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Abstract: The inevitable increase in the numerical and technological capacity of fishing fleets in developed and developing countries has major implications
for the management and distribution of limited natural resource capacity, as well as the ecological and socio-economic sustainability of fisheries. It is
important to determine these effects to make the right decisions in fisheries management. This study aims to assess the fishing capacity, technical
efficiency, scale efficiency, and capacity use in a specific subset of Rapa whelk fishers, those in Turkey's Black Sea. Economically efficient and inefficient
boats were also compared in the study. The data obtained through face-to-face interviews with 452 boat owners constitute the main data of the study. Data
were collected about the economic efficiency of the boats for one year. While economic efficiency ranged between 0.27 and 1, the average value was found
to be 0.60. It was concluded that the age of the owner, the education period, and the length of the fishing boat positively affected economic efficiency
(p<0.05). In the boats studied, technical efficiency scores were greater than economic efficiency scores. This suggests that rather than technical information,
fishers require information on selecting the optimum input combination at the data cost level.

Keywords: Rapana venosa, economic efficiency, data envelopment analysis (DEA), Black Sea

0Oz: Gelismis ve gelismekte olan tilkelerde baliks filolarinin sayisal ve teknolojik kapasitesindeki kaginiimaz artis, sinirli dogal kaynak kapasitesinin yonetimi
ve dagitimi ile balikgigin ekolojik ve sosyo-ekonomik surdurilebilirligi tizerinde 6nemli etkilere sahiptir. Balikgilik yonetiminde dogru kararlarin verilebilmesi
icin bu etkilerin belilenmesi 6nemlidir. Bu ¢alisma, Turkiye'nin Karadeniz kiyilarinda bulunan deniz salyangozu avlayan balikgilarin teknik etkinligi, dlcek
etkinligini ve kapasite kullanimini degerlendirmeyi amaclamaktadir. Calismada ekonomik olarak verimli ve verimsiz tekneler de karsilastiriimistir. 452 tekne
sahibi ile yiiz yuze gorlsulerek elde edilen veriler galismanin ana verilerini olusturmaktadir. Teknelerin bir yillik ekonomik etkinligini belirlemeye iliskin veriler
toplandi. Ekonomik etkinlik 0,27 ile 1 arasinda degisirken, ortalama deger 0,60 olarak bulunmustur. Tekne sahibinin yasi, egitim diizeyi ve balikgi teknesinin
boyunun ekonomik verimliligi olumlu yénde etkiledigi sonucuna variimistir. Teknelerde teknik etkinlik puanlari ekonomik etkinlik puanlarindan daha yiiksek
cikmistir. Bu, balikgilarin teknik bilgiden ziyade, veri maliyeti diizeyinde optimum girdi kombinasyonunu se¢gme konusunda bilgiye ihtiyag duydugunu
gostermektedir.

Anahtar kelimeler: Rapana venosa, ekonomik etkinlik, veri zarflama analizi (VZA), Karadeniz

INTRODUCTION

One of the invasive marine gastropods, the rapa whelk,
Rapana venosa (Valenciennes, 1846), was first seen in the
Black Sea in the 1940s. Rapa whelk has been effective in
colonizing the Black Sea ecosystem because of the lack of
predators and competitor species (ICES, 2004). Rapa whelk
with international demands to Turkey in the 1980s after the
post in Bulgaria in the 1990s has also been a commercial
species in Romania (STECF, 2015). Until now, Turkish
fisheries mostly focused on marine fish and the Black Sea
contributed a substantial proportion (80%) of the total fishery
of Turkish seas (TURKSTAT, 2020). This implies that the
Black Sea accounts for the majority of Turkey's marine
fisheries (Dagtekin et al., 2017). Anchovy (Engraulis
encrasicolus), sprat (Spratus spratus), Atlantic bonito (Sarda

sarda), horse mackerel (Trachurus mediterianus), whiting
(Merlangius merlangus), striped venus clam (Chamelea
gallina), and rapa whelk (Rapana venosa) are the most
important species (TURKSTAT, 2020).

Recently, rapa whelk has assumed increasing importance
in small-scale fisheries as a crucial source of income,
especially with the decrease in turbot, sturgeon, flounder, and
other fish stocks (Dagtekin et al., 2021a). Small-scale fishers
produced revenue of 5.7 million USD in 2019 (TURKSTAT,
2020). The number of workers involved in fishing, processing,
and marketing of Rapa whelk is estimated to be about 5000
(Erik et al., 2020) and the processing industry contributes to
local employment. Nowadays, rapa whelk is the most

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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important commercial species in Turkey, Romania, Ukraine,
and Bulgaria because all of the catch is exported. In recent
years, the volume of catch landings has started to increase
(Figure 1). Rapa whelk plays a significant role in terms of
socio-economic change and has also led to changes in the
benthic ecosystem in the Black Sea. As a result, it is now
important to establish a conventional management model for
all Black Sea countries that have significant rapa whelk
fisheries (STECF, 2015).
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Figure 1. The volume of Rapa whelk in the Black Sea basin

Dredging and diving are two methods used for rapa whelk
fishing. In Turkey, permission for rapa whelk fishing must be
obtained annually from the Ministry of Agriculture and
Forestry. Other fish species besides rapa whelk are also
caught by boats. The number of boats licensed by the

Ministry in 2018 was 793, of which 659 were dredgers and
134 were diving boats (Erik et al., 2020).

The inexorable rise of the numerical and technological
capacity of fishing fleets in the developed and developing
countries has brought serious problems regarding the
management and share of the limited capacity of natural
resources, as well as the ecological and socio-economic
sustainability of fisheries (Eigaard et al. 2014; Kumar et al.
2019). This constant increase in fishing effort has resulted in
decreased fish stocks decrease and sometimes, catch
species population collapse. Therefore, to produce a
sustainable management plan, policymakers have to first
assess the extent of overcapacity in a fleet in order to
regulate fishing capacity and eliminate excess capacity
(Madau et al. 2009). The aim of this study was to determine
the fishing capacity, technical efficiency, scale efficiency, and
degree of capacity used in one sector of the Black Sea rapa
whelk fishery, namely that based in Turkey. Economically
efficient and inefficient enterprises were also compared.

MATERIAL AND METHODS

Data obtained from face-to-face interviews with Rapa
whelk fishing boat owners were used for this study. Data were
collected from 452 boat owners who agreed to interview and
gave information about their boats (Figure 2). These boats
operated along the coast lines of several cities, including
Artvin, Rize, Trabzon, Giresun, Ordu, Samsun, Sinop,
Kastamonu, Bartin, Zonguldak, Dizce, Sakarya, Kocael,
Istanbul and Kirklareli all of which are located on Turkey's
Black Sea coast.
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Figure 2. Location of fishing vessel ports/shelters where interviews were carried out
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Data were analyzed by basic descriptive statistical
methods. T-test was performed whentwo groups were
compared while variance analysis was used when three or
more groups were compared. "Two-step method" (two-stage
approach) was used for efficiency analysis. This method is
recommended as it does not require any prior assumption
about the effect of the variables and can be used with more
than one continuous or discrete variable. For this reason, this
approach has been used in many efficiency analyses (Bravo-
Ureta et al., 2007). In the first step of this approach, efficiency
coefficients are obtained for each enterprise. In the second
stage, the relationship between the variables that may affect
the efficiency are assessed and efficiency is then estimated
with the help of the appropriate regression model (Coelli et
al., 2003).

The distribution of resources in decision-making units and
differences in the current technology levels reveal economic
efficiency. Economic efficiency, which is a measure of the
efficiency of decision units in production, consists of two
elements: technical efficiency and allocative efficiency.
Technical efficiency indicates the ability to reach the
maximum output with a certain amount of input. Allocation
efficiency is an indicator of the ability of enterprises to
distribute the inputs they use in production in proportion to
their costs (Farrell, 1957). Data Envelopment Analysis (DEA),
which is a non-parametric method, or stochastic frontier
analysis (SFA), which is a parametric method, are widely
used in efficiency analysis. However, there are three main
reasons why DEA is preferred to SFA in the calculation of
efficiency measurements. The first is that a special production
function is not required when using DEA. Second, it is not
necessary to determine in advance the type of distribution
belonging to the error term, which is accepted as the measure
of efficiency. The third reason is that DEA is more useful
when there is more than one output (Coelli et al., 2003;
Kumbhakar and Lovel, 2000).

In this study, Farrell's efficiency measures for input were
preferred. Based on the suggestions of Charnes et al. (1978),
each fishermen’'s fuel expenses, labour expenses, boat
maintenance and repair expenses and Rapa whelk, and all
other target species (Yi) was assumed. That is, a single
output model with three inputs was created. The economic
efficiency for input for each boat owner was calculated with
the following linear programming model:

Minimum, i« WX’

Limitations -Yi+YA120

X;{ —XA=0
A>0

where: wi is the input cost for each fisher; T is the
transpose of the function; and xi * is the given input cost, wi,
and the output levels; Yi is the vector showing the lowest cost
input quantities calculated using the linear programming
method for each fishers.

This equation shows the lowest cost for the Constant
Returns Scale (CRS) conditions. Economic efficiency for each
fisherman  was  calculated using the  formula
(EE)=wiTxi*/wiTxi. In this equation, EE is the ratio of the
lowest cost to the observed cost for the given input costs and
under CRS conditions. The allocation efficiency was
calculated with the formula AE=CE/TE (Coelli et al., 2003).
Since the fisheries enterprises have insufficient capital and
lack information about the market, a restrictor ( ~az=1) that
provides convexity was added to the CRS model, and the
model was transformed into a variable returns to scale (VRS).

Since adding this restrictor to the model prevents the
calculation of scale efficiency, the minimum cost in CRS
conditions was calculated by proportioning the minimum cost
in the VRS conditions when calculating the scale efficiency
(Banker et al., 1984). The DEAP 2.1 package program,
developed by Coelli (1996), was used for estimating efficiency
measurements.

Since efficiency coefficients vary between 0 and 1, and
the classical least squares method predicts the coefficients to
be larger than necessary, "Tobit regression” was used in this
study. The Tobit model is an econometric method proposed
by James Tobin that describes the relationship between a
non-negative-dependent variable and an independent
variable or vector. The information of the dependent variable
is known as the censored sampling model, where it is found
only for some observations. It is a non-parametric alternative
to least squares regression (Liao, 1994). For this reason, the
Tobit model is also called the censored or discrete regression
model.

RESULTS AND DISCUSSION

The Rapa whelk fishing sector includes fishers and their
dependent employees, brokers, and processing plants. In
2018, beam trawlers and divers spent 147 days at sea on
average and landed a total of 8,675.98 tonnes of Rapa whelk
by 714 boats. Rapa whelk fishing was permitted for 793 boats
but not all boats with permission performed Rapa whelk
fishing. In the research area an average boat had an income
of 16767.1 US$ from fishing activity and to achieve this
income incurred the following costs: 4593.5 US$ labour;
565.1 US$ boat maintenance; and 1534.8 US$ for fuel. The
technical efficiency coefficient with variable returns to the
scale varies between 0.30 and 1, and the average was found
to be 0.75. This value shows that inefficient firms can reduce
their inputs by 25% without a reduction in output. It was
calculated that 46.02% of the enterprises have a lower value
than the average technical efficiency calculated. With a
constant return to the scale, the technical efficiency coefficient
was found 0.72 and the scale efficiency was calculated as
0.96. Scale effectiveness shows whether the enterprises are
on optimal scale. We found that 27.43% of the enterprises
have a lower value than the calculated average scale
efficiency value. Resource allocation efficiency was between
0.34 and 1, with an average of 0.80 for the enterprises




Dadgtekin et al., Ege Journal of Fisheries and Aquatic Sciences, 39(1), 1-10 (2022)

examined. This value indicates that boats spend 20% more
than the minimum cost combination of inputs. In this area
42.26% of the enterprises have a lower value than the
average resource allocation efficiency value calculated While
economic efficiency ranged between 0.27 and 1, the average
value was 0.60, which shows that economically inefficient
enterprises would need to reduce their operating costs by
40% to reach the level of similar but economically efficient
enterprises (Table 1).

Table 1. Descriptive statistics for efficiency scores

Efficiency measurements Mean 23?;?;: Lower  Upper
Technical efficiency 0.72 0.13 0.24 1.00
Pure technical efficiency 0.75 0.13 0.30 1.00
Scale effectiveness 0.96 0.07 0.31 1.00
Resource allocation efficiency ~ 0.80 0.10 0.34 1.00
Economic efficiency 0.60 0.11 0.27 1.00

Scale effectiveness of present study was the same as the
value found in this study (0.96). Dagtekin et al. (2021b) found
that technical efficiency in pelagic trawl boats ranged from
0.413 to 0.998, with an average of 0.739. The frequency
distribution of efficiency scores is given in Table 2. We found
that technical efficiency scores and pure technical efficiency
were mostly between 0.700-0.799. In addition, the scale
effectiveness scores were mostly between 0.950-0.999 and
that most enterprises were close to the appropriate scale
level.

Table 2. Frequency distribution of efficiency scores

Efficiency  Technical Variable Scale Resource Economic
level efficiency returns effectiveness allocation efficiency
to scale efficiency

0.200-0.299 3 1 0 0 2
0.300-0.399 3 2 1 6 20
0.400-0.499 24 21 1 3 47
0.500-0.599 38 23 3 14 161
0.600-0.699 97 87 2 29 154
0.700-0.799 183 161 6 139 44
0.800-0.899 69 97 47 201 17
0.900-0.949 12 18 50 44 3
0.950-0.999 6 4 3N 12 0

1.000 17 38 31 4 4

Total 452 452 452 452 452

In terms of resource allocation efficiency, the efficiency
scores were predominantly between 0.800-0.899. It was

Table 3. Scale effectiveness analysis results

striking that the obtained score values were mostly between
0.500-0.599 and 0.600-0.699, and the economic efficiency of
the enterprises was low. There were 38 fully technically
efficient, four fully efficient in terms of resource allocation
efficiency and economic efficiency, and 31 optimal scales
operating enterprises.

A sizeable proportion of the enterprises examined
(46.90%) had a decreasing return to scale, while a similar
proportion (46.24%) had an increasing return to scale, and
6.86% have constant returns to scale (Table 3). It was found
that the income of enterprises with increasing returns to scale
is considerably lower than enterprises with a constant return
to scale and in turn boats with decreasing returns to scale
earned 1.18 times more income than enterprises with fixed
returns to scale, but the labour cost, boat maintenance costs,
and fuel costs were 1.31, 1.71, and 1.11 times higher,
respectively. Variance analysis results identified significant
differences by return group amongst the following variables:
fishing income (F=18.444, p<0.001), labour wage (F=15.149,
p<0.001), boat maintenance cost (F=10.330, p<0.001) and
fuel cost (F=27.096, p<0.001).

The classification of boats according to their technical
efficiency is given in Table 4. Only 8.41% of the enterprises
worked technically fully effectively. In addition, 0.88% of the
enterprises worked efficiently, 3.98% of them worked less
effectively, and the majority (86.73%) were not technically
efficient.

Analyses of the calculated resource allocation efficiency
scores showed that 0.88% of the enterprises were fully
efficient in resource allocation, 2.65% were efficient and
9.73% were less efficient. Once again, 86.73% did not
allocate resources efficiently. Thus, when the current
technology level and current input costs are taken into
account, most of the enterprises produce with the wrong input
combination. The present study found that only 0.88% of the
enterprises worked economically fully effectively, that is, they
continue their production with a minimum cost input
combination. While 0.66% of the enterprises were found to
work less effectively, it was shown that 98.52% of them did
not work economically effectively. It was also determined that
the average and optimum input levels and potential
improvement rates of the enterprises were not economically
efficient.

Return to scale Frequency % Fishing income (US$) Labour cost (US$)  Boat maintenance cost (US$) ::Lll]g;) cost
Decreasing return to scale 212 46.90 22296.42 6228.52 681.02 1967.52
Increased retum to the scale 209 46.24 10841.00 2911.90 47210 1061.00
The constant return to scale 31 6.86 18907.12 4748.82 399.00 1770.02

*The averages of the groups shown with different letters are different at a 5% significance level. (1 USD:6.88 TRY)
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Table 4. Classification of boats according to their technical efficiency

Technical efficiency

Variable returns to scale Scale effectiveness

Efficiency status

Frequency % Frequency % Frequency %
Fully effective (TE = 1) 17 3.76 38 8.41 31 6.86
Effective (0.95 <TE < 1) 6 1.33 4 0.88 311 68.81
Slightly effective (0.90 < TE < 0.949) 12 2.65 18 3.98 50 11.06
Ineffective (TE < 0.899) 417 92.26 392 86.73 60 13.27
Total 452 100.00 452 100.00 452 100.00

Descriptive statistics of the variables used in the Tobit
model are given in Table 5. Findings included the average
age of boat owners was 44.48 years, the average period of
education was seven years, and the average family size was
4.45 individuals. The average income of boat owners from
any activity other than fishing was 301.9 US$. The average
length of boats was 8.74 m, and the engine power was
108.54 HP. Nearly one fifth (19%) of owners had a second
profession other than fishing. In addition, most fishers used
dredge (99.12%) and only a small proportion (0.88%) caught
whelk by hand diving.

Table 5. Descriptive statistics of variables used in the Tobit model

- Standard
Tobit model Average deviation Lower Upper
Business owner age (year) 44.48 10.99 21.00 84.00
Education period of
the owner (years) 7.01 2.84 0.00 15.00
Family size (person) 4.45 1.66 1.00 11.00
Non-fishing income (US$)  301.9 1238.2 0.00 19767.4
Boat length (m) 8.74 1.76 4.70 20.00
Boat engine power (HP) 108.54 76.26 6.00 480.00
Occupation other
than fishing’ 0.00
Way of fishing? 1.00

As a measure of central tendency, the arithmetic means in the data at interval
and ratio level, the median in the rank data and the model in the classified
data were used.

"No: 0, yes: 1 is included in the model.

2 Dredge:1, diving:2

(1USD:6.88 TRY)

The results of the Tobit model created for determining the
factors affecting economic efficiency are given in Table 6.
Thepositive or negative effect of most of the variables
included in the model was as expected, with the income from
non-fishing and the engine power of the boat having a
positive effect on economic efficiency, but the fishing style
and the need for a professional other than fishing, a negative
affect. However, these variables were not statistically
significant (p>0.10).

Table 6. Tobit analysis results: Factors affecting economic efficiency

Variable Coefficient e
error

Boat owner’s age (years) 0.000920*  0.000519 0.0760
Business owner's education period (years) 0.004475**  0.001953 0.0219
Family size (person) -0.006218*  0.003201 0.0521
Non-fishing income (US$) 0.0000047  0.000006 0.4641
Boat length (m) 0.008207*  0.004276 0.0550
Boat engine power (HP) 0.000009 0.000009 0.3450
Way of fishing -0.007666  0.010300 0.4567
Professional other than fishing -0.008652  0.014308 0.5454
Likelihood ratio 30.06660**

*Important at the 10% probability level
**Important at the 5% probability level
“*Important at the 1% probability level

The age of the owner of the boat affected the economic
efficiency positively (p=0.0760). As owners got older, the
economic efficiency increased. This might be expected as
more experienced older people take advantage of their
greater experience and knowledge. More experienced boat
owners made more accurate decisions in terms of both the
level of input use and application of production techniques
compared to younger, less experienced operators. The boat
owner’s education period also positively affected economic
efficiency, as the duration increased, the economic efficiency
increased (p=0.0219). This situation be defined as producers
with a high education level were more conscious and
therefore earned more income. Family size negatively
affected economic efficiency (p=0.0521). As family size
increased, economic efficiency decreased. The size of the
fishing boat positively affected the economic efficiency
(p=0.0550). As the length of the boat increased, fishing
becomes more efficient, the amount of fish caught increased,
and thus larger boat size increased income and thus
economic efficiency. A comparison has been made between
economically fully efficient and inefficient enterprises, and the
results obtained are given in Table 7.
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Table 7. Socio-economic characteristics of active and ineffective boats

Variables

Effective boats

Ineffective boats

Demographic variables

Boat owner’s age (years)

Boat owner's education period (years)

Family size (person)

The number of fishers in the household (number)

Profession outside fishing?

Non-fishing income (US$)

General characteristics of boats and activity results

Boat length (m)

Boat engine power (HP)
Boat value (US$)

Value of equipment (US$)
Fishing pattern2 (median)

Fishing income (US$)

Costs

Labour cost (US$)

Boat maintenance cost (US$)

Fuel cost (US$)

4850 (11.90) 44.44 (10.99)

14.00 (2.00)** 6.95 (2.77)*

3.75 (1.50) 4.46 (1.67)

0.75 (0.96) 0.46 (0.91)

0.00 0.00

0.00 (0.00)*** 2095.85 (8554.42)"**
10.33 (4.58)" 8.73 (1.72)"

22450 (196.29)"** 107.50 (74.08)**
26162.79 (23496.81)** 12712.35 (11020.10)*
5069.04 (6415.79) 3818.65 (4418.72)
2.00** 1.00"

85356.10 (153573.80)"** 16154.73 (14515.84)"*
25423.93 (50041.71)* 4407 50 (4502.74)"**

1061.05 (927.96)*
2925.15 (3954.08)*

560.64 (521.83)*
1522.39 (1308.53)*

As a measure of central tendency, the arithmetic means in the data at interval and ratio level, the median in the rank data and the model in the classified data

were used. (1 USD: 6.88 TRY)

1 Boat with a profession other than fisheries are included in the model with a value of 1, and boats with a value of 0.

2 The type of catch is included in the model with a value of 1 dredge, and 2 with a diver.

*The difference between economically efficient and non-economically efficient enterprises is statistically significant at the 10% probability level.
**The difference between economically efficient and non-economically efficient enterprises is statistically significant at the 5% probability level.

***The difference between economically efficient and non-economically efficient enterprises is statistically significant at the 1% probability level.

The average age of economically efficient boat owners
and the number of people fishing together in their households
tended to be slightly higher than in ineffective boats, while the
family size was lower. The proportion of owners having a
profession other than fishing in effective and ineffective
enterprises was similar. The value of the equipment owned by
effective boats also tended to be greater than for inefficient
boats. However, these variables were not significant (p>0.10).

The education period of owners of effective enterprises
were considerably higher than inefficient enterprises (t=-
6.994, p=0.005), suggesting that education level plays an
important role in efficiency. While inefficient boats earned
income from sources other than fishing, efficient boats had no
income other than fishing (t=5.186, p<0.001). The length of
the boat (t=-1.814, p=0.070), the engine power of the boat
(t=-3.083, p=0.002) and the value of the boat (t=-2.402,
p=0.017) owned by effective enterprises were higher than for
inefficient enterprises. This shows that higher quality tools

and equipment have a positive effect on efficiency. The
income of the effective enterprises from fishing activities was
considerably higher than the inefficient enterprises (t=-7.197,
p=0.001). Labour costs (t=-6.895, p=0.09), boat maintenance
costs (t=-1.896, p=0.059) and fuel costs (t=-2.079, p=0.038)
of effective enterprises were higher than ineffective
enterprises. Thus, the costs of effective enterprises were
higher, but their income earned from fishing was
approximately fivefold higher.

An large proportion of Rapa whelk landing occurs in the
Samsun shelf area. However, the length of the boats and
engine power is greater than in other regions. Therefore, the
unit costs increased and will have an effect on efficiency
scores. Tingley et al. (2005) determined the average technical
activity as 0.56, 0.76, and 0.79 according to three different
fishing activity categories in England for the period 1993-
2000. Esmaili, (2006) calculated the average technical
efficiency for fishing activity as 0.78, in Iran. In another study




Determinants of economic efficiency: A case study of Rapa whelk (Rapana venosa) fisheries in the South Black Sea

conducted in Portugal (Oliveira et al., 2010), with the same
study, the technical efficiency and pure technical efficiency
values for the local fleet and coastal fleet in 2005, 2006 and
2007 were calculated using a single methodology to be 0.74,
0.66, 0.58 and 0.81, 0.91, 0.79 respectively. Thean et al.
(2011) found the average technical efficiency value to be 0.57
for trawlers in Malaysia. Ceyhan and Gene (2014), found that
the average efficiency value was 0.667 when using trawl and
purse-seine together, but 0.535 for those only using trawl in
Samsun province. Kaygisiz and Evren (2014) calculated the
production efficiency of fishing operations in Turkey and the
technical efficiency calculated value (CRS) was found to be
0.66. According to this study results, it was determined that,
to become economically efficient, enterprises should make a
63.37% decrease in the labor wage, 1.39% decrease in fuel
costs, and an increase of 84.01% in boat maintenance costs.
Kaygisiz and Evren (2014) reported that if fuel costs were
reduced by 59.27%, enterprises would become fully effective.
Zhaoqun et al. (2016) determined that 92.90% of fishing
enterprises were not technically efficient, and only 7.10%
showed technical efficiency scores above 0.90. It was
calculated that 6.86% of enterprises work at the optimal scale,
that is, their scale effectiveness scores were equal to 1.
Besides, it was concluded that approximately 2/3 (68.81%) of
the enterprises work close to the optimal scale.

According to the present study, the technical efficiency
amongst fishing enterprises in Rapa whelk fishing was found
to be 0.75. The technical efficiency was at a good level but
was not at the optimum level. The lower pure technical
efficiency scores than the scale efficiency scores indicate that
the low technical efficiency was due to the ineffectiveness of
the scale rather than the ineffectiveness of input use.

CONCLUSIONS

The average resource allocation efficiency was 0.80 for
the enterprises examined. Considering the current technology
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APPENDIX
QUESTIONNAIRE ON DETERMINING THE EFFECTIVENESS OF RAPA WHELK FISHING

A-SOCIAL PROFILS OF BOATS OWNERS

1- How many people live in the household?............ccccvveeenee. (male: age 0-14....... y
15-64 years........ , 65+ years:.......... Woman:....... 0-14 years....... ,, 15-64 years:....... , 65+ age:.......... )

2 Number of children (If there is polygamy, the total number of children from both spouses will be taken into account): ............
(Male:......, Female........ )

3 The number of people you fish with in your household: Male............... , Female:.............

4 Age: oo

5 Educaiton level:...................

6 Second job, ifany...........cc.cee.e and income:.............

7 What are your reasons for starting/preferring the fishing profession?

(Indicate the degree of importance numerically)
1. () Because it is a family profession

2. () Because | have no other profession

3. () Because | couldn't find a job in another field
4. () Interest/love towards the sea

5. () To work after retirement (additional income)

8- Are you satisfied with fishing?

Satisfaction level Rationale Reason

a. Satisfied ) My main source of income
) Love of the sea

) Low income

) Heavy working conditions

) Income instability

) Other (SPECify): ..vvvvveviieiiienneen,

(
(
(
b. Not satisfied (
(
(
(

B-BOATS INFORMATION

Region where the boat is licensed

Name and Number
Boats Length of overall (m)

Engine power (HP)

Communication gear
Equipment Radar

Other.....
Fishing method () Diving () Dredge
C-Rapa whelk fishing periods

Month
§| 8| 25| §1 5| 3| 2| &8|8|3|&

Fishing area
Fishing gear
Active fishing days
Rapa whelk catch (kg)

Daily operation time (hour)

Number of fishing operaitons

Each operation time (minute)

Depth (m)
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D-INFORMATION ABOUT GILLNET FISHING

Month

GILLNET FISHING
PERIOD

Jan
Fab

Mar

Apr

May

Jun

Jul

Aug
Sep
Oct

Nov

Dec

Number of days

Landings (kg)

Target fish species

Turbot (kg)

Whiting (kg)

Horse mackerel (kg)

Atlantic bonito (kg)

Red mullet (kg)

Bluefish (kg)

Other (specify)..........

Other (specify)..........

(
Other (specify)..........
Other (specify)..........

E- INCOME-COST STATUS OF BOATS

COSTS

VALUE (TURKISH LIRA)

Crew

Maintenince

Fuel costs

Technical device purchase

Gears

Commercial costs

Value of boats

Value of equipments

INCOME

VALUE (TURKISH LIRA)

Rapa whelk

Turbot

Whiting

Horse mackerel

Atlantic bonito

Red mullet

Bluefish

NON FISHING INCOME OF THE BOAT OWNER

VALUE (TURKISH LIRA)

Retirement

Farming

Small business

Other

Name and surname of fishers

Tel

10
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0z: Bu galismada, Ege Denizi boyunca lagiin balikgiliginda kullanilan bazi av araglarinin teknik 6zelliklerini ve hedef tiirlerini belirledik. 2014-2016 yillari
arasinda bes dalyanda (Enez, Homa, Karina, Akkdy ve Giilliik) drneklemeler yapilmistir. Balik aglarinin teknik planlari MS-Visio programi tarafindan aglar
icin dlcekli, ancak paragatlar igin 6lgeksiz gizilmistir. Dalyanlarda toplam 8 adet fanyali ve 2 adet solungag olmak Ulizere toplam 10 adet uzatma agi ve 3 tip
paragat belilenmistir. Dalyanda incelenen tiim av araglar igin hedef tiirler, 8 aile ve 15 tiirden olusmaktadir. incelenen dalyanlarda yaygin olarak
Dicentrarchus labrax, Chelon auratus, Chelon labrosus, Chelon ramada, Chelon saliens, Mugil cephalus, Sparus aurata tirleri gorllms, Callinectes
sapidus, Platichthys flesus tiirleri sadece Enez dalyaninda ve Cyprinus carpio tiirli ise sadece Giilliik dalyaninda tespit edilmistir.

Anahtar kelimeler: Lagiin, av araglari, hedef tiirler, Ege Denizi

Abstract: In this study, we determined the technical characteristics and target species of some fishing gears, used in lagoon fisheries along the Aegean
Sea. The samplings were carried out in five lagoons (Enez, Homa, Karina, Akkdy and Guilliik) between 2014 and 2016. Technical plans of the fishing gears
were drawn by MS-Visio programme with scale for gillnets, but no scales for longlines. A total of 10 type set nets of which 8 trammel nets and 2 gillnets, and
3 type longlines were determined. Target species comprise 8 families and 15 species for all fishing gear examined in the lagoon. Dicentrarchus labrax,
Chelon auratus, Chelon labrosus, Chelon ramada, Chelon saliens, Mugil cephalus and Sparus aurata were commonly seen in the studied lagoons.
Callinectes sapidus and Platichthys flesus were determined only in the Enez lagoon and Cyprinus carpio was determined only in the Giillik lagoon.

Keywords: Lagoon, fishing gears, target species, Aegean Sea

GIRiS

Kiyr laglinleri, kara ve deniz arasindaki sinirda bulunan
onemli ekosistemler olup, genellikle en ylksek biyolojik
uretkenlige sahip deniz habitatlari arasindadir (Day vd.,
1989). Bunlar ¢ok sayida balik tird icin uygun yasam alanlari
saglar ve deniz baliklarinin erken evreleri i¢in de korunma
alani iglevi gérirler (Elliott vd., 2007). Bu sistemler
omurgasizlardan baliklara ve kuslara kadar cok cesitli tirler
igin besin kaynaklari, yuvalanma alanlari, avcilardan korunma
ve yavrularin biylmesi ve hayatta kalmasi i¢in uygun
ortamlar saglar (Kjerfve, 1994).

Bolluk ve tlir zenginligi acisindan Mugilidae ve Sparidae
familyalari lagiin sistemi balik topluluklari arasinda en énemli
ailelerdir (Elliott vd., 2007). Akdeniz bdlgesinde yer alan irili
ufakli 400'den fazla kiyr lagininin alani yaklagik 640.000
hektardir (Aalto vd., 2015; Cataudella vd., 2015). Gegmiste,
Tirkiye'de 72 adet dalyan bulunmaktaydi ve bu dalyanlarin
%40'1 Ege kiyilarinda olup, toplam yiizey alani %54’I0k payla
38.000 hektardi. Tim dalyanlardan elde edilen su drinleri
uretiminin %63'0 de bu Ege dalyanlarindan saglanmaktaydi
(Elbek vd., 2003). Ancak lagiiner alanlarin bir émri vardir ve
meteorolojik sartlarin etkisiyle olusan, denizlerdeki firtinalar

sonucu dalgalarin yiikselmesi veya yodun yagis sonrasi
dalyanlari besleyen derelerden dalyanlara dogru olusabilecek
seller, dalyan kiyilarinda siklikla bozulmalar olusturur; ayrica
dizenli derinlestirme yapilmazsa, siglasarak zamanla yok
olurlar (Akyol, 1999).

Ege Denizi kiyilarinda glinimiizde faal durumda sadece 6
dalyan (Enez, Homa, Karina, Akkdy, Gillik ve Kdéycegiz)
kalmistir. Laglnlerde temel avcilik “dalyancilik” olarak
adlandirifan ve ¢it kuzuluklardan baliklarin hasat edilmesi
seklinde yapilmaktadir. Dalyanlarda kefal, levrek, ¢ipura ve dil
baliklar gibi tirlerin avcilidi igin ayrica uzatma aglari, paragat
ve pinterler de yaygin olarak kullaniimaktadir (Tosunoglu vd.,
2017). Bu av araglarinin gesitliligi ve kullanimi yéreden yéreye
degismekte, bazi tiirlere kargi Ozel av araglar da
gelistirilebilmektedir.

Bu calisma, Ege Denizi kiyilarinda bulunan bes dalyanda
(Enez, Homa, Karina, Akkdy, Gullik) kullanilan av araglarinin
cesitliligini ve avcilik metotlarinin glncel tespitlerini yapmayi
amaglamaktadir.

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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MATERYAL VE YONTEM

Bu galisma, Haziran 2014 - Aralik 2016 yillari arasinda
Ege Denizi kiyllarinda bulunan, kuzeyden glneye Enez,
Homa, Karina, Akkdy ve Gullik dalyanlarinda
gergeklestirilmistir (Sekil 1). Dalyanlarin kooperatif baskanlari,
mudrleri ve dalyan balikgilariyla yiiz yiize anketler yapilmis,
yine dalyan rihtimlarinda hem balik, hem de av araglarinin
tespiti yapilarak teknik dzellikleri yerinde gdzlemlemeyle ilgili
formlara kaydedilmistir. Bu av araglarinin teknik &zellikleri
FAO standartlarina gére tanimlanmigtir. Av araglarinin teknik
cizimleri uzatma aglari icin dlcekli, paragatlar icin Glgeksiz
olarak MS Visio 10.0 programi yardimiyla yapiimistir

EGE DENIZzi

AKDENIZ

$Sekil 1. Ege Denizi'nde érneklenen dalyanlar (Google Earth)
Figure. 1. Lagoons sampled in the Aegean Sea (Google Earth)

BULGULAR

Enez, Karina ve Glillik dalyanlari kooperatifler tarafindan
isletilirken, Homa dalyani arastirma ve uygulama dalyani
olarak Ege Universitesi Su Uriinleri Fakiiltesi tarafindan
kullanilmaktadir ve Akkdy dalyani ise bir ézel firma tarafindan
isletilmektedir.

B Dalyan

Dalyan Dalyan

Kullanilan Av Araglari
Kuzuluk Sistemleri

Omeklenen dalyanlarda kuzuluk (tuzak) sistemlerinin
semasi Sekil 2'de verilmigtir.

_ Yore halki Enez dalyani kisimlarindan Isik goline
“‘Uzmene”, Dalyan gollne ise “Peso” ismi vermektedir. Enez
dalyaninda biri Uzmene bdéliminde, diger ikisi Peso
béliminde olmak (zere toplam 3 adet kuzuluk
bulunmaktadir. Kuzuluklar Haziran-Aralik aylari arasinda
kurulmaktadir. Her kuzulukta bir adet aviu ve 4 adet ambar
bulunmaktadir. Kuzuluk sisteminin yapiminda dogal malzeme
olarak kargl ¢it ve ¢cam kaziklar kullanilmistir. Avlu kismina
gecis yapan baliklar daha sonra ilerleyerek ambar kismina
gecis yapmakta ve buradan kepge ile hasat edilmektedir
(Sekil 2A).

Homa dalyaninda bir adet kuzuluk bulunmaktadir.
Kuzuluk Haziran-Kasim aylari arasinda kurulmaktadir.
Kuzulukta 2 adet avlu ve 2 adet ambar bulunmaktadir.
Kuzuluk sisteminin yapiminda tonozlar ve dig kismi olusturan
cergeve sicak galvaniz kapli demir 1zgara ile avlu ve ambar i¢
kisimlarinda kisminda dogal malzeme olarak kargi it
kullaniimigtir (Sekil 2B).

Karina dalyaninda toplam 6 adet kuzuluk bulunmaktadir.
Kuzuluklar Haziran-Ocak aylari arasinda kurulmaktadir.
Kuzulukta 3 adet avlu ve 8 adet ambar bulunmaktadir.
Kuzuluk sisteminin yapiminda dogal malzeme olarak karg! git
ve gam kaziklar kullanilmistir (Sekil 2C).

Akkdy dalyaninda toplam 5 adet kuzuluk bulunmaktadir.
Bunlar Karina dalyani kuzuluklarina benzer yapidadir.
Kuzuluklar Haziran-Ocak aylari arasinda kurulmaktadir.
Kuzulukta 3 adet avlu ve 8 adet ambar bulunmaktadir.
Kuzuluk sisteminin yapiminda dogal malzeme olarak karg! ¢it
ve ¢am kaziklar kullanilmistir (Sekil 2D).

Gillik dalyaninda 2 adet kuzuluk bulunmaktadir.
Kuzuluklar Haziran-Subat aylari arasinda kurulmaktadir.
Kuzulukta 3 adet avlu ve 6 adet ambar bulunmaktadir.
Kuzuluk sisteminin yapiminda dogal malzeme olarak kargi ¢it
ve gam kaziklar kullanimistir (Sekil 2E). Tim kuzuluklarda it
araliklari Su Uriinleri Tebligine uygun olarak 3 cm genislikte
ayarlanmigtir.

R

Aviu Aviu Avlu

B VAG] | [E] ] (3 [
Deniz Deniz
Deniz
A B

5 Dalyan {}

e N

Aviu

Aviu

N

Deniz Deniz

C D

Sekil 2. Dalyan kuzuluk semasi (A) Enez, (B) Homa, (C) Karina, (D) Akkdy, (E) Gullik
Figure 2. Lagoon trap scheme (A) Enez, (B) Homa, (C) Karina, (D) Akkéy, (E) Gullik
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Uzatma Aglari
Fanyali kefal agi -l (Enez)

Multifilament polyamid (PA), 64 mm tam gdéz boyu
(TGBynda, 36 gbz yuksekligindedir ve 210d/9 no ip
kalinigindaki tor agin boyu 100 m'dir. Agin her iki tarafinda
bulunan 4 gdz yiksekliginde fanyalar 200 mm TGB'unda ve
210d/9 no ip kahnhgindadir. E=0,5 oraninda donam
uygulanmaktadir. Yaka halatlarinda, Ust yakada 6 mm ile alt
yakada 3-4 mm kalinlikta (biri kosma halat)) PP materyal
kullanilmaktadir. Halatlarda 4 numara plastik mantarlar ile 30
g'lik bakla kursun kullaniimaktadir (Sekil 3).

E=10,50

260PL O 4 100,00 PP O 6

1000

4 200 mm PA 210d/9 no 4
1000
3125

36 64 mm PA 210d/9 no 3

S

3125
1000

E=0,50
RELE 3 100,00 PP O 5 .
3125 T
50 60-64 mm PA (Mono) 0,17mm 50
3125 O
B> nEnSuUSL e/
390 Ph50 ¢ 103,00 PP 0 4-4
E=0,51
0 1 2m
C— —

Sekil 5. Sade kefal agi (Enez)
Figure. 5. Gillnet for grey mullets (Enez)

Fanyali levrek uzatma agi (Enez)

Monofilament, 65 mm TGB'nda, 15 gz ylksekligindedir
ve 0,23 mm ip kalinligindaki tor agin boyu 100 m’dir. A§in her
iki tarafinda bulunan 3 g6z yiiksekliginde fanyalar 225 mm
TGB'unda ve 0,18 mm ip kalinigindadir. E=0,5 oraninda
donam uygulanmaktadir. Yaka halatlarinda, (st yakada 5 mm
ile alt yakada 5-4 mm kalinlikta (biri kosma halat)) PP
materyal kullanilmaktadir. Halatlarda 2 numara plastik

4 ohmm - BY e — 4 mantarlar ile 30 g'lik bakla kursun kullaniimaktadir (Sekil 6).
e 101.230—?(55‘33.4 ] 1 2 m A ELO 2 unfo: ll".ls’lili —_—— e
$ekil 3. Fanyall kefal agi -| (Enez) ’ eniliin s e
Figure. 3. Trammel net for grey mullets —I (Enez) e P — bl - i
o 3076
Fanyali kefal agi-Il (Enez) - = Eis
. . 3 225 mm PA (Mono) 0,18 mm 3
Monofilament PA, 60 mm TGBnda, 50 géz —_— i ===
yliksekligindedir ve 0,18 mm ip kalinligindaki tor agin boyu ~ 22*3¢ o
100 m'dir. Agin her iki tarafinda bulunan 5 g6z yiiksekliginde ———"

fanyalar 160 mm TGB'unda ve 210d/4 no ip kalinligindadir.
E=0,5 oraninda donam uygulanmaktadir. Yaka halatlarinda,
Ust yakada 5 mm ile alt yakada 4-4 mm kalinlikta (biri kosma
halati) PP materyal kullaniimaktadir. Halatlarda 2 numara
plastik mantarlar ile 40 g'lik bakla kursun kullaniimaktadir
(Sekil 4).

E=050
, ;
139FL 2 100,00 PP O 5 o
5 160 mm PA 1250 2100/4 no 5
= iyl
50 60 mm PA (Mono) 0,18 mm 50
3333 e
5 160 mm PA_ 1250 210a/4 no 5
20
Ty 101,00 PP 0 44
E=0,50
0 2 4m
[— |

Sekil 4. Fanyali kefal agi -1l (Enez)
Figure. 4. Trammel net for grey mullets -II (Enez)

$Sekil 6. Fanyali levrek adi (Enez)
Figure. 6. Trammel net for seabass (Enez)

Fanyali uzatma agi-I (Homa)

Multifilament, 64 veya 68 mm TGB'nda, 33 géz
yuksekligindedir ve 210d/2 no ip kalinliindaki tor adin boyu
90 m’dir. Agin her iki tarafinda bulunan 2,5 g6z yiiksekliginde
fanyalar 280 mm TGB'unda ve 210d/2 no ip kalinhigindadir.
E=0,45 oraninda donam uygulanmaktadir. Yaka halatlarinda,
Ust yakada 3 mm ile alt yakada 2-3 mm kalinlikta (biri kosma
halat) PP materyal kullaniimaktadir. Halatlarda 4 numara
plastik mantarlar ile 40 g'lik bakla kurgun kullaniimaktadir
(Sekil 7).

Sade kefal uzatma agi (Enez)

Monofilament PA, 60-64 mm TGB'nda, 50 goz
yliksekligindedir ve 0,17 mm ip kalinligindaki tor agin boyu
100 m'dir. E=0,5 oraninda donam uygulanmaktadir. Yaka
halatlarinda, Ust yakada 5 mm ile alt yakada 4-4 mm
kalinlikta (biri kosma halat)) PP materyal kullaniimaktadir.
Halatlarda 3 numara plastik mantarlar ile 50 g’lik bakla kursun
kullanilmaktadir (Sekil 5).

E=045
THELO 4 90,00 PP O3 o
625 T
25 280 mm PA 210d/2 no 25
‘)25 lmmrrEm o —
3125
33 64 mm PA 210472 no 33
3125 N
625
2,5 280 mm PA 210d/2 no 2,5
625 e
S Th 40‘g 90,00 PP 0 23 T
E=045
0 1 2m
CC————

Sekil 7. Fanyali uzatma agi-l (Homa)
Figure. 7. Trammel net-| (Homa)
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Fanyali uzatma agi-ll (Homa/Karina)

Multifilament, 80 mm TGB'nda, 33 gdz yliksekligindedir ve
210d/2 no ip kalinigindaki tor agin boyu 96 m’dir. Agin her iki
tarafinda bulunan 2,5 gdz yiksekliginde fanyalar 280 mm
TGB'unda ve 210d/2 no ip kalinigindadir. E=0,48 oraninda
donam uygulanmaktadir. Yaka halatlarinda, Ust yakada 3 mm
ile alt yakada 2-3 mm kalinlikta (biri kosma halat)) PP
materyal kullanilimaktadir. Halatlarda 3 numara plastik
mantarlar ile 40 g'lik bakla kursun kullaniimaktadir (Sekil 8).

240PL 0 3 F.=0.32

104,00 PP O 3 o
625 T T
2,5 280 mm PA 210072 no 25
625 [ _ERT _EEY T
2500
33 80 mm PA 210d/2 no 33
2500 .
625
2,5 280 mm PA 210d/2 no 25
625 R
- o ——
240Pbd0g 104,00 PP © 2.3
E=032 0 1 2m
C eee—

$Sekil 8. Fanyali uzatma agi-Il (Homa)
Figure. 8. Trammel net-Il (Homa)

Fanyali uzatma agi (Karina)

Multifilament, 72 mm TGB'nda, 50 gdz yiiksekligindedir ve
210d/4 no ip kalinligindaki tor agin boyu 80 m'dir. Agin her iki
tarafinda bulunan 8 g6z ylksekliginde fanyalar 160 mm
TGB'unda ve 210d/4 no ip kalinhgindadir. E=0,40 oraninda
donam uygulanmaktadir. Yaka halatlarinda, (ist yakada 5 mm
ile alt yakada 5-2,5 mm kalinlikta (biri kosma halat)) PP
materyal kullaniimaktadir. Halatlarda 3 numara plastik
mantarlar ile 40 g'lik bakla kursun kullaniimaktadir (Sekil 9).

260 PL O 3 E=9.49

80,00 PP O 5 o
1250 T
8 160 mm PA 210d/4 no 8
1230 e iy S—
2778
50 72 mm PA 210d/4 no 50
2778 —
1250
8 160 mm PA 210d/4 no 8
1250 .
260 Ph 40 g 81,00 PP O 52,5 LSS
E = 0,405
0 1 2m
[ —

Sekil 9. Fanyali uzatma agi-I (Karina)
Figure. 9. Trammel net-l (Karina)

Fanyali uzatma agi-| (Akkdy)

Multiflament, 72-74 mm  TGB'nda, 40 géz
yiksekligindedir ve 210d/3 no ip kalinligindaki tor agin boyu
100 m'dir. Agin her iki tarafinda bulunan 5 géz yuksekliginde
fanyalar 140-160 mm TGBunda ve 210d/3 no ip
kalinigindadir. E=0,50 oraninda donam uygulanmaktadir.
Yaka halatlarinda, Ust yakada 6 mm ile alt yakada 3-4 mm
kalinlikta (biri kosma halat)) PP materyal kullaniimaktadir.
Halatlarda 3 numara plastik mantarlar ile 40 g'lik bakla kursun
kullaniimaktadir (Sekil 10).

E=0,50
.03 i
20710 1 100,00 PP O 6 . B oA
1428
5 140 mm PA 210d/3 no K
1428 T Ty —
2778
40 72 mm PA 210d/3 no 40
2718 R
1428
5 140 mm PA 210d/3 no 5
28 000000000 _ . —
- o o L 3
260Pbdbg 101,00 PP 0 3-4
E=050 0 1 2m
C———

$Sekil 10. Fanyali uzatma agi-l (Akkdy)
Figure. 10. Trammel net-1 (Akkdy)

Fanyali uzatma agi-ll (Akkoy)

Monofilament, 74 mm TGB'nda, 40 goz yiiksekligindedir
ve 0,20 mm ip kalinh§indaki tor agin boyu 100 m'dir. Agin her
iki tarafinda bulunan 5 géz yiksekliginde fanyalar 160 mm
TGB'unda ve 210d/3 no ip kalinh§indadir. E=0,50 oraninda
donam uygulanmaktadir. Yaka halatlarinda, Ust yakada 6 mm
ile alt yakada 3-4 mm kalinlikta (biri kosma halati) PP
materyal kullaniimaktadir. Halatlarda 3 numara plastik
mantarlar ile 40 g'lik bakla kursun kullaniimaktadir (Sekil 11).

E=0,50
3
o 10000 PP O 6 o
1250 T
5 160 mm PA 210d/3 no 5
1250 e
2702
40 74 mm PA 0,20 mm 40
202 o
1250
5 160 mm PA 210d/3 no 5
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> S e—
260 Pb 40 g 101,00 PP 0 3-4
E=050 0 1 2m
C———

$Sekil 11. Fanyali uzatma agi-Il (Akkdy)
Figure. 11. Trammel net-Il (Akkdy)

Fanyali uzatma ag (Giilliik)

Dalyanda tek tip uzatma agi kullaniimaktadir. Bu ag, PA
materyalden yapilmis, 64 mm TGBnda, 120 goz
ylksekligindedir ve 210d/2 no ip kalinligindaki tor agin boyu
100 m’dir. Agin her iki tarafinda bulunan 17 gdz yuksekliginde
fanyalar 320 mm TGB'unda ve 210d/6 no ip kalinhgindadir.
E=0,5 oraninda donam uygulanmaktadir. Yaka halatlarinda,
ust yakada 6 mm ile alt yakada 3—-6 mm kalinlikta (biri kosma
halatl) PP materyal kullaniimaktadir. Halatlarda 3 numara
plastik mantarlar ile 50 g'lik bakla kursun kullaniimaktadir
(Sekil 12).
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Sekil 12. Fanyali uzatma agi (Gulliik)
Figure. 12. Trammel net (Guillik)

Paragatlar
Yilanbaligi paragati (Enez)

igneler diiz ve beyaz renklidir. Paragatin bedeni PA
misina olup 0,70 mm capindadir. 0,30 mm kaliniginda
kdsteklerin boyu 0,5 mdir. iki kdstek arasi mesafe 1,78 m dir
(Sekil 13). igneler, sardalya- hamsi, miirekkepbali§i parcalari
ve madya ile yemlenmektedir.

356000 PA Mono 0 0,100

Unscaled

$Sekil 13. Yilanbali§i paragati (Enez)
Figure. 13. Longline for eel (Enez)

Yilanbahgi paragati (Akkdy/Karina)

igneler diiz ve beyaz renklidir. Paragatin bedeni PA
misina olup 0,70 mm capindadir. 0,70 mm kaliniginda
kosteklerin boyu 0,45 m'dir. iki kdstek arasi mesafe 4,5 m dir
(Sekil 14). igneler, sardalya- hamsi, miirekkepbaligi pargalari
ve madya ile yemlenmektedir.

2500000 PA Mono © 0,70

< Unsealed

Sekil 14. Yilanbaligi paragati (Akkdy/Karina)
Figure. 14. Longline for eel (Akkdy/Karina)

Levrek paragati (Akkdy/Karina)

igneler diz ve beyaz renklidir. Paragatin bedeni PA
misina olup 0,80 mm capindadir. 0,50-0,60 mm kalinliginda
kosteklerin boyu 1 m'dir. iki kostek arasi mesafe Akkdy
dalyaninda 3 m, Karina dalyaninda 10 m dir (Sekil 15).
igneler, sardalya- hamsi, miirekkepbaligi parcalari ve madya
ile yemlenmektedir.

1000000 PA Mono O 0,80

Unsealed

$Sekil 15. Levrek paragati (Akkdy/Karina)
Figure. 15. Longline for seabass (Akkdy/Karina)

Pinter ve sepetler

Dalyanlarin tamaminda yilanbali§i avciligi i¢in pinterler
kullaniimaktadir. Yilanbaligi avciliginda yagmurlar ile dalyani
besleyen tatl su giriglerindeki debi artigi onemli rol
oynamaktadir. Bu nedenle pinter avciid yagmurlarin
basladigi dénem olan Ekim'den itibaren Mart ayina kadar
stirmektedir. Bu dénemde dalyan igerisine genellikle 600-700
adet pinter birakilarak, gin asir veya her gin pinterler
ellenerek avcilik gerceklestirilir. Pinterler agizlar 80 cm’den
30 cm genislige dogru daralarak devam eden 7 gemberden ve
ilk 3 gember icerisinde bulunan bogazlardan olusmaktadir
(Sekil 16).

Fe=8mm
Qchm
Fe=8mm Fe=8mm Fe=8mm
Fe=gmm Fe=8mm Fe=8mm g 430, Pddcm @45cm
¢3¢fcm @32em  @32cm T

24 mm 24mm 24mm | 36mm 36 mm 36 mm
2104d/12 | 210d/12 | 2104{12| 210d/12 210d/12 210d/12

20 cm 20cm 20cm 20cm 30cm 35cm

Sekil 16. Pinter (Akkoy)
Figure. 16. Fyke net (Akkoy)
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Diger dalyanlardan farkli olarak Enez dalyaninda ‘davul’
adi verilen bir sepet ise bdlgede mavi yenge¢ (Callinectes
sapidus Rathbun, 1896) avciliginda kullanilmaktadir. Davul
tuzaklarin gapi 80 cm ve yiksekligi 30 cm olacak sekilde 64
mm ag gozii ile donatiimiglardir. Sepetlerin karsilikli olarak 2
adet giris bogazlari bulunmaktadir. Orta kisimda bulunan yem
torbasina balik artiklari konulmak suretiyle bahar ve yaz
aylarinda yogun olarak kurulmaktadir (Sekil 17).

-
h=30cm g\

T Fe=12mm
@80cm

64mm
100/12 |

$Sekil 17. Davul sepet (Enez)
Figure. 17. Pot (Enez)

Dalyanlarda avlanan ekonomik tiirler

Enez dalyaninda avciligi yapilan 7 familyaya ait 14 tir,
Homa dalyaninda 3 familyaya ait 7 tiir, Karina dalyaninda 5
familyaya ait 9 tiir, Akkdy dalyaninda 5 familyaya ait 12 tir ve
Giillik dalyaninda 5 familyaya ait 9 tur tespit edilmistir (Tablo
1).

Tablo 1. Avlanan tirlerin dalyanlara gdre dagilimi
Table 1. Distribution of captured fish species at lagoons

Tiir Enez  Homa Karina Akkdy Giilliik

Anguilla anguilla

Linnaeus, 1758) (Yilan + + + +
baligi)

Callinectes sapidus

(Rathbun, 1896) (Mavi +

yengeg)

Cyprinus carpio
(Linnaeus, 1758) (Sazan)
Dicentrarchus labrax
(Linnaeus, 1758) (Levrek)
Chelon auratus (Risso,
1827) (Altinbas kefal)
Chelon labrosus (Risso,
1827) (Mavraki)

Chelon ramada (Risso,
1827) (ince dudakh kefal)
Chelon saliens (Risso,
1810) (Kastroz)

Mugil cephalus (Linnaeus,
1758) (Has kefal)

Solea solea (Linnaeus,
1758) (Dil baligr)
Diplodus sargus
(Linnaeus, 1758) (Sargoz)
Diplodus vulgaris
(Geoffroy Saint-Hilaire, + +
1817) (Karagdz)
Lithognathus mormyrus
(Linnaeus, 1758) (Mirmir)
Sparus aurata (Linnaeus,
1758) (Gipura)
Platichthys flesus
(Linnaeus, 1758) (Pisi +
baligi)

TARTISMA VE SONUG

Bu aragtirmada, Ege bdlgesinde aktif halde bulunan 5
dalyandan Enez dalyani, Homa dalyani, Karina dalyan,
Akkoy dalyani ve Gillik dalyaninda kullanilan av araglarinin
ve hedef tiirlerin gesitliligi ortaya konmustur. Dalyanlarda aktif
olarak balikgilik faaliyetinde bulunan balikgilarin gogunlugu
ayni zamanda bolgelerinde deniz balikgili§i faaliyetlerinde de
bulunmaktadir. Diinyada da lagiinlerde balik avciliinda
birden fazla tlrGn avciliginin hedeflendigi ve bunun
gerceklesmesi icin cesitli av araglarindan kuzuluk, pinter,
sepet vb. tuzaklar, uzatma aglar (fanyal veya sade), olta ve
paragat takimlarinin kullanildigi bilinmektedir (Cataudella vd.,
2015).

Dalyanlarda kullanilan av araglari denizlerde kiictik dlgeki
balikgilikta kullanilan av araglari ile benzerlik gostermektedir.
Tim dalyanlarda genellikle fanyali kefal uzatma aglari degisik
versiyonlariyla ortak av araci olarak kullaniimaktadir.
Yilanbaligi paragati ¢ dalyanda (Enez, Karina ve Akkdy)
kullanilirken, levrek paragati sadece iki dalyanda (Akkdy ve
Karina) gdzlenmistir. Monofilament misina uzatma agi ise
sadece Enez ve Akkdy dalyanlarina kullanilan av araci olarak
belirlenmistir. Kaykag ve Tosunoglu (2015), Karina ve Akkdy
dalyanindaki pasif av araglar igerisinde pinter, paragat ve
uzatma aglarinin yapisini ortaya koymusglardir. Bu galismaya
benzer olarak, levrek igin paragat takimi kullanildigindan ve
ayni zamanda yilanbaligi pinter avcilijindan bahsetmislerdir.
Bu calismada, diger dalyanlardan farkli olarak Enez
dalyaninda ‘davul’ adi verilen bir sepet tuzagin mavi yengec
(Callinectes sapidus) avi igin kullanildigi ilk kez ortaya
konmustur.

incelenen dalyanlardaki aktif kullanilan kuzuluk sayisi ve
bazi kisimlarinda yapim materyali bolgelere gore farklilik
gostermistir. Kuzulukla avcilik sistemi hedef tlirlerin sicak
doénemlerde dalyana giris yapmasi ve su sogumasi ile denize
gecis yapmasi prensibine dayanmaktadir ve incelenen
dalyanlardaki kuzuluklarin agik ve kapali oldugu aylar
dalyanlarin  bulundugu bdlge sicakligina gore farklilik
gostermektedir.

Uzatma aglari agisindan dalyanlari karsilastirdigimizda,
biitiin dalyanlarda fanyali uzatma aglarinin kefal ve levrek avi
icin kullanildi§i gérilmektedir. Calismada sadece Enez ve
Akkdy dalyanlarinda monofilament (misina ag) sade uzatma
aginin kullanildigi tespit edilmigtir. Bu durum galismanin
yaplldi§i dénemdeki 3/1 numarali Ticari Amagh Su Uriinleri
Avciligini Duzenleyen Teblig’e (Anonim, 2012) uymamaktadir.
Balikgilarla yapilan gériismelerde balikgilar bu durumun
farkinda olduklari; fakat bazi dénemlerde yosun olusumunun
cok oldugundan ve yosunlu zeminde misina aglar ile avcilik
sonrasinda aglarin daha rahat temizlendigi gerceginden
hareketle balikgilarin bu agdlari kullandiklari distinilmektedir.
Monofilament ag kullanimi, en son yayimlanan 5/1 numarali
Ticari Amagli Su Uriinleri Avciligini Diizenleyen Teblig ile bu
aglarin yasak kapsami sadece deniz avcili§i olarak
sinirlandiriimig ve lagiinlerdeki avcilik serbest birakilmigtir
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(Anonim, 2020). Tosunoglu vd. (2017) Homa dalyaninda
monofilament misina agdlarinin yasaklandigi yil olan 2011
yilina kadar yogun olarak kullanildigindan, ancak sonrasinda
kargili ag ve pinterlerin yani sira dalyanda 32, 36 ve 40 mm
fanyall kefal uzatma aglarinin Ekim-Aralik aylari arasinda
yogun kullanildigindan bahsetmislerdir. Fakat bu galismada
kargili ag kullanimina rastlanmamustir.

Enez, Akkdy ve Karina dalyanlarinda paragat avciligi da
yapildi§1 kaydedilmistir. Paragat avcilii donami dalyanlara
gbre bazi farkliliklar gosterse de hedef tiirlerin yilanbali§i ve
levrek oldugu tespit edilmistir. Burada AkkSy ve Karina
dalyanlari birbirlerine komsu dalyanlar olarak az farkla-
benzer paragatlar kullandiklari beliflenmistir. Paragat yemi
olarak hepsinin hamsi veya sardalya, mirekkepbaligi
pargalari ile madya kullandiklari anlasiimistir. Ayni zamanda
yilanbali avciliginda tim dalyanlarda pinter kullanimi da s6z
konusudur.

Calismada incelenen dalyanlar igerisinde ekonomik
degere sahip toplam 8 familyaya ait 15 tiir (A. anguilla, D.
labrax, C. auratus, C. labrosus, C. ramada, C. saliens, M.
cephalus, S. solea, D. sargus, D. vulgaris, L. mormyrus, S.
aurata, P. flesus, C. carpio ve C. sapidus) tespit edilmistir. Bu
tirlerin en biyik gesitliliginin 14 tiirle Enez dalyaninda oldugu
gorulmastir.  Ayrica, Akyol ve Ceyhan (2010), Enez
Dalyanr'nda 1997-2007 yillari arasinda bu tirlerin yani sira
Tablo 1'de yer almayan Pomatomus saltatrix, Mullus
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Abstract: This study aimed to determine the occupational safety knowledge level of the fishers and the factors affecting it in large-scale (trawl-purse seine)
fishing vessels registered in Aegean ports. In the survey study, conducted with the participation of 295 person from both types of fishing, 40% (118) of the
participants consisted of fishers working in trawlers and 60% (177) in purse-seiners. The knowledge level of 51.5% of the fishers was insufficient under
score 7, while 48.5% of them were found to be sufficient with score 8 or more. It was determined that 40% of the fishers had occupational accidents, and
hastiness with 15.5%, carelessness with 14.9% and fatigue with 5.8% followed the first place among the causes of accidents. It has been determined that
the accidents occurred not only during the operation, but also at the port operations and during the cruise. As a result, it is considered that awareness and
training activities to increase the knowledge level of fishers on occupational health and safety will be the most effective method in reducing the possibility of
accidents and getting occupational diseases.

Keywords: Trawl, purse seine, accident, safety

0z: Bu calisma, Ege limanlarina kayitl biiyiik dlcekli (trol-girgir) balikgi gemilerinde, calisanlarin is giivenligi bilgi diizeylerini ve bunlari etkileyen faktorleri
belirlemeyi amaglamistir. Her iki balikcilik tipinden toplam 295 kisinin katilimi ile gergeklestirilen anketin, %40'in1 (118) trol teknesinde, %60'in1 da (177)
girgir teknesinde calisan balikgilar olusturmustur. Balikgilarin %51,5'inin bilgi diizeyi 7 puanin altinda yetersiz kalirken, %48,5'i ise 8 puan ve Uzerinde
yeterli bulunmustur. Balikgilarin %40'inin is kazasi gegirdigi tespit edilmis olup kaza nedenleri arasinda ilk sirayi %15,5 ile acelecilik, %14,9 ile dikkatsizlik
ve %>5,8 ile yorgunluk takip etmistir. Kazalarin, sadece operasyon sirasinda degil, limanda ve seyir sirasinda da yasandigi tespit edilmistir. Sonug olarak
balikgilarin is sagligi ve giivenligi konularinda bilgi diizeylerini artirmaya yonelik farkindalik ve egitim calismalarinin, kaza yapma ve hasta olma olasiliklarini

azaltmada en etkili yontem olacagi degerlendiriimektedir.
Anahtar kelimeler: Trol, girgir, kaza, guvenlik

INTRODUCTION

Commercial fishing is one of the oldest occupation and
regarded as the most dangerous job due to its workplace and
working conditions in the world (Msed, 2010). Furthermore,
fishing turns out to be an occupational group with high
disease and accident rates. There are many risks in the
activities performed in fishing vessels. Every year more than
24 000 fishermen lose their lives and about 24 million
fishermen are estimated to be injured in this sector worldwide
(Havold, 2010). The injury and mortality rates caused by
fishing in Australia, America and many European countries
are substantially higher than the average rates. Jin and
Thunberg (2005) reported that 16 out of every 10 000 fishers
died in various accidents at sea in America in 1996 and that
this rate was 16 times greater than the deaths experienced at
the fire and police departments. According to a study carried
out in England between 1976 and 1995, some 454 (74%) of
the 616 fishermen who lost their lives died as a result of the

accident they got involved in while working and 394 of them
(87%) drowned. When compared with the other sectors, the
rate of fishermen’s getting involved in an accident resulting in
death is 52.4 times greater (Roberts and Roberts, 2005). The
dangerousness of fishing may be ascribed to many factors
like the fact that people work for quite long hours under the
hardest conditions of sleeplessness, the cold, and wetness. A
safe and healthy working environment may be provided as a
result of fishermen’s knowledge of the existing risks and the
fulfillment of sector-related legal obligations.

Although fishing is known to have high disease and
mortality rates, there is rather little research on the effect of
working conditions on the health of fishers particularly in
developing countries (Matheson et al., 2001). Jin and
Thunberg (2005) determined the common factors concerning
the accidents in fishing vessels as the poor condition of the
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fishing vessel or its equipment, inadequate emergency
training, inadequacy in using the water survival equipment
and the attention deficit about the vessel balance. In their
study on this subject, Wang et al. (2005) concluded that a
high rate (20.7%) of the accidents experienced in fishing
vessels was caused by the crew and that, apart from this, the
inadequacy of the number of crew members, their fatigue, the
lack of crew management, poor boat design, hard working
conditions and inappropriate arrangements substantially
increased the accident rate.

Turkey has a total of 14 092 fishing vessels; 370 of them
are purse seines and 790 of them are trawlers according to
2019 fishing records (TUIK, 2020). A total of 28 717
fishermen serve on these vessels, 3 649 in trawlers and 7 549
in purse seiners. A total of 5 995 fishers work in 63 trawler
and 55 purse seiner in the Aegean Sea (TUIK, 2020).
According to Social Security Institution of Turkey, the number
of occupational (fishing and aquaculture) accidents in 2017
and 2020 are 273 and 372, respectively (SGK, 2021). From
the reference, the number of occupational accidents in the
fishing activities in Turkey has gradually increased over the
years. Studies on the on occupational health and safety
related to fisheries in Turkey are very limited. For this reason,
this study aims to determine knowledge level of the fishers
working in large-scale fishing vessels regarding occupational
safety and factors influencing it.

MATERIALS AND METHODS

The numbers of trawler (63) and purse seiner (55) vessels
operating in the Aegean Sea with a length greater than 12
meters were obtained from the Izmir Provincial Directorate of
Agriculture. This study was carried out with 33 trawlers and
32 purse seiners and their employees (295 fishers).

A questionnaire was prepared by making literature review
and taking in consideration International Convention on
Standards of Training, Certification and Watchkeeping for
Seafarers (STCW) prepared by the International Maritime
Organization IMO, Fishing Boats Sea Survey Checklist of the
Ministry of Transport, Maritime Affairs and Communications,
Seafarers Regulations and Regulation on the Safety of
Fishing Vessels published by this ministry and Regulation on
Health and Safety Precautions in the Work Performed on

Table 1. Questions regarding maritime safety knowledge and score table

Fishing Vessels published by Ministry of Labor and Social
Security, and the Occupational Health and Safety Law No.
6331.

The questionnaire consisted of 35 questions in total. The
first 15 questions were related to socio-demographic
variables. In the survey, there are 6 questions that measure
the level of knowledge about maritime safety and 10
questions about occupational accidents and work safety.

The scoring of the questions related to the level of
knowledge is given in Table 1. According to the average
score of the participants according to the knowledge level
scores; those who scored “average and below” had
“insufficient knowledge”, those who scored above the average
were evaluated as “sufficient knowledge”.

This study covered the large-scale fishing vessels, purse
seiners and trawlers registered in the Aegean Sea ports.
Sample selection was carried out by simple random sampling
method (Kadilar and Cingi, 2006). The total number of fishers
working on trawler and purse seine vessels was firstly
estimated, and then it was calculated to conduct a sub
sampling group a total of 1250 person sampling volume
(Calculated as Prev 50%, Pattern Effect 1, Error 5%,
Confidence Interval 95%). A total of 295 person participated
in the survey. Of the person who participated in the survey,
118 were trawl and 177 purse seine fishermen. Some of the
fishermen participating in the study were captains and
personnel of the vessels.

The independent variables in the study were age,
experience, whether or not he has a second profession,
marital status, educational status, reason for choosing fishing,
thinking of quitting fishing, wanting his children to do this job,
position, type of boat he works, daily working time, income,
income satisfaction, social security and document he has
identified as the type. Dependent variables were determined
as the level of knowledge about safety at sea and measured
as "Occupational Health and Safety Score", which was
formed from the answers to the questions.

The survey data were evaluated using the SPSS 18
package program. Chi-square test was used to find
differences between the groups according to p<0.05.

Questions

Answers Score

Which role scale does your ship have?
Should it be done frequently until abandon ship or fire drills?

In what situations is an emergency alert issued on the vessel?

How many fire extinguishing equipment should be on the vessel?

What is the protective equipment that must be used in terms of safety when going on deck in bad weather

conditions and at night?
Can you tell me a feature that should be on life buoys on the vessel?

Total Score

Fire, Abandon ship
Man over board

Once a month 1
Fire, Abandon ship

Man over board 3
At least 2 trawlers 1
At least 3 purse seiners
Life jacket 1
Reflective tape, 3
Smoke, Light

12
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RESULTS

According to socio-demographic data, the mean age and
age group of the fishers were found 44.6 £ 9.93 years and
25-69 years. The average experience of the fishermen was
26.6 £ 10.7 years. About % of the fishermen were married
and 58.3% of them graduated from elementary school, while
only 2% of them had higher education. It was determined that
53.6% of them performed fishing as it was their fathers’
occupation. 21% of them were skippers, whereas 79% of
them were crew. 84.1% of them stated that they worked more
than 13 hours per day. 72.9% of them stated that they earned
their income for a share. It was found that 22% of them had a
Master certificate that 77.6% of them had a Fisherman-class
deck crew certificate, and that 0.3% of them had a Deck-class
seaman certificate.

It was determined that, 62.4% of the fishermen smoked
and 47.1% consumed alcohol. In the findings, 99.7% of the
fishermen stated that they wore gloves while working on the
boat. 96.3% of them stated that they wore a hard hat in
addition to wearing gloves. In our study, it was found that the
types of accidents were distributed as follows: 16.7% cut
injuries and 8.5% fall injuries (Table 2).

In the study, it was determined that the accidents were
caused by different reasons. While 69% of the accidents (118
fishers) occurred during fishing, accidents experienced during
navigation and port operations were 18% and 13%,
respectively.

18
16
14
12
10

Percentage (%)

Hastiness Carelessness Fatigue

Table 2. Distribution of the types of accidents

Type of Accident Number Percent (%)
Cut 40 16.7
Fall 25 8.5
Hitting 1 37
Striking 7 24
Slipping and falling 5 1.7
The falling of the material 5 1.7
Hitting and striking 5 1.7
Hand and arm injuries 3 1.0
The falling of the equipment 3 1.0
The falling of a man into the sea 2 0.7
Getting stuck 1 0.3
The falling of an object 1 0.3
The falling of an eyebolt 1 0.3
Total 118 40.0

The busy work schedule (hastiness) was the primary
reason for the accidents on boats. Lack of experience was
more frequently seen among those crew members who have
just started working on the boat (Figure 1).

Lack of knowledge

Inexperience Making work fast

Accident Reasons

Figure 1. The percentage of the accidents according to the occurrence reasons

In the assessments of safety knowledge level of the
fishers, 51.5% was found insufficient with scores 7 and below
(inadequate), while 48.5% reached sufficient level with scores
8 and above (adequate). In the statistical evaluation made
between the factors affecting the knowledge levels of the
fishermen and the other variables, it was seen that some
variables were statistically significant (Table 3).

In addition a statistical evaluation was made to determine
the factors affecting the occupational accidents. The variables
of marital status, reason for choosing fishing, thinking of
quitting fishing, boat type, working time, income, and social
security were included in the analysis. The results were given
in Table 4.
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Table 3. The factors affecting the knowledge levels of the fishermen

(p<0.05)
Factors p value
Age 0.622
Experience 0.328
Non-fishing occupation 0.580
Marital status 0.132
Education 0.048
Reason for choosing fishing 0.484
Thinking of quitting fishing 0.072
Children’s doing this job 0.900
Type of boat 0.000
Duty 0.000
Working period 0.000
Income 0.058
Income satisfaction 0.908
Social security 0.000
Certificate held 0.000
How safe is fishing 0.013

Table 4. The factors affecting the occupational accidents (p<0.05)

Factors p value
Age 0.7117
Experience 0.298
Non-fishing occupation 0.333
Marital status 0.026
Education 0.306
Reason for choosing fishing 0.005
Thinking of quitting fishing 0.020
Children’s doing this job 0.059
Type of boat 0.000
Duty 0.129
Working period 0.001
Income 0.032
Income satisfaction 0.543
Social security 0.018
Certificate held 0.152
How safe is fishing 0.392

It was statistically determined that there was no significant
difference between knowledge levels and occupational
accidents (Table 5).

Table 5. Distribution of the occupational accidents by knowledge

level group.
Experiencing of an occupational accident
Yes No Total
Knowledgelevel ~ Number %  Number % Number %
Adequate 62 21 81 275 143 485
Inadequate 56 19 96 325 152 515
118 40 177 60 295 100

Total

DISCUSSION AND CONCLUSION

The occupational health and maritime safety knowledge
level of more than half of fishermen participating in the study
was insufficient. McGuinness et al. (2013) conducted a study
investigating deaths in the Norwegian fishing fleet in 1990-
2011. He found that fishermen had severely limited
knowledge of health and safety practiced within the common
coastal industry. It has been determined that the participants,
who are sufficient in terms of their knowledge level about
health and occupational safety at sea, have 1-20 years of
experience. However, it was found that there was no
significant relationship between work experience and
knowledge levels.

In the study, we asked the participants about occupational
accidents. It was stated that 40% of them had work accidents,
60% had no accident. In a study Havold (2010) carried out in
Norway concerning the safety culture in fishing vessels, it was
stated that the primary accidents with injuries most
experienced between 1999 and 2008 by Norwegian
fishermen were falls on the vessel. In the study Piniella et al.
(2008) carried out on the safe working conditions of
Andalusian fishermen, they stated that 35% of the most
frequently experienced injuries were caused by cuts. They
further stated that of the other accidents, 15% were due to the
striking of an object, 12% were accidents resulting from the
moving equipment, and 8% were due to falls from high levels,
followed by hitting and striking. In his study on the English
commercial fishing, Roberts (2010) stated that 86% of the
fatal fishing accidents experienced in England between 1996
and 2005 resulted from drowning. However, in our study, it
was determined that the most common accidents experienced
by fishers in Turkey were injuries caused by cuts, followed by
fall and crash-impact accidents, respectively.

As stated by the fishers in this study that hand injuries
constituted a high risk among the accidents experienced in
the ports. McGuinness et al. (2013) investigated the deaths in
the Norwegian fishing fleet, they stated that 20% of the most
important mortality rates were comprised of the disasters of
drowning in the port. They stated that the most common
headings among all groups in a period of 22 years were
drowning in the port (20%) and getting stuck/striking (10%). In
their study for the classification and coding of the commercial
fishing injuries in Denmark according to the work processes,
Jensen et al. (2005) stated that the injuries concerning the
preparation and repair of the equipment included in the work
processes while working in the port made up about half of all
injuries. They indicated the work processes as the repair of
nets, installation of the otter boards used, working with gear,
and the repair of gear. In another study carried out in
Denmark, it was stated that the commercial fishermen
generally fell from the wharf or that there was a risk of being
damaged after falling from a lower level and that, in some
cases, they could even drown within the port. It was explained
that these tragedies could have been connected with the fact
that the fishermen went to foreign ports and returned to the
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vessel at nights (Jensen et al., 2005). In the study of Thomas
et al. (2001) investigated the fatal and nonfatal workplace
injuries of Alaskan commercial fishermen, they stated that fall
injuries were the most common ways of injury, that twenty-
four of these injuries had not taken place on a vessel, and
that most of them had occurred as a result of falls from the
port. Moreover, in our study, it was determined that foot and
head injuries could also occur in the ports and that they made
up half of these injuries.

Fishermen generally stated that they had an accident
while fishing. It was found that the accidents had been
experienced during the operation and that no fatal injury had
occurred. According to Roberts (2004), most of the fatal
accidents at sea happen while leaving or collecting the fishing
gear during the operation. In the classification of the
commercial fishing injuries in Denmark according to the work
processes, the injuries occurring while pulling the gear and
equipment at sea made up half of the injuries caused by the
repair of the gear and the collection of the nets in Denmark
trawl fishing. The work processes of collecting the nets
include such practices as the casting and removal of the nets
as well as the throwing and removal of the otter boards
(Jensen et al., 2005). These practices were determined to
have caused injuries in various areas of the body. The highest
rate among them belongs to the accidents in which the whole
body was injured. It was established that the overwhelming
majority of the occupational accidents had developed during
fishing and that these accidents had damaged the whole
body. It was stated that the majority of the occupational
accidents experienced on the fishing vessels had been
experienced during the operation from the studies.

The accidents experienced during navigation were
determined depending on the statements by the fishermen.
Accidents during navigation could damage any part of the
fisherman's body, moreover, the feet and heads were the
most frequently injured limbs. The accidents had been
experienced not only during the operation but also in the port
operations. Almost all fatal occupational injuries in the US
commercial fishing industry was occurred during navigation or
as a result of docking (NIOSH, 2010). Thomas et al. (2001)
investigated the fatal and nonfatal workplace injuries of
Alaskan commercial fishermen, they determined that at least
90% of the injuries was occurred on vessel, 5% on land and
generally at the pier, and that the scenes of the other 5%.

Roberts (2010) stated that fatal accidents resulted from
fishing under bad weather conditions. Furthermore, he stated
that the accidents experienced under bad weather conditions

depended on the fishing performed without having adequate
consciousness of safety.

Wang et al. (2005) analyzed the accidents on fishing
boats, they stated that a high percentage (20.7%) of the
accidents experienced had been caused by the negligence or
carelessness of the employees. They further stated that
employees’ competence, fatigue, poor management of the
vessel, hard working conditions, poor design and
inappropriate arrangements made great contributions to such
accidents. In our study, hastiness ranks first with 15.5%
among the reasons for accidents, followed by carelessness
with 14.9% and fatigue with 5.8%. Hastiness appeared the
most important of the reasons for accidents.

In the study Piniella et al. (2008) carried out on the safe
working conditions of Andalusian fishermen, they stated that
the accidents experienced were found significant only in
terms of age, work experience, and service period. Such
factors as marital status, type of boat, working period, and
income status were found statistically significant in our study.
Additionally, in our study, it is seen that such factors as
educational status, type of boat, duty, working period, and
income status among the factors affecting the knowledge
levels were statistically significant. They do not feel
themselves in danger in terms of the job. This reveals that
fishermen’s knowledge levels about maritime safety were
inadequate. They must use the necessary equipment and
gear while performing their duties. It is of importance that they
have adequate occupational knowledge. It should be known
that even the minor mistake made while working might lead to
serious injuries and even deaths.

Fishing sector cannot benefit from occupational health
and safety services sufficiently. It was seen that this was due
to a lack of education and knowledge. It has been determined
that training is the first and most effective method on
occupational safety and worker health, and even on safety at
sea. It is important to reduce occupational accidents in the
fishing sector and to increase the corresponding labor
productivity. Creating occupational safety awareness among
fishers is also important. Raising awareness of fishermen
about their activities and providing safer working conditions
will contribute to fisheries management.
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Abstract: The present study was carried out in 27 streams of the southern part of the Western Ghats and the Eastern Ghats from January to December
2018. The outcomes show that there is an increase in the percentage of Ephemeroptera (71%) in the first order and there was a negligible fall in the
abundance of the fourth-ordered stream. LSE results show a gradual increase of Plecoptera and a gradual decrease of Trichoptera and no such variations
in Ephemeroptera. Variations in mesohabitat richness were highest in the run (38.38%) and it was lowest in silt (0.5%). To compare the taxa composition in
Western and Eastern Ghats taxa, five different types of river basins were classified. The species richness and abundance were higher in Tampiraparani
East flowing and Vamanapuram River basin communities (Western Ghats) than in the Eastern Ghats and this shows mega diversity of Western Ghats
compared to the Eastern Ghats. The results of both cluster and ordination analysis also strongly support the discrimination between Western and Eastern

Ghats diversity and distribution of EPT taxa.
Keywords: Westemn Ghats, Eastem Ghats, LSE, PCA, DCA, ordination

INTRODUCTION

The larvae of Ephemeroptera, Plecoptera, and
Trichoptera are important members of the freshwater
ecosystem due to nutrient cycling (Ross and Wallace, 1983),
coarse organic particulate breakdown and they form the diet
of many fishes and other aquatic vertebrates (Wiggins, 1996;
Pflieger, 1997). Moreover, members of these orders generally
act as bioindicators of good water quality (Rosenberg and
Resh, 1993; Wiggins, 1996), although an exception exists.
The altitudinal/ latitudinal gradient which have a direct and
indirect influence on spatial distribution and community
structure  of  organisms  (Sivaramakrishnan  and
Venkataraman, 1990). The anthropogenic factors or stressors
(Dinakaran and Anbalagan, 2007), riparian landuse
(Subramanian et al., 2005; Chakona et al., 2009), and habitat
heterogeneity also determine the diversity and distribution of
EPT organisms.

Studies of aquatic insects give more knowledge about the
species-habitat relationship and interpretation of water quality
(Azrina et al., 2005). Pollution becomes a major concern
nowadays; it causes adverse effects to aquatic ecosystem
health. Aquatic insects play a vital role in the functioning of
the stream ecosystem. EPT along with other benthic

macroinvertebrates find a wide range of suitable substrates in
headwater streams. EPT diversity increases with habitat
diversity. Given the lack of information concerning EPT
biodiversity of some unexplored River basins in Eastern and
Western Ghats, especially those in the unprotected areas,
and in the context of the high potential for these organisms to
be important and diverse biotic components of the stream
ecology.

This study is aimed to characterize the diversity of
mayflies, stoneflies, and caddisflies taxa occurrences in terms
of geographic distributional patterns, species-genera/ habitat
preferences, and distinctive faunal elements. This EPT
faunistical survey is essentially descriptive in scope and
attempts to investigate patterns of EPT richness and
assemblage structure and to test their correlation to physico-
chemical parameters associated with stream
altitudinal/latitudinal environmental gradients.

MATERIAL AND METHODS

Study area
The present study was carried out in 27 streams of the
southern part of the Western Ghats and the Eastern Ghats

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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(Figure 1) from January to December 2018 and they were
listed in Table 1. Each sampling site was selected after
assessing the habitat heterogeneity, canopy cover, and
riparian taxa. Each stream was sampled during three seasons
namely summer (February, March, April, May), south-west
monsoon (June, July, August, September), and north-east
monsoon (October, November, December, January).

Measuring water quality parameters

The physico-chemical parameters of stream water like
dissolved oxygen, pH, conductivity, hardness, alkalinity,
calcium, magnesium, sodium, iron, and chloride were
analyzed in all the 27 sites using the guidelines of APHA,
(2005). Water temperature was measured with a
thermometer. Water velocity was measured by a flow meter.

Macroinvertebrate collection and identification

EPT complex was sampled by using a 1m wide Kick-net
(Burton and Sivaramakrishnan,1993) with a mesh size of
about 1mm. Limited opportunistic collections (hand picking)
were also made. The organisms were carefully picked from
the net and were preserved in 80% ethyl alcohol. All
specimens from each of the 27 streams were sorted and
identified with the help of a field guide by Sivaramakrishnan et
al. (1998) and other taxonomic literature.

Analysis of data
Alpha and beta diversity

Alpha and beta diversity were used to measure the
generic diversity within and between latitudinal and altitudinal
zones. Simpson’s index and Shannon-Wiener index were
used to calculate alpha diversity whereas Jaccard's index was
used to measure the beta diversity. The data analysis was
done with the help of the PAST software to measure the
various diversity indices (Hammer et al. 2001).

Cluster analysis

Insect assemblages were analyzed with relative
abundance data, cluster analysis employing both Q (the
relationship between regions based on the description of
taxa) and R (measures the relationship between descriptions
based on regions) modes were performed using the
unweighted group method of arithmetic averages (UPGMA).
To test that the data contains clusters, the matrix of the
original data to produce a cophenetic correlation value.
Values of r>0.9, 0.8<0.9, 0.7<0.8, and r<0.7 indicate very
good, poor, and very poor fits (Unmack, 2001). Spearman
similarity matrix is a widely used clustering procedure used to
group stations.

Principal component
correspondence analysis

analysis and detrended

Principal Component Analysis (PCA) is employed to
evaluate the relationship between the abundance of taxa and
the environmental variables of 27 study sites. Sites having

unique physico-chemical features were being clustered
together, whereas the ones having extreme conditions were
plotted very far. Detrended Correspondence Analysis (DCA)
is used to compare the Western and Eastern Ghats species
richness and abundance. PCA and DCA were analyzed using
PAST software (Hammer et al., 2001).

Description of mesohabitats

Based on flow, depth, and substrate mesohabitat has
been evolved following the method of Vadas and Orth (1998)
which was characterized by the EPT and habitat associations
in temperate streams (Ferro and Sites, 2007). Seven
mesohabitats were identified in the study.

The landscapes in study localities were classified into six
Land Scape Element (LSE) types. The landscapes were
assigned to specific LSE types (Nagendra and Gadgil 1998;
Ghate et al., 1998) in the Western Ghats. LSE types of 27
stations are given in Table 2.

Table 1. Name, abbreviation and stream order of 27 study sites

No Sites Abbreviation  Stream order
1 Kumbakkarai Kumb Third

2 Sothuparai stream Soth Fourth
3 Suruli Suru First

4 Kurangani falls Kura Second
5 Gadana Nathi Gada Third

6 lluppaiar llup Second
7 Ramanadi Rama Second
8 Chittar Chit Third

9 Ayyanar falls Ayya Second
10 Karuppar Karu First

1 Mundar Mund Third
12 Mothiramalai Moth Second
13 Kumbar Kumr Second
14 lllanguruparai llla Second
15 Kalikesam River Kali Third
16 Kaippillai thodu-Kallar Kaip Third
17 Golden valley-Kallar Gold Second
18 Kallar Kall Third
19 Aranakuzhi-Kallar Aran Second
20 Panivadi-Kallar Pani Second
21 Meenmutti Meen Third
22 Downstream-Kallar Down Fourth
23 Odamundurai odai-Karanthamalai ~ Odam Second
24 Ayyan odai-Karanthamalai Ayyn First
25 Sirumalai Siru Third
26 Bison vally-Alagarmalai Biso First
27 Periaaruvi-Alagarmalai Peri Second

25



Diversity of the EPT complex (Ephemeroptera, Plecoptera and Trichoptera) in the Western and Eastern Ghats (South India) caused by the variations of
landscape elements and mesohabitats

Figure 1. Map showing 27 study sites

Table 2. Categorization of study sites in terms of LSE
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RESULTS AND DISCUSSION

Overall, 4,216 specimens were collected and studied. The
result shows that 21 genera of Ephemeroptera belonging to 6
families, two species of genus Neoperla belonging to one
family, and 19 genera of Trichoptera were belonging to 12
families were identified in the Western Ghats. In the Eastern
Ghats, 10 genera of Ephemeroptera belonging to 6 families,
one species of genus Neoperla belonging to one family, and
11 genera of Trichoptera belonging to 9 families were
identified.

The abundance of EPT changes with stream order.
Species diversity was generally high and pollution intolerant
organisms were present at most stations throughout the study
period, indicating the high quality of the water in the streams.
There is an increase in the percentage (71%) of
Ephemeroptera in the first order and there was a negligible
fall in the abundance of the fourth-order stream. The
Plecoptera shows a gradual decrease from first to fourth-
order. Most stonefly nymphs are related to cool, lotic waters
while those of mayfly nymphs have a broader ecological
range with a preference for warmer lotic water (Wiggins and
Mackay, 1978).

Of the 27 stations, five streams belong to the first order;
nine streams belong to the second order; eleven streams
belong to the third order, and two streams belong to the fourth
order.

The percentage of Ephemeroptera shows no major
deviation in any of the LSE types (Table 3). The percentage
of Plecoptera shows a gradual increase from 3.8 — 10.9. This
increase of predatory Plecoptera which are in dry deciduous
LSE types may be due to the presence of more mayflies and
caddisflies. The gradual decrease in the percentage of
Trichoptera from 29% to 19% may be attributed to their
feeding habits (shredders). Nair et al. (1989) stated that
shredders were the dominant organisms in the headwaters of
the Neyyar River in Southern India. Even in primary rainforest
streams in New Guinea, shredders (a majority of Trichoptera
in the present study) do not exceed 2% of the benthic
populations (Dudgeon, 1994). Likewise, shredders are not
more abundant in forested streams in Nepal. The under-
representation of shredders which is typical of Hong Kong
streams is a general feature of typical Asian Rivers. A
possible explanation for this phenomenon is trophic flexibility

and hence functional feeding group misclassification i.e. the
same taxon acting as a shredder or collector of fine organic
material under different circumstances (Dudgeon, 1999).

Table 3. EPT(%) in land scape element types

LSE types % of E* % of P*™* % of T**
Evergreen 67.1 3.8 291
Semievergreen 66.9 5 281
Scrub 78.6 28 18.6

ARE 727 33 24

Forest plantation 70.6 6.8 22.6

Dry deciduous 70 10.9 19.1

*E - Ephemeroptera, **P - Plecoptera, ***T — Trichoptera

The EPT taxa present in different mesohabitats are listed
in Table 4. Of the seven mesohabitats, richness was the
highest in the run (38.38%) followed by riffle (24.2%) and
bank (23.97%). The richness was the lowest in silt (0.5%) and
the pool (1.1%). Leaf pack substrate types may influence
species distributions; however, velocity and complex hydraulic
characters also may be important (Sites and Willing, 1991;
Llyod and Sites, 2000). The Riffle is dominated by the family
Heptageniidae (Ephemeroptera) and Plecoptera. These forms
require high velocity and turbulence of a riffle which increases
aeration and provides an area where these forms can exploit
the current and gather food with minimum energy expenditure
(Cummins and Merrit, 1996).

Species richness and abundance values were higher in
Tampiraparani (East flowing) River and Vamanapuram River
sites and lower in Southern Eastern Ghats sites. Nine
environmental variables were selected and the variance was
explained a total variance of about 65.8%. The present
variances explained by the first three axes were 35.49, 17.20,
and 13.11 respectively. The PCA loading above >0.65 was
considered significant and variables that showed higher
loadings were Alkalinity, Fe, conductivity followed by
hardness in the first component (Table 5). Mg showed in the
second component and Ca was significant in the third
component. Mg was higher in Bison valley and less in Ayyan
Odai, Kaipillai thodu, Kallar, and Karuppar. Conductivity is
very less compared to all the study sites and it was higher in
Kumbakkarai, Kumbar, and Ayyanar falls (Figure 2).
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Table 4. EPT complexes present in different mesohabitats in 27 sites

Silt/Mud Bank No flow organic ~ Pool Leaf pack Run Riffle
Ephemera  Centroptella similis  Caenis sp. Polycentropus sp.  Afronurus sp. Tenuibaetis frequentus Afronurus
nadinae kumbakkaraiensis
Choroterpes Wormaldia sp. Neoperla sp. Baetis ordinatus Epeorus petersi
(Euthraulus) sp.
Edmundsula lotica  Macrostemum sp. Anisocentropus sp. Labiobaetis germinatus Thalerosphyrus flowersi
Isca sp. Polymorphanisus sp. Leptocerus sp. Acentrella vera Indlialis badia
Nathanella indica  Lepidostoma sp. Rhyacophila sp. Notophlebia jobi
Diplectrona sp. Petersula courtallensis
Hydropsyche sp. Thraulus gopalani
Potamyia sp. Dudgeodes bharathidasani
Goerodes sp. Teloganodes sp.
Oecetis sp. Stenopsyche
kodaikanalensis
Setodes sp. Adicella sp.
Helicopsyche sp. Neoperla biseriata
Ecnomus sp.
Gumaga sp.

Table 5. PCA loadings for the environmental variables in the first three components

Environmental variables

First component Second component

Third component

1 Water temperature -0.613 -0.192 0.246
2 Conductivity -0.687* 0.011 0.372
3 Hardness -0.652* 0.121 0.33
4 Alkalinity -0.794* 0.241 0.148
5 Ca 0.154 -0.576 0.669*
6 Mg -0.185 -0.859* 0.371
7 Na -0.63 -0.508 -0.278
8 Fe -0.722* 0.078 -0.35
9 Cl 0.551 0.319 0.251
*>0.65 Significant
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Figure 2. Principal component analysis for the 27 study sites

28



Sivaruban et al., Ege Journal of Fisheries and Aquatic Sciences, 39(1), 24-31 (2022)

The similarity matrix and UPGMA dendrogram (Figure 3)
quantify the degree of similarity in the EPT complex among
27 stations. Stations were grouped into a hierarchical
framework that is useful for proposing a community
classification.

0.3

* Intemmittent stream.

Figure 3. Cluster analysis of the sampling sites using Spearman’s rank order correlation coefficient as measure of similarity

based on the abundance of EPT complex
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Figure 4. DCA for the 27 study sites based on the EPT complex distribution.

Tamiraparani east flowing basin (closed square), Vaigai
River basin (open square), Vamanapuram River basin (closed
diamond) and Tamiraparani west flowing (open triangle) Of
the five distinct communities recognized, species richness
and species abundance value are greater in Tampiraparani
East flowing and Vamanapuram River basin (Figure 5). These

values are least in southern Eastern Ghats River basins. The
Western Ghats is a recognized ‘hot spot’ for mega diversity
(Myers et al., 2000), species richness and species abundance
values are higher in streams located in it than in the southern
Eastern Ghats which is not as high as the Western Ghats or
not even a rain forest. Streams are not canopied and the
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water flow is less when compared to the Western Ghats.
These reasons may be attributed to the less biodiversity of
southern Eastern Ghats Rivers. In all the study sites of

southern Eastern Ghats Rivers, the mayfly species Epeorus
sp. is conspicuously absent, since this is a rhithrogenic form
and requires shade and less temperature.
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Figure 5. Species richness and abundance in 27 sites

The DCA ordination of all 27 stations, from the five
different Rivers of Western and Eastern Ghats, is shown in
Figure 4. The analysis resulted in the station being ordinated
along four axes with values of 0.2636, 0.1319, 0.07904, and
0.04588 respectively. It does not appear in general axis 1 that
is related to the geographic gradient (different mountain
ranges of Western and Eastern Ghats) and axis 2 is related to
the abundance of EPT complex among the 27 stations. This
assessment is in general agreement with the cluster analysis
wherein, basal grouping corresponds with stations of Rivers in
Western and Eastern Ghats.
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Abstract: Fluctuating asymmetry can cause developmental disorders in fish, and particularly high levels of asymmetry adversely affect fish life. In this study,
the fluctuating asymmetry levels of the otoliths of four Alburnus species (A. chalcoides (Giildenstéadt, 1772), A. tarichi (Glldenstadt, 1814), A. escherichii
Steindachner, 1897, and A. mossulensis Heckel, 1843) found in Turkish inland waters were investigated. A total of 160 fish were collected in the Turkish
inland waters. The fluctuating asymmetry level was calculated for the width and length characters of the asteriscus. Alburnus species, which were examined
in the present study, were divided into four total length classes and fluctuating asymmetry of otolith was evaluated according to both the total length classes
and species. There was significant difference between the right and left asteriscus otolith measurements for A. escherichii (P<0.05). Besides, there were no
significant differences between females and males’ otoliths measurements of the species (P>0.05). The highest and lowest asymmetry levels in the otolith
length and otolith width were calculated in the A. escherichii among the Alburnus species. However, the highest and lowest asymmetry levels in otolith
length and otolith width were calculated in the A. mossulensis among the total length groups of the Albumus species. In this study, it was determined that
the fluctuating asymmetry level varies according to different fish species and habitats.

Keywords: Alburnus, asteriscus, asymmetry, freshwater, otolith

0Oz: Dalgali asimetri, baliklarda gelisimsel bozukluklara neden olabilir ve ézellikle yiksek diizeyde asimetri balik yasamini olumsuz etkiler. Bu galismada
Tirkiye i¢ sularinda bulunan dort Alburnus tiriiniin (A. chalcoides (Gildenstéadt, 1772), A. tarichi (Glildenstadt, 1814), A. escherichii Steindachner, 1897 ve
A. mossulensis Heckel, 1843) otolitlerinin dalgali asimetri diizeyleri arastiriimistir. Tirkiye i¢ sularindan toplam 160 adet balik érneklenmistir. Asteriskus
otolitlerinin genislik ve boy karakterleri icin dalgali asimetri diizeyi hesaplanmistir. Bu calismada incelenen Alburnus tirleri dért boy sinifina ayriimis ve
otolitin dalgali asimetrisi hem total boy siniflarina hem de tiirlere gére degerlendirilmistir. Sag ve sol asteriskus otolit dlctimleri arasinda A. escherichii igin
onemli farkliliklar bulunmustur (P<0.05). Ayrica, tirlerin disi ve erkek bireylerinin otolit élgiimleri arasinda énemli bir farklilik yoktur (P>0.05). Alburnus
tirlerinden otolit boyu ve otolit genisligindeki en yliksek ve en dusiik asimetri diizeyleri A. escherichii tiirinde hesaplanmistir. Ancak Alburnus ttirlerinin total
boy gruplar arasinda otolit uzunlugu ve otolit genisligindeki en yiiksek ve en diisiik asimetri diizeyleri A. mossulensis tiirinde hesaplanmistir. Bu calismada
dalgali asimetri dizeyinin farkli balik tiirlerine ve habitatlara gére degisiklik gosterdigi tespit edilmistir.

Anahtar kelimeler: Albumus, asteriskus, asimetri, tatli su, otolit

INTRODUCTION

In fish species, otoliths are constituted by three pairs of
calcium carbonate structures such as asteriscus, lapillus, and
sagitta which are commonly used in many studies because of
their species-specific features, morphological diversity, and
chemical compositions (Campana, 1999; Tuset et al., 2008;
Bostanci et al., 2015; Pavlov, 2019). The otoliths are bony
structures that play an active role in the vital functions of fish,
such as balance and sound. Therefore, asymmetric otoliths
can negatively affect the balance and sensory sensitivity of
the fish (Lychakov and Rebane, 2005; Gagliano et al., 2008).
In many studies, otolith asymmetry has been used as an
indicator to test the similarities and differences between fish
populations and even has been used to test different

environmental effects such as temperature (Miller, 2011),
salinity (Elsdon and Gillanders, 2002), and pollution
(Hardersen, 2000), in the relevant populations. When the
literature is examined, it is determined that fish otoliths are
used extensively in age determination studies, but few studies
have observed the fluctuating asymmetry in otoliths (Jawad et
al., 2012; Yedier et al., 2018; Abdulsamad et al., 2020).

The inconsistency between the left and right features of
an organism due to the different development of the bilateral
characteristics is called asymmetry (Leary and Allendrof,
1989; Yedier et al., 2018). Fluctuating asymmetry (FA) is
expressed as random deviations from the perfect bilateral
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symmetry observed in many animal groups and reflects
variable growth during the development of organisms (Fey
and Hare, 2008). Besides, FA is thought to reflect the
environmental pressures and genetic that the organism
experiences throughout its development. For instance,
environmental factors that cause developmental disorders,
have been reported to cause deviations from the symmetrical
character of bilateral organisms (Fey and Hare, 2008). It was
stated that asymmetry observed in the otoliths is a valuable
index for body and health conditions during the early
development and growth of fish (Gagliano and McCormick,
2004; Allenbach, 2011).

The genus Alburnus (Bleaks) belongs to the Leuciscidae
family, one of the largest families of teleost and is represented
by 48 species from Europe to the southern regions of
Southwest Asia (Freyhof and Kottelat, 2007; Cicek et al.,
2015). The genus is an excellent example for endemism and
high diversity in the western Palaearctic freshwater fishes in
Turkey with 26 species, of which 17 are endemic (Glille et al.,
2017; Frose and Pauly, 2020). A comprehensive evaluation of
FA in otolith length and width characteristics of four Alburnus
species in Turkish waters was not investigated. Therefore, the
main objective of the present study was to provide some
valuable information about the otolith asymmetry of
A.chalcoides (Guldenstadt, 1772), A. tarichi (Gildenstadt,
1814), A. escherichii Steindachner, 1897, and A. mossulensis
Heckel, 1843 in Turkish inland waters.

MATERIALS AND METHODS

All fish samples were obtained from Turkish inland waters
(A.chalcoides from Cevizdere Stream - 41°05'10.1"N,
37°19'28.6"E, A. escherichii from Seydisuyu Stream -
39°24'51.9"N, 31°07'29.7"E, A. mossulensis from Munzur
River - 39°05'23.2"N, 39°32'31.6"E and A. tarichi from Lake
Van - 38°32'02.9"N, 43°17'16.7"E) using different sized (7-10
cm) fishing nets and also from local fishermen. A. tarichi is an
endemic species for Lake Van Basin, A. escherichii from
Anatolia, and A. mossulensis from Tigris—Euphrates Basin.
Total length of the samples was measured to the nearest £ 1
mm. The gender of fish samples was determined and their left
and right asteriscus otoliths were removed. The cleaned and
undamaged otoliths were examined. The otolith width (OW,
mm) and length (OL, mm) of the left and right otoliths were
taken by the same research scientist to exclude any
unwanted error and were repeated three times. The right and
left otoliths were photographed using a microscope with a
computer-connected camera system (Leica S8APQO) (Figure
1). Otolith width and length were measured by ImageJ
software (Ver. 1.50b).

Otolith Width Otolith Width

‘I Y’

Right Left Right

Otolith Length
Otolith Length

Otolith Length

IR X,

Otolith Length

Right Left Right

Otolith Width Otolith Width

Figure 1. The otolith length and width of asteriscus pairs for a) A.
chalcoides, b) A. escherichii, ¢) A. mossulensis, and d) A.
tarichi from the Anatolian freshwaters

Kolmogorov-Smirnov and Levene’s tests were used for
testing whether the variables have normal distribution and
homogeneity of variances, respectively. While t-test was
applied to determine differences between females and males’
otolith measurements, paired t-test was used to determine
differences between right and left otoliths measurements
(Bostanci et al., 2015). In the present study, otolith length and
width were used to calculate the Fluctuating Asymmetry (FA)
in the Alburnus species from Turkish waters. The statistical
analysis included calculating the squared coefficient of
asymmetry variation (CVZ) for otolith length and width,
according to Valentine et al. (1973): CVZ= (Sw*100/X+)2,
where X+ is the mean of the character, which is calculated by
adding the absolute scores for both sides and dividing by the
sample size and S is the standard deviation of signed
differences. ANOVA test was used to compare CVZ; values in
the otoliths between the different total length classes. The
relationships between total length classes and fluctuating
asymmetry values in otolith length and width were calculated
with linear regression model (y=ax+b). Minitab 17.0 statistical
program was used for all statistical analyses.

RESULTS

A total of 160 specimens (n=40 for each species) were
collected from Turkish inland waters in 2021. The samples
were divided into four total length classes, with the differences
between the total length classes being equal and each class
containing at least one individual. Total length classes are
100-120 mm, 121-140 mm, 141-160 mm, and 161-180 mm
for A. chalcoides in the Cevizdere Stream (Turkey), 80-100
mm, 101-120 mm, 121-140 mm, and 141-160 mm for A.
escherichii in the Seydisuyu Stream (Turkey), 110-130 mm,
131-150 mm, 151-1770 mm and 171-190 mm for A.
mossulensis in the Munzur River (Turkey) and 170-190 mm,
191-210 mm, 211-230 mm and 231-250 mm for A. tarichi in
the Lake Van (Turkey) (Table 1).

All variables were passed the Kolmogorov-Smirnov test of
normality (P>0.05) and Levene's test of homogeneity
(P>0.05). The otolith measurements of both sexes were
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pooled in the study because there were no significant
differences between female and male otoliths measurements
of the species (t-test, P>0.05). There were no statistical
differences between left and right otolith measurements of A.

chalcoides, A. mossulensis, and A. ftarichi (paired t-test,
P>0.05); however, statistically differences were found
between left and right otoliths of A. escherichii (paired t-test,
P<0.05).

Table 1. Squared coefficient of asymmetry and otolith characters mean, min-max values by total length class of A. chalcoides, A. escherichii,

A. mossulensis, A. tarichi

Character L I?:I?:;' pess N CVa2 Character mean cl\l?iir-?ltltl:;)e(r L ::;m:i::; with
100-120 10.922 1352 1.246-1.450 85.71
_ 121-140 15.320 1.752 1573-1.981 88.89
_ g Owlinlengh 41460 17 16.192 2272 1955-2.562 88.24
S5 161-180 21,642 2588 2.254-2.980 100.00
=5 100-120 7 175 1335 12521527 85.71
< § - 121-140 9.829 1678 1522-1.895 77.78
Otolith Width 141-160 17 13.981 2.055 1.852-2.326 82.35
161-180 7 26011 2.310 2.054-2.597 100.00
80-100 11 13.118 1558 1438-1.724 90.91
. 101-120 11 20.800 1827 1587-1.997 90.91
_ g Ovltnlengh 451449 14 23418 1919 17202193 7857
g5 141-160 4 35024 2.105 1.838-2.258 100.00
85 80-100 1 10974 1447 1.229-1.644 90.91
<35 101-120 11 29682 1632 1.381-1.929 81.82
Otolith Width 121-140 14 30835 1.797 1472-2.109 85.71
141-160 4 39614 1952 1.758-2.223 100.00
110-130 5 5783 1944 1.775-2.096 80.00
131-150 15 14487 2.131 1.935-2.392 93.33
o Oviintengh g 47 14 18447 2.353 2.006-2.613 92.86
S& 171-190 59.103 2535 2.281-2.898 100.00
g E 110-130 5 5841 1735 1578-1.846 80.00
<= 131-150 15 14622 1907 1.719-2.149 86.67
Otolith Width 151-170 14 21949 2.115 1.826-2.396 85.71
171-190 6  77.367 2.403 2.104-2.711 100.00
170-190 1 17130 2.498 2.226-2.697 81.82
191-210 15 21551 2,693 2.511-2.983 86.67
OtlithLength 514 539 10 25344 2752 2515-3.106 80.00
58 231-250 4 33438 2.904 2.582-3.253 100.00
22 170190 11 18.344 2.330 2.112-2.511 90.91
o 191-210 15 20.330 2.450 2.183-2.825 93.33
Otolith Width 211-230 10 22459 2570 2.240-2.960 90.00
231-250 4 26492 2.829 2.711-3.079 100.00

In the current study, results exhibited that the level of FA
for the two otolith traits at its lowest values in the fish species
ranging in total length between 100-120, 80-100, 110-130
and 170-190 for A. chalcoides, A. escherichii, A.
mossulensis, and A. tarichi, respectively. The highest FA

levels for the two otolith traits were determined in total length
groups such as 161-180 for A. chalcoides, 141-160 for A.
escherichii, 171-190 for A. mossulensis, and 231-250 for A.
tarichi, respectively. In all of the four Alburnus species
examined in our study, the percentage of individuals showing
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asymmetric characteristics in both otolith length and otolith
width is in the largest total length class (Table 1). Besides, the
FA values of total length classes for each species were
significantly different (ANOVA, P<0.05).

In the current study, it was determined that fluctuating
asymmetry values in both otolith length and otolith width tend
to increase with the total length of the four Alburnus species
and there was a linear relationship between them for all
bleaks. The highest and lowest relationships between total
length classes and fluctuating asymmetry values in otolith
length and width were determined in A. tarichi (= 0.968 and
0.967) and A. mossulensis (2= 0.798 and 0.787),
respectively.

Similarly, the highest and lowest correlations in total
length classes and fluctuating asymmetry values in otolith

width were determined in A. tarichi and A. mossulensis,
respectively.

Fluctuating asymmetry results of the otolith width and
length of the four Alburnus species from Turkish inland waters
are presented in Table 2. FA level of the otolith width was
greater than otolith length for A. escherichii, A. mossulensis,
and A. tarichi, but it was not the case with A. chalcoides
(Table 2). The percentage of individuals showing asymmetry
in otolith length characteristics was highest for A.
mossulensis, while the percentage of otolith width was
calculated as the highest in A. tarichi. In addition, the
percentage of individuals showing asymmetry in these two
otolith characters in A. escherichii was equal to each other
(Table 2).

Table 2. Squared coefficient of fluctuating asymmetry values and otolith characters means with minimum and maximum values for four bleaks

from Turkish inland waters

Total Length

% of individuals

Character CVa? Mean Min-Max .
(mm) with asymmetry

Alburnus chalcoides Otolith Length 100-180 40 17.540 2.049 1.246-2.980 90.00
Cevizdere Stream Otolith Width 100-180 40 15.914 1.889 1.252-2.597 85.00
Alburnus escherichii Otolith Length 80-160 40 23.358 1.813 1.438-2.258 87.50
Seydisuyu Stream Otolith Width 80-160 40 27.857 1.671 1.229-2.223 87.50
Alburnus mossulensis Otolith Length 110-190 40 22.455 2.246 1.775-2.898 92.50
Munzur River Otolith Width 110-190 40 26.962 2.033 1.578-2.711 87.50
Alburnus tarichi Otolith Length 170-250 40 21.744 2,675 2.226-3.253 85.00
Lake Van Otolith Width 170-250 40 22.946 2485 2.112-3.079 92.50

DISCUSSION asymmetry values in the otolith width were varied such as

In the literature, it was observed that most otolith
asymmetry studies are conducted extensively on marine
species (Jawad at al., 2012; Kontas at al., 2018; Yedier et al.,
2018; Abdulsamad et al., 2020), while few studies were
carried out in inland fishes (Green and Lochmann, 2005;
Estes et al., 2006; Green and Lochmann, 2006). The lack of
data regarding the natural asymmetry of the fish is present in
the Turkish inland waters as in many parts of the world.
Therefore, it is difficult to decide whether the asymmetry
values obtained in the present study are higher or lower than
normal. However, in the previous study, it was reported that
asymmetry has many negative effects on fish species such as
hearing problems (Lychakov and Rebane, 2005), abnormal
swimming activity (Helling et al., 2003), and adaptations
problems in the habitat (Jorgensen and Fiksen, 2010).

This is the first study to determine the fluctuating
asymmetry in otolith of Alburnus spp. in Turkish inland waters.
The FA values of the otolith length in the compared Alburnus
species were ranged from 10.922 to 21.642 for the A.
chalcoides, 13.118 to 35.024 for the A. escherichii, 5.783 to
59.103 for the A. mossulensis and 17.130 to 33.438 for the A.
tarichi. On the other hand, the lowest and highest fluctuating

7.755 and 26.011 in A. chalcoides from the Cevizdere
Stream, 10.974 and 39.614 in A. escherichii from the
Seydisuyu Stream, 5.841 and 77.367 in A. mossulensis from
the Munzur River and 18.344 and 26.492 in A. tarichi from the
Lake Van. The highest asymmetry value differs among otolith
characters in fish species. For example, some researchers
were determined the highest asymmetry value in the otolith
length (Al- Mamry et al., 2011; El-Regal et al., 2016), while
others were indicated in the otolith width (Sadighzadeh et al.,
2011; Jawad, 2012; Jawad et al., 2012; Abdulsamad et al.,
2020). Similarly, some differences also were identified with
the highest asymmetry value of otolith characters for four
Alburnus species from the inland waters of Turkey. Although
the highest asymmetry value was found in the otolith length in
A. chalcoides species, it was determined in otolith width in the
A. escherichii, A. mossulensis and A. tarichi. The highest and
lowest asymmetry values in the otolith length and otolith width
were found in the A. escherichii among the Alburnus species.
However, the highest and lowest asymmetry in otolith length
and otolith width were calculated in the A. mossulensis
species among the total length groups of Alburnus species.
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When these four Alburnus species are compared, it is
concluded that the fish from the Seydisuyu Stream and
Munzur River are more stressed than from Cevizdere Stream
and Lake Van.

In order to evaluate the fluctuation asymmetry values in
both otolith length and otolith width of the four Alburnus
species, there is no study conducted with the same species in
different regions or different species in the same regions.
Therefore, fluctuating asymmetry values of the otolith
characters of Alburnus spp. examined in the study were
compared among themselves. In many studies, a relationship
between otolith asymmetry and total length was examined
and it was stated that asymmetry increases with total length
(Jawad, 2001; Al-Mamry et al., 2011). In the current study, it
was determined that the value of otolith asymmetry was
positively correlated with the fish length for four Alburnus
species from Turkish inland waters. Similar results are
available in several studies in different habitats (Jawad et al.,
2012; Mabrouk et al., 2014; Abdulsamad et al., 2020). The
increase in asymmetry levels depending on the total length
may be the result of longer exposure to fish under
environmental conditions depending on the age and fish size
(Thiam, 2004). In many studies, it has been reported which
fluctuating asymmetry in the morphometric character of the
organism, is negatively correlated with the animal fitness
(Martin and Lopez, 2001; Jawad et al., 2012). Pollutants such
as heavy metals, pesticides, DDT, and detergents in water
can accumulate in the fish body and can then be transferred
to humans through the food chain (Ongley, 1996; Afshan et
al., 2014). Determining the environmental stress of heavy
metals and other pollutants in aquatic ecosystems is very
important for both humans and fish. For this, it should be well
known to collect detailed information about habitat conditions
and animal welfare of the fish species. In such cases, habitats
should be protected for populations by measuring the effects
of these stresses in fish species before they are irreversibly
affected (Lens et al., 2002). Therefore, fluctuating asymmetry
is one of the methods applied in determining the quality and
health of individuals and populations, since it is both easy to
apply and not destructive (Mgller and Thornhill, 1998; Lens et
al., 2002). In addition, it was stated in previous studies that
developmental instability was determined using fluctuating
asymmetry values and this asymmetry could be an indicator
of environmental stress (Parsons, 1990; Alados et al., 1993).
Furthermore, based on previous research in this field, it is
likely that there is a relationship between asymmetry in fish
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Abstract: The overuse of pesticides has been increasing since the 20th century. Depending on this use, non-target organisms are also affected apart from
target organisms. Cyfluthrin is a synthetic pyrethroid pesticide used in agriculture, domestic and veterinary medicine against insects. It may also affect non-
target aquatic organisms as a result of mixing with aquatic ecosystems. This study was aimed to investigate the effect of cyfluthrin on freshwater mussels,
one of the aquatic invertebrate species, with hemocyte parameters. Total hemolymph counts, hemolymph cell morphology, and differential hemocyte counts
were performed from hemolymph taken from mussels exposed to different cyfluthrin doses exposures for 24 and 48 hours. Compared to the control group,
the total hemocyte counts of the experimental groups were found to increase in 24h and decrease in 48h significantly (p<0.05). In the examination of
hemocyte morphologies, granular, semi granular, and hyalinocyte cells were observed. Similar values of differential hemocyte counts were found both 24
and 48h exposure times. As a result, in aquatic toxicology studies, besides total hemocyte count, analysis of hemocyte morphologies and differential
hemocyte counts are found to be good biomarkers.

Keywords: Cyfluthrin, hemolymph, total hemocyte counts, hemocyte morphology, differential hemocyte counts

Oz: Pestisitlerin asiri kullanimi 20. yiizyildan beri artan bir sekilde devam etmektedir. Bu kullanima bagli olarak hedef organizmalar disinda hedef olmayan
organizmalar da etkilenmektedir. Cyfluthrin tarimda, evsel alanda ve veteriner sagliginda boceklere karsi kullanilan bir sentetik piretroit pestisittir. Sucul
ekosistemlere karismasi sonucunda hedef disi sucul organizmalar tizerinde de etki gosterebilir. Bu galismada, sucul omurgasiz tiirlerinden biri olan tatl su
midyelerinde cyfluthrinin etkisi hemosit parametreleri ile incelenmesi amaglanmistir. 24 ve 48 saat stire ile farkli cyfluthrin maruziyetine birakilan
midyelerden alinan hemolemften total hemosit sayisi, hemolemf hiicre morfolojisi ve diferansiyel hemosit sayimi yapilmistir. Kontrol grubuna gére, deney
gruplarinin total hemosit sayilari énemli dlgiide degiskenlik gosterdigi bulunmustur (p<0.05). Hemosit morfolojilerinin incelenmesinde ise grandillii, yari-
grandllii ve hiyalinosit hiicreleri gozlenmistir. Ardindan yapilan diferansiyel hemosit sayimi ile 24 ve 48 saatlik maruziyet sonucunda benzer degerler
bulunmustur. Sonug olarak, sucul toksikoloji alismalarinda total hemosit sayisinin yani sira hemosit morfolojilerinin incelenmesi ve diferansiyel hemosit
sayllari da iyi bir biyobelirtectir.

Anahtar kelimeler: Cyfluthrin, hemolemf, toplam hemosit sayisi, hemosit morfolojisi, diferansiyal hemosit sayisi

INTRODUCTION

Pyrethroids, synthetic insecticides, are made of pyrethrins
that are naturally produced from the flowers of
Chrysanthemum cinerariaefolium (Soderlund et al., 2002).
The first compound of the pyrethroids is allethrin that was
produced in 1949 and commercialized in 1952. Then,
tetramethrin, resmethrin, phenothrin, permethrin, fenvalerate,
deltamethrin, cypermethrin were synthesized and marketed in
the 1970s. During the 1980s, bifenthrin, cyfluthrin, and other
second-generation pyrethroids were made and started to use
for against corps, public health, and household application
(Palmquist et al., 2012). Even though the natural pyrethrums
consisting of pyrethrins, cinerins and jasmolins were used
against insects in the 1800s (Palmquist et al., 2012),
pyrethroids have been widely applied in agricultural and
household areas since the 1970s (Soderlund et al., 2002).

The mechanism of pyrethroids is the disruption of the
peripheral nervous system of insects. Their main effects on
sodium-voltage channels and hence they cause paralysis.
According to their mechanism of action, pyrethroids are
divided into two groups: Type 1 and Type 2 (Palmquist et al.,
2012; Williams et al,. 2018). Exposure to the first causes
restlessness, overstimulation and body shake whereas the
last causes hyperactivity, incoordination, and writhing. Among
pyrethroids compounds, Type 1 consists of allethrin,
bifenthrin,  d-phenothrin,  permethrin, resmethrin, and
tetramethrin while Type 2 includes many of the second
generation pyrethroids such as cyhalothrin, cypermethrin,
cyfluthrin, and deltamethrin (Palmquist et al., 2012).

Cyfluthrin (Cas Number: 68359-37-5; C22H1sCi2FNO3) is
widely used for various pests in agriculture, household,
veterinary, and food industry. After hypersensitiveness of the

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


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.39.1.06
https://orcid.org/0000-0001-5910-2835
https://orcid.org/0000-0001-5910-2835
mailto:pinarslan89@gmail.com
http://doi.org/10.12714/egejfas.39.1.06

Arslan, Ege Journal of Fisheries and Aquatic Sciences, 39(1), 39-45 (2022)

insects, it causes convulsion and death. It affects either on
depolarization of sodium-voltage channel or calcium transport
mechanism on the cell membrane (Verma et al., 2021).

Cyfluthrin is detected in different parts of aquatic
environments. Duavi et al. (2021) found that cyfluthrin
concentration in water and sediment samples of the Ceara
River (CE, Brazil) were from 15.60 to 178.35 ng/L and from
5.75 to 55.45 nglg, respectively. Cryder et al. (2021) found
that the mean concentration of cyfluthrin ranged from 13.8 to
455 ng/L in the water, from 0.263 to 52.4 ng/g in the
sediment, and from non-detected to 3.18 ng/g in the plant
samples of Prado Wetlands (California, USA). Lizotte et al.
(2021) found that cyfluthrin was detected 16-18 pglkg in
sediment samples from Mississippi Stream Bayous. They also
found that Hyelalla azteca were exposed to collected
sediment for 28 days and the residues of cyfluthrin in its
tissue were found between 179 and 1003 ug/kg. In addition to
being detected in the aquatic ecosystem, it has also been
found to have toxic effects on aquatic organisms such as
green algae (Séaenz et al., 2012), mussels (Serdar, 2021), and
fish (Selvi et al., 2008; Sepici-Dingel et al., 2009; Farag et al.,
2021) in laboratory experiments.

Aquatic invertebrates have cellular and humoral defence
mechanism against to pathogens, pollutants (Ciacci et al.,
2009). The blood tissue of invertebrates is known as
hemolymph that is an important bioindicator parameter of the
species health status (Gunal et al., 2018). Hemocytes, blood
cells, are responsible for cellular defence mechanism via
phagocytosis, release of lysosomal enzymes and etc (Ciacci
etal. 2009).

Aquatic invertebrates have been affected by alterations of
abiotic parameters including salinity (Nunes et al., 2021;
Pérez-Velasco et al., 2021), temperature (Matoo et al. 2021;
Wu et al, 2021), pollutants (Baussant et al., 2009;
Tresnakova et al., 2020; Gunal et al., 2021) and by biotic
factors such as bacteria (Canesi et al., 2002; Ciacci et al.
2009), invasive species (Berber et al., 2018) in the aquatic
environment. Therefore, their immune system may be also
affected by these factors.

Freshwater mussels have been effectively used for
biomonitoring studies of aquatic systems. Due to their filter-
feeding characteristics, they reflect the environment where
they inhabit (Negishi et al., 2013; Lundquist et al., 2019).
Therefore, they are bioindicator organisms many studies
including  biomonitoring (Wagner and Boman 2004),
biodiversity (Bolotov et al., 2020), and aquatic toxicology
(Gillis et al., 2004; Machado et al., 2014; Yurdakok-Dikmen et
al., 2018; Tresnakova et al., 2020; Arslan et al., 2021a,
2021b).

The freshwater mussel organism in the current study is
Unio delicatus Lea, 1863. It is one of the most common
mussel species in the southwest to east Anatolia in the large
river basins. Due to the distribution areas, it is an indicator

species in biomonitoring, ecotoxicological, and phylogenetic
studies (Lopes-Lima et al., 2021). The current study was
aimed to investigate immunological response of non-target
organisms, freshwater mussels (Unio delicatus) via the total
hemocyte counts, differential hemocyte counts, and hemocyte
morphology of exposure different concentrations of cyfluthrin.

MATERIALS AND METHODS

The freshwater mussels Unio delicatus were obtained
from fishermen from Gélbasi Lake in Adiyaman (Turkey)
situated in the southern of Anatolia. It has rich biodiversity
and also located in the migration routes of birds between
Africa and Europe (Alkan Uckun, 2018). The species were
taken to the laboratory in the aerated water. The mussels
were brought to the laboratory and were placed in 15 L
aquariums. Before starting the experiments, the mussels were
adapted to the laboratory conditions for 2 weeks. The
dechlorinated municipal tap water was used in the aquariums
and the temperature was kept constant with thermostat
heaters. The water parameters are as follows: the mean
temperature as 21.4+1.21°C, the mean dissolved oxygen as
5.4610.17 mg/L, the mean conductivity as 223.15+0.48
mS/cm, the mean pH as 7.70+0.03. During the adaptation
period, they were fed by Chlorella sp. The aquariums water
were changed every two day.

Cyfluthrin was prepared via solvent (dimehtylsulfoxide,
DMSO) in stock concentration as 10.05 mg/L. Then, it was
diluted with water 1.05, 0.105, and 0.0105 mg/L.

In the experiment, five aquariums consisting 10 L water in
15 L aquariums were used. Ten mussels were randomly
placed in the aquarium (n=50). The mean weight, mean
length, mean thickness, and mean height of mussels were
31.59+4.8 g, 4.87+0.43 cm, 1.18+0.30, and 1.88+0.17 cm,
respectively. Three of the aquariums were the experiment
groups (1.05, 0.105, and 0.0105 mg/L cyfluthrin, CF) and two
of them were the control groups (control and solvent control
(DMSQ)). The acute toxicity test was applied for 24 and 48
hours. The cyfluthrin concentrations in the exposed groups
were analysed according to AOAC Official Method 2007.01 by
LC-MS/MS (AOAC 2007). The results were within acceptable
limits of nominal concentrations. At the end of each exposure
period, 5 mussels were taken from the aquariums and
hemolymph samples (about 1 mL) were taken by stimulating
the adductor muscle with the help of a 2.5 mL sterile syringe.

Total hemocyte counts (THCs) were made using
hemocytometer according to Yavuzcan and Benli (2004).
After taking hemolyph, some of the hemolymph samples
(around 200 pL) was mixed with 4% formaldehyde fixative
solution (1:1) and then the mixed hemolymph samples were
counted in Thoma counting chambers. Every hemolymph
specimen was prepared and counted three times.

Among morphological analysis of hemocytes, hemocyte
types and differential hemocyte counts were detected. The
hemolymph samples were stained Giemsa dye according to
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Silva et al., (2002). After the hemocyte types were analyzed
under the light microscope, the differential hemocyte counts
were carried out to count four different parts of the slides.
Lysosomal observations were made Neutral Red staining
according to Matozzo and Marin (2010).

The results were evaluated by using a non-parametric
statistical method (Kruskal Wallis) via the GraphPad Prism 5
program. The percentage of differential hemocyte counts was
calculated via the Microsoft Excel 13 program. The cells
diameters were determined by using the ImageJ program.

RESULTS AND DISCUSSION

The blood parameters of invertebrates are very important
to detect the health status of the species as well as the
environment where they inhabit. Exposure to environmental
pollutants, adverse effects including abnormal offsprings
(Saidov and Kosevic 2021), deformation in their morphology
(Banumathi et al., 2017) were detected. In the short- and
long- term exposure, the blood parameters such as total
hemocytes counts, differential hemocyte counts are used for
the immunological investigations of the species (Matazzo and
Marin 2010; Gunal et al., 2018; Ayhan et al., 2021). Due to
exposure to pollutants, the immune system of species were
effected, and hence their total hemocyte counts increase
(Katalay et al., 2019).

The health assessment of aquatic invertebrates generally
occurred lethal tissue collection from species for alterations
histopathological (Costa et al., 2013; Larguinho et al., 2014;
Yee-Duarte et al., 2018; Noleto et al., 2021) and enzymatic
(Baussant et al., 2009; Larguinho et al., 2014; Noleto et al.,
2021) analysis. These methods have resulted in the impacts
on the habitat status of aquatic invertebrates. In some cases,
the investigated species may be threatened/endangered due
to the decrease in the number of specimens in the habitat.
Thus, rapid techniques and the use of a small number of
animals are required to study the health status of aquatic
organisms (Gustafson et al., 2005). Therefore, in this study,
the number of individuals was used to examine the
hemolymph parameters, which is one of the physical
parameters of the mussels, to be low.

In the present study, the acute effects of cyfluthrin on the
freshwater mussels were detected via hemocyte parameters.
Differential hemocyte parameters were examined after the
determination of the total hemocyte counts used in many
studies in which pollutant research was carried out. By
examining the cells morphologically, it was determined
whether the granules in the hemocytes were lysosomes.

The values of THCs of the freshwater mussels exposed to
cyfluthrin for 24h and 48h were given in Figure 1. At 24-hour
exposure, hemocyte counts significantly increased compared
to control groups (p<0.05). In the high concentration applied
(1.05 mg/L), an increase of THCs occurs almost twice of the
control group, while a decrease in the number of THCs occurs
when the dose concentration is decreased. During the 48-

hour exposure period, the THCs values observed at a high
rate in the control group led to a decrease in half at the lowest
concentration of CF (0.0106 mg/L). A decrease was observed
in the exposure groups from high dose to low dose at 48
hours of exposure (p<0.05). However, the difference between
exposure times did not affect on THCs (p>0.05). On the other
hand, the alterations in THCs in this study were agreed with
other studies exposed to different pollutants on aquatic
invertebrates (Glinal et al., 2018; Katalay et al., 2019;
Tresnakova et al., 2020; Ayhan et al., 2021).
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Figure 1. The values of THCs (+SEM) of Unio delicatus exposed to
cyfluthrin for 24 and 48h and control groups. (Different
letters shows the significant difference, p<0.05)

In the morphological examination of hemocyte types by
light microscopy, three types of hemocytes were detected:
granulocytes (Figure 2.A), semigranulocytes (Figure 2.B), and
hyalinocytes (agranulocytes, Figure 2.C). The first has great
cytoplasmic granules in the cells, the second has lots of
cytoplasmic granules in the cells, and the third has no
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cytoplasmic granules. The granules in the cytoplasm of
granulocytes and semigranulocytes were lysosomes and they
were shown in Figure 2.D. The obtained hemocyte type
results in the current study are similar to Matozzo and Marin
(2010).

The mean diameters of granulocytes, semigranulocytes,
and hyalinocytes in the control group were 15.97+£1.42 um,
10.48+0.87 um, and 11.04+0.16 um, respectively. Matozzo
and Marin (2010) found that granulocytes (11.94 pm),
semigranulocytes (12.38 um), and hyalinocytes (7.88 um) in
the hemocyte cells of the crab Caricus aestuarii. Bolognesi
and Fenech (2012) observed that granular (8-12 ym) and
agranular (3-4 um) hemocytes in the hemolymph of the
Mediterranean mussel Mytilus galloprovincialis. According to
the results obtained from the control group in this study, the
difference in hemocyte distribution and size from Matozzo and
Marin (2010) and Bolognesi and Fenech (2012) may be due
to the difference between species and the marine/freshwater
species.

On the other hand, the mean diameters of granulocytes,
semigranulocytes, and hyalinocytes in the exposed groups
were 19.91£0.96 um, 23.68£0.31 um, and 27.30£1.20 pm,
respectively. The diameter of the hemocytes in the control

groups were smaller than the exposed groups. This may be
related to phagocytosis of the contaminant by hemocyte cells.

In the exposure of Cyfluthrin for 24h and 48h, all the
groups had semigranulocytes, granulocytes and hyalinocytes
(Figure 3). The highest and lowest values of the cells
obtained from the experiment groups are same in the 24h and
48h exposure time. For instance, the highest
semigranulocytes were 80.24% in the 0.0105 mg/L CF group
where the lowest were in the control group (23.73%) in the
24h  exposure  duration.  Likewise, the highest
semigranulocytes were 71.42% in the 0.0105 mg/L CF group
where the lowest were in the control (31.42%) in the 48h. The
highest granulocytes were 58.21% in the 0.105 mg/L CF
group where the lowest were in the 0.0105 mg/L CF group
(20%). The highest hyalinocytes were 16.9% in the control
group where the lowest were in the 1.05 mg/L CF group
(5.79%). Besides, the highest granulocytes were 57.89% in
the 0.105 mg/L CF group where the lowest were in the 0.0105
mg/L CF group (19.05%). The highest hyalinocytes were
11.43% in the control group where the lowest were in 4.35%
the 1.05 mg/L CF group.
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Figure 2. Unio delicatus hemocytes stained with Giemsa’s dye (A-C; g: granulocytes, sg: semigranulocyte and h: hyalinocyte) and Neutral Red
dye showing lysosomes in the cell (D).
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Figure 3. The percentage of hemocyte types in the experiment groups for 24h and 48h

CONCLUSION

It has been found appropriate to use changes in the total
hemocyte counts (THCs), which is one of the important
physiological markers, in many studies investigating the
effects of environmental pollutants in the aquatic toxicology.
In this study, the decrease in the THCs due to cyfluthrin
exposure indicates that the THCs parameter is a good
indicator. The hemocyte cell types and differential hemocyte
cell counts (DHCs) in hemolymph tissue were also
investigated in the current study. The fact that hemocyte cells
with granules, semigranules and agranules are of the same
type as the cells in other studies in the literature. When the
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0z: Bu calismada izmi[’in Bornova ilgesinin farkli semtlerinden farkli mevsimlerde toplam 180 adet midye tava ve 180 adet midye dolma 6megi satin
alinarak incelenmistir. Orneklerin higbirinde Vibrio vulnificus ve Vibrio cholerae bakterilerine rastlanmazken, yaz aylarinda incelenen 45 midye dolma
orneginin 11 tanesinde (%24,4), sonbahar aylarinda incelenen 45 6megin 3 tanesinde (%6,7) Vibrio parahaemolyticus tespit edilmistir. Midye dolma
orneklerinde ise V. parahaemolyticus'a kis ve ilkbahar aylarinda rastlaniimazken, yaz ve sonbahar aylarinda rastlandigi tespit edilmistir. Analiz edilen
toplam 360 islenmis midye drneginin 14linde (%3,8) Salmonella spp., 11'inde (%3,1) Listeria monocytogenes tespit edilmistir. incelenen midye tava
orneklerinin higbirinde patojen bakteri tespit ediimemistir. Sonu¢ olarak, midye dolmalarin yaz ve sonbahar aylarinda patojen bakteri icerdiginin
bulgulanmasindan dolayi bu Uriinlerin tiketiminin halk saghgr agisindan riskli oldugu belirlenmistir. Bu nedenle midye dolmalarin hammadde asamasindan
itibaren islendigi ve satisinin yapildigi yerlerde denetimlerin dzellikle yaz ve sonbahar aylarinda siklastiriimasi gerekmektedir.

Anahtar kelimeler: Tiiketime hazir midye Urtinleri, islenmis midye, midye tava, midye dolma, mikrobiyal kalite

Abstract: In this study, the total of 180 fried and 180 stuffed mussel samples from the different districts of Bornova in different seasons were sold and
examined. While none of the specimens of Vibrio vulnificus and Vibrio cholerae were found, Vibrio parahaemolyticus was detected in 11 (24.4%) of 45
mussel stuffed samples examined in summer and 3 (6.7%) of 45 samples examined in autumn. In the stuffed mussel samples, V. parahaemolyticus was not
found in winter and spring, while it was found in summer and autumn. Salmonella spp. was found in 14 (3.8%) of the 360 processed mussel samples and
Listeria monocytogenes in 11 (3.1%). No pathogenic bacteria were detected in any of the fried mussel samples examined. As a result, it is always
necessary to keep in mind that stuffed mussel can be risk for human health since it was found that it contained pathogenic bacteria, especially in the
summer and in the autumn months. For this reason, it has become necessary to tighten the inspections especially in the summer and autumn months,

where mussels are processed and sold.

Keywords: Ready-to-eat mussel products, processed mussel, fried mussel, stuffed mussel, microbiological quality

GIRiS

Ulkemizde yaygin olarak tiiketilen midyenin Akdeniz
midyesi (Mytilus galloprovincialis, Lamarck, 1819) oldugu ve
kara midye olarakta adlandirildi§i bildirilmektedir (Ayvaz,
2018). Muytilus galloprovincialis Mytilidae ailesinin Glkemiz
kara sularinda karaya cikarilan, islenerek insanlara servis
edilen ve ekonomik olarak degerlendirilen 6nemli bir tlirdur.
Bu tiiriin izmir'den Karadeniz sularina kadar genis bir alanda
toplandi§i  belirtiimektedir (Balcioglu ve Gondlal, 2017).
Tirkiye Istatistik Kurumu (TUIK), 2018 yili su Uriinleri
verilerine gdre 603,8 ton kara midyenin karaya cikarildigi ve
insanlar tarafindan tiiketildigi bildirilmigtir (TUIK, 2018).
Kabuklu su trlnlerinin lezzetli ve insanlar tarafindan sevilerek
tiketilen bir gida maddesi oldugu belirtiimektedir. Midyenin
hem pismis hem taze olarak tiiketilebilen ylksek besin
degerine sahip ve suyu uzaklastinimig agiriginin %60’ inin
proteinden olusan bir kabuklu su drind oldugu bildirilmektedir
(Ayvaz, 2018). Ancak midyeler deniz suyunu sizerek
beslenme faaliyetlerini gergeklestirdigi i¢in cesitli patojen

mikroorganizmay! igerebilmektedirler. Bu nedenle karaya
cikarildiklari  bolgedeki mikroorganizma  yogunlugununda
dolayli olarak hasat edilen midyelerin mikrobiyolojik kalitesini
etkiledigi ve midyelerin kalitelerininde mikrobiyolojik testlerle
belirlenebilecedi  bildiriimektedir  (Sirin, 2012). Dunyada
midyeler genelde ¢i§ veya minimal islem gérmis hali ile
buharda pisirilmis olarak insanlar tarafindan tiketilen su
Urlnlerinden olsa da (lkemizde midyeler pisirimeden
yenilmemektedir (Bascinar, 2009).

Deniz  kabuklularinin  viicutlarinda ve kabuklarinda
codalma Ozelligi gosterebilen  Vibrio cholerae,  Vibrio
parahaemolyticus, ve Vibrio vulnificus énemli Vibrio tiirleridir.
Dolayisi ile insanlara bu kaynaklardan meydana gelen
bulasmanin  baglica nedenlerinin  deniz  kabuklularinin
tiketilmesi veya toplanmasi esnasindaki temas ile yakin ilgili
oldugu vurgulanmaktadir (Aydin ve Soyutemiz, 2002). Taze
ve islenmis su Urlnlerinde patojen bakterilerin varligi
konusunda (Kiling, 2001; Kocatepe vd., 2013; Kiling ve
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Beken, 2016; Novoslavskij vd., 2016; Zhang vd., 2016; Kiling,
2019; Choi vd., 2019; Kiling, 2020), midye dolmalarin
mikrobiyolojik kalitesi (Durgun, 2013; Kok vd., 2015; Kiling
vd., 2018; Oztiirk ve Giindiiz, 2018; Gingorur ve Bostan,
2019) konusunda ¢ok sayida galisma yapilmis olmasina
karsin, midye tavalarin mikrobiyolojik kalitelerinin belirlenmesi
konusunda yapilmis sinirli sayida galismaya (Bindu vd., 2002;
Hampikyan vd., 2008) rastlaniimistir.

Tirkiye’de midyeler tiketime hazir halde midye tava ve
midye dolma seklinde satisa sunulmaktadir. Midye dolma
midye eti, pilav ve baharatlar kullanilarak, midye tava ise
midye etinin un ile kaplanarak derin yagda kizartiimasiyla
hazirlanan rinlerdir. Bu amagla galismada tuketime hazir
halde satisa sunulan islenmis midye tava ve midye dolma
orneklerinin izmirin farkli semtlerinde satigi yapilan yerlerden
temin edilmistir. Ayrica tliketime hazir haldeki midye
urtinlerinin mevsime bagli olarak mikrobiyolojik kalitelerinin
incelenmesi yanisira halk sagligi agisindan risk olusumunun
incelenmeside hedeflenmistir.

MATERYAL VE METOT
Materyal

islenmis midye cesidi olarak galismada Tiirkiye'de tiiketim
sekli en fazla olan midye tava ve midye dolma 6rnekleri tercih
ediimistir. Midye tava ve midye dolma 6rnekleri izmirin
Bornova (Bornova, Merkez), Gamdibi, Altindag, Mersinli ve
Yesilova) olmak Uzere 5 farkll semtte satis yapilan yerlerden
temin edilmistir. Orneklerin mevsime bagli olarak (ilkbahar,
Yaz, Sonbahar, Kis) mikrobiyal degdisimleri ve patojen bakteri
icerikleri arastirilmistir. Midye tava ve midye dolma 6rnekleri
aylik olarak her ay 3 defa olmak lzere 1 yil boyunca
drneklenmistir. Calismada her mevsim igin 45 midye tava ve
45 midye dolma 6rnegdi olmak iizere toplamda 1 yil boyunca
180 adet midye tava ve 180 adet midye dolma 6rnegi analiz
edilmistir.

Mikrobiyolojik analizler
Dilusyon hazirlanmasi

10 gram tliketime hazir halde satisa sunulan midye tava
ve midye dolma Ornekleri alinarak igerisinde 90 ml peptonlu
su (LABM, LAB204) ile seyreltme islemi yapilmigtir. Bu
seyreltme pedalli blender torbasina konularak cihazda (IUL,
Barcelona, Spain) 2,5 dakika homojenize edilmistir.
Hazirlanan dillisyondan diger desimal diliisyonlar peptonlu su
kullanilarak (TSE, 2001) metoduna gore hazirlanmistir.

Toplam mezofilik ve psikrofilik aerob bakteri sayimlari

Toplam mezofil ve psikrofil aerobik bakteri sayimlari
yayma plak yontemine gore (TSE, 2013) metodu kullanilarak
yapilmistir. Seri dillisyonlari yapilan érnekler her diliisyondan
0,5 ml olacak sekilde igerisinde Plate Count Agar (Liofilchem,
10032) hazir besiyeri bulunan petrilere ekilerek drigalski
yayma c¢ubugu ile yayilmistir. Petriler 30°C deki inklibatérde
72 saat aerobik ortamda inkiibe edilmigtir. inkiibasyon
sonunda petrilerde (reyen koloniler sayilarak dillisyon

faktorinin tersi ile carpilip, inokilasyon miktarina béllinerek
orneklerin  toplam  mezofilik aerobik bakteri  sayilari
hesaplanmigtir. Psikrofil aerobik bakteri sayimi igin ise yine
her dilisyondan 0,5 ml olacak sekilde igersinde Plate Count
Agar (Liofilchem, 10032) hazir besiyeri bulunan petrilere
ekilerek drigalski yayma gubugu ile yayiimistir. Petriler bu kez
psikrofil bakteri sayimlari igin buzdolabi sicakliginda 4-8°C de
7 giin aerobik ortamda inkiibasyona birakilmistir. inkiibasyon
sonunda petrilerde Ureyen kolonilerin sayimi yapildiktan
sonra koloni sayisinin dillisyon faktériiniin tersi ile carpilip,
inokilasyon miktarina  bolinmesi ile islenmis  midye
orneklerinin psikrofil aerobik bakteri sayilari hesaplanmistir
(TSE, 2013).

Toplam koliform bakteri sayimi

Koliform bakteri sayimi igin seri dilisyonlari yapilan
ornekler En muhtemel Sayi Yontemine gére Lauryl Sulphate
Tryptose Broth (LST) (Liofilchem, 24453) besiyerine 1 ml
olacak sekilde ekimleri yapilmistir. Daha sonra tlpler
37+1°C'deki inkubatorde 48 saat aerobik ortamda inblbe
edilmistir. Gaz olusturan tiiplerden paralel olarak steril 6ze
yardimi ile Brilliant Green Bile Broth 2% (Liofilchem, 24102)
besiyerine ekimleri yapilmigtir. Brilliant Green Bile Broth 2%
besiyerleri 37+1°C'de 48 saat aerobik ortamda inkibe
edilmistir. Inkiibasyon sonunda durham tiiplerinde gaz
olusumu gdrilmis olan tlipler (+) olarak, gaz olusumu
gorilmemis tlipler (-), olarak degderlendirilmistir. Koliform
bakteri sonuglari EMS tablosu kullanilarak hesaplanmistir
(TSE, 2015).

Fekal koliform bakteri sayimi

Fekal koliform bakteri sayimi igin, inklibasyon sonunda
gaz olusturan koliform saptanan pozitif tiplerden steril 6ze
yardimi ile EC Broth (Liofilchem, 24122) besiyerine ekimler
yapilmistir. EC Broth besiyerlerine ekim yapilan tlipler
44+1°C'deki inklibatorde 24 saat aerobik ortamda inkibe
edilmistir. Inkiibasyon sonunda durham tiiplerinde gaz
olusumu goriilmis olan tiipler (+) olarak, gaz olusumu
gorilmemis olan tiipler (-) olarak degerlendirilmistir. islenmis
midye érneklerinin fekal koliform bakteri sayilari EMS tablosu
kullanilarak hesaplanmistir (TSE, 2015).

E. coli sayimi

E. coli sayimi igin seri dilisyonlari yapilan 6rnekler her
dilisyondan 0,5 ml olacak sekilde icersinde TBX (Liofilchem,
10522) Agar hazir besiyeri bulunan petrilere ekilerek drigalski
yayma cubugu kullanilarak yayilimigtir. Ekim yapilan petriler

44+1°C'deki inkibatorde 24 saat aerobik ortamda
inklbasyon  sonrasinda  petrilerde  Ureyen  mavi-yesil
kolonilerin  sayimi  gerceklestirimistir.  Islenmis  midye

orneklerindeki E. coli sayisi, koloni sayisinin dillisyon
faktorinin tersi ile carpilip, inokilasyon miktarina
béllinmesiyle hesaplanmistir (TSE, 2015).

Koagulaz pozitif Stafilakok sayimi

Koagulaz pozitif Stafilakok sayimi igin seri dilisyonlari
yapilan islenmis midye érneklerden her dilisyondan 0,5 ml
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olacak sekilde icersinde Tavsan Fibrinojenli Baird Parker Agar
(Baird Parker Agar Base + RPF Supplement, Liofilchem,
420010) hazir  besiyeri  bulunan  petrilere  ekimi
gerceklestirilmistir. Ekim yapilan petriler (izerindeki inokulum
drigalski yayma cubugu kullanilarak yayilmistir. inokiile edilen
petriler 37 + 1 °C’deki inklibatérde 48 saat aerobik ortamda
inkiibe edilmistir. inkilbasyon sonunda petrilerde (ireyen
lesitinaz pozitif zonlu koloniler sayilarak, koloni sayisinin
dilisyon faktdriiniin tersi ile garpilip, inokilasyon miktarina
bdliinmesi ile drneklerdeki koagiilaz pozitif Stafilakok sayisi
hesaplanmistir (TSE, 2006).

Bacillus cereus sayimi

Bacillus cereus bakteri sayimi sadece midye dolma
orneklerinin  piring iceriginden gerceklestirilmistir. Bacillus
cereus sayimi icin seri diliisyonlari yapilan 6rneklerden her
dilisyondan 0,5 ml olacak sekilde igersinde Chromatic™
Bacillus cereus agar (Liofilchem, 11628) hazir besiyeri
bulunan petrilere yayma plak yéntemine gore ekim yapilarak
drigalski yayma cubugu kullanilarak yayma islemi
gerceklestirilmistir. Ekim yapilan petriler 30 £ 1 °C'deki
inklibatérde 18-24 saat aerobik ortamda inkilbe edilmistir.
inkiibasyon sonucunda petrilerde iireyen mavi-yesil opak
zonlu koloniler sayilarak, koloni sayisinin dillisyon faktdriin(in
tersi ile garpilip, inokiilasyon miktarina bdliinerek B. cereus
sayisi hesaplanmistir (TSE, 2009).

Patojen bakterilerin analizi
Salmonella spp. analizi

Salmonella analizi igin 25 g tilketime hazir halde satisa
sunulan islenmis midye drnekleri igerisinde 225 ml peptonlu
su (LABM, LAB204) bulunan sivi besiyeri icerisine tartilarak
konulmustur. Muller Kauffmann Tetrathionate Novobiocin
Broth (MKTTn) (Liofilchem, 20072) besiyerinde 37+1°C'de
18-24 saat, Rappaport Vassiliadis Soy (RSV) Broth
(Liofilchem, 26400) besiyerinde 41,5£1°C'de 18-24 saat
aerobik ortamda inkiibe edilmistir. inkiibasyon sonunda
Xylose Lysine Deoxycholate (XLD) Agar (LABM, LAB032) ve
Brilliant Green Agar (LABM, LAB034) besiyerlerine ekimler
yapilarak 37+£1°C’deki inkiibatérde 18-24 saat inkiibasyona
birakilmigtir. inkiibasyondan sonrasinda besiyerinde etrafi
parlak kirmizi zon ile gevrili pembe-kirmizi renkli koloniler
Salmonella stipheli olarak degerlendirilmistir. Daha sonra
spesifik koloniler Nutrient Agar (Liofilchem, 10044) besiyeri
kullanilarak  saflastinimistir. ~ Besiyerinden  izolasyonu
gerceklestirilen  kiltirlerin ~ identifikasyonu ~ amaciyla
biyokimyasal testler uygulanmistir. Bu amagla steril dze
yardimi ile besiyerlere ekimler yapilmistir. Yapilan ekimler
sonrasinda ekim yapilan petriler 37+1C°deki inklibatérde 24
saat inkiibe edilmistir. inkiibasyon sonrasi Lysine Iron Agar
(Liofilchem, 30098) besiyerinde rengin  degismemesi
(menekse rengi) ve siyahlagsma olmasi tespit edilmistir. Metil
Red-Voges Proskuer Broth (Liofilchem, 24149) besiyerinde
pembe rengin olusmasi saptanmistir. Triple Sugar Iron agar
(Liofilchem, 30100) besiyerinin dip kisminin sari, yatik

kisminin kirmizi ve siyahlasma olmasi gdzlemlenmistir.
Simmon’s Sitrat Agar (Liofilchem, 412030) besiyerlerinde renk
degisikligi olmasi  saptanmistir.  Ure-indol  Besiyerinde
(Liofilchem, 403060) ise Kovacs ayiraci ilave edildiginde
menekse renginde halka olusmamasi ve test tipinde kirmizi
renk olusmamasi durumunda &rnekler Salmonella spp.
yoniinden pozitif olarak degerlendirilmistir (TSE, 2005).

Listeria monocytogenes analizi

Listeria monocytogenes analizi (TSE, 1997) metodu
kullanilarak yapilmistir. Analiz igin 25 g islenmis midye
ornekleri 225 ml yarim konsantrasyonda inhibitdr igeren
Fraser Broth (Oxoid, CMO0895) besiyerinde homojenize
edilmigtir. Daha sonra 30+1°C'de inkibatorde 24 saat inkibe
edilmigtir. On zenginlestirme kdltlirinden dogrudan Palcam
Agar (Oxoid, CMO0877) velveya Ottoviani-Agosti Agar
(Liofilchem, 10620) selektif besiyerlerine slrme yapilarak
ekim gerceklestirilmistir. inkiibasyon sonrasinda yine Palcam
Agar velveya Ottoviani-Agosti Agar besiyerlerine slrme
yapilarak besiyerleri 37°C' de 48 saat inklbe edilmistir.
inkiibasyon sonunda petrilerde olusan tipik kolonilere
biyokimyasal dogrulama testleri uygulanmistir. Her bir petride
ureyen yaklasik 1 mm gapli mavi-yesil renkli zonlu olan tipik
kolonilerden 2-4 adet segcilerek biyokimyasal ve diger testlerin
yapilmasi igin Tryptic Soy Agar-Yeast Extract (Liofilchem,
610241) besiyerine ekim yapilmistir. Daha sonra petriler
30°C'de 24 saat inkubasyona tabi tutulmustur. Sonrasinda
petrilerde kolonilere sirasi ile belirtilen testler (Gram boyama,
katalaz (%3'lik H202 ile), oksidaz (Merck, 113300) ve 21-
26°C'de Sulphate Indole Motility Medium (Liofilchem,
30095)'te hareketlilik testleri) uygulanmigtir. Gram pozitf,
oksidaz negatif, katalaz pozitif, kisa gubuk formlu ve SIM
mediumda oksijenli kisimda cogalip semsiye gériinimi
olusturan  kolonilerinin identifikasyonu amaciyla  %7’lik
defibrine koyun kani ile hazirlanmig kanli agarda -hemoliz ve
CAMP testleri ile Mannitol, L-ramnoz, D-ksiloz, fermentasyon
ve nitrat redlksiyon testleri yapilarak izolatlarin
identifikasyonu gergeklestirilmistir. Kolonilerden CAMP testte
S. aureus ile sinerjik etki gdstererek hemoliz veren, kanli
agarda B-hemoliz olusturan, gseker testlerinden D-ksiloz
negatif, mannitol negatif, nitrat rediksiyon testi negatif ve L-
ramnoz pozitif olan ornekler L. monocytogenes olarak
tanimlanmustir. (TSE, 1997).

Orneklerin Vibrio spp. igin Real-time PZR analizleri

Orneklerin Vibrio tiirleri yoniinden Real-Time PZR ile
analizleri Dupot Q7 BAX sistem analiz kiti kullanilarak
(Dupont, BAX Part D12863877) yontemine gore yapilmigtir.
(Anonymus, 2016). Bu metot On zenginlestirme, DNA
ekstraksiyonu ve cihaza aplikasyon asamalarini igermektedir.
25 gram iglenmis midye Ornekleri 225 ml Alkali Pepton
besiyeri (Liofilchem, 451404) icerisine konulup pedalli blender
(IUL, Barcelona, Spain) cihazinda 2,5 dakika homojenize
edilmistir. Homojenize edilen 6rnekler 35-37°C'de 18-24 saat
inkiibe edilmistir. Daha sonra drneklerden 500 pl ependorf
tiplne alinarak DNA ekstraksiyonu igin kullaniimistir.
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Ekstraksiyon igin Lysis buffer icersine 150 ul proteaz eklenip
votekste (ika, Aimanya) karistirildiktan sonra cluster tiiplerine
200 pl lizis buffer ilave edilmistir. Daha sonrasinda cluster
tipleri igine 500 pl ependorf tlpinden alinan 30 pl érnek
eklendikten sonra karisim énce 37°C'de 20 dakika, daha
sonra 95°C'de 10 dakika isi bloklarinda inkiibe edilmistir.
Real-Time PZR ekstraksiyon islemleri tamamlandiktan sonra
cihaza aplikasyon iglemleri icin derin dondurucudan sogutma
bloklari (izerine PZR reaksiyon tiipleri konulmustur. Elde
edilen ekstraklardan liyofilize halde Real-Time PZR reaktifi
olan PZR reaksiyon tlplerine 50 ul DNA ekstrakti konularak
tipler kitle birlikte gelen optik kapaklari ile kapatiimistir. Analiz
i¢in hazirlanan Dupont BAX Q7 cihazina reaktif tiipleri
yerlestirilerek calistiriimistir. Vibrio tiirleri igin sonucu pozitif
cikan orneklerin 6n zenginlestirmelerinden Thiosulfate citrate
bile salts sucrose agar (TCBS agar) (Himedia, M189)
besiyerine ekimler yapiimis ve 37°C'de 18-24 saat aerobik
kosullarda inkiibasyona birakilmistir. Petrilerde Ureyen 2-3
mm ¢apinda, mavi-yesil renkli ortasi koyu kolonilerden
flagellar hareketli, oksidaz pozitif, gram negatif kivrik gomak

Tablo 1. Islenmis midyelerin Vibrio tiirleri analiz sonuglari

seklinde olanlardan %1,5 NaCl igeren Tryptic Soy (TSA)
agara  subkiltirleri yapimistir. Ureyen koloniler  &n
zenginlestirme yapilmadan tekrar PZR islemine tabi tutularak
dogrulama islemleri yapilmigtir (Anonymus, 2016).

istatistiksel analiz

Calismada islenmis midye tava ve midye dolma
drneklerinin mikrobiyolojik verileri Istatistik programi olarak
MiniTAB  17. strim  kullanilarak istatistiksel ~olarak
degderlendirilmistir. Bu programla One-Way ANOVA analizi ve
Tukey gruplandirma testleri (Aktas vd., 2016)ya gdre
yapilmistir. Islenmis midyelerde mikroorganizma tiirlerine
rastlanma oranlari (pozitif oranlari) arasindaki farkin dnemli
olup olmadigi Z testi ile (Montgomer ve Runger, 2003)’e gore
kontrol edilmis ve ilgili tablolarda anlamlilik (p-degeri<0,001)
dizeyleri ile birlikte verilmigtir.

BULGULAR
islenmis midyelerin Vibrio spp., analiz sonuglari Tablo
1'de verilmistir.

Table 1. The analysis results of the species of Vibrio in processed mussels

.. . V. vulnificus V. cholerae V. parahaemolyticus p degeri
Ornekler OmekSayisl  pogif  Negatif %  Pozifif  Negatif %  Pozitif  Negatif %
Midye tava 180 0 180 0 180 0 0 180 0
Midye dolma 180 0 180 0 180 0 14 166 78 p<0,001
Toplam 360 0 360 0 360 0 14 346 78

Calisma sonuglarina gére islenmis midye tava ve midye
dolma drneklerinin higbirinde V. wvulnificus ve V. cholerae
bakterilerine  rastlanilmamistir.  Buna  karsin, V.
parahaemolyticus tirii sadece midye dolma &rneklerinde
tespit edilmistir. Midye dolma o&rneklerinin 14 tanesinde
(%7,8) V. parahaemolyticus’a rastlaniimistir. Midye tava ile
midye dolma Orneklerinde V. parahaemolyticus goriilme
oranlari arasindaki farkin énemli oldugu belirlenmistir (p-
degeri<0,001). islenmis  midyelerdeki  Vibrio tiirlerinin
mevsimlere gore analiz sonuglari Tablo 2'de verilmigtir.

incelenen 45 érnegin 3 tanesinde (%6,7) V. parahaemolyticus
tespit edilmistir. Mevsimsel agidan bakildiginda midye dolma
orneklerinde V. parahaemolyticus’a ki ve ilkbahar aylarinda
rastlaniimazken, yaz ve sonbahar aylarinda rastlanildigi tespit
edilmistir. Yaz aylarinda midye tava ile midye dolma
orneklerinde V. parahaemolyticus gorilme oranlari arasindaki
farkin ~ 6nemli oldugu belirlenmistir  (p-degeri<0,001).
Sonbahar aylarinda da pozitif oranlar arasindaki farklar yine
anlamli olarak saptanmistir (p-dederi=0,037). Midye dolma
orneklerinin farkli semtlere gdre V. parahaemolyticus analiz
sonuglari Tablo 3'te gésterilmistir.

Tablo 2. Islenmis midyelerdeki Vibrio tiirlerinin mevsimlere gére
analiz sonuglari

Table 2. The analysis results of the species of Vibrio according to
the seasons

Mevsimler Ornek Midye tava Midye dolma p degeri
sayisi Pozitif Negatif % Pozitif Negatif %

Kis 45 0 45 0 0 45 0

ilkbahar 45 0 45 0 0 45 0

Yaz 45 0 45 0o M 34 244 p<0,001

Sonbahar 45 0 45 0 3 42 6,7 p=0,037

Toplam 180 0 180 0 14 166 7.8

Analiz sonuglarina gére yaz aylarinda incelenen 45 midye
dolma drneginin 11 tanesinde (%24,4), sonbahar aylarinda

Tablo 3. Midye dolmalarin  farkli  semtlere  gbre V.
parahaemolyticus analiz sonuglari

Table 3. The analysis results of V. parahaemolyticus in stuffed
mussels according to the different districts

Ornek V. parahaemolyticus

Semtler Sayist  Pozitif  Negatif % Pozitifiik

Bornova 36 3 33 8,33

Gamdibi 36 3 33 8,33

Mersinli 36 2 34 5,56

Altindag 36 3 33 8,33

Yesilova 36 3 33 8,33

Toplam 180 14 166 7,78
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Semtler arasinda V. parahaemolyticus varli§i agisindan
onemli bir fark bulunmamaktadir. Diger bir ifadeyle, V.
parahaemolyticus tespit edilemeyen semt bulunmamaktadir.
Bornova'dan toplanan 36'sar 6rnegin 3 tanesinde (%8,33)
Camdibi'nden toplanan 36’sar érnegin 3 tanesinde (%8,33),
Altindag’dan toplanan 36’sar érnegin 3 tanesinde (%8,33) ve
Yesilova'dan toplanan 36 Ornedin 3 tanesinde (%8,33),
Mersinl'den toplanan 36 drnegin 2 tanesinde (%5,56) V.
parahaemolyticus tespit edilmistir.

Diger patojen bakteri analizleri sonuglari

islenmis midyelerin diger patojen bakteri analizi sonuclari
Tablo 4'te verilmistir.

Tablo 4. Islenmis midyelerin diger patojen bakteri analizi sonuglari
Table 4. The analysis results of other pathogenic bacteria in
processed mussels

Salmonella tirleri bulunmamasina karsin, yaz aylarinda
alinan 45 érnegin 14'inde (%31,1) Salmonella tirleri tespit
edilmistir. Yaz aylarinda midye tava ile midye dolma
érneklerinde Salmonella tirleri bulunma oranlari arasindaki
fark istatistiksel olarak anlamli bulunmustur (p-degeri<0,001).
Orneklerin Listeria monocytogenes analizlerinin mevsimlere
gore sonuglari Tablo 6'da gésterilmistir.

Tablo 6. Islenmis midyelerin Listeria monocytogenes analizlerinin
mevsimlere gore sonuglari

Table 6. The analysis results of. Listeria monocytogenes in
processed mussels according to the seasons

Salmonella spp. Listeria monocytogenes

Ornek

Say|s| Pozitif Negatif % P
degeri

Ormekler Pozitif Negatif % 7
degeri

Mevsimler Ornek Midye tava Midye dolma p degeri
sayisi Pozitif Negatif % Pozitif Negatif %

Kis 45 0 45 0 0 45 0

ilkbahar 45 0 45 0 0 45 0

Yaz 45 0 45 0 9 36 20,0 p<0,001

Sonbahar 45 0 45 0 2 43 44 p=0,074

Toplam 180 0 18 0 M 169 6,1

Midye 180 0 180 0 0 180 0
Midye 180 14 166 7,8 p<0,001 11 169 6,1 p<0,001
Toplam 360 14 346 38 1 349 3.1

Analiz edilen toplam 360 islenmis midye o6rneginin
14'inde (%3,8) Salmonella spp., 11’inde (%3,1) Listeria
monocytogenes tespit edilmistir. Incelenen midye tava
orneklerinin  higbirinde ~ Salmonella  spp. ve Listeria
monocytogenes tespit ediimemistir. Analiz edilen 180 midye
dolma &rneginin 14'lnde (%7,8) Salmonella spp. ve 11'inde
(%6,1) Listeria monocytogenes tespit edilmistir. Midye tava ve
midye dolma Orneklerinde Salmonella spp. ve Listeria
monocytogenes tirlerine rastlanma oranlari arasindaki fark
istatistiksel ~agidan anlamli  olarak  bulunmustur  (p-
degeri<0,001). islenmis midyelerin Salmonella tiirlerinin
mevsimlere gdre sonuglari Tablo 5'te gdsterilmistir.

Kis, ilkbahar, yaz ve sonbahar aylarinda satin alinarak
incelenen midye tava Odrneklerinin  higbirinde  Listeria
monocytogenes’e rastlanilmamasina ragmen, yaz ve
sonbahar aylarinda satin alinarak incelenen midye dolma
orneklerinde Listeria monocytogenes’e rastlaniimigtir. Kis ve
ilkbahar aylarinda satin alinan midye dolma Grneklerinde
Listeria monocytogenes bulunmamasina karsin, yaz aylarinda
satin alinarak incelenen 45 drnegin 9'unda (%20), sonbahar
aylarinda satin alinarak incelenen 45 érnegin 2'sinde (%4,4)
Listeria monocytogenes tespit edilmistir. Yaz aylarinda midye
tava ve midye dolma Orneklerinde Listeria monocytogenes
goriilme oranlari arasindaki fark dnemli iken (p-deg@eri<0.001)
sonbahar aylarindaki oranlar arasindaki farkligin istatistiksel
olarak anlamli olmadigi (p-degeri=0,074) belirlenmigtir.

indikator mikroorganizma analizleri sonuglari

islenmis midyelerin indikatér mikroorganizma analizleri
sonuglari Tablo 7'de verilmigtir.

Tablo 5. lislenmis midyelerin  Salmonella spp.  analizlerinin ]
mevsimlere gore sonuglari Tablo 7. Islenmis midyelerin indikatdr mikroorganizma analizleri
Table 5. The analysis results of Salmonella spp. in processed sonuglari
mussels according to the seasons Table 7. The analysis results of indicator microorganisms in
Moveimler OMek  Midye tava Midyedolma oo processed mussels
Sayisi Pozitif Negatif % Pozitif Negatif % Analizler Midye tava Midye doima
Kis 450 5 0 0 45 0 TMBS log(kob/g) 2,45£0,07 5,30+1,09
ilkbahar 45 0 45 0 0 45 0 TPBS log(kob/g) 2,21%0,09 3,3920,27
Yaz 45 0 45 0 14 31 31,1 p<0,001 TKBS MPN/g <3 2,1240,44
Sonbahar 45 0 45 0 0 45 0 FKBS MPN/g <3 1,64+ 0,36
Toplam 180 0 180 0 14 166 7,8 EC log(kob/g) 1,24+0,36
KPS log(kob/g) <1 2,41%0,20
BCS log(kob/g) 2,0410,52

Midye tava Orneklerinde higbir mevsimde Salmonella
tirlerine rastlaniimazken, midye dolma &rneklerinde sadece
yaz aylarinda Salmonella tiirlerine rastlanilmistir. Kis, ilkbahar
ve sonbahar aylarinda satin alinan midye doima drneklerinde

n=180; X ort. (ortalama deder) +SS (standart sapma). TMBS: Toplam
mezofilik aerobik bakteri sayisi, TPBS: Toplam psikrofilik bakteri sayisi,
TKBS: Toplam koliform bakteri sayisi, FKBS: Fekal koliform bakteri sayisi,
EC: Escherichia coli, KPS: Koagulaz pozitif Stafilokok, BCS: Bacillus cereus
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Midye tava Orneklerinin TMBS 2,45+0,07 log (kob/g)
dizeyinde ve TPBS ise 2,21£0,09 log (kob/g) diizeyinde
bulunmustur. Midye tava érneklerinde TKBS, FKBS, EC, KPS
bakterilerine ise rastlaniimamistir. Buna karsin, midye dolma
drneklerinin ise TMBS, TPBS, TKBS, FKBS, EC, KPS ve BCS
sirasiyla 5,30£1,09 log (kob/g), 3,39+0,27 log (kob/g),
2,12+0,44 MPN/g, 1,64+0,36 MPN/g, 1,24+0,36 log (kob/g),
2,41£0,20 log (kob/g) ve 2,04+0,52 log (kob/g) olarak
saptanmigtir. Midye tava &rneklerinin mevsimlere gdre
indikatdr mikroorganizma analiz sonuglari Tablo 8 de
verilmigtir.

Tablo 8. Midye tava Omeklerinin mevsimlere gore indikator
mikroorganizma analiz sonuglari

Table 8. The analysis results of indicator microorganisms in fried
mussels according to the seasons

. Ornek TMBS log(kob/ TPBS log(kob!/!
Mevsimler Sayisi Ortalam: ( TSI)(ey Ortalamflj ( T?Jz(ey
Kis 45 2,46 A 2,40 C
iIkbahar 45 2,45 A 2,46 AB
Yaz 45 2,43 A 2,49 A
Sonbahar 45 2,43 A 244 B

TMBS: Toplam mezofilik aerobik bakteri sayisi, TPBS: Toplam psikrofilik
bakteri sayis

Midye tava orneklerinin yapilan TMBS analiz sonuglari
mevsimler yoninden incelendiginde analiz sonuglari ile
mevsimler arasinda istatistiksel olarak fark (p>0,05)
bulunmamaktadir. Midye tava érneklerinin TPBS analizindeki
sonuglari istatistiksel olarak farkliliklar (p<0,05) gésterse de
sonuglarin  birbirine  oldukga yakin oldugu agik¢a
gortimektedir. Midye dolma drneklerinin mevsimlere gére
indikatér mikroorganizma analiz sonuglari Tablo 9'da
verilmistir. Midye dolma &rneklerinin - analiz  sonuglari
mevsimler ydninden incelendiginde yapilan analiz sonuglari
ile mevsimler arasinda belirgin sekilde degisimler oldugu
tespit edilmigtir. Midye dolma Orneklerinin TMBS analiz
sonuglari en ok yaz aylarinda yikselmekte (p<0,05), kis ve
ilkbahar aylarinda ise istatistiksel olarak (p>0,05) benzerlik
gostermektedir. Midye dolma érneklerinin TPBS sonuglari ise
aksi yonde degisim gostermis, en yiiksek diizeye kis ve
ilkbahar mevsimlerinde ulasmis (p>0,05) ve kis, yaz ve
sonbahar mevsimleri arasinda istatistiksel olarak birbirinden
farklilik (p<0,05) gdzlenmistir.

Tablo 9. Midye dolma mevsimlere gére indikatdr mikroorganizma analiz sonuglari
Table 9. The analysis results of. indicator microorganisms in stuffed mussels according to the seasons

Mevsimler

Ornek TMBS log(kob/g) TPBS log(kob/g) TKBS log(kob/g) FKBS log(kob/g) EC log(kob/g) KPS log(kob/g)

BCS log(kob/g)

Sayisi Ort. Tukey Ort. Tukey Ort. Tukey Ort. Tukey Ort. Tukey Ort. Tukey Ort. Tukey
Kis 45 4,39 C 3,61 A 1,76 B 1,34 C 1,00 C 2,23 D 1,35 D
ilkbahar 45 4,56 C 3,64 A 1,77 B 1,35 C 1,01 C 2,31 C 1,77 C
Yaz 45 6,54 A 3,08 C 2,46 A 2,04 A 1,60 A 2,63 A 2,57 A
Sonbahar 45 573 B 3,23 B 2,49 A 1,83 B 1,35 B 2,43 B 2,45 B

Ort: Ortalama deger, TMBS: Toplam mezofilik aerobik bakteri sayisi, TPBS: Toplam psikrofilik bakteri sayisi, TKBS: Toplam koliform bakteri sayisi, FKBS: Fekal
koliform bakteri sayis|, EC: Escherichia coli, KPS: Koagulaz pozitif Stafilokok, BCS: Bacillus cereus

Midye dolmalarin TKBS analiz sonuglarina gére, koliform
sayisi en ylksek dlizeye yaz ve sonbahar mevsiminde
ulasmis olup bu mevsimlerde istatistiksel olarak fark (p>0.05)
gbézlenmezken, kis-ilkbahar ile yaz-sonbahar mevsimleri
arasinda istatistiksel olarak birbirinden farklilik (p<0.05)
goézlenmistir. FKBS ve EC analizleri mevsimsel olarak
birbirine paralel ilerlemis en yiiksek dlizeye ise yaz aylarinda
(p<0.05) ulagmistir. Midye dolma &rneklerinin KPS ve BCS
analiz sonuglari arasinda mevsimler arasinda istatistiksel
olarak fark saptanmis (p<0.05) ve her iki grup bakteride de en
yliksek sayiya (p<0.05) yaz aylarinda rastlanmigtir.

TARTISMA

Gidalarda TMBS gidanin isleme emniyeti bakimindan
onemlidir. Gidalarda en fazla bozulmaya TMB grubu
mikroorganizmalar neden olduklarindan bunlarin érneklerdeki
miktari raf Omrinde ve (retimin hijyen kosullarinin
belirlenmesinde 6nemli bir kriter olusturduklari belirtiimektedir
(Ayhan, 2019). Tipki diger gida Grlnlerinin mikrobiyolojik

ozelliklerinin incelendigi calismalarda oldugu gibi midye ve
midye drdnlerinin - TMBS  arastirildi§i  birgok  calisma
yapilmistir. 20 midye dolma 6rneginin mikrobiyolojik agidan
incelendigi bir calismada midye dolmalarin TMBS 2,5 x 104
kob/g olarak tespit edilmistir (Oner, 1997). Ergéniil vd., (2014)
tarafindan yapilan ¢alismada izmirin degisik ilgelerinden, 25
saticidan toplam 100 adet midye dolma Ornekleri satin
alinarak mikrobiyolojik kaliteleri incelenmistir. Yapilan bu
calismada midye dolmalarin TMBS'nin 1 ile 4,67 log(kob/g)
arasinda degisim gosterdikleri  bildirilmistir (Ergonul vd.,
2014). Aksu vd., (2017) tarafindan yapilan diger bir calismada
ise, 10 adet midye dolma &rneginin TMBS'nin 1,51 x 105
kob/g olarak beliflendigi belirtilmistir (Aksu vd., 2017). Oztiirk
ve Gundiz (2018) tarafindan yapilan bagka bir calismada
inceledikleri midye dolmalarin mikrobiyal kalitelerinin distk
oldugu ve TAMB sayisinin 2,8-6,82; KBS'in <2,00-5,43
ve Staphylococcus aureus bakteri sayisinin  <2,00-5,04 log
kob/g arasinda degisim gosterdigini tespit etmiglerdir. Yapilan
diger calismada izmirin (g farkl bélgesinde ki mevsiminde
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satisa sunulan ve marketlerden rastgele OGrnekleme
yontemiyle alinip incelenen midye dolma Grneklerinin
TMBS'nin (<10 kob/g - 4,2x10% kob/g) araliinda degisim
gosterdigi bildirilmigtir (Kiling vd., 2018). istanbul'un farkl
ilcelerinden temin edilen toplam 50 adet midye dolma
ornedinin TMBS'In sokakta satilan 25 oOrnekte 2,20-7,23
log(kob/g) arasinda ve kapali mekanlarda satilan 25 6rnekte
ise 2,11-5,34 log(kob/g) dederleri arasinda degisim gosterdigi
belirtilmigtir (Giingdrir ve Bostan, 2019). Yukarida belirtilen
galismalarda (Oner, 1997; Ergonl vd., 2014; Aksu vd., 2017;
Kiling vd., 2018; Oztirk ve Giindiiz, 2018; Giingdriir ve
Bostan, 2019) midye dolmalarin TMBS'nin satis yerlerine ve
mevsimlere gore degisiklik gostermesi yoniinde elde edilen
bulgular yapilan galisma ile paralellik géstermektedir. ICMSF
(1986)'ya gore; tiketime hazir haldeki Grlnler igin belirtilen
mikrobiyolojik agidan tiiketilebilirlik Gst limit deger TMBS igin
1,0x108  kob/g olarak bildirilmistir. Yapilan c¢alismada;
sonbahar mevsiminde satin alinarak incelenen midye dolma
ornekleri mikrobiyolojik olarak belirtilen bu limit degere yakin
saptanirken, yaz mevsiminde mikrobiyolojk agidan
tiketilebilir limitlerin (zerinde saptanmistir. Buna karsin, kis
ve ilkbahar mevsimlerinde ise tlketilebilir olduklari
bulgulanmistir.

Satin alinarak incelenen midye tava &rneklerinin ise
TMBS agisindan her mevsim tiketilebilir oldugu saptanmistir.
Gungoérur ve Bostan (2019) tarafindan yapilan ¢alismada
istanbul’un farkli ilgelerindeki sokakta satilanlardan ve kapali
(restoran, bife) miesseselerde satisa sunulan toplam 50
midye dolma drneginin incelendi§i calismada patojen
Salmonella tirlerine rastlanmadigi bildiriimesine karsin,
yapilan ¢ok sayida ¢alismada da (Bingél vd. 2008; Ates vd.,
2011; Durgun, 2013; Kok vd., 2015, Gingorir ve Bostan
2019) midye dolmalarin patojen bakteri tirlerini icerdigi
vurgulanmaktadir. ~ Yapilan  calismada midye dolma
oérneklerinin sonbahar ve yaz aylarinda L. monocytogenes ve
V. parahaemolyticus gibi patojen bakterileri icermesi yontnde
elde edilen bu sonuglar yukaridaki calismalarla uyum
gbstermektedir. E. col’nin gida hijyeni kontrollerinde hijyen
indikatorii olarak kullanildigi belirtiimektedir (Halkman, 2013).
Bu grup bakteriler fekal kontaminasyonunda gdstergesi
oldugundan tikketime hazir halde satisa sunulan islenmis
midye dolma drneklerinde bu bakteri grubunun varligi Gretim
yeri ve satis yeri hijyeninin uygun olmadigini agik¢a
gbstermektedir. Yapilan ¢alismada midye tava drneklerinde
E. coli ve diger patojen bakterilere hichir mevsimde
rastlaniimamasina  ragmen, incelenen midye dolma
orneklerinde tim mevsimlerde E. coli'ye ve diger patojen
bakterilere rastlaniimasi hijyen kurallarina dikkat ediimedigine
isaret etmektedir.

insanlarin el, kulak, burun ve yiizlerinde bulunan
stafilokoklarin tiketime hazir gidalarda saptanmasi insan
kaynakli bulasma oldugunu géstermektedir (Halkman, 2013).
Midye dolmalarda koagulaz pozitif stafilokok varligi birgok
arastirmaci tarafindan saptanmistir (Ates vd., 2011; Durgun,
2013; Kok vd., 2015; Gungorir ve Bostan, 2019). Yapilan

calismada midye dolmalarda koliform, fekal koliform, E. coli,
Staphylococus aureus, Bacillus cereus saptanmasi yonindeki
bulgular yapilan diger calismalarda (Oner 1997; Ates vd.
2011; Kok vd. 2015; Oztirk ve Giindiiz, 2018) midye
dolmalarda patojen bakteri bulunmasi veya mikrobiyal
kalitenin dlsik oldugunun belirlenmesi yéninde elde edilen
bulgularla paralellik géstermektedir.

Galismamizda satin alinarak incelenen iki farkli sekilde
islenmis midye dolma ve midye tava Ornekleri mikrobiyal
acidan  karsilastirldiginda; midye dolma  drneklerinin
mikrobiyal ylkiinin fazla ve patojen bakterileri icermesinin
midyeden, dolma icerigine giren diger malzemelerden (piring
ve baharatlar) veya personel kontaminasyonu  gibi
faktérlerden kaynaklandigl disinilmektedir. Midye tava
orneklerinde ise patojen bakteri saptanmamasinin sebebinin
orneklerin derin kizgin yagda kizartma isleminin patojen
bakteriler (zerinde yapmis oldugu oldlrlcl etkisinden
kaynaklandi§i tahmin edilmektedir. Ayrica midye tava
ornekleri midye dolma drnekleri ile kiyaslandiginda; midye
tava orneklerinin islendikten sonra ve satisa sunus
asamalarinda da hijyen ve sanitasyon kurallarinin
uygulandigini ve patojen bakteriler ile (rlnlerin kontamine
olmadigini agikca gostermektedir. Satisa sunulan midye
dolma &rneklerinin ise islendikten sonra satisa sunus
asamalarina kadar ki slrectede kontaminasyona maruz
kalmis olabilecegini diisiindiirmektedir.

Midye ve midyeden (retilen gida Urinlerinin insanlar igin
cok tehlike arzeden patojen bakterileri tasiyip tasimadiklari
mevsimlere gore biiyik olglide degiskenlik gdstermektedir. Bu
durum yukarida belitilen calismalarda da agikca
gorilmektedir. Yapilan kimi calismalarda islenmis midye
dolma Urlnlerinde yiksek oranda bakteri sayisi ve patojen
bakteri varligi tespit edilirken, yapilan kimi arastirmalarda bu
urlinlerde  patojen  bakterilere  rastlaniimamasi  alinan
orneklerin -~ mevsimsel  zamani  ile iligkili  oldugunu
gostermektedir.

Mevsimsel analizlerdeki bulgular riskin daha ¢ok yaz ve

sonbahar mevsimlerinde olustugunu isaret etmektedir.
Burada deniz suyunun i1sinmasi  midyelerin  hasat
alanlarindaki  bakteri  miktarlarinin  artmasina  neden

olabilmektedir. Bu riski gidermek igin bu mevsimlerde
toplanan midyelerin depurasyon tesislerinde islem gérmesi ve
sertifikall ham madde kullaniimasi (tesis ¢ikisli) 6nerilebilir.
Ayrica islenmis midye retiminin yapildidi yerlerde hijyen ve
sanitasyon uygulamalarina dikkat edilmediginde bu rlnler
halk sagligi agisindan buylik risk olusumuna neden
olabilmektedir. Bu nedenle gerek isleme 6ncesinde gerekse
isleme esnasinda ve sonrasinda islenmis driinlerde ve (retim
yerlerinde hijyen ve sanitasyon kurallarinin uygulanmasina
dikkat edilmeli bu konuda gereken énlemler alinmalidir.

SONUG

Calisma sonucunda analiz edilen midye dolma
orneklerinde Ozellikle yaz mevsiminde V. parahaemolyticus,
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L. monocytogenes ve Salmonella spp. gibi patojen bakterilerin
saptanmasi bunun yanisira sonbahar mevsiminde de V.
parahaemolyticus ve L. monocytogenes gibi patojen
bakterilere rastlanilmistir.  Bu durum midye dolmalarin
Ozellikle yaz ve sonbahar mevsimlerinde hammaddeden
gelen bir sikinti olabilecegini belki de hijyen ve sanitasyon
kurallarina  uygun olarak islenmedigini ve satisa
sunulmadigini géstermektetir. Calismada incelenen midye
dolmalarda patojen bakteri varliginin saptanmasi bu Grlnlerin
uygun sekilde 1sil isleme tabi tutulmadigini veya midyelerin
kirli alandan temiz alana dogru akisi olmayan sagliksiz
ortamlarda Uretiminin  yapildigini - gdstermektedir. Bunun
yanisira Uretimden satisa kadar ki asamalarda da hijyen ve
sanitasyon kurallarinin uygulanmasinda eksiklikler oldugu ve
urtinlerin rekontaminasyonunu isaret etmektedir.

Bu nedenle elde edilen sonuglara gére midyelerin isleme
tekniklerinin basarili olan yodnlerini (hijyen ve sanitasyon
kurallarina uygun islenmis midyelerin retimi) éne gikarma
yoéninden ileriki calismalara devam edilerek halkimizin
sadlikli gidaya ulasmasi icin alinan onlemlerin arttirilacag
ongoriilmektedir.  Ozellikle bakteriyel yikii fazla olan
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Abstract: The effects of ceramic balls on live transfer conditions of rainbow trout (Oncorhynchus mykiss, (Walbaum,1792)) were determined by examining
ammonia, pH, dissolved oxygen, and temperature of water and gill histology of fish. Salt addition and various pH levels of water were also studied for
comparison. The study was designed two different pH levels (high 7.98+0.2 and low 6.010.1), salt (6g/L), and ceramic ball (10g/l) addition and fish stock
density to be 62.3 kg/m3. The trial tanks were mounted on a vehicle to represent actual transport conditions. Fish were sampled every hour for gill histology.
As a results, the lowest ammonia value was determined as 1.98 mg/L in the ceramic ball. The highest ammonia value in the high pH group was 2.83 mgll.
When the gill tissues of the fish were examined, the significant differences observed were oedema and epithelial lifting in the control and high pH groups.
Hyperplasia, epithelial lifting, and multiple deformations were observed in all the experimental groups except the ceramic ball group. This study showed that
based on the histological results of the gills and the stability of the pH levels of the water and the effect on the reduction of the ammonia value of the water,
that the ceramic balls are particularly useful for the transport of live fish.

Keywords: Trout, ceramic balls, pH, ammonia, gill histology

Oz: Seramik toplarin gokkusagi alabaliginin (Oncorhynchus mykiss, (Walbaum, 1792)) canli transfer kosullari tizerindeki etkileri, baliklarin solungag histalojisi
ve tagima suyunun amonyak, pH, ¢oziinmis oksijen ve su sicakligi degerleri incelenerek belirlenmistir. Seramik toplarin karsilastiriimasi igin tuz ilavesi
yapilmis grup ve farkli pH seviyeleri hazirlanmis tasima gruplari olusturulmustur. Calisma iki farkli pH seviyesi (yliksek 7.98+0.2 ve diisik 6.01+0.1), tuz
(6g/L) ve seramik top (10g/l) ilavesi ve balik stok yogunlugu 62.3 kg/m? olacak sekilde tasarlanmistir. Deneme tanklari, gercek nakliye kosullarini temsil etmek
icin bir araca monte edildi. Solungag histolojisi icin baliklardan her saat bagi numune alindi. Sonug olarak seramik bilyede en dustik amonyak degeri 1,98
mg/L olarak belirlendi. Yiksek pH grubunda en yiksek amonyak degeri 2,83 mg/l idi. Baliklarin solunga¢ dokulari incelendiginde, kontrol ve yiksek pH
gruplarinda 6dem ve epitel dokuda ayrilma oldugu gézlendi. Seramik top grubu disindaki tiim deney gruplarinda hiperplazi, epitel dokuda ayrilma ve goklu
deformasyonlar gézlendi. Bu calisma, solungaglarin histolojik sonuglarina ve suyun pH seviyelerinin stabilitesine ve suyun amonyak degerinin azalmasina
olan etkisine dayanarak, seramik bilyelerin 6zellikle canli baliklarin taginmast igin yararli oldugunu géstermistir.

Anahtar kelimeler: Alabalik, seramik top, pH, amonyak, solungag histolojisi

INTRODUCTION

There are several stages in aquaculture production. Many
practices such as brood stock fish care, egg fertilization,
grading, disease treatment, and hygiene applications are
carried out in fish farms (Kayis, 2019). An important stage
during these practices is the transportation of live fish to
different systems. Transporting fish to other systems in
different life stages has become very common and applicable
in a wide geography. Today, live fish can be transported even
between different countries. Systems and transportation

procedures that allow the transfer of ornamental fish from the
Far Eastern countries to countries in other regions of the world
are widespread.

In this sense, practices such as starvation of fish before the
transfer, the addition of oxygen and antibiotics in water, fish
density, and different anaesthetic additions (tetracycline and
nitrofurazone) help fish to be healthy during these transfers
(Belema et al., 2017).
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Rainbow trout (Oncorhynchus mykiss) has an important
place among the fish used for human consumption. Therefore,
it is one of the most intensively produced species. During the
production process, trout are frequently subjected to live
transfer. In live trout transfer, water temperature values are
required to be maintained at 8-10 °C, and dissolved oxygen
value not to fall below 5-6 mg/L. Similarly, it is stated that the
pH value should be around 7-8. Water conditions, fish size and
weight, and transportation time determine the stocking density
of trout transfer. An average stocking density of 100 kg/m? is
acceptable (Shabani et al., 2016). At this stage, the addition of
certain substances to the transport water has been suggested
in the literature. Zeolite and ceramic materials that act as
ammonia retainers and pH regulators are good examples. In
recent years, the addition of ammonia retainers such as zeolite
has come to the fore to prevent the accumulation of ammonia
and reduce ammonia toxicity during transportation. In addition,
natural ceramic balls or rings with ammonia retainers and pH
regulators with various effects on bacteria have become useful
for fish welfare, especially in the aquarium industry. These
products are the subject of studies; especially for the
improvement of wastewater, values related to pH, ammonia
excretion, and temperature have been investigated (Sajuni et
al., 2010). In addition, it has been reported that ceramic
products are used as a suitable attachment material for
bacteria and contribute to bacterial growth. Contrarily, it has
also been reported that ceramic balls are used to inhibit the
growth of pathogenic E. coli bacteria (Ni et al., 2007).

A few indicators determine the sustainability of ecological
balance or the welfare of living organisms in aquatic
ecosystems. These reagents can be biotic or abiotic. For
example, heavy metals, antibiotics, and nitrogenous
compounds are considered to be abiotic markers of pollution in
aquatic ecosystems (Barlas et al., 2005; Topal et al., 2012).
Biotic markers are used for some bacteria and many aquatic
organisms. Gills are the leading tissues that can be used as
markers and reveal the environmental effects of fish diseases
and welfare (Strzyzewska-Worotynska et al., 2017). Since gills
are the centres of respiration and excretion of many metabolic
wastes that can be toxic (Abrahamson et al., 2008), gills can
develop symptoms in adverse conditions earlier than other

tissues (Sorour, 2001). Because, gills play an important role on
the uptake of dissolved substances (suspended solids, heavy
metals, nitrogenous compounds, pesticides and other
pollutants) from the water. Therefore, gills are the most used
bioindicator organs in the determination of water pollution
(Birungi et al., 2007).

In the present study, we aim to determine changes in water
during the live transfer of rainbow trout by examining water
quality parameters and gill histology.

MATERIAL AND METHODS

In this study, the effects of two different pH levels, salt
addition, and ceramic ball addition to water for live transport of
rainbow trout (18.7+0.8 g) were tested. For this purpose, five
different groups were designed, namely, control (C), low pH
(LpH), high pH (HpH), salt (S), and ceramic balls (CB). Low pH
was named for the value lower than neutral pH, and high pH
was named as the value higher than neutral pH. The contents
of the ceramic balls are givenin Table 1. 0.1 N NaOH was used
to increase the pH value of the water for the HpH group (pH
7.98), and 0.1 N HCI was used to decrease for the LpH (pH
6.01) group. The amounts and properties of the substances
used in the experimental groups are given in Table 2. The pH
value of the ceramic ball group was initially recorded as 7.91
due to the addition of the ceramic ball. The experimental fish
were observed on a fish farm located in the Eastern Black Sea
Region of Turkey. In the study, the fish were transported at a
density of 62,3 kg/m?.

Table 1. The contents of the ceramics ball

Content (%)
Al,O5 >99
Fe,0, <0.1
Na,O <1.0
Sio, <0.2
MgO ~0.11
Ca0 <1.0
Max. temperature resistance >1500°C
Water absorption <1.0
Specific gravity 350-3.75 (glem )

Table 2. The amount and properties of the substances used in the experimental groups, and fish weight and some water quality parameters.
Control (C), High pH (HpH), Low (pH), Salt (S), ceramic ball (CB)

Parameters and Properties Experimental Groups

c H (pH) L (pH) S CB
Temperature (°C) 11.120.2 115204 114402 11.2+0.1 11.1£0.3
pH 7.1010.3 7.9840.2 6.01£0.1 6.71£0.2 7.91+0.4
Dissolved oxygen (mg/l) 14.1+0.1 14.2+0.2 13.9+0.2 14.0£0.3 14.2+0.1
Fish weight (g)(total) 187421 18742.3 186+2.1 186+2.2 188+2.4
*Ceramic ball (g/l) - 10
Salt (NaCl) (g/l) - - - 6 -
Initial Ammonia (mg/l) 0.043+0.008 0.034+0.008 0.034£0.122 0.033+0.011 0.037+0.004
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In order to carry out the experiment, the fish were placed
in plastic containers (each of 5 L capacity) with a black surface
to prevent light transmission and minimize stress. HACH DR
3900 model device and HACH kits were used to measure the
ammonia content of the water. Temperature, dissolved oxygen,
and pH values were measured with the HACH LANGE HQ40d
portable multiprop. The experiment was conducted in two sets.
Ten fish were placed in each group containing three liters of
water. Thus, a total of 100 rainbow trout were used. The study
was initiated by moving the vehicle on which the tanks were
mounted. At the end of the one-hour movement period,
ammonia, pH, and temperature values of the water were
recorded for each group. In addition, samples were taken from
each group every hour for gill histology that were fixed in
neutral buffered formalin (10%). The trial was terminated at the
end of the fourth hour. This time has been determined by
considering the average time spent in fish transfer in the
region.

The live fish were anesthetized with benzocaine, and
transferred as a whole to neutral formalin. One day later, the
fish were transferred to 50% ethyl alcohol. The gills of the fish
were removed, passed through alcohol series and xylose, and
kept in paraffin at 65°C for 12 h, after, which they were
embedded with paraffin. Tissues were sectioned in 0.5 pum
thickness with a microtome device (Leica RM2125 RTS), kept
at 65°C overnight, then passed through xylose and alcohol
series, and stained with haematoxylin and eosin. Stained
sections covered with rapid mounting medium (Entellan, Merck
107961) and were inspected under a light microscope (Leica
DMi1) and photographed (Luna, 1968). Histopathological
changes were graded as follows; none (-), low (+), middle (++)
and extreme (+++).

Data were statistically analyzed using the SPSS 25
Software program for Windows. Statistical significance was
determined at p=0.05. Prior to statistical analysis, the normality
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of data was tested. All the data were analyzed using one way
analysis of variance (ANOVA). Significant differences between
groups were determined by Tukey Post Hoc test.

The study above has been approved by the Local Ethics
Commitee of Recep Tayyip Erdogan University (Decision
no:2016/31).

RESULTS

As an important detail, there were no deaths in any group
during the trial. It was observed that the initial ammonia content
of the experimental water was 0.037 mg/l. At the end of the
experiment, the lowest ammonia value was in the CB group at
1.98 mg/l. The highest ammonia value was measured in the
HpH group at 2.83 mg/l. At the end of the 4th hour, CB group
had a lower ammonia value than the control group, while
ammonia values in the HpH and S group were higher than the
control group (p<0.05). There was no statistical difference
between the LpH group and the control (p>0.05) (Figure 1).

Although the pH value of the CB group was 7.98 at the
beginning of the experiment, it remained at a constant value of
6.4 in the subsequent measurements. This standard value
measurement was not observed in the other groups. In the
HpH group, the suddenly falling pH value tended to increase
during the study. Similarly, in the salt group, the pH value was
in an up and down course. In the control group, a result was
obtained in continuous descent. Although no significant
difference was observed in the low pH group, a continuously
increasing trend was noted (Figure 1).

When the gill tissue samples of each group were examined
histologically, the most observed histopathological finding was
hyperplasia. This pathology was mostly detected in the salt,
HpH, and LpH groups. Histological changes occurring in the
gills are given in Table 3.

8.5
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Figure 1. Ammonia and pH values of the water during the experiment. Control (C), High pH (HpH), Low (pH), Ceramic ball (CB)
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Table 3. Histological changes occurred at the end of the
experiment. control (initial FC), control (end of the trial LC),
High pH (HpH), Low (pH), ceramic ball (CB)

Histopathological change FC LC CB H(pH) L(pH) S
Hyperplasia + + e + i
Hypertrophy - - R +

Epithelial lifting - ++ - 4+ - +
Lamellar fusion - - + +

Deformation - R - 4+ ¥ +

Oedema - +t
none (-), low (+), middle (++) and extreme (+++)

Another important pathology of the gills was epithelial lifting
in the HpH and control groups. In addition, a few deformations
of the gill structure in the control group were observed.
However, the most distinctive feature observed was oedema;
this pathology was observed only in the control group (Figure
2,3).

Figure 2. Histopathologic changes on gills. (el) epithelial lifting, (hp)
hyperplasia, (-) oedema. First control (FC), last control
(LC), Salt (S), ceramic ball (CB)

Figure 3. Histopathologic changes on gills. (el) epithelial lifting, (hp)
hyperplasia. First control (FC), high pH (HpH), low (LpH)

DISCUSSION

Fish remove most of their metabolic waste as ammonia
from the gills. The high amount of ammonia in water causes
toxicity in fish (Randall and Tsui, 2002). For trout, the highest
ammonia value in water is 0.02 mg/l (Vosyliene and
Kazlauskiene, 2004). One of the important factors causing
stress and toxicity during the transfer of fish is the presence of
nitrogenous compounds that can show high accumulation
(Kurtoglu et al., 2021). In this study, ammonia values were
calculated for the different groups and matched with gill
histological results. According to the results obtained at the end
of the trial, the highest ammonia content was recorded in the
HpH group at 2.83 mg/l. The lowest value was observed at 1.98
mg/l in the CB group. In the control group, this value was 2.13
mg/l. These results may be due to the ammonia-binding and
ion-exchange-enabled properties of the ceramic balls (Bhakta
and Munekage, 2009). The gill histological equivalents of these
values were observed as diffuse oedema and epithelial lifting
in the control group, epithelial liting and hyperplasia in the HpH
group, and hyperplasia in the salt and LpH groups. It cannot be
stated that these pathologies were only related to ammonia
values. It should also be noted that high pH levels are an
important factor affecting ammonia toxicity. As the fish
transport time increases, the CO: in the water increases and
causes to decrease the pH of the water towards acidity. The
pH levels in the water around 7-9 are considered optimum for
nitrification bacteria and fish. pH can cause rapid changes in
fish stress levels, but buffers can be used to stabilize the pH of
the water during fish transport (Berka, 1986).

The presence of nitrification bacteria is very important in
recirculating aquaculture system. Because these bacteria are
affected by sudden pH changes (Allison, and Prosser, 1993).
The results show that ceramic balls positively affect the survival
of nitrification bacteria because they keep the pH of the water
in balance. In this study, the fact that the ammonia values in
the CB group were lower than the other groups explains this
situation. In this sense, in the experimental CB group, the
presence of the lowest ammonia value and the fact that the pH
level did not undergo a sudden change and remained constant
at 6.5 revealed a healthier histological structure for the gills in
this group.

Salt is a common chemical used in the treatment of
parasitic, mycotic and bacterial diseases of fish and for the
prevention of nitrite toxicity in static aquatic systems. (Schelke
et al. 2011; Williams and Eddy, 1986). In addition, the use of
salt (NaCl at the rate of 5 g/l) in the live transfer of fish is a
recommended practice to balance osmoregulation and reduce
stress (Tacchi et al., 2015). It has even been stated that salt
application in the form of salt addition to transport water has
the effect of suppressing pathogenic bacterial load. However,
Amend et al., (1982) reported that the addition of salt during
fish transportation had no effect on increasing fish welfare. In
this study, adding salt at the rate of 6 g/l to transport water did
not suppress the ammonia value in the salt group more than in
the other groups. It was also determined that salt application
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was not very effective in keeping the pH values constant and
eliminating pathologies on the gills.

The usage of ceramic balls has widely increased in recent
years. In addition to creating an attachment surface for
beneficial bacteria and inhibiting some harmful bacteria, it has
also been used to improve water quality in ensuring fish welfare
(Ni et al., 2007; Sajuni et al., 2010). In order to increase the
effectiveness of ceramic balls in improving water quality, the
use of porous form has been studied. In the study, it was
determined that porous ceramic balls were 10 times more
effective than normal (Di et al., 2013). In another study, in
which the effect of ceramic balls on the hardness of water was
studied, it was also stated that these balls were effective on the
water hardness (Kawarada and Pironneau, 2019). Although
there are many similar studies on water quality and microbial
load, our study plays a leading role as a research between fish
welfare and ceramic ball. In this study, ceramic balls with a
large amount of aluminium oxide (Al203) were used. In
addition, these ceramic materials containing Fe, Na, Si, Mg,
and Ca have been shown to reduce ammonia accumulation in
water compared to that of other groups. In addition, the ability
of this substance to buffer the pH value of water has drawn
much attention. This feature can be recommended as a very
useful application in ensuring fish welfare, especially for live
transport. The data obtained at the end of this study and the
gill histology findings revealed that the use of ceramic products
can be particularly useful for live fish transport.
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Abstract: Marine pollution, which has been seen for the recent years in cities with a coast that industrializes day by day, was also seen in izmir, the third
most populous city of Turkey. After the destruction of Ragip Pasa jetty and especially the completion of the Grand Canal Project, the improvement in the gulf
is increasing day by day. In Izmir Bay, which is one of the most fertile areas of the Aegean Sea, excessive algae growth is occasionally observed. In this
study, 360 quantitative and 1080 qualitative samples were obtained during the monitoring projects carried out jointly by izmir Metropolitan Municipality,
Dokuz Eylil University Marine Sciences and Technology Institute and Ege University Faculty of Fisheries between 1990-2016 were examined. The
distribution of the 2 dominant major classes Dinophyceae and Bacillariophyceae were investigated. In addition to the species that produce toxins such as
DSP, ASP and PSP into the marine environment, species that do not contain any toxins but cause adverse conditions in the environment by mass-formation
were investigated.

Keywords: Harmful species, toxic, dinoflagellate, diatom, DSP, ASP, PSP

0Oz: Son yillarda endilstrilesme ve artan sanayi faaliyetleri nedeniyle denize kiyisi olan sehirlerde gériilen deniz kirliligi, Tiirkiye'nin tigiincii en kalabalik kenti
olan izmirde de gériilmekteydi. Ege Denizinin en verimli alanlarindan birisi olan “izmir Korfezinde baslatilan biiyiik kanal projesi ve yikilan Ragip Pasa
Dalyani sayesinde kérfez akintisinda diizelme ve kirlilikte azalma olmasina ragmen; dénem dénem gézlenen alg patlamalari, denizdeki canlilari oldudu
kadar insan sagligini da tehdit etmektedir. Bu ¢alismada 1990-2016 yillari arasinda Izmir Bilyiik Sehir Belediyesi, Dokuz Eyliil Universitesi Deniz Bilimleri ve
Teknolojisi Enstitlisii ve Ege Universitesi Su Uriinleri Fakilltesinin ortaklasa yiiriittiigli izleme projeleri sirasinda elde edilen 360 kantitatif ve 1080 kalitatif
ornek incelenerek; hem korfezde gegen siire boyunca gézlenen zararli alg patlamalari hem de baskin 2 biiyiik sinifi olan Dinophyceae ve Bacillariophyceae
tlirlerinin dagilimlari incelenmistir. DSP, ASP ve PSP gibi toksinler treten tirler yaninda, herhangi bir toksin icermeyen fakat asiri Ureyerek ortamda
olumsuz kosullari olusturan tiirler incelenmistir.

Anahtar kelimeler: Zararli tiirler, toksik, dinoflagellat, diyatom, DSP, ASP, PSP

INTRODUCTION

Over the last 30 years, excessive algal blooms have been
increasingly reported around the world, both negatively
affecting interactions between species and reducing the
populations of other aquatic organisms. Sustainability of the
ecosystem affects important economic areas such as tourism
and seafood farming, as well as human health (Shumway,
1990; Landsberg, 2002; Wells et al., 2015, Lin et al., 1994).
Massive blooms are particularly affect filter-feeding bivalves
(oysters, mussels, scallops, clams), crustaceans, and finfish.
When the overgrowth, which we call bloom, the color of sea
changes, this event named according to the color of the
pigment contained in the species that reproduces and the
density of the species (red-tide, green-tide, brown-tide, etc.)
(Hallegraeff, 1995; Lindahl, 1998). Only 2% of the
approximately 5000 phytoplankton species are harmful.
However, the effect of these mass blooming species, whether
toxic or not, is significant on the ecosystem (Landsberg,
2002). Excessive algal blooms, which are discussed in this
study, are called Harmful Algal Blooms (HABSs), which have a
significant impact on the food chain and human health in the
seas by releasing various toxins into the environment,

especially Dinoflagellates (Hallegraeff et al., 2004).
Dinoflagellates are also excellent indicators of the
environment, especially water temperature, salinity and
eutrophication in the seas (Graham, 1942; Wood, 1954).

The study by German researcher Wilhelm Nimann, who
was in our country for a short time between 1954-1955 and
conducted research, in 1955 is the first study on excessive
algae blooms in Izmir Bay (1955). Various newspapers of that
period attributed the mass fish deaths observed in izmir Bay
to 'excessive chlorine gas increase in seawater, gas plant
wastes, oil spilled from ships and tectonic movements on the
seabed'. He stated that the causative organisms, especially
dinoflagellates, in the environment were responsible for fish
deaths. The amount of oxygen detected as 9.3 mg/liter on the
surface was measured as 2.8 mg/liter in the inner bay bottom
water taken from 10 meters. The water samples taken in
August were sent to the Humboldt University in Berlin. The
samples were analyzed by Prof. Dr. Alfred Heilbronn and
observed many cells abundantly belonging to the genus
Gymnodinium. According to Heiloronn, in the shallow regions,
where water mixing are constantly observed, the oxygen in

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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the water reaches a normal level despite the mixing, only after
the aforementioned dinoflagellate species starts to decrease
in the environment. According to the results of the research,
the fish died first by poisoning massively on the surface
because of the dinoflagellate toxin, and then the still-living
ones drowned due to the decomposition of the dead
dinoflagellates at the bottom and the oxygen depletion caused
by the oxidation of organic materials (Nimann, 1955).

The study conducted by Yurga (1992) in the areas
selected from muddy sea coasts that are polluted by industrial
and domestic wastewater in the Inner Bay of izmir, showed
that while diatoms and dinoflagellates were never found in
samples taken from heavily polluted areas throughout the
year, some tintinnids were adapted to live in these polluted
areas. In the study, it was observed that tintinnids were found
only in the surface of muddy seawater in the inner gulf coasts,
where there is no oxygen and there is intense pollution, and
no harmful algae growth has been reported.

Non-native species that transported to the bay by ballast
waters of ship and currents (Oligotrichea class (Leptotintinnus
nordqvisti Brandt, 1906 and Rhizodomus tagatzi Strelkow &
Wiketis, 1950 (=Tintinnopsis corniger)) did not show any
excessive reproduction, they were rarely observed and
reported seasonally. The same two alien species, Balkis and
Koray's study in 2014 were detected and reported in the
Marmara and Aegean Seas, these species were rarely
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encountered throughout the year, and any excessive
reproduction was not recorded (Balkis and Koray (2014).

The amount of harmful and poisonous algae species that
show excessive reproduction in the phytoplankton groups
distributed in the seas of our country is only about 10%, and it
is known that only 5% of these affect the ecosystem,
especially mass fish deaths, by synthesizing neuro-toxins
Koray (2001), Bargu et al., (2002), Koray (2002a), Koray
(2002b), Koray and Cihangir (2002), Koray and Colak-
Sabanci (2003), Colak-Sabanci and Koray (2005), Koray and
Golak-Sabanci, (2007).

MATERIAL AND METHODS

To determine the qualitative distributions of the
phytoplanktonic organism groups that form the first food chain
in the izmir Bay, between 1990 and 2016, in Outer Bay
(Station 1), Middle (Station 2), and Inner Bay (Station 3)
(Figure 1), samples were collected with a standard plankton
net with 55 um mesh size seasonally from stations 1, 2 and 3,
with the horizontal method at speed 2 mils for 10 minutes and
fixed with formaldehyde at a resulting concentration of 4%. 5-
liter samples collected from selected stations as surface (0.5
meters), middle (5.0 meters), and bottom water (10.0-20.0
meters) were fixed with acidic Lugol to be used in quantitative
studies. The samplings between 2017-2020 were made
during the excessive algal blooms in the bay.

27”?0' E 26"96' E

38°45'N ~

38°39'N o

38°33'N o

Emiralem

38°27'N 4

ILDIR BAY

38°21'N o

Harmandalt
Ktk Cigh

Balatcik
Bayak Cigli

Bayrakl

Figure 1. Sampling stations in izmir Bay
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Seawater temperature, pH, salinity, and oxygen values
were measured in situ and recorded seasonally. Brought
quantitative samples bottles were transferred to 250 cc
measuring glass cylinders in the laboratory by removing
excess seawater after 1 week of sedimentation and kept for
the second sedimentation for another week. After removing
excess seawater, the remaining samples were transferred to
standard glass tubes and labeled and the concentrations of
the species belonging to the planktonic organism groups per
liter were counted and determined using the one-drop
method, phase-contrast Olympus BX-50 and Olympus CX-31
research microscopes at 15x20 and 14x40 magnifications for
3 times for each sample. To determine the amount of the
species per liter, the cell and individuals count results were
calculated separately for each sample and converted into
cellliter and individual/liter. In each sampling period,
quantitative samples were taken from 3 depths and a
plankton net was used for each station. 12 samples obtained
per expedition is 48 per year and 1440 samples in 20 years.
In qualitative studies, 360 tubes and 1080 bottles of
quantitative samples were examined. Seasonal quantitative
plankton data were regularly transferred to spreadsheet
software in each sampling period and the seasonal and
annual distribution of the research stations's class, family, and
species was obtained. The seasonal qualitative and
quantitative data obtained as a result of the examination of
the samples were transferred to a spreadsheet software
periodically, the frequency of species and the concentrations
per liter of the bay, which changed depending on the years,
were obtained eventually. Class, family, and species
distributions in the content of 120 seasonal qualitative lists in
spreadsheet software covering the years 1990-2020 were
converted into annual lists jointly with the calculation formula.
The data in the lists were gathered together to be used in this
study. Toxic species detected using standardized methods
(Hallegraef, 2003) by UNESCO-IOC/HAB bureau were
marked seasonally in spreadsheet software and their
distribution over 30 years was determined qualitatively and
quantitatively. In the determination of the species belonging to
the diatom and dinoflagellate classes, Anderson et al., (1995),
Balech (1988), Cupp (1943), Delgado and Fortuno (1991),
Dodge (1982), Hasle and Syvertsen (1997), Hendey (1964),
Koray et. al., (2007), Lebour (1930), Marshall (1969a), Rampi
and Bernhard (1978, 1980), Ricard (1987), Steidinger and
Williams (1970), Steidinger and Tangen (1997), Sournia
(1968, 1976, 1986), Taylor (1976), Tomas (1997), Tregouboff
and Rose (1957), and Wood(1954); for Ciliophora species;
Boltovskoy (1981), Isamu (1982), Lee, J.B. and Kim (2010),
Margalef (1963), Marshall (1969b) and Pierce and Turner
(1993); for HAB species, the works of Anderson et al., (1995)
and Landsberg (2002) were used for the identification of the
diatom and dinoflagellates. The names of the authors of the
designated species and the current status of the scientific
names of the species were periodically checked and
rearranged on the websites of AlgaeBase. Samples were
used to determine the distribution of phytoplankton groups

have been collected using "The Physical, Chemical,
Biological, and Microbiological Effects and Microbiological
Effects of the DBTE-180, DBTE-199 Grand Canal Projects on
the Marine Environment of the izmir Bay", jointly organized by
Dokuz Eylul University, Institute of Marine Sciences and
Technology and Izmir Metropolitan Municipality between
1990-2016. During the seasonal research, expeditions were
carried out by the R/V. K. Piri Reis. Ege University Faculty of
Fisheries, Department of Hydrobiology carried out the
preservation, storage, and evaluation of the collected all
samples.

RESULTS AND DISCUSSION

Considering the distribution of the species belonging to
the large groups in the bay over a 30-year period, it was
determined that the dominant class in the bay was
Bacillariophyceae with 42.8%, followed by Dinophyceae with
38.6% (Figure 2).
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Figure 2. Percentage distribution of major classes in the bay

It was seen that the distribution of the frequency of
occurrence of planktonic HAB classes in Izmir Bay, the most
dominant class was the dinoflagellate (Dinophyceae) class
(14.8%). Percentage distributions of 6 orders belonging to the
class  Dinophysales  5.9%;  Gonyaulacales  3.0%;
Prorocentrales 2.6%; Gymnodiniales 1.3%; Noctilucales are
0.3% and Peridiniales 1.6%. The percentage distributions of
the  detected Cyanophyceae, Prymnesiophyceae,
Pyramimonadophyceae and Euglenophyceae classes were
determined as 0.3% (Figure 3).
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Figure 3. Percentage distribution of major HAB classes in the bay
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It has been observed that species that release toxins such
as DSP, PSP, ASP occasionally cause blooms in the bay.
Alexandrium minutum Halim 1960, Alexandrium tamarense
(Lebour) Balech 1995, Gymnodinium catenatum H. W.
Graham 1943, Lingulodinium polyedra (F. Stein) J. D. Dodge
1989, Prorocentrum lima (Ehrenberg) F. Stein, 1878 and
Prorocentrum minimum (Pavillard) J. Schiller 1933 species
that cause PSP (Paralytic shellfish poisoning or PST
(Paralytic shellfish toxins) in the bay. The secretions of these
species contain Saxitoxin, Neosaxitoxin and Gonyatoxin. DSP
(Diarrhetic Shellfish Poisoning) species containing Okadaic
acid and Dinophysis toxin: Dinophysis acuminata Claparéde
& Lachmann, Dinophysis acuta Ehrenberg, Dinophysis
caudata Saville-Kent, 1881, Dinophysis fortii Pavillard,
Dinophysis mitra (F. Schiitt) T.H. Abé, Dinophysis rotundata
Claparede & Lachmann, Dinophysis sacculus F. Stein,
Dinophysis tripos Gourret, Gonyaulax grindleyi Reinecke,
1967 and Prorocentrum cassubicum (Woloszynska) Dodge,
1975. The two species that cause ASP (Amnesic Shellfish
Poisoning) by releasing domoic acid into the marine
environment are Pseudo-nitzschia delicatissima (Cleve)
Heiden, 1928 and Pseudo-nitzschia pseudodelicatissima
(Hasle) Hasle, 1993 species from the diatom class. It is a type

Table 1.

of Gymnodinium breve dinoflagellate that causes NSP
(Neurotoxic Shellfish Poisoning by releasing Brevetoxin into
the environment.

Species of poisoning by AZP (Azaspiracid shellfish
poisoning), (CFP) Ciguatera fish poisoning and VSP
(Venerupin shellfish poisoning) toxins seen in other seas were
not encountered in the bay during this period. Although it has
been reported in other studies that dinoflagellate species P.
minimum causes VSP, there was no evidence of an
overgrowth of this species observed throughout the year in
the bay. As a result of combining the species lists obtained
from the studies in the bay, when the frequencies of the
species detected in the 30-year period are examined, it is
seen that the dominant class of the bay, which reproduces
excessively, is Dinophyceae with 45 species (14.8%). 5
species (1.6%) producing PSP belonging to this class; It was
observed that there were 11 species (3.6%) producing DSP
and 3 (1.0%) producing ASP. In 67 species, 48 of them,
which reproduce excessively from time to time and do not
release any neurotoxin to the environment, were detected in
the bay, and these species were found at seasonally varying
rates (Table 1).

Distribution of classes of toxin-producing and non-toxin-producing species

CLASSES

CY DI PR BA EU

PM OL PP DP AP NP NT Mu

TOXIC
Color and type

Achnanthes brevipes C. Agardh,
1824

Alexandrium minutum Halim )

Alexandrium tamarense (Lebour)
Balech 1995

Anabaena variabilis Kitzing ex
Bornet & Flahault

Ceratium furca (Ehrenberg)
Claparéde & Lachmann

Ceratium fusus var. fusus
(Ehrenberg) Dujardin, 1841
Ceratium tripos var. atlanticum
(Ostenfeld) Paulsen, 1908

Chaetoceros danicus Cleve, 1889 .

Chaetoceros densus (Cleve)
Cleve, 1899

Coscinodiscus granii Gough, 1905 .

Cyclophora tenuis Castracane,
1878

Cylindrotheca closterium
(Ehrenberg) Reimann & J.C. .
Lewin, 1964

Dinophysis acuminata Claparéde
& Lachmann

Dinophysis acuta Ehrenberg .

Dinophysis caudata Saville-Kent,
1881

Dinophysis fortii Pavillard .
Dinophysis
Schiller
Dinophysis mitra (F. Schitt) T.H.
Abé

infundibulum ~J.

° Reddish brown

° Reddish brown, HT
° Orange, HAO, AO

° Orange, HAO, AO

Greenish brown,
HAO, AO

° Pale brown
° Orange
° Orange
° Orange

° Orange
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Table 1. Continued

CLASSES TOXIC
CY DI PR BA EU PM OL PP DP AP NP NT Mu Color and type

Dinophysis odiosa (Pavillard) Tai
& Skogsberg

Dinophysis ovata Claparéde &
Lachmann, 1859

Dinophysis ovum (F. Schiitt) T.H.
Abé

Dinophysis rotundata Claparéde &
Lachmann

Dinophysis rudgei (G. Murray &
F.G. Whitting) T.H. Abé

Dinophysis sacculus F. Stein
Dinophysis tripos Gourret

Diplopsalis lenticula Bergh

Emiliania huxleyi (Lohmann) W.W.
Hay & H.P. Mohler

Eutreptiella gymnastica
Throndsen, 1969

Gonyaulax grindleyi Reinecke,
1967

Gonyaulax polygramma Stein,
1883

Gonyaulax spinifera (Claparéde &
Lachmann) Diesing, 1866
Gymnodinium breve C.C. Davis
1948

Gymnodinium catenatum H.W.
Graham 1943

Gymnodinium simplex (Lohmann)
Kofoid & Swezy

Gyrodinium spirale (Bergh) Kofoid
& Swezy 1921

Heterocapsa triquetra (Ehrenberg)
F. Stein

Lingulodinium polyedra (F. Stein)
J.D. Dodge

Mesodinium rubrum (Lohmann,
1908)

Noctiluca scintillans (Macartney)
Kofoid & Swezy

Ornithocercus magnificus F. Stein,
1883

Ornithocercus quadratus Schiitt,
1900

Ornithocercus steinii Schiitt, 1900
Oxytoxum scolopax F. Stein
Phaeodactylum tricornutum Bohlin

Phalacroma mitra

Phalacroma rotundatum
(Claparéde & Lachmann) Kofoid &
J.R. Michener 1911

Prorocentrum aporum (Schiller)
Dodge, 1975

Prorocentrum balticum (Lohmann)
Loeblich, 1970

Prorocentrum cassubicum
(Woloszynska) Dodge, 1975
Prorocentrum dentatum Stein,
1883

Prorocentrum lima (Ehrenberg) F.
Stein, 1878

Orange

Orange

Orange

Orange

Milky

Green Anoxia,
hyperoxia

Orange

Reddish brown

Orange

Reddish brown

Pink, NH3

Pale orange

Pale brown

Pale orange, HAO,
AO

Orange, HAO, AO

Orange
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Table 1. Continued

CLASSES

CY DI PR BA EU PM

TOXIC

oL PP DP AP NP NT Mu Color and type

Prorocentrum micans Ehrenberg,
1834

Prorocentrum minimum (Pavillard)
J. Schiller

Prorocentrum triestinum J.
Schiller, 1918

Protoperidinium longipes Balech,
1974

Protoperidinium steinii (Jorgensen,
1899) Balech, 1974
Pseudo-nitzschia delicatissima
(Cleve) Heiden, 1928
Pseudo-nitzschia
pseudodelicatissima (Hasle) °
Hasle, 1993

Pseudo-nitzschia pungens

(Grunow ex Cleve) G.R. Hasle, °
1993

Pseudosolenia calcar-avis
(Schultze) B.G. Sundstrém, 1986
Pyramimonas propulsa Moestrup
& Hill, 1991

Rhizosolenia setigera Brightwell,
1858

Scrippsiella trochoidea (Stein)
Loeblich IIl, 1976

Skeletonema costatum (Greville)
Cleve, 1873

Thalassiosira allenii H. Takano
1965

Thalassiosira angustelineata
(A.W.F. Schmidt) G. Fryxell & .
Hasle

Thalassiosira rotula Meunier .

. Orange, HAO, AO
° Pale brown
. Orange, HAO, AO
. Orange
. Orange

. Milky

. Milky

. Pale green

. Green

. Brown

Greenish orange, HO,
AO

. Pale Green, HAO, AO

PUA, Greenish
orange, HO, AO

(CY: Cyanobacteria, DI: Dinophyceae, PR: Prymnesiophyceae, BA: Bacillariophyceak, EU: Euglenophceae, PM: Pyramimonadophyceae, OL: Oligotrichea, PP:
Paralytic Shellfish Poison, DP: Diarrhetic Shellfish Poison, AP: Amnesic Shellfish Poison, NT: Non toxic blooms, Mu: Mucilage secretion, HO: Hyperoxia, AO:
Anoxia, HT: Hepatotoxic, NH3: Ammoniac, PUA: Polyunsaturated short chain aldehydes.

When we review the history of algal blooms in the bay, it
is seen that the Cyanophyceae, Dinophyceae and
Bacillariophyceae classes are responsible for. Cyanophyceae
class started to decrease gradually after the Grand Canal
Project came into operation after 2000, and it was determined
in 1994 as the most abundant throughout the period. This
group was observed at all stations in 1994, increased
depending on the depth at station 1, 6000 cells I' at 15
meters, 17000 cells I-' at 15 meters at station 2 and all levels
at station 3 in the inner bay. It was determined as 60000 cells
I in the water column in Spring. In the summer of 1994, it
was found at a concentration of 6500 cells I! at station 6,
8000 cells I at station 2, increasing depending on the depth
at station 3, and 80000 cells I'' “on the surface, station 3. In
the autumn of 1994, this class was the highest in the outer
bay surface water at a concentration of 40000 cells I' at
station 6, 50000 cells ' at station 2, and 400000 cells I in
the entire water column at station 3 reached high density.

Pseudo-nitzschia pungens (Grunow ex Cleve) G.R.
Hasle, 1993 and Ceratium fusus var. seta (Ehrenberg)

Sournia was observed in all stations in March 2000, P.
pungens was detected at a concentration of 8370 cells I at 5
meters in the inner bay, and Ceratium fusus var. seta
(Ehrenberg) Sournia at a concentration of 8056 cells I! at 5
meters.

In May 2006, L. polyedra bloomed at a concentration of
4630 cells I'* on the surface in the middle bay, making the
color of the sea brownish-red. C. furca var. furca was
detected at a concentration of 8624 cells I! per liter at station
3 in July 2008. In February 2009, R. setigera was detected at
all depths by blooming massively in the entire bay, most
abundantly at station 2, at a concentration of 53280 cells I-* at
5 meters, and changed the color of the sea in coastal areas in
Giizelbahge and inciralti. G. spinifera species, which bloomed
excessively in Urla, Gizelbahge and Foga in September
2010, turned the seawater in these regions brownish-red. P.
pungens changed the color of the sea to pale green in
February 2011 and was observed at all stations, especially at
a concentration of 7611 cells I at 5 meters at station 2, and
7437 cells I at 10 meters in the inner bay. The same species
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was detected in January 2020 and again at all stations, with
the most abundant concentration of 6556 cells I* at 5 meters
at station 2. In November 2018, green water color was
observed on the sea surface on the shores of Karsiyaka, and
it was determined that the species showing excessive
proliferation was diatom T. allenii at a concentration of 6228
cells I at 5 meters at station 2. P. triestinum dinoflagellate
species was detected in March 2014 at a concentration of
67203 cells I on the surface, 28296 cells I' at 5 meters and
81351 cells I' at 10 meters by causing excessive proliferation
in the inner bay and turned the color of seawater orange. The
same species was intensely observed in the inner bay 3
months later in June, with a concentration of 67203 cells I on
the surface and 28296 cells ' at 5 meters. The diatom
species L. minimus, belonging to the class
Coscinodiscophyceae, which causes mass fish kills, was
detected only at station 3 in March 2014 at all depths,
changing the color of the sea from light brownish to dark
green at 106111 cells I concentration on the surface. It was
detected at a concentration of 24759 cells I and 45981 cells
I at 10 meters. In April 2018, G. spinifera showed excessive
bloom and was detected at a concentration of 9760 cells I at
station 2 and 10880 cells I! at station 3, and turned the color
of the sea in red color on the Konak and Narlidere shores.

A species known to cause anoxic and hypoxic conditions
in water with excessive growth, P. micans made a mass
blooming in February 2020 and changed the color of the sea
to orange, 8772 cells I'" at 5 meters of station 2 and 9360
cells I at 5 meters of station 3. It was determined most
intensely at the concentration of 10030 cells I-.

The massively blooming classes are mostly diatom and
dinoflagellate and cases where ciliates blooms are rarely
encountered in the bay. H. subulata, a tintinnid from the
Oligotrichea class, was observed in all stations in July 2010, it
was most intensely detected at station 24 at a concentration
of 49648 individuals/I!, and the same species was detected in
a very small amount in winter. It is known that the genus
Helicostomella is widely distributed in neritic waters (Pierce
and Turner, 1993).

When the phytoplanktonic organisms included in the
mucilage formation, the environmental disaster that started to
be seen in the Adriatic (Rinaldi and Vollenweider, 1995) and
the Tyrrhenian Bay in 1991 (Innamorati et al., 1998) in the
summer of 1988 is examined, the important species detected
are Dinophysis caudata Saville-Kent, 1881; Ceratium fusus
var. fusus (Ehrenberg) Dujardin, 1841 from the Dinophyceae
class; Ceratium tripos var. atlanticum (Ostenfeld) Paulsen,
1908; Prorocentrum micans Ehrenberg, 1834; Coscinodiscus
radiatus  Ehrenberg, 1840; Cylindrotheca  closterium
(Ehrenberg) Reimann & J.C.Lewin, 1964; Dactyliosolen
fragilissimus (Bergon) Hasle, 1996; Gonyaulax fragilis
(Schiitt) Kofoid, 1911; Grammatophora marina (Lyngbye)
Kiitzing, 1844; Leptocylindrus danicus Cleve, 1889;
Licmophora abbreviata C. Agardh, 1831; Nitzschia longissima
(Brébisson) Ralfs, 1861; Pleurosigma elongatum W. Smith; P.
delicatissima, Pseudo-nitzschia pseudodelicatissima (Hasle)

Hasle, 1993 and Pseudo-nitzschia pungens (Grunow ex
Cleve) G.R. Hasle, 1993, Pseudosolenia calcar-avis
(Schultze) B.G.Sundstrom, 1986; Rhizosolenia setigera
Brightwell, 1858; Skeletonema costatum (Greville) Cleve,
1873; Striatella unipunctata (Lyngbye) C. Agardh, 1832,
Synedra undulata (J.W. Bailey) Gregory, 1857; Thalassiosira
pseudonana Hasle & Heimdal, 1970; Thalassiosira rotula
Meunier; Thalassiothrix frauenfeldii (Grunow) Grunow from
Bacillariophyceae class and Eutreptiella  gymnastica
Throndsen, 1969 from the class Euglenophyceae have been
reported by the above researchers. The first observation of
mucilage formation in the Turkish Seas was made by Aktan in
the fall of 2007 in the Marmara Sea, and the G. fragilis seen
in the Tyrrhenian Sea and Adriatic was also reported for the
first time in Marmara. Aktan detected G. fragilis at a density of
3.9x108 I in the study. (Aktan et al., 2008). With the
exception of the dinoflagellate Gonyaulax fragilis (Schiitt)
Kofoid 1911, which has the ability to produce mucilage
(Pistocchi et al., 2005), all of the species found in the
mucilage structure are also present in izmir Bay, according to
the species lists of all periods in our study. Although diatom
species Cylindrotheca closterium (Ehrenberg) Reimann &
J.C. Lewin, 1964; Skeletonema costatum (Greville) Cleve,
1873 and dinoflagellate speices Noctiluca scintillans
(Macartney) Kofoid & Swezy which are capable of producing
mucilage substances, reproduce from time to time in the bay,
it has not been observed that they cause any mucilage
formation other than changing the color of the sea.

As a result of the observations in izmir Bay, considering
the species belonging to all classes in the Bay, the rate of
harmless species that do not reproduce excessively is 77.6%,
the rate of blooming species whether toxic or not is 22.4%,
the rate of non-toxic species that worsen the marine
environment by excessive reproduction is 16.1%. and the rate
of both toxic and overproducing species was determined as
6.3% (Figure 4).

22.4

P

I Non-toxic, Non-blooming harmless species
I Harmful species (Toxic and non-toxic)

I Harmful species (Non-toxic, blooming only)
I Harmful species (Toxic and blooming both)

Figure 4. Percentage of HAB species and Non-toxic, Non-blooming
harmless species
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When 67 planktonic organism species that cause harmful
algae overgrowth are examined in the bay (Table 1), the ratio
of the species in the bay that affect the other organisms by
releasing DSP, PSP, ASP and NSP toxins into the sea is
given in Figure 5. Among the 67 species with harmful
increase the most producing common toxin is DSP with
16.4% (Figure 5).

45 15

v‘

16.4

I TOXIC m NON-TOXIC
M DSP W PSP W ASP W NSP

Figure 5. Percentage of algal bloom forming species and toxin
producers
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Abstract: In the current investigation, fresh trout viscera and smoked trout trimmings were enzymatically extracted using papain, alcalase, protamex, and
flavourzyme. Protein extraction was performed at different concentrations (0.5%, 1%, 1.5% and 2%) and times (30 minute, 1 hour and 4 hours). The
moisture, crude protein, lipid and crude ash contents of trout viscera used as raw materials, in the study, were respectively found as 60.26+0.78%,
12.18+0.21%, 31.1840.36% and 1.33+0.07%, while these values in smoked trout trimmings were determined as 54.53+0.93%, 18.39+0.13%, 17.71
1.06% and 8.50+0.13%, respectively. Following the conclusion of the study, protein content (g protein/100 g waste) and Protein Recovery Rate (PRR, %) in
liquid protein hydrolysate extracted from trout viscera and smoked trout trimmings were found to be significantly affected by enzyme type, enzyme
concentration, and extraction time. The results showed that the flavourzyme, followed by the protamex, produced the highest protein content (g protein/100
g waste) and PRR (%) in the liquid protein hydrolysate extracted from trout viscera. Furthermore, the protamex, followed by the flavourzyme, was shown to
have the highest protein content (g protein /100 g waste) and PRR (%) in the liquid protein hydrolysate extracted from smoked trout trimmings.

Keywords: Trout, viscera, protein extraction, smoked trimmings, commercial enzymes

0z: Bu alismada, alabalik ig organlari ve tiitsiilenmis alabalik kirpintilari papain, alkalaz, protameks ve flavourzyme kullanilarak enzimatik olarak ekstrakte
edilmistir. Protein ekstraksiyonu, farkli konsantrasyonlarda (%0,5, %1, %1,5 ve %2) ve siirede (30 dakika, 1 saat ve 4 saat) gerceklestirilmistir. Calismada,
hammadde olarak kullanilan alabalik i¢ organlarinin nem, ham protein, lipid ve ham kil igerikleri sirasiyla %60,26+0,78, %12,18+0,21, %31,18+0,36 ve
%1,33+0,07 olarak bulunurken, bu degerler tiitstilenmis alabalik kirpintilarinda sirasiyla %54,53+0,93, %18,39+0,13, %17,71+1,06 ve %8,50+0,13 olarak
belirlenmistir. Calismanin sonuglanmasinin ardindan, alabalik i¢ organlarindan ve tiitsilenmis alabalik kirpintilarindan ekstrakte edilen sivi protein
hidrolizatlarinin protein igerigi (g protein / 100 g atik) ve Protein Geri Kazanim Oranlarinin (PRR, %), enzim tipi, enzim konsantrasyonu ve ekstraksiyon
stiresinden dnemli 6lgiide etkilendigi bulunmustur. Sonuglar, alabalik i¢ organlarindan ekstarkte edilen sivi protein hidrolizatlarda en yiiksek protein icerigi (g
protein/100 g atik) ve PRR' nin (%) flavourzyme ile elde edildigini bunu protameksin takip ettigini gostermistir. Ayrica, titstulenmis alabalik kirpintilarindan
ekstakte edilen sivi protein hidrolizatlarinda, protameks, ardindan flavourzyme ile en ytiksek protein icerigine (g protein / 100 g atik) ve PRR'ye (%) sahip
oldugu gosterilmistir.

Anahtar kelimeler: Alabalik, i organlar, protein ekstraksiyonu, tlitstilenmis kirinti, ticari enzimler

INTRODUCTION

Rainbow trout (Onchorhynchus mykiss), which is  fish prior to the smoked process, as well as smoked flesh

originated in North America and is the most commonly grown
variety of trout in our country, is marketed fresh in our nation
as well as smoked and exported abroad. According to TEPGE
(Republic of Turkey Ministry of Agriculture and Forestry
Agricultural Economic and Policy Development Institute), the
production of rainbow trout in Turkey is estimated to reach
113,678 tons (TEBGE, 2020). The majority of the trout
produced in our country are shipped fresh or smoked in
processing factories. In industries that process smoking of
trout have two types of waste which are produced. These
include visceral waste that happens during the cleaning of the

trimmings, which consists of head, skin, bone, and flesh parts,
and is created during the processing of smoked fillets after
they have been smoked. The heads (15.3% of total weight),
bones (6.9% of total weight), tails (2.3% of total weight) and
intestines (8.8% of total weight) of the trout were removed
from the fish before it was smoked as a fillet. Thus, around
33% of the body of the fish was considered waste to be
discarded in the procedure (Kotzamanis et al., 2001). Smoked
trout trimmings are also used to make lower-value items such
as fish meal and fish feed after they have been smoked. Its
portion is around 3-5 % depending on numerous processing
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conditions such as the size of the fish and the kind of smoker
(Tolasa et al., 2012). Most of the fish wastes in Turkey are
used to make fish meal with low biological and economic
value. The remainder is dumped into the environment as a
pollutant without being assessed. These sources, on the other
hand, may be transformed into protein products that are
nutritionally valuable, functional, easily digested, and have a
high economic value. Studies conducted that have previously
been performed on fish waste have revealed a large amount
of protein. Zamora-Sillero et al. (2018) states that the protein
content in fish waste might be 10-20% (w/w) of the total
protein in fish.

Adding enzymes to 'waste' material from fish, along with
other procedures like filtering and centrifugation, was
discovered many years ago to be an efficient technique to
separate and recover the proteins contained in the waste
(Kristinsson, 2007). The proteins in fish processing waste can
be separated from other compounds to which they are
associated with hydrolysis by using proteases. Several
different authors have studied and described the enzymatic
proteolysis and solubilization of proteins from a variety of
different fish materials (Aspmo et al., 2005; Vieira et al,
1995). Pigott and Tucker (1990) define fish protein
hydrolysate as a liquid product prepared from fish with the
addition of proteolytic enzymes to accelerate hydrolysis under
controlled conditions, resulting in a protein mixture. Proteins
extracted from fish muscle by using enzyme have been found
to contain a variety of bioactive peptides with nutritional and
functional properties (Benjakul and Morrisey, 1997; Theodore
et al., 2008). Furthermore, a wide range of bioactivities,
including  antihypertensive,  antithrombotic,  immune-
modulatory, and antioxidant characteristics, have been found
in peptides generated from the enzymatic breakdown of
proteins (Dong et al., 2005; Fitzgerald et al., 2005; Ghaly et
al., 2013; Liaset and Espe, 2008; Underland et al., 2009).

Researchers have shown that by applying regulated
enzymatic hydrolysis, a wide variety of high-quality protein
components may be generated from low-value waste
materials (Quaglia et al., 1987; Aspmo et al., 2005). The
enzyme utilized in hydrolysis has a significant impact on the
content and properties of the extracted proteins, as well as
the amino acid sequence of the peptides generated. The
functional characteristics of the generated extracted proteins,
which are referred to as hydrolysate, are significantly
influenced by protease species and protein substrate.
Temperature, hydrolysis time, and enzyme concentration all
have an impact on the speed and specificity of protein
hydrolysate production. The quality of the recovered protein is
most strongly influenced by the duration of the hydrolysis
process. All parameters that can influence the structure of the
product such as pH, hydrolysis duration, enzyme-substrate
level and temperature, can influence enzymatic hydrolysis
(Utomo et al., 2014; Ananey-Obiri et al., 2019).

There has been a lot of studies on the use of commercial
proteases to convert fish processing waste and inadequate or

low-value fish into protein hydrolysates (Quaglia and Orban,
1987; Uhlig, H., 1998; Wu et al., 2015). The choice of enzyme
is critical in the extraction of proteins from fish byproducts and
waste (Ramakrishnan et al., 2013). Alcalase, -chymotrypsin,
Neutrate, papain, pepsin, trypsin, pancreatin, flavourzyme,
bromelain, pronase E, protamex, orientase, thermolysin,
validase, protease amano and protease N are some of the
most often used proteolytic enzymes. Among the commercial
enzymes employed as proteolytic agents, effective
investigations have been achieved by using plant proteases
such as papain, bromelain, and ficin, as well as bacterial
prostheses such as alcalase, neutrate, protease N, and
protamex (Ananey-Obiri et al., 2019).

Using various proteases, successful investigations have
been carried out on extracting fish protein hydrolysate from
fish internal organs, which are discarded by fish processing
companies (Batista et al., 2010; Chalamaiah et al., 2012;
Siddik et al., 2021). Many enzymes are employed in the
commercial production of fish protein hydrolysate. The
amount of protein obtained from these enzymes has been
determined on the waste profile and the surrounding
circumstances. In this investigation, trout viscera and smoked
trout trimmings were extracted at varied rates (0.5%, 1%,
1.5%, and 2%) and times (30 minutes, 1 hour, and 4 hours)
by utilizing commercial enzymes (protamex, flavourzyme,
alcalase and papain), and extracted protein content (g
protein/100 g waste) and Protein Recovery Rate (PRR, %)
were measured in liquid protein hydrolysate.

MATERIAL AND METHODS
Material

Fresh trout viscera and smoked trout trimmings were
received from the processing factory of of Kilig Holding Bafa
Su Uriinleri A.S., which processes fresh and smoked trout in
Maras, Turkey. The enzymes needed for protein hydrolysate
production, including alcalase, protameks, and flavourzyme,
were provided by Sigma-Aldrich, and papain enzymes, which
were supplied by Novozymes A/S (Bagsvaerd, Denmark).

Methods
Enzymatic extraction of protein

The enzymatic extraction of protein from trout viscera and
smoked trout trimmings was produced by the enzymatic
method according to Ramakrishnan et al. (2013) and He et al.
(2013) with slight modifications. The wastes were vacuum-
packed into 5-kilogram packages, placed in ice-filled foam
boxes, and transported to the Protein Research Laboratory at
the Faculty of Fisheries, Department of Fishing and
Processing Technologies, where they were held at -18°C until
protein hydrolysate was produced. After being thawed at
room temperature, frozen wastes were minced by using a
meat grinder. The wastes were then heated for 20 minutes at
90°C to assure that endogenous enzymes were inactivated
(Nasri et al., 2013). Each sample of minced viscera and
smoked trout trimmings, whose enzymes were inactivated,
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was cooled and homogenized by adding distilled water at a
ratio of 1:1. The optimal hydrolysis temperatures, pH values,
inactivation times, and temperatures of four different enzymes
(papain, alcalase, protamex, and flavourzyme) used in the
production of fish protein hydrolysate (FPH) were conducted
in accordance with the manufacturer's recommendations.
With the use of 2 N NaOH, the pH values at which these
enzymes displayed optimal activity were adjusted to 8.0 for
alkaline protease, 7.0 for protamex and flavourzyme, and 7.0
for papain. The hydrolysis temperature was set in accordance
with the manufacturer's recommendations, with alcalase at
55¢C, flavourzyme and protamex at 50°C, and papain at 40°C
being selected as the best temperatures for each enzyme.
During the hydrolysis stage, papain, alcalase, protamex, and
flavourzyme were evaluated at three different hydrolysis times
of 30 minutes, 1 hour, and 4 hours, as well as four different
enzyme concentrations of 0.5%, 1%, 1.5%, and 2%. The
inactivation time and temperature of each enzyme were

applied according to the recommendation of the company
from which the enzymes were obtanied, in order to terminate
the hydrolysis in the samples that were applied for a certain
time, temperature and enzyme-substrate concentration.
Accordingly, it was applied for alcalase at 85°C for 10
minutes, for flavourzyme at 90°C for 5 minutes, for protamex
at 85°C for 10 minutes and for papain for 30 minutes at 70°C
and then 15 min cooled. The cooled extracted solution was
then centrifuged at 3600 rpm for 20 minutes to separate into
phases.

Figure 1 shows the flow chart to the production of
extracted fish protein hydrolysate. The formation of four
different phases was achieved in all as an oil phase in the top
phase, a light oil phase in the second phase, a protein phase
in the third phase, and an insoluble material phase in the
fourth phase. The protein content in the hydrolyzing solution
were collected from the liquid proteins in step 3 for the
production of hydrolyzed fish protein extract (Figure 2).

Minced Waste

Inactivated Enzymes
(20 min at 90 °C)

Hydrolysis
1 1 1 1
Papain Alcalase Protamex Flavourzyme
(40°C,pH 7.0 (55°C, pH 8.0) (50 °C, pH 7.0) (50 °C, pH 7.0)
Stopping the hydroysis Stopping the hydroysis Stopping the hydroysis Stopping the hydroysis
at at at at
70 °C for 30 min 85 °C for 10 min 85 °C for 10 min 90 °C for 5 min

Centrifugal separation
T

1
I
Third phase i FOIUET phase |
iqui i nsoluble material
Liquid protein phase phase)

Figure 1. The production of hydrolyzed fish protein extract flow chart
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Oil phase

Light lipid-protein phase

Liquid protein phase

Insoluble materil phase

Figure 2. Fractions of soluble hydrolyzed fish protein extract
derived from trout viscera and smoked trout trimmings

Chemical analysis

The proximate composition of the trout viscera and the
smoked trout trimmings were determined in triplicate by using
the following methods: lipid content by Bligh and Dyer (1959),
moisture content by AOAC (1998), total crude protein by
Kjeldahl technique (AOAC 981.10, 1998) and ash content by
AOAC (1998). The quantity of protein in the extracted solution
samples was measured by using the Lowry method (1951),
using bovine serum albumin as a standard protein.
Absorbance was measured at 660nm in a UViis
spectrophotometer. Protein Recovery Rate (%) estimated by
Ovissipour et al. (2009) using the formula below:

[the content of protein
present in the hydrolysate]

Protein R Rate (%) = x 100
rotein Recovery Rate (%) [the initial content of protein

present in the extracted
mixture]

Statistical analysis

Using the SPSS (SPSS 16.0 Inc. Chicago, IL) package
program, one-way analysis of variance (ANOVA) and General
Linear Model (GLM) was used in data obtained in the study,
and Duncan multi-way analysis of variance was used to
assess the differences between the means at the 0.05
significant level.

RESULTS AND DISCUSSION

Proximate composition of trout viscera and smoked
trout trimmings

Crude protein, lipid, crude ash and moisture contents of
trout viscera and smoked trout trimmings used in the
production of protein hydrolysates are given in Figure 3.

Proximate Composition

70 60,26
60 54,53

40 31,18
18,39 17,1
20 1218

10 . l 1,33 -
- i

Crude Protein Lipid Crude ash Moisture

mViscera M Smoked trout trimmings

Figure 3. The Proximate composition of trout viscera and smoked
trout trimmings

In the proximate composition analysis, trout viscera
included 60.26+0.78% moisture, 12.18+0.21% crude protein,
31.18+0.36% lipid, and 1.33+0.07% ash, while smoked trout
trimmings contained 54.53+0.93% moisture, 18.39+0.13%
crude protein, 17.71£1.06% lipid, and 8.50£0.28% crude ash.

Taheri et al. (2013) observed that trout viscera had
moisture content of 71.65%, fat content of 13%, protein
content of 15% and ash content of 2.73%. Dong et al. (1993)
found that minced salmon viscera contained 78.7% moisture,
12.1% protein, 18.1% lipid and 7.1% crude ash. Kotzamanis
et al. (2001) determined the average crude protein, fat
content, ash content and moisture of trout waste (head, tail,
bone, and intestines) to be 14.5%, 11.1%, 3.3%, and 70.1%,
respectively. In a previous study, Tokur (2007) reported that
the moisture, crude protein, lipid, and crude ash content of
smoked trout were 61.14%, 26.53%, 6.4%, and 1.71%,
respectively, which was in contrast to our findings. In the
study, written by Tosun and Ozden (2014), the researchers
found that the protein, fat, moisture, and ash contents of hot-
smoked rainbow trout were 22.06%, 7.02%, 66.70%, and
3.50%, respectively. Those findings were in contrast to the
data provided in this study, which included fish viscera and
smoked trout trimmings. The proximate composition of fish as
well as viscera varies according to the fish species, sex, age,
nutritional status, season and health (Villamil et al., 2017;
Korkmaz and Tokur, 2019). Lipid and protein content of
cultured fish have been observed to depend mostly on the
activity of fish muscle and feed (Thammapat et al., 2010). The
current research findings, when compared to previous study
findings for proximate compositions, are predicted to be
dependent on feeding and moisture content of used materials
(Kotzamanis et al., 2001; Kotakowska et al., 2006). After the
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smoking process, previous studies showed that the proximate
composition of the fish might alter based on a variety of
parameters such as the brine concentration and time applied,
the smoked temperature and duration, and the kind of fish
(Bjernevik et al., 2018; Fuentes et al., 2010; Jittinandana et
al.,, 2002; Tosun and Ozden, 2014). This might explain why
differences in proximate composition were observed.

Table 1.
and smoked trout trimmings using papain'?

Papain

Table 1 shows the protein content (g protein/100 g waste)
and Protein Recovery Rates (%) in the liquid protein
hydrolysate extracted from trout viscera and smoked trout
trimmings using four different rates of papain during three
different time periods.

Protein content (g protein/100 g waste) and Protein Recovery Rates (PRR %) in liquid protein hydrolysate derived from trout viscera

Enzyme concentrations (%)

Extraction Time 0.5 1 1.5 2 0.5 1 1.5 2
Viscera Smoked trout trimmings

Protein Content 30 min 5.931 6.23 6.1823 6.1222 5.50a1 5.6021 5.85a2 5.92a3
: (0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01)
1h 6.15 6.3304 6.3103 6.18b2 5.8701 6.33%2 6.36¢ 6.40¢4
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
4h 6.13% 6.37¢ 6.39¢4 6.29¢2 6.01¢2 6.244 5.9901 6.1403
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00)
. 48.71a1 51.124 50.7023 50.2322 30.4121 30474 31.8022 32,18
PRR (%) 30 min. (0.06) 008)  (0.04) (0.14) 006)  (0.03) (0.06) (0.06)
1h 50.46¢! 51.98% 51.8103 50.7602 31.92b1 34.42¢2 34.56¢3 34.814
(0.07) (0.10) (0.09) (0.06) (0.03) (0.08) (0.06) (0.08)
4h 50.3401 52.28% 52.44% 51.64¢2 32.65¢2 33.94b4 32.5801 33.3803
(0.06) (0.11) (0.12) (0.11) (0.05) (0.04) (0.07) (0.02)

"Parentheses indicate the standard deviation

2Different letters in the same column and numbers in the same row indicate differences at a significance level of 0.05 (p<0.05)

In the extracted of trout viscera with papain enzyme, there
was a particularly notable increase in the content of protein
with respect to extraction time in all papain concentrations
studied, except for 0.5% which shown an increase after 1
hour of extraction and no significant differences between the
time intervals (p<0.05) of 1 hour and 4 hour extraction. The
highest protein content after 30 minutes, 1 hour and 4 hours
of extraction were determined to be 1% enzyme concentration
with 6.23g protein/100g waste, 1% enzyme rate with 6.33g
protein/100g waste and 1.5% enzyme rate with 6.39g
protein/100g waste, respectively (p<0.05). As result of 4 hour
extraction, the PRR (%) of trout viscera treated with 0.5%,
1%, 1.5% and 2% papain contcentrations significantly
increased from 48.71% to 50.34%, from 51.12% to 52.28%,
from 50.70% to 52.44% and from 50.23% to 51.64%,
respectively (p<0.05). Under consideration of all extraction
periods and papain concentrations, it was shown that 1 and 4
hour of extraction, as well as 1% and 1.5% papain
concentrations, resulted in increased protein content and
PRR (%) in liquid protein hydrolysate extracted from trout
viscera (p<0.05).

After extracted of smoked trout trimmings for 30 minutes,
1 hour, and 4 hours, the highest protein content was found in
samples extracted with 2% papain concentration with 5.92g of
waste, 2% papain concentration with 6.40g of waste, and 1%
papain concentration with 6.24g of waste, respectively
(p<0.05) (Table 1). When the enzyme concentration was
raised from 0.5% to 2%, the PPR (%) for liquid protein

hydrolysate from smoked trout trimmings increased from
3041% to 32.18% after 30 minutes of extraction, from
31.91% to 34.81% after 1 hour of extraction, and from 32.65%
to 33.38% after 4 hours of extraction (p<0.05).Using smoked
trout trimmings treated with papain, the results revealed that
all extraction periods had a statistically significant impact on
protein content and PRR (%), with 1 hour having the highest
protein content and PRR (%) achievable with the use of 1%,
1.5%, and 2% (p<0.05).

Papain (EC 3.4.22.2), a plant cysteine protease endolytic
enzyme, is obtained by cutting the skin of an unripe papaya
(Carica papaya L.) and then collecting and drying the latex
that flows from the cut (Mombaya, 2012; Hoyle and Merritt,
1994; Shahidi et al., 1995). According to Uhlig (1998), papain
has wide proteolytic activity against proteins, short chain
peptides, amino acid esters, and amide linkages and has
been commonly used in the food and pharmaceutical
industries. Utoma et al. (2014) used papain enzyme to
hydrolyze catfish fillet wastes for 6, 12, 24, 36, and 48 hours
and found that the content of protein in the liquid protein
hydrolysate increased significantly with time. Similarly, it was
found in this study that as the extraction time increased, so
did the content of protein in the liquid hydrolysate solution
extracted from viscera and smoked trout trimmings. Fan et al
(2018) discovered that the hydrolysis duration in the
hydrolysis of trout bone proteins caused an increase in the
hydrolysate grade, which was similar to the values found in
this study. Adler-Nissen (1986) stated that the enzyme
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substrate ratio has an important influence on peptide bonding
of the protein substrate as well as on the pH and temperature.
According to Noman et al. (2018), the enzyme/substrate ratio
over 3% (w/w) in the hydrolysis of Chinese sturgeon
(Acipenser sinensis) by using papain had no effect on the
degree of hydrolysis. They noted that their findings were most
likely due to enzyme aggregation, which causes an increase
in substrate diffusion inhibition, resulting in reaction rate
saturation. Similar findings from this study were also
disclosed in that, when the impact of the ratio was studied on
the protein contents of liquid protein hydrolysate derived from
trout viscera, it was shown that higher papain concentration
greater than 1.5 % resulted in reduced protein contents in all

periods. This impact, on the other hand, was not observed in
smoked trout trimmings. This finding indicates that not only
the type of enzyme, enzyme concentrations, and duration of
the hydrolysis, but also the type of waste used, have a
significant impact on protein content and recovery during
enzymatic extraction.

Alcalase

Table 2 shows the protein content (g protein/100 g waste)
and Protein Recovery Rates (%) in the liquid protein
hydrolysate extracted from trout viscera and smoked trout
trimmings using four different rates of alcalase during three
different extration periods.

Table 2. Protein content (g protein/100 g waste) and Protein Recovery Rates (%) in the liquid protein hydrolysate from viscera and smoked

trout trimmings utilizing alcalase!?

Enzyme concentrations (%)

Extraction Time 0.5 1 1.5 2 0.5 1 1.5 2
Viscera Smoked trout trimmings

Protein Content 30 min 6.2202 6.21v2 6.15¢1 6.4703 5.95b1 6.1322 6.0922 6.11b2

’ (0.02) (0.02) (0.02) (0.01) (0.01) (0.02) (0.06) (0.07)

1h 6.14«1 6.15#1 6.14«1 6.181 6.16¢2 6.2002 6.25% 5.9241

(0.01) (0.02) (0.02) (0.06) (0.01) (0.06) (0.01) (0.04)

4h 6.14#1 6.15412 6.15412 6.1622 5.381 6.1522 6.1902 6.192

(0.07) (0.01) (0.01) (0.01) (0.07) (0.01) (0.01) (0.00)
. 51.1002 50.97¢2 50.4621 53.133 32.370 33.3122 33.1122 33.2402

PRR (%) 30 min. (0.13) (017) (0.13) (0.11) (0.07) (0.13) (0.32) (0.38)
1h 50.402" 50.53a1 50.3921 50.73 33.49¢2 34,013 34.95¢4 32172

(0.06) (0.08) (0.05) (0.50) (0.04) (0.46) (0.10) (0.22)
4h 50.3921 50.51a2 50.48212 50.5622 29 24at 33.46 34.0204 33.65¢

(0.05) (0.09) (0.05) (0.09) (0.36) (0.05) (0.06) (0.02)

Parentheses indicate the standard deviation

2Different letters in the same column and numbers in the same row indicate differences at a significance level of 0.05 (p < 0.05)

The highest protein content in liquid protein hydrolysate
from trout viscera was obtained after 30 minutes of extraction
at all alcase concentrations, and it then significantly
decreased (p<0.05), except for samples treated with 1.5 %
alcalase, which had no significant influence on the protein
content throughout the extraction period (p>0.05). By
increasing the alcalase concentration from 0.5 to 2%, the
PRR/%) of liquid protein hydrolyzate generated from trout
viscera increased after 30 minutes and 4 hours of extraction.
However, no significant change in PRR (%) was seen after 1
hour of extraction at all concentarions. In the extraction of
trout viscera with alcalase, the results revealed that the
highest PRR (%) and protein content were obtained after 30
minutes of extraction and at 2% alcalase concentration
(p<0.05).

The highest protein content and PRR (%) in protein liquid
protein hydrolysate derived from the smoked trout trimmings
treated with the alcalase was found after 1 hour extraction
and 1.5% alcalase concentration. Findings from the current
study reveal that alcalase extraction of smoking trout
trimmings had a significant impact on protein content and
PRR (%) depending on extraction time and alcalase
concentrations (p<0.05). (Table 2).

Many researchers have found Alcalase® 2.4L, an alkaline
enzyme produced from Bacillus licheniformis and developed
by Novozymes for the detergent industry, to be one of the
most effective enzymes for solubilizing proteins among the
numerous proteases tested (Diniz and Martin, 1997; Aspmo
et al., 2005). Because of its high degree of hydrolysis (DH),
which can be attained in a relatively short time compared to
moderately neutral or acidic enzymes, Alcalase® 2.4L
(Bacillus licheniformis) is frequently preferred for fish
extraction (Lee, 2007).

Protein Recovery Rate (%) refers to the percentage of
total proteins which are soluble in the raw material, as well as
the percentage of protein from the extracted materials in the
protein phase and nitrogen recovery reflects the yield of
proteins that can be recovered during the extraction process
(Benjakul and Morrisey,1997). Benjakul and Morrisey (1997)
revealed that enzyme concentration, reaction time, and
waste/buffer ratio all have a significant effect on extraction
and nitrogen recovery (NR) in protein hydrolysates produced
from pacific whiting solid wastes using alcalase. The same
researchers found that the enzyme concentration between 0
and 34 AU/kg significantly increased nitrogen recovery (NR),
but when the enzyme concentration was higher (57 AU/kg),

76



Extraction of protein from fresh rainbow trout (Onchorhynchus mykiss) viscera and smoked trout trimmings using commercial enzymes

there was no significant effect on NR. In this study, it was
revealed that, in addition to extraction duration and enzyme
concentrations, the materials used had a significant impact on
the content of protein and PRR (%) after alcalase extraction.
Shahidi et al. (1995) used alcalase, neutralase, and papain to
extract protein hydrolysate from capelin (Mallotus villosus).
The extraction solution was also subjected to autolytic
hydrolysis. The results showed that the protein recoveries
using commercial enzymes achieved 22,9%, 51,6% and 70%
compared with the efficiency of autolytic hydrolysis. Similarly,
they also observed that while considerable soluble protein
was generated at the beginning of the hydrolysate, adding
more enzymes throughout the stationary phase of hydrolysis
had little influence on the dissolution of the hydrolysate. The
presence of a high concentration of soluble peptide in the
reaction mixes appears to limit the rate of hydrolysis.
Ovissipour et al. (2009) produced protein hydrolysate from the

viscera of Persian sturgeon (Acipenser persicus) using
commercially available Alcalase, and they observed that
protein recovery ranged from 34.97% to 61.96% depending
on the hydrolysis progressed (30-205 min) protein source. It
was reported by them that enzyme absorption onto insoluble
protein particles is rapid, cleaving the polypeptide chains that
are only weakly linked to the surface of the particles. The
more compacted the core proteins are, the longer it takes for
them to be hydrolyzed to be broken down (Klomklao and
Benjakul, 2017).

Protamex

Protein content (g protein/100 g waste) and Protein
Recovery Rates (%) in liquid protein hydrolysate extracted
from viscera and smoked trout trimmings using protamex is
shown in Table 3.

Table 3. Protein content (g protein/100 g waste) and Protein Recovery Rates (%) in liquid protein hydrolysate exctracted from viscera and

smoked trout trimming using protamex 12

Enzyme concentrations (%)

Extraction Time 0.5 1.5 2 0.5 1 1.5 2
Viscera Smoked trout trimmings
Protein Content 30 min 6.51a1 6.5422 6.6223 6.7004 6.541 6.690 6.7203 6.5822
’ (0.01) (0.02) (0.02) (0.02) (0.03) (0.03) (0.02) (0.02)
1h 6.651 6.75¢2 6.76¢2 6.7402 6.61b2 6.241 6.722 6.67"2
(0.02) (0.01) (0.01) (0.01) (0.04) (0.34) (0.01) (0.02)
4h 6.65012 6.62012 6.7002 6.3721 6.75¢2 6.6501 6.641 6.64201
(0.07) (0.02) (0.02) (0.35) (0.06) (0.05) (0.01 0.07)
PRR (%) 30 min 53474 53.6922 54.323 55.04b4 35.574 36.3803 36.563 35.7922
’ (0.11) (0.13) (0.15) (0.15) (0.15) (0.15) (0.10) 0.11)
1h 54.62b1 55.39¢23 55.49¢3 55.31b2 35.9422 33.9141 36.5502 36.2502
(0.13) (0.08) (0.11) (0.10) (0.20) (1.87) (0.06) (0.12)
4h 54.61b12 54.31b12 55.0302 52.341 36.7202 36.1901 36.08e! 36.12ab1
(0.54) (0.15) (0.20) (2.87) (0.35) (0.29) (0.08) (0.39)

"Parentheses indicate the standard deviation

2Different letters in the same column and numbers in the same row indicate differences at a significance level of 0.05 (p < 0.05)

The content of protein and PRR (%) in the liquid protein
hydrolysate of trout viscera extracted with protamex for 30
min. increased significantly as the enzyme concentration
increased (p<0.05) and the highest protein content and PRR
(%) were found in samples treated with 2% protamex
(p<0.05). However, after 1 hour of extraction, the same
effectiveness was not observed, with this increase seen only
in increasing enzyme concentration from 0.5% to 1%
(p<0.05). Furthermore, the enzyme concentration did not
have a significant effect on the increase of protein content
and PRR (%) after 4 hours extraction.

Protein content and PRR (%) in liquid protein hydrolysate
produced from smoked trout trimmings treated with protamex
for 30 minutes was highest at 1% and 1.5% enzyme
concentrations; however, after the 4 hour extraction, the
highest protein content was found at 0.5 % enzyme
concentration. The increase in enzyme concentration in 1 and
4 hour extraction did not substantially contribute to the
increase in protein content and PRR (%).

Protamex is a protease complex for Bacillus designed for
food protein degradation. It has been demonstrated to exhibit
non-bitter protein hydrolysates, unlike other endoproteases
(Lee, 2007). Soufi-Kechaou et al. (2012) investigated the
effect of extraction time on protein recovery rate in
hydrolysates produced from cuttlefish (Sepia officinalis)
viscera. Researchers have found that the rate of soluble
nitrogen increases during hydrolysis. They noted that this was
an indication that the proteins were solubilized under the
influence of commercial enzymes used during hydrolysis and
move from the substrate to the soluble phase. In the study,
the total content of nitrogen in the soluble fraction increased
rapidly in the first two hours and then the content of protein in
the substrate decreased while reaching a stationary phase for
the remainder of the hydrolysis reaction. The researchers
obtained the maximum vyield for protamex after approximately
120 minutes of extraction reaction. In this study, the highest
content of protein was obtained in 1 hour extraction of visceral
waste and 4 hour extraction for smoked trout trimmings. This
shows that the material used in protein recovery is effective.

77



Polat et al., Ege Journal of Fisheries and Aquatic Sciences, 39(1), 71-80 (2022)

Molla and Hovannisyan (2011) used protamex to optimize the
enzymatic hydrolysis of beluga (Huso huso) visceral waste
proteins. They observed that increasing the temperature,
time, and enzyme activity in the hydrolysis of beluga protein
resulted in an increase in hydrolysis rate up to a certain point,
but thereafter hydrolysis rate considerably decreases. They
indicated that a decrease in hydrolysis rate with increasing
enzyme activity levels, temperatures, and time might be
attributed to a decrease in enzyme activity.

Flavourzyme

Table 4 shows the protein content (g protein/100 g waste)
and Protein Recovery Rates (%) in the liquid protein
hydrolysate extracted from trout viscera and smoked trout

trimmings using four different rates of flavourzyme during
three different time periods.

Increasing the enzyme concentration at all times in the
extraction of trout viscera with the flavourzyme did not have a
significant effect on the increase in the content of protein and
PRR (%) in the liquid protein hydrolysate (Table 1). However,
considering all extraction time for all enzyme concentarions,
extraction times of 30 minutes and 4 hours resulted in the
highest protein content and PRR (%) (p<0.05).

In the smoked trout trimmings, the highest protein content
and PRR (%) in the liquid protein hydrolysate was recovered
at 0.5% enzyme concentrations for 30 minutes, followed by
2% enzyme concentration for 4-hour extraction (p<0.05).

Table 4. Protein content (g protein/100 g waste) and Protein Recovery Rates (%) in the liquid protein hydrolysate extracted from viscera and

smoked trout timmings utilizing flavourzyme 12

Enzyme concentrations (%)

Extraction Time 0.5 1 1.5 2 0.5 1 1.5 2
Viscera Smoked trout trimmings
Protein Content 30 min 7.02012 7.03¢2 7.00012 6.99¢1 7.014 6.6902 6.6401 6.8803
: (0.00) (0.02) (0.01) (0.01) (0.01) (0.02) (0.03) 0.02)
1h 6.9903 6.51a1 6.9442 6.9703 6.0021 5.99a1 6.00a1 6.03#2
(0.02) (0.01) (0.02) (0.01) (0.00) (0.02) (0.01) (0.01)
4h 6.9422 6.981 6.982b2 6.9022 6.051 6.3121 6.90¢2 6.96¢2
(0.02) (0.01) (0.05) (0.02) (0.03) (0.39) (0.04) (0.01)
o . 57.62¢23 57.68¢3 57 45012 57.43¢ 38.10¢4 36.3902 36.12b1 37.41b3
PRR (%) 30 min. (0.10) 044 (011 0100  (006)  (010) (018  (0.41)
1h 57.402 53.4421 56.9722 57.21b3 32.60a1 32.602 32.6521 32.7722
(0.19) 0.09) (0.17) (0.11) (0.03) (0.10) (0.05) (0.05)
4h 57.33p2 57.33p2 57.32ab2 56.62a1 32.8901 34,292 37.54¢2 37.84¢2
(0.27) (0.11) (0.39) (0.11) (0.18) (2.14) 0.20) (0.06)

"Parentheses indicate the standard deviation

2Different letters in the same column and numbers in the same row indicate differences at a significance level of 0.05 (p < 0.05)

Flavourzyme is generated by a strain of Aspergillus
oryzae and also is composed of a number of enzymes,
including endoproteases and exopeptidases, each with varied
activity and optimal pH values. Exopeptidase activities cause
the removal of terminal amino acids that can cause bitter
taste (Lee, 2007). It has been noted that hydrolysis of
proteases such as flavourzyme, which can degrade bitter
peptides (from Novozymes), contributes to eliminating the
problem of bitter hydrolysates (Guerard, 2007). In the study of
Nemati et al. (2012) with wastes belonging to shad (Alosa
caspia) species, the protein recoveries of using flavourzyme
throughout 1 hour increased significantly with time and their
protein recovery obtained by flavourzyme during 60 minutes
was 47.66%. Although it was shown in this investigation that
visceral and smoked trout trimmings did not produce a
significant increase in time on protein recovery in
hydrolysates obtained with flavourzyme, protein recovery was
assessed to be greater in trout viscera than that observed by
Nemati et al (2012). Their also found that major peptide
cleavage happened within the first 15 minutes of hydrolysis.
Mohr (1980) stated that the proteins in the sarcoplasmic
fraction may denature and precipitate during heating to the
hydrolysis temperature, and the denatured proteins would be
highly resistant to enzymatic degradation. Moreover, it was

noted that there was no statistically significant difference
found between the yield of proteins following enzymatic
hydrolysis and hydrophobic interactions between peptides or
self-assembly of larger peptides, meaning that precipitation
would likely occur, reducing the yield of proteins (Mutilangi et
al., 1996).

The flavourzyme, followed by protamex, produced the
highest protein content and PRR (%) in liquid protein
hydrolysate extracted from trout viscera when all times and
rates were taken into consideration (p<0.05). Protamex, on
the other hand, was found to be the enzyme responsible for
the highest protein content and PRR (%) in smoked trout
trimmings, followed by flavourzyme (p<0.05). Additionally, it
was demonstrated that the effects of papain and alcalases
were not comparable (p>0.05).

CONCLUSION

Based on the findings of the investigation, it was found
that the content of and the protein recovery rate protein in the
liquid protein hydrolysate were significantly affected by the
type of waste, the amount of enzyme utiized, and the
extraction time.

78



Extraction of protein from fresh rainbow trout (Onchorhynchus mykiss) viscera and smoked trout trimmings using commercial enzymes

ACKNOWLEDGEMENTS

We want to extend our gratitude to the Kili¢ Holding Bafa
Su Urlinleri A.S. authorities for their valuable help with regard

REFERENCES

Adler-Nissen, J. (1984). Control of the proteolytic reaction and of the level of
bitterness in protein hydrolysis processes. Journal of Chemical
Technology and Biotechnology. Biotechnology, 34(3), 215-222.

DOI: 10.1002/jctb.280340311

Ananey-Obiri, D., Matthews, L. G. & Tahergorabi, R. (2019). Proteins From
Fish Processing By-Products. In C. M. Galanakis (Ed.), Proteins:
Sustainable Source, Processing and Applications (pp. 163-191).
Elsevier. DOI: 10.1016/b978-0-12-816695-6.00006-4

AOAC, (1998). Official Methods of Analysis, 16 th Ed., Chapter 39. (D.L.,
Soderberg 402 Chapter editor) In P. Cunniff (Ed.) Official Methods of
Analysis of AOAC International. Gaithersburg, MD.

Aspmo, S. I, Hom, S. J. & Eijsink, V. G. (2005). Enzymatic hydrolysis of
Atlantic cod (Gadus morhua L.) viscera. Process Biochemistry, 40(5),
1957-1966. DOI: 10.1016/}.prochio.2004.07.011

Batista, ., Ramos, C., Coutinho, J., Bandarra, N. M. & Nunes, M. L. (2010).
Characterization of protein hydrolysates and lipids obtained from black
scabbardfish (Aphanopus carbo) by-products and antioxidative activity
of the hydrolysates produced. Process Biochemistry, 45(1), 18-24.

DOI: 10.1016/j.procbio.2009.07.019

Benjakul, S. & Morrissey, M. T. (1997). Protein hydrolysates from Pacific
whiting solid wastes. Journal of Agricultural and Food Chemistry, 45(9),
3423-3430. DOI: 10.1021/jf970294g

Bjornevik, M., Cardinal, M., Vallet, J.L., Nicolaisen, O. & Arnarson, G.O.
(2018). Effect of salting and cold-smoking procedures on Atlantic salmon
originating from pre-or post rigor filleted raw material. Based on the
measurement of physiochemical characteristics. LWT, 91, 431-438.

DOI: 10.1016/).Iwt.2018.01.047

Bligh, E.G. & Dyer, W.J. (1959). A rapid method of total lipid extraction and
purification. Canadian Journal of Biochemistry and Physiology, 37(8),
911-917. DOI: 10.1139/059-099

Chalamaiah, M., Hemalatha, R. & Jyothirmayi, T. (2012). Fish protein
hydrolysates: proximate composition, amino acid composition,
antioxidant activities and applications: a review. Food Chemistry, 135(4),
3020-3038. DOI: 10.1016/j.foodchem.2012.06.100

Diniz, F.M. & Martin, A.M. (1997). Optimization of nitrogen recovery in the
enzymatic hydrolysis of dogfish (Squalus acanthias) protein.
Composition of the hydrolysates. International Journal of Food Sciences
and Nutrition, 48(3), 191-200. DOI: 10.3109/09637489709012592

Dong, F.M. Fairgrieve, W.T., Skonberg, D.l. & Rasco, B.A. (1993).
Preparation and nutrient analyses of lactic acid bacterial ensiled salmon
viscera. Aquaculture, 109(3-4), 351-366.

DOI: 10.1016/0044-8486(93)90174-W

Dong, Y.L., Sheng, GY. Fu, JM. & Wen, KW. (2005). Chemical
characterization and anti-anaemia activity of fish protein hydrolysate
from Saurida elongata. Journal of the Science of Food and Agriculture,
85 (12), 2033-2039. DOI: 10.1002/jsfa.2219

Fan, W., Tan, X., Tu, M., Jin, F., Wang, Z.,, Yu, C. & Du, M. (2018).
Preparation of the rainbow trout bone peptides directed by nutritional
properties and flavor analyses. Food Science & Nutrition, 6(4), 925-933.
DOI: 10.1002/fsn3.631

Fitzgerald, A.J., Rai, P.S., Marchbank, T., Taylor, G.W., Ghosh, S., Ritz, B.W.
& Playford, R.J. (2005). Reparative properties of a commercial fish
protein hydrolysate preparation. Gut, 54(6), 775-781.

DOI: 10.1136/gut.2004.060608

Fuentes, A., Fernandez-Segovia, ., Barat, JM. & Serra, J.A. (2010).
Physicochemical characterization of some smoked and marinated fish
products. Journal of Food Processing and Preservation, 34(1), 83-103.
DOI: 10.1111/).1745-4549.2008.00350.x

to the trout viscera and smoked smoked flesh trimmingswhich
were utilized as raw materials in this project. This project was
supported by Gukurova University BAP Coordination Unit with
FLY-2014-3163.

Ghaly, A.E., Ramakrishnan, V. V., Brooks, M.S., Budge, S.M. & Dave, D.
(2013). Fish Processing Wastes as a Potential Source of Proteins.
Amino Acids and Oils: A Critical Review. Journal of Microbial &
Biochemical Technology, 5(4), 107-129.

DOI: 10.4172/1948-5948.1000110

Guérard, F. (2007). Enzymatic methods for marine by-products recovery. In
F. Shahidi, Maximising The Value of Marine By-Products (pp. 107-143).
Woodhead Publishing. DOI: 10.1533/9781845692087.1.107

He, S., Franco, C. & Zhang, W. (2013). Functions, applications and
production of protein hydrolysates from fish processing co-products
(FPCP).  Food  Research  Intemational,  50(1),  289-297.
DOI: 10.1016/}.foodres.2012.10.031

Hoyle, N.T. & Merrltt, J.H. (1994). Quality of fish protein hydrolysates from
herring (Clupea harengus). Journal of Food Science, 59(1), 76-79.
DOI: 10.1111/j.1365-2621.1994.tb06901.x

Jittinandana, S., Kenney, P.B., Slider, S.D. & Kiser, R.A. (2002). Effect of
brine concentration and brining time on quality of smoked rainbow trout
fillets. Journal of Food Science, 67(6), 2095-2099.

DOI: 10.1111/j.1365-2621.2002.tb09507 .x

Klomklao, S. & Benjakul, S. (2017). Utilization of tuna processing byproducts:
Protein hydrolysate from skipjack tuna (Katsuwonus pelamis) viscera.
Journal of Food Processing and Preservation, 41(3), €12970.

DOI: 10.1111/jfpp.12970

Kotakowska, A., Domiszewski, Z., Koztowski, D. & Gajowniczek, M. (2006).
Effects of rainbow trout freshness on n-3 polyunsaturated fatty acids in
fish offal. European Journal of Lipid Science and Technology, 108(9),
723-729. DOI: 10.1002/ejlt.200600054

Korkmaz, K. & Tokur, B. (2019). Proximate composition of three different fish
(trout, anchovy and whiting) waste during catching season. Tiirk
Denizcilik ve Deniz Bilimleri Dergisi, 5(2), 133-140.

Kotzamanis, Y. P., Alexis, M. N., Andriopoulou, A., Castritsi-Cathariou, |. &
Fotis, G. (2001). Utilization of waste material resulting from trout
processing in gilthead bream (Sparus aurata L.) diets. Aquaculure
Research, 32, 288-295. DOI: 10.1046/}.1355-557x.2001.00042.x

Kristinsson, H.G. & Rasco, B.A. (2000). Fish protein hydrolysates:
production, biochemical, and functional properties. Critical Reviews in
Food Science and Nutrition, 40(1), 43-81.

DOI: 10.1080/10408690091189266

Kristinsson, H. G. (2007). Aquatic food protein hydrolysates. In F. Shadidi,
Maximising The Value of Marine By-Products (pp. 229-248). Woodhead
Publishing. DOI: 10.1533/9781845692087.2.229

Lee, C.M. (2007). Seafood flavor from processing by-products. In F. Shadidi
(Ed.), Maximising The Value of Marine By-Products (pp. 304-327).
Woodhead Publishing. DOI: 10.1533/9781845692087.2.304

Liaset, B. & Espe, M. (2008). Nutritional composition of soluble and insoluble
fractions obtained by enzymatic hydrolysis of fish-raw materials. Process
Biochemistry, 43(1), 42-48. DOI: 10.1016/j.procbio.2007.10.007

Lowry, O.H., Rosebrough, N.J., Farr, AL. & Randall, R.J. (1951). Protein
measurement with the Folin phenol reagent. Journal of Biological
Chemistry, 193, 265-275. DOI: 10.1016/S0021-9258(19)52451-6

Mamboya, E.A.F. (2012). Papain, a plant enzyme of biological importance: a
review. American Journal of Biochemistry and Biotechnology, 8(2), 99-
104. DOI: 10.3844/ajbbsp.2012.99.104

Mohr, V. (1980). Enzymes technology in the meat and fish industries.
Process Biochemistry, 15(6), 18-21

79


http://doi.org/10.1002/jctb.280340311
http://doi.org/10.1016/b978-0-12-816695-6.00006-4
http://doi.org/10.1016/j.procbio.2004.07.011
https://doi.org/10.1016/j.procbio.2009.07.019
http://doi.org/10.1021/jf970294g
http://doi.org/10.1016/j.lwt.2018.01.047
http://doi.org/10.1139/o59-099
http://doi.org/10.1016/j.foodchem.2012.06.100
http://doi.org/10.3109/09637489709012592
http://doi.org/10.1016/0044-8486(93)90174-W
http://doi.org/10.1002/jsfa.2219
http://doi.org/10.1002/fsn3.631
http://doi.org/10.1136/gut.2004.060608
http://doi.org/10.1111/j.1745-4549.2008.00350.x
http://doi.org/10.4172/1948-5948.1000110
http://doi.org/10.1533/9781845692087.1.107
https://doi.org/10.1016/j.foodres.2012.10.031
http://doi.org/10.1111/j.1365-2621.1994.tb06901.x
http://doi.org/10.1111/j.1365-2621.2002.tb09507.x
http://doi.org/10.1111/jfpp.12970
http://doi.org/10.1002/ejlt.200600054
http://doi.org/10.1046/j.1355-557x.2001.00042.x
http://doi.org/10.1080/10408690091189266
http://doi.org/10.1533/9781845692087.2.229
http://doi.org/10.1533/9781845692087.2.304
http://doi.org/10.1016/j.procbio.2007.10.007
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.3844/ajbbsp.2012.99.104

Polat et al., Ege Journal of Fisheries and Aquatic Sciences, 39(1), 71-80 (2022)

Molla, AE. & Hovannisyan, H.G. (2011). Optimization of enzymatic
hydrolysis of visceral waste proteins of beluga Huso huso using
Protamex. International Aquatic Research (Islamic Azad University,
Tonekabon Branch), 3(2).

Mutilangi, W.A.M., Panyam, D. & Kilara, A. (1996). Functional properties of
hydrolysates from proteolysis of heat-denatured whey protein isolate.
Journal of Food Science, 61(2), 270-275.

DOI: 10.1111/1.1365-2621.1996.tb 14174 x

Nasri, R., Younes, 1., Jridi, M., Trigui, M., Bougatef, A., Nedjar-Arroume, N.,
Dhulster, P., Nasri, M., Karra-Chaabouni, M. (2013). ACE inhibitory and
antioxidative activities of Goby (Zosterissessor ophiocephalus) fish
protein hydrolysates: Effect on meat lipid oxidation. Food Research
International, 54(1), 552-561. DOI: 10.1016/}.foodres.2013.07.001

Nemati, M., Javadian, S.R., Ovissipour, M. & Keshavarz, M. (2012). A study
on the properties of Alosa (Alosa caspia) by-products protein
hydrolysates using commercial enzymes. World Applied Sciences
Journal, 18(7), 950-956. DOI: 10.5829/idosi.was}.2012.18.07.1092

Noman, A., Xu, Y., AL-Bukhaiti, W.Q., Abed, S.M., Ali, A.H., Ramadhan, A.H.
& Xia, W. (2018). Influence of enzymatic hydrolysis conditions on the
degree of hydrolysis and functional properties of protein hydrolysate
obtained from Chinese sturgeon (Acipenser sinensis) by using papain
enzyme. Process Biochemistry, 67, 19-28.

DOI: 10.1016/j.procbio.2018.01.009

Ovissipour, M., Abedian, A., Motamedzadegan, A., Rasco, B., Safari, R. &
Shahiri, H. (2009). The effect of enzymatic hydrolysis time and
temperature on the properties of protein hydrolysates from Persian
sturgeon (Acipenser persicus) viscera. Food Chemistry, 115(1), 238-
242.DOI: 10.1016/j.foodchem.2008.12.013

Pasupuleti, V.K. & Braun, S. (2008). State of the art manufacturing of protein
hydrolysates.  Protein  Hydrolysates in Biotechnology, 11-32.
DOI:10.1007/978-1-4020-6674-0_2

Pigott, G.M. & Tucker, B.W. (1990). Utility fish flesh effectively while
maintaining nutritional qualities. Seafood Effects of Technology and
Nutrition. Marcel Decker, Inc., New York.

Ramakrishnan, V.V., Ghaly, A.E., Brooks, M.S. & Budge, S.M. (2013).
Extraction of proteins from mackerel fish processing waste using
alcalase enzyme. Bioprocess Biotech, 3, 2.

Quaglia, G.B. & Orban, E. (1987). Enzymic solubilisation of proteins of
sardine (Sardina pilchardus) by commercial proteases. Journal of the
Science of Food and Agriculture, 38(3), 263-269.

DOI: 10.1002/jsfa.2740380310

Shahidi, F., Han, X.Q. & Synowiecki, J. (1995). Production and
characteristics of protein hydrolysates from capelin (Mallotus villosus).
Food Chemistry, 53(3), 285-293.

DOI: 10.1016/0308-8146(95)93934-J

Siddik, M.A., Howieson, J., Fotedar, R. & Partridge, G.J. (2021). Enzymatic
fish protein hydrolysates in finfish aquaculture: a review. Reviews in
Aquaculture, 13(1), 406-430. DOI: 10.1111/raq.12481

Soufi-Kechaou, E., Jaouen, P., Ben Amar, R. & Berge, J.P. (2012). Influence
of hydrolysis time on protein recovery and amino acid composition of
hydrolysates from Sepia officinalis viscera. Science Research Reporter,
2(2), 115-129.

Taheri, A, Anvar, S.AA., Ahari, H. & Fogliano, V. (2013). Comparison the
functional properties of protein hydrolysates from poultry by-products

and rainbow trout (Onchorhynchus mykiss) viscera. Iranian Journal of
Fisheries Sciences, 12(1), 154-169.

TEBGE, 2020. Tarimsal Ekonomi ve Politika Geligtirme Enstitlisti (TEPGE)
Uriin Raporu Su Uriinleri 2020. TEPGE YAYIN NO: 317 ISBN: 978-605-
7599-43-8., 29 sayfa.

Thammapat, P., Raviyan, P. & Siriamornpun, S. (2010). Proximate and fatty
acids composition of the muscles and viscera of Asian catfish
(Pangasius bocourti). Food Chemistry, 122(1), 223-227.

DOI: 10.1016/j.foodchem.2010.02.065

Theodore, AE., Raghavan, S. & Kristinsson, H.G. (2008). Antioxidative
activity of protein hydrolysates prepared from alkaline-aided channel
catfish protein isolates. Joumnal of Agricultural and Food Chemistry,
56(16), 7459-7466. DOI: 10.1021/f800185f

Tokur, B. (2007). The effect of different cooking methods on proximate
composition and lipid quality of rainbow trout (Oncorhynchus mykiss).
International Journal of Food Science & Technology, 42(7), 874-879.
DOI: 10.1111/j.1365-2621.2006.01298 x

Tolasa, S., Cakli, S., Kisla, D. & Dincer, T. (2012). Quality and Shelf-Life
Assessment of Pasteurized Trout Soup During Refrigerated Storage.
Journal of Aquatic Food Product Technology, 21(4), 321-329.
DOI:10.1080/10498850.2011.595054

Tosun, S.Y. & Ozden, O. (2014). Survey of inhibition of Listeria
monocytogenes in hot-smoked rainbow trout fillets for food safety.
Journal of Food Processing and Preservation, 38(1), 338-346.

DOI: 10.1111/j.1745-4549.2012.00781.x

Uhlig, H., 1998. Industrial Enzymes and their Applications. 1st Edn., John
Wiley and Sons, New York, ISBN-10: 0471196606, p. 454

Undeland, I., Linquist, H., Chen-Yun, Y., Falch, E., Ramel, A., Cooper, M.,
Gildberg, A., Luten, J.B., Stenberg, E., Nielsen, H.H. & Elvevoll, E.
(2009). Seafood and health: What is the full story? In J. B. Luten (Ed.),
Marine functional food (pp. 17-87). Wageningen, The Netherlands:
Wageningen Academic Publisher

Utomo, B.S.B., Suryanigrum, T.D. & Harianto, H.R. (2014). Optimization of
enzymatic hydrolysis of fish protein hydrolysate (FPH) processing from
waste of catfish fillet production. Squalen Bulletin of Marine and
Fisheries ~ Postharvest and  Biotechnology, — 9(3),  115-126.
DOI:10.15578/squalen.v9i3.79

Vieira, G.H., Martin, A.M., Saker-Sampaiao, S., Omar, S. & Goncalves, R.C.
(1995). Studies on the enzymatic hydrolysis of Brazilian lobster
(Panulirus spp) processing wastes. Journal of the Science of Food and
Agriculture, 69(1), 61-65. DOI: 10.1002/jsfa.2740690110

Villamil, O., Vaquiro, H. & Solanilla, J.F. (2017). Fish viscera protein
hydrolysates: Production, potential applications and functional and
bioactive properties. Food Chemistry, 224, 160-171.

DOI: 10.1016/j.foodchem.2016.12.057

Wu, R., Wy, C., Liu, D., Yang, X., Huang, J., Zhang, J. & Li, H. (2015).
Overview of antioxidant peptides derived from marine resources: The
sources, characteristic, purification, and evaluation methods. Applied
Biochemistry and Biotechnology, 176(7), 1815-1833.

DOI: 10.1007/s12010-015-1689-9

Zamora-Sillero, J., Gharsallaoui, A. & Prentice, C. (2018). Peptides from fish
by-product protein hydrolysates and its functional properties: An
overview. Marine Biotechnology, 20(2), 118-130.

80


http://doi.org/10.1111/j.1365-2621.1996.tb14174.x
http://doi.org/10.1016/j.foodres.2013.07.001
http://doi.org/10.5829/idosi.wasj.2012.18.07.1092
http://doi.org/110.1016/j.procbio.2018.01.009
http://doi.org/10.1016/j.foodchem.2008.12.013
https://doi.org/10.1007/978-1-4020-6674-0_2
http://doi.org/10.1002/jsfa.2740380310
http://doi.org/10.1016/0308-8146(95)93934-J
http://doi.org/10.1111/raq.12481
http://doi.org/10.1016/j.foodchem.2010.02.065
http://doi.org/10.1021/jf800185f
http://doi.org/10.1111/j.1365-2621.2006.01298.x
https://doi.org/10.1080/10498850.2011.595054
http://doi.org/10.1111/j.1745-4549.2012.00781.x
https://doi.org/10.15578/squalen.v9i3.79
https://doi.org/10.1002/jsfa.2740690110
http://doi.org/10.1016/j.foodchem.2016.12.057
http://doi.org/10.1007/s12010-015-1689-9

http:/lwww.egejfas.org Su Uriinleri Dergisi (2022)
Ege Journal of Fisheries and Aquatic Sciences, 39(1), 81-83 (2022) DOI: 10.12714/egejfas.39.1.11

SHORT COMMUNICATION KISA BILDIRI

Occurrence of the silky shark, Carcharhinus falciformis (Bibron, 1839)
(Carcharhiniformes: Carcharhinidae), from Iskenderun Bay, northeast
Levant Sea
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Abstract: An immature male specimen of Carcharhinus falciformis (Bibron, 1839) was caught by a commercial long-liner off Samandag coast (Iskenderun
Bay, northeastern Levant Sea, Turkey), on 2nd of November, 2021. This record is the fourth observation of this species in Turkey. Monitoring the coastal
occurrences of the silky shark throughout its distribution range is critical, where the species is considered as very rare.

Keywords: Record, Carcharhinidae, distribution, Turkey

Oz: Carcharhinus falciformis'in (Bibron, 1839) erigkin olmayan bir erkek émegi, 2 Kasim 2021'de Samanda§ sahili agiklarinda (iskenderun Kérfezi,
kuzeydogu Levant Denizi, Tiirkiye) ticari bir paraketa teknesi ile yakalandi. Bu kayit, tiiriin Tiirkiye'deki dordiincii gozlemidir. Tiriin gok nadir gérildiigi

yerlerde, ipeksi kdpekbaliginin dagilim araligi boyunca kiy olusumlarini izlemek ¢ok dnemlidir.

Anahtar kelimeler: Kayit, Carcharhinidae, dagilim, Trkiye

INTRODUCTION

Carcharhinidae is one of the largest and most important
families of sharks, with many common and wide-ranging
species, represented by 12 genera and 57 species (Ebert and
Stehmann, 2013). In the Mediterranean Sea, the family is
represented by 4 genera and 11 species, one of which is
Carcharhinus falciformis (Bibron, 1839) (Serena et al., 2020).

The silky shark, C. falciformis, is a large and fairly slender
shark, occurring in oceanic and coastal waters, from the
surface down to at least 500 m (Ebert and Stehmann, 2013).
It is a circumtropical shark and it's distribution range covers
both western and eastern Atlantic, Indo-Pacific region and
extends to the Mediterranean Sea (Bonfil and Abdallah, 2004;
Ebert and Stehmann, 2013; Serena et al., 2020). Although, it
was recorded in several localities in eastern Mediterranean
waters (Azab et al., 2019; Kabasakal and Bilecenoglu, 2020)

and western in the Ligurian Sea (Garibaldi and Orsi-Relini,
2012), its occurrence status in the region is considered as
very rare (Bariche, 2012).

Following its first record in Turkish Mediterranean waters
by Kabasakal and Bilecenoglu (2020), several sightings of C.
falciformis in northeastern Levant Sea were reported
(personal observation by the first author); however, this
encounters could have not been confirmed due to the lack of
preserved specimens or reliable photographs documenting
the capture of a silky shark.

In the present paper, authors report the regional
occurrence of a specimen of C. falciformis in the southern
part of Iskenderun, and provide supporting information for a
better understanding of the distribution and status of the
species in the mentioned region.

© Published by Ege University Faculty of Fisheries, lzmir, Turkey
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MATERIAL AND METHODS

The examined male specimen of C. falciformis was
caught by a commercial long-liner, at a depth of 30 m, nearly
10 km off Samandag coast (Figure 1), on 2nd of November,
2021. Species identification follows Serena (2005) and Ebert
and Stehmann (2013), and taxonomic nomenclature follows
Serena et al. (2020). Total length of the specimen was
measured according to Serena (2005), where the total length
is the distance between the tip of the snout and to the tip of
the upper lobe of the caudal fin, depressed to body axis.
Morphometric measurements were measured to the nearest
centimetre, according to procedure proposed by Ebert and
Stehmann (2013). Preserved specimen is being kept in the
ichthyological collections of Iskenderun Technical University
Marine Sciences and Technology Faculty, with the following
registration number: (MSM-PIS-2021-2; Figure 2).
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Figure 1. Map shows the approximate locality (*) of capture of the
present silky shark in northeastern Levant Sea

RESULTS

Total length (TL) of the present specimen of C. falciformis
(Figure 2) was 103 cm and the weight was 7638 g. Some
morphometric measurements are presented in Table 1, which
are all in accordance with previous descriptions of Ebert and
Stehmann (2013).

Coloration of the examined specimen was dark grey
above and white below, with narrow dark blotches on tips of
pectoral fins, and upper and lower caudal lobes (Figure 2).
The observed descriptive characteristics were in agreement
with those described by Ebert and Stehmann (2013). Thus,
the present specimen was identified as C. falciformis.

Figure 2. (A) Side view of the silky shark, Carcharhinus falciformis;
(B) arrow denotes the interdorsal ridge; (C) arrow denotes
the free rear tip of second dorsal fin; and (D) uncalcified
and soft claspers of the specimen

Table 1. Morphometric measurements of the examined specimen of
C. falciformis

Measurement cm % of TL
Total length (TL) 103 100
Standard length 75 72
Head length 23 223
Mouth length 10 9.7
Snout length 35 34
Eye length 1.6 1.55
Eye height 1 0.9
Pre-branchial length 21 20.38
Pre-orbital length 75 7.2
Pre-D1 fin length 35 34
Pre-D2 fin length 85 825
Pre-pectoral fin length 24 233
Pre-D1 to anal fin length 51 495
Pre-D2 to anal fin length 86 834
D1 fin length 13 126
D1 fin height 9.5 9.2
D2 fin length 7 6.8
D2 fin height 14 1.35
D2 fin free rear tip length 4 38
Pectoral fin length 155 15
Ventral fin length 8 77
Anal fin length 75 72
Caudal upper lobe length 295 28,6
Caudal lower lobe length 13 12,6
Clasper length 3 29
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DISCUSSION

Kabasakal and Bilecenoglu (2020) recorded 3 specimens
of C. falciformis off Turkish Mediterranean coasts, 1 in the
Gulf of Antalya and 2 specimens off the eastern coast of Gulf
of Mersin. We are presenting hereby the fourth record of the
species from Turkey, which supports the existence of an
established population in the region. According to Ebert and
Stehmann (2013), males of C. falciformis mature at about 210
and 220 cm. Claspers of the examined silky shark were
uncalcified, soft and shorter than the pelvic fins (Figure 2D).
Thus, the present specimen was an immature male.

Besides the silky shark, several other Carcharhinid
species have been previously encountered through the
northern Levant coasts of Turkey (Ayas et al., 2019, 2020;
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Abstract: Pferois miles (Bennett, 1828) is an aquatic invader and disruptive predator for marine ecosystems. A single lionfish was photographed and
sampled in March 2021 during a scientific survey at 36 m depth in Karaburun/lzmir Bay. In this study presents an update on the lionfish's northward

progression in the Aegean Sea.
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0Oz: Pterois miles (Bennett, 1828) sucul istilact tiir olup deniz ekosistemleri igin yikic! bir predatérdiir. 2021 yilinin Mart ayinda, Karaburun/izmir Korfezinde
gerceklestirilen bilimsel arastirma esnasinda 36 m derinlikte tek bir Aslan baligi fotograflanmis ve 6rneklenmistir. Bu galismada Aslan baliginin Ege

Denizi'ndeki kuzey yonli ilerleyisi igin bir glincelleme sunulmaktadir.

Anahtar kelimeler: Istilaci tiir, Pterois miles, aslan baligi, Akdeniz, Ege Denizi, izmir Kérfezi

INTRODUCTION

Pterois miles (Bennett, 1828) is regarded as one of the
most invasive marine fish species which affects native fish
assemblages and human health negatively in invaded
ecosystems (Sutherland et al., 2010). Lionfish possess
several ecological traits such as high tolerance to a wide
range of environmental conditions (Whitfield et al., 2007);
rapid growth rate (Johnson and Swenarton, 2016); capability
of spawning throughout the year, and high fecundity (Savva et
al., 2020) and opportunistic feeding habits (Eddy et al., 2016).
This species is currently considered as established in all the
Eastern Mediterranean (Savva et al., 2020). Although the
lionfish was firstly reported from Israel by Golani and Sonin in
1992, the invasion of P. miles in the Mediterranean began in
Lebanon in 2012 (Bariche et al., 2013). The twenty-year
period between the reports of lionfish was commented by the
researchers as the first specimen entered the Suez Canal like
many marine organisms (Zenetos et al., 2012); released from
captivity (Golani et al., 2002) or it has not been established a
population in the Mediterranean (Bariche et al., 2013). In the
intervening years, P. miles rapidly spread throughout most
sectors of the Mediterranean Sea (e.g. Levantine Sea,

southern and central Aegean Sea, lonian Sea, southern
Adriatic Sea, Tunisia, and ltaly) (Kletou et al., 2016; Azzurro
et al., 2017; Giovos et al., 2018; Dimitriadis et al., 2020;
Vavasis et al., 2020; Di Martino and Stancanelli, 2021).

Concerning the Turkish coasts of the Aegean Sea, P.
miles was firstly reported at Dalyan in 2015 by Turan and
Oztiirk and has since, the lionfish has expanded towards the
northeast Aegean Sea, being reported at Datca (Bilge et al.,
2016), Didim (Yapici, 2018), Bodrum and Teos (Ulman et al.,
2020) and Kokar (Ozg(l, 2020).

This scientific report presents information about the
northern progression of Pterois miles in the Aegean Sea.

MATERIAL AND METHODS

A single specimen of P. miles was collected from Izmir
Bay (Karaburun), Aegean Sea (38.65 N°-26.52 E°) on 18
March 2021, at a depth of 36 m (Figure 1). The water
temperature was 15.0 °C. Photographs and underwater
videos of P. miles, when it was detected in the propeller gap
of the 9 Eylil shipwreck was taken (Figure 2).

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


http://www.egejfas.org/
http://doi.org/10.12714/egejfas.39.1.12
https://orcid.org/0000-0003-4675-1654
https://orcid.org/0000-0002-5528-3322
https://orcid.org/0000-0001-7706-9012
https://orcid.org/0000-0003-0751-0620
https://orcid.org/0000-0003-4675-1654
https://orcid.org/0000-0002-5528-3322
https://orcid.org/0000-0001-7706-9012
https://orcid.org/0000-0003-0751-0620
mailto:acaglaroruc@gmail.com
http://doi.org/10.12714/egejfas.39.1.12

Orug et al., Ege Journal of Fisheries and Aquatic Sciences, 39(1), 84-87 (2022)

A

ol — —
Mediterranean Sea =

-

N\

Aegean Sea

15

—-/
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Table 1. Scientific reports of P. miles from the Levantine Sea to the Aegean Sea (Report localities from Turkish coasts were shown in Figure
1 with numbers indicated in the table. Updated from Ozgil (2020)

N 1 " I:a?,gth ; Depth Observation
o Location Coordinates o n?:‘) Habitat m) Method Reference

1 Herzliya, Israel - 328 - 35 Trawl Golani and Sonin, (1992)
2 Al Minie, Lebanon 34.29N 35.54E 209 Coralligenous 30 Gill net Bariche et al., (2013)
3 iskenderun, Turkey 36.17N 35.46E 276 Rocky bottom 25 - Turan et al., (2014)
4 Rhodes, Greece 36.38N 28.24E - Rocky bottom 7 Diving Crocetta et al., (2015)
5 Rhodes, Greece 35.91N 27.85E - Shipwreck - Diving Crocetta et al., (2015)
6 Rhodes, Greece 36.45N 28.21E - Rocky bottom 2 Diving Crocetta et al., (2015)
7 Ormidia, Cyprus - 170 - 10 Gill net Iglesias and Frotte, (2015)
8 Karpas, Cyprus - 373 Rocky bottom 40 Gill net Oray etal., (2015)
9 Dalyan, Turkey - - Sandy bottom 1 Diving Turan and Oztiirk, (2015)
10 Datca, Turkey 36.69N 27.68E - - 10 Gill net Bilge et al., (2016)
1 NE Crete, Greece 35.20N 26.30E 250 Rocky bottom 33 Gill net Daillianis et al., (2016)
12 SE Crete, Greece 35.01N 25.96E 100 Rocky bottom 12-37 - Daillianis et al., (2016)
13 Karpathos Island, Greece  35.55N 27.20E 100 Rocky bottom 17 Diving Mytilineou et al., (2016)
14 Karpathos Island, Greece  35.50N 27.22E 200 Rocky bottom 16 Diving Mytilineou et al., (2016)
15 Mersin, Turkey 36.08N-33.40E 250 - 100-110 Trawl Yaglioglu and Ayas (2016)
16 Kemer, Turkey - 85-293 Rocky Bottom 10-15 Spearfishing  Ozgiir-Ozbek et al., (2017)
17 Didim-Aydin, Turkey 37.20N 27.14E - Rocky bottom 18 Diving Yapici, (2018)

18  Bodrum and Teos, Turkey 100 Rocky bottom 10 Diving Ulman et al., (2020)

19 Kokar Bay, Turkey 38.13N 26.61E 144 Rocky bottom 15 Spearfishing Ozgiil, 2020
20 izmir Bay, Turkey 38.65N 26.52E 309 Sandy bottom 36 Diving This study
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Figure 2. An underwater photograph of P. miles sampled in this
study

The specimen was identified according to Golani and
Sonin (1992) and Bariche et al. (2013). Morphometric
measurements were taken using a digital caliper to the
nearest 0.1 mm. Total length (TL, mm), standard length (SL,
mm), and total weight (TW, g) were measured. The specimen
was fixed in 4% formaldehyde solution and deposited in the
fish collection of the Sea Museum of lzmir Katip Celebi
University, Turkey (IKC PIS 1262).

RESULTS

The specimen was 309 mm in total length (TL), 208 mm
in standard length (SL) and 402 g in total weight.
Morphometric measurements and meristic counts of the P.
miles specimen were as follows: dorsal fin rays XlII+10; anal
fin [I+6; pectoral fin rays 14; pelvic fin rays |, 5; caudal fin
rays 14, gill rakers 14. Body depth 36.9; head length 32.7 of
% SL snout length 39.7; eye diameter 18.5 and interorbital
width 20.1 % of head length (HL). Pelvic longest fin ray 38.2
and pectoral longest ray 63.4 % of SL (Figure 3).

VP o

Figure 3. Adult specimen of P. miles from the izmir Bay, Turkey
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