiny sowthistle with
sea bass quality. This study is the first study which

examine interactions of these herbs with sea bass.
Therefore, no chance to compare to any study which
was carried out with same materials. Some researchers
used same herbs and different fish species and showed
positive effects of them on shelf-life (Ahmadi et al,,
2014; Arashisar et al, 2008). Studies on promoting
effects of nettle on culturing fish were also carried out
by several researchers (Bilen et al., 2016; Saeidi et al.,
2017)

Changes in the microbial counts

The changes of TAMBC and PBC were shown in
Table 3 and Table 4.
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Table 3. Total aerobic mezophilic bacteria counts (TAMBC log CFU/g) evaluations of groups

Days
Samples
0. 2. 5. 7. 9. 12.

C 4.60+0.01% 4.62+0.04% 5.43+0.112b2 7.19+0.04°! - -
ND 3.50+0.18< 3.50+0.03< 5.53+0.11 7.47+0.112 - -
NE 3.60+0.11< 3.50+0.04< 5.35+0.16°< 5.12+0.08< 7.15+0.10°! -
SD 3.80+0.04% 4.32+0.08°% 5.23+0.13% 7.60+0.45%' - -
SE 3.53+0.21° 4.40+0.134 4.80+0.04% 5.16+0.15% 7.05+0.03"" -
DD 3.80+0.09%* 4.25+0.18" 5.11£0.07< 7.76+0.07%' - -
DE 4.16+0.14 4.33+£0.25%3 4.63+0.02% 5.52+0.20 7.39+0.027 -

* Means in the same column with the same latter and means in the same line with the same number do not differ significantly at the

level of P<0.05 significance.

C: Control; ND: Nettle Distillate; NE: Nettle Extract; SD: Sowthistle Distillate; SE: Sowthistle Extract; DD: Dandelion Distillate; DE:

Dandelion Extract

Table 4. Psychotropic bacteria counts (PBC log CFU/g) evaluations of groups

Days
Samples
0. 2, 5. 7. 9. 12.

C 4.65+0.02* 4.65+0.03* 5.49+0.03* 6.23+0.1220 - -
ND 3.57+0.08 3.76+0.04%3 5.21+0.09°42 6.17+0.06°' = -
NE 3.40+0.10° 3.47+0.02< 5.25+0.00° 5.73+0.03< 7.1940.04% -
SD 3.38+0.35 3.23+0.09% 4.95+0.01¢ 6.11+0.07° - -
SE 3.62+0.03% 4.18+0.16% 5.11+0.07% 5.16+0.15% 6.88+0.02"' -
DD 3.74+0.045 4.17+0.06% 4.91+0.00< 6.52+0.05¢ - -
DE 4.05+0.02¢ 4.27+0.01¢ 5.29+0.03” 6.44+0.082 6.98+0.00¢' -

* Means in the same column with the same latter and means in the same line with the same number do not differ significantly at the

level of P<0.05 significance.

C: Control; ND: Nettle Distillate; NE: Nettle Extract; SD: Sowthistle Distillate; SE: Sowthistle Extract; DD: Dandelion Distillate; DE:

Dandelion Extract

The initial TAMBC and PBC values of control
group were determined as 4.60 and 4.65 log cfu/g,
respectively. Control group (C) and the samples treated
with distillates (ND, SD, DD) reached the maximum
levels at 7" storage day according to ICMSF (1992)
(limit values: 6 - 7 log cfu/qg). Extract treated samples
were reached those limits at 9" day of storage. DE
was significantly (P<0.05) different at day 9*. Microbial
growth was retarded by extracts in the present study
(Table 3).

Astafieva et al.,, (2012) have reported the effects
of antimicrobial peptides extracted from dandelion
(Taraxacum officinale) flowers which shows correlation

with this study. Gatto et al., (2011) have reported that
Sonchus asper showed significant antifungal activity on
fruits but T.officinale extract showed low effectiveness
against all fungi despite its intermediate total phenolic
concentration and its high content in chicoric acid.
Aksu and Kaya, (2004) have reported that nettle (Urtica
dioica) showed blocking abilities to Enterobacteriaceae
and yeast/mould developing in dry fermented sausage.
Alp and Aksu, (2010) demonstrated the treatment of
ground beef with water extract of Urtica dioica had a
small butimportant effect on inhibiting psychrotrophic
bacteria and different microorganisms including
Pseudomanas bacteria with very significant effect.
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Changes in sensory values
Results of the sensory analysis were given at Table 5 and Table 6.
Table 5. Odour and flavour evaluation of groups from sensory analysis

Odour Flavour
Groups Days
0. 2. 5 7. 0. 2. 5

C 5.60+2.61° 5.80+2.68% 5.20+2.05 4.60+0.89' 7.40+1.527 6.60+2.61° 5.20+2.17¢

ND 6.80+2.39° 6.20+2.177 5.20+1.64 4.80+0.84" 7.20+1.647 6.20+2.777 5.20+0.84%

- NE 4.00+1.7312 3.20+1.79% 5.60+1.67°12 6.00:£0.712" 6.80+1.79' 6.20+2.39 5.20+1.30°
2

E sD 3.40+2.30% 3.60+2.70°12 6.80+1.30°"2 7.00£0.71% 6.60+2.51° 6.40+2.41 5.60+1.82°

= SE 4.60+2.41% 3.80+2.28 6.80+1.30' 7.00+1.227 6.60+1.34° 6.20+1.79% 5.20+1.79%

DD 3.20+2.77% 3.40+2.19% 5.80+2.39" 6.00+0.71°° 7.00+1.58 6.60+1.34 5.40+1.67

DE 6.00+1.87 5.40+1.67% 6.00+1.58 6.60£1.14° 7.20+1.64" 6.60+2.30' 5.00+1.22

C 7.40+2.617 7.00+3.08 6.20+2.49 4.00£1.22% 7.40+1.527 6.80+2.287 5.60+2.88%

5 ND 7.20+2.39" 6.60+3.21° 6.20+1.92 4.80+0.84° 6.60+2.51° 6.00+2.45%' 5.40+2.30°'

é NE 6.60+2.51° 5.80+2.39" 6.20+1.92 5.00+0.71° 7.00+1.87 6.40+2.70% 6.60+2.30"'

§ SD 8.00+1.00°' 7.60+2.61° 6.40+2.07% 5.20+1.30° 7.40+2.07% 6.80+2.68° 6.60+2.07%

% SE 8.00+0.71° 7.60+1.14°12 5.00+2.55%% 4.80+0.84% 7.80+1.30°' 7.20+1.92% 5.80+2.59°
v

= DD 7.60+1.14% 7.20+1.48 6.40+1.52°12 4.60+1.52% 7.00+1.87 6.60+2.41 7.20+1.79%

DE 7.00+2.35 6.80+2.77° 5.80+1.64% 4.80+1.48% 7.80+1.647 7.20+3.03 5.60+2.07%

C 1.20+0.45"' 1.20+0.45"' 1.40£0.55% 1.20+0.45"' 1.40£0.55? 1.40+0.55 2.20+1.64"

‘g ND 2.60+0.55% 3.00+1.58 1.80+0.84 2.60+0.89 2.00+1.73 2.20+2.17% 3.00+1.58

é NE 1.40+0.55"' 1.40+0.55"' 1.60£0.55% 1.60+0.89"' 1.40£0.55 1.80£1.30% 2.80+1.48

E sD 1.20+0.45"' 1.20+0.45"' 2.20+1.30¢ 2.40+0.55%" 1.40£0.55? 1.60+0.89 3.00+1.58
o

_é\ SE 1.40+0.55"' 1.60+0.55%' 4.20£3.11 4.40£1.95" 1.20£0.45° 1.40+0.55 3.00+1.87%

E DD 1.00+0.00°' 1.20+0.45"' 2.80+2.95 3.00£0.71%" 1.20+0.45% 1.20+0.45% 2.80+1.48

DE 1.40+0.55"' 1.20+0.45"' 3.00+2.92 3.20+0.84%' 1.20+0.45% 1.20+0.45% 2.40+0.89"

C: Control; ND: Nettle Distillate; NE: Nettle Extract; SD: Sowthistle Distillate; SE: Sowthistle Extract; DD: Dandelion Distillate; DE: Dandelion
Extract
* Means in the same column with the same latter and means in the same line with the same number do not differ significantly at the

level of P<0.05 significance. Statistical evaluations for Table 5 were carried out for odour and flavour individually.
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Table 6. Texture evaluation of groups from sensory analysis

Groups Days
0. 2. 5. 7. 12.

C 7.60+1.67° 7.20£2.174 5.40+1.95% 4.80+1.79* -

ND 7.00£2.35° 6.60+2.30% 6.00+1.58%" 5.40+1.52% -

a NE 6.80+2.05% 6.20+2.59% 6.00+1.58%" 5.80+0.842" -
qé sD 8.20+0.84%' 7.60£1.67212 6.00+1.22212 5.40+1.67% -
T SE 7.20+1.307 6.80+2.05' 6.60+0.89°' 5.60+1.82° -
DD 7.20+1.79% 6.60+2.30' 5.80+1.79% 5.20+1.30° -

DE 7.20+2.17% 6.80+2.17° 5.80+2.28° 5.20+1.92* -

C 7.20+1.48 6.00+2.24" 5.40+2.30° 4.80+1.79% -

ND 6.20+1.92 5.20+2.86"' 5.80+1.92° 4.80+1.10° -

§ NE 6.80+1.64°" 5.20+2.59"' 6.00+2.00°' 5.20+1.79% -
§ SD 5.60+2.88 5.20+2.77% 5.80+1.48° 5.00+0.71° -
é SE 6.40+1.82% 5.80+2.28% 6.60+1.14% 5.40+1.34%" -
DD 6.20+1.92% 5.60+2.41% 6.00+2.12%" 4.60+1.82% -

DE 5.60+2.61° 5.60+2.51% 6.20+2.05% 5.20+0.84" -

C 5.80+1.64% 4.00+2.55% 3.80+2.05%" 3.60+1.52%" -

ND 5.20+3.35? 4.80+3.03' 4.60+2.41% 4.20+1.64 -

E NE 5.60+3.58? 5.00+3.39% 4.80+2.17¢ 4.20+1.79¢ -
§ SD 6.20+3.11% 5.80+3.42% 4.40+1.82 4.00+£1.41% -
.'u_n_ SE 4.60+2.41% 4.40+3.214 4.80+2.17¢ 4.20+2.05" -
DD 4.80+2.17% 4.40+2.88" 4.40+2.61 4.00+2.00*' -

DE 4.60+3.21% 4.20+3.42% 4.40+2.30" 4.20+1.79¢ -

C 5.80£2.59? 5.00£3.39? 5.60+2.30% 4.80+1.92 -

ND 6.80+1.79 6.00+2.74" 5.60+2.30° 4.80+1.30* -

a NE 6.60+2.30°' 5.60+3.13" 6.00+1.58 5.00+1.00°" -
-g SD 6.20+2.77° 4.60+3.58 5.60+1.67° 4.80+0.84 -
] SE 6.20+2.59' 5.20+2.59" 5.60+2.30°' 4.60+1.95% -
DD 6.20+2.17° 5.60+2.51% 6.40+2.07° 5.80+1.30° -

DE 6.40+2.07° 5.40+2.88 6.20+2.05' 5.20+1.79% -

C 4.20+1.10° 4.20+2.05 3.60+1.14 3.00+1.41% -

ND 4.00+1.41 3.80+1.64 3.60+1.14 3.20+0.84° -

@ NE 4.80+0.45% 3.80+1.30 4.00+0.71% 3.40+0.55%" -
g SD 4.20+0.84% 3.40£1.52 3.80+1.10% 3.40+1.14%" -
& SE 4.20+1.10¢ 3.60+1.34% 3.40+1.34% 3.80+1.30%" -
DD 4.00+1.00 4.00+1.00"' 4.20+0.84% 4.20+0.45" -

DE 4.00+1.00 3.80+1.30% 3.60+1.14%" 3.80+0.84" -

* Means in the same column with the same latter and means in the same line with the same number do not differ -significantly at

the level of P<0.05 significance.

C: Control; ND: Nettle Distillate; NE: Nettle Extract; SD: Sowthistle Distillate; SE: Sowthistle Extract; DD: Dandelion Distillate; DE:

Dandelion Extract
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Statistically, from the points of taste and flavour,
all samples were accepted by panellists but extract
treated samples have lost the score among others after
day 5. For odour, there are no significant differences
between groups until day 7. C and ND are low, SD and
SE high in intensity, SE was high in foreign odour, no
significant differences between all samples for fresh
odour at 7" day. There are no significant differences
between all groups in texture and flavour evaluation.
Highest and lowests scores of mean values of odour
test were given for intensity by: DE=6.0/NE=4.7, for
fresh odour by: SD=6.8/NE=5.9 and for foreign odour
by: SE=2.9/C=1.25. Scores of flavour evaluation as
follows; For Intensity: C=6.33/SE=6.0, for fresh odour:
SD=SE=DD=6.93/ND=6 and for foreign odour: ND=2.4/
C=1.25. Highest and lowest scores of mean values of
texture evaluation were given for intensity by: SD=6.8/
NE=DD=6.2, for chewiness by: SE=6.05/SD=5.4, for
fibrousness by: SD=5.1/C=DE=4.3, for juiciness by:
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DD=6.0/C=SD=5.3 and for fatness by: DD=4.1/ND=3.65.
CONCLUSION

There is no significant differences between all for
TVB-N values in day 7 but, dandelion distillate treated
sample was the only one which has value in acceptable
limit in that day. All TBA values were very low and in
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0z: Balikgilikta geri alim programlan diinyada yaklasik elli yildir uygulanmaktadir. Tiirkiye'de ise birinci kusak geri alim programi, 7 Mayis 2012 tarih ve 28285 sayili Resmi Gazetede yayimlanan
Tarimsal Destekleme Tebligi ile 2012 yilinda baslatilmis, sonrasinda 2018 yilina kadar ddrt geri alim programi daha uygulamaya gegirilmistir. Bu calismanin amaci, ilgili programin sonuglarini
ortaya koymaktir. Bu amacla, programda alimi gerceklesen 364 baliki gemisi arasindan, basit tesadiifi drnekleme yontemi kullanilarak belirlenen 76 balikg ile telefon anketi yapilmitir.
Programdan yararlanan gemilerin; 323'i (%88,7) 12-20 m boy grubunda olan kiiiik dlcekli balikgi gemilerinden, 411 (%11,3) ise 21 m ve listii boy grubunda olan bilyiik dl¢ekli balikgi gemilerinden
olusmustur. Desteklemede toplam 62,1 milyon TL harcanarak (1 ABD $ = 1,9TL), boyu 12 m iizerinde olan 1 868 balik¢i gemisinin %19,8'i filodan gikanimistir. Bu gemilerden; 11 adedi kontrol
gemisi yapilmak iizere Gida Tarim ve Hayvancilik Bakanligi (09.07.2018'den beri Tarim ve Orman Bakanlig1) il miidiirliiklerine ve 18’ ise arastirma gemisi yapilmak iizere Giniversitelere hibe
edilmistir. Geriye kalan 335 gemi ise Makine Kimya Endiistri Kurumunun izmir Aliaga Gemi Skiim Tesislerinde aynistirma islemine tabi tutulmustur. Calismaya Katilan balikgilarin ortalama
yagt 50412, ortalama tecriibeleri ise 3312 yildir. Balikgilarin %91'nin birincil meslegi balikgiliktir. Balikgilarin %9717 programi faydali bulmustur, %95'i ise programin devam etmesi gerektigini
diisinmektedir. Programa katilan balikgilarin %377i trol, %24t girgir, %22'si uzatma agi ve %17°si ise birden cok av araci ile availik yapmaktadir. Balikgilarin %40 balikgihgin karsiz hale
gelmesinden dolayr balik¢iliktan gkmak istedigini belirtmistir. Bunu %15 ile emekli olma istegi ve %12 ile programin cazip bir firsat olarak goriilmesi takip etmektedir. Gemisini veren bireylerin
%611 balikcilik sektdriinde calismaya devam edeceklerini, %17°si yeni bir balik¢i gemisi alacagini bildirmistir. %457 ise zaten ikinci bir gemi sahibi ve geri alim programina ellerindeki atil ya
da karsiz calisan ikinci gemilerini veren balikgilardir. Sonug olarak, balik¢i gemisi geri satin alma programinin degerlendirilmesiyle ilgili bu calisma, sadece balikgilik kapasitesinin disiirilmesi
ve asirl availikla miicadele edilmesi agisindan bilgi sunmakla kalmayip, ayni zamanda sektoriin daha iyi anlagilmasi, uygun politikalar gelistirilmesi ve daha iyi yonetilmesi adina da dnemlidir.

Anahtar kelimeler: Balikgilik geri-alimlari, Balik¢i gemisi devre disi birakma, Avalik kapasitesinin azaltilmasi, Filo kapasitesinin azaltilmasi

Abstract: Buy-back programs have been implemented in the world for almost fifty years. However, first generation buy-back program was started in 2012 in Turkey through the “agricultural
support” which was published in the Official Gazette dated 7 May 2012 and numbered 28285; afterwards four more buy-back programs were put into practice until 2018. The aim of this study is
to reveal the results of the related program. Therefore, a telephone survey was applied to 76 fishermen determined among 364 fishing vessels, which had been bought in the program, through
the simple random sampling method. 323 (88.7%) of the vessels benefiting from the program consisted of small-scale fishing vessels within the size group of 12-20 m, and 41 (11.3%) of them
consisted of large-scale fishing vessels in the size group of 21 m and above. About 62.1 million TL (1 US $ = 1.9 TL) in total was spend in the support and 20% of 1868 fishing vessels with a
height above 12 meters were removed from the fleet. 11 of these vessels were granted to provincial directorates Ministry of Food, Agriculture and Livestock (Ministry of Agriculture and Forestry
since 09.07.2018) as control vessels, and 18 of them were granted to universities as research vessels. The remaining 335 vessels were subjected to the process of decomposition in Izmir Aliaga
Ship Dismantling Facilities of Machine Chemistry Industry Institution. The average age of the fishers participating in the study is 50412 and their average experience is 33+12 years. The main
profession of 91% of the fishers is fishing, 91% of them found the program beneficial and 95% of them think that the program should continue. 37% of the fishers participating in the program
use trawl nets, 24% purse seines, 22% gill nets, and 17% more than one fishing tools. 40% of the fishermen stated that they want to quit fishing as it became unprofitable. This is followed by
considering retirement (15%), and considering the program as an appealing opportunity (12%). 61% of the individuals who gave their vessels stated that they will continue working in the
fishing industry, and 17% of them stated that they will buy a new fishing vessel. 45% of them are fishermen who already have a second vessel and gave the inactive or unprofitable vessels to the
buy-back program. As a result, this study on the evaluation of the fishing vessel buy-back program is important in that it does not only provide information on decreasing the fishing capacity and
fighting with overfishing, but also contributes to the better understanding of the sector, development of appropriate policies and the better management of the fisheries.

Keywords: Fisheries buy-backs, fishing vessels decommissioning, reducing fishing capacity, reducing fleet capacity, Turkish fishing fleet
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GiRIS

Balik stoklari ve avcilik kapasitesi arasinda bir denge
saglayarak asirt avciligi onlemek, balikgilik yonetimi
icin bir zorunluluktur. Bu dengeyi korumada; balikgilik
sahasini sireli veya sulrekli kapatma, av yasagi, av
araci yasadi, av araci sinirlamalari, donem yasaklari,
tlr yasaklar gibi bircok farkli uygulama mevcuttur.
Bunlardan biri de, dogrudan satin alma yoluyla mevcut
filo kapasitesinin boyutlarini azaltmada etkin bir
uygulama olarak kabul géren geri-alim programlaridir.
Balikcilikta geri-alim programlari; filo kapasitesini
dusurerek, balikciliktaki cabayr azaltmak icin kullanilir
(Holland vd., 1999). Geri-alim programlari temel
olarak ¢ sinifa ayrilir; (1) sadece gemilerin geri alindid
programlar, (Il) sadece lisanslarin (izinlerin) geri alindigi
programlar ve (lll) hem lisans hem de gemilerin birlikte
geri alindigi programlar. Geri-alim programlari bazi
istisnalar disinda devlet fonlari ile yirutilmektedir.

ilk geri-alim programi 1970 yilinda Kanada somon
balikciliginda (Frazer, 1980) uygulanmistir. Bu program
kapsaminda toplamda gerceklestirilen 5 farkli geri-
alim sonunda, 300 milyon Kanada dolari harcanmis
ve filo kapasitesinde 2/3 oraninda azalma saglanmistir
(Grafton ve Nelson 2007).

Bu gline kadar, gemiler ve lisanslar icin geri-alim
programlari ingiltere (Frazer, 1980; BACL, 1981; Grafon
ve Nelson, 2007), Avustralya (Fox vd., 2006), Gliney
ve Kuzeydogu Asya (Campbell, 1989; Squires, 2010),
Kanada (Frazer, 1980; Pringle vd. 1993), Amerika
(Funk, 1998; Larkin vd., 2004), Meksika (Funk vd., 2003),
Kolombiya (Weninger ve McConnel, 2000) ve Avrupa
(Frazer, 1980; BACL, 1981; Daures ve Guyader, 2000;
Lindebo ve Vestergaard, 2007; Grafton ve Nelson, 2007)
balik¢ihdginda uygulanmistir.

Turkiye sularinda avcilik yapan gemilerin ruhsat

alma zorunlulugu Osmanli imparatorlugu zamanindan
bu yana devam etmektedir (Yarci, 2009). Tirkiye
balikciliginda ise lisans uygulamasi 1973 yilinda
baslamistir. 1991 yilinda balik¢i ruhsat teskerelerinin
diizenlenmesine sinirlama getirilmis, 1994, 1997 ve
2001 yillarinda sinirh sayida ilave ruhsat verilmis,
2002 yilindan itibaren ise yeni ruhsat verilmemistir.
Bu tarihten sonra mevcut gemilere sadece bir kez
kullanilmak kaydi ile %20 boy artis hakki taninmistir
(Ustiindag, 2010). TUIK (2014) verilerine goére, 2013
yilinda su urlnleri ruhsat tezkeresine sahip 13 727 adet
balik¢i gemisi bulunmaktadir.

Turkiye'de ilk kez 2012 yilinda uygulanan geri-
alim programi, 19 Haziran 2012'de 28328 sayili resmi
gazetede vyayinlanmistir. Bu program, Gida Tarm
ve Hayvanclik Bakanhgmnin (GTHB) (09.07.2018
tarihinden itibaren Tarim ve Orman Bakanligi) 2012/51
numarali  ‘Balikgi  gemisini avciliktan  ¢ikaranlara
yapilacak destekleme tebligi’ dogrultusunda, su Urinleri
ruhsat teskeresine sahip 12 m ve (zerindeki balikgi
gemisi sahiplerine, gemilerinin avciliktan c¢ikariimasi
karsiliginda, gemi boyuna gore; 12-20 m gemiler icin
metresine 10 bin, 21-30 m gemiler icin 15 bin, 31 m
ve Uzeri gemiler icin 20 bin TL destekleme 6demesi
yapilmasina yoneliktir (GTHB, 2012).

ilk asamada bakanhgin koymus oldugu 30 milyon
TL st sinirina ulasilana kadar, rastgele 6rneklem
yontemi kullanilarak, noter huzurunda kura ile gekilisler
yapilmasina ve 407 basvuru arasindan geri alinacak
balik¢i gemilerinin belirlenmesine karar verilmistir
(Tablo 1). Daha sonra yapilan diizenleme ile bitce
arttinlarak basvuru yapan tim gemilerin alinmasina
karar verilmis ve 62 milyon TL butce ile 407 basvuru
arasindan kosullari saglayan 364 geminin alimi
gergeklestirilmistir (Tablo 2).

Tablo 1. Geri-alim destekleme programina miiracaat eden balik¢i gemilerinin bolgelere gére dagilimi ve oranlari
Table 1. Regional distribution of fishing vessels that apply for the buy-back support program

Bolgeler Basvuru Yapan Gemi Sayisi Basvuru Yapan Gemilerin Bolgesel Dagilimi (%)
Karadeniz 83 20,4
Marmara 144 35,4
Ege 76 18,7
Akdeniz 104 25,5
Toplam 407 100
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Tablo 2. Geri-alimi gerceklesen balik¢i gemilerinin bdlge ve boylarina gére dagilimi
Table 2. Regional and length distribution of fishing vessels that were bought back

Bolgeler Oransal Dagilim
Boy Toplam o

Karadeniz Marmara Ege Akdeniz (%)

12-20m 61 117 65 80 323 88,7
21-30m 13 13 2 8 36 9,9

31 mve Ustl 0 3 2 0 5 1,4
Toplam 74 133 69 88 364 100

Programdan yararlanan 364 balik¢i gemisinin 330 MATERYAL VE METOT

sa¢, 331'i de ahsap gemidir. Desteklemede toplam 62,1
milyon TL harcanarak, boyu 12 metre lizerinde olan 1
868 adet balik¢i gemisinin %20'si filodan cikariimistir.
Bu gemilerden; 11 adedi kontrol gemisi yapilmak
Uzere il mudurliklerine ve 18 adedi ise arastirma
gemisi yapilmak Uzere Universitelere hibe edilmistir.
Geriye kalan 335 adet gemi ise Makine Kimya Endustri
Kurumunun izmir Aliaga Gemi Sékim Tesislerinde
ayristirma islemine tabi tutulmustur.

Bu calismanin iki temel amaci vardir. Bunlar;

a) Balikgilik kapasitesini azaltarak, “su drtinleri
kaynaklarinin  korunmasi, strddirtilebilir isletiimesi ve
stoklar lizerindeki av baskisinin azaltiimasi” hedefiyle
baslatilan birinci kusak geri-alim programinin ulastig
sonuglari tim yonleriyle incelemek,

b) Elde edilen sonuclar ile balik¢ilik sektori
ve balik¢ihk yonetimi ile ilgili kesimlerin geri-ahim
destekleme programinda faydalanabilecekleri yazili bir
kaynak olusturmak ve ileride bagslatilacak destekleme
programlarinin daha etkin olabilmesi icin yol gosterici
bilgiler sunmaktir.

Balikgl gemisi geri-alim programinin
degerlendirilmesiyle ilgili bu calisma, basta karar alicilar
olmak tzere balikgilikla ilgili tim paydaslari, programin
sonuclariyla ilgili bilgilendirecek ve siirdurilebilir
balikcilik ve balikgilik yonetimine destek verecektir.
Programin kendisi gibi bu ¢calisma da, Tiirkiye'de bir ilktir
ve bu haliyle ayr bir yere sahiptir. Calisma, sektorin
daha iyi anlasilmasi, uygun politikalar gelistirilmesi
ve daha iyi yonetilmesi adina 6zgin bulgular
icermektedir. Bu ve benzeri programlarin kisa, orta ve
uzun vadedeki etkileri mutlaka izlenmelidir. Sonuglarin
balik¢ilik yonetimindeki karar alicilar tarafindan dikkate
alinmasi; Tirkiye balik¢iliginin daha iyi yonetilmesi ve
balik stoklarinin strdirdlebilir kullanilmasina katki
saglayacaktir.

Birinci kusak balik¢i gemisi geri-alim programinin
ulastigi  sonuclarin incelendigi bu arastirmanin
materyali 6zgln anket verileri, daha 6nce yapilan
calismalardan edinilen veriler ve Balikcilik ve Su Uriinleri
Genel Mudurluginden (BSGM) saglanan veriler olmak
lzere (¢ tip veriden olusmaktadir.

Calismanin birincil verileri, destekleme
programindan faydalanmaya hak kazanan balikg
gemisi sahipleriyle anket formu aracihgi ile yapilan
goriismelerden elde edilen verilerdir. ikincil veriler;
BSGM, Avcilik ve Kontrol Daire Bagkanligindan ve Avcilik
Duzenlemeleri Grubu Biriminden saglanan destekleme
programindan yararlanan balik¢i gemisi sahiplerinin
listesi ve iletisim bilgilerinden olusan verilerdir.

Birinci kusak balik¢i gemisi geri-alim programina
basvurularin Tirkiye capinda acik olmasi ve dort
bolgeden 407 adet basvuru yapilmasi nedeniyle,
gerek zaman gerekse ekonomik kisitlardan dolays,
desteklemeden faydalanmaya hak kazanan gemi
sahipleriyle tam sayim yontemi ile yuiz ylize gérismeler
yapilamamistir.  Bunun yerine &rneklem ydntemi
kullanilarak anakitleyi en iyi sekilde temsil edecek
orneklem buyukligu belirlenmis ve hazirlanan
anket formlar ile telefon aracihgr ile gorismeler
gerceklestirilmistir.

Birinci kusak balik¢i gemisi geri-alim programina
ilk asamada bakanligin koymus oldugu 30 milyon
TL UGst sininna ulasilana kadar, rastgele &rneklem
yontemi kullanilarak, noter huzurunda kura ile gekilisler
yapilmasina ve 407 adet basvuru arasindan gerialinacak
balikgi gemilerinin belirlenmesine karar verilmistir.
Bununla birlikte, daha sonra yapilan dizenleme
ile bltce arttinlarak basvuru yapan tim gemilerin
alinmasina karar verilerek 407 basvuru arasindan
kosullarisaglayan 364 geminin alimi gerceklestirilmistir.
Basvurulara bakildiginda en c¢ok basvurunun 144
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adet (%36) gemi ile Marmara Bolgesinden yapildig,
alimi gerceklesen gemilere bakildiginda ise en cok
basvurunun yine dogru orantili olarak 134 adet (%37)
gemi ile Marmara Bolgesinden yapildigi ve bunlarin
117 adedinin (%82) 12-20 m arasi balik¢i gemilerinden
olustugu gorulmektedir (Tablo 3).

Bakanhgin yuruttugu birinci kusak balikgi gemisi

geri-alim programi sonucunda filodan cikarilan 364
balik¢i gemisinin 11 adedi kontrol gemisi yapilmak
Uzere il muddurliklerine, 18 adedi arastirma gemisi
yapilmak Uzere Universitelere hibe edilmistir. 335 adet
balik¢i gemisi ise Makine Kimya Endistri Kurumunun
izmir Aliaga gemi sokiim tesislerinde ayristirma
islemine tabi tutulmustur.

Tablo 3. Geri-alim destekleme programina basvuran ve alimi gerceklesen balik¢i gemilerinin bdlgelere gore dagilimi ve

oranlari

Table 3. Regional and proportional distribution of of fishing vessels that applied for the buy-back program

Alimi gercek- Ankete ka- Ankete ka-
. Basvuru ya- Alimi gergek- lesen gemilerin tilan gemilerin tilan gemilerin
Bolgeler . ? S o " = = =
pan gemi sayisi lesen gemi sayisi bodlgelere gore bodlgelere gore bodlgelere gore
orani (%) sayisi orani (%)
Karadeniz 83 73 20,1 25 32,9
Marmara 144 134 36,8 21 27,6
Ege 76 69 18,9 16 21,1
Akdeniz 104 88 24,2 14 18,4
Toplam 407 364 100 76 100

Calismada, ana kitlenin en iyi dizeyde temsil
edilecek 0Ornek sayisinin belirlenmesinde oransal
yaklasim  ydnteminden  vyararlanilmistir.  Ornek
hacminin  maliyet-duyarliik dengesini saglayacak
sekilde hesaplanmasina dikkat edilmistir. Zira arastirma
bitcesi, 6rnek hacmini sinirlayan en énemli etkendir.
Ancak 6rnek hacminin, belli bir duyarlilik saglayacak
buyuklikte olmasi da zorlundur. Bu duyarhlik, gliven
arahg ile saglanmaktadir. Daha dar glven araligi,
parametrelerin daha fazla kesinlik veya duyarllikla
tahmin edilmesini saglayacaktir (Miran, 2003). Bu
nedenlerden dolayr 6rnege girecek olan balikgilarin

belirlenmesinde oransal 6rnek hacmi formula
kullanilmistir.
"= Np(1 - p)
(N —1Doj +p(1—p)
Esitlikte;

n= Ornek hacmi

N=Programdan yararlanan toplam balikgi sayisi
P=Programdan yararlanan balik¢i orani
(1-p)=Programdan yararlanmayan balik¢i orani

o’ =Varyans

%95 guven araliginda ve %10 hata payr kabul

edilip, p=0,50, (1-p)=0,50 dikkate alinarak hesaplama
yapilmistir.

Hesaplama sonucu 6rnek hacmi (n), 364 gemi sahibi
balik¢l arasindan 76 olarak belirlenmistir. Belirlenen
76 kisi arasindan basit tesadufi 6rnekleme yontemi
kullanilarak secilen balikgilarla telefon anketi araciligi
ile gorastlmustar.

Programin  incelenmesi  amaciyla, geri-alim
programindan faydalanan balikgilara 2013-2014 yillari
arasinda anket calismasi uygulanmistir.

364*0,5% (1- 0,5)
(364- 1) *(0,52+0,5*(1- 0,5)

Geri-alim programi ile alimi gerceklesen 364 balikgi
gemisi sahibi arasindan belirlenen 76 adet balikgiyla
anket formu aracilidi ile telefonla yuritilen goérismeler
2013-2014 yillar arasinda tamamlanmistir.

Anket verilerinin degerlendirilmesinde betimsel
analizler, frekans dagihmlari, basit ortalamalar, oransal
dagihmlar ve bazi degiskenlerin aralarindaki iliskinin
incelenmesi icin ki-kare testinden yararlaniimistir.

BULGULAR

Calismanin bulgulari bes grup altinda ele alinmistir;
sosyo-demografik bulgular, sosyo-ekonomik bulgular,
gemilerle ilgili bulgular, personel ile ilgili bulgular, geri-
alim programinin degerlendirilmesiyle ilgili bulgulardir.

Sosyo-demografik bulgular

Ankete katilan balikgi  gemisi  sahiplerinin
demografik 6zellikleri; yas ortalamasi 50+12 (min.27-

n= =76
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maks.94) yil ve egitim seviyesi 7+3 (min.0-maks.15)
(%56) yildir. Balikgi gemisi sahiplerinin %91'i evli, %88'i
ev sahibi ve %12'si sosyal glivenceye sahiptir. %9'unun
gecinmeleri icin balik¢iliga ihtiyag duymadigini, baska
bir deyisle geri-alimi gerceklesen gemilerin %9'unun
gecimini balikciliktan kazanan aktif balik¢i gemileri
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olmadigini gostermektedir. %21'i ise balik¢ihk disinda
da gelirleri oldugunu bildirmistir (Sekil 1). Balikgilarin
ortalama balik¢ilik tecriibesi 33+12 (min. 5-maks. 60)
yildir. Balikgilarin %75'i balik¢ihk yaptiklar sahadaki Su
Uriinleri Kooperatiflerine ortaktir.
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Sekil 1. Geri-alim programina katilan balikgilarin demografik 6zelliklerinin oransal dagilimi
Figure 1. Proportional distribution of demographical properties of the vessels that applied for the buy-back program

Sosyo-ekonomik Bulgular

Geri-alimi gerceklesen balik¢i gemilerinin denizde
calisma sureleri ortalama 168+63 glin/yil olup en aktif
gemi 300 gln/yil denizde calismaktadir. Gemilerin
deniz is giini dagilimi; %44,7'si 91-180 glin/yil, %33,8'i
181-270 gun/yil, %7,7'si 8-60 guin/yil, %7,7'si 271 gun/
yil ve Ustl, %4,6's1 8-60 gun/yil ve %1’lik kismi bir yil
icinde 7 glinden az siire denizde calismistir. Gemilerin
%83’ 2013 yil boyunca aktif olarak balik¢ilik yaparken,

%3 ise baska kisi tarafindan isletildigi icin gemi sahibi
calisilan giin hakkinda bilgi sahibi degildir.

Gemilerin 2012 yilina ait masraflari; glinliik akaryakit
masraflari ortalama 537+377 TL/yil, ayni yila ait guinlik
kumanya masraflari ise ortalama 76+55 TL/yildir. Yillik
gemive motor tamir-bakim-onarim masraflari ortalama
13 028+1 211 TL iken yine bir yil icinde yapilan tim av
araci tamir-bakim-yenileme masraflari da ortalama
8528+991 TLdir (Tablo 4).
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Tablo 4. Geri-alimi gerceklesen gemilerin 2012 yili
harcamalarinin betimsel analizi
Table 4. Descriptive analysis of 2012 expenditures for the

vessels bought back

N=75

Degiskenler (TL) Ort. + Std

- 536,6 £377
Gunluk akaryakit tutar (min. 25-maks.1 500)
- 75,7+54,7
Gunlik kumanya tutari (min. 5-maks.300)
Yillik gemi ve motor tamir-bakim-
onarim masraflari

13028,4+1210,8
(min. 500-maks.65 000)

Yillik av araci tamir-bakim-yenileme
masraflari

8528,2+991,1
(min. 0-maks. 60 000)

Balik¢i Gemisi ile ilgili Bulgular
Balik¢i gemilerinin boy gruplari, basvuru sayilari ve
dagihm oranlar Tablo 5'te verilmistir.

Tablo 5. Geri-alimi gerceklesen gemilerin boy gruplari
bazinda adet ve oranlarinin dagilimi

Table 5. Proportional distribution of length groups and
numbers of vessels bought back

Boy gruplari Basvuru sayisi Dagilimi orani
(metre) (adet) (%)
12-15 240 65,93
16-20 83 22,81
21-25 31 8,52
26-30 5 1,37
31> 5 1,37

Gemilerinboyortalamasi 153 m(min.12m-maks.27
m)'dir. Gemi yasi ortalama 25+11 yil (min. 2 yil-maks. 54
yil) iken, ana makine yasi ortalama 19+10 yil (min. 2 yil-
maks. 45 yil)'dir. Ana makina glict ortalama 228+112
BG (min.75 BG-maks. 500 BG)'dir. Gemilerin %37’si trol
av araci kullanmaktadir (Sekil 2).

Gemi Yast

1-10 y1l
11-20 y1l
21-30 yil
31-40 y1l

41 ve iistil
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Makina Beygir Glicii

401 BG ve iisti 1N

261-400 BG

%33
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%033
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%
100 BG vealtt I
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Sekil 2. Geri-alimi gerceklesen gemilerin yasi, makina giicii ve kullandiklari av araglarinin oransal dagilimi
Figure 2. Proportional distribution of age, power and gears of vessels that were bought back
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Personel ile ilgili Bulgular

Balik¢i gemilerinin %97'si sezonluk veya sirekli
murettebat calistirmaktadir ve gemi basina ortalama
mirettebat sayisi ise 5+3 (min. 1-maks. 12) kisidir.
Calisan personelin %15'i aileden, %74’G disaridan
ve %11'i ise hem aileden hem de disaridan temin
edilen tayfalardan olusmaktadir. Mirettebatin %50'si
balikciliga devam edecedini ifade etmistir (Sekil 3). Bu
%50’lik personelin %90’ tayfa olarak, %6,7'si kendine
gemi alarak balik¢ihga devam edecegini, %3,3'U ise
nasil devam edecegine heniiz karar vermedigini
bildirmistir.

Miirettebatin Balik¢iliga Devam Etme Karari

Fikri yok Devam
%40 etmeyecek
%10
Devam
edecek
%350

Sekil 3. Geri-alim gerceklesen gemilerde calisan
mirettebatin oransal dagilimi
Figure 3. Proportional distribution of crew working on

vessels that were bought back

Geri-alim Programinin Dederlendirilmesi ile llgili Bulgular

Geri-alim  programindan  faydalanmaya hak
kazanan balik¢r gemisi sahipleri, geri-alim programina
katilmalarina ve gemilerini devlete satmalarina etki
eden faktorler; 21 m ve Ustli gemilerde tim cevaplar
¢ etken Gzerinde yogunlasmistir. Bu etkenler; %66,6
oraninda ‘balik¢ihgin karsiz hale gelmesi, %16,7'ser
oranlarla da ‘mevcut geminin degistiriimek istenmesi’
ve ‘emekli olunarak balik¢iliktan ayrilmak istenmesidir”.

Tuim gruplarin cevaplan siklik oranlarina gore
asagida verilmistir:

* %26,7'si ‘balik¢t gemisinin karsiz hale gelmesi,

« %10,7'si‘programin cazip bir firsat olarak gérilmesi,

- diger %10,7'si ise ‘emekli olunarak balikgiliktan
ayrilmak istenmesi’

+ %9,3'U‘mevcut geminin degistirilmek istenmesi;,

+ %32'ise ise balikgi gemisini devlete satarak
balikciliktan ayrilmasinda birden cok faktoriin etkili
oldugunu,

+%10,9'u da diger nedenlerle programa basvuru
yapmislardir.

Balikgilarin  kendi gemilerine bictikleri deger
35 000 TL ile 1 500 000 TL arasinda ve degerlerin
ortalamasi 153 220 TLdir. 12-20 metre boy grubunda
yer alan gemi sahipleri gemilerini devlete satmalarinin
karl oldugunu ancak gemi boyu arttikca bu satisin
karsiz hale geldigini ifade etmislerdir. Bu sonucu,
boy gruplarina gore memnuniyet sorularina verilen
cevaplar da desteklemektedir (Tablo 6).

Tablo 6. Boy gruplarina gére gemi sahiplerine 6denen bedelden duyulan memnuniyetin oransal dagilimi
Table 6. Satisfaction with payment made to vessel owners according to length groups

Devletin Gemi Sahiplerine Odedigi

()
Bedelden Duyulan Memnuniyet RiStmpipLs)

Kismen memnun (%) Memnun degil (%)

Tim gemi sahipleri (N=75) 68 12 20

12-21 m gemi sahipleri (n=69) 69,6 13 17,4

21 m Uzeri gemi sahipleri (n=6) 50 0 50
Balikgilarin gemilerine bicilen degerden  memnun olduklarini, 165 gln/yil olan balikgilar (%66)

memnun olma durumlari deniz is glinl sayisina gore
degerlendirildiginde; deniz is glini sayisi ortalama
175 gun/yil olan balikgilar (%65) programdan

balikcilikta kalacaklarini ve 167 glin/yil olan balikgilar
(%85) ise programin 12 m alti gemilere uygulanmasini
istediklerini ifade etmislerdir (Tablo 7).
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Tablo 7. Balik¢i gemisine bicilen degerden memnun olma durumlari ve deniz is glini
Table 7. Satisfaction with the worth calculated for fishing boat and hours at sea

Balik¢i Gemisine Bigilen Degerden Memnun Olma

Degiskenler Balik¢i Orani (%)

Ortalama Deniz is Giinii (giin/yil) + Standart Sapma

Memnun 65 174,8 +65

Kismen Memnun 12 141,3+68,8

Memnun Degil 23 162,7+50,2
Balikcilikta Kalma Kararlari

Balikgilikta Kalacak 66 165,2+64,2

Balikcilikta Kalmayacak 32 167,1£54,3

Karar Vermedi 2 300+0

Programin 12 Metre Alti Gemilere Uygulanma Durumu

Uygulanmali 85
Uygulanmamali 14
Kismen Uygulanmali 2

166,8+60,8

182,2+73,8

1000

Deniz is guni ile balikgilarin ortalama egitim
seviyesi degerlendirildiginde; egitim seviyesi ortalama
6,7 yil olan balikgilar (%78), balik¢i gemisine bicilen

degerden memnundur. EJitim seviyesi ortalama 7,1
yil olanlar ise (%87) programin faydal oldugunu ifade
etmislerdir (Tablo 8).

Tablo 8. Balik¢i gemisine bicilen degerden memnun olma durumlari ve deniz is glin
Table 8. Satisfaction with the worth calculated for fishing boat and level of education

Balik¢i Gemisine Bicilen Degerden Memnun Olma

Balikg¢i Orani

Memnun 78 6,7+2,9
Kismen Memnun 14 7,3£2,9
Memnun Degil 23 8,4+3,4
Faydali 87 7,143,1
Faydali Degil 12 7,6+2,9
Kismen Faydali 1 540

Balik¢i gemisini geri-alim programi kapsaminda
devreden gemi sahiplerinin %61'i balik¢ilikta kalmaya
devam edecegini bildirmistir. Balik¢ilikta kalmaya

devam edecek olan balik¢ilarin %85°i balik¢iliga eldeki
ikinci bir gemi veya yeni satin alacaklari bir gemi ile
devam etmeyi diisinmektedir (Sekil 4).
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Sekil 4. Gemisini devreden gemi sahiplerinin balik¢ilikta kalma ve devam sekillerinin oransal dagihmi.
Figure 4. Proportional distribution of alternatives fishers chose after their boats were bought back

Degiskenlerin aralarindaki
asagidaki bulgulara ulasilmistir:

iliski incelendiginde

e Balikcilarin denizde ortalama calisma siresi ile
balik¢i gemisine bicilen dedgerden memnun olma
dizeyi F testinde, F degeri (1,039) %95 anlamhhk
diizeyinde istatistiksel olarak anlaml degildir (p>0,05).

e Balikcilarin egitim duzeyleri ile balikgi gemilerine
bicilen degerden memnun olma diizeyi, F testinde, F
degeri (1,873) %95 anlamlilik diizeyinde istatistiksel
olarak anlamli degildir (p>0,05).

e Balikcilarin geri-alim programini faydali bulma
durumlari ile ortalama deniz is glinu sureleri arasindaki
fark, F testinde, F degeri (1,506) %95 anlamlilik
diizeyinde istatistiksel olarak anlaml degildir (p>0,05).

e Balikcilarin egitim dizeyleri ile geri-alim programi
faydali bulma dizeyleri, F testinde, F degerinin (0,184)
%95 anlamhhk dizeyinde istatistiksel olarak anlamli
degildir (p>0,05).

e Balikcilarin ortalama deniz is gunu sureleri ile
programin 12 metre alti gemilere de uygulanmasina
iliskin balik¢ilarin gorisleri, F testinde, F degeri (0,832),
%95 anlamhhk dizeyinde istatistiksel olarak anlamli
degildir (p>0,05).

e Balikcilarin egitim dlizeyleri ile programin 12 metre
altt gemilere de uygulanmasi gerektigini disiinme

durumlari, F testinde, F degeri (0,333) %95 anlamlilik
dizeyinde istatistiksel olarak anlamli degildir (p>0,05).

e Balikcilarin ortalama deniz is gini sireleri ile
balikcilikta kalma distinceleri arasindaki fark, F testinde,
F degeri (2,377) %95 anlamlilik diizeyinde istatistiksel
olarak anlamli degildir (p>0,05).

e Balikcilarin egitim duzeyleri ile balikcilikta kalma
kararlarina gore dagilimlari, F testinde; F degeri (0,859)
%095 guven araliginda anlamli degildir (p>0,05).

e Balik¢i gemilerine bicilen degerden memnun olma
durumu ile balikgilarin asil mesleklerinin veya ikinci
mesleklerinin balik¢ilik olmasi arasindaki iliski; ki-kare
testinde, p degeri 0,574 ve %5 anlamhhk diizeyinde
istatistiksel olarak anlamli degildir.

e Balikcilarin asil veya ikinci mesleklerinin balikgilik
olmasi ile balik¢ilikta kalma kararlari arasindaki iliski ki-
kare testinde, p deg@eri 0,250 ve %5 anlamlilik diizeyinde
istatistiksel olarak anlamli degildir.

e Balikcilarin  asil  mesleklerinin ~ veya ikinci
mesleklerinin balikgilik olmasi ile geri-alim programini
faydali bulmalari arasindaki iliski; ki-kare testinde, p
degeri 0,002 ve %5 anlamlilik diizeyinde istatistiksel
olarak anlaml bir iliski vardir. Bakanligin uyguladig
programi faydal bulma durumlari, balik¢ihgr asil meslek
veya ikinci meslek olarak yapmalarina gore farkhhk
goOstermektedir (Tablo 9).
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Tablo 9. Balikgilarin asil ve ikinci meslekleri ile programi faydali bulmalari arasindaki iliski
Table 9. Relation between their primary and side jobs and the belief in the program

Bakanligin uyguladigi programi faydali bulma

Meslek Toplam
Evet Hayir Kismen
Frekans 62 4 1 67
Asil meslek balikgihk
Yuizde (%) 92,5 571 1,5 100,0
. Frekans 4 3 0 6
Ikinci meslek balikgilik
Yiizde (%) 50,0 42,9 0,0 100,0
Toplam 65 7 1 73
X2=12342 sd=2,p=0,002

o Balikcilarin balikgilikta kalma kararlari ile balik¢iliga
baslama nedenleri; ki-kare testinde, p degeri 0,008 ve
%5 anlamlilik dizeyinde istatistiksel olarak anlamli bir

iliski vardir. Balikcilikta kalma dustinceleri, balik¢iliga
baslama nedenlerine gore farklilik gdstermektedir
(Tablo 10).

Tablo 10. Balikcilarin, balik¢ihga baslama nedenleri ile balikgilikta kalma kararlari arasindaki iliskinin analizi
Table 10. Analysis of the relation between reasons for beginning fishing and remaining in fishing

Balikcilikta Kalma

Meslek Toplam
Evet Hayir

Frekans 8 8 16
Deniz tutkusu

Yizde (%) 50,0 50,0 100,0

Frekans 21 14 35
Baba meslegi

Yizde (%) 60,0 40,0 100,0

Frekans 15 1 16
Zorunluluk

Yiizde (%) 93,8 6,3 100,0

Frekans 0 3 3
Ticaret yapmak

Yizde (%) 0,0 100,0 100,0

Frekans 2 3 5
Birden ¢ok etken

Yizde (%) 40,0 60,0 100,0

Toplam 46 29 75
X?=13,701 sd=4,p=0,008

TARTISMA

Turkiye'de 2012/3106 sayili Bakanlar Kurulu karari
ile 7 Mayis 2012 tarihinde baslatilan I. Kusak geri-alim
programinda 62,1 milyon TL harcanarak 12 metre ve
lzeri 364 adet balik¢i gemisi filodan c¢ikariimis, filoda
%19,5 oraninda bir azalma saglanmistir. 1970 yilinda
Kanada da ise somon balik¢iliginda uygulanan ilk geri-
alim programinda 62 milyon Kanada Dolar harcanmig
ve 361 gemi balikciliktan cikartilmistir (Frazer, 1980).
Ancak bunun balikcilik kapasitesi anlaminda diisme
yaratip yaratmadigi, yarattiysa ne oranda bir disme
yarattigi bilinmemektedir. Zira Tirkiye'deki mevcut
programda, balikciliktan ¢ikarilan  gemilerin  av
kapasitesinin ne oldugu, son bes yil icinde ortalama
olarak yilda ka¢ giin denize ciktiklar gibi kriterler

dikkate alinmamustir.

ilk programda, geri-ahmi gerceklesen balikgi
gemisi sahiplerinin %66'sinin asil mesleginin balikgilik
oldugu, geri kalanlarin ise balik¢iligi gecimlerine destek
saglamak icin yaptiklan gorilmektedir. Geg¢iminin
tamami balikgiliktan olmayan %34'lik bir kesimin,
programdan yararlanmasi yilksek gibi goriinse de
aslinda bu oranin, ilk program icin kabul edilebilir
seviyede oldugu soylenebilir.

Gemilerin deniz is glini sayisina bakildiginda,
gorisiilen gemi sahiplerinin %14'Unin yilda 90
deniz is guninin altinda calistigi gorilmektedir.
Programdan yararlananlarin yariya yakininin (%45)
ikinci bir gemiye sahip oldugu g6z 6niine alindiginda,
geri-ahmi  gerceklesen gemilerin  %9'unun  aktif
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balikcilik yapmayan pasif gemiler, %21'inin yedekte
bekleyen ikincil gemiler hatta %1'lik bir kisminda
atil durumdaki hurda denilebilecek gemilerden
olustugu gorilmektedir. Kisith sirelerde denizde
bulunan bu gemilerin programa dahil olmasi, ilk
basta programi amacindan uzaklastiran, basarisini
azaltan bir etken gibi degerlendirilebilir. Ancak bu
atil gemilerin bile potansiyel birer yeni balik¢i gemisi
oldugu, sahip olduklar ruhsat ile bugiin olmasa da
gelecekte balikcilik kapasitesini arttirabilecekleri g6z
ardi edilmemelidir. Bu noktada, Hannesson (1986)'un
saptamasi dikkate deger bir saptamadir ve konuya farkh
acllardan bakilmasi gerektigini ortaya koymaktadir.
Hannesson (1986)'a goére, geri-alim programlarinin
basarisi filodan cekilecek gemilerden ziyade filoya
girecek yeni gemilerden istenecek 6zelliklere baglidir.
Elbette bu durum, sadece lisanslarin dondurulmasiyla
aciklanamaz. Modernize edilecek gemiler balikgilik
cabasini arttiracaktir. Programin tim bunlan dikkate
almamasi elestirilebilecek bir diger o6zelligi olarak
gorilebilir.

Gemi sahiplerinin % 45'i devrettikleri gemi
disinda ikinci bir gemiye sahip oldugunu, % 27'si ise
programdan aldiklari destekleme 6demesi ile yeni
bir gemi alarak balik¢iliga devam etmek istediklerini
bildirmistir. Gemi sahiplerini gemilerini devrettikleri
halde balik¢ilik yapmaya yonlendiren 6nemli bir etken
ise balik¢igemilerinin alinirken gemide bulunan mevcut
av araclarinin alinmamasidir. Bunun yaninda, ikinci bir
gemiye sahip olan ve aldiklari destekleme 6demesi ile
mevcut ikinci gemilerine veya yeni alacaklari gemiye
yapacaklari av aract modernizasyonu dusiinildiguinde,
stoklar Uzerindeki av baskisinin azalmayacadi iddia
edilebilir. Bu konudaki sorulara ve elestirilere cevap
verebilmenin yegane yolu, programin kisa, orta ve
uzun dénem etkilerinin izlenmesine yonelik calismalar
ve diger ulkelerin benzeri deneyimlerini incelemekle
mumkiin olabilir. Ornegin, Kanada Okyanus ve Balikgilik
Dairesi (DFO), Atlantik kiy1 i1stakoz avciigr geri-alim
programlari icin, gemi sayisi %8,7 oraninda azalirken,
ayni zaman dilimi icinde tuzak sayisinda %5,6 oraninda
artis gozlendigini rapor etmistir (DFO, 1981). Kanada
somon balikciliginda da programdan yararlananlarla
yapilan anket calismasinda geri-alim programindan
yararlanan balikgilarin %47’sinin bagka bir gemiile tekrar
balik¢iiga basladigi bildirmistir (Schelle ve Ben., 1984;
Holland vd., 1999). Bu durum bize, diinyadaki diger
geri-alim 6rneklerinde de geri-alim sonrasi balik¢iliga
donugler oldugunu gostermektedir. Gemi sahiplerini
gemilerini devrettikleri halde balik¢ihk yapmaya
yonlendiren 6nemli bir etken ise balik¢i gemilerinin
alinirken gemide bulunan mevcut av araglarinin
alinmamasidir. Bu nedenle, Washington eyaleti somon

balik¢ihginda gemi ve lisanslar ile av arag gerecleri de
alinmistir (WDF, 1985). Gemilerin geri-alimi gerceklesse
de mevcut av ara¢ gereglerinin bir sekilde avciliga
devam ettikleri distnildiginde, gemiler ile birlikte
av arag gereclerinin de alinmasi stoklar Uzerindeki
av baskisini azaltacak ve dolayl olarak programin
da basarisi artmis olacaktl. Bunun yaninda, ikinci bir
gemiye sahip olan ve aldiklari destekleme 6demesi ile
mevcut ikinci gemilerine veya yeni alacaklari gemiye
yapacaklari av aract modernizasyonu dusiinildiigiinde,
stoklar Uzerindeki av baskisinin azalmayacagdi iddia
edilebilir. Benzer ¢ikarimlar, Sun (2007) tarafindan da
rapor edilmistir. Yazar, geri-ahm programlarinin tek
basina balik¢ilik glicini azaltmaya yetemeyecegine
vurgu yapmaktadir. Geri-alim programinin, belli gemiler
icin dogrudan deniz is guini sayilarinin disurilmesi ve
kisa donemde bir issizlik sigortasi politikasinin devreye
sokulmasiyla ise yarayabilecegini bildirmektedir.
Aslinda bu tirr programlarin kisa, orta ve uzun dénem
etkilerinin izlenmesi calismalari, bu konudaki sorulara
ve elestirilere cevap verebilmenin yegane yoludur.

Gemi sahipleri, geri-ahmi gerceklesen gemilerde
calisan miurettebatin sadece %10’'unun balik¢iliga
devam etmeyecegdini bildirmistir. Geri kalanlarin
%76’'si uygulanan pay usulinden memnun olmasa
bile bildikleri tek is balik¢ilik oldugu icin mecburen
balikcilikta kalacaktir. Tayfalarin programin icinde
yer almamasi, gliverte lzerinde calisan personel igin
koruyucu tedbirler alinmamis olmasi programin eksik
yanlarindan biri olarak tartisilabilir. Dolayisiyla, ilerleyen
zamanlarda bir takim sosyo-ekonomik sorunlar
yasanmasi olasidir. Bu durum, Groves ve Squires
(2007)'in  elestirileriyle  benzerlik gostermektedir.
Yazarlar, bircok geri-alim programinin kamu tarafindan
fonlanmis olmasina ragmen, gemi sahiplerinden baska
birini kapsamamasini, tayfalara 6deme yapilmamasini
elestirmektedir. Ote yandan, balik¢ihgin daha karli
olmasi nedeniyle balik¢ilikta kalan tayfalarin daha
yuksek oranlarda pay (gelir) elde edebilecekleri
bildirilmektedir (Groves ve Squires, 2007).

Geri-alim programinin balik¢i gemisi sahiplerine
sundugu en blylk avantaj, karsiz hale gelen balikgl
gemilerinin genellikle piyasa degerinin Uzerinde geri
alinmasi gibi goriinmektedir. Ancak bu 30 m tizerindeki
gemiler icin gecerli degildir. Bu program ile genel
olarak, gemi sahiplerinin magdur olmadan balikgiliktan
ayriimasi  saglanirken, filo  sayisinin  azalmasi
sebebiyle kalan gemilerin de gelirlerinin arttiriimasi
hedeflenmistir fakat balik¢i gemileri ile birlikte av
araglarinin geri alinmamasi birtakim olumsuz sonuglara
sebep olmustur. Balik¢ilarin %45 oraninda devlete
geri verdigi gemi disinda ikinci bir balik¢i gemisine
sahip olmasi ve %27'sinin de aldiklari destekleme
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odemesi ile yeni bir gemi alarak balik¢ilik yapmaya
devam edeceklerini bildirmeleri, daha genc ve aktif
bir filo ile avciiga devam edilecegini gostermektedir.
Boylelikle balik¢ihgin eskisine gore daha karl bir hale
gelebilecegi iddia edilebilir. Bu saptama kisa dénem
icin rasyonel kabul edilebilir ancak orta ve uzun vadede
filodaki gemiler balikcilik kapasitelerini attirarak stoklar
Uzerindeki baskiy eski haline ¢ekecektir. Bunun dogal
sonucu olarak ekonomik etkinligin de program &ncesi
haline gelmesi olasidir.

Programin zayif noktalarindan bir digeri; program
kapsaminda geri-alim kriterinin sadece boy ile sinirli
tutulmasidir. Boy kriterine ilave olarak yas kriteri de
konulabilirdi. Boyle bir diizenleme sayesinde, ayni
bitce ile daha fazla gemi alimi ve filoda daha fazla
rahatlama saglanabilirdi. Daha geng yastaki gemilere
daha yuksek Ucretler 6denebileceginden daha aktif
gemilerin balik¢ilik disinda kalmasi saglanirken atil
ve pasif durumda oldugu halde alimi gerceklesen
bircok gemi de cok daha dusiik maliyetlerle filodan
cikarilabilirdi. Sadece tekne boyu 6zelliklerine gore
alim yapilmasi ilk program icin kabul edilebilir olsa
da sonraki yillarda programin gelistirilebilmesi
gerekirdi. Ornegdin; James (1996), balikcilikta geri-alim
programlarina oncilik etmis Kanadada en sonuncu
geri-alim programinda, balikgilarin av araci ve av
sahasini tercih etmeye 6zendirildigi, girgirlar icin ayri,
uzatma aglar icin ayr olmak Uzere (lisans ve alan
tercihine yonelik) bir program uygulamaya gecirildigini
bildirmektedir. Hatta Spagnolo (2007), italya’da
sadece av araglarinin alindigi geri-alim programi
gerceklestirildigini rapor etmektedir. Ote yandan,
balikgi gemisi geri-alim programi, deniz koruma
alanlarinda calisan, bu alanlardaki limanlara kayitls,
yerlesik ve buytk olcekli gemilerin geri alinmasini
saglayacak sekilde planlanabilir, 6zendirici kriterlerle
desteklenebilir ve koruma ydniinde de kullanilabilirdi.
Tum bu uluslararasi uygulamalar incelendiginde veilgili
literatir degerlendirildiginde, Tirkiye'de uygulamaya
gecirilen geri-alim programinin yeterince detayli ve
kapsamli planlanamadigi sylenebilir.

ilk programa getirilen en biyiik elestirilerden biri,
tim dunyada acgik deniz balik¢ihgr tesvik edilmeye
calisiirken, bizim programimizin agik deniz balikciligi
yapma potansiyeli olan 12 m ve Uzeri balik¢i gemileri
ile sinirl birakilarak 12 m alti gemilerin programa
dahil edilmemesiydi. ikinci ve tciincii programlarda
alt sinirin 10 m'ye cekilmesi paydas taleplerinin g6z
ontinde bulunduruldugunu isaret eden bir gelistirme
olarak gorilebilir. Ancak her iki yaklagim da tartismaya
aciktir.

SONUC

Sonuc olarak, geri-alim programlarinin Tirkiye'de de
uygulanmasi GTHB'nin son yillarda balikcilik yonetimi
adina gerceklestirdigi en 6nemli uygulamalarindan
biridir. Bu ¢alisma sonuclandirildiktan sonra GTHB dort
geri-alim programi daha uygulamaya gegirmistir. Birinci
programin karari alinmadan ve uygulama kosullari
kararlastirilmadan once, diinyadaki benzeri geri-alim
programlarininnederecedikkatealindigi,sonuglarindan
ve tecribelerinden ne derece yararlanildigini tam
olarak bilemiyoruz. Ancak ilk program sonrasi baslatilan
dort ayri geri-alim programinin birinci programdan
elde edinilen deneyimlerin 1siginda ilerlememis
oldugu gorilmektedir. 12 m boy limitinin 10 m'ye
¢ekilmesinin  bir aciklamasini yapamiyoruz ancak
sonraki programlarda daha buyik teknelere yapilan
o6demelerin arttinlmasi bu programlara buyuk 6lcekli
gemilerin ilgi géstermemesi nedeniyle alinmis bir karar
oldugu anlasiimaktadir.

Unal ve dig. (2011), kooperatiflerin, balikcilar ve
strdirdlebilir balikcilik icin dnemine deginmektedir.
Kooperatiflerin balikcilik sektoriindeki yeri ve balikgilar
icin ifade ettigi 6nem ortadadir. Calismaya katilan
balikgilarin %75'inin balik¢ilik yaptiklari sahadaki su
urlnleri kooperatiflerine ortak oldugunun bilinmesine
ragmen su Urtinleri kooperatiflerinin programin icine
dahil edilmemesi ve deneyimlerinden yararlanilmamasi
programin basari seviyesini dustren bir faktordur.

Tim bunlara ragmen, balik¢i gemisi geri-alim
programinin ¢cok o©nemli bir yonetim uygulamasi
oldugu soylenebilir. Programin etkileri ve sonuglari cok
yonli olarak izlenmeli, diger tlkelerin deneyimlerinden
yararlanilmali ve gelecek programlar bu tecribelerin
isiginda planlanmalidir. Curtis ve Squires (2007),
Ozellikle de Groves ve Squires (2007) gibi ¢alismalar
dikkate alinmalidir.Bu calismalar bizlere, diger tlkelerde
uygulanan balik¢ilikta geri-alim programlarindan elde
edilen deneyimleri, dersleri 6gretmekte ve rehberlik
yapmaktadir. Bu asamada, Tarim ve Orman Bakanlgi-
BSGM'nin organize edecedi ve bu programlarin
sonugclarinin degerlendirilecegi yliksek paydas katilimh
bir calistay, geri-alim programlarinin degerlendirilmesi
ve bundan sonraki adimlar icin bir baslangic olabilir.
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0z: Bu calisma, akvaryum sektériinde gelecekte dnemli bir miisteri kitlesi olan Gniversite dgrencilerinin, akvaryum baliklar hakkindaki gériis ve tutumlarinin
belirlenmesi amaciyla gerceklestirilmistir. Calisma, 6grenciler ile yiiz yiize yapilan goriismeler neticesinde anket yoluyla gerceklestirilmistir. Calisma grubu,
Akdeniz Bolgesi'ndeki bir devlet tiniversitesinde 6grenim gérmekte olan lisans 6grencilerinden tesadiifi olarak secilen 600 kisiden olusmaktadir. Aragtirmanin
sonunda 6grencilerinin akvaryum baliklari satin alma goris ve tutumlari tespit edilmis ve gerekli analizler yapiimistir. Calisma sonuglarina gére, 6grencilerin
%43.7'sinin daha once hi¢ akvaryum baligi satin almadig, %56.3'iiniin ise satin aldigi ortaya ¢ctkmistir. Daha 6nce balik satin alan 6grencilerin %5.9'u (¢
ayda bir, %12.4'U yilda bir ve %77.1'i de bir yildan daha uzun bir siirede balik satin aldiklarini ifade etmislerdir. Akvaryum baligi satin alirken 6grencilerin
%67.0'si baliklarin gérsel 6zelligine, %15.5'i fiyatina ve %14.0'U ise dayanikli olmasi gibi kriterlere 6nem verdikleri goriilmiistir. Ogrenciler en cok japon
baliklarini (Carassius auratus) (%63.4) ve canli doguran grubu lepistes (Poecilia reticulata), plati (Xiphophorus maculatus), moli (Poecilia sphenops) ve kili¢
kuyruk (Xiphophorus helleri) balik tiirlerini (%14.9) tercih ettikleri tespit edilmistir. Ogrencilerin hane halki gelirlerinin yiikselmesi, akvaryum baligi satin alma
durumlarini anlamli derecede arttirdigi (P<0.05) ancak satin alma sikliklarini etkilemedigi (P>0.05) sonucuna varilmistir. Akvaryum baligini nereden satin
alirsiniz sorusuna 6grencilerin biiytik bir cogunlugunun (%83.7) akvaryumculardan balik aldigini ifade ederken, online alisveris sitelerinden balik alanlarin
oraninin (%0.9) oldukca diisiik oldugu gériilmektedir. Ogrencilerin %54.8'i japon baliklarini, %14.3'ii canli doguran grubu baliklan almay: tercih etmislerdir.
Ogrencilerin “Ulkemizdeki akvaryum sektorii yeterli seviyede ve tiiketicilerin ihtiyaclarini karsiladigini diistiniiyor musunuz?” sorusuna %28.2 oraninda evet,
%71.6 oraninda ise hayir cevap verdikleri tespit edilmistir. Sonug olarak akvaryum baliklari sektériinde paydaslarin, misterilerin isteklerini 6nemsemeleri ve
memnuniyet diizeylerinin arttiriimasi gelecekte akvaryum sektoriiniin gelismesi agisindan énemlidir.

Anahtar kelimeler: Tiirkiye, akvaryum baliklar, tiiketici gorisleri, anket, iniversite 6grencisi

Abstract: This study was conducted in order to determine the opinions and attitudes of aquarium fish (ornamental fish) of university students who are
potential customers in the future in the aquarium sector. The study was conducted through questionnaires on face to face interviews with college students.
The study group consists of 600 randomly selected undergraduates from a state university in the Mediterranean region in Turkey. According to the study
results, 43.7% of the students stated that they did not buy any aquarium fish. 5.9% of the students stated that they are bought fish every three months, 12.4%
annually and 77.1% more than one year. While buying an aquarium fish, it was seen that 67.0% of the students gave importance to visual characteristics of fish,
15.5% price and 14.0% resistant to environmental conditions and diseases. It was determined that the students mostly purchased goldfish (Carassius auratus)
(63.4%) and live-bearer ornamental species such as guppy (Poecilia reticulata), platy (Xiphophorus maculatus), molly (Poecilia sphenops) and swordtail
(Xiphophorus helleri) (14.9%). The increase in the household income of the students resulted in a significant increase in the aquarium buying status (P<0.05)
but not in the buying frequency (P>0.05). In the question of where to buy the aquarium fish, a large majority (87.8%) of the students said they bought fish from
aquarium shop, while the proportion (0.3%) of online shopping seems to be quite low. 63.4% of the students preferred to take goldfish and 14.9% preferred to
take live-bearing aquarium fish. It was seen that 28.2% of the students answered yes to “Do you think that the aquarium sector is in a sufficient level and meets
the needs of consumers?” question and 71.8% answered no. As a result, those who have not purchased an aquarium fish before are required to be introduced
to the aquarium hobby. In addition, increasing the level of satisfaction of current customers is important for the future development of the aquarium industry.

Keywords: Turkey, ornamental fish, consumer opinion, survey, college student
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GIRIS

GUnumuzde akvaryum sektord, tiketiciler agisindan
bir hobi gibi distnilirse de aslinda tathsu baliklari,
deniz baliklari, omurgasiz canlilar, mercan resifleri, su
bitkileri ve akvaryum malzemeleri ile kuresel capta
yuksek oranda ekonomik hacim ile énemli bir sektor
haline geldigi bildirilmektedir (Hekimoglu, 2006; Miller-
Morgan, 2010; Turkmen ve Karadal, 2012; Leal vd., 2015;
Gavriloaie vd., 2016; Biondo, 2017). Bu sektor kiresel
alanda 100'denfazla lilkede, 1000'den fazla tiirde yaklasik
1 milyon civarinda akvaryum baligi ihra¢ edilmekte
ve yaklasik 6 - 15 milyar dolarlik piyasa degerine sahip
oldugu tahmin edilmektedir (Leal vd., 2015; Gavriloaie
vd., 2016; Sicuro, 2017; Tolon, 2018). Avrupa Birligi
Ulkeleri'nde ise bu miktar, 2016 yilinda 78.3 milyon Euro
olarak gerceklestigi rapor edilmistir (OATA, 2017). Baslica
akvaryum baliklar tretimi gerceklestiren ve ihrac yapan
tlkeler Singapur, Cek Cumbhuriyeti, Japonya ve Malezya
iken en fazla tiiketim saglayan ve ithalat yapan Ulkeler
ABD, ingiltere, Almanya, Japonya, Fransa olmustur
(Goswami ve Zade, 2015). Ulkemizde akvaryum
sektorl Ureticiler, ithalat ve ihracat yapan firmalar,
toptancilar, perakende satis vyerleri (akvaryumcu/
petshop) ve tiketicilerden olusmaktadir. Satisi yapilan
baliklar genelde toptancidan veya Ureticiden tlketiciye
dogru bir satis sekli gériilmektedir (Tolon ve Emiroglu,
2014). 2017 yilinda her dort kisiden birinin internetten
alisveris yaptigi (Anonim, 2017) dusunildigiinde son
yillarda direkt ithalatgidan, toptancidan, Ureticiden
veya akvaryumcudan son tiiketiciye internet tGzerinden
satislarinin gerceklestigi de bilinmektedir. Akvaryum
hobisi, glinimizde insanlarin  yodun calisma
temposunun meydana getirdigi stres ve sikintilardan
bir nebze olsun uzaklagmak ve farkli bir ugras ile mesgul
olmak adina onemli bir ugrastir. Tiketici akvaryum
ve akvaryum baliklarini bir hobi olarak gordigu,
zorunlu bir ihtiya¢ olmadigr distnuldiginde tlketici
tercihlerininim dogru tespit edilmesi ve bu dogrultuda
gerekli tedbirlerin alinmasi akvaryum sektorii agisindan
Onem arz etmektedir. Son yillarda akvaryum hobisi
popilerlikten uzaklasmakta oldugu, nedeni olarak
da tiketiciye ve tiketici tercihlerine gereken 6nemin
verilmemis olmasi gosterilmektedir (Tolon ve Emiroglu,
2014). Tamda bu noktada, bu calisma gelecekte
onemli bir misteri kitlesi olan tniversite 6grencilerinin
akvaryum baliklari satin alma gorislerinin  ve
tutumlarinin  bilinmesi akvaryum sektoriine olumlu
katkilar saglamasi bakimindan énem arz etmektedir.

Bu calismada, Universite o©grencilerine anket
yapilarak 6grencilerinin akvaryum baliklari satin alma
gordislerinin ve tutumlarinin belirlenmesi amacglanmistir.

MATERYAL VE METOT
Katilimcilar

Bu calismada belirlenen Orneklem sayisi %95
guvenilirlik sinirlari icerisinde %5’lik hata payi dikkate

alinarak temsil edilebilecek ve evrendeki ortalama
orneklem sayisi (Kirel vd., 2016) Uzerinde bir say
belirlenmistir. Orneklem sayisinda belirlenen ve rastsal
olarak secilen toplam 600 Universite 6grencisi ile anket
calismasi gerceklestirilmistir.

Verilerin toplamasi

Cahsmada veri toplama araci olarak anket
tekniginden vyararlanilmistir. Anket c¢alismasi, 2017-
2018 egitim-6gretim yilinda Akdeniz Bolgesi'ndeki
bir devlet Universitesinin alti fakiltesindeki 6grenim
goérmekte olan 6grencilere uygulanmistir.

Anket calismasi, rastlantisal ornekleme ydntemi
kullanilarak 600 lisans 6grenci ile gerceklestirilmistir.
Anketin geri donusimini arttirmak icin anket
ogrencilerle  yiz yilize vyapilan gorismelerle
gerceklestirilmistir. Anket, Universite 6grencilerinin
akvaryum (siis) baliklart hakkinda goris ve tutumlarinin
belirlenmesi amaciyla hazirlanan ve 6grenciler Gizerinde
uygulanan anket formu iki bolimden olusmaktadir.
Hazirlanan anket formunun birinci bolimiinde
adaylarin demografik o6zellikleri, ikinci boéliminde
ise ankete katilan &grencilerin akvaryum baliklari
tutum ve davranislarinin tespiti amaciyla 14 sorudan
olugmaktadir. Bélimlerin hangi sorulardan olustugu ise
bulgular béliminde verilmistir.

Verilerin analizi

GCalismadan elde edilen veriler SPSS 22.0 (IBM
SPSS Statistics Base v23, IBM Corporation, New York,
USA) paket programinda analiz edilmis sonuglar
genel olarak ylizde (%) ve frekans (f) dagilimi seklinde
sunulmustur. Arastirmada kullanilan anketlerden elde
edilen veriler betimsel istatistikler ile analiz edilmistir.
Arastirma  kapsaminda  6grencilere  uygulanan
“Ogrencilerin akvaryum baliklari satin alma goriis ve
tutumlan” olceginin glvenirligini test etmek amaci
ile Cronbach Alpha guvenirlik analizi yapilmistir
(Bademci, 2006; Bademci, 2011). Yapilan analizlerde
Olctlen degiskenlerin istatistiki farkhhklarini test
etmek amaciyla oncelikle Olceklerin normal dagihm
goOsterip  gostermedigine  Kolmogorov ~ Smirnov
testi ile bakilmistir. Kolmogorov Smirnov testinde
ogrencilerin akvaryum baliklari hakkinda goris ve
tutumlar dlgeklerinin normal dagilim goéstermedigi
tespit edilmis (P<0.05), verilerin normalligine iliskin
nihai karari verebilmek icin ise verilerin Skewness
ve Kurtosis katsayilar incelenmistir. Kline (2011),
Skewness katsayisinin  3'ten, Kurtosis katsayisi ise
10'dan kii¢clik olmasi halinde verilerin normal dagihm
gosterdigi sonucuna varilabildigini bildirmistir. Dolayisi
ile bu calismaya ait verilerin normal dagihm gosterip
gostermedigine iliskin karari, Skewness ve Kurtosis
katsayilarinin  incelenmesi  sonrasinda  verilmistir.
Yapilan inceleme sonrasinda istatistiksel analizlerde
bagimsiz orneklem t testi ve tek yonli anova testi
kullaniimustir.
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BULGULAR

“Ogrencilerin akvaryum baliklari satin alma
goris ve tutumlari” olcegdi Cronbach Alpha analizi ile
degerlendirilmis ve dl¢cegin kabul edilebilir bir dl¢lim
guvenilirligine (0.541) sahip oldugu tespit edilmistir.

Calismada kullanilan anketin birinci kisminda
adaylarin demografik 6zellikleri incelenmistir (Tablo 1).
Ankete katilan 6grenciler cinsiyet olarak incelendiginde
%52.5'inin erkek, %47.5'inin kadin oldugu gorilmdastar.
Ogrencilerin %35.1'i 18-20 yas arahginda, %41.2'si 20-22
yas araliginda, %14.4'i 22-24 yas araliginda ve %9.1'i ise

Tablo 1. Ankete katilan 6grencilerin demografik 6zellikleri

24 yas ve lzerinde oldugunu belirlenmistir. Hane halki
gelirleri incelendiginde 6grencilerin %33.1'inin 2000
TL ve altinda, %41.5'inin 2000-4000 TL arasl, %15.0'inin
4000-6000 TL arasi ve %10.4'Unun ise 6000 ve Uzeri
oldugu belirlenmistir. Ogrencilerin (N=600) okumus
olduklari bolim agisindan bakildiginda su drlnleri
fakiltesi (N=40), mihendislik fakiiltesi (N= 160), egitim
fakiltesi (N= 130), ilahiyat fakiltesi (N= 130) ve hukuk
fakiltesi (N= 140) ogrencilerinden katihm saglanmistir.
Genel olarak ankete katilan 6grencilerin %67’si sosyal
bilimler alaninda, %33l ise fen ve miihendislik bilimleri
alanina ait bolimlerde oldugu gorilmektedir.

Table 1. Demographic characteristics of students participating in the survey

Demografik ozellikler f %
Erkek 315 52.5
Cinsiyet (N=600)
Kadin 285 47.5
18-20 210 35.0
20-22 250 41.7
Yas (N=600)
22-24 86 14.3
24 ve Uzeri 54 9.0
2000 ve alti 197 33.1
2000-4000 247 415
Hane halki geliri (TL) (N=595)
4000-6000 89 15.0
6000 ve Uzeri 62 104

Tablo 2'de gorilecegi Uzere ankate katilan
ogrencilere “Bugiine kadar hi¢ akvaryum balgr satin
aldiniz mi? sorusuna 338 kisi evet cevabini verirken, 262
kisinin hayir cevabi vererek hi¢ akvaryum baligi satin
almadigi belirlenmistir (Sekil 1).

W Evet

B Hayr

Sekil 1. Bugiline kadar hi¢ akvaryum baligi satin aldiniz
mi? sorusuna verilen cevaplarin orani

Figure 1. Distribution of answers to the question “Have
you ever bought an aquarium fish?”

Ne amacla akvaryum baligi satin alirsiniz? sorusuna
daha 6nce akvaryum baligi satin alan 338 6grenciden

307'si hobi amaciyla, 3 0Odrencinin ticari ve 28
O0grencinin ise diger amaclarla akvaryum baligi satin
aldigi belirlenmistir (Tablo 2).

Akvaryum baligini nereden satin alirsiniz? sorusuna
ogrencilerin  (N=338) 297'si (%87.3) akvaryumcular
cevabini vermistir. Online alisveris siteleri, toptancilar,
Ureticiler ve hobicilerden balik alanlarin oraninin
akvaryumculardan alanlara gore oldukga dustik oldugu
tespit edilmistir (Tablo 2).

Ne siklikta akvaryum baligi satin alirsiniz? sorusuna
ogrencilerin (N=306) verdigi cevaplara bakildiginda,
%77.1'inin biryildan dahafazla sirede balik aldigini ifade
ederken yilda bir balik alanlarin oraninin %12.4 oldugu
ve bir yildan daha kisa stirede balik satin alanlarin oranin
ise dustk oldugu gorilmustir (Tablo 2).

Akvaryumunuz icin hangi su trlnleri tirini almayi
tercih edersiniz? sorusuna 6grencilerin (N=338) verdigi
cevaplara bakildiginda 215 kisi (%63.4) japon baliklari,
50 ogrenci (%14.9) ise canli doguran grubu lepistes
(Poecilia reticulata), plati (Xiphophorus maculatus), moli
(Poecilia sphenops) ve kili¢ kuyruk (Xiphophorus helleri)
balik turleri cevabini vermistir. Tablo 2'de goraldugu
Uzere diger balik tiirleri 6grenciler tarafindan daha az
tercih edildigi gorilmektedir.
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Tablo 2. Anket sorulari ve 6grencilerin sorulara verdigi cevaplarin dagilimi
Table 2. Survey questions and distribution of students’ answers to questions

Anket sorulan Cevaplar N %
Bu giine kadar hic akvaryum baligi satin Evet 338 56.3
aldiniz mi? (N=600
tniz mi { ) Hayir 262 43.7
Hobi 307 90.8
Ne amacgla akvaryum baligr alirsiniz? (N=338)  Ticari 3 0.9
Diger 28 83
Akvaryumcular 297 87.8
Online alisveris siteleri 1 0.3
Akvaryum baligini nereden satin alirsiniz? Toptancilar 4 1.2
(N=338) Ureticiler 6 1.8
Hobiciler 8 2.4
Diger 22 6.5
Akvaryumcular 292 86.4
Online alisveris siteleri 14 4.2
Akvaryum malzemesini / balik yemini Tobtancilar 9 57
nereden satin alirsiniz? (N=338) . P ’
Ureticiler 8 24
Diger 15 45
Uc ayda bir 18 5.9
Ne siklikta akvaryum baligi satin alirsiniz? Alti ayda bir 14 4.6
(N=306) Yilda bir 38 124
Daha uzun siirede 236 77.1
Uc ayda bir 81 26.9
Ne siklikta akvaryum malzemesi / balik yemi  Alti ayda bir 31 10.3
satin alirsiniz? (N=301) Yilda bir 29 926
Daha uzun siirede 160 53.2
Fiyati 52 15.5
Ak balién alirken hanai kriterler sizi Gorsel 6zelligi 227 67.0
varyum baligi alirken hangi kriterler sizi
etkiler? (N=338) Dayanikli olmasi 47 14.0
Kolay Gremesi 6 1.8
Yerli Giretim veya ithal olmasi 6 1.8
Japon baliklari 215 63.4
Canli doguran grubu baliklar 50 14.9
Akvaryumunuz icin ne tiir su tiriinleri almayr ~ Giklet baliklar 15 4.5
tercih edersiniz? (N=338) Deniz baliklari 17 5.1
Su bitkileri 9 2.7
Diger turler 32 9.5
Almak istediginiz balik tiiriinii nasil Satis yerine varmadan 6nce belirlerim 77 226
belirlersiniz? (N=338) Satig yerinde belirlerim 261 774
Almak istediginiz baliklarin saglikli olup Evet 82 24.6
olmadiklarini anlayabilir misiniz? (N=333) Hayir 251 75.4
Satin aldiginiz baliklarin akvaryumunuza Evet 300 88.7
konulmasi ve bakimi konusunda
akvaryumcunuzun sizi bilgilendirmesiniister  Hayir 38 11.3
misiniz? (N=338)
Problemi kendi bilgi ve becerimle ¢ézerim. 57 17.0
Internet ortamindan arastirarak problemi kendim ¢6zmeye 140 M4
. . cahsim ’
Akvary_umupgzda lﬂr problem yasadiginizda Tecrlbeli bir tanidigimdan yardim alirm. 45 13.4
nasil ¢ozersiniz? (N=338) .. .
Baliklari veya akvaryum malzemelerini satin aldigim yerden 77 226
yardim alirim. :
Konunun uzmanindan yardim alirm. 19 5.7
Akvaryum baliklari konusunda herhangi bir ~ Evet 34 5.7
kitap okudunuz mu? (N=599) Hayir 565 943
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Akvaryum baliklari ile ilgili bir reklam veya Evet
tanitim balik almanizda etkili olur mu?

(N=598) Hayir
. Evet
Ulkemizdeki akvaryum sektori yeterli

seviyede ve tuketicilerin ihtiyaclarini

karsiladigini diistiniiyor musunuz? (N=493) Hayir

202 338
396 66.2
139 28.2
354 71.8

Akvaryumunuzda bir problem yasadiginizda nasil
¢Ozersiniz?” sorusuna ogrencilerin (N=338) verdikleri
cevaplara bakildiginda, %17.0'si problemi kendi bilgi
ve becerisi ile ¢6zdiglini, %41.4'G problemi internet
ortamindan arastirarak kendisinin ¢ozmeye calistigini,
%13.4'U cevresindeki tecribeli ve tanidigi bir kisiden
yardim aldigini, %22.6'si baliklari veya akvaryum
malzemelerini satin aldigi yerden yardim aldigini,
%5.7'sinin ise isin uzmanindan yardim aldigini ifade
etmislerdir.

TARTISMA

Bu arastirmada Universite 6grencilerinin akvaryum
baliklar satin alma goris ve tutumlan incelenmistir.
Arastirma bulgularina gore ankete katilan 6grencilerin
%33.1'inin hane halki geliri 2000 TL ve altinda,
%41.5'inin 2000-4000 TL arasinda, %15'inin 4000-6000
TL arasinda ve %10.4'Unlin ise 6000 TL ve lzerinde
gelirlerinin oldugu tespit edilmistir.

Ankete katilan 6grencilerin yarisindan fazlasinin
(338 6grenci, %56.3) daha 6nce akvaryum baligi satin
aldig, 262 (%43.7) 6grencinin ise akvaryum balig
satin almadigr gorlimistir. Burada, daha 6nce hig
akvaryum baligi almayan 6grencilerin oraninin yiiksek
oldugu, bu oraninin azaltilmasi ve akvaryum hobisi
ile 6grencilerin tanistinlmasi sektor acisindan olumlu
olacagi distintlmektedir.

Ankete katilan o6grencilerin (N=600) hane gelirleri
ile “Bugline kadar hi¢ akvaryum baligi satin aldiniz
mi?”  sorusu arasindaki yapilan varyans analizi
sonucunda istatistiksel olarak anlamh farkligin oldugu
ve ogrencilerin hane halki gelirlerinin ytkselmesi,
akvaryum bahgi satin alma durumlarini arttirdigi
sonucuna varilmistir (P<0.05) (Tablo 3). Hane halki
geliri 2000 TL ve alti olan 6grencilerin “Bugline kadar
hi¢ akvaryum baldi satin aldiniz mi?” sorusuna verdigi
cevaplar, hane halki geliri 2000-4000 TL arasinda olan
ogrenciler ile benzer (P>0.05) iken 4000-6000 TL arasi
ve 6000 TL Uzeri hane halki geliri olan 6grenciler ile
istatistiksel olarak anlamli farkhhgin oldugu tespit
edilmistir (P<0.05). Hane halki geliri 4000-6000 TL
olan 6grencilerin “Bugiline kadar hi¢ akvaryum baligi
satin aldiniz mi?” sorusuna verdigi cevaplar, hane halki
geliri 2000 TL ve alti olan 6grenciler ile istatistiksel
olarak anlamh farkliigin oldugu (P<0.05), 2000-4000
TL arasinda, 6000 TL ve Uzeri hane halki geliri olan
ogrenciler ile anlamli bir farkhligin olmadigi tespit
edilmistir (P>0.05). Buradan Universite 6grencilerinin
hane halki gelirleri yakin olan 6grencilerin akvaryum
baligi satin alma davranislarinin benzer oldugu,
gelir farki arttikca satin alma durumlarinin degistigi
soylenebilir. Benzer sekilde tlketicinin yemeklik balik
tlketiminin de gelir diizeyinden etkilendigi bildirilmistir
(Saglam ve Samsun, 2018).

Tablo 3. Ogrencilerin hane gelirleri ile “Bugiine kadar hic akvaryum baligr satin aldiniz mi?” sorusu arasindaki varyans

analizi

Table 3. Analysis of variance between the students’ household incomes and the question “Have you ever purchased

aquarium fish”

Varyansin Kaynagi Kareler toplami SD Kareler ortalamasi F P
Gruplar arasi 5.102 3 1.701

Grup igi 141.647 591 240 7.096 .000
Toplam 146.750 594

Daha o6nce akvaryum baligi alan 6grencilerin
(N=332) hane gelirleri ile “Ne amacla akvaryum
baligi satin alirsiniz” sorusu arasindaki varyans analizi

sonucunda istatistiksel olarak hane halki gelirleri ile
balik satin alma amaclari arasinda anlamli bir iliskinin
olmadigi sonucuna varilmistir (P>0.05) (Tablo 4).

Tablo 4. Ogrencilerin hane gelirleri ile “Ne amacla akvaryum baligi satin alirsiniz” sorusu arasindaki varyans analizi
Table 4. Analysis of variance between students’ household incomes and “For what purpose do you buy an aquarium fish”

question
Varyansin Kaynagi Kareler toplami SD Kareler ortalamasi F P
Gruplar arasi 1416 3 472
Grup igi 103.099 328 314 1.502 214
Toplam 104.515 331
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“Akvaryum baligininereden satinalirsiniz?”sorusuna
ogrencilerin (N=338) biytik bir cogunlugunun (%86.4)
akvaryumculardan balik aldigini ifade etmislerdir. Bu
sonu¢ Tolon ve Emiroglu (2014)'in belirttigi gibi satis
yapilan baliklar genelde toptancidan veya Ureticiden
tiketiciye dogru bir satis sekline uygun oldugu
gorulmektedir. Ancak, 2017 yilinda her dort kisiden
birinin internetten aligveris yaptigi (Anonim, 2017)
distnildugiinde bu calisma sonucunda online alisveris
sitelerinden balik alanlarin oraninin (%0.3) oldukca
disuk oldugu gorilmektedir. “Akvaryum malzemesini/
balikk yemini nereden satin alirsiniz?” sorusuna ise
online alisveris siteleri cevabini verenlerin orani %4.2
oldugu, balik satisina gore akvaryum malzemesi veya
balik yemi satin alma oranlarinin daha fazla oldugu
gOrulmdastir. Online aligveris siteleri cevabini verenlerin
oran olarak diisik olmasinin nedeni olarak internet
lzerinden alisveris yapmanin riskli oldugu (Muritsoy,
2013), tuketicilerin algilarini etkileyen faktorler, fiziksel
goriinim ve s6z konusu satin alinacak canli (balk)
olmasi gibi faktorler sayilabilir (Toksari vd. 2014).
Ancak teknoloji glin gegtikce gelismekte ve teknolojik
iletisim cihazlarn hayatimizin her aninda yer almaktadir.
isletmeler sosyal medya araciligi ile satis yapabildigi

ve sosyal medyada bazi gruplar kurularak hobicilerin
kendi aralarinda aligveris yaptigi bilinmektedir. Son
yillarda insanlarin bir Griin satin almadan 6ncede o
artiin/hizmet ile ilgili sosyal medyada arastirma yaptigi,
sosyal medyada yapilan tavsiyelere ve yorumlara
onem verdigi, sonug olarak satin alma davranislarinin
degisebildigi vurgulanmaktadir (Olgun, 2015; Ozcan
ve Akinci, 2017; Tanyer, 2018). Bu nedenle internet
Uzerinden pazarlama yapan kisi veya isletmelerin
ticari faaliyetlerinin olumsuz etkilenmemesi icin triin/
hizmet kalitesi ve mdisteri memnuniyetine 6nem
vermeleri gerekmektedir. Clinkii online aligveriste
sosyal medyanin satin alma davranislarina etkisinin
blylik oranda oldugu bildirilmektedir (Olgun, 2015).

Daha oOnce akvaryum baligi alan 6grencilerin
(N=330) hane gelirleri ile “Ne siklikla akvaryum balgi
satin alirsiniz” sorusu arasindaki yapilan varyans
analizi sonucunda 6grencilerin hane halki gelirlerinin
akvaryum balidi satin alma sikliklarini istatistiksel olarak
onemli derecede etkilemedigi sonucu tespit edilmistir
(P>0.05) (Tablo 5). Buradan &grencilerin akvaryum
baliklar satin alma sikliklarini 6grencilerin hane halki
gelirlerinin etkilemedigi, bu durumun baska nedenlere
baglanabilecegi distinilebilir.

Tablo 5. Ogrencilerin hane halki gelirleri ile “Ne siklikla akvaryum baligi satin alirsiniz” sorusu arasindaki varyans analizi
Table 5. Analysis of variance between students’ household incomes and “How often do you buy aquarium fish” question

Varyansin Kaynagi Kareler toplami SD Kareler ortalamasi F P
Gruplar arasi 0.628 3 .209

Grup ici 252.827 326 776 270 .847
Toplam 253.455 329

Akvaryumunuz i¢in ne tir su Urinleri almayi tercih
edersiniz? sorusuna ogrencilerin (N=338) verdikleri
cevaplara bakildiginda japon baliklarinin diger balk
tiirlerine gére 6grenciler (215 6grenci, %63.4) tarafindan
daha fazla tercih edildigi gorilmektedir (Tablo 2).
Japon baliklari ve canli doguran grubu baliklar tercih
edenlerin orani yaklasik %78 oraninda olmustur. Tolon
(2018)'in yaptigi anket ¢alismasi sonrasinda hobicilerin
canli doguran grubu balik tiirlerinden en fazla lepistes
(Poecilia reticulata), kilic kuyruk (Xiphophorous hellerii),
plati (Xiphophorous maculatus) ve moli (Mollienesia
sp.) turlerini beslediklerini ifade etmislerdir. Canli
doguran grubu baliklarin 6grenciler tarafindan japon

baliklarindan sonra en fazla tercih edilmesi, Hekimoglu
ve Alpbaz (2003)1In ¢alismasinda da bildirildigi tizere
bakimlarinin  ve Uretimlerinin kolay olmasindan
dolayr oldugu soylenebilir. Ogrencilerin  (N=331)
hane gelirleri ile “Akvaryumunuza ne tir su Urtnleri
almayi tercih edersiniz” sorusu arasindaki yapilan
varyans analizi sonucunda o&grencilerin hane halki
gelirlerinin satin almadaki su Urlnleri cesidini 6Gnemli
derecede etkilemedigi sonucuna varilmistir (P>0.05)
(Tablo 6). Tablo 2'de de goriilecedi Uizere 6grencilerin
akvaryumlarina balik alirken fiyatindan cok, baliklarin
gorsel 6zelliginden etkiledikleri gorilmektedir.

Tablo 6. Ogrencilerin hane halki gelirleri ile “Ne tiir su triinleri almayi tercih edersiniz” sorusu arasindaki varyans analizi
Table 6. Analysis of variance between students’ household incomes and “What kind of aquatic products do you prefer to

buy “ question

Varyansin Kaynagdi Kareler toplami SD Kareler ortalamasi F P
Gruplar arasi 5.661 3 1.887

Grup ici 848.660 327 2.595 727 536
Toplam 854.320 330
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Akvaryum baligi alirken hangi kriterler sizi etkiler?
sorusunadgrencilerden (N=338)227'si(%67.0) baliklarin
gorsel ozelligi cevabini vermistir ve bu sonug Tolon
(2018)'in calisma sonucuna benzerlik gostermektedir.
Ankette 52 o6grenci (%15.5) ise akvaryum balig
alirken fiyatin etkili oldugunu ifade etmistir. Yine bu
sonucta Tolon (2018)'in calisma sonucuna benzerlik
goOstermektedir. Baliklarin  satis  fiyatinin  yliksek
olmamasi bazi 6grencilerin balik satin alma kararlarini
etkiledigi gorulmektedir. Romanya'da satisi yapilan
bazi akvaryum balik tarlerinin fiyatinin yiksek oldugu
ancak hala satin alinabilir diizeyde oldugu bildirilmistir
(Gavriloaie vd., 2016). Sicuro (2017) akvaryum baligi
yem fiyatlarinin oldukca yiksek oldugunu, akvaryum
baliklari Uretim maliyetlerinin akvaryum balgi yem
fiyatlar ile uyumlu olmadigini bildirmistir. Akvaryum
baliklari yem icerigi toplam yem maliyetinin %10 yada
%20 oraninda maliyet olusturdugu bildirilmistir (Sicuro,
2017). Sulawesi dogal ortamindan yakalanan Banggai
kardinal baligi (Pterapogon kauderni) balikgilarda 0.05
dolara satilirken isvicrede 65 dolara 1300 kat daha
fazla Ucrete satildigi (Biondo, 2017) dusinuldiginde
akvaryum sektoriniin strdirilebilirligi acisindan bu
tarzuygulamalarin engellenmesiicin gereklitedbirlerin
alinmasi gerekmektedir.

Akvaryum baliklarn ile ilgili bir reklam veya
tanitim balik almanizda etkili olur mu? sorusuna
ogrencilerin  (N=598) verdikleri evet cevaplarinin
orani %33.8 oldugu dusunilduginde, akvaryum
sektoriiniin canlandiriimasinda sektdriin tanitiminin
ve cesitli alanlarda reklamlarin etkili olabilecegi
distnilmektedir. Clinkii  yapilan arastirmalarda
sosyal medya siteleri ve benzeri dijital ortamlarda
yapilan reklam ve girisimlerin hem geleneksel alis-
veris alaninda hem de sanal pazarlama alaninda Urlin
satislarini arttirdigi  bildirilmektedir (Tanyer, 2018).
Romanya'da akvaryumcularin yani sira online balik satis
sitelerinin oldugu, bu sitelerde az da olsa reklamlarin
verildigi bildirilmistir (Gavriloaie vd., 2016).

Ogrencilerin  (N=493) “Ulkemizdeki akvaryum
sektorl yeterli seviyede ve tiketicilerin ihtiyaglarini
karsiladigini diisiinliyor musunuz?” sorusuna verdigi
cevaplar incelendiginde %28.2 oraninda evet, %71.8
oraninda ise hayir cevap verdikleri tespit edilmistir.
Buradan Universite dgrencileri, tilkemizdeki akvaryum
sektorli yeterli seviyede olmadigini ve tiketicilerin
ihtiyaclarini  karsilamadigini - diisiinmektedir. Tolon
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Effect of natural adsorbent clinoptilolite on some hematological parameters
of Cyprinus carpio

Dogal bir adsorban olan klinoptilolitin, Cyprinus carpio 'nun bazi
hematolojik parametreleri lizerine etkileri
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Abstract: Effect of natural chelating agent clinoptilolite on hematocrit level, erythrocyte numbers, mean corpuscular volume (MCV), erythrocyte and
erythrocyte nucleus area of Cyprinus carpio were determined after exposing the animals to 2, 4, 8, 16, 32 gL-1 clinoptilolite (0.40 ) (3, 7, 21 and 30 days).
Hematocrit levels were determined using microhematocrit methods and erythrocyte numbers, erythrocyte and its nucleus areas and MCV were determined
using microscopic methods.

Erythrocyte number and hematocrit levels decreased at 16 and 32 g L-1 of clinoptilolite with compared to control group in except 3 and 7 days of exposure
(p<0.05). Clinoptilolite increased MCV, erythrocyte and its nucleus areas compared with the control. Erythrocyte numbers, erythrocyte and its nucleus area
increased at 2, 4 and 8 g L-1 concentrations of clinoptilolite during 7, 21 and 30 days exposure compared to 3 days exposure while hematocrit and MCV
decreased. Erythrocyte numbers, erythrocyte and its nucleus area decreased at 32 g L-1 concentrations of clinoptilolite during 7, 21 and 30 days exposure
compared to 3 days exposure while hematocrit and MCV increased (p<0.05).

Changes observed in hematocrit level and erythrocyte morphology might be due to the effect of studied concentrations of clinoptilolite on both gill and
blood cell permeabilities.

Key Words: Cyprinus carpio, clinoptilolite, adsorbent, blood

Oz: Arastirmada, dogal bir selatlayici ajan olan klinoptilolitin (0,40 ) 2, 4, 8, 16, 32 g/I'lik ortam derisimlerinin 3, 7, 21 ve 30 gln surelerde,
Cyprinus carpio’nun hematokrit diizeyi, eritrosit sayisi, ortalama eritrosit hacmi (MCV), eritrosit ve eritrosit nukleus alani Gzerine etkilerinin
belirlenmesi amaclanmistir. incelenen parametrelerden hematokrit diizeyinin analizinde mikrohematokrit yéntemi, eritrosit sayisi, MCV,
eritrosit ve eritrosit nukleus alaninin analizinde mikroskobik yontemler kullaniimistir.

Eritrosit sayisi ve hematokrit diizeyinin klinoptilolitin 16 ve 32 g/l ortam derisimlerinin 3 ve 7 glinlik etki sireleri disinda, belirlenen siire
ve derisimlerinin etkisinde kontrole gére dustugl belirlenmistir (p<0,05). MCV, eritrosit ve eritrosit nukleus alaninin klinoptilolitin etkisinde
kontrole oranla artis gosterdigi saptanmistir. Klinoptilolitin 2, 4 ve 8 g/l derisimleri etkisinde eritrosit sayisi, eritrosit ve eritrosit niikleus alani 3.
gline oranla 7, 21 ve 30 giin etkisinde artarken, hematokrit diizeyi ile MCV diismiistir. Klinoptilolitin 32 g/l derisimi etkisinde ise eritrosit sayisi,
eritrosit ve eritrosit nuikleus alani 3. gline oranla 7, 21 ve 30 glin siirelerde diismis, hematokrit diizeyi ile MCV artmistir (p<0,05).

Hematokrit dlzeyi ile eritrosit morfolojisinde meydana gelen degisimlerin klinoptilolitin uygulanan derisim ve etki stiresine bagli olarak gerek
solungag gerekse kan hiicrelerinin membran permeabilitesindeki bozukluktan kaynaklanabilecegi olasidir.

Anahtar Kelimeler: Cyprinus carpio, klinoptilolit, adsorban, kan
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INTRODUCTION

Although industrial, agricultural and urban
applications of modern designs, developed within
the last 50 years, made social life easier, discarded
waste materials become more dangerous to natural
environments (Agarwal, 2009). Discharging these
mainly anthropogenic materials to environment
without reasonable treatment, negatively affect the life
of organisms by changing the physical and chemical
characteristics of these environments. Aquatic
environments are the main sinks for terrestrial wastes
due to hydrological cycle. Wastes entering aquatic
environments affect water quality and while causing
habitat change or mortality in sensitive species, they
accumulate in species with high tolerance and cause
metabolic, physiologic and biochemical changes.

Consumption of aquatic organisms effected by
pollutants along the food web not only result in the
extinction of sensitive species and therefore habitat
destructions but also endanger public health. Polluted
aquatic environments also limit the consumption
aquatic organisms, an important and valuable edible
protein source for human (islam and Tanaka, 2004).

Hence, removing any pollutant that disturbs
environment is crucial for a sustainable ecosystem.
Serious precautions were begun to be taken by
developed countries and a number of regulations were
established in this context. One of the most important
of these is the “Water Environment Directive” dated 23
October 2000 and numbered 2000/60/EC (Akkaya et al.,
2006).

Concepts such as clean production in industry and
greendevelopmentbegantotookplaceinworldagenda
(Tatlincd, 2012). Environmental policies developed on
one hand and regaining valuable minerals from waste
and process waters to provide economic profit on the
other, helped to increase environmental awareness to
prevent pollution.

Adsorption, absorption, chemical precipitation, ion
exchange, neutralization, reverse osmosis, vaporization
and membrane methods are used in prevention of
pollution in aquatic systems (Patterson, 1985; Marani et
al., 1995; Smith, 1996; James and Sampath, 1999; Papini
et al., 1999). Phytoremediation techniques were added
to these application in recent years. (Terzi and Yildiz,
2011). These methods are generally used for removing
heavy metals from industrial waste water.

Not only inorganic but also organic pollutants cause
important health problems in aquatic ecosystems. Raw
material selection become important to be used in the
method selected. Most effective and practical methods
are absorption and ion exchange in this regard (Gisi et

al., 2016). Clay, active carbon, resin, gel and zeolite are
used as raw materials in these methods.

It is expected that the adsorbents to be used
should be economical, environment friendly and easy
obtainable since large quantities of these materials
are used depending on the purpose of use. Zeolite is
one of the chelators having these specifications which
are aluminum silicates (Na,,[(AlO,),,(SiO,),,]27H,0)
and clays formed by chemical reactions between lake
or sea waters and ashes and lava surfaced the after
volcanic eruptions. It has natural and synthetic forms.
Clinoptilolite is a natural form of zeolite which has
reserves in Turkey. It is produced by crashing and drying
process without using and chemical in its processing
which makes clinoptilolite an environment friendly
while its low cost production makes it economic.
Clinoptilolite, beside its use in pollution control studies
isalsousedin energy, agriculture and animal husbandry,
mining and metallurgy, paper, construction, detergent
and health sectors (Gulen et al., 2012).

Some materials in nature although known as non-
toxic may have harmful effects on living organisms
above known concentrations. Hence it is important
to determine maximum concentrations of this raw
material to be used as chelator. Most pollutants
discharged ends in aquatic environments which effect
on organisms living here which in turn has an upmost
importance on both environment and on aquatic
products that are significant protein source for human.

Blood parameters are one of the first indicators that
reflect changes in metabolic and physiologic events in
animals. Effects of clinoptilolite on hematocrit levels,
erythrocyte numbers, mean corpuscular volume
(MCV), erythrocytes and their nucleus areas were
determined after exposing C. carpio to 2,4, 8, 16 and 32
gL clinoptilolite over 3, 7, 21 and 30 days.

MATERIAL AND METHODS

C. carpio, 130£31 g in weight and 20,5+2 cm in
length were used as the experimental material. Fish
were obtained from the experimental unit of MERSIN
University, Faculty of Aquaculture and the experiments
were carried out in the faculty laboratories under
constant temperature of 24+1°C and 12 hour light/dark
regime.

Fish were placed in in glass aquaria, 40x100x40
cm in height, for 15 days for them to adapt laboratory
conditions. Fish were fed with fish feed (Pinar, Pellet
No: 2) in daily amounts 2 % of the total biomass during
adaptation and experimental periods. Aquaria were
aerated by central aerating system.

Six glass aquaria were used in the experiments
taking the clinoptilolite concentrations tested into
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account. 120 liters of stabilized tap water was added to
the first aquarium and was used as control. The same
amount of 2, 4, 8, 16 and 32 gL clinoptilolite solutions
were added in the following 5 aquaria respectively and
used as experimental aquaria. Three fish were removed
from each aquarium at the end of 3, 7, 21 and 30 days
of exposure periods hence 12 fish were placed in each
aquarium, which made 72 fish in total. Experimental
solutions were changed once in two days with fresh
solutions prepared from a new stock solution by
serial dilutions for possible changes in clinoptilolite
concentrations due to evaporation, precipitation and
adsorption.

Some physical and chemical characteristics of water
in experimental and control aquaria are given in Table
1.

Table 1. Some physical and chemical characteristics of
water in experimental tanks

Temperature 22+1°C
pH 74+0.7
Dissolved Oxygen 6.6+ 0.51 mgL"

Total Hardness 225+ 0.45 ppm CaCO,

Alkalinity 331+ 0.49 ppm CaCO,

Due prevent to stress induced changes that may
occur in the parameters studied during sampling, fish
were anaesthetized using ethylene mono phenyl ester
(= Phenoxyethanol, CH,, 0, Merck) and dried using
blotting paper before taking measurements and blood
samples. Blood samples were taken by cutting the
caudal peduncle vertically after measuring the weight

and length of the fishes.

Spread blood preparations were made by
dropping a drop of blood onto a microscope slide
for determining erythrocyte and erythrocyte nucleus
areas, blood samples were taken into citrated tubes to
determine erythrocyte numbers and blood samples for
the determination of hematocrit were directly taken
into heparinized capillary pipettes.

Erythrocyte and erythrocyte nucleus areas were
determined by morphometric measurements of
microscopic inspection of the dyed spread slides.
Giemsa method was adopted in the preparation of
dyed spread slides (Grimstone, 1972). The length
and width of a minimum of 150 erythrocyte and 150
erythrocyte nucleus in dyed spread slide belonging to

each specimen were measured under a Nikon, H550-L
research microscope and the areas were calculated
using following formulas (Gregory, 2009).

Erythrocyte Width y Erythrocyte Length
2 2

Erythrocyte Area = m

Erythrocyte Nucleus Width y Erythrocyte Nucleus Length

Erythrocyte Nucleus Area = © 2 2

Hematocrit levels were determined according to
microhematocrit method (Wedemeyer, 1990).

Erythrocyte numbers of blood numbers were
determined under a Leica, CME microscope using
Thoma slides (Wedemeyer and Yasutake, 1977).
Erythrocyte numbers and MCV were calculated using
the formulas given below (Konuk, 1981; Giirgiin and
Halkman, 1988).

Erythrocyte Cell Numbers x Dilution Rate

Eryth te Numb = 100
rythrocyte Numbers Numbers of Small a Squares Counted X

Hematocrite level

MCV =
Erythrocyte Numbers X

Data obtained were analyzed statistically by a series
of ANOVA and SNK using SPSS 16 pocket program.
Arcsine transformation was applied to hematocrit data
before statistical analysis since they are expressed as
percentages.

RESULTS

No mortality was observed in C. carpio exposed to 2,
4,8,16and 32 gL clinoptilolite over 3,7,21and 30 days.
Although no behavioral changes was observed in fish
exposed to low concentrations of clinoptilolite, moving
towards the surface and color change after 25 days of
exposure was observed at higher concentrations. Gill
degenerations and hemorrhage was observed in fish
dissected after exposing to high concentrations.

Erythrocyte numbers decreased compared to
control under the effect of 32 gL' clinoptilolite at all
exposure periods except 3 days. Number of erythrocytes
increased in fish exposed to 2 and 4 gL' concentrations
of clinoptilolite for 7, 21 and 30 days compared to day 3
where as the numbers decreased when exposed to 16
and 32 gL' concentrations (p<0.05; Table 2).
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Table 2. Effect of clinoptilolite on erythrocyte numbers (x10°) of C. carpio

Exposure Period (Days)
Clinoptilolite
. 3 7 21 30
Concentration (gL")
* * * *
Control 1.08 £ 0.01 as 1.08 +0.03 as 1.17 £ 0.08 as 1.14+0.05 as
2 0.77 £ 0.05 at 1.09 £ 0.03 bs 1.11£0.11 bs 1.00 £ 0.01 bst
4 0.51 +0.04 ax 0.96 + 0.08 bt 0.85 +0.01 bt 1.00 + 0.08 bst
8 0.81+0.03 at 0.85 +0.00 ax 0.84 +£0.02 at 0.86 = 0.04 at
16 0.94 £ 0.02 acy 0.71 £ 0.03 by 0.99 £ 0.01 cst 0.86 £ 0.01 at
32 1.34 +£0.06 az 0.68 + 0.03 by 1.00 £ 0.03 cst 1.08 £ 0.03 cst

*=SNK; Letters a, b, cand s, t, x, y and z show differences among the exposure periods and concentrations respectively. Data shown with
different letters are significant at the p < 0.05 level.

X + Six = Mean + Standard error

Hematocrit levels increased compared to control in other concentrations and exposure periods studied.
on the 3 day of exposure at 2 gL, on 7" day at 8, 16  Clinoptilolite concentrations tested, with the exception
and 32 gL' and on 30™"day at 16 gL' concentrations of  of 2 gL, increased hematocrit levels compared to day 3
clinoptilolite. There was a decrease in hematocrit levels  at the exposure periods studied (p<0.05; Table 3).

Table 3. Effect of clinoptilolite on hematocrit levels (%) of C. carpio

Exposure Period (Days)
Clinoptilolite
. 3 7 21 30
Concentration (gL")
* * * *
Control 425+ 2.50as 44.0+£4.00 as 41.0+1.00 as 43.0+£1.00 as
2 55.5+2.50at 41.0+2.00 bs 42.5+1.50 bs 43.0 +1.00 bs
4 35.0+1.00 as 37.0+1.00as 45.0 +1.00 bs 37.5+£0.50 ast
8 35.5+0.50as 57.0+1.00 bt 34.0 +£2.00 at 35.0+ 1.00 at
16 34.0+2.00 as 61.0 + 3.00bt 41.0+1.00as 53.5 + 2.50 bx
32 32.5+250as 47.0 +1.00 bs 40.0+1.00 as 33.0£1.00 at

*=SNK; Letters a, b and s, t, x show differences among the exposure periods and concentrations respectively. Data shown with

clifferent letters are significant at the p < 0.05 level.
X + §X =Mean + Standard error

MCV increased compared to control in fish exposed  value increased in fish exposed to 32 gL' concentration
to the tested concentrations of clinoptilolite except in  increased in exposure periods tested and decreased at
fish exposed to 32 gL' concentration for 3 days. MCV  all the remaining concentrations (p<0.05; Tablo 4).
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Tablo 4. Effect of clinoptilolite on MCV (fl) of C. carpio

Exposure Period (Days)
ncptitte ; ; : 2
(gL™) * * % *
Control 356.0+8.0as 379.5+10.5as 351.5+5.5as 363.0+5.0as
2 7430+ 20at 498.0 + 4.0 bt 372.0+8.0as 512.0+3.0 bt
4 649.0 + 5.0 ax 386.5+7.5bs 529.5+8.5ct 3555+ 12.5bs
8 417.0+2.0ay 664.5 £ 1.5 bx 402.0 £9.0 ax 406.0 £6.0 ax
16 882.5+4.5az 850.5+1.5ay 416.0 + 6.0 bx 5740+85cy
32 316.5+8.5aw 663.5 + 13.5 bx 427.0+2.0cx 439.0+4.0cz

*=SNK; Letters a, b, cand s, t, X, y, zshow differences among the exposure periods and concentrations respectively. Data shown with
different letters are significant at the p < 0.05 level.

X + Six = Mean + Standard error

Except the effects of 2 gL clinoptilolite on 7*" and

32 gL' concentration on 21t days, erythrocyte area

Tablo 5. Effect of clinoptilolite on erythrocyte area of C. carpio (um?)

increased compared to control (p<0.05; Table 5).

Exposure Period (Days)
Clinoptilolite
Concentration 3 7 21 30
(gL™)

* * * *
Control 0.78 £0.01 ast 0.74 £0.01 as 0.74 £0.02 as 0.74 £ 0.02 ast
2 0.70 + 0.00 as 0.57 +0.02 bt 1.01 £0.05 ct 0.93 £ 0.01 cx
4 0.74 + 0.02 ast 0.86+0.01 ax 0.75+0.03 as 0.85+0.03 ay
8 0.77 £0.02 at 0.76 £ 0.00 as 0.85+0.01 bs 0.74 +£0.01 ast
16 0.83 £0.02 ax 0.81+0.03 as 0.81+0.01 as 0.68 +0.01 bs
32 0.74 +£0.01 ast 0.76 £0.01 as 0.58 +0.02 bx 0.79 £ 0.00 at

*=SNK; Letters a, b and s, t, x show differences among the exposure periods and concentrations respectively. Data shown with

different letters are significant at the p < 0.05 level.

X + §% = Mean + Standard error

Erythrocyte nucleus areas increased in fish exposed
to the tested concentrations of clinoptilolite except
under the effect of high concentrations on the 21¢

day. Compared to 3 day erythrocyte nucleus areas
increased with exposure period and decreased under
high concentrations of clinoptilolite (p<0.05; Table 6).
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Table 6. Effect of clinoptilolite on erythrocyte nucleus area of C. carpio (um?)

Siire (Giin)

7

21

30

*

*

*

0.14 £ 0.004ast

0.15 +0.002ast

0.14+£0.003 as

0.13 £0.003 as

0.16 £0.011at

0.15+0.006 as

0.17 £0.001 bx

0.15 £ 0.001ast

0.15 £ 0.005 as

0.15+ 0.001 astx

0.13+£0.010 as

0.15 £ 0.004 as

0.15 £ 0.008 astx

0.13 +0.002 bs

0.16 £ 0.003 as

Clinoptilolite
Concentration 3
(gL™)
*
Kontrol 0.15 £ 0.002ast
2 0.14 £ 0.003 as
4 0.14 £0.001 as
8 0.16 £ 0.00 at
16 0.18 = 0.007ax
32 0.19 £ 0,002ay

0.16 £ 0.006 btx

0.12+0.001 cs

0.14 £ 0.004 ds

*=SNK; Letters a, b, cand s, t, X, y, z show differences among the exposure periods and concentrations respectively. Data shown with

ciifferent letters are significant at the p < 0.05 level.
X + Sk = Mean + Standard error

DISCUSSION

Chelators although have an important role in
eliminating the toxic effects of pollutants, it was shown
that the synthetic chelator EDTA causes mortality
over a given dose James et al, 1998). A number of
studies carried out with various fish species showed
that clinoptilolite used in various concentrations to
prevent ammonia (Asgharimoghadam et al., 2012;
Farhangi and Rostami, 2012) and heavy metal (Tepe et
al., 2004; Mishra and Jain, 2009; Ghiasi and Mirzargar,
2015) toxicities without causing mortality. No mortality
was observed in C. carpio exposed to 2, 4, 8, 16 and 32
gL’ of clinoptilolite over 3, 7, 21 and 30 days. Being a
natural chelator and that no chemicals are used in its
production might prevent mortality in C. carpio or else
the concentrations tested were low and/or exposure
periods were short for mortality in this species.

Various  substances entering the aquatic
environments change the physical and chemical
composition of water. Aquatic organisms first react
these changes by changing their behaviors. Swimming
towards the surface, irregular or fast swimming
movements, increase in operculum movements and
reject feeding can mentioned among these behavioral
changes. Clinoptilolite 2-5 mm in diameter was shown
toincrease turbidity in water and in high concentrations
block fish gills and cause asphyxia (Rubec and Cruz,
2005). Adsorbent originated turbidity increase was
reported to cause behavioral changes in salmonids
(Bash et al., 2001). Low concentrations of clinoptilolite
used in the present study did not cause any behavioral
change in C. carpio, whereas fish started to swim near
surface under the effect of high concentrations. This
might be due to stress caused by intense turbidity as

result of high concentrations of clinoptilolite which in
turn increase mucus secretion and limit respiration.

Gills are the main respiration organs of fish and
are in direct contact with the environment. Hence
chemicals entering water increase mucus secretion
in gills and cause to develop defense mechanisms
such as hyperplasia, hypertrophy, and proliferation
(Wedemeyer et al., 1990) which increases oxygen
diffusion distance and cause hypoxic conditions. Stress
developed under hypoxic conditions have profound
effects on hematologic parameters (Heath, 1995).
Increase in the amount of suspended solid material
(Becke et al, 2017) in Oncorhynchus mykiss, SiO,
nanoparticles in Labeo rohita (Priya et al, 2015), heavy
metals such as copper and lead (Ciftci et al., 2015) result
in stress and cause changes in hematologic parameters.

Studies carried out with a number of fish species
showed that clinoptilolite had no histopathologic
effect up to a certain concentration (15 gL7)
(Asgharimoghadam et al., 2012; Farhangi and Rostami,
2012; Ghiasi and Jasour, 2012). External inspection of
gill tissues revealed no deformation in C. carpio exposed
to low concentrations of clinoptilolite. Whereas
degenerations such as adherence of gill filaments, gill
tissue dissolutions and hemorrhage were observed in
fish exposed to 32 gL clinoptilolite. This might result
from friction of clinoptilolite particles with epithelial
tissue during water passage through gills depending
on particle size and concentration of clinoptilolite.

Deformations on gill tissue effect respiration
negatively. Erythrocyte numbers, hematocrit levels,
MCV, erythrocyte and erythrocyte nucleus areas are
indicator parameters used in the determination of
changes that occur in metabolic and physiologic
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events. A decrease in hematocrit level and erythrocyte
numbers and an increase in erythrocyte and nucleus
areas was observed in O. niloticus exposed to Cd alone
whereas when exposed to in mixture with the chelator
chitosan (10 ppm) no change was detected in the
parameters studied compared to control (Ciftci et al.,
2013).

Erythrocyte numbers of C. carpio decreased
compared to control at all clinoptilolite concentrations
and exposure periods tested except in 32 gL’
concentration at 3 days of exposure. The numbers
increased, however, compared to 3™ day at lower
concentration sat the exposure periods tested. Since
erythrocytes reflect the oxygen carrying capacity
of blood, increase in their numbers show release of
erythrocytes from hemopoietic tissues such as spleen
and kidneys by feedback mechanisms to increase
oxygen carrying capacity of blood. Whereas the
decrease in numbers might reflect osmotic hemolysis
due to impairments in membrane permeability.

Hematocrit level increased at 2 gL' clinoptilolite
concentration at the beginning of exposure whereas
exposures to 8, 16 and 32 gL concentrations increased
hematocrit after 7 days of exposure compared to
control There was a decrease in its level at the other
concentrations and exposure periods. Hematocrit
is the ratio of shaped elements of blood to serum, it
is directly related to erythrocyte numbers and area.
Hence, the increase in hematocrit level under the effect

REFERENCES

Agarwal, S., K. (2009). Heavy Metal Pollution. 270, New Delhi: APH
Publishing.

Akkaya, C., Efeoglu, A. & Yesil, N. (2006). Avrupa Birligi su cerceve
direktifi ve Turkiye'de uygulanabilirligi. TMMOB Su Politikalari
Kongresi Bildiri Kitabi 1. Cilt, 195-204.

Asgharimoghadam, A., Gharedaashi, E., Montajami, S., Nekoubin, H.,
Salamroudi, M. & Jafarian, H. (2012). Effect of clinoptilolite zeolite
to prevent mortality of Beluga (Husohuso) by total ammonia
concentration. Global Veterinaria, 9(1), 80-84. ISSN: 1992-6197

Bash, J.,, Berman, C. & Bolton, S. (2001). Effects of turbidity and
suspended solids on salmonids. Center for Streamside Studies,
University of Washington, Seattle, WA.

Becke, C., Steinhagen, D., Schumann, M. & Brinker, A. (2017).
Physiological consequences for Rainbow Trout (Oncorhynchus
mykiss) of Short-term exposure to increased suspended
solid load. Aquacultural  Engineering,  78(A), 63-74.
DOI: 10.1016/j.aquaculture.2017.11.030

Ciftci, N., Karayakar, F, Ay, O, Cicik, B. & Erdem, C. (2015). Effects
of copper and lead on some hematological parameters of
Oreochromis niloticus. Fresenius Environmental Bulletin, 24(9),
2771-2775.

Giftci, N., Ozbay, T, Karayakar, F, Ay, O., Karaytug, S. & Cicik, B. (2013).

of clinoptilolite at the concentrations and periods
tested is directly related to erythrocyte area.

MCV increased compared to control in fish exposed
to clinoptilolite at the concentrations periods tested
except at 32 gL' exposure to 3 days where it decreased.
Increase in MCV, can either be a result of swelling
of erythrocytes by taking water due to failure in
osmoregulation or numbers of primary erythrocytes
compared to mature erythrocytes was higher.

Erythrocyte and erythrocyte nucleus areas
increased compared to control except erythrocyte area
in fish exposed to 2 gL' for 7 days and in fish exposed to
32 gL for 21 days. Changes in erythrocyte and nucleus
areas might be a result of swelling of erythrocytes by
taking water due to failure in membrane permeability.

In conclusion, 32 gL' clinoptilolite concentration
did not cause mortality in C. carpio, however due
to deformations observed in gills using these
concentrations in micronized sizes would not be
suitable for fish health. Moreover high concentrations
of clinoptilolite tested in this study caused changes in
hematological parameters.

ACKNOWLEDGEMENTS

This study was supported by the Research Fund of
Mersin University in Turkey with Project Number: 2017-
1-TP2-2076.1 would like to thank to the Director of Rota
Madencilik A.S and Sales Manager Osman SOLMAZ for
the clinoptilolite foundation.

Effects of Cadmium and Cadmium-Chitosan mixture on some
blood parameters of Oreochromis niloticus. Journal of Biodiversity
and Environmental Sciences, 7(21), 169-175.

Farhangi, M. & Rostami-Charati, F. (2012). Increasing of survival rate
to Acipenser persicus by added clinoptilolite zeolite in acute
toxicity test of ammonia. Aquaculture, Aquarium, Conservation&
Legislation International Journal of the Bioflux Society, 5(1), 18-22.

Ghiasi, F. & Jasour, M.S. (2012). The effects of natural zeolite
(Clinoptilolite) on water quality, growth performance and
nutritional parameters of fresh water aquarium fish, Angel
(Pterophyllum scalare). International Journal of Research in
Fisheries and Aquaculture, 2(3), 22-25.1SSN: 2277-7729

Ghiasi, F. & Mirzargar, S.S. (2015). Pathological effects of cadmium and
efficiency of natural zeolite, clinoptilolite, to reduce the cadmium
toxicity in common carp and its ability to remove cadmium from
contaminated water. Research Journal for Veterinary Practitioners,
3(2), 36-40. DOI: 10.14737/journal.rjvp/2015/3.2.36.40

Gisi, De, S. Lofrano, G. Grassi, M. & Notarnicola, M. (2016).
Characteristics and adsorption capacities of low-cost sorbents
for wastewater treatment: A review. Sustainable Materials and
Technologies, 9, 10-40. DOI: 10.1016/j.susmat.2016.06.002

Gregory, T.R. (16 Ekim 2003). Fish erythrocyte sizes. (02 Subat 2009)
http://www.genomesize.com/cellsize/fish.html

Grimstone, A. V. & Skaer, R. J. (1972). A Quide book to microscopical
methods. Cambridge University Press, 138.

461


https://dx.doi.org/10.1016/j.aquaculture.2017.11.030
http://dx.doi.org/10.14737/journal.rjvp/2015/3.2.36.40
http://dx.doi.org/10.1016%2Fj.susmat.2016.06.002
http://www.genomesize.com/cellsize/fish.html

Oduztiirk et al,, Ege Journal of Fisheries and Aquatic Sciences, 35(4), 455-462 (2018)

Gllen, J., Zoray, F. & Arslan, S. (2012). Zeolitler ve kullanim alanlar.
Karaelmas Fen ve Miihendislik Dergisi, 2(1), 63-68.

Glrgun, V. & Halkman, A. K. (1988). Mikrobiyolojide sayim yontemleri.
7,146, Ankara: Gida Teknolojisi Dernegi.

Heath, A. G. (1995). Water pollution and fish physiology. 4, 67-76,
Virginia: Department of Biology Virginia Polytechnic Institute
and State University Blacksburg.

Islam, Md., S. & Tanaka, M. (2004). Impacts of pollution on coastal
and marine ecosystem, including coastal and marine fisheries
and approach for management: A review and synthesis.
Marine  Pollution Bulletin, 48, 624-649. DOIl: 10.1016/j.
marpolbul.2003.12.004

James, R. & Sampath, K. (1999). Effect of zeolite on the reduction of
cadmium toxicity in water and a freshwater fish, Oreochromis
mossambicus. Bulletin of Environmental Contamination and
Toxicology, 62,222-229.

James, R., Sampath, K. & Selvamani, P. (1998). Effect of EDTA on
reduction of copper toxicity in Oreochromis mossambicus
(Peters). Bulletin of Environmental Contamination and Toxicology,
60(3), 487-93.

Konuk, T. (1981). Pratik Fizyoloji I. A.U. 181, Ankara Universitesi
Basimevi, Ankara: Veteriner Fakiiltesi Yayinlari.

Marani, D., Macci, G. & Pagano, M. (1995). Lead precipitation
in the presence of sulphate and carbonate: Testing of
thermodynamic predictions. Water Research, 29(4), 1085-1092.
DOI: 10.1016/0043-1354(94)00232-V

Mishra, M. & Jain, S.K. (2009). Effect of natural ion exchanger chabazite
for remediation of lead toxicity: An experimental study in

Teleost Fish Heteropneustes fossilis. Asian Journal of Experimental
Sciences, 23(1), 39-44.

Papini, M.P, Kahie, Y.D., Troia, B. & Majone, M. (1999). Adsorption of
lead at variable pH onto a natural porous medium: Modeling

of batch and column experiments. Environmental Science and
Technology, 33, 3357-4464. DOI: 10.1021/e5990325;

Patterson, J. W. (1985). Industrial wastewater treatment technology,
(2nd ed). Stoneham, M. A. Utterworths Publishers.

Priya, K. K., Ramesh, M., Saravanan, M. & Ponpandian, N. (2015).
Ecological risk assessment of silicon dioxide nanoparticles in a
freshwater fish Labeo rohita: hematology, ionoregulation and gill
Na+/K+ATPase activity. Ecotoxicology and Environmental Safety,
120, 295-302. DOI: 10.1016/j.ecoenv.2015.05.032

Rubec, P. J. & Cruz, F. P.(2005). Monitoring the chain of custody to
reduce delayed mortality of net-caught fish in the aquarium
trade. SPC Live Reef Fish Information Bulletin, 13, 13-23.

Smith, S.R. (1996). Agricultural recycling of sewage sludge and the
environment. CAB International, Wallingford, UK, 119-151.

Tepe, Y., Akyurt, I, Ciminli, C., Mutlu, E. & Caliskan, M.(2004). Protective
effect of clinoptilolite on lead toxicity in common carp Cyprinus
carpio. Fresenius Environmental Bulletin, 13(7), 639-642.

Terzi, H.&Yildiz, M. (2011). Agir metaller ve fitoremediasyon: fizyolojik
ve molekiiler mekanizmalar. Afyon Kocatepe Universitesi Fen
Bilimleri Dergisi, 11, 1-22.

Tatlined, S. 1. (2012). Uretimde kirlilik énleme yaklagimi ve devletin
konumu. Ekonomi Bilimleri Dergisi, 4(2), 119-129.1SSN: 1309-8020
(Online)

Wedemeyer, G. A, Barton, B, A. & Mcleay, D. J. (1990). Stress and
Acclimation. In Methods for Fish Biology (Ed. by C. B. Shreck and P.
B. Boyle), 451-489, Bethesda: American Fisheries Society.

Wedemeyer, G.A. & Yasutake, W.T. (1977). Clinical methods for the
assessment of the effects of environmental stress on fish health.
United States Technical Papers Fish Wild Services, 89, 1-18.

462


https://doi.org/10.1016/j.marpolbul.2003.12.004
https://doi.org/10.1016/j.marpolbul.2003.12.004
https://doi.org/10.1016/0043-1354(94)00232-V
https://doi.org/10.1021/es990325j
http://dx.doi.org/10.1016/j.ecoenv.2015.05.032

http://www.egejfas.org Su Uriinleri Dergisi (2018)
Ege Journal of Fisheries and Aquatic Sciences, 35(4), 463-466 (2018) DOI: 10.12714/egejfas.2018.35.4.12

SHORT COMMUNICATION KISA ARASTIRMA

On the occurrence of Eucrate crenata (De Haan, 1835) (Crustacea, Decapoda)
in the Aegean Sea

Eucrate crenata (De Haan, 1835) (Crustacea, Decapoda)’nin Ege Denizi'nde
bulunmasi

Kerem Bakir'* e Alp Salman?

'Ege University, Faculty of Fisheries, Department of Marine Biology, 35100, lzmir, Turkey https://orcid.org/0000-0002-3739-8396
2Ege University, Faculty of Fisheries, Department of Fisheries Biology, 35100, Izmir, Turkey https://orcid.org/0000-0002-2853-6507
*Corresponding author: kerembakir13@gmail.com
Received date: 25.07.2018 Accepted date: 03.10.2018

How to cite this paper:
Bakir, K. & Salman, A. (2018). On the occurrence of Eucrate crenata (De Haan, 1835) (Crustacea, Decapoda) in the Aegean
Sea. Ege Journal of Fisheries and Aquatic Sciences, 35(4), 463-466. DOI:10.12714/egejfas.2018.35.4.12

Abstract: Fucrate crenata that is a lessepsian species, is expanding its distribution area in the eastern Mediterranean. Several individuals of the
species caught with the nets of fishermen were obtained. This species has been reported in the past from the Levantine coast of Turkey and
this study provides information on the established population of this species in the izmir Bay on the Aegean Sea coast. In addition, the color
variations and morphological differences of this species were compared with previous studies.

Keywords: Eucrate crenata, alien species, Aegean Sea, Turkey
Oz: Bir lesepsiyen tiir olan Fucrate crenata, dogu Akdeniz'deki dagilim alanini genisletmektedir. Balikgilarin aglarina yakalanan tiire ait bazi
bireyler elde edilmistir. tiir, 6nceden Tirkiye'nin Levanten kiyilarindan bildirilmis olup, bu calisma tiiriin izmir Kérfezi (dogu Ege Denizi) kayiti

Uzerinedir. Ayrica, tiriin renk gesitliligi ve morfolojik farkhliklart dnceki calismalar ile karsilastiriimistir.
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INTRODUCTION

The indo-pacific originated euryplacid crab, Eucrate
crenata (De Haan, 1835) which penetrated to the
Mediterranean via the Suez Canal was first reported
by Calman (1927) and Balss (1936) from Port Said and
Alexandria (Egypt). Its second report as a decayed male
individual was given on the coast near Mersin, Turkey
about half a century after this discovery (Enzenross and
Enzenross, 1987). Later, live individuals were caught by
means of fishing nets in Karatas, Adana (Enzenrouetal.,
1992). In the same year, E. crenata was found by Zaouali
(1992) in various areas of the Gulf of Gabes (Tunisia).

So E. crenata spreaded to both the north and the east
after it reached the Egyptian coast. Then, hundreds of
individuals were presented as the first record on the
Israel coast in 1994 (Galil, 1997). Nowadays, It seems
that, this species established successfully populations
between the area from Tunisia to the Levantine coasts.

MATERIAL AND METHOD

The individuals were collected from the trammel
nets of local fishermen in the Gediz Estuary. The
nets were laid on sandy mud bottoms covered with
photophilic algae, Ulva sp. and Gracilaria sp. at the
depths of 2-4 meters in the Gediz Estuary (Figure 1A).

27°00E

38°40'N L \ - - W e
A S T~ \B
¢ /Q‘ —
i TURKEY N
34:'%%-“ . Mels/?g‘\/)\/_ - — :
g = == g
£ g\
Presr—mt6 (E =
study \Z2< 1]
38°33N 7 [ [] l
% - oy
uvl\\
B 1\‘"\\‘\
SRS
38°30'N \“‘\‘\\‘
\\4‘.‘.
]
E
8 ¥
P @ Dogan etal,,
s 2016 ¥
s O -
e
7 N
)
38°20'N

Figure 1. A: The sampling points in Dogan et al. (2016) and present study in izmir Bay; B: The sampling points of Enzenross
and Enzenross (1987) and Enzenrou et al. (1992) on the Levantine coast of Turkey.

RESULTS AND DISCUSSION

An unusual crab species was found that did not
appear in the area earlier. It was observed in local fishing
nets. As aresult of the study, the presence of the Eucrate
crenata in the area is new. Besides, the individuals
identified as Eurycarcinus integrifrons De Man, 1879
by Dogan et al. (2016) in the izmir Bay actually belong
to this species (Figure 1A). E. crenata was previously
found from the Levantine coast of Turkey by Enzenross
and Enzenross (1987) and Enzenrou et al. (1992) (Figure
1B).

The color of this species is described as uncountable
small red dots covering the creamy white body surface

and is characterized by two distinct red flecks or
spots on the carapace in many literatures (Enzenross
and Enzenross, 1987; Galil, 1997) (Figure 2A-C). On
the other hand, several individuals captured from
Levantine coast of Turkey were identified with pale
gray carapace and red dots on it (Enzenrou et al., 1992).
It has also been noted that two typical red flecks on
the carapace are always found in the study conducted
on the Tunisian coast. The color of the body can be
changed according to the light or dark ground tones
depending on the habitat and the small dots of the
carapace can sometimes be too weak (Enzenross and
Enzenross, 2000). It was mentioned that In a revision
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study, the availability of two red flecks on the carapace
may not be accurate. In addition, a male individual with
no flecks was given among the photographs of the E.
crenata (Castro and Ng, 2010).

Zaouali (1992) reported that the population in the
areas polluted of Gabes Gulf were well adapted to
the silty bottoms of 10 to 22 meters. Enzenross and
Enzenross (2000) emphasize that the bottom structure
on the Tunisian coast where this species have been

found is mud and partially heavily silted with plants
and detritus. E. crenata may be obtained on sandy
bottoms from the intertidal zone up to 35 meters deep
on the Israeli coast and on sandy bottoms covered with
mud and photophilic algae, Caulerpa sp. in shallower
than 50 meters deep on the Egyptian coast (Ramadan
and Dowidar, 1972; Galil, 1997). In the present study, E.
crenata was collectedon soft substratum with some
algal patches suh as Ulva sp., Gracilaria sp. between the
depths of 2-4 meters in the Gediz Estuary.

Figure 2. Male specimen of Eucrate crenata (De Haan, 1835) with carapace width of 26 mm.

(A: dorsal view of body, B: antero-lateral margin of the carapace, C: Anterior margin of the carapace).

There ara several morphologically differences. The
Individuals collected from the Tunisian coast were
larger and more compact, cheliped of males were
more powerful than those in Levantine coast of Turkey
in general (Enzenross and Enzenross, 2000). Although
2 distinct red dots on the carapace of the specimens
collected in the study can not be distinguished in
photograph given because of its grayscale view, it is
seen that the antero-lateral edges are rounded and
have 3 teeth. These teeth are blunt and the tooth in the
middle is more distinctive than the others (Enzenross

and Enzenross, 2000). The specimens caught in the
Gediz Estuary had also 3 teeth in this way, however, the
tooth in the middle forms a slight corner by breaking
the roundness of the antero-lateral margin (Figure 2B).

Although E. crenata is represented by several
individuals in the study, it is frequently observed in the
nets of fishermen in Gediz Estuary and izmir Bay. This
species is more likely to be transported to the region by
sea transport. As a result, we can say that E. crenata is
establihed a constant population in izmir Bay.
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Abstract: Pterois miles is currently considered a marine invader, especially in the western Atlantic where the species has been introduced in the
middle of 1980’s, at about the same time the species first appeared in the eastern Mediterranean. West Atlantic experience and the relevant
literature told us that‘a P miles invasion has begun in the Mediterranean’ Here, the research is presented providing important integrating data
from the invasion by the same species in the Atlantic, the current status and historical distribution of P miles in the Mediterranean with a
northernmost occurrence of the species from the Aegean Sea (off Didim coast, Turkey).

Keywords: Lionfish, Pterois miles, biological invasion, Mediterranean Sea, range expansion

0Oz: Ozellikle 1980'lerin ortasinda bati Atlantik’e giris yapan, denizel bir istilaci tiir olarak kabul edilen Pterois miles, benzer zaman diliminde ilk
kez dogu Akdeniz'de ortaya ¢ikmistir. Bati Atlantik deneyimi ve ilgili literatlr bize “Akdeniz'de P miles saldirisinin basladigini” sdylemektedir. Bu
calisma Akdeniz'deki P miles'in buglinkii durumu, tarihsel dagilimi ile Ege Denizi'ndeki en kuzey dagilimi hakkinda (Didim sahili, Tirkiye) onemli

entegre veriler sunmaktadir.

Anahtar kelimeler: Aslan baligi, Pterois miles, biyolojik istila, Akdeniz, dagilim genislemesi
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INTRODUCTION

Now, we are witnessing a rapid invasion of lionfish,
Pterois miles (Bennett, 1828), in the Mediterranean from
a single specimen in 1991 to several sightings between
2014 and 2016 in the eastern Mediterranean Sea (Bilge
et al,, 2016). This increase is very similar to the pattern
of invasion recorded for lionfishes (P. volitans/miles)
in western Atlantic (Albins and Hixon, 2013). Judging
from the recent increase in P. miles in the eastern
Mediterranean Sea (Filiz et al., 2017), we suspect that
a rapid expansion throughout the Mediterranean
Sea. Indeed, in both its native and introduced ranges,
lionfishes thrive in warm waters ideally between 20 and
30°C(Turingan and Sloan, 2016), so, given the predicted
increases in water temperature expected in the
Mediterranean, the ability for long distance dispersal
of planktonic larvae, and the generality of habitat use
it is expected that the invaded area will continue to
expand. All the recent findings of P. miles may be an

indication of a new wave of arrivals of the species in the
eastern Mediterranean, raising justifiable concerns of a
possible onset of a new invasion mentioned by Bariche
et al. (2013) in the Mediterranean Sea.

Here, we presented a review providing important
integrating data from the invasion by P. miles in the
Atlantic, the current status and historical distribution
of P. miles in the eastern Mediterranean with a
northernmost occurrence of the species from the
Aegean Sea (off Didim coast, Turkey).

MATERIAL AND METHODS

On 05 April 2017, one specimen of P. miles (Figure
1) was observed and photographed by a SCUBA diver
from off Didim coast (37°20'N, 27°14'E) on a rocky
bottom at depths of 18 m. The water temperature was
14.3 °C. The specimen was identified based on the
description provided by Golani et al. (2006) using high
quality photos.

Figure 1. Underwater view of new recorded P. miles specimen in the Aegean Sea

Peer-viewed publications were priority sources, so a
total of 26 reliable literatures were compared to obtain
all available information on biogeographical (locality,
coordinates) and historical traits (sampling date), and
biological (sample size, catching/observation method)
and ecological characteristics (habitat type, depth,
temperature) of P. miles for the Mediterranean.

RESULTS

Unique features of specimen were clearly visible
and noticeable: Long and venomous dorsal spines
longer than body. Body is reddish to tan and numerous
thin dark bars on body and head vertically; visible small
spots in the median fins.
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The chronological order of the P. miles sightings,
which accounts for the period July 1991 to April 2017,
showed a progressive expansion of the P. miles in the
eastern and western Mediterranean (Table 1 and Figure
2). To our best knowledge, no published records of the
P. miles are available for the Mediterranean coasts of
Egypt and Libya (Froese and Pauly, 2018), but recently
from lItaly in the western Mediterranean by Azzurro
et al. (2017). A total of 26 reliable records of P. miles

were reported in the Mediterranean Sea (Table 1). The
species was collected by a variety of different fishing
gears along the Mediterranean coasts like bottom
trawl, trammel and gill nets, wire trap, spearfishing and
collected net or via scuba diving from 2 m (Crocetta et
al, 2015; Jimenez et al., 2016) to 110 m (Yaglhoglu and
Ayas, 2016), mostly ranged 2-35 m, since the data were
collected primarily by SCUBA divers and, therefore, is
limited in its application to relatively shallow depths.

Figure 2. The distribution map of scientific reports of P. miles occurrences in the Mediterranean Sea ('Golani and Sonin
(1992), 2*Bariche et al. (2013), “Turan et al. (2014), >’Crocetta et al. (2015), élglésias and Frotté (2015), °Oray et al. (2015), "*Turan
and Oztiirk (2015), ""2Bilge et al. (2016), *"®Daillianis et al. (2016), *Jimenez et al. (2016), 2>2Mytilineou et al. (2016), 2Yaglioglu
and Ayas (2016), *Azzurro et al. (2017), 2Ozgiir Ozbek et al. (2017) and *Present study. For further details, see Table 1).
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The species found in a variety of habitats. Recorded
numbers ranged from one (most records) to 90 (Jimenez
et al, 2016) individuals, lengths ranged from 5 c¢m
(Jimenez et al., 2016) to 37.3 cm (Oray et al., 2015). The
most west, east, north, and south records of the species
were in Sicily (Italy), Al Minie (Lebanon), Didim coast
(Turkey), and Haifa (Israel), respectively (Table 1). Most
of the records were obtained in summer, the seawater
temperatures were ranged from 14.3 °C in April 2017
(present study) to 29.0 °C in August 2015 (Bilge et al.,
2016).

DISCUSSION

The lionfishes’ introduction provides a reminder
of how rapidly a non-native species can become
established and potentially compete with native
fishes for resources (Morris et al., 2008). The lionfishes’
invasion in the western Atlantic represented one of the
most rapid and extensively documented marine fish
invasion in history. After the lionfishes have colonized
large areas of the western Atlantic, resulting in an
immense ecological damage, Albins and Hixon (2013)
commented on the situation as: “with an eye on the
future, we describe a possible worst case scenario”. P. miles
has been recorded as a first time on the western Atlantic
coast in 1985 (Schofield, 2009), during a dark 15 years,
no sightings were mentioned until 2000. Thereafter,
it was again started to report, increasingly, became
fully established throughout the southeast United
States (US) and the Caribbean Sea, extending to South
America and much of the Gulf of Mexico (Schofield,
2009 and references therein; Kletou et al, 2016),
becoming the first non-native marine fish to establish
self-sustaining populations in these region (Ruttenberg
etal., 2012). The most likely vectors for the introduction
were releases or escapes either intentional or accidental
from marine aquaria (Albins and Hixon, 2011; Kletou et
al., 2016), since the lionfishes are a popular ornamental
aquarium fish that have been imported into the
U.S.A in large numbers (Morris and Akins, 2009). But,
still, the exact cause of introduction has not been
determined (NMFS, 2015). Betancur-R et al. (2011)
showed that the invasive population of lionfishes in
the western Atlantic has a significantly lower genetic
diversity than populations from their native range,
which is associated with a strong founder effect, and
is thought to originate a relatively small number of
founder population in the southeast US. Similarly, in the
Mediterranean Sea, a single specimen of P. miles was
recorded from the Levantine coast in 1991 (Golani and
Sonin, 1992). During the twenty-one years’ period, no
observation was happened in the Mediterranean, even,
just before Johnston and Purkis (2014) claimed that a
natural invasion of the Mediterranean Sea by P. miles
was unlikely, two P. miles individuals were captured
separately in the northern part of Lebanon (Bariche
et al., 2013). Then, additional sightings were reported
one after another along the coasts of Cyprus (Iglésias
and Frotté, 2015; Oray et al., 2015; Jimenez et al., 2016;

Kletou et al., 2016), Turkey (Turan et al.,, 2014; Turan
and Oztiirk, 2015; Bilge et al., 2016; Yaglioglu and Ayas,
2016), Rhodes (Crocetta et al., 2015), Tunisia (Dailianis
et al, 2016), and rarely from western Mediterranean
(Azzurro et al., 2017). The time passed between the first
and the second records of this species both in Atlantic
and Mediterranean seems lengthy. Azzurro et al. (2016)
explained this phenomenon as a failed introduction:
“Considering the conspicuous appearance of P. miles, and
its relatively ease in recognition, the lack of observations
until 2012 is unlikely "a detection lag" and the 1991
record (Golani and Sonin, 1992) can be considered
as evidence of a failed introduction”. While marine
scientists in the Mediterranean region were trying to
understand the introduction vectors (aquarium release,
transport by ship ballast water, dispersal event from an
Atlantic source or passage through the Suez Canal as
Lessepsian immigrant) of the invading population in
the Mediterranean Sea, recently, Bariche et al. (2017)
showed that the very first individuals establishing
populations in the Mediterranean Sea displayed
haplotypes that nest within the large genetic diversity
of Red Sea individuals, thus indicating an invasion via
the Suez Canal, concluded that the Mediterranean
invasion was the result of a movement of individuals
from the Red Sea. While a model predicted that a
natural invasion of the Mediterranean Sea by P. miles
was unlikely to be successful (Johnston and Purkis,
2014) since the oceanographic conditions in the
Mediterranean were unfavourable for the dispersion
of P. miles larvae, and Mediterranean marine scientists
discussed whether the species could invade this region
like it has in the western Atlantic, recently Kletou et al.
(2016) warned us that “A lionfish (Pterois miles) invasion
has begun in the Mediterranean Sea". Although, Azzurro
and Bariche (2017) stated that current abundances of
P. miles are still below the threshold of a “true invasion”,
recently, in order to see and compare the invasiveness
of the Lessepsian fishes, a threshold was calculated
as 18.5 using AS-ISK (Aquatic Species Invasiveness
Screening Kit; available at https://www.cefas.co.uk/
nns/tools/) analysis (Bilge et al., 2017). Considering
the high Basic Risk Assessment (BRA) score 45.5 for P.
miles (Bilge et al, 2017) now, it can be considering
that P. miles is possibly the most invasive marine fish
in the Mediterranean and possesses a very high risk
to biodiversity. In contrast to Johnston and Purkis
(2014)’s assumption, it's obvious that, now, P. miles may
have already been found a favourable oceanographic
conditions in the Mediterranean. Supporting this idea,
Poursanidis (2015) provided an insight to the potential
expansion of the P. miles in the Mediterranean Sea and
the identification of the suitable areas for it to establish.
On the other hand, in contrast to limited gene pool in
the Atlantic population (Betancur-R et al., 2011), rich
genetic diversity in the Mediterranean population
(Bariche et al., 2017) may support invading success and
also have distribute in wider habitats and live at lower
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temperatures in the Mediterranean Sea. Furthermore,
CO, emissions which are warming the Mediterranean
Sea and the construction of a deeper and wider Suez
Canal are expected to increase invasion rates (Galil et
al., 2015; Hall-Spencer and Allen, 2015).

P. miles has been considered highly temperature
dependent (Dabruzzi et al., 2017), according to Kimball
et al. (2004) P. miles unable to survive below 10 °C. It
was mentioned some temperature limitations for the
Lessepsian fishes in the Mediterranean. For example, while
Corsini and Stamatellos (1998) suggested that water
temperatures around 12 °C may constitutes a fatal limit
for Pteragogus pelycus, controversially, it was reported
Stephanolepis diaspros can be survive at 11.5 °C (Béjaoui
et al,, 2008) and 12 °C (Corsini-Foka et al., 2010). Recently,
Ozgiir Ozbek et al. (2017) noted that the P. miles continued
feeding in low winter temperature (14.9 °C). This low
winter inshore temperature is below the temperature
threshold (16.1°C) at which experimental lab studies have
suggested the lionfish stops feeding (Kimball et al., 2004).
The more widespread colonisation of the Mediterranean
and Aegean region by P. miles seems no temperature
dependent. In a way that support it, Bilecenoglu (2016)
tested six environmental variables on Lessepsian fish
assemblage by the multivariate analysis, and he found
that only a single species (Nemipterus randall) had a
positive correlation with water temperature. Anyway,
further studies in the Mediterranean should focus on
the interaction between lionfishes and seasonal water-
temperature variation in order to better understand
whether temperature has a more significant role at the
invasion range limit.

The data were presented in Table 1 collected primarily
by SCUBA divers and, therefore, is limited in relatively
shallow depths. According to literature, P. miles is
naturally distributed in the tropical waters of the Indian
Ocean, Persian Gulf and the Red Sea from South Africa to
Indonesia up to 60 or 65 m (Froese and Pauly, 2017). But
there is evidence from the Atlantic literature that lionfishes
(Pterois spp.) may found on mesophotic zone. For example,
lionfishes reported from 100 m off North Carolina (Meister
et al.,, 2005), over 100 m in the Bahamas (Bejarano et al.,
2014), 112 m in northwestern Gulf of Mexico (Nuttall et
al.,, 2014), 120 m in Honduras (Schofield, 2010), 126 m
on Puerto Rico coast and 167 m on Conrad Seamount
(Quattrini etal.,, 2017), 247 min Curacao (Tornabene and
Baldwin, 2017), 240 m in Roatan and 304 m in Bermuda
(Gress et al., 2017). On the other hand, Johnston and
Purkis (2011) suggested that lionfish may extend their
maximum depth to 610 m. It seemed the deeper waters
can be used as a potential refuge for invasive lionfish
as indicated by Andradi-Brown et al. (2017). But these
studies’data included two species (P. volitans and P. miles),
and since no separated data presented, we cannot be sure
which species really occur deeper waters, one we could
accept that P. volitans and P. miles are considered to be
ecologically similar as they have non-overlapping native
ranges it would be worth acknowledging they are likely to

be deeper. Recently, a more certain evidence, regarding
only P. miles, was provided by Yaglioglu and Ayas (2016)
from the Mediterranean. They reported that, a P. miles was
captured by commercial bottom trawl fishery at a depth of
100 to 110 m from Yesilovacik Bay, Mersin, Turkey (North-
Eastern Mediterranean). There are very few observations
available for depths beyond recreational SCUBA diving
limits in the Mediterranean. West Atlantic examples
showed that additional sampling beyond traditional diver
surveys is needed to gain a more complete understanding
of the P. miles invasion process and the threats it poses to
different habitat and ecosystem types. Previous studies
have documented that P. miles invasions can begin in
shallow habitats, but progressing to deeper habitats with
time as indicated before by Claydon et al. (2012) and
Andradi-Brown et al. (2017), so we may be face a deeper
invasion needed to detailed study in the Mediterranean.

Although clear signs of numerical increase emerged,
and raising concerns for an incipient P. miles invasion
(Dailianis et al, 2016; Kletou et al., 2016; Azzurro
and Bariche, 2017), little was known regarding the its
biology and ecology in the Mediterranean. Considering
literature including experimental, applied studies in
western Atlantic and applied risk screening tool for
the Mediterranean (Filiz et al., 2017), it is known that it
has many biological abilities expected of a successful
invader, such as high climate match, tolerance of a wide
range of environmental conditions, flexibility in utilising
food resources, high fecundity, small size at maturity,
high reproductive effort (Azzurro et al.,, 2017; Filiz et al.,
2017) which can be obtained certain critical data such as
abundance, dietary habits, predators, and reproduction of
P. miles are scarce for the Mediterranean.

In spite of all the negativities of the Mediterranean
scientists and data obtained from literature, the diving
schools seem very happy the occurrence of P. miles in the
coastal waters in Antalya and Mugla province since the P.
miles is an attractive marine fish for the divers. A similar
point of view was also reported from Cyprus by Jimenez
etal. (2017).

The northward occurrence of P. miles in the present
study, as well as previous reports, may be evidence its
accelerating expansion through the Mediterranean Sea
and adjacent seas. In conclusion, status of P. miles in the
Mediterranean and adjacent seas should be monitored
closely via formal and citizen sciences. The recent and
rapid expansion of the P. miles in the Mediterranean is
therefore alarming and requires the immediate action
of all concerned stakeholders in the area (Bariche et al.,
2017). Finally, it is vital that the ecology and distribution of
the invasive species is fully understood to design the most
effective form of control (Andradi-Brown et al., 2017).
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0z: Bu calisma, Canakkale Bogazi'nda Eriphia verrucosa (Forskal, 1775)'nin (pavurya yengeci) boy-agirlik iliskisinin belirlenmesi amaciyla Nisan
2016 - Mart 2017 tarihleri arasinda gerceklestirilmistir. Calismada, aylik olarak serbest dalis yontemi ile 239 adet disi (%39,97) ve 359 adet
erkek (%60,03) olmak Uizere toplam 598 adet birey 6rneklenmistir. Bireylerin karapaks genisligi (CW) tiim, erkek ve disi bireyler icin sirasiyla;
CW,_ . 55,03+£0,52mm, 56,55+0,75mm ve 52,76+0,63mm olarak hesaplanmistir. Bireylerin ortalama agirliklari (W) ise erkek ve disiler icin sirasi
ile 90,48+03,37g ve 62,44+02,16g olarak dlciilmiistiir. Pavurya yengeglerinin CW-W iliskisi, tim bireyler icin W=0,0003CW3% (R>=0,9158),
erkekler icin W=0,0002 CW3'* (R’=0,9223) ve disiler icin W=0,0001CW?>¢% (R>=0,8427) olarak hesaplanmistir. Hesaplanan b degerine gére tiim
ve erkek bireyde pozitif allometri, disi bireylerde ise negatif allometri tespit edilmistir.

Anahtar kelimeler: Eriphia verrucosa, boy-agirlikiliskisi, abdomen bolgesi, Canakkale Bogazi

Abstract: This study was carried out between April 2016 and March 2017 in order to determine length-weight relationship of Eriphia verrucosa
(Forskal, 1775) in Canakkale Strait. In the study, 598 individuals were sampled by using skin diving techniques as 239 female (39.97%) and 359
male (60.03%). The carapace width (CW) of the all individuals, males and females was calculated as 55.03+0.52mm, 56.55+0.75mm and 52.76
+ 0.63mm, respectively. The mean weights of the individuals (W) were measured as 90.48 + 03.37g and 62.44 + 02.169 respectively for male
and female. Relationship between CW and W of warty crab individuals were expressed as W=0.0003CW3%3 (R>=0.9158) for all individuals,
W=0.0002CW36* (R*=0.9223) for male and W=0.0001CW?255 (R>=0.8427) for females. According to the calculated b value, positive allometry
was determined for all individuals and males, negative allometry was determined for female individuals

Keywords: Eriphia verrucosa, length-weight relationship, abdominal flap, Canakkale Strait
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GiRiS

E. verrucosa (Forskdl, 1775), Biskay Korfezi'nden
Moritanya ya kadar olan ve Portekiz, ispanya ve
Fransa’nin Dogu Atlantik kiyillarinda, Akdeniz ve
Karadeniz kiyillarinda dagihm gostermektedir. Turkiye
kiyilarinintamaminda bulunantiirgenel olarak“pavurya
yengeci” olarak isimlendiriimekle birlikte Karadeniz
kiyillarinda “kufli” olarak bilinen tur literatiirde “warty
crab” veya “yellow crab” olarak adlandinimaktadir
(Karadurmus ve Aydin, 2016). E. verrucosa, 0-15 m’ler
arasindaki kayalik bolgeleri kendilerine habitat olarak
secmektedir (Rossi ve Parisi, 1973; Karadurmus ve
Aydin, 2016). On ayaklilar (decapoda) takimi iginde yer
almakta olan tirun, ilk ayak cifti hareket amaci yerine
savunma ve beslenme amaciyla kullaniilmaktadir. Viicut
rengi kahverengimsi kirmizi veya kahverengimsi yesil
renkte olup karapaks lizerinde sari benekler mevcuttur
(Ulas ve Aydin, 2011; Oztiirk vd., 2013).

E. verrucosa tiri hakkinda yapilan cahsmalarin;
tlrin beslenme rejimi (Teaca vd. 2010; Micu ve
Todorova 2007; Silva vd. 2010), predator ve av iliskisi
(Rossi ve Parisi, 1973; Reynolds ve Reynolds, 1977)
ile tirGn dagihmi ve yasam alanlar lzerinde oldugu
gorilmektedir (Forskal, 1775; Holthuis ve Gottlies,
1958; Holthuis, 1961; Mater ve Kocatas, 1967; Paula,
1987; Flores ve Paula, 2001; Micu ve Abaza 2004; Dogan
vd., 2007; Peter vd., 2007; Koukouras, 2010; Oztiirk vd
2013; Bakir vd., 2014; Karadurmus ve Aydin, 2016).

E. verrucosa tlri Uzerine Turkiye kiyilarinda yapilan
calismalar ise oldukga sinirl sayidadir. Bu calismalarda
tlriin, yumurta ve testislerinin histolojik olarak
incelenmesi ve treme dénemi biyokimyasal 6zellikleri
(Erkan vd., 2008; Erkan vd., 2010; Demirbas vd., 2013),
boy-agirlikiiliskisi, biyolojisi ve tireme 6zellikleri (Ulas ve
Aydin, 2011; Celik, 2015; Karadurmus ve Aydin, 2016) ile
et verimleri ve raf 6mri (Altinelataman ve Dinger, 2007;
Kaya vd., 2009) tizerine yapilmis bulunmaktadir.

Belirli bir cografi bolgede, belirli bir tlriin boy-agirlik
iliskisinin belirlenmesinin en az U¢ nedenden dolayi
onemli oldugu (tiriin boyundan agirhigin tahmini,
kondisyon indeksinin hesaplanmasi ve bdlgeler
arasi yasam Oykulerinin karsilastirmasini) Petrakis ve
Stergiou (1995) tarafindan bildirilmistir. Ayrica boy-

agirlik iliskisi yas verileri ile birlikte, trlin stok yapisi,
ilk Greme yasi, yasam siresi, 6lim orani, biyimesi
hakkinda bilgi verebilmektedir (Bolger ve Connolly,
1989; Diaz vd., 2000; Yankova vd., 2011). Calismanin
konusu olan E. verrucosa tiriniin Kuzey Ege Denizi ve
Marmara denizini kapsayan boy-agirlik iliskisini iceren
bir calisma bulunmamaktadir. Bu ¢alisma ile Canakkale
Bogazi'nda dagihm gdsteren tiiriin boy-agirlik iligkisinin
belirlenmesi amaclanmis ve gelecekte yapilacak
cahismalara kaynak olusturmasi hedeflenmistir.

MATERYAL VE METOT

Cahsma, Canakkale Bogazi'nda, Nisan 2016-Mart
2017 tarihleri arasinda, 0-10m derinlikteki tas ve
kayalik zemine sahip 6 istasyondan gerceklestirilmistir
(Sekil 1). E. verrucosa tiiriine ait ornekler aylk olarak
gerceklestirilen serbest dalis operasyonlari ile elde
edilmistir.

Marmara
Denizi
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EGE DENizi Yanmadasi
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KARADENIZ \\ ~ "
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o 23 8 1 " A
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Sekil 1. Canakkale Bogazi'ndaki 6rnekleme istasyonlari
Figure 1. Sampling area in Canakkale Strait

Orneklenen yengec bireylerinin karapaks kenisligi
(CW) olarak belirlenen boy degerleri elektronik
kumpas kullanilarak 0,1 mm hassasiyette ol¢tlmustir
(Sekil 2a). Bireylerin toplam agirliklart (W) ise 0,01g
hassasiyetindeki terazide tartilmistir. E. verrucosa
bireylerinin  cinsiyetleri abdomen  bolgelerine
bakilarak kolaylikla ayrilmig ve Slciimler cinsiyete gore
kaydedilmistir. Abdomen bolgesi erkek bireylerde sivri,
disi bireylerde oval bir form almis durumdadir (Demir,
1952; Oztiirk vd., 2013) (Sekil 2b).
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Sekil 2. a) E. verrucosa'nin karapaks genisligi (CW), b) disi ve erkek bireylerin abdomen bélgesi
Figure 2. a ) Carapace width (CW) of E. verrucosa b) Abdominal flap of female and male individuals

Baliklarda oldugu gibi yengeclerde de boy ile
agirlik arasinda dogrusal olmayan bir iliski bulunmakta
olup, bu iliskinin bulunmasinda regresyon analizi
uygulanmaktadir (Ricker, 1975; Balk vd. 2005).
Calismada tiiriin disi, erkek ve tim bireyleri icin boy-
agirhik iliskisini belirlemek amaciyla W=al® esitliginden
yararlanilmistir  (Ricker, 1975). Esitlikte L yerine,
yengeglerde CW (mm) alinmistir. W (g) viicut agirligini,
a ve b ise regresyon katsayilarini ifade etmektedir.
Buyume tipinin belirlenmesinde kullanilan b'nin (egim)
degeri 3 ten farkli olup olmadiginin belirlenmesinde
Pauly (1984) tarafindan onerilen t-testi, disi, erkek ve
tlim bireyler icin uygulanmis ve hesaplamada asagidaki
formdl kullanilimistir.

Esitlikte log(CW) boy degerlerinin standart
sapmasin, log(W) agirlik degerlerinin standart
sapmasini, n ornek sayisini, b regresyon katsayisini
ifade etmektedir. Hesaplanan t degeri, n-2 serbestlik
derecesindeki t tablo degerinden buyiikse b (egim)
degeri 3 ten farkhdir. Hesaplamalar “MS Excel”
programindan yararlaniimistir.

BULGULAR

Arastirmada aylik olarak gercgeklestirilen daliglar
sonucunda elle topla yontemi ile 359 adet erkek, 239
adet disi olmak Uzere toplamda 598 adet E. verrucosa
bireyi elde edilmistir. Bireyler lizerinde yapilan CW ve
W 6lctimlerine ait minimum, maksimum ve ortalama
degerler Tablo 1'de verilmistir.

Tablo 1. E. verrucosa bireylerine ait boy ve agirlik degerleri (n: birey sayisi, CW: karapaks genisligi, W: agirlik, SE: standart

hata)

Table 1. The Length and weight parameters of E. verrucosa individuals (n: number of fish sample, CW: Carapace width, W:

weight, SE: standart error)

CW (mm) Wig)
Cinsiyet n w,. aw,. cw, tSE w,.. w,.. W, +SE
Erkek(c) 359 22,74 88,99 56,55+0,75 4,46 286,24 90,48+3,37
Disi(?) 239 28,72 80,75 52,76x0,63 8,10 186,00 62,44+2,16
Toplam(c'+9) 598 22,74 88,99 55,03£0,52 4,46 286,24 79,27+2,27
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Disive erkek bireylerin CWboy ve frekans (%) oranlari
Sekil 3'de sunulmustur. Erkek ve disi bireylerin CW boy
frekanslar dagilimlari arasinda yapilan istatistiksel bir
farkin olup olmadiginin belirlenmesi icin Kolmogorov-
Smirnow testi uygulanmis ve istatistiksel fark olmadigi
sonucuna varilmistir (D=0,315, P = 0,246).

20 4

18 - mErkek n=359
16 Disi n=239

]

|

]

: 1
11 | | bl

19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91
CW (mm)

Frekans (%)

Sekil 3. E. verrucosa’nin cinsiyete gére CW - frekans (%)
dagilhimi

Figure 3. CW - frequency (%) distribution of E. verrucosa

E. verrucosa tirinin CW boyu ve W agdirhg
arasindaki iliski erkek, disi ve tim bireyler icin sirasi
ile W=0,0002CW3'%* (R>= 0,9223), W=0,0001CW25%
(R*= 0,8427) ve W=0,0003CWA'%83 (R’= 0,9158) olarak
hesaplanmistir (Sekil 4).

Blylme tipinin belirlenmesinde kullanilan b
degerinin 3 ten farkh olup olmadiginin belirlenmesinde
uygulanan Pauly t-testi, erkek, disi ve tim bireyler icin
Tablo 2'de go6sterilmistir.
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Sekil 4. E. verrucosa tiirtniin boy (CW)-agirlik (W) iliskisi

Sekil 4. The Length (CW)-weight (W) relationship of E.
verrucosa

Tablo 2. E. verrucosa tiirinin boy-agirlik iliskisine ait parametreler (n: birey sayisi, a ve b: regresyon parametreleri, SE(b):
egimin standart hatasi, R Determinasyon katsayisi, Cl : %95 Guven aralidi, +A: allometrik biiyiime)

Table 2. The Length-weight relationship parameters of E. verrucosa (n: number of fish sample, a and b: parameters of
relationship, SE(b): standard error of slope (b), R* the coefficient of determination, Cl: %95 confidence interval, +A: allometric

growth
Cinsiyet n a b SE(b) R> cl Pauly t-test
Erkek 359 0,0002 3,163 0,048 0,9223 3,067 -3,258 3,966
Disi 239 0,0001 2,699 0,075 0,8427 2,552-2,846 -3,966°
Toplam 598 0,0003 3,108 0,041 0,9158 3,027 -3,188 2,836 4
TARTISMA VE SONUC gosterdigi ve guindizleri kaya altinda veya yariklar

Bu calismada, Canakkale Bogazi'nda 0-10 m
derinlikler arasinda, akintilar ve zemin yapisi dikkate
alinarak gerceklestirilen serbest dalis 6rneklemeleri
sonucunda, toplam 598 adet E. verrucosa elde
edilmistir. Bu tlrinin kayalik ve sert zeminlere sahip
0-15 m derinliklere kadar olan kiy1 seridinde dagihm

icinde gizlenirken, geceleri aktif olarak beslendikleri
Flores ve Paula (2001) ve Rossi ve Parisi (1973) tarafidan
bildirilmistir. Turkiye kiyillarinda tir ile ilgili yapilan
calismalardan, Aydin vd. (2013) Karadeniz kiyilarinda
bu tlrtin kayalik kiyi boyunca sig suda, kaya ve yosunlar
arasinda 15 metre derinlige kadar dagihm gosterdigini
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ve calismadaki érnekleri gece 50cm derinlikteki sig suda
yakalandigini belirtmislerdir. Karadeniz'de yapilan diger
calismalarda ise kayalik ve kumlu kiyi boyunca 0 ile 50m
derinliklere kadar dagilim gosterdigi de bildirilmistir
(Bilgin ve Celik 2004; Bakir vd. 2014). Bunun yaninda
Celik (2015) Sinop kiyilarindaki calismasinda 6rnekleri
2-6m’ler arasinda ve Karadurmus ve Aydin (2016)
da Ordu kiyilarinda yaptiklari ¢alismalarda ornekleri
0-20m’ler arasinda topladiklarini  bildirmislerdir.
Ayrica yine Sinop ili Karakum bélgesinde Demirbas

vd. (2013) tarafindan yapilan calismada orneklerin
1-6m derinliklerden dalarak saglandigi belirtilmistir.
Calismamizda orneklerin  toplandigi yerler diger
calismalarla karsilastinldiginda buyiik o6lciide benzer
zemin yapisi ve derinliklerde oldugu gorilmektedir.

CalismadayakalananE.verrucosabireylerinindlgllen
boy ve agirlik degerlerinin minimum, maksimum ve
ortalamalari ile farkli bolgelerde yapilmis calismalarda
elde edilen degerle Tablo 3'te sunulmustur.

Tablo 3. E. verrucosa ile yapilmis farkl calismalardaki boy (CW) ve agirhk (W) degerleri (n: birey sayisi, CO: Cinsiyet orani

(Erkek:disi), : ortalama)

Table 3. The length (CW), weight (W) values of E. verrucosa in different studies. (n: number of fish sample, CO: Sex ratio

(male:female),: mean)

CW (mm) w(g)

Literatiir Calisma tarihi Bolge n co Min. Max. Min. Max.
U'aiz"gﬁ“{d'” g';gé%%g izmir 129 | 1:043 | 57 94 78 | 746 391 2214

Celik (2015) Le‘:z‘ 22811:’ Sinop 1338 | 1:052 | 357 | 91,5 186 | 2899
KZ;/ﬁrl:r(rznc;Jfé\;e %Jck;'.zzgg Sgr?jz' 1360 | 1:042 | 30 90 64 | 407 | 3014 | 111,26
Bu calisma '\,‘\}‘?:"22001176 CaBr;agk:zalle 598 | 1:066 | 22,7 | 8899 | 5503 | 446 | 2862 | 7927

Bu calismada, E. verrucosa'ya ait tim bireylerin CW
boy ve W agirlik degerlerinin diger calismalara gore
en dusuk boy ve agirlik ortalamasina sahip oldugu,
Ulas ve Aydin (2011) tarafindan yapilan ¢alismada ise
en yiksek boy ve agirlik ortalamasina sahip oldugu
gorilmektedir (Tablo 3). Froese (2006) boy-agirhk
calismalarinda 6rnekleme siiresinin yilin tim aylarini
kapsamasinin 6nemli oldugu belirtiimekte olup, Ulas
ve Aydin (2011)'nin cahismasindaki 6rnekleme suresi ise
4 aylik bir sureyi kapsamaktadir. Bununla birlikte, Baeta
vd. (2006) ve Reid vd. (1997)'ne ait calismalarda yengec
populasyonlarinda disi bireylerin 6zellikle yumurtali
donemlerinde predatorlerden korunmak amaciyla
gizlendikleri ortamlardan c¢ikmayarak beslenmelerini
durdurduklarini ve bu nedenle viicut agiriginin
erkeklere oranla daha diistik oldugunu belirtmislerdir.
Ayrica, Andrade vd. (2014) ve Flores ve Paula (2001)
tarafindan yapilan calismalarda da tiiriin geng ve
yetiskin bireylerinin farkli dénemlerde farkh habitatlari
tercih ettigi ve lGreme donemine yakin zamanlarda
yetiskin bireylerin kiylya yakin bdlgelere geldigi
belirtiimektedir. Ulas ve Aydin (2011) tarafindan yapilan
calismadaki 6rneklenen bireylerin disi oraninin (1:0,43),
bizim calismadaki disi oranindan (1:0,66) daha diisik
olmasi yaninda calismalarin drnekleme sireleri ve
farkl 6zelliklere sahip denizlerde (tuzluluk, sicaklik v.b.)

gerceklestirilmis olmasi, bulgulardaki gézlenen farklari
aciklar niteliktedir. Bu nedenle de tirle ilgili yapilan
calismalarda orneklemenin sadece Greme doénemini
degil, bitin bir yili kapsamasina dikkat edilmelidir
(Froese 2006).

Cahsmada, E. verrucosa tirinin CW-W iliskisinde
hesaplanan b regresyon katsayisinin 3'ten farkini
belirlemede uygulanan Pauly t-testi sonucunda,
tim ve erkek bireylerin (p<0,05, t=2,836, t=3,354)
pozitif allometrik buylime ve disi bireylerin (p<0,05,
t=3,966) negatif allometrik buylime 6zelligi gosterdigi
bulunmustur (Tablo 2). Turle ilgili Turkiye kiyilarinda
yapilmis calismalarda CW-W iliskisine ait sonuglar Tablo
4'te verilmistir.

Tablo 4'te b regresyon katsayilarinin, Ulas ve Aydin
(2011) disinda, birbirine benzer oldugu gorilmektedir.
Ulas ve Aydin (2011) tarafindan yapilan calismadaki
ornek sayisinin az ve drneklerin boy araliginin birbirine
yakin olmasindan kaynaklanmaktadir (Froese, 2006).
Ayrica, boy ve agirhgi etkileyen faktorlerin (sicaklik,
cevre kosullari, 6rneklerin mide dolgunlugu ve besin
bulma becerisi, yas farkhliklari, tiriin olgunluk evresi,
kondiisyon faktord, cinsiyeti, vicut sekli vb,) etkili
oldugu distinilmektedir (Bagenal ve Tesch, 1978;
Pauly, 1984, Froese, 2006).
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Tablo 4. Turkiye'de E. verrucosa ile yapilmis calismalarda CW-W iliskisine ait parametreler (n: birey sayisi, a ve b: regresyon

parametreleri, R Determinasyon katsayisi)

Table 4. CW-W relationship parametres of E. verrucosa in different studies in Turkey. (n: number of fish sample, a and b:

parameters of relationship, R% the coefficient of determination

Regresyon parametreleri
Literatiir Esey n a b r

Disi  (9) 39 15,030 0,322 0,630

Ulas ve Aydin (2011) Erkek (&2) 90 8,860 0,407 0,880
Toplam (2 &) 129 8,720 0,407 0,880

Disi  (}) 459 0,001 2,694 0,910

Celik (2015) Erkek (&) 879 0,0005 2,925 0,910
Toplam (? &) 1338 0,0003 3,006 0,920

Disi  (9) 317 0,489 2,820 0,971

Karadurmus ve Aydin(2016) Erkek (&2) 958 0,392 3,005 0,959
Toplam (9 &) 1360 0,369 3,027 0,965

Disi  (?) 239 0,0001 2,699 0,842

Bu calisma Erkek (&) 359 0,0002 3,163 0,922
Toplam (? &) 598 0,0003 3,108 0,915

Sonu¢ olarak, E. verrucosa tirinin Canakkale
Bogazi'ndaki dagihmi lizerine vyapilmis calismalar
(Forskal, 1775; Holthuis, 1961; Mater ve Kocatas,
1967; Micu ve Abaza 2004; Dogan vd., 2007; Oztiirk
vd 2013; Bakir vd., 2014; Karadurmus ve Aydin, 2016)
bulunmasina ragmen, bdlgede boy-agirlik iliskisine
ait bulgular ve erkek:disi oranlari (1:0,66) ilk olarak bu
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0z: Bu calismada, Karadeniz'de yasayan mezgit baliginin (Merlangius merlangus euxinus) popiilasyon dinamigi kapsaminda, biiyiimesi ve ireme
biyolojisi ile 6lim oranlari, etinin besin degeri kapsaminda ise kimyasal kompozisyonu Uzerine yapilmis ¢calismalar derlenerek sonuglar bir
butln olarak sunulmustur. Boy agirlik iliskisi parametrelerinden a degerinin logaritmasi ile egim (b) degerleri arasindaki iliski erkekler i¢in Log
(@) =-0,0013(b) + 1,735;r*= 10,998 (n = 6) ve disiler icin ise Log (a) =- 0,0013(b) + 1,650; r* = 0,994 (n = 6) seklinde hesaplanmistir. Erkek bireyler
6 yasina, disi bireyler ise 9 yasina kadar blylimektedir. von Bertalanffy biiylime denklemi parametrelerinden L_ ve K arasindaki iliski erkekler
icin K=7794,9 Leo - 3,1094; r* = 0,9481; n = 7 ve disiler icin ise K= 1317,3 L _ - 2,4808; r* = 0,9586; n = 7 seklinde hesaplanmistir. Mezgit baliginin
yaz aylari boyunca yogun olan Greme faaliyetinin yil boyunca devam ettigi belirlenmistir. Mezgit baligi etinin protein oraninin %15,5+0,85 ve
yag oraninin ise %1,5+0,54 oldugu belirlenmistir. Sonuglar cinsi olgunluga kadar hizli biiyliyen mezgit baliginin, av baskisi altinda oldugu, dip
uzatma aglariyla uygulanan avlama yonteminin ve ag gozu acikhginin mezgit stoklari agisindan dogru oldugunu gostermistir. Mezgit bahgi
lizerine uygulanan av baskisi yiiksek olup (E = 0,75+0,031) avlama 6lim oraninin %50-60 seviyesine ¢ekilmesi uygun olacaktir. Bu da cinsi
olgunluga ulagmamis sifir ve bir yasindaki baliklarin hi¢ avlanmamasi ya da daha az avlanmasi ile gerceklesebilir.

Anahtar kelimeler: Mezgit, Merlangius merlangus euxinus, populasyon yapisi, balik¢ilik yonetimi, Karadeniz

Abstract: In this study, studies on growth and reproduction biology and mortality rates, chemical composition of meat in terms of nutritional
value were reviewed and the results presented as a whole in the scope of population dynamics of whiting fish (Merlangius merlangus euxinus)
living in Black Sea. The regression equation of log (a) against b for different weight length relationships of whiting is Log (a) = - 0.0013 (b) +
1.735; r? = 0.998 (n = 6) for male and Log (a) = - 0.0013 (b) + 1.650; r> = 0.994 (n = 6) for the female. It was determined that the reproductive
activity intensified during the summer months of the whiting continued throughout the year.

It was determined that whiting meat protein contents is about 15.5+0.85% and fat ratio is about 1.5+0.54%. The results showed that the
whiting, which grow as fast as the sex maturity, was under the fishing pressure and the fishing with bottom gill nets and mesh size of gill nets
are suitable for whiting sustainable fisheries. It is appropriate that the fishing pressure applied on the whiting fish is high (E = 0.75 + 0,031) and
the fishing mortality rate should be reduced to 50-60% levels. This can be achieved with no fishing, or less fishing of whiting at zero and one
year old fish that have not reached sexual maturity.

Keywords: Whiting, Merlangius merlangus euxinus, population structure, fisheries management, Black Sea
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GiRIS

Turkiye denizlerinde 150 familya ya ait 512 balik
tlrd yasamaktadir (Bilecenoglu vd. 2014). Turkiye
denizlerinde mezgit baliklarinin da icerisinde yer aldig
Gadidae familyasina ait Gadiculus argenteus Guichenot,
1850, Merlangius merlangus  (Linnaeus, 1758),
Micromesistius poutassou (Risso, 1827) ve Trisopterus
minutus (Linnaeus, 1758) turleri olmak Gzere dort balik
tlrt yasamaktadir (Bilecenoglu vd., 2014). Bu dort
Gadidae familyasi Uyesinden Merlangius merlangus
euxinus turl Karadeniz'de yasamaktadir.

Son on yilda (2007-2016 yillarn arasinda) Turkiye
denizlerinde avlanan balik miktari 231058 ton ile
432246 ton arasinda (ortalama 357775+27026 ton)
iken mezgit baliginin bu sire zarfinda av miktari ise
7367 ton ile 13558 ton arasinda (ortalama 110344641
ton) gerceklesmistir (TUIK, 2017). Son on yilda avlanan
mezgit baligi miktarinin toplam deniz baliklari av
miktarina orani ise %2,2 ile %4,4 arasinda (ortalama:
%3,2+0,2) gerceklesmistir. Diger bir ifadeyle mezgit

16000 -
Mezgit baligi av miktari (ton)
14000
12000 -
10000
8000
6000 4
4000 4

2000 1

baligi toplam deniz baliklari avcilik yoluyla Uretiminin
yaklasik %31tk bir bolimuni olusturmaktadir (Sekil 1).

Karadeniz'de mezgit balidi (M. m. euxinus) (zerine
yapilmis calismalar daha cok boy agirlik iliskisi (ismen,
2002; Kalaycr vd., 2007; Samsun, 2010; Taylan vd.,
2018; Maximov vd., 2011; Bradova ve Prodanov, 2003;
Ak ve ark. 2009a; Ak ve ark. 2009b; Kasapoglu ve
Diizgiines, 2014; Yankova vd., 2011; Aydin ve Hacioglu,
2017; Ozdemir vd. 2018), von Bertalanffy blyime
denklemlerini iceren blyliime, 6lim oranlari ve Greme
biyolojisi calismalan (Diizglines ve Karacam, 1990;
Samsun, 1995; Ozdamar ve Samsun, 1995; Ozdamar
vd., 1996; Ciloglu vd., 2001; ismen, 2002; Bradova ve
Prodanov, 2003; Samsun, 2010; Maximov vd., 2011;
Saglam ve Saglam, 2012; Bilgin vd., 2012) ile besin
kompozisyonu (Dlizglines ve Karagam, 1990; Erkoyuncu
vd., 1994; Sivri vd., 1997; Samsun vd., 2006; Kaba vd.,
2014) lzerine yogunlasmistir. Karadeniz'de av sezonu
icerisinde 6zellikle dip trolli ve av mevsimi disinda ise
dip uzatma aglariyla neredeyse yilin 12 ayi avlanir.
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Sekil 1. Turkiye denizlerinde avlanan mezgit baligr miktari, toplam balik miktari ve mezgit baligi av miktarinin toplam av

miktarina orani (TUIK, 2017)

Figure 1. The catch amount of whiting in the Turkish Seas, total fish amount and rate of whiting catch amount to total fish

catch amount (TUIK, 2017)
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Sevilerek tiiketilen mezgit baliginin strdirilebilir
bir sekilde avciliginin yapilmasi ve balik¢ilik yonetimi
acisindan balikcilik yoneticilerine balik¢iligi  dogru
ve verimli bir sekilde ydnetebilmeleri icin bilimsel
arastirma sonuclarina ihtiyag vardir. Karadeniz'de hamsi
poptlasyon dinamigi Uzerine yapilmis calismalarin
balikcilik yonetimi acisindan degerlendirilmesinden
baska (Bilgin vd. 2016), Karadeniz'de yasayan baliklarin
popilasyon dinamigi calismalarini bir bitin olarak
degerlendiren baska bir calismaya rastlanilamamistir.

Bu calismada ise gecmisten  glnimize
Karadeniz’de yasayan mezgit baliginin popdiilasyon
dinamigi kapsaminda, bilyiimesi ve lreme biyolojisi
ile 6lim oranlari, etinin besin dederi acgisindan besin
kompozisyonu lzerine yapilmis calismalar derlenerek
sonugclar bir bitun olarak sunulmustur. Calismalardan
elde edilen sonuglar neticesinde von Bertalanffy
blyime denklemi parametreleri ve boy agirlik iliskisi
parametreleri ortalamalar seklinde degerlendirilmis,
parametrelerin kendi aralarinda regresyon denklemi
hesaplanarak parametreler arasindaki iliski ortaya
konulmustur. Ayrica Mezgit baliginin ireme biyolojisi
kapsaminda yapilmis calismalar derlenerek Ureme
zamani ve etinin kimyasal kompozisyonu da
degerlendirilmistir.

MATERYAL VE METOT

Bu calismada Karadeniz'de mezgit baligi icin boy
agirlik iliskisi parametreleri, von Bertalanffy biyime
denklemi parametreleri, yaslardaki ortalama boylar,
boy agirlik iliskisi parametreleri, Greme zamani, 6lim
oranlari ve etinin kimyasal kompozisyonu iceren
arastirma sonuclari kullanilmistir. internet sayfalar Web
of Science, Fishbase, Researchgate ve Akademik Google
taranarak konuyla ilgili calismalar elde edilmistir.

von Bertalanffy blyime denklemi (VBBD)
parametreleri ve boy agdirlik iliskisi parametreleri
cinsiyete gore degerlendirilerek, ortalama ve standart
hatalariyla beraber mezgit balgi icin genel olarak
ortaya konulmustur. VBBD parametrelerinden L_ ve
K cinsiyetlere gore kendi arasinda, boy agirlik iliskisi
parametrelerinden a dederinin logaritmik dedgeri
(Log a) ile egim (b) cinsiyetlere gore kendi arasinda
regresyona tabi tutularak regresyon formiilleri
belirlenmistir. Ayrica mezgit bahg etinin kimyasal
kompozisyonu, tespit edilen ¢alisma sonuclarina gore
degerlendirilerek ortalama dedgerler belirlenmistir.
Yas kompozisyonu, VBBD parametreleri, boy agirhk
iliskisi parametreleri, ireme zamani, 6lim oranlari ve
etin kimyasal kompozisyonunu iceren veriler asagida
belirtilen kaynaklardan elde edilmistir.

Boy agdirlik iliskisi parametrelerinin tespitinde
kullanilan kaynaklar: Disiler ve erkekler icin, Dizgunes
ve Karacam (1990); I§men (2002); Ciloglu vd. (2001);
Samsun (2010); Ak vd. (2009a) ile Saglam ve Saglam
(2012) tarafindan yuritilen calisma sonuglari

kullanilmistir. Disi + erkekler icin ise ismen (2002);
Bradova ve Prodanov (2003); Samsun (2010); Maximov
vd. (2011); Ak vd. (2009a); Ak vd. (2009b); Kasapoglu
ve Diizglines (2014); Yankova vd. (2011); Ozdemir vd.
(2018); Taylan vd. (2018) ile Aydin ve Hacioglu (2017)
tarafindan yuritilen calisma sonuglar kullaniimistir.

Yaslardaki ortalama boylarin tespitinde kullanilan
kaynaklar: Disiler ve erkekler icin, Duzglines ve
Karacam (1990); Sahin ve Akbulut (1997); ismen (2002);
Samsun ve Erkoyuncu (1998); Ciloglu vd. (2001);
Mazlum ve Bilgin (2014) ile Saglam ve Saglam (2012)
tarafindan yuritilen calisma sonuglar kullanilmistir.
Disi + erkekler icin ise ismen (2002); Mazlum ve Bilgin
(2014), Maximov vd. (2011), Samsun (1995), Ozdamar
vd. (1996), Ozdamar ve Samsun (1995) tarafindan
yuritilen calisma sonuglari kullanilmistir.

von Bertalanffy Biyiime Denklemi parametrelerinin
tespitinde kullanilan kaynaklar: Disiler ve erkekler
icin, Ciloglu vd. (2001); ismen (2002); Samsun (2010);
Saglam ve Saglam (2012) ile Bilgin vd. (2012) tarafindan
yurutilen ¢calisma sonuglari kullanilmistir. Disi + erkekler
icin ise Samsun ve Akyol (2017), Ozdamar vd. (1996),
Samsun (1995), Ozdamar ve Samsun (1995), Diizglines
ve Karacam (1990); Ciloglu vd. (2001); ismen (2002);
Bradova ve Prodanov (2003); Samsun (2010); Maximov
vd. (2011) ile Saglam ve Saglam (2012) tarafindan
yuritilen calisma sonuglari kullanilmistir.

Oliim oranlari parametrelerinin tespitinde kullanilan
kaynaklar: Disiler+erkekler icin Diizgiines ve Karagcam
(1990); Ozdamar ve Samsun (1995), ismen (2002);
Samsun (1995), Samsun (2010), Saglam ve Saglam
(2012) ile Uysal (1994) tarafindan ydritilen calisma
sonuclari kullaniimistir.

Ureme zamaninin tespitinde kullanilan kaynaklar:
Disiler+erkeklericin, Ciloglu vd. (2001); Mazlum ve Bilgin
(2014); Saglam ve Saglam (2012) ile Bilgin vd. (2012)
tarafindan yirutulen calisma sonuglari kullaniimistir.

Kimyasal kompozisyonunun tespitinde kullanilan
kaynaklar: Duzglines ve Karacam (1990); Samsun
vd. (2006), Erkoyuncu vd. (1994) ile Kaba vd. (2014)
tarafindan yirutulen calisma sonuglari kullaniimistir.

BULGULAR

Biiytime

Boy agirlik iliskisi

Mezgit baliginin boy agirlik iliskisine yonelik yapilan
calismalar Tablo 1'de gosterilmistir. Karadeniz'de mezgit
Uzerine yapilan calisma sonuglarina gore bu baligin
boy agirhk iliskisi, erkek, disi ve erkek+disi bireyler icin
asagidaki sekilde hesaplanmistir.

Erkek bireyler icin: W = 0,0071+0,0130L30190164 (r =
0,98+0,008; n = 6)

Disi bireyler icin: W = 0,0067+0,0230L3 1260870

(r=0,98+0,010; n = 6)
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Disi+Erkek bireyler icin: W = 0,0056+0,0010L3106+0320

(r=0,97£0,006; n = 13)

Boy adgirlik iligskisi parametrelerinde a degerinin
logaritmasina log (a) karsi egimin (b) degerlerinin sekli
disi, erkek ve disi+erkek icin Sekil 2'de gosterilmistir. Bu
sonuclara gore hesaplanan regresyon denklemleri ise
asagida gosterilmistir.

Erkek bireyler icin: Log (a) =-0,0013(b) + 1,735;

r’=0,998 (n = 6)

Disi bireyler icin: Log (a) =-0,0013(b) + 1,650;
r’=0,994 (n=6)

Disi+Erkek bireyler icin: Log (a) =-0,0011(b) + 1,276;
rr=0,910(n=13)

Hesaplanan regresyon denklemleri korelasyon
katsayisi 6zellikle disi ve erkek bireyler icin 1'e oldukca
yakin hesaplanmistir (r > 0,99). Burada dikkat edilmesi
gereken kistas boy 6l¢iminin toplam boy ve cm
cinsinden, agirlik tartiminin ise g cinsinden oldugudur.

Tablo 1. Karadeniz'de mezgit baliginin boy agirlik iliskisi parametreleri
Table 1. Length and weight relation ships of whiting in the Black Sea

Cinsiyet a b r Yil Kaynak
Erkek 0,0044 3,220 0,99 1990-1992 ismen (2002)
Erkek 0,0797 2,220 0,99 1988-1989 Diizglines ve Karagam (1990)
Erkek 0,0042 3,207 0,98 1996 Ciloglu vd., (2001)
Erkek 0,0043 3,194 0,97 2001-2003 Samsun (2010)
Erkek 0,0036 3,273 0,98 2007-2008 Ak vd., (2009a)
Erkek 0,0071 3,002 0,94 2010-2012 Saglam ve Saglam (2012)
Ortalama 0,0172 3,019 0,98
Std Hata 0,0130 0,164 0,008
Disi 0,0182 2,717 0,99 1988-1989 Dizgiines ve Karagam (1990)
Disi 0,0040 3,250 0,99 1990-1992 ismen (2002)
Disi 0,0038 3,259 0,99 1996 Ciloglu vd., (2001)
Disi 0,0043 3,196 0,97 2001-2003 Samsun (2010)
Disi 0,0036 3,268 0,99 2007-2008 Ak vd., (2009a)
Disi 0,0060 3,065 0,93 2010-2012 Saglam ve Saglam (2012)
Ortalama 0,0067 3,126 0,98
Std Hata 0,0230 0,870 0,010
Disi+Erkek 0,0042 3,240 0,99 1990-1992 ismen (2002)
Disi+Erkek 0,0083 2,930 0,99 1983-2000 Bradova ve Prodanov (2003)
Disi+Erkek 0,0043 3,202 0,97 2001-2003 Samsun (2010)
Disi+Erkek 0,0045 3,136 0,99 2004-2008 Maximov vd., (2011)
Disi+Erkek 0,0048 3,106 0,99 2007 Maximov vd., (2011)
Disi+Erkek 0,0037 3,266 0,98 2007-2008 Ak vd., (2009a)
Disi+Erkek 0,0040 3,169 0,98 2007 Ak vd.,(2009b)
Disi+Erkek 0,0050 3,162 0,96 2009-2011 Kasapoglu ve Diizglines (2014)
Disi+Erkek 0,0100 2,878 0,91 2009-2011 Kasapoglu ve Diizglines (2014)
Disi+Erkek 0,0040 3,151 0,99 2006-2008 Yankova vd., (2011)
Disi+Erkek 0,0068 3,020 0,99 2012-2013 Ozdemir vd., (2018)
Disi+Erkek 0,0073 3,024 0,97 2014 Taylan vd., (2018)
Disi+Erkek 0,0062 3,089 0,96 2015-2016 Aydin ve Hacioglu (2017)
Ortalama 0,0056 3,106 0,97
Std Hata 0,0010 0,320 0,006
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Sekil 2. Boy agirlik iliskisi parametrelerinde a degerinin logaritmasina log (a) karsi egimin (b) disi, erkek ve disi+erkek icin

regresyon denklemleri

Figure 2. The logarithm of log (a) versus slope (b) is used for regression equations for female, male and female + male

Yas boy iliskisi

Cahismalardan elde edilen vyaslardaki ortalama
boy degerleri cinsiyete gore Tablo 2'de gdsterilmistir.
Mezgit baliginin maksimum yasi 9 cm olarak tespit
edilmesine ragmen genelde 6-7 yasina kadar yas
gruplariin tespit edildigi gortilmektedir (Sekil 3). Erkek
bireylerin 6 yasina kadar disi bireylerin ise 9 yasina kadar
yasadigi gortlmektedir. Erkek bireyler de tespit edilen
0 ile 6 yas arasindaki boy degerleri sirasiyla 10,5+0,07

cm, 12,3+0,55 cm, 15,1£0,50 cm, 17,6+0,53cm,
20,0+0,61 cm, 22,40+0,59 cm ve 24,5+0,89 cm olarak
hesaplanmigtir. Disilerde tespit edilen yaslardaki
ortalama boy degerleri ise 1 yasinda 12,6+0,55 cm,
2 yasinda 15,4+0,42 cm, 3 yasinda 18,1+0,40 cm, 4
yasinda 20,7+0,45 cm 5 yasinda 23,1+0,48 cm, 6 yasinda
24,9+0,48 cm, 7 yasinda 27,0+0,33 cm ve 9 yasinda ise
30,6 cm olarak hesaplanmistir. Buradan da goraldagi
Uzere disi bireylerin ortalama boylari ayni yastaki erkek
bireylere gére daha biyuktar.
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Sekil 3. Karadeniz'de avlanan mezgit baliginin yas boy iliskisi
Figure 3. Age and length relationship of whiting caught in the Black Sea

Von Bertalanffy biiylime denklemi parametreleri

Karadeniz’de mezgit baliginin von Bertalanffy
Blylime Denklemi parametreleri Tablo 3'de, von
Bertalanffy Bliyime denklemi parametrelerinden K ve
L_iliskisi ise Sekil 3'de gosterilmistir. Calismalardan elde
edilen sonugclardan disi, erkek ve disi+erkek bireyler icin
ortalama von Bertalanffy biyimde denklemi formula
asagidaki gibi hesaplanmistir.

Erkek: Lt = 28,03%2,58 [1-e 0930:0325xt )]

Disi: Lt = 35,42+4,36 [1-e 0322+012%(t1 )]

Disi+Erkek: Lt = 33,92+1,47 [1-e 0166+00093x(t1 )]

von Bertalanffy blyime denklemi
parametrelerinden L_ ve K arasindaki iliski ise disi
erkek ve disi+erkek bireyler icin asagidaki sekilde
hesaplanmistir.

Erkek: K=7794,9L_-31%%%12=0,9481;n=7

Disi: K=1317,3L_2%%;r2=0,9586;n =7

Disi+erkek: K= 3,6678 L_~°%7%r?=0,5093;n =13
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Tablo 3. Karadeniz'de mezgit baliginin von Bertalanffy blyime denklemi parametreleri
Table 3. von Bertalanffy growth equation parameters of whiting in the Black Sea

L_(cm) K (yil") t, (yil) C t Kaynak
Erkek 37,19 0,114 -2,390 Ciloglu vd., (2001)
Erkek 29,10 0,220 -0,970 ismen (2002)
Erkek 33,50 0,170 -1,080 0,56 0,250 ismen (2002)
Erkek 32,29 0,143 -2,338 Samsun (2010)
Erkek 26,26 0,203 -2,505 Saglam ve Saglam (2012)
Erkek 18,95 0,900 -0,240 0,51 -0,142 Bilgin vd. (2012)
Erkek 18,95 0,930 -0,260 Bilgin vd. (2012)
Ortalama 28,03 0,323
Std. Hata 2,479 0,128
Disi 52,50 0,092 -1,759 Ciloglu vd., (2001)
Disi 40,40 0,150 -0,920 0,24 0,350 ismen (2002)
Disi 37,30 0,170 -1,050 ismen (2002)
Disi 39,00 0,114 -2,219 Samsun (2010)
Disi 38,16 0,124 -2,585 Saglam ve Saglam (2012)
Disi 20,29 0,805 -0,760 0,197 -0,460 Bilgin vd. (2012)
Disi 20,28 0,801 -0,820 Bilgin vd. (2012)
Ortalama 35,42 0,322
Std. Hata 4,360 0,124
Disi+Erkek 31,90 0,203 -1,971 Duzgiines ve Karagcam (1990)
Disi+Erkek 38,40 0,136 -1,833 Ciloglu vd., (2001)
Disi+Erkek 39,10 0,150 -1,530 0,23 0,480 ismen (2002)
Disi+Erkek 37,90 0,160 -1,050 ismen (2002)
Disi+Erkek 26,63 0,224 -1,620 Bradova ve Prodanov (2003)
Disi+Erkek 39,00 0,115 -2,193 Samsun (2010)
Disi+Erkek 26,30 0,160 -2,190 Maximov vd., (2011)
Disi+Erkek 29,83 0,157 -2,490 Maximov vd., (2011)
Disi+Erkek 33,56 0,141 -2,654 Saglam ve Saglam (2012)
Disi+Erkek 28,69 0,210 -1,91 Samsun ve Akyol (2017)
Disi+Erkek 40,04 0,144 -1,528 Ozdamar vd. (1996)
Disi+Erkek 39,73 0,148 -1,308 Samsun (1995)
Disi+Erkek 29,89 0,204 -1,439 Ozdamar ve Samsun (1995)
Ortalama 33,92 0,166
Std. Hata 1,467 0,0093
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Sekil 4. Karadeniz'de avlanan mezgit baliginin von Bertalanffy Bliyime denklemi parametrelerinden K ve L_ iliskisi.

Sekillerin ¢iziminde Tablo 3'de sunulan veriler kullaniimistir

Figure 4. The relationship between K and L_ of the von Bertalanffy growth equation parameters of the whiting caught in
the Black Sea. In the drawing of the figures, the data presented in Tablo 3 is used

Oliim oranlan

Karadeniz’de mezgit baliginin  6lim oranlari
parametreleri Tablo 4'de gosterilmistir. Avlamadan
kaynakli 6lim oraninin dogal 6lim oranina orani
(F/M) 3,5£0,43 oldugu yani avcilik 6lim oraninin

dogal 6lim oranindan yaklasik 4 kat daha fazla oldugu
hesaplanmistir. isletme orani ise (E = F/Z) ortalama
0,75+0,031 yilI" olarak hesaplanmistir. Dolayisiyla,
Karadeniz'de avlanan mezgit baligi Gizerine av baskisinin
yuksek oldugu gorilmektedir.
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Tablo 4. Karadeniz'de mezgit baliginin 6lim oranlari parametreleri
Table 4. Mortality ratio parameters of whiting in the Black Sea

Cinsiyet z M F E Yil Kaynak
W) () W)
Disi+Erkek 2,18 0,43 1,74 0,80 1990 ismen (2002)
Disi+Erkek 143 0,38 1,05 0,73 1991 ismen (2002)
Disi+Erkek 1,29 0,36 0,93 0,72 1992 ismen (2002)
Disi+Erkek 1,34 0,23 1,11 0,83 | 2001-03 Samsun (2010)
Disi+Erkek 1,41 - - - 1988-89 Diizgiines ve Karagam (1990)
Disi+Erkek 1,68 0,27 1,41 0,84 2010-12 Saglam ve Saglam (2012)
Disi+Erkek 0,97 0,5 0,47 0,48 2016-17 Samsun ve Akyol (2017)
Disi+Erkek 1,17 0,31 0,86 0,74 | 1991-92 Uysal (1994)
Disi+Erkek 1,28 0,32 0,96 0,75 1992-93 Uysal (1994)
Disi+Erkek 1,36 0,38 0,98 0,72 1994-95 Ozdamar ve Samsun (1995)
Disi+Erkek 2,01 0,29 1,72 0,86 1991-94 Samsun (1995)
Disi+Erkek 1,2 0,25 0,95 0,79 1988-89 Ozdamar vd. (1996)
Ortalama 1,44 0,34 1,11 0,75
Std. Hata 0,101 0,025 0,114 0,031
Ureme zamani Kimyasal kompozisyon
Mezgit baliginin tGreme zamani Uzerine yapilmig Mezgit baligi etinin kimyasal kompozisyonu tizerine

calisma sonuglari Tablo 5'de gosterilmistir. Bu sonuglara  yapilmis calismalar Tablo 6'da gsterilmistir. Bu sonuclar
gore yaz aylari boyunca yogun olan Greme faaliyetinin  mezgit balig etinin protein oraninin %15,5+0,85, yag
yil boyunca devam ettigi goriilmektedir. oraninin ise %1,5+0,54 oldugu belirlenmistir.
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Tablo 6. Karadeniz'de mezgit baliginin kimyasal kompozisyonu

Table 6. Chemical composition of whiting in the Black Sea

Kimyasal kompozisyon

Cinsiyet il Kaynak
Su KM HP HY HK

Disi+Erkek 79,25 20,75 17,22 1,17 1,18 1988-1989 Diizglines ve Karagam (1990)
Disi+Erkek 82,22 17,78 14,58 1,31 1,16 2003 Samsun vd. (2006)

Erkek 83,30 16,7 13,84 0,79 1,06 2011-2012 Kaba vd. (2014)

Disi 83,38 16,62 13,84 0,60 0,91 2011-2012 Kaba vd. (2014)

Disi+Erkek 74,70 25,30 17,80 3,60 2,90 1988-1994 Erkoyuncu vd. (1994)

Ortalama 80,6 194 15,5 15 14

Std. Hata 1,65 1,65 0,85 0,54 0,37
TARTISMA VE SONUC bliylime hizi yavaslamaktadir. Mezgit baliginin cinsi

Bu c¢alismada Karadeniz’de en c¢ok avlanan
baliklardanbiriolanMezgitbaliginin, blyiimesi, Giremesi
ve besin kompozisyonu ¢alismalari derlenerek sonuglar
degerlendirilmistir. Balikgihk yonetiminde bu ¢alismada
degerlendirilen popiilasyon dinamigi sonuclari 6nemli
parametrelerdir. S6z konusu parametreler kullanilarak
stoklarin ~ durumu  hakkinda degerlendirmelerin
yapilmasina olanak saglanabilmektedir.

Bu calismada elde edilen sonuclara gére mezgit
baliginin disi bireylerinin erkek bireylerden daha biyik
boyda olduklari, Greme zamaninin yil boyunca devam
ettigi, mezgit stoklari Uzerine ise av baskisinin s6z
konusu oldugu gorulmdstir. Ayrica mezgit baligi etinin
protein oraninin %15 civarinda yad oraninin ise %1,5
civarinda oldugu gorilmdstar. Yani mezgit bahdi diger
beyaz etli baliklara gore protein bakimindan zengin bir
balik olarak degerlendirilebilir. Mezgit baligi beyaz etli
balik olup beyaz etli baliklarin protein oraninin genel
olarak %4-20 arasinda, yag oraninin ise %0-5 arasinda
oldugu rapor edilmistir (Giilyavuz ve Unlisayis, 1999).

Karadeniz'de avlanan mezgit balidi cinsi olgunluga
eristigi 2 yasinda ortalama 15,1+0,5 cm boyda olup
bu boy dederi maksimum boy degerinin 30,7 cm
(Bilgin vd., 2012) yaklasik %49,2'sini olusturmaktadir.
Yani mezgit baligi cinsi olgunluga (2 yasina) kadar
hizl bir sekilde buytyerek ulastigi sonucu cikarlabilir.
Mezgit baliginin von Bertalanffy biyime denklemi
parametrelerinden bilylime katsayisi (K) disi ve erkek
bireyler icin ortalama 0,3+0,12 yiI' olup (Tablo 3)
bu deger mezgit baliginin hizli buyiimeyen bir balik
tlrd  oldugunun gostergesi olarak dusunilebilir.
Ayrica Mezgit baliginin hem disi (b = 3,134£0,87) hem
de erkek bireyleri (b = 3,02+0,16) pozitif allometrik
blylume 6zelligi gosteren bir balk tirudur (Tablo 1).
Yani Mezgit baligi diger balik tirlerinde oldugu gibi
cinsi olgunluga kadar hizli biiyimekte ve daha sonra

olgunluk boyu disiler icin 14,6 cm erkekler icin ise
13,9 cm olarak rapor edilmistir (Bilgin vd., 2012).
Karadeniz'de Mezgit baligi avaliginda 32 mm, 34 mm,
36 mm ve 40 mm ve 44 mm g0z agikhgina sahip dip
uzatma aglan kullanilmaktadir (Bilgin vd., 2012; Kalayci
ve Yesilcicek, 2014; Aydin ve Hacioglu, 2017). 32 mm, 34
mm, 40 mm ve 44 mm g0z acikligina sahip dip uzatma
aglarinin %50 secicilik boyu ise sirasiyla 14,8 cm, 15,7
cm, 16,7 cm, 18,5 ve 20,4 cm olarak rapor edilmistir
(Kalaycr ve Yesilcicek, 2014). Dip uzatma aglari ag
g6zl acgikhgi stoklarin strdirdlebilirligi  agisindan
degerlendirildiginde, kullanilan asgari ag goézu acikligi
(32 mm) %50 cinsi olgunluk boyu ile uyumludur. Dip
trolli torba ag g6z acikligi 40 mm baklava gozli olan
aglarla yapilan avcilikta mezgit baligi %50 secicilik
boyunun 12,6 cm oldugu rapor edilmistir (Ozdemir
vd., 2012). Bu sonucun %50 cinsi olgunluk boy degeri
olan yaklasik 15 cm boy degerinden (bu boy degeri 2
yas grubuna denk gelmektedir) kiiclik oldugu ve bir
yasindaki baliklarin ortalama boyuna (12,3+0,6 cm)
denk geldigi goriilmektedir. Bu sonuglara gére mevcut
uygulamadaki 40 mm ag g6z acikhigindaki trol torba ag
g6z acikhginin artirilmasi ya da ergin olmayan kiicik
baliklarin yakalanmasini azaltmak icin trol torbalarinda
bazi degisikliklerin yapilmasi 6rnegin baklava dilimi ag
g0z agikhgindaki aglarin kullanilmasi yerine kare gozlu
aglarin kullanilmasi 6nerilebilir.

Karadeniz’de mezgit baligi yil boyunca Ureme
faaliyetlerini sirdirmektedir (Tablo 5). Bundan dolayi
mezgit baligina uzatma aglaryla avciligi agisindan
zaman yasaginin uygulanmamasi stoklarin rantabil
isletilmesi acisindan uygundur. Ancak mezgit balgi
Uzerine uygulanan av baskisi yiksek olup (Tablo 4)
avlama o6lim oraninin %75'den %50-60 seviyesine
cekilmesi uygun olacakti. Bu da cinsi olgunluga
ulasmamis sifir ve bir yasindaki baliklarin hig
avlanmamasiya dadahaazavlanmasiile gerceklesebilir.
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0Oz: Canli organizmanin yapisina katilan en nemli yapi taslari olan proteinler, kimyasal nitelikleriyle aminoasitlerin polimerleridir. Aminoasitler, metabolizma
sirasinda bagka maddelere dontisebilecekleri gibi, viicudun ihtiyaci olan bazi kimyasal yapilarin sentezlerinde de kullanilabilmektedir. Canli organizmalarin
yapisinda yer alan aminoasitlerin %90'dan fazlasi proteinlerin biinyesinde yer alirken, kalan kismi tiim dokularda ve viicut sivilarinda serbest aminoasitler
halinde bulunmaktadir.

Baliklar aminoasitlerin hepsini viicutlarinda sentezleyememektedir. Sentezlenemeyen aminoasitler, mutlaka yemler ile baliklara verilmelidir. Embriyolojik ve
larval dénemde proteinlerin kullanimi oldukca énemli olup, serbest aminoasitler enerji metabolizmasinin en 6nemli elemanlarindan biridir. Aminoasitler,
cesitli balik trleri icin kalite indeksleri olarak da kullanilmaktadir. Yapilan ¢alismalar, tath su baliklarinin ézellikle esansiyel aminoasitlere ihtiyaci oldugunu
gostermistir. Bunlar; arjinin, histidin, isolsin, 16sin, lizin, metiyonin, fenilalanin, threonin, triptofan ve valin'dir. Bu calismada; tatli su baliklarinda aminoasitlerin
6nemi hakkinda bilgiler derlenmistir.

Anahtar Kelimeler: Aminoasitler, protein, balik, tatli su

Abstract: Proteins, which are the most important substances in the structure of living organism, are polymers of aminoacids with their chemical qualities.
Aminoacids can be converted into other substances during metabolism, and can be used in the synthesis of certain chemical structures that the body needs.
While more than 90% of the amino acids in the structure of living organisms are present in the protein, the other part is found as free aminoacids in all tissues
and body fluids.

Fish cannot synthesize all the aminoacids in their body. Unsynthesised aminoacids must be given to fish with feed. The use of proteins in the embryological
and larval stages is very important, and free aminoacids are one of the most important components of energy metabolism. Aminoacids are also used as quality
indices for various fish species. Studies have shown that freshwater fish require especially essential amino acids. These; arginine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, threonine, tryptophan and valine. In this study; information on the importance of aminoacids in freshwater fish has been
compiled.

Keywords: Aminoacids, protein, fish, fresh water
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GiRIS

Su UrUnleri; yuksek protein icerigi, dusuk
karbonhidrat ve yag orani, yiiksek oranda doymamis
yag asiti ve esansiyel aminoasit icerigi, sindirilebilirligi,
zengin vitamin ve mineral madde icerigine sahip olmasi
dolayisiyla 6nemli bir besin kaynagidir (Képriict, 2000).

Proteinler, hayvansal dokularin temel bilesenleridir
ve blylimenin saglanmasinda esansiyel bir besin
maddesidir. Enerji kaynagi olarak da kullanilmaktadir.
Baliklar, belirli viicut fonksiyonlari icin yasamsal olan
hormonlar, enzimler ve bagirsak epitel hiicreleri gibi
proteinlerden olusan Uriinlerin Gretilmesi ve yipranmig
dokularinyenilenmesiicin proteine ihtiyag duymaktadir
(NRC, 1993). Aminoasitler ise, proteinlerin yapi tasini
olusturmaktadir. Aminoasitler, metabolizma sirasinda
baska maddelere donusebilecekleri gibi, viicudun
ihtiyaci olan bazi kimyasal yapilarin sentezlerinde de
kullanilabilmektedir. Ayrica, cesitli balik ve kabuklu
tirleri icin kalite indeksleri olarak da kullaniimaktadir
(Ruiz-Capillas ve Moral, 2001). Aminoasitler, baliklara
karakteristik tat ve lezzet vermeleri agisindan dnemlidir
(Ruiz-Capillas ve Moral, 2004). Balikk yemlerinde
bulunmasi gereken proteinin  miktarindan ok
icerdigi aminoasit bilesimi ve diizeyi daha 6nemlidir
(Kalaycioglu vd., 1998).

Baliklarin beslenmesi icin blylk 6nem arz eden
aminoasitler bakimindan dengeli ve fiyat bakimindan
ekonomik olan rasyonlarin hazirlanabilmesi icin;
baliklarin 6zellikle esansiyel aminoasit ihtiyaglarinin
belirlenmesi, farkli tath su baligi turleri icin kullanilacak
kaynaklarin fiziksel, kimyasal 6zelliklerinin ve biyolojik
etkinliklerinin bilinmesi gerekmektedir.

Proteinler

Proteinler, canli varliklardaki en 6nemli ve en fazla
bulunan organikbilesiklerdir. Proteinlerin %50'si karbon,
%7'si hidrojen, %23'U oksijen, %16's1 azot ve %0-3'l
kikartten olusmaktadir. Ayrica fosfor, demir, iyot, cinko
ve bakir gibi bazi elementler de bulunabilmektedir
(Keha ve Kiifrevioglu, 2015).

Her canli tlrl kendine 6zgii proteine sahip oldugu
gibi, bir organizmanin farkh hiicre ve dokularindaki
proteinler de farklidir. ClUnklU hayvan, bitki ve
mikroorganizmalarin protein sentezi icin kullandiklari
baslangic ham maddeleri farklidir. Bazi bitkiler ve
mikroorganizmalar aminoasitleri sentezlerken CO,, H,O,
nitrat, amonyum ve silfat gibi inorganik maddelerden;
bazilar ise nitrat ve amonyumla birlikte atmosferdeki
serbest azottan da faydalanabilmektedir. Bitki ve
mikroorganizmalar, proteinlerin asil kaynaklardir.
Hayvanlar  ise, aminoasitleri  basit inorganik
maddelerden sentezleyememektedir. Sadece yemlerle
alinan proteinleri ve aminoasitleri kendi binyelerine
uygun protein ve aminoasitlere cevirebilmektedir. Bu
nedenle, yasama, biyime ve gelisme icin devamli
olarak disanidan besinlerle proteinleri almahdir

(Cetinkaya, 1995).

Proteinlerin 6zellikleri su sekildedir; Blitlin proteinler
kolloidal yapidadir ve sudaki ¢céztntrlukleri birbirinden
farklidir. Aminoasitler gibi amfoter maddelerdir ve
boylece ortami noétr hale getirmektedir. Mineral
asitler (H,SO,HCL, HNO, vb.), agir metaller, alkol ve
diger organik ¢ozuculer ve 1si uygulamasi proteinlerin
¢Okelmesine (koagiilasyonuna) sebep olmaktadir.
GCok asidik ve bazik ortamlarda, yuksek sicaklikta
ve bazi kimyasal maddeler karsisinda Ug¢ boyutlu
yapilarinda goriilen degisme olayina denatiirasyon
adi verilmektedir (Sekil 1). Denatiire olan proteinin
¢Ozunurliginde belirgin bir azalma olmaktadir. Bircok
protein 50-60°C'nin yukarisinda, bazilari 10-15°C'nin
altinda denatiirasyona ugramaktadir. Ornegin, yumurta
beyazinin isitilmasiyla beyaz renkli bir pithti olusumu
donlsiimsliz bir denatiirasyondur. Bu olay sirasinda
protein yapisindaki kovalent baglar etkilenmemektedir,
degisme az bir olclide sekonder yapida, biyik olciide
de tersiyer ve varsa kuaterner yapida olusmaktadir. Baz
proteinler denatiirasyondan sonra, bu olayi olusturan
sartlarin ortadan kaldirlmasiyla, tekrar eski hallerine
kavusabilmektedir. Bu tip denattirasyonlar, donlisimlu
degisimlerdir (Keha ve Kiifrevioglu, 2015).
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Sekil 1. Denattirasyon (Anonim, 2017a)
Figure 1. Denaturation (Anonim, 2017a)

Proteinlerin en carpici  6zelliklerinden  birisi
de, belirli ve kararli bir t¢ boyutlu yapiya sahip
olmalaridir. ~ Proteinlerin fonksiyon g0sterebilmesi,
fizyolojik sartlarda proteini olusturan atomlarin (g
boyutlu bir yapi icinde diizenlenmesine baglidir (Keha
ve Kiifrevioglu, 2015).

Proteinlerin fonksiyonlari

Biyolojik olaylarda hayati gorevleri bulunmaktadir.
Gesitli biyolojik fonksiyonlarinin en énemlileri sunlardir
(Keha ve Kiifrevioglu, 2015):

Enzimatik  katalizleme: Biyolojik  sistemlerde
kimyasal reaksiyonlarin ¢ogunu enzim adi verilen
spesifik ~ makro molekiiller katalizlemektedir.
GUlnUmuzde 2000 civarinda enzim tanimlanmistir. Baz
katalitik RNA molekailleri haricindeki enzimlerin protein
yapisinda oldugu belirtilmistir. Canl  sistemlerde
kimyasal doniistimlerin neredeyse tamami proteinlerce
saglanmaktadir.

Tasima ve depolama: Cogu kiiclik molekdl ile
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iyonlari spesifik proteinler tasimakta ve depolamaktadir.
Ornegin; kanda oksijenin tasinmasi hemoglobin ile
gerceklesirken, kaslarda depolanmasi ise miyoglobin ile
gerceklesmektedir. Demir kan dolasiminda transferrin
proteini tarafindan tasinirken, karacigerde ise ferritin
proteini ile kompleks halde depolanmaktadir.

Mekanik destek: Kemik dokular ile derinin
gerilmeye dayanikliigini, bag dokusu proteini olan
kollagen saglamaktadir.

Mekanik hareket: Proteinler, kaslardaki en 6nemli
bilesenlerdir. Kas kasilmasi, iki farkl lif yapisindaki
proteinin kayma hareketiyle olusmaktadir.

Sinir uyarilarinin Gretimi ve iletimi: Sinir hiicrelerinin
spesifik uyarilara karsi cevabini reseptdr proteinler
vermektedir. Bu hiicrelerde uyarilar ileten reseptor
molekdlleri de protein yapisindadir.

Koruma: Antikorlar, viicutta bulunan bakteri, virts
gibi yabanci maddeleri taniyan ve onlara tutunarak
uzaklastiran onemli spesifik proteinlerdir. Bununla
birlikte, pthtilagmayi saglayan koagulasyon faktorlerinin
¢ogu protein yapisindadir.

Buyume ve farkhlasmanin kontroli: Hicre
cekirdeginde genetik bilginin ifadesi ve kontroll
gerekmektedir. Herhangi bir zamanda hiicre
genomunun belli bir kismi ifade edilmektedir.

Hormonlar: Metabolik olaylarin dulzenli olarak
gerceklesmesini saglayan hormonlarin ¢ogu protein
yapisindadir. Bununla birlikte, hormonlar hedef
hiicrelerde protein yapisindaki reseptdér molekillere
baglanarak etkilerini gostermektedir.

Aminoasitler

Canli organizmanin yapisina katilan en 6nemli
yap! taslari olan proteinler, kimyasal nitelikleriyle
aminoasitlerin  polimerleridir. Proteinlerin kimyasal
ve enzimatik katalizleriyle serbest formlarda elde
edilebilen aminoasitlerin 6nemi sadece proteinlerin
yap! taslart olmalarindan ileri gelmemektedir.
Ayrica, metabolizma sirasinda baska maddelere
donusebilecekleri gibi, viicudun ihtiyaci olan baz
kimyasal yapilarin sentezlerinde de kullanilabilmektedir.
Canli organizmalarin yapisinda yer alan aminoasitlerin
%90'dan fazlasi proteinlerin bilinyesinde yer alirken,
kalan kismi tiim dokularda ve viicut sivilarinda serbest
aminoasitler halinde bulunmaktadir (Kalaycioglu vd.,
1998).

Aminoasitler, bir amino grubu (-NH,), bir karboksil
grubu (-COOH) ve ayirt edici 6zellik tasiyan bir kok
(R) grubu icermektedir. a C (alfa karbonu) adi verilen
bir karbon atomu ve R grubuna baglanmaktadir.
Buraya badglanan gruplara gore aminoasit turleri
belirlenmektedir. Alfa C atomu, aminoasitte karboksil
grubuna en yakin olan C atomudur (Hossu vd., 2008).
Yapi, boyut ve elektrik yikleri farkhhk gosteren ve

aminoasidin suda ¢éziinmesini etkileyen yan zincirleri,
bir baska ifadeyle R gruplari, birbirlerinden farkli
olmalarini saglamaktadir (Nelson ve Cox, 2016).
Aminoasitler amfoter elektrolitlerdir, bir baska
deyisle ¢ozeltinin H*iyonu yogunluguna gore asit veya
baz olarak islev gérmektedir. Bu 6zellikleri karbonil
gruplarinin proton verebilme, buna karsilik olarak
amino gruplarinin proton alabilme yetenegdinden
kazanilmaktadir. Asidik ve bazik 6zellikleriyaklasik olarak
esit oldugu icin, nétral aminoasitler sulu ¢ozeltilerinde
notral reaksiyon vermektedir (Kalaycioglu vd., 1998).

Aminoasitlerin  bir araya gelip proteinleri
olusturabilmeleri icin  aralarinda  peptid bagdi
olusturmalari gerekmektedir (Sekil 2). Peptid bagi
bir ¢esit amid badidir. Bir aminoasidin amino grubu
ile digerinin karboksil grubu birlesmektedir. Peptid
bagdi olusurken bir molekil su agiga ¢ikmaktadir ve
aminoasitler birbirlerine baglanmaktadir. Bu olaya
“peptidlesme’, arada olusan baga “peptid bagl’,
meydana gelen bilesige ise “dipeptid” adi verilmektedir.
Birlesen aminoasit miktari 3 adet ise “tripeptid”, 4 adet
ise tetrapeptid, 5-10 arasindaysa oligopeptid, 10'dan
fazla ise “polipeptid” denilmektedir (Hossu vd., 2008).

Aminoasit (1) Aminoasit (2) ,,

Dipeptid

Sekil 2. Peptid zincirinin olusumu (Anonim, 2017b)
Figure 2. The formation of the peptide chain (Anonim,
2017b)

Bitkisel ve hayvansal proteinlerde 20 adet aminoasit
bulunmaktadir. Bu aminoasitler, birbirleriyle birleserek
farkli uzunlukta ve farkli gorevler Ustlenen zincirler
olusturmaktadir. Sinirsiz  kombinasyonlar halinde
bu 20 aminoasidi bir arada gérmek mimkindir. Bu
nedenle, proteinler cok cesitlidir ve farkl gérevlerde yer
almaktadir (Hossu vd., 2008).

Kristal haldeki aminoasitlerin erime noktalari 200°C
ve daha yuksektir. Sudaki ¢ozunurlikleri, daha az
polar c¢oziicllere nispeten daha fazladir. Bu ozellikler
de ancak aminoasitlerin notral sulu ¢ozeltilerinden
dipolar iyonlar halinde kristallendigini gdstermektedir.
Notrallige yakin ¢ozeltilerde dipolar hali aminoasitlerin,
distk pH'larda katyon, yiiksek pH’larda ise anyon sekli
gozlenmektedir (Keha ve Kifrevioglu, 2015). Polar
(hidrofilik) aminoasitler (Sekil 4), R gruplarinin iyonize
hale gecebildigi aminoasitlerdir. Suyla hidrojen bagi
olusturabilmektedir; bu sayede suda ¢6ziinmektedir.

Proteinlerin dis kisminda bulunmaktadir. Apolar
(hidrofobik) aminoasitler (Sekil 3) ise, protein
molekiiniin i¢ kisminda bulunmaktadir (Anonim,
2017b).
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Figure 4. Polar aminoacids (Anonim, 2017b)
Baliklar  aminoasitlerin  hepsini  vicutlarinda merkezinde 6nemli rol oynamaktadir.  Ayrica,

sentezleyememektedir. Sentezlenemeyen
aminoasitlere esansiyel aminoasitler denilmektedir.
Bunlar, mutlaka yemler ile baliklara verilmelidir. Viicutta
sentezlenebilen aminoasitlere ise esansiyel olmayan
aminoasitler denilmektedir. Esansiyel aminoasitler;
threonin, triptofan, lizin, arjinin, histidin, 16sin, isoldsin,
metiyonin, valin, fenilalanindir. Esansiyel olmayanlar
ise; alanin, glutamik asit, aspartik asit, serin, tyrosin,
prolin, glisin, sistindir (Hossu vd., 2008).

Tath su baliklarinda aminoasitler

Embriyolojik ve larval donemde proteinlerin
kullanimi oldukga 6nemli olup, karbonhidratlar, serbest
aminoasitler ve yag asitleri enerji metabolizmasinin
en oOnemli elemanlarnidir (Navarro, 1998). Yem
degerlendirme orani, diyetlerin protein oranina bagh
olarak artmaktadir (Perez vd., 1997; Santinha vd., 1999).

Son zamanlarda c¢alismalar, larvalarin serbest
aminoasit gereksinimleri {izerine yogunlasmis ve
serbest aminoasitlerin larvalarin erken safhalarinda ¢ok
onemli enerji fonksiyonlarina sahip oldugu bildirilmistir
(Morris, 1997; Navarro, 1998). Aminoasit gereksinimleri
Uzerineyapilan calismalar, larvalarin esansiyel nitelikteki
aminoasitlere mutlak ihtiyaci oldugunu goéstermistir.
Bunlar; arjinin, histidin, isoldsin, 16sin, lizin, metiyonin,
fenilalanin, threonin, triptofan ve valindir (De Silva ve
Anderson, 1998).

Houlihan vd. (1995)'e gore, aminoasitlerin baliklarda
pek cok dnemli fonksiyonu vardir. En iyi bilinen gorevi,
proteinlerin yapi tasini olusturmalaridir. Protein sentezi
icin gelisme doénemindeki baliklarda, toplam eneriji
harcamalarinin %20-42’si kullanilmaktadir.

Aspartik asit ve glutamik asit enzimlerin aktif

proteinlerin ¢6zlinurlik ve iyonik karakterinin muhafaza
edilmesinde vyararlidir (Belitz vd., 2001; Sikorski vd.,
1990). Rosa ve Nunes (2004), sucul organizmalardaki
onemli esansiyel aminoasitlerin arjinin, lizin ve 16sin
oldugunu belirtmistir.

Viola ve Lahav (1991), sazanlarin yemlerine farkl
miktarlarda lizin ilave ettigi calismada, katkili gruplara
gore kontrol grubunun yem alimi, viicut gelisimi ve yem
degerlendirme oranlarinin %10 daha diisik oldugunu
belirtmistir.

Zambonino ve Cahu (1994), karma yemlere serbest
aminoasit karisiminiilave ettigi zaman, tripsin‘in spesifik
aktivitesinde bir hareket gozlemlemistir. Grendell ve
Rothman (1981), serbest aminoasitlerden ozellikle
lizin'in, tripsin salgisini tetikledigini bildirmistir.

Polat ve Beklevik (1998), Clarias gariepinus
yavrularindaki aminoasit metabolizmasi ¢alismasinda
alanin, arjinin, glutamik asit ve glisin'in dnemli rolleri
olmasina ragmen tek baslarina pek etkili olmadiklarini,
ancakglisin,inosinve betainile birlikte kullanildiklarinda
daha etkili olduklarini belirtmistir.

Beklevik ve Polat (2001), alanin ve betain ilaveli
yemler ile beslenen gdkkusagi alabaliklarinin kontrol
yemiyle beslenen baliklara gore, canli agirlik artiginin ve
protein dederlendirme oraninin daha fazla oldugunu
belirlemistir.

Tekelioglu (2005), sazanlarin aminoasit ihtiyacini
karsilamak icin, yemlere en az %10 civarinda balik unu
eklenmesi gerektigini bildirmistir.

Aminoasitler cesitli balik ve kabuklu turleriicin kalite
indeksleri olarak da kullanilmaktadir. Aminoasitlerden
tyrosin, arjinin ve lizin baliklarin bozulmasi sirasinda ¢ok
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onemlidir. Clnkld bu aminoasitler dekarboksilasyon
ile biyojen aminleri Gretebilmektedir. Biyojen aminler,
toksisite acisindan 6nem tasimaktadir ve baliklar icin
kalite kontrol indeksi olarak kabul edilmektedir (Ruiz-
Capillas ve Moral, 2001).

Histamin de histidin aminoasitinin
dekarboksilasyonu sonucu olusan, glcli biyolojik
aktivitesi olan bir kimyasal ajandir (Sekil 5) (Taylor,
1986). Ozellikle su driinlerinde histamin, kalite
belirleyici ve mikrobiyal bozulma indeksidir. Taze balikta
histamin miktari oldukca azdir ve baliklarda histamin
bozulma belirtisi olarak gorilmektedir (Veciana-
Nogues vd., 1989; Vidal Corou vd., 1990). Genellikle
100 mg/100 g histamin orani baliklarda toksik olarak
degerlendirilmektedir (Shalaby, 1996). Avrupa Birligi
100 g balik etindeki histamin yasal limitini 10 mg
belirtirken, son olarak FDA (Food Drug Administration)
bu limiti 5 mg olarak belirlemistir (Anonim, 2018).

CHQClHNHQ CH2CH2NH2
J/ : COOH ( :
H H
\/ \/

Hisfidin Histamine

Histidin
dekarboksilaz

Sekil5.Histidinaminoasitininhistamindekarboksilasyonu
(An vd., 1996)

Figure 5. Histamine decarboxylation of histidine
aminoacids (An vd., 1996)

Sicaklik, biyojen amin dekarboksilaz aktivitesini

etkileyen en 6nemli faktorlerden biridir. Cogunlukla
sicakligin  dismesiyle biyojen amin Gretimi de
azalmaktadir. Balik endustrisinde biyojen amin
olusumunu etkileyen en 6nemli faktor, avlanmadan
sonra baligin dusik sicaklikta depolanmasidir. Baliklar
yuksek sicaklikta depolandigi zaman, bakterilerin kas
dokusuna ge¢mesiyle histamin Uretimi séz konusu
olmaktadir. Depolama sicakhginin 0°C'nin altinda
oldugu calismalarda ¢ok az miktarda histamin olustugu
bildirilmistir. Bununla birlikte, baliklarda histaminin
olusumu i¢cin en uygun sicakhgin 15-20°C oldugu
belirlenmistir (Kimata, 1961).

Glutamikasit, aspartik asit, alanin ve glisin gibibirgcok
aminoasit tat ve lezzetten sorumludur. Bu aminoasitler,
baliklara karakteristik tat ve lezzet vermeleri acisindan
onemlidir (Ruiz-Capillas ve Moral, 2004). Polat ve
Beklevik (1998), betain gibi serbest aminoasitlerin suda
yuksek miktarda c¢oziinebildigini, 6zellikle glutamik
asit, alanin, glisin ve arjinin'in besinsel acidan cezbedici
ozelligi oldugunu bildirmistir. Kyuzhalov (1996),
sazanlar icin en belirgin cezbedicilerin glutamik asit,
sistin, threonin ile alanin oldugunu bildirmistir.

0giin ve Tekelioglu (1980), baliklarin aminoasit
gereksinimlerinin; tir, yas ve cevre kosullarina gore
degistigini belirtmistir. Arastiricilar, dengeli ve basarili
bir yetistiricilik yapabilmek icin hazirlanan karma yemin
%40-45 civarinda ham protein icermesi gerektigini
bildirmislerdir.

Tablo 1. Farkli balik tirlerindeki aminoasit ihtiya¢ diizeyleri (proteinin ylizdesi olarak)
Table 1. Aminoacid requirement levels in different fish species (as percentage of protein)

Balik tiirleri Arjinin Histidin isolosin Lizin Metiyonin Losin Threonin  Fenilalanin Valin Kaynaklar
(%) (%) (%) (%) (%) (%) (%) (%) (%)

Sazanbaligi 5,50 2,00 4,60 10,50 3,00 8,40 5,40 4,60 6,00 Te(kzeo"OOS%'“

Gokkusagi 4,39- Mertz

alabahg 6,67-6,84 2,16-2,92 4,52-499 5,26-8,24  2,47-408 851-14,55 3,55-4,69 4,68-555 5’78 (1968)

Tablo 2. Farkli balik tirlerinin etindeki aminoasit kompozisyonu
Table 2. Aminoacid composition in muscle of different fish'species

Balik turleri | Histidin Lizin Losin isoldsin Threonin Metiyonin | Fenilalanin | Valin Kaynaklar
Mastacembelus | 265,66 1349 1081,63 483,63 612,7 279,23 469,73 504,4 Olgunoglu
mastacembelus | mg/100 g mg/100 g mg/100 g mg/100 g mg/100 g mg/100g | mg/100g |mg/100g |vd.(2010)
2;,’91’1’1’,’,’;’ 541,10 1363,5 1557,96 874,60 909,13 327,32 657,33 948,36 Olgunoglu

g mg/100 g mg/100 g mg/100 g mg/100 g mg/100 g mg/100g |mg/100g |mg/100g |vd.(2010)
Oncorhynchus | 902,80 1409 1165,80 535mg/100 | 746,20 272,50 650 603,30 Unusan
mykiss mg/100 g mg/100 g mg/100 g g mg/100 g mg/100g |mg/100g |mg/100g |(2007)
Clarias 5,0 0,68 4,05 3,829/100 | Oluwaniyi
gariepinus 2,219/100g 9/100g 5959/100g |3,179/100g | 3,26 g/100 g g/100g 9/100g 9 vd. (2017)
Oreochromis 2,19 4,22 3,18 9/100 | Oluwaniyi
niloticus 2219/10095219/100g |6539/100g |3,209/100g |3,019/1009 | ¢/700 91009 g vd. 2017)
Salmotrutta | _ B 1-2,06 g/100 | 0,63-1,27 B B 0,66-1,18 | 0,67-1,29 Kaya vd.
forma fario g g/100 g g/100 g g/100 g (2014)
Oncorhynchus | 2,96 8,49 7,59 434 4,76 2,88 438 5,09 Z‘g'\j,‘é” ve
mykiss % % % % % % % % a 9853’
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Farkh calismalarda tespit edilen aminoasit degerleri
arasindaki farkhhklarin nedeni; farkli yas, buyuklik
ve kondisyondaki baliklarin  kullanilmasina, baz
calismalarda bildirilen degerlerin farkli balik tirrlerine ait
olmasina, yemleme duzeyi ve sikligindaki farkhlklara,
arastirma kosullarinin (su kalitesi vs.) birbiriyle uyumlu
olmamasina, proteinlerin sindirilme oranlarinin farkh
olmasina baglanabilmektedir (Kopriicii, 2000). Pigott
ve Tucker (1990)e gore, baliklarin kas dokusundaki
aminoasit icerigi yumurtlama doénemi ve beslenme
durumuna gore degismektedir.

SONUC

Balik beslemedeki en o6nemli konulardan biri,
uygun protein kaynaklarinin dengeli sekilde bir
araya getirilmesidir. Balik rasyonlarini hazirlarken
kullanilan en 6nemli protein kaynaklari, bitkisel ve
hayvansal proteinlerdir. Bu protein kaynaklari, kilttri
yapilan balik tirinin ihtiyaci olan aminoasitleri
saglayabilmelidir. Tek bir esansiyel aminoasidin eksik
olmasi, protein sentezinin en dislk seviyede olmasina
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