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Abstract:

Length-weight relationship of Amblyceps apangi had
been carried out from streams of Dikrong River Aruna-
chal Pradesh, during January 2014 to December 2015.
The co-efficient of regression (b) was recorded as 2.213
(males); 2.376 (females); 2.312 in pooled (both sexes).
The result reveals that females have better growth than
males and both sexes signify a negative allometric
growth pattern. The highest Condition factor ‘K’ value
(0.82 £0.24) for male was found in November and min-
imum (0.45 £+ 0.12) was observed in July. In case of
female, the highest value (0.95 + 0.11) was recorded in
November and lowest (0.50 + 0.09) was noticed in
June. Again, the highest K values (0.83 + 0.16) of male
was found in 61-70 mm while in females the highest
(0.86 + 0.13) was in 51-60 mm. The lowest values for
both male (0.38 = 0.07) and female (0.36 + 0.03) were
observed in 141-150 mm. The Relative Condition fac-
tor (Kn) value did not show any variation with respect
to monthly and size grouping. The result indicates that
both the sex was found in a good condition. Moreover,
the K values were encountered with GSI values during
the quiescent and degenerative phases of the reproduc-
tive cycle but minimum K values coincides with the in-
creased GSI during the recrudescent phases both the
sexes. Coefficient of correlation (r) shows more or less
similar trend in all male, female and pooled. The corre-
lation coefficient ‘r> was found to be 0.906 (males);

0.949 (females) and 0.934 (pooled). This result indi-
cates that there was a good correlation between length
and weight of the fish.

Keywords: Amblyceps apangi, Length-weight
relationship, Condition factor, Arunachal
Pradesh
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Introduction

Length-weight relationship (LWR) is an important
expression has a paramount role in fishery biology
as it serves several purposes. Like any other mor-
phometric characters, the LWR can be used as a
character for differentiation of taxonomic units
and the relationship changes with various devel-
opmental events in life, such as metamorphosis
and onset of maturity (Thomas et al., 2003). Fishes
exhibit growth in length and the increment in
weight, both this developmental activities during
its lifetime. Habitat condition of fishes has a direct
proportional relationship with that of length-
weight and the relationship vary accordingly.
Hence, the growth of a fish is though species spe-
cific but it can considerably vary among species
inhabiting different geographical location. Incre-
ment in size of fish is influenced by many factors
such as physico-chemical parameter of soil and
water, geographical niche, population of fish using
the same food source, size, age and sexual ma-
turity of the fish.

Condition factor is an expression of relative fat-
ness of fish and generally larger values of K, indi-
cates better condition of the fish. This factor is cal-
culated with the intention of describing the “con-
dition” of a particular fish from the relationship
drawn between weight of the fish and length (Fro-
ese, 2006). The “condition” factor expressed as
“coefficient of condition” is denoted by ‘K’ (also
known as Fulton’s condition factor, or length-
weight factor, or Ponderal index). This index can
be said as tool to diagnose the physiological con-
dition of fish in terms of its interaction to the biotic
and abiotic factors. Le Cren (1951) proposed the
relative condition factor in preference to condition
factor which is denoted by ‘Kn’. Thus Condition
factor measures the deviation from a hypothetical
ideal fish where as a relative condition factor
measures the deviation from the average weight or
length of fish. So, understanding condition factor
(‘K’) and relative condition factor (‘Kn’) is im-
portant in fishery biology as it give us clear
knowledge regarding the maturation and spawn-
ing of fish at different body lengths during their
life span also estimating the condition at different
months.

The study of length-weight relationship of Ambly-
ceps apangi is very limited in Indian sub conti-
nent. So far, Krishan & Dobriyal (2015) studied

the length-weight relationship and relative condi-
tion factor of Amblyceps mangois for the first time
from river Mandal a tributary of Ramganga in
Garhwal region. Recently, Humtsoe and Bordoloi
(2015) also studied the length—weight relation-
ships and reproductive parameters of Amblyceps
apangi from Nagaland, north-eastern India. How-
ever no information is available on the length-
weight relationship and condition factor of Ambly-
ceps apangi from entire region including Aruna-
chal Pradesh Nagaland. Therefore, the present
study was undertaken to clarify the pattern of
growth and general well being of this fish species
from the streams of Arunachal Pradesh.

Materials and Methods

Monthly samples were collected from the streams
of Dikrong River within the Rono Hills, Doimukh
region during January 2014 to December 2015.
Fishes were caught by using the indigenous tech-
nique ‘Sebhok panaa’ (Nyishi dialect), ‘Hibook’
(Galo dialect) and electro-fishing device. The in-
digenous technique involved drying up of the tar-
get place of the rivers by diverting the stream to
the nearby and encircling by boulders. Total
length and total weight of the fishes were recorded
using digital caliper (Mitutiya) and digital weight
machine (Precisa ES 225SM-DR). The length of
the fish was taken from the tip of snout (mouth
closed) to the extended tip of the caudal fin nearest
to 0.0lmm and weighed upto the nearest 0.01 g.
For which, altogether 502 specimens of Ambly-
ceps apangi (Fig. 1) were used for calculation of
length-weight relationship and of which 264 fe-
males ranged from 43 to 149 mm while, 238 males
ranged from 43 to 154 mm. The total length,
weight, sex and maturity of gonad were recorded
and then preserved in 10% formalin for subse-
quent analysis.

Length-weight relationship: The length-weight
relationship was calculated by the allometric
growth formula as used by Ricker (1973) in the
form of: W = a L °; where ‘W’ stands for weight,
‘L’ for length, ‘a’ is a constant and ‘b’ the expo-
nent. The equation was transformed into a loga-
rithmic as suggested by Le Cren (1951) and ex-
pressed as: Log W = Log a + b Log L; where ‘a’
is a constant being initial growth and ‘b’ is the
growth coefficient. The values of ‘a’ and ‘b’ were
determined empirically.
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Figure 1. Amblyceps apangi

The observed average weight of the species has
been plotted against the average observed length
to examine the nature of parabola. The regression
of log-weight on log length has been calculated by
the method of “least squares” by grouping the
sample data. The data are first graphed at 4 cm in-
terval and the relationship is calculated for differ-
ent life stages. Correlation of co-efficient (r) for
length and weight has also been calculated.

Condition factor and Relative condition factor:
Condition factor or Ponderal index (K) was deter-
mined by using the following formula:

WX 105

K= 3

Where, K = Condition factor; W = mean weight
of the fish (g); and L = mean length of the fish
(mm); the number 10° is a factor to bring the Pon-
deral index (K) near to unity (Carlander, 1970).

Relative condition factor ‘Kn’ introduced by Le
Cren (1951) was estimated by using the formula

Kn = =
w

Where, W = actual weight of fish in gram (g)
W = calculated weight of the fish in (g)
Results and Discussion

The logarithmic regression equations of length-
weight relationship in male, female and pooled
(both sexes) of Amblyceps apangi was represented
as follows:

Male: Log W=-3.685+2.213LogL
Female : Log W=-3.980+2.376 Log L
Pooled: Log W =-3.864+2.312 Log L

The value of regression coefficient (b) of male, fe-
male and pooled was 2.21, 2.37 and 2.31 respec-
tively (Table 1). The significance of variation in
the estimated regression coefficient ‘b’ from ‘3’

was tested using ‘t’ test for both the sexes and
pooled. The t-test produced the result as 29.80 in
males, 32.90 in females and 20.43 in pooled. From
the findings it is evident that there is a significant
departure of b from the standard 3 (p<0.05) for
male, female and polled. In the present study the
highest b value was found in female compared to
male. The exponential value of female gained the
weight at a faster rate in relation to its length
whereas a low exponential value in male implies a
low growth rate. Further, both the sex had a clear
deviation from the isometric growth pattern and
the growth pattern didn’t follow the cube law
(b=3). This signifies a negative allometric growth
pattern (b < 3) of development which means in-
crease of weight in either sex is not proportional
to the increment in body length. The pooled data
of both the sexes also gave a negative allometric
growth pattern (b < 3). Further, the present find-
ing was found to be contrary with the findings of
Humtsoe and Bordoloi (2015). According to Le
Cren (1951) variation in growth rate of the same
species during different months are influenced by
many factors such as environmental factors, food
supply, ecological conditions of the habitats or
variation in the physiology. The allometric
growth was also observed in other freshwater
fishes due to change in error sampling, locality,
shape, sex, gonad maturity, stomach fullness and
condition of the fish or environmental conditions
(Bagenal & Tesch, 1978; Froese, 2006; Abujam &
Biswas, 2014; Abujam & Biswas, 2016; Dakua et
al., 2016).

In such cases exponential value must be exactly
‘3’ but practically owing to the environmental
conditions of the fish or condition of the fish, the
actual relationship between the variables does not
follow cube law (Le Cren, 1951). According to
Wootton (1990) if fish growth is isometric the ex-
ponential value will be exactly 3.0 or else a value
significantly smaller or larger than the given
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standard indicates an allometric growth pattern.
However, Froese (2006) reported for isometric
growth the exponential value must be between 2.5
and 3.5. A smaller value shows a negative allome-
tric growth which indicates that a fish becomes
lighter with the advancement in its size whereas a
positive allometric is seen when values are larger
which implies that the fish attains a heavier weight
for a particular length.

The correlation coefficient ‘r” between log length
and log weight for males and females of Ambly-
ceps apangi was found to be 0.906 and 0.949 and
for their pooled 0.934 (Fig. 2, Fig. 3, Fig.4). This

result indicates that there is a good correlation be-
tween length and weight of the fish. In overall it
reveals that length-weight regression coefficient
were highly significant in both the sexes. The re-
sults of statistical analysis of length-weight rela-
tionship showed a fine correlation (r) between
length and weight in A. apangi. A similar result
was also recorded by Humtsoe and Bordoloi
(2015). Graphical representation indicated a cur-
vilinear relationship in case of observed value and
a straight line relationship in respect to logarith-
mic transformation (Fig. 2-4).

Tablel. Length-weight relationship parameters of Amblyceps apangi

Sex n log a b Sb t P
Males 238 -3.685 2.213 0.005 29.80 P<0.05
Females 264 -3.980 2.376 0.005 32.90 P<0.05
Pooled 502 -3.864 2.312 0.002 20.43 P<0.05
Legend: n = number of fish studied; log a = intercept; b = regression coefficient; Sb = standard error and t = results of bailey’s t-test on ‘b’
1.51 LogW =-3.685+2213 LoglL
R*=0.906
= 1.0
&
-
0.54
0.0
1.4
204
Eﬂ 154
S 107
o)
z
0 L) L) L) 1
0 50 100 150 200
Length (mm)

Figure 2. Length—Weight relationship in males of Amblyceps apangi
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Figure 3. Length —Weight relationship in females of Amblyceps apangi
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Figure 4. Length —Weight relationship of Amblyceps apangi
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The average monthly fluctuations in the K values
of male and females were represented in Table 2..
The highest K value (0.82 £0.24) for male was
found in November and that of minimum value
(0.45 £ 0.12) was observed in July. In case of fe-
male, the highest value (0.95 + 0.11) was recorded
in November and that of lowest (0.50 £ 0.09) was
noticed in June. The peak was observed in No-
vember then gradually declining trend from May
onwards (Fig. 5). A similar trend was evident in
female also and being peak in November while,

the lowest values were recorded in June-August
(Fig. 5). The K values were in increasing trend
after the termination of the monsoon season. Var-
iation in the value of ‘K’ indicate different param-
eter or state being of a fish, as to state of sexual
maturity, the degree of food source available. Co-
efficient of condition value also seems to vary
with age, sex of some of the species (Anibeze,
2000) and with the system of environment (Gom-
iero & Braga, 2005).

Table 2. Average monthly condition factor (K) of both the sexes of A. apangi

Month Condition factor (K)
Male Female
Jan 0.68 £0.13 0.73 £0.11
Feb 0.71 £0.18 0.66 £0.08
Mar 0.65+£0.21 0.83 £0.20
Apr 0.76 £0.32 0.61 £0.48
May 0.53 +£0.09 0.67 £0.10
Jun 0.48 £0.11 0.50 £0.09
Jul 0.45 +£0.12 0.52 +£0.11
Aug 0.59 £0.11 0.65 +£0.19
Sep 0.71 £0.09 0.65 +£0.07
Oct 0.55 +£0.05 0.79 £0.16
Nov 0.82 +0.24 0.95 +£0.11
Dec 0.72 £0.18 0.81 £0.08

0.2+
OIO ] ] L] L] L] ] ] ] ] ] ]
S AP NI IS &8ss S
ST
S e® YOS
< %z% SRS

Figure 5. Monthly variation in the condition factor (K) of Male and female
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It was observed that the condition factor (K) for
both male and females was low during the spawn-
ing period (May, June, July, August). Although,
the condition factor was high during degenerative
(September, October, November, December) and
Quiescent phases (January, February, March,
April). Le Cren (1951) reported that increase or
decrease in the condition factor is related to the
maturity cycle of the fishes. It is also noteworthy
that full development of alimentary canal may also
influence the ‘K’ factor. The ‘K’ values recorded
in June-August showed a decreasing trend which
coincided with the occurrence of peak value of go-
nadosomatic index (GSI) in both sexes.. The de-
crease in these months may be due to the feeding
intensity of gravid fish decline during spawning
period (Da Costa & Araujo, 2003; Abujam &
Biswas, 2014; Abujam & Biswas, 2016; Dakua et
al., 2016). The high ‘K’ values during the subse-
quent spawning period and preparatory phase in
both the sexes may be related to the period of feed-
ing intensity increases so as to regain the lost en-
ergy and also to rebuild their body reserve for the
development of gonads as a preparation for the
next spawning period.

In relation to different length group, the highest K
values (0.83 + 0.16) of male was found in the 61-

70 mm size group whereas in females the highest
(0.86 +0.13) was in 51-60 mm (Table 3). The low-
est values for both male (0.38 = 0.07) and female
(0.36 £ 0.03) were observed in 141-150 mm size
groups. It reveals that the K values were higher
in small fishes and lower in fish having large size.
From the findings, it can be assumed that increase
in the length of fish is directly proportional to the
decrease in condition factor of this fish (Fig. 6).
Fishes with length group between 50-60 and 61-
70 mm in both the sexes were of juvenile and im-
mature stage, so it is expected that they will have
a high ‘K’ value compared to the other length
group as fishes at this stage have a high feeding
intensity. Kund et al. (2011) reported that condi-
tion factor of small fishes are higher compared to
the larger one due to voracious feeding nature. Ba-
kare (1970) and Fagade (1979) reported that the
condition factor relatively decreases due to the
gradual increase in length. Although smaller than
the juvenile one, a moderate value of ‘K’ was no-
ticed in the fish having TL 80-90, 91-100, 101-110
mm, this might be due to the occurrence of large
number of developing and matured fish within that
group range. Lowest ‘ ‘K’ values were observed in
the fishes having TL >120, which indicated that
fishes within this length group were in fully gravid
stage or in the initiation of spent stage.

Table 3. Mean Length group Ponderal index (K) of both the sexes of A. apangi

Length class Condition factor (K)
(mm) Male Female
50-60 0.80 +0.19 0.86 +£0.13
61-70 0.83 £0.16 0.79 £0.16
71-80 0.65 +0.18 0.67 +0.09
81-90 0.66 £0.11 0.67 £0.07

91-100 0.59 +0.10 0.62 £0.05
101-110 0.60 +0.11 0.69 +£0.13
110-120 0.54 +£0.04 0.55 +£0.09
121-130 0.51 +0.03 0.47 £0.07
131-140 0.39 +£0.09 0.48 £0.07
141-150 0.38 £0.07 0.36 £0.03
151-160 0.41 £0.10 --
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Male
1.0

Female

Figure 6. Condition Factor (K) at different length group in A. apangi

The relative condition factor (Kn) values for both
males and females for different months and size
groups were given in Table 4 & 5. The Kn value
obtained from the present study did not show any
variation with respect to monthly distribution and
size wise grouping. The result enumerated was “1”’
which was uniform throughout the year and also
with respect wise grouping for both the sexes. The
relative condition factor Kn is an expression to as-
sess the condition of the fish. According to Le
Cren (1951) Kn values greater than 1 indicated
good condition of the fish whereas a value < 1 is
indicative of the reverse nature. Sex wise analysis
of Kn value revealed that both male and female
have a uniform Kn value (1), which indicate that

both the sex are in a good condition and the fish
inhibiting the aquatic ecosystem is conducive for
the optimum growth of this fish.

Comparing the K values with GSI, it reveals that
maximum K values were encountered during the
quiescent and degenerative phases of the repro-
ductive cycle whereas minimum K values coin-
cide with the increased GSI during the recrudes-
cent phases in both the sexes (Figure 7 & 8). Sta-
tistical analysis of the generated data reveal there
exist a correlationship between increased GSI and
decreases K value in both sexes, r = 0.44, P =
0.017 for male and r=0.43, P =0.020 female and
the relation between them was significant.

Table 4. Mean monthly Relative condition factor (Kn) of A. apangi

Month Kn
Male Female

January 1.01 +0.40 1.00 +0.63
February 0.89 +0.63 1.00 £0.48
March 1.11 £0.38 1.00 +£0.50
April 1.00 £0.54 0.99 +0.34
May 1.00 £0.41 1.00 £0.25
June 1.00 +£0.48 1.00 £0.18
July 1.01 +£0.50 1.00 +0.19
August 1.00 +0.20 1.00 £0.21
September 1.02 £0.58 1.00 £0.70
October 1.00 +£0.50 1.00 £0.60
November 1.00 +£0.36 1.00 £0.31
December 1.00 £0.40 1.00 £0.67
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Table 5. Relative condition factor (Kn) of A. apangi at different length group

Length class Kn

(mm) Male Female
50-60 1.00 £ 0.26 1.00£0.16
61-70 1.00 £ 0.24 1.00£0.19
71-80 1.00 +0.26 1.00£0.16
81-90 1.00 £0.13 1.00£0.10
91-100 1.00£0.17 1.00 £ 0.09
101-110 1.00 £0.19 1.00 £0.19
110-120 1.00 + 0.08 1.00+£0.15
121-130 1.00+0.18 1.00£0.16
131-140 1.00+0.26 1.00£0.16
141-150 1.00 £0.16 1.00 £0.19
151-160 1.00£0.11 -

GSI %

Figure 7. Relationship between GSI and K in male
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Figure 8. Relationship between GSI and K in female

Conclusion

Thus, from the present findings, it can be con-
cluded that length weight relationship of Ambly-
ceps apangi was slightly deviated from the iso-
metric growth pattern (b=3) and did not follow the
cube law. The ‘b’ values for males, females and
their pool were found to be below 3; showing a
negative allometric growth rate. The ‘r’ value in
respect of length and weight indicated that in all
the cases this relationship was positive in different
length group as well as in different seasons. The
‘K’ value was above the ideal value and indicated
that the species were in good conditions in their
natural habitats. Moreover it also provides base-
line information not only on the length-weight re-
lation but also relative condition factor of Ambly-
ceps apangi.
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Abstract:

In this study, Garra rufa Heckel, 1843 (popularly known as
doctor fishes), which is a fatty fish species living in Kangal
Balikli Cermik Thermal Hot Springs and Topardig Stream
mixing with these hot spring waters, was investigated. Hema-
tological and non-specific immune parameters were investi-
gated by comparing each environment in terms of seasons and
each season in terms of environments. The amount of eryth-
rocyte (RBC) and leukocyte (WBC) in the stream was found
to be increased in summer and decreased in winter. On the
other hand, no seasonal differences were observed in the
pools due to the thermal water. Hb, Hct, monocyte, neutro-
phil, phagocytic activity values were found to be low in the
winters and high in the summers in the stream whereas no
changes were observed in the pools. No difference was found
between seasons and environments in terms of the amount of
eosinophil cells. Lymphocyte and MCV levels in the stream
were found to be increased in winter and decreased in sum-
mer. No change was observed in the pools. Seasonal and en-
vironmental no difference was observed in MCH values of
both pools and the stream, whereas MCHC values in the
stream were found to be high in summer and low in winter.
In the research, differences in winter and summer seasons and
effects of different environments in these values were inves-
tigated.
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Introduction

Hematological parameters are very important in
determining health and physiological status of the
fish (Clauss et al., 2008; Adeyemo et al., 2009). In
addition, these parameters reflect the changes in
the organism correctly and play an important role
in the detection of disease and metabolism of fish
living in different ecological environments (Clar-
ence and Hickey, 1982; Cengizler and Sahan,
2000). Hematological and immunological values
are considered important criteria for fish health
(Siwicki et al., 1994) Fishes are poikilothermic
creatures, in which changes are observed in hema-
tological parameters due to environmental factors
such as bacteria, parasites, water temperature, ox-
ygen content, pH and so on. Hematological values
in fish changes with the effects of seasonal varia-
tions that are associated with changes in water
temperature and climatic changes (Atamanalp and
Yanik, 2003).

In this study, Garra rufa (Heckel, 1843) fish spe-
cies living in Kangal Balikli Cermik Thermal Hot
Spring (Sivas) and Topardi¢ Stream (Sivas) and
their hematological and non-specific immune pa-
rameters were investigated by comparing each en-
vironment in terms of seasons and each season in
terms of environments. Within the scope of the
study, hematological parameters such as red blood
cells count (RBC), mean corpuscular volume
(MCV), mean hemoglobin concentration (MCH),
mean corpuscular hemoglobin concentration
(MCHC), white blood cell count (WBC), hemo-
globin (Hb) and hematocrit (Hct) amounts were
analyzed. In addition, non-specific immune pa-
rameters such as phagocytic cell activity, mono-
cyte, lymphocyte, eosinophil and neutrophil cells
were discussed. The results of the mentioned pa-
rameters were evaluated in a comparative manner
for summer (June, July and August) and winter
(December, January, February) months in terms of
the fishes living in Kangal Balikli Cermik Ther-
mal Hot Spring and Topardi¢ Stream. This study
mainly aims to reveal some unknown hematologi-
cal parameters and non-specific immune response
characteristics of the doctor fish (Garra rufa) liv-
ing in Balikli Cermik Thermal Hot Spring and
Topardi¢ Stream which are known to host a quest
for finding health in the history of humanity.

Materials and Methods

Kangal Balikli Cermik Thermal Hot Springs is lo-
cated 13 km in the north-east direction of Kangal
district which is 90 km away from Sivas province

(Ozer et al., 1987). There are pools flowing with
hot thermal waters and these waters in pools mix
with Topardi¢ Stream in a distance of 100 meters
(Duman and Sahan, 2014). The pH value of the
isothermal water is about 7.2 and its temperature
ranges between 35 °C — 36 °C throughout the year
(Ozer et al., 1987). In the research, fishes were ob-
tained from thermal pools and 500 meters away
from the stream where pools are discharged into
the stream. A total of 180 Garra rufa fishes were
used during the research. Temperature and amount
of oxygen in the pools and stream was measured
and weight, total lenght and age of the fishes were
determined. These measurements were taken in
both winter and summer seasons on a monthly ba-
sis and average values are given for these seasons.
Peterson method is used for determining the age
of the fish in the pools (Akbulut et al., 2008). Dur-
ing sampling, no gender discrimination was made
and the fish were taken from each environment
randomly. These fishes collected from pools are
fatty fish species (Garra rufa) adapted to hot en-
vironments (Timur et al., 1983; Demirsoy, 1993;
Goziikara and Cavas, 2004). Ectoparasites and
bacteriological examination were realized in fish.
Blood samples were collected from caudal vein of
the fishes with an injector by using an anesthetic
agent (MS-222) (Imanpoor et al., 2010).

In the research, Cyanmethemoglobin method was
used for determination of hemoglobin amount
(Blaxhall and Daisley, 1973; Tanyer, 1985) “Mi-
crohematocrit Technique” was employed for de-
termination of Hct (Blaxhall and Daisley, 1973;
Konuk, 1981; Sahan and Cengizler, 2002). The
blood samples collected from caudal vein of fishes
for determination of “leukocyte cell formulas"
were spread on a slide with the help of another
slide. These samples were examined under a light
microscope at X100 magnification by using May-
Grinwald and Giemsa staining methods. All areas
in each preparation were scanned and percentage
of leukocyte cells (monocyte, lymphocyte, neutro-
phil, eosinophil) were determined by counting a
total of 100 leukocyte cells (Sahan and Cengizler,
2002; Dorafshan et al., 2008). The cells were
counted on a thoma slide for determination of
erythrocyte and leukocyte cells by using Natt-Her-
rick solution (Arnold, 2005). The erythrocyte in-
dices were calculated according to the following
formula:

Mean Corpuscular Volume (MCV) (1) = Hct (%)
+ RBC (105 mm?) x 10
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Mean Hemoglobin Concentration (MCH) (pg) =
Hb (g/100 mL) + RBC (10% mm?) x 10

Mean Corpuscular Hemoglobin Concentration
(MCHC) (%) = Hb (g/ 100mL) + Hct (%) x 10
(Kocabatmaz and Ekingen, 1984).

The phagocytosis experiment is based on spectro-
photometric measurement principle of phagocyted
levels of yeast cells stained with Congo red by leu-
kocytes. Histopaques are sodium diatrizoate and
polysucroz solutions with a density of 1.077
+0.001 g/mL and 1.119 £0.001 g/mL, respec-
tively. Histopaque 1.119 (Sigma) and Histopaque
1.077 (Sigma) containing hemagglutination buffer
solution that will from layers is added to sili-
conized tubes. Then, 1 ml blood is carefully added
to the tubes in the form of layers. Samples (500 g)
were centrifuged for 15 minutes (4°C) and leuko-
cytes were separated carefully. Then cells washed
twice in HBSS (Hanks Balanced Salt Solition,
Sigma) and adjusted to 2x10° viable cells mI™. 250
ml leukocyte solution was mixed with 500 ml
yeast cell suspension that was autoclaved and
stained with Congo red (yeast cells/leukocyte
count: 40/1). This mixture was incubated for one
hour at room temperature and then 1 mL HBSS
was added to the mixture and 1 mL Histopaque
1.077 (Sigma) to the bottom part of the mixture.
Samples were centrifuged at 850 g for 5 minutes
in order to separate leukocytes from yeast cells.

The resulting leukocytes were washed twice with
HBSS and stored at 37 °C for 12 hours after mix-
ing with 1 ml trypsin EDTA solution (5.0 g/L tryp-
sin and 2.0 g/L EDTA, Sigma). Trypsin-EDTA
was measured as 510 nm at the spectrophotometer
(Jeney et al., 1997; Sahan and Duman, 2010; Du-
man and Sahan, 2014).

SPSS 10.0 software was used for statistical anal-
yses. The differences between experimental
groups and significance levels of these differences
were determined by One-Way ANOVA - Tukey
Test (P<0.05 P>0.05) (Hayran and Ozdemir,
1995).

Results and Discussion

Total lenght, weight and age data of fishes col-
lected from pools and the stream are presented in
Table 1; oxygen amounts and temperature values
are presented in Table 2; RBC, Hb, Hct, MCV,
MCH, MCHC, WBC, lymphocytes, monocytes,
neutrophils, eosinophils and phagocytic activity
values of Garra rufa are given in Table 3 and other
properties of thermal hot spring water are pre-
sented in Table 4, respectively. In addition, pic-
tures of erythrocyte, lymphocyte, monocyte and
neutrophil obtained from this Cyprinidae species
are shown in Figure 1, 2 and 3. No findings were
found in the bacteriological and parasitological
examinations of the examined fish.

Table 1. Total lenght, weight and age Garra rufa's in the stream and pools

Winter Summer
Garra rufa (X £SD) (X £ SD)
Pool Stream Pool Stream
Total lenght (cm) 11.82 +0.49 12.19 +0.72 11.55 +0.76 11.78 £1.15
Weight (g) 15.96 +1.89 16.71 +1.51 17.33 £1.29 16.64 +1.97
Age (year) 3 3 3
X £ SD: Mean value + Standard deviation
Table 2. Oxygen and temperature levels in stream and pools
Winter Summer
(X £SD) (X £ SD)
Pool Stream Pool Stream
Oxygen (mg/L) 5.1 £0.15 11.6 £0.35 4.9 +0.16 5.8 £0.40
Temperature (°C) 35.3 +0.36 10.3 £0.60 35.1 +0.20 31.6 +1.45
X £ SD: Mean value + Standard deviation
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Table 3. RBC, Hb, Hct, MCV, MCH, MCHC, WBC, lymphocyte, monocyte, neutrophil, eosinophil,
and phagocytic activity values of Garra rufa

Winter Summer
(X+SD) (X £ SD)
Pool Stream Pool Stream
RBC (x10%/mm?) 1.97 £0.342 1.22 +0.24° 1.91 +0.412 1.88 +0.36?
Hb (g /dL) 7.38 £0.56% 5.58+0.70° | 7.71+0.34? 7.83 £0.812
Hct (%) 41.89 +0.57° 34.91 +0.58° | 42.12 +0.93% | 39.62 +1.64°
MCV (u*) 219.8 +48.7° 298.1 £72.7° | 231.8+62.2% | 219.3 +50.7%
MCH (pg) 38.7 +9.1° 47.2 +10.6° 42.1 +10.0° 43.3 +10.9°
MCHC (%) 17.6 £1.312 15.9 +1.99° 18.3 +0.88% 19.8 £2.20°
WBC(x10¥/mm?) 3.80 +0.19° 2.39+0.07" | 3.76 £0.07° | 3.77 +£0.11°
Lymphocyte (%) 64.8 +0.63% 76.0 +0.62° 64.7 +0.47% 67.7 £0.50°
Monocyte (%) 21.9 £0.512 16.9 +0.58° 23.7 £0.772 22.9 £0.592
Neutrophil (%) 10.3 £0.982 6.5+1.18" 10.9 £0.73% 11.9 £0.51°
Eosinophil (%) 1.78 +£0.542 1.87 £0.48° 2.03 £0.55% 1.86 +0.51?
Phagocytic activity 0.45 +0.022 0.36 +0.01° 0.44 +0.022 0.47 +0.01°
(0.D. 510 nm)

X + SD: Mean valuez Standard deviation. Different letters in averages means statistical difference (p<0.05).

Table 4. Other properties of thermal hot spring

water (Timur et al., 1983)

Properties Values
Appearance Limpid
Smell None
Taste None
Color Typical
Turbidity None
Ph 7.8
Hardness (F.S.%) 26
Organic matter (p.p.m.) | 0
Ca+Mg (mg/It) 80+14
Cl, 0
NH3 None
NO; None
NOs; None

Figure 1. Blood cells of Garra rufa (M: mono-

cyte), May-Grunwald Giemsa x100

Figure 2.Blood cells of Garra rufa (E: Erythro-
cyte, N: Neutrophil), May-Grunwald
Giemsa x100

Figure 3.Blood cells of Garra rufa (L: Lympho-
cyte), May-Grunwald Giemsa x100
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In summer, there was no statistically significant
difference between RBC, Hb, MCV, MCH, WBC,
monocyte, eosinophil levels of fishes collected
from pools and the stream; while there was an in-
crease in the MCHC, lymphocyte, neutrophil and
phagocytic activity values and decrease in the Hct
values of the fishes in the stream compared to
those in the pools.

On the other hand, in winter, there was decrease in
RBC, Hb, Hct, MCHC, WBC, monocyte, neutro-
phil and phagocytic activity levels and an increase
in MCV, MCH and lymphocyte values of the
fishes in the stream compared to those in the pools.
No differences were determined in terms of eosin-
ophil.

In the comparison between the fish in the pool in
summer and winter seasons; statistically no signif-
icant differences were determined in RBC, Hb,
Hct, MCV, MCH, MCHC, WBC, lymphocyte,
monocyte, neutrophil, eosinophil and phagocytic
activity levels.

As a result of the comparisons of fishes living in
the stream in summer and winter seasons; RBC,
Hb, Hct, MCHC, WBC, monocyte, neutrophil,
phagocytic activity levels of Garra rufa fishes
were found to be increased in summer and de-
creased in winter; whereas MCV, MCH and lym-
phocyte values were found to be decreased in sum-
mer and increased in winter, respectively. There
was no difference in the level of eosinophil.

The presence of thermal water in the pools made
the pool water unaffected from the seasonal
changes, however the water in the stream being
not thermal originated has caused differences on
the hematological and immunological parameters
of the fish. The difference between water temper-
atures, the change in oxygen levels, increased met-
abolic activities and increased energy demand
caused an increase in the amount of RBC in the
summer. According to the results of earlier stud-
ies, these changes are caused by seasonal differ-
ences between water parameters, oxygen-carrying
capacity of blood depends on water temperature
and therefore, changes in water temperature have
effects on erythrocyte cells (Nanba et al., 1987,
Oriin et al., 2003; Aras et al., 2008). Living condi-
tions of the fishes and oxygen levels in different
environments as well as water temperature
changes are observed to have effects on Hb, Hct,
MCV, MCH and MCHC amounts. Similar studies
shows a changing trend in MCH and MCHC val-
ues with temperature. Researchers have identified

higher MCV values and winter and lower values
in summer. These differences are considered to be
caused by environmental changes such as changes
in water temperature and oxygen levels (Siwicki
et al., 1994; Yilayaz and Bitmis, 2002; Ginneken
et al., 2007; Dias et al., 2008; Arnaudova et al.,
2008). There is a proportionally relationship be-
tween RBC and these parameters. These changes
are considered to be associated with increases and
decreases in the amount of RBC. Hct, Hb, RBC
and WBC values were determined to be decreased
due to the decline of water temperature and this
finding is supported by other researchers (Grigg,
1969; Leard et al., 1998; Rambhaskar and Rao,
2006). In the related studies, it has been reported
that seasonal changes in water temperature cause
differences in the non-specific immune response
parameters of fishes (Yilayaz and Bitmis, 2002;
Oriin et al., 2003). These studies suggest that there
are different values in different seasons. In our
study, the increase in lymphocyte percentages
starting in the winter months were followed by the
decrease during summer months, it was found that
there were differences in monocyte and neutrophil
percentages based on the cold and warm seasons
and they reached the maximum in the summer.
The percentage of eosinophil was found to be al-
most zero and no seasonal or environmental
changes were seen in the percentage of eosinophil
for the species included in the study. Although the
number of studies related to this field is very lim-
ited, researchers reported similar results (Morvan
et al., 1998; Swain et al., 2007; Kortet and Vain-
ikka, 2008). In our study, phagocytic cells were
found to be increased in spring and summer sea-
sons when the water temperature also increased,
and we have found that there was a decline in the
phagocytic activities due to the immune suppres-
sion of the fishes at lower temperatures. This find-
ing is in line with similar studies and phagocytic
activity is found to be at highest in summer and at
lowest in winter, respectively. They have deter-
mined that this is associated with the response cre-
ated by immune system of the fish with increased
microbial capacity in the water due to the higher
water temperature in summer (Collazos et al.,
1995; Korter and Vainikka, 2008). In the present
research, it was observed that the water tempera-
ture has effects on the leukocytes and seasonal
changes in the water temperature positively affect
WBC. In the earlier studies, increased metabolic
activity, reduced oxygen level and increased en-
ergy demand caused by increased water tempera-
ture are reported to be main reasons of these
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changes (Yilayaz and Bitmisg, 2002; Akmirza and
Tepecik, 2007).

Conclusion

It was thought that, with the increase in the micro-
biological activity in the warming waters in the
summer and the increase in the microorganism
density in the water, the immunological responses
by the fish had an effect on these changes. The pre-
vious study results on this subject were found to
be in line with the results obtained in our study.
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Oz:

Bu ¢aligmada jiivenil gokkusag: alabaligi (Oncorhynchus mykiss)
yemlerine ilave edilen sar1 kantaron (Hypericum perforatum) yaginin
biiyiime performansi, bazi gevresel stres parametreleri ve antioksidan
aktivitesi lizerine etkileri arastirilmistir. Calisma 0 mL/kg (kontrol
grubu) ve 1 mL/kg, 2 mL/kg, 3 ml/kg oranlarinda kantaron yagi ige-
ren yem gruplari ile 3 tekerriirlii olarak olusturularak 500 litrelik dik-
dortgen fiberglas tanklarda 20g ortalama baslangi¢ agirligina sahip
juvenil alabalik bireyleriyle 90 giin boyunca siirdiiriilmiistiir. Deneme
sonucunda elde edilen parametrelerden, toplam ortalama canli agirlik
artis1 88,86-90,97 (g), spesifik biiyiime orani 1.85-1.86 (% gun™),
yem doniisiim oran1 1.02-1.07, yasama orani %97-100, yem donistim
etkinligi 98.89-100.05, kondisyon faktorii 1.23-1.24, total antioksi-
dan diizeyi 1.96-2.07 (umol Trolox equivalents/L), total oksidan dii-
zeyi 1,10-1,70 (umol H,O, equivalent/L), oksidatif stres indeksi
56.15-81.44 (TOS/TAS*100), glikoz diizeyi 73.00-76.66 (mg/dL),
kortizol duzeyi 0.78-1.13 (u/dL), lizozim enziminin olugturdugu zon
¢ap1 0.90-1.08 (cm) araliklarinda belirlenmistir. Yem gruplarinin to-
tal oksidan diizeyi ve oksidatif stres indeksi parametreleri istatistiksel
acidan farklilik gostermistir (p<0.05). Sonug olarak bilyume perfor-
mansi ve stres parametreleri yoniinden énemli bir etki gériilmese de
(p>0.05) oksidan diizeyi ve oksidatif stres indeksi dlzeylerinde
olumlu etkiler gézlenmistir.

Keywords: Alabalik, Oncorhynchus mykiss, Sar1 kantaron, Stres,

Biiytime performansi, Antioksidan aktivitesi

Abstract:

EFFECTS OF DIFFERENT LEVELS OF DIETARY
CENTAURY OIL (Hypericum Perforatum) ON GROWTH
PERFORMANCE, SOME ENVIRONMENTAL STRESS
PARAMETERS AND ANTIOXIDANT ACTIVITY IN
RAINBOW TROUT (Oncorhyncus Mykiss)

This experiment was conducted to evaluate the effect of dietary centaury
oil (Hypericum perforatum) on growth performance, some environmental
stress parameters and antioxidant activity in juvenile rainbow trout (On-
corhynchus mykiss). The Experiment, conducted in 500 litre rectangle fi-
berglass tanks for 90 days, was performed in replicate groups and all tanks
were stocked with 35 juveniles (initial mean weight 20g). Experimental
feeds were formed as KO (control group without centaury oil inclusion),
KT1 (1 mL/kg), KT2 (2 mL/kg) and KT3 (3 mL/kg) centaury oil supple-
ments. At the end of the trial parameters were obtained as; weight gain
88,86-90,97 (gr), specific growth rate 1,85-1,86 (% day™), feed conver-
sion rate 1,02-1,07, survival rate 97-100%, feed conversion efficiency
98,89-100,05, contidion factor 1,23-1,24, total antioxidant status 1,96-
2,07(umol Trolox equivalents/L), total oxidant status 1,10-1,70(pumol
H,0, equivalent/L), oxidative stress index 56,15-81,44, glucose status
73,00-76,66, cortisol status 0,78-1,13, lysozyme zone diameter 0,90-1,08
(cm). Feed groups showed statistical difference in terms of total oxidant
status and oxydative stress index parameters (p<0.05). As result no diffe-
rences were obtained for growth performance and stress parameters
(p>0.05) but possitive effects upon oxydant status and oxydative stress
index were observed.

Rainbow trout, Oncorhynchus mykiss, Centaury oil, Stress,
Growth rate, Antioxidant activity
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Giris

Su triinleri yetistiriciligi, son donemde 6zellikle
yeni teknolojilerin gelistirilmesi, ¢evresel faktor-
lerle ilgili elde edilen bilgilerin artmasi ve yeni
yem formiilasyonlarinin gelistirilmesi sonucunda

hizla gelismektedir ve degisime ugramaktadir
(Glven, 2010).

Yetistiriciligin ilk olarak yayginlagsmaya basladigi
donemlerde dogal yem kaynaklar1 besin olarak
kullanilirken, bu asamadan sonra yerini karma
yemler almistir. Karma yem; hayvanlarin canlili-
g siirdiirmesi igin gereken besin ve enerji ihti-
yacini karsilayan bir veya birden fazla organik ve
inorganik maddelerin karisimi olarak tanimlanabi-
lir (Erteken ve Hasimoglu, 2007).

Son yillarda yetistiriciligi yapilan tiirlerin gelisi-
mini hizlandirmak ve {iriin kalitesini artirmak i¢in,
probiyotik, prebiyotik, immuinostimulant Grlnler
ve dogal bitki ekstraktlarinin kullanimi artmakta-
dir. 11k {i¢ kategori gectigimiz yillarda farkli oran-
larda performans artirict o6zellikleri dolayisiyla
kullanilmis, son yillarda ise dogal bitki ekstraktla-
riin kullanim ile birlikte fitoterapik uygulama-
larla ilgili aragtirmalar Gnem kazanmistir (Cetin ve
Yildiz, 2004).

Su iiriinleri yetistiriciligi uygulamalarinda kullani-
lan alternatif bitkisel tibbi {iriinlerin bilylime arti-
rici, immiin sistemi gelistirici ve istah agici gibi
cesitli etkileri bulunmaktadir. Bitkisel ekstraktlar
su lriinleri yetistiriciliginde yem tiiketimini arti-
ric1, biiylimeyi tesvik edici, stres onleyici ve anti-
mikrobiyal etkiler gosterirken zararl kalint1 birak-
mayarak cevresel zararlara da yol agmamaktadir-
lar. Fenoller, polifenoller, alkoloidler, quinonlar,
terpenoidler, lektinler ve polipeptidler gibi bitkisel
bilesenlerin antibiyotikler ve diger sentetik bile-
senlere oldukea iyi birer alternatif olabilecegi ca-
lismalarla ortaya konulmustur (Citarasu, 2010).

Caligmamizda kullanilan sar1 kantaron bitkisi Hy-
pericum cinsi, Clusiaceae familyasi ve Hyperico-
ideae alt familyasina ait olup diinyada yaklasik
400 tird icermektedir (Curtis ve Levsten, 1990).
Avrupa, Asya, Avustralya ve Amerika’nin bir bo-
limiinde yetisen Hypericum cinsinin Avrupa’da
10 (Witchl, 1986), Turkiye’de ise 70 turune rast-
lanmigtir (Baytop, 1999). Hypericum perforatum
L. (sar1 kantaron) iilkemizde Marmara, Karadeniz,
Ege, Orta ve Dogu Anadolu, Akdeniz ve Giliney-
dogu Anadolu Bolgelerinde dagilis gostermektir
(Davis, 1967; Davis, 1988; Giiner vd., 2000). Sar1

kantaron; kili¢ otu, kanotu, koyun kiran, kuzu ki-
ran, mayasil otu, bin bir delik otu ve yara otu gibi
yoresel isimlere de sahiptir (Baytop, 1999).

Hypericum perforatum L. farmakolojik aktiviteye
katki saglayan birkac grup bilesen ihtiva etmekte-
dir. Bu gruplar, naphthodianthronlar (hiperisin,
pseudohiperisin), phloroglucinolslar (hiperforin,
adhiperforin), flavonoidler (rutin, hyperosid, quer-
citrin) xanthonelar ve tanenlerdir (Holzl ve Ost-
rowski, 1987; Nahrstedt ve Butterweck, 1997).
Farmakolojik yonden ¢aligmalarda en biiyiik ilgiyi
ceken bilesen grubu naphthodianthronlardir (Pa-
tocka, 2003).

Yapilan ¢aligsmalarda goriilmiistiir ki, sar1 kantaro-
nun anti-inflamatuar (Hammer vd., 2007; Savikin
vd., 2007), antimikrobiyal, yara iyilestirici (Rao
vd., 1991; Oztirk vd., 2007), antioksidan, anti-
anksiyatik, antineoplastik, anti depresan etkileri
bulunmaktadir (Linde vd., 1996; Bilia vd., 2002).
Ayrica alkol ve nikotin bagimliligina kars1 olumlu
etkilerinin de oldugu bilinmektedir (Uzbay, 2008).
Yapilan birgok caligmada kantaron ekstraktinin
antidepresan etkisinin hiperforin icerigi ile bag-
lantili oldugu cesitli davranig testlerinde ortaya
konulmustur (Miillet, 2005).

Bu caligmanin temel hedefi iilkemizde dogal ola-
rak yetisen sar1 kantaron bitkisi yaginin yemlere
ilave edilecek uygun oranlarmin bulunarak su
uriinleri sektorii igin pratikte kullanilabilir hale ge-
tirilmesidir. Su Grlnleri sektord icin kantaron ya-
ginin alabaliklarda biiyiime performansi, ¢evresel
stres parametreleri ve antioksidan aktivitesi Ulze-
rine etkisi ilk defa aragtirilarak elde edilecek veri-
lerin ve sonuglarin sektore aktarilmasi hedeflen-
mistir.

Materyal ve Metot
Materyal

Aragtirma Siileyman Demirel Universitesi Egirdir
Su Uriinleri Fakiiltesi Yetistiricilik Unitesinde
gergeklestirilmistir. Aragtirmaya baglama tarihin-
den 14 giin 6nce Egirdir Su Uriinleri Fakiiltesi Ye-
tistiricilik Unitesine getirilen gokkusagi alabalik-
lar1, dikdortgen beton havuzlara stoklanmig ve de-
neme baslangi¢ giiniine kadar adaptasyonlar1 sag-
lanmigtir. Ortalama 20 g’lik alabalik bireyleri, de-
neme baslangi¢ giiniinden 2 giin 6nce, tesadiifi
parselleme yontemi ile her tanka 35 adet olacak
sekilde 500 litre hacime sahip dikdortgen tanklara
stoklanmigtir. Bu siire i¢erisinde baliklar ticari ala-
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balik yemi ile giinde 2 defa olmak suretiyle bes-
lenmiglerdir. Arastirmada kullanilan gokkusagi
alabaliklar1 (Oncorhyncus mykiss) ticari ozel bir
isletmeden temin edilmistir. Aragtirmada 6zel bir
firmanin tirettigi 3 mm ¢apinda %45 ham protein,
%20 ham yag, %1,02 ham seliiloz ve %10,38 ham
kiil igeren ticari ekstriide alabalik yemi kullanil-
mistir. Maserasyon yontemiyle {iretilmis olan kan-
taron yagi1 ve 6zel bir firmadan temin edilmistir.

Ydntem

Arastirmada ticari alabalik yemlerine 1 mL/kg
(KT1), 2 mL/kg (KT2) ve 3 mL/kg (KT3) olmak
lizere sar1 kantaron yagi ilave edilmis ve kontrol
(K0) grubu da dahil olmak uzere 4 farkli grup
olusturulmustur. Her bir grup 3 tekerriirden olus-
turulmus ve deneme Temmuz — Ekim 2015 done-
minde 90 giin siirdiiriilmiistiir. Yemleme sabah
09:00 ve aksam 16:00 saatlerinde olmak {izere
giinde 2 defa, baliklarin yeme olan tepkileri goz-
lenerek doyana kadar yapilmustir.

Caligma siiresince su debisi 4,5 1t/dk olacak se-
kilde ayarlanmigtir. Tank diplerinde biriken diski-
lar glinlik olarak sifonlama yontemiyle temizlen-
mis ve kirliligin engellenmesine ¢aligilmistir. De-
neme siiresince tank igerisindeki ortalama sicaklik
12.34 £0.11°C, suda ¢6ziinmiis oksijen ise 7.03
10.34 ppm olarak ol¢iilmiigtiir. Cozlinmiis oksijen
diizeyi giinliik olarak saat 17:00’de dl¢tilmiistiir.

Sar1 kantaron (Hypericum perforatum) bitkisinin
yag1 6zel bir firmadan temin edilmis olup, ugucu
yaglarin ana bilesenler yoniinden kimyasal yapisi
Siileyman Demirel Universitesi Deneysel ve Goz-
lemsel Arastirma Laboratuvarindaki Gaz Kroma-
tografi cihaziyla (GC/MS aparati kullanilarak) be-
lirlenmistir. Kantaron yagi yemlere spreyleme
yontemi ile ilave edilmistir. Otomatik pipet yardi-
miyla ayarlanan deneme gruplarma ait kantaron
yag1 miktarlar1 bir sprey sisesine aktariimistir. On-
ceden hazirlanmig yem kaplarinda bulunan ticari
yemler (izerine spreyleme yontemi ile puskirtdl-
miistiir. Ardindan kantaron yaginin homojen bir
sekilde karigtigindan emin oluncaya kadar, iceri-
sinde kantaron yagi ve yem bulunan kavanoz ¢al-
kalama suretiyle karistirtlmistir. Yemler haftalik
olarak hazirlanmig olup, +4°C’de buzdolabinda
saklanmustir.

90 glnluk deneme siresince 0. giin ve her 15
gunde bir total boy ve canli agirlik 6lglimleri ya-
pilmistir. Bu olglimler 6ncesinde, meydana gele-
bilecek stres ve zararlart minimuma indirgemek
icin icerisinde anestezik madde olarak karanfil
yagt (50 mg/L) bulunan kovalara aliman baliklar

sakinlestirilmistir. Gruplarin tiimiindeki bireyler
0.01 g hassasiyetindeki terazi yardimiyla tartilmis
olup, 1 mm hassasiyetindeki boy cetveli ile total
boy 6l¢iilmiistiir. Elde edilen tiim bu veriler ile bir-
likte asagida verilen formiiller yardimi ile biiyiime
performansi belirlenmistir.

Canlh Agirhik Ortalamasi (CAO) (g) = Tarti-
lan Baliklarin Toplam Agirlig: (g) / Tartilan balik
sayi1s1

Canlh Agirhk Kazanci (CAK) = X1-Xo

Xo= Deneme Baglangict Ortalama Agirlik (g),
Xi=Deneme Sonu Ortalama Agirlik (g)

Spesifik Biiyiime Oram (SBO, % gin™) = [(In
Son Agirlik — In Baslangic Agirligi)/Giin] x 100

Yem Degerlendirme Oram (YDO) = Tiketi-
len Yem Miktari (g) / Toplam Canli Agirlik Artist

(@)

Yem Degerlendirme Etkinligi (YDE) = Toplam
Canli Agirlik Artisi (g) / Tiiketilen Yem Miktar1 x
100

Yasama Oram (YO) (%) = [(Deneme Sonu Balik
Sayis1)/(Deneme Baglangici Balik Sayisi)] x 100

Kondisyon Faktori (KF) = [Ortalama Canli agir-
lik / (Ortalama Boy)®] x 100

Deneme baliklarindan 0. 45. ve 90. giinlerde kan
orneklemeleri her gruptan 5'er adet olmak (izere
yapilmigtir. Tiim gruplarin kan alim iglemi 1 saat
icerisinde tamamlanarak ornekler Stleyman De-
mirel Universitesi Arastirma Hastanesi Biyo-
kimya Laboratuvarina gotiiriilmiigtiir. Burada so-
gutmali santrifiij ile 10.000 devir/dk ve 5 dk stire-
since santrifllj edilerek kan 6rnekleri serumlarina
ayrilmigtir. Elde edilen serumlar 2 ml’lik tiiplere
aktarilarak analiz giiniine kadar -80°C’de derin
dondurucuda saklanmustir.

Glukoz, kortizol, TAS ve TOS analizleri Siley-
man Demirel Universitesi Arastirma Hastanesi Bi-
yokimya Laboratuvar’inda, lizozim aktivitesi ana-
lizi ise Siileyman Demirel Universitesi Egirdir Su
Uriinleri Fakiiltesi Balik Hastaliklar1 Laboratuva-
rinda gergeklestirilmistir. Total oksidan/antioksi-
dan kapasiteleri spektrofotometrik olarak calisil-
mis ve oksidatif stres indeksi (OSI) hesaplanmasi
asagidaki formiille yapilmistir;

TOS (umol H20; equivalent/L) / TAS (umol
Trolox equivalent/L) x 100.

Lizozim aktivitesini belirlemek amaciyla diffiiz-
yon agar metodu Ellis, 1996’ya gore yapilmistir.
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Denemede elde edilen veriler SPSS 22.0 paket
programinda ANOVA testi ile degerlendirilmistir.
Denemede incelenen gesitli parametrelerin 6nem
derecelerini kararlastirirken sonuglar ortalama de-
ger ve standart sapma olarak verilmistir, gruplar
arasindaki ayrim varyans analizi ve gruplarin kar-
silagtirllmasinda Duncan ¢oklu karsilagtirma testi
kullanilmigtir ve ortalamalar arasindaki farklar

0.05 6nem seviyesinde test edilmistir (Ozdamar,
2002).

Bulgular ve Tartisma

Aragtirma sonunda deneme baglangici (0. giin),
45. ve 90. giinlerde gruplara ait canli agirlik orta-
lamalar1 (CAQO) degerlerinde istatistiksel agidan
farklilik bulunmamstir (p>0.05). Deneme baglan-
gicinda en yiiksek CAO degeri, KO grubunda bu-
lunurken (20.48 £0.07), 45. glinde yine KO gru-
bunda (50.42 £0.48) bulunmus ve 90. giinde ise
KT1 grubunda (111.43 £1.07) bulunmustur.

Arastirma sonucunda 0-45, 46-90 ve 0-90 giin ara-
liklar1 baz alinarak hesaplanan gruplara ait CAK
degerlerinde 0-45. giin araliginda istatistiksel aci-
dan bir fark saptanmamisken (p>0.05), 46-90. giin
arasinda istatistiksel acidan fark bulunmus
(p<0.05) ve en yiiksek degere KT1 grubunun
(62.77 £0.55) sahip oldugu saptanmustir. 0-90. giin
araliginda ise yine gruplar arasinda istatistiksel
acgidan bir fark saptanmamustir.

SBO degerlerine bakildiginda, 0-45, 46-90 ve O-
90. giinlerin kendi i¢indeki degerler arasinda ista-
tistiksel acidan bir fark bulunamamistir (p>0,05).
0-45 giinler arasindaki en yiiksek degere KO grubu
(2,00+£0,05) sahip olurken, 46-90. giinler arasinda
KT1 grubu (1,84+0,05) ve 0-90. glnler arasinda
ise en yiiksek degere yine KT1 grubu (1,88+0,01)
sahip olmustur.

YDO degerleri incelendiginde 0-45, 46-90 ve O-
90. giinlerin kendi i¢indeki degerler arasinda ista-
tistiksel acidan bir fark bulunamamistir (p>0,05).
0-45. giinler arasinda en diisiik orana KT1 grubun-
dan (1,05%0,00) elde edilirken, 46-90. gunler ara-
sinda KO grubu (1,0340,09) en diisiik orana sahip
olmus ve 0-90. giinler arasinda ise en diisiik oran
KT?2 grubunda (1,07+0,03) elde edilmistir.

YDE verileri incelendiginde 0-45, 46-90 ve 0-90.
gunlerin kendi igindeki degerler arasinda istatis-
tiksel agidan bir fark bulunmamistir (p>0,05). 0-
45. glinler arasinda KO grubu (101,02+2,75) en
yiiksek degere sahip olmustur. 46-90. gunler ara-
sinda KT1 grubu (101,81+1,89) en yiiksek degere
sahipken 0-90. glnler arasinda KT3 grubu
(100,05+1,75) en yiiksek yem degerlendirme et-
kinligi degerine sahip olmustur.

KF degerlerine bakildiginda 0-45, 46-90 ve 0-90.
giinler araliklarindaki degerler istatistiksel agidan
bir farklilik gostermemistir (p>0,05). 0-45. giinler
araliginda KO (1,08+0,04) ve KTI1 grubu
(1,08%0,01) ayn1 degerlere sahip olarak en yiiksek
KF degerine sahip olmuslardir. 46-90. gunlerde
yine en yiiksek degere KO grubu sahip iken 0-90.
giinler baz alindiginda yine KO (1,23+0,02) ve
KT1 grubu (1,234£0,01) ayn1 degerlere sahip ola-
rak en yiiksek KF degerine sahip olmuslardir.

YO degerleri incelendiginde de 0-45, 46-90 ve O-
90. giin araliklarindaki ortalamalarda istatistiksel
acidan fark bulunamamistir (p>0,05). Tiim zaman
araliklarinda KO grubu (100+0,00) en yiiksek ya-
sama orani yiizdesine sahip olmustur. Deneme so-
nunda en diisiik yasama orani yiizdesine ise KT3
grubu (9643,33) sahip olmustur.

Tablo 1. Deneme gruplarinin farkli giinlerdeki canli agirlik ortalamalar1 (CAO)

Table 1.Average weight and standard deviation values of test groups at different days

Deneme Gruplar: (X£SD)*
KO KT1 KT2 KT3
0. Gln 20.48 +0.07° 20.46 +0.03? 20.39 +0.06° 20.42 +0.01°
45. Gln 50.42 +0.48? 48.66 +1.62% 48.22 +£1.37° 48.73 +0.50°
90. Gilin 109.60 £1.61° 111.43 £1.072 109.21 £1.05° 109.89 +0.19?

* Ayni satirda farkli harf tagiyan ortalama degerler arasindaki fark istatistiki olarak énemlidir (p<0.05).
KO = Kontrol grubu, KT1 = 1mL/kg Sar1 Kantaron Yagi Igeren Grup, KT2 = 2mL/kg Sar1 Kantaron Yag Igeren

Grup, KT3 = 3mL/kg Sar1 Kantaron Yag1 igeren Grup
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Tablo 2. Deneme gruplarinin 0-45., 46-90. ve 0-90. giin araligindaki CAK, SBO, YDO, YDE, KF,

YO ortalamalar1 ve bu degerlerin standart sapmalar1

Table 2.  Average and standard deviaton values for WG, SGR, FCR, FCE, CF and SR between 0-45., 46-90.
and 0-90. days in the experimental groups
Deneme Gruplari (X£SD)*
KO KT1 KT2 KT3
CAK 29.94 +2.562 28.20 +1.59° 27.86 +0.51° 28.31 +0.522
SBO 2.00 +0.052 1.92 +0.072 1.91 +0.05° 1.93 +0.022
0-45.gUn [ ypO 1.00 +£0.032 1.05 +0.002 1.03 +0.092 1.02 +£0.042
aral@l  "ypg 101.02 +2.75° 96.42 +1.23° 97.88 +3.83° 98.59 +1.38°
KF 1.08 +0.042 1.08 +0.012 1.05 +0.032 1.07 +0.022
YO 100 +0.002 98.88 +1.92° 98.88 +1.92° 97.77 +1.92¢
CAK 59.24 +1.71P 62.77 +0.55° 60.99 +1.39%® 61.16 +2.07%®
SBO 1.71 +0.4° 1.84 +0.05° 1.80 +0.043 1.80 +0.09?
46-90.gUn [ypo 1.03 +0.09° 0.99 £0.07° 1.00 +0.07? 0.99 £0.04°
arahfl  "ypE 97.46 +2.35° 101.81 +1.89? 100.31 +2.34? 101.51 +2.14?
KF 1.15 +0.022 1.13 +0.012 1.12 +0.012 1.12 +0.012
YO 100 +0.002 98.88 +1.93¢ 97.77 +1.93° 96.66 +3.33°
CAK 89.12 +2.91° 90.97 +1.042 88.86 +1.89° 89.47 +1.643
SBO 1.85 +0.062 1.88 +0.01° 1.86 +0.06° 1.86 +0.032
0-90. gtin ['ypo 1.02 +0.04° 1.05 +0.05° 1.07 +0.03° 1.06 +0.01°
arabg  "ypE 98.89 +0.63? 99.11 +1.09° 99.13 +0.95° 100.05 +1.75?
KF 1.23 +0.022 1.23 +0.012 1.22 +0.01° 1.22 +0.012
YO 100 +0.00° 08.88 +1.93° 97.77 +1.93° 96.66 +3.33°

* Ayni satirda farkll harf tasiyan ortalama degerler arasindaki fark istatistiki olarak 6nemlidir (p<0,05).

KO0= Kontrol Grubu, KT1= 1mL/kg Sar1 Kantaron Yag1 igeren Grup, KT2= 2mL/kg Sar1 Kantaron Yag1 Igeren
Grup, KT3= 3mL/kg Sar1 Kantaron Yag1 Igeren Grup, CAK= Canli Agirlik Kazanci, SBO= Spesifik Biyiime
Orani, YDO= Yem Degerlendirme Orani, YDE= Yem Degerlendirme Etkinligi, KF= Kondisyon Faktoru,
YO= Yasama Orani1

100
N
<
O 80 .
g /
N .
% 40 KT1
E = KT2
< 20 KT3
=
<
U 0 T 1

0 45 90

Ginler

(KO= Kontrol grubu, KT1= ImL/kg Sar1 Kantaron Yag Iceren Grup, KT2=2mL/kg Sar1 Kantaron Yag iceren Grup, KT3=3mL/kg
Sar1 Kantaron Yag1 Igeren Grup)

Sekil 1. Farkli giinlerdeki canli agirlik kazanci degerleri (g),
Figure 1. Weight gain values at different days (g)
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Tablo 3. Deneme gruplarmin 0., 45. ve 90. giinlerdeki TAS, TOS, OSI, serum glukoz (mg/dL), serum
kortizol (ug/dL) ve lizozim enziminin olusturdugu zon ¢api (cm) degerleri ortalamalar1 ve

standart sapmalar1

Table 3. Average and standard deviaton values for TAS, TOS, OSI, serum glucose (mg/dL), serum cortisol
(Kg/dL) and lysozyme enzyme zone diameter at 0., 45. and 90. days in the experimental gorups

Deneme Gruplar (X+SD)*
KO KT1 KT2 KT3
TAS 1.20 +0.06 ) ) :
TOS 1.17 £0.02
0. gln osi 97.99 +6.38 - - -
Glukoz 112.67 £10.02
Kortizol 7.08 +1.69 - - -
Lizozim 0.88 £0.12 - - -
TAS 1.23 +0.132 1.21 +0.05% 1.15 +0.032 1.21 £0.072
TOS 1.36 +0.25% 1.33 £0.292 1.30 £0.312 1.22 +0.082
45. gun OSi 111.02 £10.172 109.23 £9.49° 113.13 £7.08? 101.11 +6.93?
Glukoz 74.00 £3.46° 74.33 £6.65° 68.33 +4.50° 78.00 £5.19°
Kortizol 0.71 £0.54° 0.94 +0.80%* 1.25 +0.88% 2.13 £0.29°
Lizozim 1.08 £0.09? 0.95 +0.15° 0.94 £0.142 0.90 +0.03?
TAS 1.96 £0.13° 1.96 +0.06? 2.07 £0.082 2.00 £0.122
TOS 1.28 +0.08° 1.10 +£0.18° 1.70 £0.062 1.35+0.19°
90. glin OSi 64.47 +5.24> 56.15 £7.22° 81.44 £3.11° 67.97 £3.12°
Glukoz 76.66 £1.15° 76.66 £3.51° 73.00 £3.00? 74.66 £4.93?
Kortizol 0.87 £0.882 0.78 £0.31° 0.78 £0.66° 1.13 +0.66°
Lizozim 1.08 +0.16° 1.00 £0.10° 1.00 +0.05° 0.90 £0.02%

*Ayni satirda farkli harf tastyan ortalama degerler arasindaki fark istatistiki olarak énemlidir (p<0,05).
TAS= Toplam Antioksidan Seviyesi, TOS= Toplam Oksidan Seviyesi, OSI= Oksidatif Stres Indeksi, KO= Kont-
rol grubu, KT1= 1mL/kg Sar1 Kantaron Yagi Iceren Grup, KT2= 2mL/kg Sar1 Kantaron Yag1 igeren Grup,

KT3=3mL/kg Sar1 Kantaron Yag1 igeren Grup

Deneme baslangicinda, 45. giinde ve 90. giinde,
45’er giinliik peryotlar ile alinan kan 6rneklerin-
den elde edilen serumlar analiz edilerek degerler
saptanmigtir. Bu parametreler plazma glukoz,
plazma kortizol, lizozim enziminin olusturdugu
zon ¢api, toplam antioksidan seviyesi (TAS), top-
lam oksidan seviyesi (TOS) ve oksidatif stres in-
deksidir (OSI).

TAS degerlerine bakildiginda, 45. ve 90. giinde
elde edilen degerler kendi iclerinde istatistiksel
acidan bir fark gostermemislerdir (p>0,05). De-
neme baslangicinda (0. giin) KO grubu 1.20 +£0.06
degerlerine sahip olmustur. 45. giinde alinan se-
rum Ornekleri incelendiginde en yiiksek degere KO
grubu (1.23 £0.13) sahip olurken, 90. glinde ise
KT2 grubu (2.07 £0.08) en yiiksek degere sahip
olmustur.

TOS degerlerine bakildiginda, 45. giinde elde edi-
len degerler kendi i¢lerinde istatistiksel agidan bir
fark gostermemislerdir (p>0.05). Ancak 90. gunde
saptanan degerlere bakildiginda istatistiksel agi-
dan anlamli bir fark bulunmustur (p<0.05). 45.
giinde alman serum Ornekleri incelendiginde en

diisiik degere KT3 grubu (1.22 +0.08) bulunmus-
tur. 90. gundeki serum o6rnekleri incelendiginde
ise KT1 grubunun (1.10 +0.18) en diisiik degere
sahip oldugu saptanmustir.

OSI degerlerine bakildiginda, 45. giinde elde edi-
len degerler kendi i¢lerinde istatistiksel agidan bir
fark gostermemislerdir (p>0.05). Ancak 90. glinde
saptanan degerlere bakildiginda istatistiksel agi-
dan anlamli bir fark bulunmustur (p<0.05). 45.
giinde alman serum ornekleri incelendiginde en
diisiik degere KT3 grubu (101.11 +£6.93) bulun-
mustur. 90. giindeki serum 6rnekleri incelendi-
ginde ise KT1 grubunun (56.15 £7.22) en diisiik
degere sahip oldugu saptanmustir.

Saptanan glukoz degerleri incelendiginde 45.
giinde ve 90. giinde elde edilen degerler kendi ig-
lerinde istatistiksel agidan bir fark gostermemis-
lerdir (p>0.05). Deneme baslangicinda (0. giinde)
KO grubunun 112.67 £10.02 mg/dL degerlerine
sahip oldugu tespit edilmistir. 45. giinde en yiiksek
glukoz degerine KT3 grubu (78.00 £5.19) ve 90.
ginde ise en yiiksek degerlere KO (76.66 £1.15)
ve KT1 (76.66 £3.51) gruplar1 sahip olmustur.
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Saptanan kortizol degerleri incelendiginde 45.
giinde elde edilen degerler kendi aralarinda istatis-
tiksel olarak fark géstermis (p<0.05) ancak 90.
giinde elde edilen degerler incelendiginde istatis-
tiksel olarak bir fark saptanmamistir. Deneme bas-
langicinda (0. giin) KO grubunun kortizol dizeyi
7.08 +1.69 olarak belirlenmistir. 45. giinde en
yiiksek kortizol diizeyine KT3 grubu (2.13 £0.29)
sahip iken en diisiik kortizol diizeyine ise KO gru-
bunun (0.71 +£0.54) sahip oldugu belirlenmistir.90.
gunde ise yine en yiksek kortizol dizetine KT3
grubu (1.13 £0.66) sahip iken en diislk kortizol
diizeyine ise KT1 (0.78 +0.31) ve KT2 (0.78
10.66) gruplarinin sahip oldugu belirlenmistir.

Lizozim enziminin olusturdugu saptanan zon cap1
degerleri incelendiginde 45. giinde ve 90. giinde
elde edilen degerler kendi iglerinde istatistiksel
acidan bir fark saptanamamigtir (p>0,05). De-
neme baslangicinda (0. giinde) KO grubu 0.88
+0.12 (cm) degerine sahip olmustur. 45. giinde en
yiiksek ¢ap ortalamasina KT1 (1.08 £0.09)grubu
ve en diisiik ¢ap ortalamasi degerine KT3 grubu
(0.90 £0.03) sahip olmustur. 90. giinde ise en yik-
sek degere yine KT1 grubu (1.08 +£0.16) ve en di-
slik degere yine KT3 grubunda (0.90 +£0.02) elde
edilmistir.

Giliniimiiz yetistiriciliginde insan sagligina zarar
vermeyen, bagisiklik sistemini giiclendirmeye
yardimei ve karliligi artirict 6zelliklere sahip alter-
natif yem katki maddelerinin kullanimi Uzerine bi-
limsel ¢alismalar gittikce artmakta ve buna bagh
olarak hayvansal iiretimde dogal ve ucuz olmalari
nedeniyle tibbi bitkilerden yararlanilmasi {izerine
yogunlagilmaktadir.

Diinyada su tiriinleri sektdriinde de tibbi bitkilerin
alkoloidleri, flavoidleri, pigmentleri, fenolik ice-
rikleri, terpenoidleri, steroidleri ve ugucu yaglari-
nin yeme ilave edilerek kullanilmasi s6z konusu-
dur. Bu iirtinler balik hastaliklarina direng sagla-
mak (zere sentetik kimyasallara alternatif olarak
goriilmekte, tibbi ve aromatik bitkiler aktif redoks
molekdlleri icerdikleri icin antioksidan karakterde
olup, baligin genel fizyolojik durumunu iyilestirici
ve enzimleri aktive edici 6zelliktedirler. Baliklar
tizerinde yapilan in vivo arastirmalarda stres onle-
yici etkilerinin de oldugu bildirilmistir.

Hwang vd. (2013), lepistesler tizerinde yaptiklari
bir ¢aligmada, yesil cay ekstrakti iceren grup bi-
reylerindeki canli agirlik kazancinin en yiiksek de-
gere ulastig1 ortaya konmustur. Bu sonuca benzer
olarak Abdel-Tawwab vd. (2010), 0.5 g/kg yesil
cay ekstraktinin nil tilapya baliklarinda daha iyi

biiyiime performans1 ve daha ¢ok yem tiiketimi
sagladigini bildirmisledir. Bu biiylime perfor-
mans1 ve yem tiiketimindeki artisin ise yesil cay
ekstraktinin yemin lezzetini ve gekiciligini artir-
mast nedeniyle olabilecegi bildirilmistir. Calisma-
mizda 46-90. gilinlerde gruplar arasinda istatistik-
sel fark bulunmusken diger peryotlarda fark bulu-
namamuistir. 46-90 giinler arasinda en yiiksek canli
agirlik kazanct miktarina 1mL/kg kantaron yagi
iceren KT1 grubu ulagsmigtir ancak bu sonucun
grubun standart sapma degerinin diger gruplara ki-
yasla daha diisiik olmasindan kaynaklanmis olabi-
lecegi diisiiniilmektedir. Bununla beraber 0-90.
giin araliginda da istatistiksel fark tespit edileme-
mistir. Bu sonuglar géz oniine alindiginda 6nceki
caligmalarla paralel sonuglar goriilmedigi tespit
edilmistir. Bunun sebebinin ise kullanilan kanta-
ron yaginda bulunan etken maddelerin biiyiime
destekleyici etkilerinin yeterli diizeyde olmadigin-
dan kaynaklandig diisiiniilmektedir.

Bohlouli vd. (2016), alabalik yem rasyonlarinda
mese palamutu ekstraktini (%0, %0.5, %1, %2)
kullanmiglardir. Aragtirma sonucunda gruplar ara-
sinda fark bulunmusg ve kontrol grubu en yiiksek
SBO degerine sahip olmustur. Zeppenfeld vd.
(2016), yaptiklar1 ¢calismada yayin balig1 yem ras-
yonlarina Aloysia triphylla bitkisi ekstrakti ekle-
misler ve SBO degeri {izerine en olumlu sonucu
2.5ml/kg ekstrakt iceren gruptan elde etmislerdir.
Bizim g¢alismamizda 0-45, 46-90 ve 0-90. gunler
peryotlar incelendiginde SBO diizeyleri agisindan
herhangi bir fark goziilkmemekle beraber, grupla-
rin diizeyleri birbirine olduk¢a yakin goriinmekte-
dir. Diger bitkisel katki maddeleriyle yapilan ¢a-
ligmalarla kiyaslandiginda ¢alismamizda gruplar
arasinda SBO degerleri farklilik gdstermemis an-
cak bazi ¢aligmalarda gruplar arasinda farklilik
gorillmiistiir (Ferreira vd., 2014; Zeppenfeld vd.,
2016). Diger calismalarla ¢alismamizda ortaya ¢i-
kan bu farklilik durumu kullanilan bitkisel mater-
yalin elde edilmesi yontemi, etken madde kon-
santrasyonu ve etki mekanizmasi gibi ¢esitli fak-
torlerden kaynakli oldugu diigtintilmektedir.

Bohlouli vd. (2016), alabalik yem rasyonlarinda
mese palamutu ekstraktini kullanmiglar ve de-
neme sonucunda YDO degerlerini karsilagtirmis-
lar ve fark bulunmamistir (p>0.05). Abdel-
Tawwab vd. (2010), nil tilapyasinin yem rasyon-
larinda yesil ¢ay tozu kullanmislar ve deneme so-
nucunda YDO istatistiksel fark tespit edilememis-
tir (p>0.05). Ferreira vd. (2014), diger ¢aligmala-
rin aksine, tetra baliklarinin yem igerigine kekik
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(Origanum sp.) yagi eklemisler ve deneme sonu-
cunda YDO oranlar karsilastirildiginda fark bu-
lunmus, %0.5 kekik yagi iceren grubun en diisiik
degere sahip olmustur. YineM. Adel vd. (2015),
kahverengi alabaliklar ile yapilan ¢alismada, yem-
lere farkli oranlarda nane ekstrakti eklemislerdir.
Arastirma sonucunda YDO oranlar1 karsilastirildi-
ginda fark tespit edilmis (p<0.05) ve en diistik de-
gere %3 nane ekstrakti iceren yem grubunun sahip
olmustur. Calismamizda 0-45, 46-90 ve 0-90 gln-
ler aralig1 incelendiginde istatistiksel fark bulun-
mamakla birlikte (p>0,05), 0-90. giin araligindaki
degerlere bakildiginda en diisiik degere kontrol
grubunun sahip oldugu goriilmektedir. YDO de-
gerleri acisindan fark bulunmasa da dnceden de
tartisildigr {izere CAK degerleri agisindan KT1
grubunun en iyi performanst gostermesi kantaron
yaginin istah agict 6zelliginden de kaynaklandigi
diisiiniilebilir. Gruplar arasinda 6nemli bir fark bu-
lunmamasinin sebebi kullanilan kantaron yaginin
etken madde igerigiyle alakali olabilir.Bazi bitki-
sel karisimlar daha iyi bir biiyiime performansi
sagliyorken (Jang vd., 1995; Immanuel vd., 2004;
Sivaram vd., 2004), digerleri iyi bir biiylime per-
formansi saglamayabiliyor (Diigenci vd., 2003).
Bu tutarsiz sonugclar, ekstrakti kullanilan bitki ile
deneyde kullanilan hayvanla iliskilendirilebilir.

Ji vd. (2007), japon pisi balig1 (Paralichthys oli-
vaceus) iizerinde yaptiklari bir ¢alismada, yem
rasyonlarina Massa medicata fermentata, Cra-
taegi fructus, Artemisia capillaries, ve Cnidium
officinale bitkilerinin tozlarini 2:2:1:1 oranlarinda
karistirmislardir. Deneme sonucunda YDE ince-
lendiginde gruplar arasi istatistiksel fark tespit
edilmis (p<0.05) ve en yiiksek degere %0.5 bitki
tozu igeren grubun sahip olmustur. Yine Ji vd.
(2007), kirmizi mercan (Pagrus major) tzerinde
yaptiklar1 diger bir ¢alismada, yem rasyonlarina
Massa medicata fermentata, Crataegi fructus, Ar-
temisia capillaries bitkilerinin mevye tozlari ve
Cnidium officinale bitkisinin kokiinden elde etik-
leri tozlarindan olusan ve tiim bu tozlar1 2:2:1:1
oranlarinda karistirilmasiyla olusturulmus (HM),
5g/kg bitki tozu/karisimi igeren 6 yem grubu
(kontrol, Mm, Cf, Ac, Co, ve HM) olusturmuslar-
dir. Deneme sonucunda istatistiksel acidan fark
tespit edilmis ve en yiiksek YDE oranina tiim bitki
karigimlarini igeren HM grubunun sahip oldugu
bildirilmistir. Calismamizda ise 0-45, 46-90 ve O-
90 giin araliklar incelendiginde gruplar arasinda
istatistiksel agidan bir fark bulunamamigtir
(p>0.05). Diger arastirmacilarin elde ettikleri so-
nuglarla bizim ¢alismamizdan elde edilen sonug-
larin paralellik gdstermemesinin sebebi kullanilan

kantaron yagmin etken madde igerigi ve yeme
ilave miktarlarindan kaynaklanmig olabilecegi dii-
siinilmektedir.

Ji vd. (2007), japon pisi baligi (Paralichthys oli-
vaceus) iizerinde yaptiklar1 bir ¢alismada, yem
rasyonlarina Massa medicata fermentata, Cra-
taegi fructus, Artemisia capillaries, ve Cnidium
officinale bitkilerinin tozlarin1 2:2:1:1 oranlarinda
karistirarak ve bu karisimlar: farkli oranlarda ice-
ren 5 yem grubu olusturmuslardir. Deneme sonu-
cunda KF degerleri arasinda fark olmadig: tespit
edilmistir. Ferreira vd. (2014), tetra baliklarinin
yem igerigine kekik (Origanum sp.) yagi eklemis-
ler ve deneme sonucunda KF degerleri karsilasti-
rildiginda istatistiksel olarak fark tespit edileme-
mistir (p>0.05). Zeppenfeld vd. (2016), yaptiklari
caligmada kedi baligi yem rasyonlarma Aloysia
triphyllabitkisi ekstraktini ilave etmislerdir. De-
neme sonucunda istatistiksel agidan gruplar arasi
fark tespit edilmemistir. Bizim ¢alismamizda da
onceki bazi galismalara paralel olarak 0., 45. ve
90. giinlerde yapilan 6l¢limlerin sonuglar istatis-
tiksel olarak hesaplandiginda herhangi bir fark tes-
pit edilememistir (p>0.05).

Lizozim, bakterilerin hiicre duvarinin yikimina se-
bep olan ve lokositleri aktive eden, opsoninler gibi
davranig gosteren peptidlerdir (Magnadottir,
2006) ve mikroorganizmalarin kolonizasyonunu
ve bulunmasini engellerler (Alexander ve Ingram,
1992).Bulfon vd. (2016), alabalik yemlerine gin-
seng (Panax ginseng) ekstrakti eklemisler ve de-
neme sonunda lizozim aktivitesi dizeyine az mik-
tarda olumlu bir etkisi olmasina karsin istatistiksel
fark tespit edilmemistir (p>0.05) Bohlouli vd.
(2016), alabalik yem rasyonlarinda mese palamutu
ekstraktini1 kullanmislar ve deneme sonucunda is-
tatistiksel olarak farkli olan en yiiksek lizozim ak-
tivitesini gosteren grubun %2 mese palamutu ekst-
rakt1 igeren grup oldugunu tespit etmislerdir. Baba
vd. (2014), cipura yemleri rasyonuna arap sim-
bali (Muscari comosum) ekstrakti eklemisler, de-
neme sonucunda lizozim aktivitesi dizeyinde
farklilik tespit edilmis ve en yiiksek diizeye
0,5mg/kg arap siimbiilii ekstrakti igeren yem gru-
bununsahip oldugu tespit edilmistir. Genel olarak
diger caligmalarda da bitkisel ekstraktlarin lizozim
aktivitesini artirdi@1 bildirilmistir (Cheng vd.
2008; Harikrishnan vd., 2010; Harikrishnan vd.,
2012), fakat ekstraktlarin etkinlik seviyelerinin
farkli olmasinin sebebi etken maddelerinin ve tiir-
lerin farkli olmasindan kaynaklanmakta oldugu
diisiiniilebilir. Calismamizda lizozim enziminin
olusturdugu zon ¢aplarma 0., 45. ve 90. giinlerde



Journal of Aquaculture Engineering and Fisheries Research, 3(3): 116-127 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

bakildiginda istatistiksel agidan bir fark goriilme-
mekle beraber (p>0.05) kontrol grubunun 45. ve
90. giinlerde olusturdugu zon ¢ap1 daha yiiksek
goriinmektedir. Istatistiksel farkin bulunmamasi
ise kullanilan kantaron yagimin maserasyon yon-
temi ile elde edilmesi nedeniyle etken madde mik-
tarinin diisiik olmasindan ve deneme bireylerinin
disaridan ortama ilave edilen herhangi bir hastalik
etkeniyle karsilasmamasi sonucunda kullanilan
kantaron yagmin etkisinin ortaya ¢ikmamasindan
kaynaklandig: diigiiniilmektedir.

Hwang vd. (2013), lepisteslerler ile yaptiklari ¢a-
lismada, yemlere yesil ¢ay ekstrakti ilave etmisler-
dir. Aragtirma sonucunda gruplar arasinda fark bu-
lunmus (p<0.05) ve kontrol grubu en diisiik glukoz
diizeyine kontrol grubu sahip olmustur. Ji vd.
(2007), japon pisi baligi (Paralichthys olivaceus)
tizerinde yaptiklar1 bir ¢alismada, yem rasyonla-
rina Massa medicata fermentata, Crataegi fructus,
Artemisia capillaries, ve Cnidium officinale bitki-
lerinin tozlarimi 2:2:1:1 oranlarinda karistirmiglar-
dir. Deneme sonucunda gruplar arasinda fark bu-
lunmus ve en diisiik glukoz diizeyine %1.0 bitki
tozu karisimi iceren yem grubu ulagmistir. Arag-
tirmacilar diisiik glukoz seviyelerinin bitkisel ka-
rigim iceren gruplarin glikojen sentezini aktive et-
tigi ve karaciger fonksiyonlarimin daha saglikli ol-
mas1 anlamina geldigini bildirmislerdir. Bizim ¢a-
lismamizda ise 0. 45. ve 90. giinler incelendiginde
glukoz diizeyleri agisindan istatistiksel bir fark go-
rilmemekle beraber (p>0.05), 45. glinde KT2 gru-
bunun glukoz diizeyi diger gruplara oranla daha
diisiik seviyede tespit edilmistir. Onceden yapil-
mis ¢aligmalarda farkli bitkisel katki maddelerinin
cesitlerine gore farkli sonuglar elde edilmistir. Ca-
lismada da gruplar arasinda istatistiksel farkin bu-
lunmamasinin sebebi kullandigimiz kantaron ya-
gimin glikojen aktivitesin diizenlenmesine ve kara-
ciger fonksiyonlarinin diizenlenmesine yardimci
olacak etken madde igeriginin bulunmamasindan
kaynaklandig diistiniilmektedir.

Ngugi vd. (2016), ningu balig1 (Labeo victoria-
nus) ile yaptiklar1 bir ¢galigmada yemlere limon ka-
bugu ekstraktini (Citrus limon) ilave etmislerdir.
Arasgtirma sonunda her gruptan 12 bireye Aeromo-
nas hydrofila bakterisi enjekte edilmistir. Ardin-
dan gruplar arasinda en diisiik kortizol seviyesine
%S5 limon kabugu ektresi igeren grubun sahip ol-
dugu tespit edilmistir. Arastirmacilar kortizol di-
zeyinde meydana gelen diisiisiin B-pinene ve o-pi-
nene ucucu yag bilesenlerinden kaynaklandigini
ve bu bilesenleri ¢alismada kullanilan limon ka-

bugu ekstresini igermesinden kaynaklandigini bil-
dirmiglerdir. Saccol vd. (2016), pagu baliklar
(Colossoma macropomum) ile yaptiklar: ¢alig-
mada Myrcia sylvatica ve Curcuma longa bitkile-
rinin ekstraktlarini ve etanolu sedatif olarak kul-
lanmiglardir. 6 saatlik uygulama sonucundaCur-
cuma longa ekstrakti uygulanan grubun plazma
kortizol diizeyi diger gruplardan daha diisiik ol-
dugu ve istatistiksel olarak kontrol grubundan
farkli oldugu tespit edilmistir. Calismamizda ise
45. giinde yapilan kan drneklemelerinde fark tes-
pit edilmis olup (p<0.05) en diisiikten en yiiksek
kortizol seviyesine sirasiyla KO (kontrol) KT1,
KT2 ve KT3 gruplar1 sahip olmustur. 90. giinde
ise istatistiksel olarak gruplar arasinda fark tespit
edilememis olup KT1 ve KT2 gruplarindan elde
edilen kortizol diizeyi verileri diger gruplardan
daha diisiik oldugu saptanmistir. 45. giinde KO
grubunun en diisiik kortizol degerine sahip iken
90. glinde KT1 ve KT2 gruplarinin en diisiik kor-
tizol degerine sahip olmasi, ¢calismada kullanilan
alabaliklarin kantaron yagina yabanci olmasi ve
aligma siireciyle alakali oldugu diisiiniilebilir. Ay-
rica 90. giine gelindiginde kortizol degerlerinin
KT1 ve KT2 gruplarinda en diisiik seviyeye ulas-
masinda kantaron yaginin etken maddelerinden
biri olan hiperforin igerigiyle alakali oldugu diisii-
nulmektedir.

Saccol vd. (2016), pagu baliklar1 (Colossoma mac-
ropomum) ile yaptiklari ¢alismada Myrcia sylva-
tica ve Curcuma longa bitkilerinin ekstraktlarini
ve etanolii sedatif olarak kullanmislardir. 6 saatlik
uygulama sonucunda Curcuma longa ve Myrcia
sylvatica ekstrakti uygulanan gruplarin beyin, so-
lungag, bobrek ve karaciger dokularindan elde
edilen homojenatlar incelendiginde, toplam reak-
tif antioksidan potansiyeli seviyesi diger gruplar-
dan daha yiiksek oldugu ve istatistiksel olarak
kontrol ve etanol grubundan farkli olduklar tespit
edilmistir. Mohebbi vd. (2012), alabalik finger-
lingleri tizerinde sarimsagm (Allium sativum) an-
tioksidatif 6zelliklerini belirlemek amaciyla yap-
tiklar1 ¢aligmada fingerlingler sarimsak tozu ige-
ren yemler ile 8 hafta siireyle beslenmisler ve de-
neme sonucunda tiim sarimsak tozu i¢eren grupla-
rin siiperoksit dismutaz diizeylerinde 6nemli bir
artis goriilmiistiir. Gruplarin katalaz aktivitesi in-
celendiginde en yiiksek seviyeye 40 ve 50 g/kg sa-
rimsak tozu igeren gruplarin ulastigi ve istatistik-
sel olarak farkli olduklari tespit edilmistir. Glutha-
tion peroxidase enzimi incelendiginde ise gruplar
arasi fark tespit edilememistir. Calismamizda 45.
glinde yapilan kan 6rneklemelerinin TAS, TOS ve
OSI degerlerinin gruplar arasinda istatistiksel fark
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olusturmadig tespit edilmistir. 90. giinde yapilan
kan 6rneklemelerinde ise TAS degerleri agisindan
yine istatistiki olarak bir fark tespit edilememistir
(p>0.05).90. giindeki TOS ve OSI degerleri ince-
lendiginde ise istatistiksel olarak fark tespit edil-
mis olup (p<0.05) en diisiik TOS ve OSI degerle-
rine KT1 grubunun ulastigi goriilmiistiir. Bu so-
nuclar géz 6nine alindiginda kantaron yaginin
serbest radikallerin olusumunu engelleyebilecek
ozelliklere sahip oldugu sonucuna varilabilir. Ser-
best radikallerin olusumunun azalmasi1 OSI deger-
lerini de diistirmiistiir. Calismamiz sonucunda
TAS degerlerinde herhangi bir istatistiksel farkli-
lik tespit edilmemisken; Landy vd. (2010), yaptik-
lar1 ¢alismada kullandiklar sar1 kantaron ekstrak-
tinin broylerlerde antioksidan aktivitesini artirdik-
lar1 tespit edilmistir. Bu sebeple calismamizda
yemlere ilave edilen sar1 kantaron yaginin oranla-
rinin yeniden diizenlenerek daha olumlu sonuglar
elde edilebilecegi diisiiniilmektedir.

Sonug

Bu galismada son donemde balik besleme calis-
malarinda kullanilmasina ilginin giderek arttig1,
tibbi ve aromatik bitkiler grubundan bir bitki olan
sar1 kantaron bitkisinin yagimin alabalik yemle-
rinde 1, 2 ve 3 ml/kg oranlarinda kullanilarak ala-
baliklar iizerinde biiylime performansi, stres ve
antioksidan aktivitesi {izerine etkileri arastirilmig-
tir.

Calismadan elde edilen veriler goz 6niinde bulun-
duruldugunda alabalik yemlerinde, ¢alismamizda
kullanilan oranlarda kantaron yaginin ilavesi oksi-
dan seviyesinin disiiriilmesi ve oksidatif stres dii-
zeyinin diisliriilmesi, dolayisiyla bagisiklik sis-
temi daha guclii ve stresin etkilerinden uzak birey-
lerin yetistirilmesi bakimindan tavsiye edilebilir
niteliktedir. Arastirma verileri 15181nda, tilkemizde
yogun bir sekilde yetistiriciligi yapilan gokkusagi
alabalig1 tiirliniin biyotik veya abiyotik ¢evresel
etkenlere daha dayanikli bir metabolizmaya sahip
olmas1 amaciyla sar1 kantaron yagimin yemlerde
kullaniminin yetistiricilere fayda saglayabilecegi
diistiniilmektedir.

Tesekkiir

Bu calismay1 yiiksek lisans tez projesi olarak
4364-YL1-15 numarasi ile destekleyen Siilleyman
Demirel Universitesi Bilimsel Arastirma Projeleri
Yonetim Birimi’ne tesekkiir ederiz.

Kaynaklar

Abdel-Tawwab, M., Ahmad, M.H., Seden,
M.E.A. & Sakr, S.F.M. (2010). Use o f

Green Tea, Camellia sinensis L., in Practi-
cal Dietfor Growth and Protection of Nile
Tilapia, Oreochromisniloticus (L.), against
Aeromonas hydrophila Infection. Journal
of The World Aquaculture Society, 41, 203-
213.

M., Safari, R., Pourgholam, R., Zorrieh-
zahra, J. & Esteban, M.A. (2015). Dietary
peppermint (Mentha piperita) extracts pro-
mote growth performance and increase the
main humoral immune parameters (both at
mucosal and systemic level) of Caspian
Brown trout (Salmo trutta caspius Kessler,
1877). Fish and Shellfish Immunology, 47,
623-629.

Alexander, J.B.& Ingram, G.A. (1992). Non-cel-
lular and non-specific defense mechanisms
of fish. Annual Review of Fish Disease, 2,
249-280.

Baba, E., Ulusoy, G. & Mammadov, R. (2014).
Effects of Muscari comosum extract on
nonspecific immune parameters in gilthead
seabream, Sparus aurata (L. 1758). Journal
of The World Aquaculture Society, 45(2),
173-182.

Baytop, T. (Ed.), (1999). Turkiye’de Bitkiler"ile
Tedavi (Gegmiste ve Bugiin). Istanbul Uni-
versitesi Yayinlari,Istanbul, 372s.

Bilia, A.R., Gallori, S. & Vincieri, F.F. (2002). St.
John’s Wort and Depression: Efficiacy, sa-
fety and tolerability- an update. Life Scien-
ces, 70(26), 3077-3096.

Bohlouli, S., Ghaedi, G., Heydari, M., Rahmani,
A. & Sadeghi, E. (2016). Effect of dietary
Persian oak (Quercus brantii var. persica)
fruit extract on survival, growth perfor-
mance, haematological and immunological
parameters in rainbow trout, Oncorhynchus
mykiss, fingerlings. Aquaculture Nutrition,
22(4), 745-751.

Bulfon, C., Bongiorno, T., Messina, M., Volpatti
D., Tibaldi, E. & Tulli, F. (2016). Effects of
Panax ginseng extract in practical diets for
rainbow trout (Oncorhynchus mykiss) on
growth performance, immune response and
resistance to Yersinia ruckeri. Aquaculture
Research, 48(5), 2369-2379.

Cheng, A.C., Chen, Y.Y. & Chen, J.C. (2008). Di-
etary administration of sodium alginate and
k-carrageenan enhances the innate immune

Adel,



Journal of Aquaculture Engineering and Fisheries Research, 3(3): 116-127 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

response of brown-marbled grouper Epi-
nephelus fuscoguttatus and its resistance
against Vibrio alginolyticus. Veterinary Im-
munology Immunopathology, 21, 206-215.

Citarasu, T. (2010). Herbal Biomedicines: A New
Opportunity For Aquaculture Industry.
Aquaculture International, 18(3), 403-414.

Curtis, J.D. & Levsten, N.R. (1990). Internal Sec-
retary Structure in Hypericu, Hypericum
perforatum L. and Hypericum balearicum
L. New Phytology, 114, 571-580.

Cetin, T.& Yildiz, G. (2004). Esansiyel yaglarin
alternatif yem katki maddesi olarak kulla-
nimi. Yem Magazin Dergisi, 12(38), 41-47.

Davis, P.H. (1967). Flora of Turkey. Volume II.
University of Edinburg, Edinburg,581p.

Davis, P.H. (1988). Flora of Turkey and the East
Aegean Island. Edinburg University Press,
Edinburg, 590p.

Diigenci, S.K., Arda, N. & Candan, A. (2003).
Some medicinal plants as immunostimulant
for fish. Journal of Ethnopharmacol, 88,
99-106.

Ellis, A.E., (1996). Lysozyme Assay. Stolen, J.S.,
Fletcher, T.C., Anderson, D.P., Roberson,
B.S. & Mulwinsk W.B. (Eds.) In Tech-
niques in Fish Immunology (101-110). SOS
Publications, New Jersey, 215p.

Erteken, A. & Hasimoglu, A. (2007). Ulkemizde
Balik Yemi Teknolojisinin Gelisimi. Yunus
Arastirma Biilteni, 2, 8-9.

Ferreira, P.M.F., Nascimento, L.S., Dias, D.C.,
Moreira, D.M.V., Salaro, A.L. & Freitas,
M.B.D. (2014). Essential Oregano oil as a
growth promoter for the yellowtail tetra,
Astyanax altiparanae. Journal of The
World Aquaculture Society, 45(1), 28-34.

Giiner, A., Ozhatay, N., Ekim, T. & Baser, K.H.C.
(Ed.) (2000). Flora of Turkey and the East
Aegean Island (Supplement 2). Edinburg
University Press, Edinburg, 680p.

Giiven, A.(2010). Gokkusagi alabaligi rasyonla-
rina maya otolizat1 ilavesinin performans,
bazi kan parametreleri ve lizozim aktivitesi
tizerine etkisi. Doktora Tezi, Ankara Uni-
versitesi Saglik Bilimleri Enstitiisti, An-
kara.

Hammer, K.D., Hillwig, M.L., Solco, AK,
Dixon, P.M., Delate, K., Murphy, P.A.,

Wourtele, E.S. & Birt, D.F. (2007). Inhibi-
tion of prostaglandin E(2) production by
anti-inflammatory Hypericum perforatum
extracts and constituents in RAW264.7 Mo-
use Macrophage Cells. Journal of Agricul-
tural and Food Chemistry, 55(18), 7323-31.

Harikrishnan, R., Balasundaram, C. & Heo, M.S.
(2010). Herbal supplementation diets on he-
matology and innate immunity in goldfish
against Aeromonas hydrophila. Fish Shell-
fish Immunology, 28, 354-361.

Harikrishnan, R., Kim, D.H., Hong, S.H., Mariap-
pan, P., Balasundaram, C. & Heo, M.S.
(2012). Non-specific immune response and
disease resistance induced by Siegesbeckia
glabrescens against Vibrio parahaemolyti-
cus in Epinephelus bruneus. Fish Shellfish
Immunology, 33, 359-364.

Holzl, J. & E, Ostrowski (1987). Johnanniskraut
(Hypericum perforatum L.) HPLC Analyse
der wichtigen Inhalsstoffe und deren Vari-
bialitat in einer Population. Deutsch Apoth
Zeitung, 23, 1227-1230.

Hwang, J.H., Lee, W.S., Rha, S.J., Yoon, H.S,,
Park, E.S., Han, K.H. & Kim, S.J.(2013).
Dietary green tea extract improves growth
performance, body composition and stress
recovery in the juvenile black rockfish, Se-
bastes schlegeli. Aquaculture International,
21(3), 525-538.

Immanuel, G., Vincy Bai, V.C., Palavesam, A. &
Peter Marian, M.(2004). Effect of butanolic
extracts from terrestrial herbs and seaweeds
on the survival, growth and pathogen (Vib-
rio parahaemolyticus) load on shrimp Pe-
naeus indicus juveniles. Aquaculture, 236,
53-65.

Jang, S.1., Marsden, M.J., Kim, Y.G., Choi, M.S.
& Secombes, C.J.(1995). The effect of
glycyrrhizin on rainbow trout, Oncorhync-
hus mykiss (Walbaum), leucocyte respon-
ses. Journal of Fish Diseases, 18(4), 307-
315.

Ji, S.J., Jeong, G.S., Im, G.S., Lee, S.W.,, Yoo, J.H.
& Takii, K.(2007). Dietary medicinal herbs
improve growth performance, fatty acid uti-
lization and stress recovery of Japanese flo-
under. Fisheries Science, 73, 70-76.

Landy, N., Ghalamkari, G.H. & Moatar, F.(2010).
Efficiency of Hypericum Perforatum (St.
John’s Wort) on Total Antioxidant Activity



Journal of Aquaculture Engineering and Fisheries Research, 3(3): 116-127 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

of Serum and Humoral Immune Responses
of Broiler Chicks. Journal of Veterinary
Pathobiology, 6(3) 510-515.

Linde, K., Ramirez, G., Mulrow, C.D., Pauls, A.,
Weiden Hammer, W. & Melchart, D.
(1996). St. John’s Wort for Depression-an
Overview and Meta-Analysis of Randomi-
sed Clinical Trials. British Medicinal Jour-
nal, 313, 253-258.

Magnadottir, B., (2006). Innate immunity of fish
(Overview). Fish Shellfish Immunology, 20,
137-151.

Mohebbi, A., Nematollahi, A., Dorcheh, E.E. &
Asad, F.G. (2012). Influence of dietary gar-
lic (Allium sativum) on the antioxidative
status of rainbow trout (Oncorhynchus my-
kiss). Aquaculture Research, 43,1184-—
1193.

Miillet, W.E. (Ed.) (2005). St. John’s Wort and Its
Active Principles in Depression and Anxi-
ety.Birkhauser Verlag, Basel,189p.

Nahrstedt, A. & Butterweck V. (1997). Biologici-
ally Active and Other Chemical Constitu-
ents of the Herb from Hypericum perfora-
tum L. Pharmacopsychiatry, 30, 129-134.

Ngugi, C.C., Oyoo-Okoth, E. & Muchiri, M.
(2016). Effects of dietary levels of essential
oil (EO) extract from bitter lemon (Citrus
limon) fruit peels on growth, biochemical,
haemato-immunological parameters and di-
sease resistance in juvenile Labeo victoria-
nus fingerlings challenged with Aeromonas
hydrophila. Aquaculture Research, 48(5),
2253-2265.

Ozdamar, K. (2002). Paket Programlar ile Istatis-
tiksel Veri Analizi - Cok Degiskenli Analiz-
ler. Kaan Kitabevi, Eskisehir, 522s.

Ozturk, N., Korkmaz, S. & Oztiirk, Y. (2007).
Wound-healing activity of St. John’s Wort
(Hypericum perforatum L.) on chicken
embryonic fibroblasts. Journal of Ethnop-
harmacology, 111, 33-39.

Patocka, J. (2003). The Chemistry, Pharmacology
and Toxicology of The Biologically Active
Constituents of The Herb Hypericum perfo-
ratum L. Journal of Applied Biomedicine, 1,
61-70.

Rao, S.G., Laxminarayana, A.U., Sarawathi, 1.U.,
Padma, G.M., Ganesh, R. & Kulkarni, D.R.
(1991). Calendula and Hypericum: Two
Homeopathic Drugs promoting wound hea-
ling in rats. Fitoterapia, 6, 508-510.

Saccol, E.M.H., Toni, C., Pés, T.S., Ourique,
G.M., Gressler, L.T., Silva, L.V.F,
Mourdo, R.H.V., Oliveira, R.B., Baldisse-
rotto, B. & Pavanato, M.A. (2016). Anaest-
hetic and antioxidant effects of Myrcia syl-
vatica (G. Mey.) DC. and Curcuma
longa L. essential oils on tambaqui (Colos-
soma macropomum). Agquaculture Rese-
arch, In press.

Savikin, K., Dobric, S., Tadic, V. & Zdunic, G.
(2007). Antiinflamatory activity of ethanol
extracts of Hypericum perforatum L., H.
Barbatum Jacq., H. Hirsutum L., H. richeri
Vill. And H. androsaemum L. in rats.
Phytotherapy Research, 21(2), 176-180.

Sivaram, V., Babu, M.M., Citarasu, T., Immanuel,
G., Murugadass, S.& Marian, M.P. (2004).
Growth and immune response of juvenile
greasy groupers (Epinephelus tauvina) fed
with herbal antibacterial active principle
supplemented diets against Vibrio harveyi
infections. Aquaculture, 237, 9-20.

Uzbay, T.l. (2008). Hypericum perforatum and
substance dependence: A review. Phytothe-
rapy Research, 22(5), 578-582.

Witchl, M. (1986). Hypericum perforatum L. das
Johanniskraut. Zeitschrift fur Phytothera-
pie, 3, 87-90.

Zeppenfeld, C.C., Hernandez, D.R., Santiton, J.J.,
Heinzmann, B.M., Da Cunha, M.A., Sch-
midt, D. &Baldisserotto, B. (2016). Essen-
tial oil of Aloysia triphylla as feed additive
promotes growth of silver catfish (Rhamdia
quelen). Aquaculture Nutrition, 22(4), 933-
940.



3(3): 128-140 (2017)

doi: 10.3153/JAEFR17016

Journal of

Aquaculture Engineering and Fisheries Research
E-ISSN 2149-0236

ORIGINAL ARTICLE/ORIJINAL CALISMA

FULL PAPER

TAM MAKALE

TOPRAK HAVUZLARDA DENIZ BALIKLARI URETIMI
YAPAN ISLETMELERIN SURDURULEBILIRLIKLERININ
SAGLANMASI UZERINE BIR ARASTIRMA

leat Tezel ORCID ID: 0000-0002-0870-7049 Kenan GUIIU ORCID ID: 0000-0002-8604-8798

Mugla Sitk1 Kogman Universitesi, Su Uriinleri Fakiiltesi, Su Uriinleri Yetistiriciligi Boliimii, Mugla, Tiirkiye

Received: 16.01.2017
Accepted: 31.03.2017
Published online: 18.06.2017

Corresponding author:

Rifat TEZEL, Mugla Sitki Kogman Universitesi, Su Uriin-
leri Fakiiltesi, Su Uriinleri Yetistiriciligi Boliimii, 48000,
Kotekli, Mugla, Tiirkiye

E-mail: rifattezel@mu.edu.tr

Oz:

Ulkemizde toprak havuzlarda deniz baliklari iiretimi
yapan isletmeler, Mugla 1li Milas Ilgesinde yogunlas-
mistir. Cogu kiiciik aile isletmesi olan ve yorede tabana
yayilmis bir ekonomik faaliyet yiiriiten bu igletmelerin
yasadiklart sorunlarin arastirilmasi ve bu sorunlara ¢6-
zim dretilmesi 6nemlidir. Isletmelerin siirdiiriilebilir-
likleri, bu sorunlarin dogru yontemlerle tespit edilme-
sine ve bu sorunlara etkin ¢6ziim Onerileri gelistirilme-
sine baglidir. Bu ¢aligmada, isletmelerin mevcut duru-
munu ortaya koymak amaciyla yiiz-yiize anket ¢alig-
masi1 yapilmistir. Anket ¢alismasiyla ortaya ¢ikan so-
runlar neden-sonu¢ yontemiyle sorun analizi testine
tabi tutulmus ve sorun agaci semasinda kok sorunlar ile
bu sorunlarin dogurdugu ¢ikti sorunlar tespit edilmistir.
Isletmelerin; pazarlama sorunlarinin ¢dziilmesi, iiretim
stireclerinin iyilestirilmesi, {iretim maliyetlerinin diisii-
riilmesi ve kullanilan yeralti suyunun azaltilmasi i¢in
calisanlarin mesleki kapasitelerinin artirilmasi gerek-
tigi ortaya ¢ikmustir. Katilimcilarin siirdiiriilebilir iireti-
min gerekliligi ile ilgili tutum ve farkindaliklarinin
yiikksek oldugu goriilmiistiir. Ayrica caligma sonu-
cunda, toprak havuzlarda deniz baliklar iireten bu is-
letmelerin siirdiiriilebilirligi igin ¢dziim Onerileri gelis-
tirilmistir.

Keywords: Milas, Avsar, Toprak Havuz, Levrek, Balik

Yetistiriciligi, Strdartlebilirlik

Abstract:

A STUDY ON PROVIDING SUSTAINABILITY
OF EARTHEN POND AQUACULTURE
FACILITIES PRODUCING MARINE FISH

Earthen pond aquaculture facilities producing marine
fish are commonly located in Milas town of Mugla
Province in our country. Investigating the problems of
these financially expanded among the rural people and
mostly family-owned, small-scale facilities and finding
solutions to problems are important. Sustainability of
these facilities is relevant to determine the problems via
appropriate methods and finding efficient solution to
problems. In this study, a face to face survey was con-
ducted to determine the present status of facilities.
Problems realized in the sequel of survey were tested
with problem analysis according to the cause and effect
relation methods and root causes and the outcome
causes of these root causes were determined on prob-
lem tree diagram. The need for increasing professional
capability of personnel was emerged in order to resolve
the marketing problems, improving the fish producing
process, decreasing the production costs and decreasing
the ground water usage. The attitudes and awareness of
participants towards the need for sustainable produc-
tion were on high levels. Also at the end of this study,
solution suggestions were offered for the sustainability
of these earthen pond facilities producing marine fish.

Keywords: Milas, Avsar, Yasyer, Savran, Earthen
Pond, Aquaculture, Seabass, Sustainability
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Giris

Ulkemizde su iiriinleri yetistiricilik sektdriine olan
ilginin artmasi, sektorde kisa siirelerde hizli bir fi-
ziksel biiyliime goriilmesine neden olmustur. Sek-
torde meydana gelen fiziki blyumenin ¢ok iyi yo-
netilememesi, artan {iretimin dogal bir geregi olan
yeni pazarlarin olusturulamamasi, balik fiyatla-
rinda istikrarin saglanamamasi, isletmelerin yone-
tim-organizasyon ihtiyaglarinin yeteri seviyede
karsilanamamasi, iiretim sonucu olusan ¢evresel
ve sosyal etkilere yeteri kadar 6nem verilmemesi
gibi nedenlerden dolay1 sektoriin siirdiiriilebilirligi
tehdit altina girmistir.

Ulkemizde, 2015 yilinda gerceklesen 240.334 ton
toplam su iriinleri yetistiriciliginin, %37,4’1
Mugla Ilinde gergeklesmistir (TUIK, 2017).
Mugla’da deniz baliklar1 yetistiriciliginin dnemli
bir kismi Milas ilgesine bagli Ekinambari, Savran,
Yasyer ve Avsar kdylerinde toprak havuz isletme-
lerinde yapilmaktadir (Giillii, 2012). Ulkemizde
1986 yilinda baslayan toprak havuzlarda deniz ba-
liklar1 yetistiriciligi, Mugla Ilinde énemli bir yere
sahiptir (Ercan ve ark., 2012). Toprak havuz ba-
likgil1g1 yapilan araziler, daha onceleri tarim ara-
zisi olarak kullanilirken, zaman igerisinde toprakta
yasanan tuzlanma ve tarlalarin verimsizlesmesi
neticesinde, iiretimin yonii ve tiirii degismis ve
toprak havuz balik¢iligi igin kullanilmaya baglan-
mistir.

Mugla ilinde, toplam 181 adet projeli toprak ha-
vuz isletmesi bulunmaktadir. Bu isletmelerin ta-
maminin kayith proje kapasiteleri ise 10.287,5
ton/yildir. Faal olarak iiretim yapan toprak havuz
isletme sayisi ise 163’tiir. Gida Tarim ve Hayvan-
cilik Bakanligi (GTHB) kayitlarina gore fiili ola-
rak calistigi bildirilen bu isletmelerin ise kayith
proje kapasiteleri 8.943,50 ton/yildir (GTHB,
2015).

Bu bolgedeki isletmelerin dagilimlarina ve tiretim
miktarlarina bakildiginda, toprak havuz isletmele-
rinin genelde kiiciik aile isletmeleri oldugu gortil-
mektedir. Toprak havuz balik¢ilig1, yore halki i¢in
onemli bir gelir kaynag1 olusturmaktadir. Ancak
bu bolgedeki isletmeler 6nemli sorunlar yagamak-
tadirlar. Bu isletmelerin sorunlarinin tespit edil-
mesi ve bu mevcut sorunlarla ilgili ¢cézum oneri-
leri gelistirilmesi, yorenin ekonomik gelir getirici
is kolu olan ve iiretim sistemi olarak {ilkemizde tek
model olan toprak havuzlarda deniz baliklar1 ye-
titiriciligi sektdriiniin, stirdiiriilebilir kilinmasi
icin oldukca dnemli bir konudur. Toprak havuz-
larda deniz baliklar: yetistiriciligi, bu bolgede bir

firsat alan1 olarak dogmus ve tabana yayilmis bir
ekonomik dongii olusturmustur. Bu nedenle bu is-
letmelerin siirdiiriilebilirliginin saglanmasi ydre
halki agisindan da olduk¢a 6nemlidir.

Siirdiiriilebilirlik kavrami giiniimiizde, {izerinde
en ¢ok durulan kavramlari basinda gelmektedir.
Sirddralebilirlik; sosyal, teknik, ekonomik ve
ekolojik endiseler ile bunlarin etkilesimlerini iger-
mektedir (Beveridge ve ark., 1997). Temel olarak
surdurtlebilirlik; ekonomik surdirilebilirlik, sos-
yal strdirdlebilirlik ve cevresel strdirtlebilirlik
kavramlarindan olugsmaktadir (Goodland ve Daly,
1996; Goel ve ark, 2008).

Akuakiiltiiriin siirdiiriilebilir gelisimi; kaynaklar
ve onu ortak kullananlar arasindaki etkilesimlerin
iyi sekilde yonetimi ile miimkiindiir. Bu konunun
anlasilmasi; ekosistem yaklagimli su {riinleri ye-
tistiriciligi yapilmasi hedefinin ve sektor siirdiirii-
lebilirliginin 6nemli bir 6nkosulu olan, kaynak
kullaniminda 1iyi yOnetimin gelistirilmesine
onemli bir katki saglayacaktir (Nobre ve ark.,
2009).

FAOQ’ya gore; siirdiiriilebilir bir yetistiricilik stra-
tejisi icin, yetistiricilikten makul bir kazang elde
edilmesi gerektigi bilinmeli, fayda ve maliyetin
esit sekilde dagildigindan emin olunmalidir. Ye-
tistiricilik faaliyetleri gelir diizeyini artirmali ve
isttihdam olusturmalidir. Ayrica, akuakiiltiirdeki
blyumenin sdrdirdlebilir olabilmesi igin ilgili
otorite ve sektorun birlikte hareket etmesi gerek-
tigi bilinmelidir (FAO, 2013).

Su iriinleri yetistiricilik igletmelerinde, yonetici-
ler ¢ogunlukla iiretimin miktarinin artirilmasina
odaklanmaktadirlar. Miktar olarak hedeflenen bii-
yumeler ger¢eklestikten sonra da diger planlan-
masi gereken unsurlari hatirlayarak, ¢oziim arayisi
icerisine girmektedirler. Stirdtrdlebilir su rinleri
iiretiminin saglanmasi i¢in {iretimin verimsizligi
onundeki ekolojik ve ekonomik limitlerin iyi an-
lasilmast gerekmektedir (Nobre ve ark., 2009).
Sirdirilebilir yetistiriciligin bir diger unsuru olan
sosyal stirdiiriilebilirlik de goz ardi edilmemelidir.
Su {irtinleri yetistiricilik sektorii, artan besin ihti-
yacinin karsilanmasi ve gida giivenligi i¢in ol-
dukga 6nemlidir. Bu nedenle, su iiriinleri yetistiri-
cilik faaliyetlerinin temelinde toplumsal fayda
iiretimi olmalidir.

Diinyada su iiriinleri sektoriine yapilan yatirimlar
her gecen giin artmaktadir. Avrupa Birligi 2030
yilina kadar, yetistiricilik sektoriinde yillik orta-
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lama %3,1 biiylime orani, 150.000 kisiye dogru-
dan istihdam, 14 milyar avro degerinde ve 4,5 mil-
yon ton siirdiiriilebilir tiretim miktart hedeflemek-
tedir (OIK Raporu, 2014). Diinyada hedeflenen bu
biiyiime igerisinde iilkemizin de yerini hak ettigi
sekilde alabilmesi olduk¢a 6nemlidir. Su {irtinleri
sektorlinlin dis piyasada rekabet giiciiniin artiril-
masi, gida giivenligi tedbirlerinin alinmasi ve i¢
piyasadaki yillik kisi basina diigsen 7 kg su tiriinleri
tiketiminin en az diinya ortalamasina (15-16
kg/y1l) ¢ikarilmasi i¢in sektorle ilgili isabetli stra-
tejik planlamalar yapilmalidir. Su kaynaklarinin
etkin ve siirdiiriilebilir kullanilmasi, pazarda iiriin
cesitlemesine gidilmesi, igletmelerin yapisal ve
hukuksal sorunlarinin giderilmesi de ¢6ziim bek-
leyen sorunlardir.

Mugla ili Milas Ilgesindeki s6z konusu Havzada,
eskiden tarim arazisi olarak kullanilan ve tuz-
lanma nedeniyle verimsizlesen tarlalarda yapilan
toprak havuz balik¢iligi, giinlimiizde bir¢cok sorun
ile kars1 karsiya kalmigtir. Toprak havuz igletme-
lerinde, iiretim maliyetlerinin artmasi, yasanan
hastalik sorunlari, {iretimin iyi planlanamamasi ve
yasanan pazar sikintilar1 nedeniyle, birgok isletme
kapanma noktasina gelmistir. Ayrica toprak havuz
isletmelerinde, havuzdaki zamana bagli su degisi-
minin az olmasi ve bir¢cok degiskenin de etkisi ne-
deniyle, diger yetistiricilik sistemlerine gore Ure-
tim sureclerinin daha dikkatli yonetilmesi gerek-
mektedir. Glinumizde gerek ulusal, gerekse de
uluslararasi planlamalarda, su {irtinleri sektoriiniin
gelecekte daha da biiyiitiilmesi planlanmaktadir.

Ulkemizde hali hazirda var olan ve Milas Havzasi
icin biiylik 6nem arz eden toprak havuz balik¢ili-
ginin siirdiiriilebilirliginin saglanmasi bu nedenle
oldukga 6nemlidir. Bu ¢alismada Mugla’nin Milas
ilgesinde tabana yayilmis bir ekonomik faaliyet
olan toprak havuz isletmelerinin mevcut durumu-
nun ortaya ¢ikartlmasi ve strdurtlebilirlikleri igin
¢Oziim Onerileri gelistirilmesi amaglanmigtir. Ger-
ceklestirilen bu ¢alisma bolgede bundan sonra ya-
pilacak olan c¢aligmalara zemin olusturacak bir
veri tabani olusturacaktir.

Materyal ve Metot

Milas Bélgesi’ndeki toprak havuz isletmelerinin,
mevcut durum analizinin yapilmasi amaciyla, top-
rak havuz igletmelerinde, Eyliil - Aralik 2014 ta-
rihleri arasinda anket ¢aligmasi gergeklestirilmis-
tir. Milas Bolgesi’ndeki toprak havuz isletmeleri-
nin, mevcut yonetim-organizasyon ve lretim si-
reclerinin belirlenebilmesi, eksik noktalarin ortaya
cikarilabilmesi, ayrica siirdiiriilebilir yetistiricilik
konusundaki tutumlarmin belirlenebilmesi ama-
ciyla, isletme sahipleri ve ¢alisanlarina anket uy-
gulanmustir.

Anket sorularmin belirlenmesi asamasinda, Milas
Igsu Uriinleri Yetistiricileri Uretici Birligi ve baz1
toprak havuz isletmesi sahipleri ile yapilan 6n go-
riismelerde isletmelerin ham sorunlar1 6grenilmis-
tir. On goriismelerde tespit edilen sorunlar, “Sorun
Analizi” testine tabi tutularak kok sorunlarin neler
oldugu aragtirilmistir (Ozerdem, 2012).

1
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Sekil 1. Sorun analizi

Figure 1. Problem analysis
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Sorunlar arasinda sebep-sonug iliskisi arastirilmig
ve sorun agaglari olusturulmustur. Ayrica, olusan
sorun agacinda eksik kalan noktalarda, kok sorun-
larin neler olabilecegi paydaslarla tartigilmis ve
eksik kaldig1 tespit edilen sorunlar ortaya cikaril-
mistir. Bu 6n ¢aligmanin neticesinde elde edilen,
sektdrden gelen sorunlardan hareketle toprak ha-
vuz isletmelerinin ekolojik, ekonomik ve sosyal
surddrdlebilirliklerini ortaya koyacak 1 adet anket
formu hazirlanmigtir. Anket formu; kisisel bilgile-
rin, genel isletme bilgilerinin, toprak havuz iiretim
siireclerinin, igletmelerde yasanan sorunlarin yer
aldig1, ankete katilan kisilerin ¢6ziim Onerilerinin
ve beklentilerinin soruldugu, siirdiiriilebilir iire-
time ve ekosisteme dair bilgi ve farkindaliklarin
Olciildiigii toplam 53 sorudan olusmustur. Ayrica
anketin uygulanmasi esnasinda, yanitlayicilarin
ilave ettikleri ek bilgilerinde not alinabilecegi ki-
simlar, anket formuna eklenmistir.

Anket ¢aligsmasi, isletme sahipleri ve ¢alisanlari ile
ylz-yiize gorisiilerek gerceklestirilmistir. Ca-
lisma kapsaminda, Milas Havza’sinda bulunan
tim isletmelere ziyaret gergeklestirilmistir. So-
rumlusuna ulagilabilen igletmelerin her birinde
I’er adet anket caligmasi gerceklestirilmistir. Bu
calisma kapsaminda, toprak havuz isletmesi sahibi
ya da c¢aligani ile toplam 46 adet anket ¢aligmasi
yapilmistir..

Uygulanan anketlerin veri girisleri IBM SPSS
20.0 paket programinda yapilmistir. Anketlerin is-
tatistiksel olarak degerlendirilmesi ise yine ayni
program yardimiyla gergeklestirilmistir. Anket so-
nucunda elde edilen verilerin frekans dagilimi ve
yiizde dagilimi alinmisg, olast iligkiler p=0,05
onem dlizeyinde test edilmistir (Ozdamar, 2011).

Bulgular ve Tartisma

Ankete Katilan Kisilerin Demografik
Ozellikleri

Milas Havzasi'nda bulunan toprak havuz isletme-
lerinin, mevcut durumlarini ortaya ¢ikarmak ama-
ciyla  gerceklestirilen caligmaya katilanlarin
%67.4’1 41 yas ilizerinde kisiler olmustur ve
%54.3’U de ilkokul mezunudur (Tablo 1). Katilim-
cilarin %80.4’1 su friinleri yetistiricilik sektd-
riinde 5 yil ve daha fazla siiredir ¢alismaktadir

(Tablo 2). Calisanlarm %52.2’lik buyik bir ¢o-
gunlugu uzun siiredir bu isle ugrastiklari halde
sektorle ilgili higbir egitim almamislardir (Tablo
2).

Anket ¢caligmasina katilan toprak havuz igletmeleri
caligsanlarin %67.4’1 bolgenin yerlisidir. Calisma
gerceklestirilen; 27 isletme sahibinin 22’sinin, 4
Su Uriinleri Miihendisinin 2’sinin ve isletmelerde
diger gorevlerde caligan 15 personelin 7’sinin bol-
genin yerlisi oldugu, diger katilimcilarin ise bolge
disindan ¢alismak icin gelenlerden olustugu goriil-
muistur.

Yapilan galisma, katilimeilarin %52.2’sinin top-
rak havuz yetistiriciliginin diginda bir bagka isle
de ugrastiginm1 gostermistir. Balikeilik disinda
baska bir isle ugrasanlarin %67’sinin tarim ve
hayvanlik alaninda ¢aligtiklar1 goriilmiistiir.

Gériisme Yapilan Isletmeler ile Tlgili Bilgiler

Goriisme yapilan toprak havuz isletmelerinin
%62,2’s1, 2005 yilindan sonra kurulmustur. Gorii-
siilen isletmelerin, %53,3 linlin kapasitesi 29
ton/y1l’m altindadir. %20’lik bir kisminin ise ka-
pasitesi 100 ton/y1l’1n {izerindedir (Tablo 3).

Anket yapilan 46 isletmenin tamaminda levrek
yetistiriciligi yapilirken, 21’inde levregin (Dicent-
rarchus labrax) disinda ¢ipura (Sparus aurata) ye-
tistiriciligi, 3 isletmede yeni tiir olarak granydz
(Argyrosomus regius) ve de 1 isletmede minekop
(Umbrina cirrosa) yetistiriciligi de yapilmaktadir.
Goriisme yapilan 46 isletmede calisan toplam per-
sonel sayist 115°tir. Bu personelin 36’s1 isletme
sahibi ailedendir. Isletme kapasitesi biiyiidiikce,
isletmede aileden ¢alisan personel sayisinin azal-
dig1 goriilmiistiir.

Gorligme yapilan 46 toprak havuz isletmesinin
11’inde toplam 11 adet Su Uriinleri Miihendisi
iretim sorumlusu olarak ¢aligmaktadir (Tablo 3).
Bu isletmelerde calisan Su Uriinleri Miihendisle-
rinin 3’1 isletme sahibinin ailesindendir. En uzun
siire Su Uriinleri Miihendisi calistiran isletmede
11 yildir miithendis ¢aligmakta ve bu isletmelerde
calisan 3 miihendisin 10 y1l ve iizeri tecriibesi bu-
lunmaktadir (Tablo 2).
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Tablo 1. Katilimeilarin demografik 6zellikleri

Table 1. Demographical properties of participants

Degiskenler Frekans  Yuzde
21-30 2 4.3
31-40 2 4.3
Isletme Sahibi 41-50 8 8.6
51-60 10 22.0
61 ve Ustl 5 10.9
Yas Dagilimlart Sy Uriinleri Miihendisleri 21-30 3 0>
31-40 1 2.2
21-30 2 4.3
31-40 5 10.9
Isletme Calisanlar: 41-50 2 4.3
51-60 2 4.3
61 ve Ustl 4 8.7
Ilkokul 13 28.3
Ortaokul 4 8.7
Isletme Sahibi Lise 4 8.7
Y uksekokul 2 4.3
Egitim Diizeyi L::Jn?vers?te 4 8.7
Su Urtinleri Muhendisleri 0 erone ’ o
Yuksek Lisans 1 2.2
Ilkokul 12 26.1
Isletme Calisanlar Ortaokul 1 2.2
Lise 2 4.3
Tablo 2. Katilimcilarin sektor deneyimleri
Table 2. Sectoral experience of participants
Degiskenler Frekans Yizde
1-2 Y1l Deneyimli 1 2.2
Isletme Sahibi 3-4 Y1l Deneyimli 1 2.2
sy Uriinleri 5 Y1l ve Fazla Deneyimli 25 54.3
u Urlnleri o
Sektorinde  Su Uriinleri Mihendisleri 3-4 Y1l Deneyimli o ! 22
Deneyimleri 5 Y1l ve Fazla Deneyimli 3 6.5
1-2 Y1l Deneyimli 4 8.7
Isletme Calisanlar 3-4 Y1l Deneyimli 2 4.3
5 Y1l ve Fazla Deneyimli 9 19.6
. . Evet 12 26.0
Sy UrUn! eri Isletme Sahibi Hayir 15 326
Sektort Ile T1-
gili Egitim  Su Urinleri Mihendisleri Evet 4 8.7
Alma Durum-
lar1 Evet 6 13.0

Islet liganl
sletme Calisanlari Hayir 9 19.6
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Tablo 3. Katilimeilarin ¢aligtiklar isletmelerle ilgili bilgiler

Table 3. General information’s about the facilities of participants

Degiskenler Frekans Yuzde
<29 ton 24 52.2
30-49 ton 4 8.7
Isletme kapasitesi 50-99 ton 8 17.4
>100 ton 9 19.6
Hata 1 2.2
2000 ve Oncesi 9 19.6
2001-2005 8 17.4
Isletmenin kurulus yili ~ 2006-2010 17 37.0
2011-2015 11 23.9
Hata 1 2.2
Su Uriinleri Muhendisi  Evet 11 23.9
Caligtirma Durumlari Hayir 35 76.1

Uretim Siireclerinde Yasanan Sorunlar ve
C06zam Onerileri

Toprak havuz igletmelerinde, kullanilan havuz bo-
yutlari ok fazla degiskenlik gdstermektedir. Islet-
melerde bulunan havuzlarin ortalama boyunun
62.75 £15.97 m, ortalama enin 16.66 +5.02 m ve
ortalama derinligin 2.77 £0.72 m oldugu belirlen-
mistir.

Isletmelerin %87’sinde, havuzlarm tabaninin her
hasattan sonra temizlendigi %10’unda ise 2 ha-
satta bir taban temizligi yapildig1 bildirilmistir.
Havuz temizligi esnasinda ne kadar taban atigi ¢1-
karildig ile ilgili net bir bilgi edinilememistir. An-
kete katilanlarin %61.4’0 havuz dibinde biriken
atiklarin  sorun olusturmadigini  belirtmislerdir.
Katilimcilarin sorun olusturmadigini diigtindiikleri
havuz tabaninda biriken atiklar igletmelerin en
onemli kok sorunlarindan bir tanesi olarak tespit
edilmistir (Sekil 2).

Toprak havuz isletmelerinde, havuzlarin taba-
ninda biriken organik maddeler suyun biyolojik ve
kimyasal oOzelliklerinde degisimlere neden ol-
makta ve havuzdaki plankton miktarinin artma-
sma sebep olmaktadir (Serpa ve ark., 2007). Ha-
vuz tabaninda yiiksek miktarda organik materyal
birikmesi, oksijen ihtiyacini artirmakta ve bu du-
rum balik {retimini olumsuz etkilemektedir
(Boyd, 1995; Serpa ve ark., 2007).

Su driinleri yetistiriciliginde, havuz tabaninin ya-
pist olduk¢a 6nemlidir. Havuz tabanindaki asidik

toprak yapisi ve anaerobik sartlar, bentik organiz-
malarin ¢ogalmasina ve toksik mikrobiyal meta-
bolitlerin suya ge¢mesine imkan tanimaktadir
(Boyd, 1995; Xinglong ve Boyd, 2006). Havuz-
larda yasanan bu siiregler ile ilgili yetistiricilerin
farkindaligimmin son derece diisiik oldugu goriil-
mistlir. Havuzlarin mevcut yapilari, havuz taba-
ninda organik madde birikmesine ve havuzlarda
oksijen sikintis1 yasanmasina neden olmaktadir
(Sekil 2). Ayrica havuzlarin kenarlarinda olusan
toprak kaymalar1 havuzlarin hidrodinamik yapisi-
nin bozulmasina, havuz tabaninda daha ¢ok atik
birikmesine neden olmaktadir. Isletmelerde iire-
tim siire¢lerinde yasanan bu sorunlarin ¢oziimii
igin; toprak kaymalarimi 6nleyecek havuz kenar
yapilari, tabanda biriken organik ¢amuru tahliye
edecek yeni sistemler ve suyu oksijenlendirecek
oksijen sistemleri gelistirilmelidir. Ayrica, havuz-
lardaki su giris ve ¢ikiglarinda iyilestirmeler yapil-
malidir. Havuzlarda biriken organik yiki besin
olarak kullanabilecek yeni turlerin (fitoplankton,
zooplankton gibi) yetistiriciligi arastirtimali ve or-
ganik yiik kaynakli olumsuzluk faydaya doniistii-
rilmelidir. Havuzlarda probiyotik uygulamalari
yapilarak organik yiikiin azaltilmasina yonelik ¢a-
ligmalar yapilmalidir (Cao ve ark., 2007; Li ve
ark., 2011). Toprak havuz isletmelerine entegre
race-way (kanal tipi havuz) ve akuaponik sistem-
ler gibi yeni Uretim sistemleri ilave edilerek Uretim
stirecleri iyilestirilmelidir.
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Sekil 2. Toprak havuz igletmelerinin sorun analizi

Figure 2. Problem analysis of earthen pond facilities

Su sirkiilasyonunu arttiracak ve havuz tabanindan
birikintileri hizli tahliye edecek yeni havuz model-
leri gelistirilmesi halinde, havuz tabaninda biri-
ken ve mikroorganizmalar i¢in dogal besin ortami
olusturan organik yiik azaltilmis olacaktir. Bu da
isletmelerde goriilen hastaliklarin azalmasini sag-
layacaktir. Yeni model havuzlarda su sirkiilasyonu
artacagindan aeratdr kullanimi azaltilacaktir (Se-
kil 2). Ayrica tabanda biriken organik materyaller

toplanabilirse, organik giibre yapiminda ham-
madde olarak ta kullanilabilecektir.

Toprak havuz isletmeleri ile ilgili en 6nemli konu-
lardan biri de 6nemli miktarda yer alt1 suyu kulla-
nilmasidir. Toprak havuz isletmelerinde birim ha-
cimdeki balik stoklama yogunlugunun ¢ok diisiik
olmas1 nedeniyle fazla miktarda yeralt1 suyu kul-
lanilmaktadir. GTHB kayitlarina gore faal toprak
havuz igletmelerinin 8.943,5 ton olan yillik toplam
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iiretim kapasitesi, bu ¢aligmada tespit edilen orta-
lama stok yogunlugu (ortalama 5.36 kg/m®) ve
glinliik su degisimleri (ortalama 1/2 kez) dikkate
alindiginda, bu miktarda {iretimin yapilabilmesi
icin gerekli giinliik su miktari 834.231,5 m® olarak
hesaplanmistir. Yetistiricilik isletmelerinden de-
sarj edilen sularin alic1 ortama etkileri kullanilan
yetistiricilik sistemine ve yetistirilen tiire bagl
olarak farklilik gosterebilmektedir (Tovar ve ark.,
2000). Bu nedenle isletmelerin, yeralt1 suyu re-
zervleri ilizerinde nasil bir etki olusturdugu, suyun
fiziko-kimyasal ozelliklerinde bir degisim mey-
dana gelip gelmedigi ve isletmelerde {iretim sonu-
cunda desarj edilen sularin ¢evresel etkisi arasti-
rilmasi gereken 6nemli konular olarak tespit edil-
mistir.

Su kaynaklart ile ilgili en fazla glindeme gelen ko-
nulardan birisi kullanilan yeralti suyunun tuzlan-
digidir. Yapilan ¢aligmada toprak havuz isletme-
lerinde su kalite parametrelerinin takibinin ge-
nelde denetlemeler ile sinirh oldugu goriilmiistiir.
Isletmelerin %54.4’(inde tuzlulukta degisim olma-
dig1, %19.5’inde azaldigi, %15’inde ise artig ol-
dugu tespit edilmistir. isletmelerin denize olan
uzakliklarina gore beyan ettikleri tuzluluk deger-
leri arasinda bir farklilik tespit edilmemistir
(p>0.05).

Isletmelerden desarj edilen sular DSI tarafindan
acilmus kanallar ile tahliye edilmektedir. Bu kanal-
larda, zaman zaman organik madde miktarinin
fazla olmasi nedeniyle asir1 sazlik artis1 meydana
gelmektedir. Ayrica taban suyu seviyelerinin art-
masi nedeniyle suyun desarj edilmesinde sorunlar
yasanmaktadir. Su seviyelerindeki azalmalar ve su
potansiyelinin belirlenmesi ¢aligmalarindan do-
lay1, DSI tarafindan bolgede yeni isletme ruhsati
verilmesi durdurulmustur (Ercan ve ark., 2012).

Yeralt1 su kaynaklarinin mevcut durumun tespit
edilmesi ve ileriye doniik bir projeksiyon olustu-
rulmas1 gerekmektedir. Isletmeler tarafindan kul-
lanilan yeralt1 suyu kullanim miktarini azaltmak
ve slrdurulebilir kullanabilmek icin Milas Hav-
zasi’nda siirdiiriilebilir olarak ne kadar yeralti
suyu kullanilmasina izin verilebilecegi ile ilgili bi-
limsel arastirilmalar yapilmalidir. Toprak havuz-
larda birim su hacminde daha fazla iiretim yapil-
masini saglamak i¢in mevcut iiretim sistemlerinde
modernizasyonlar yapilmalidir. Havuz tabaninda
ve cikisa yakin yerlerde biriken organik yiikiin
uzaklastirilmast ve suyun oksijenlendirilerek fi-
ziko-kimyasal parametrelerinin iyilestirilmesi ile
ayni suyun belirli oranda tekrar kullanilmas1 sag-

lanmalidir. Yani kismi kapali veya yart agiK Sis-
temler kullanilmalidir. Yeni havuz modellerinin
gelistirilmesi bu sorunun ¢éziimiine katki saglaya-
caktir. Ancak genelde kiiciik aile isletmelerinden
olusan igletmelerin iiretim maliyetlerini artiracak
biiyiik degisimlerin uygulanmasi ve siirdiiriilebi-
lirliklerini tehlikeye sokacak ylksek maliyetli sis-
temlerin kullanilmas1 uygun olmayacaktir.

Ankete katilan kisilerin, %73.2’si isletmelerinde
hedefledikleri stok yogunluguna ulastiklarin1 be-
lirtmislerdir. Isletmelerde ortalama stok yogunlu-
gunun 5.36 +2.93 kg/m?* oldugu goriilmiistiir. Top-
rak havuz isletmelerindeki stok yogunlugunun, ag
kafeslerde balik yetistiriciligindeki stoklama yo-
gunlugunun neredeyse yarisi kadar oldugu tespit
edilmistir (Ercan ve ark, 2012). Bu nedenle, toprak
havuz igletmelerindeki stok yogunlugunun artiril-
masina yonelik yeni ¢calismalarin yapilmasi gerek-
mektedir.

Bu caligmada levrek baligi i¢in tespit edilen kilog-
ram maliyeti 11.41 +1.25 TL, ¢ipura balig1 i¢in
tespit edilen kilogram maliyeti ise 11.49 +1.71 TL
olarak belirlenmistir. Bozoglu ve Ceyhan (2009)
levrek baligi iiretiminde kilogram basina iiretim
maliyetini 11.93 TL (4.77 $ x 2.5 TL/$) olarak
bulmuslardir. Ertekin (2011) toprak havuz islet-
melerinde levregin kilogram maliyetini 7,66 TL,
¢ipuranin kilogram maliyetini ise 7.77 TL olarak
hesaplamstir. Kistin (2011) toprak havuz isletme-
lerinin birim Gretim maliyetini, 8.06 TL/kg olarak
bulmustur. Bu ¢alismada baliklarin birim tiretim
maliyetlerinin Onceki ¢aligmalardan yiiksek bu-
lunmasinin sebebi; yem fiyatlarinin, déviz kuru-
nun ve diger isletme masraflarinin artmasi olarak
diistiniilmiistiir.

Toprak havuz isletmelerinde iiretim maliyetleri,
agirlikli olarak yem ve elektrik maliyetlerinden
olusmaktadir. Isletmelerde levrek icin yem donii-
sim orani (FCR) degeri 1.62 +0.20 ¢ipura i¢in
1.64 £0.16 olarak tespit edilmistir. Bu degerler
Sas1 ve Tuzkaya’nin (2012) bildirdikleri 1.50-1.60
degerleri ile benzerlik gostermektedir. Toprak ha-
vuz isletmelerinde kullanilan yemlerin ortalama
kg fiyatinin 3.7 TL oldugu yapilan goriismelerde
bildirilmistir. Elde edilen FCR degerlerinden yola
¢ikilarak yapilan hesaplamada, 1 kg levrek (400-
600 g/birey) uretmek icin 5.99 TL (2.40 $) yem
maliyeti olustugu belirlenmistir.

Toprak havuz balik¢iliginda, neredeyse tamamen
yeralti suyuna bagl bir tiretim yapilmaktadir (Er-
canve ark., 2012). Bunedenle, isletmelerde yeralti
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suyunu kullanmak i¢in elektrikli su pompalar1 faz-
laca kullanilmaktadir. Ayrica havuzlarda oksijen
miktarini artirmak amaciyla, aeratdr (ylizey hava-
landiricilart) kullaniminin da fazla olmasi nede-
niyle, isletmelerin elektrik maliyetleri artmaktadir.
Yapilan calismada, isletmelerin yillik ortalama
elektrik maliyetleri dikkate alinarak kg basina dii-
sen elektrik maliyeti 2.36 +0.96 TL olarak hesap-
lanmustir. Elektrik maliyetinin azaltilmasi, sarfiya-
tin iki temel unsuru olan aerator kullanimi ve ye-
ralt1 suyu kullanimiin azaltilmasina yonelik ¢a-
ligmalarin yapilmasi ile miimkiin olabilecektir.

Isletmelerde yenilenebilir enerji sistemleri kurula-
rak birim elektrik maliyeti diistiriilebilir ve elekt-
rik maliyetleri azaltilabilir. Ancak bu sistemlerin
kurulum maliyeti yiiksek oldugundan Milas Igsu
Uriinleri Yetistiricileri Uretici Birligi biinyesinde
ortak kullanilabilecek sekilde planlanmasi uygun
olacaktir. Ayrica havuzlara 6zelligini veren toprak
yapist degistirilmeden havuzlara eklenecek taban
camuru tahliye sistemleri, oksijenlendirme sistem-
leri, toprak kaymalarini onleyecek havuz kenar
yapilart eklenerek havuzlarin iyilestirmeleri, ye-
ralt1 suyu kullanimini ve aerator kullanimini azal-
tacagindan isletmelerin elektrik maliyetleri de dii-
secektir.

Isletmelerin %80’inde, kabul edilebilir dogal balik
Oliimlerin disinda da balik 6liimleri goriildiigii be-
lirtilmistir. Bu isletmelerin %27.8’inde oksijen ye-
tersizligi, %91.7’sinde  balik  hastaliklari,
%25’inde teknik uygulama hatas1 nedeniyle balik
Olumleri oldugu goriilmiistiir. Su tiriinleri miihen-
disi galistiran ve galistirmayan isletmeler arasinda,
balik 6liimleri gergeklesmesiyle ilgili bir fark bu-
lunmadig goriilmiistiir (p>0.05). Bu durumun te-
mel sorun olan toprak havuz yapilarindan kaynak-
landig1 ve miihendislerin bu duruma miidahale
edebilecek imkanlarinin olmamasmdan kaynak-
landi81 diistintilmiistiir.

Yavru balik temini ile ilgili bir sorun yasanip ya-
sanmadig1 soruldugunda, katilimcilarm %44.4°U
kuluckahanelerden yem almayan veya sagliksiz
yavru balik geldigini belirtmistir. Yavru balik te-
mininde yasanan sorunlarla ilgili farkindaliklar
sorgulandiginda, mithendis calistiran ya da danis-
manlik hizmeti alan isletmeler ile diger isletmeler
arasinda farklilik bulunmustur (p<0.05). Mihen-
dis galigtirmayan ya da danigmanlik hizmeti alma-
yan igletmelerin, yasanan bu sorunun farkinda ol-
madiklari tespit edilmistir. Katilimcilarin, %84.8’i
yetistiricilik teknikleri konularinda yeterli teknik
bilgi ve beceriye sahip olduklarini ifade etmisler-
dir. Isletmelerde iiretim ile ilgili yeterli teknik

bilgi ve beceriye sahip olduklarini diisiinmelerine
karsin bu isletmelerin iiretim ve pazarlama agsama-
larinda bir¢ok sorun yasadiklari tespit edilmistir.
Yasanan bu durum ile ilgili isletmelerin farkinda-
liginin diisiik oldugu anlasilmaktadir.

Isletmelerde tretim streclerinin iyi yonetilebil-
mesi ve uzun siireli planlarin yapilabilmesi igin ¢a-
lisanlarin mesleki kapasiteleri artirilmalidir. Top-
rak havuz igletmelerinde genel olarak ge¢misten
gelen tecriibelerle geleneksel balik yetistiriciligi
yontemleri kullanildig1 goriilmiistiir. Isletmelerin,
yetistiricilik siireglerini planlama ve yonetme ko-
nusunda yetersiz oldugu anlagilmistir. Ayrica top-
rak havuz balik¢iligi isletmelerinde, genellikle
uzun siireli planlamalarin yapilamadigi bunun ne-
ticesinde, 6zellikle tiriinlerin pazara sunulmasinda
sorunlar yasandig1 tespit edilmistir. Isletmelerde
tretim streclerinin iyi yonetilebilmesi, uzun sureli
planlarin yapilabilmesi ve uygulanabilmesi igin
caligan personele ve igletme sahiplerine yonetim-
organizasyon egitimleri verilmelidir. Modern (re-
tim teknikleri ve liretim planlama konularinda, ¢a-
lisanlarin mesleki kapasitelerini artirmaya yonelik
egitimler verilmelidir. Uretim siirecinde yasanan
aksakliklarm giderilmesi i¢in Universite-Sektor
igbirligine dayanan projeler yapilmali ve {iniver-
site ile sektor arasinda bilgi paylagimi zemini olus-
turulmalidir. Bu zeminde, Gida Tarim Hayvanci-
lik 11 ve Ilge teskilatlar1 aktif rol oynamalidirlar.

Ayrica, toprak havuz igletmeleri ¢ogunlukla kiigiik
aile isletmesi oldugundan su iriinleri miihendisi
calistiramamaktadir. Bu nedenle, bu isletmelere
Uretici Birliginin istihdam edecegi su iiriinleri mii-
hendisleriyle miihendislik destegi verilmesi, bu
sorunlarin ¢6ziimiine 6nemli katki saglayacaktir.

Pazarlama Sorunlari ve Coziim Onerileri

Toprak havuz isletmelerinin buyik bir béluminu
kiigiik dlgekli aile igletmeleri olusmaktadir. Bu ne-
denle isletmeler, iiriiniin liretiminden pazarlanma-
sina kadar olan siirecte bir¢ok dezavantaj yasa-
makta ve iiriinlerini uygun sartlarda ve fiyatlarda
pazarlayamamaktadirlar (Yilmaz ve ark., 2009).
Bu calismada, iireticilerin %82.6’sinin pazarlama
sorunu yasadiklart anlagilmigtir. Koymenoglu
(2013), pazar asamasinda sorun yasayan isletme-
lerin oranin1 %46 olarak tespit etmistir. Bu calis-
mada ise bu deger ¢ok daha yiiksek bulunmustur.
Sattiklar iiriinlerin parasinin tahsil edilememesi,
balik satisinda siirekliligin olmamasi, balik fiyati-
nin diisiik olmas1 ve bazi isletmelerin kredi borg-
larin1 6deyebilmek igin fiyat diisiirmesi yasanan
pazarlama sorunlar1 olarak belirlenmistir. Maddi
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giicii olan igletmelerin bu sorunlarla daha kolay
miicadele edebildikleri ve pazarin durumuna gore
hareket ettikleri anlasilmistir. Yasanan pazar soru-
nunun ¢ézimii igin Milas Toprak Havuz Uretici-
leri Birligi daha etkin hale getirilmeli, balik satis
yeri, soguk hava tesisi ve paketleme tesisi kurul-
mali, ortak pazarlama stratejisi uygulanarak tireti-
ciler arasinda fiyat istikrar1 olusturulmalidir. Islet-
meler tarafindan iiretilen baliklar Uretici Birligi
aracilig1 ile yurti¢i ve yurt dis1 pazara satilmalidir.
Isletmelerde sportif balik¢ilik yontemleri uygula-
narak alternatif turizm faaliyetleri gelistirilmeli ve
tireticinin baligini yiiksek fiyattan satabilecegi ze-
minler olusturulmalidir. Ayrica Uretici Birligi,
toprak havuz baligin1 ve balik¢iligini tanitmak igin
reklam ¢aligmalar1 yapmalidir.

Toprak havuz isletmelerinde bir {iretim periyodu
16-18 ay siirmektedir. Baz1 isletmelerde bu siire
20 ayin tizerine ¢ikabilmektedir. Kredi geri 6deme
zamani, bir {iretim periyodu tamamlanmadan gel-
diginden, isletmeciler baliklarini satis boyuna gel-
Mmeden satmak zorunda kalmaktadir. Bu durum, is-
letmelerin zarar etmesine, piyasada balik fiyatlari-
nin diismesine ve dolayisiyla da diger isletmelerin
de balik satig fiyatlarinin asag1 ¢ekilmesine neden
olmaktadir. Bu nedenle isletmelere saglanan {ire-
tici kredilerinin geri 6deme vadeleri, Uretim sure-
cine uygun hale getirilmelidir.

Katilmcilarin Siirdiiriilebilir Yetistiricilik
Hakkinda Tutum ve Farkindaliklar:

Toprak havuz igletmesi sahiplerinin ve ¢alisanla-
rinin, siirdiiriilebilir yetistiriciligin temeli olan ko-
nularla ilgili farkindaliklarini ve tutumlarint or-
taya koymak amaciyla da katilimecilara sorular yo-
neltilmistir. Katilimeilarin bu sorulara vermis ol-
duklart yanitlar Tablo 4’de verilmistir.

Anket caligmasina katilanlarin %97.8’i yenilikci
ve teknolojik yatirimlar ile toprak havuz isletme-
lerinin daha karli bir hale getirilebilecegine inan-
maktadir (Tablo 4). Bu konuda farkindaligin ol-
dukea yiiksek oldugu goriilmiistiir. Mevcut gele-
neksel yontemlerin iyilestirilmesi ve yeni model-
lerin uygulanmasi1 amaciyla yapilacak ¢aligmala-
r1in, isletmeler tarafindan sahiplenilecegi dngoriil-
mektedir.

Toprak havuz isletmelerinin siirdiiriilebilirligine
katki saglayacak ¢alismalar1 yapacak iiniversite-
lerle iletisimin artmasi gerektigini distinenlerin
orani %93.4 olmustur (Tablo 4). Bu baglamda,
iiniversite sanayi isbirliginin artirilmasi ve sekto-
riin Onceliklerine yonelik yapilacak caligmalara
hiz verilmesi gerektigi ortaya ¢ikmaktadir.

Katilmcilarin Gelecege Yonelik Endiseleri ve
Ihtiya¢ Duyduklar1 Ar-Ge Calismalari

Uretim maliyetlerinin yiilksek olmasi (%32), pa-
zarlama sorunu yasanmasi (%30) ve balik hasta-
liklar1 (%22), toprak havuz isletmelerini tehdit
eden temel sorunlar olarak algilanmaktadir. Top-
rak havuz igletmelerinde sorunlarin ¢6ziillememesi
halinde birgok isletmenin kapanacagi yapilan go-
rismelerde katilimcilar tarafindan dile getirilmis-
tir. Kdymenoglu’da (2013) benzer olarak, orta ve
uzun vadede birgok isletmenin faaliyetini durdur-
mak veya kapatmak istedigini tespit etmistir. Bu
nedenle, toprak havuz isletmelerinin sorunlarimin
¢Ozumune yonelik gergeklestirilecek caligmalar
bu isletmelerin siirdiiriilebilirligi i¢in ¢cok dnemli-
dir. Ayrica tarima elverisli alanlarda mevcut sis-
temle galisacak yeni toprak havuz igletmeleri agil-
masina izin verilmemelidir. Ancak modern iiretim
sistemleri ve uygulamalariyla gelecekte toprak ha-
vuz isletmelerinin yayginlastirilmasi saglanabilir.

Toprak havuz isletmelerinde ihtiya¢ duyulan Ar-
Ge calismalart ile ilgili olarak katilimcilarin
%52’si isletmelerin elektrik maliyetini diislirmeye
yonelik, %30’u ise yem maliyetini diisiirmeye yo-
nelik ¢aligmalara ihtiya¢ duyduklarini belirtmistir.
Bunun disinda katilimeilarin %22’si yeni tiirlerin
yetistiriciligi ile ilgili Ar-Ge ¢aligmalarinin yapil-
masi gerektigini belirtmistir.

Sonug

Yapilan ¢aligmanin sonunda, Milas il¢esinde
toprak havuzlarda deniz baliklar yetistiren is-
letmelerde; pazarlama sorunu, Gretim maliyet-
lerinin yiiksekligi, havuzlardaki suyun oksi-
jenindeki yetersizlik, balik hastaliklariyla bag
edememe, kullanilan yeralti suyu miktar1 ve
stirdiiriilebilirligi konusundaki belirsizlik 6n
plana ¢ikan sorunlar olarak tespit edilmistir.
Yasanan bu sorunlarin ¢oziilmesi, isletmelerin
stirdiiriilebilirliginin saglanmasi i¢in oldukca
onemlidir.

Su irilinleri yetistiricilik sektoriiniin kirsal
alanlarda gelismesinin sosyal yapiya birgok
olumlu etkisi bulunmaktadir. Gelismekte olan
iilkelerde kiiciik 6lcekli yetistiricilik isletme-
leri, kirsal alanda is imkanlar1 saglayarak bu-
ralardaki niifus yogunlugunun siirdiirtiilebilir-
ligini saglamakta ve kirsaldan sehre gogii
azaltmaktadir (Pillay, 1993; Shakouri ve
Yazdi, 2012).
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Gelecekte, artan niifusun besin ihtiyacinin karsila-
nabilmesinde, su {iriinleri yetistiriciliginden elde
edilen tiriinlerin 6nemli yer tutacagi 6n goriilmek-
tedir. Bircok Akdeniz ilkesinde lretimi denen-
mekte olan tirlerin, Ulkemizde ticari olarak yetis-
tiriliyor olmasi iilkemizin bélgede daha etkin hale

gelmesini saglayacak dnemli bir gelismedir (OIK
Raporu, 2014). Ulkemiz su iiriinleri yetistiriciligi
sektortnun istenilen yere gelebilmesi icin var olan
yetistiricilik sistemlerinin stirdiiriilebilir bir se-
kilde yonetilmesi ve bununla ilgili gerekli 6nlem-
lerin alinmasi gerekmektedir.

Tablo 4. Katilimeilarin tutum sorularina verdikleri yanitlar

Table 4. Participants answers to the attitude survey questions

E| E | = £
E| E |52 2 |=:
=5 = g 9 5) = o
SE| E |22 & |£%5
Isletmemizde iiretim ve faaliyet planlamalari N=4 | N=6 | N=5 | N=13 | N=18
yeterli diizeyde yapilmaktadir. %8.7 | %13 | %10.9 | %28.3 | %39.1
Planlamalarda miihendislerin goriisleri dikkate N=3 | N=3 | N=9 | N=13 | N=16
alimmaktadir. %6.7 | %6.7 | %20 | %28.9 | %35.6
Universitelerle daha fazla iletisim i¢inde N=0 | N=1 | N=1 | N=10 | N=33
olmamiz gerektigini diisliniiyorum. %0 | %22 | %22 | %21.7 | %71.7
Toprak havuz isletmeleri yenilik¢i ve teknolojik : : 3 : :
yatirimlar ile daha karl bir hale getirilebilir. N=0 | N=0 | N=1 | N=15 N=30
%0 %0 | %2.2 | %32.6 | %65.2
Toprak havuz isletm'el'erindg kap:':ls.ite artirimina | N=21 | N=3 | N=5 | N=9 | N=6
Ve yeni basvurulara izin verilmelidir. %45.7 | %6.5 | 9%10.9 | %19.6 | %413.0
Yetistiricilik isletmelerinde is¢i olarak : : B 3 B
calisabilmek i¢in mesleki egitim mutlaka N=1 | N=4 | N=4 ) N=19 | N=17
Py %2.2 | %8.7 | %8.7 | %41.3 | %37.0
gereklidir.
Toprak havuz isletmeleri ¢calisma sistemleri,
cevresel etkileri ve iiriin kaliteleri konularinda N=8 | N=0 | N=6 | N=15| N=17
halki yeterince bilgilendiremiyorlar. %17.4| %0 | %13.0| %32.6 | %37.0
Cevreciler, toprak havuz igletmelerini ¢evresel N=4 | N=1 | N=3 | N=9 | N=26
etki yoniinden hakkaniyetli degerlendirmiyorlar. | 948.9 | %2.2 | %6.7 | %20.0 | %57.8
Toprak havuz balik¢iliginin devamu i¢in toprak _ _ B B B
havuz isletmeleri olarak iizerimize diisen N=0 | N=1 1 N=1 ) N=7 | N=37
sorumlulugu almaliyiz. %0 | %2.2 | %2.2 | %15.2 | %80.4
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Sonug olarak; su iirlinleri yetistiriciligi sektoriiniin
Ooneminin her gegen giin arttig1 diinyada, potansi-
yeli olan tilkeler su iirlinleri yetistiriciligi alaninda
yapmis olduklar1 yatirimlar1 daha da artirmak i¢in
planlamalar yapmaktadirlar. Ulkemizin de sektor-
deki yerini korumasi ve daha da iyilestirmesi igin
mevcut Uretimin siirdiiriilebilirligi saglanmali ve
iyi bir planlama yapilarak yeni firsat alanlar1 olus-
turulmalidir. Mugla ili Milas Ilgesi’nde, tarimsal
alanlarin verimsizlegsmesi sonucu ortaya c¢ikan
toprak havuz isletmelerinin sorunlariin ¢6ziimii
icin gerekli ¢alismalarin baslatilmasi ve ihtiyag
duyulan modernizasyonlarin yapilmasi, bu islet-
melerin siirdiiriilebilirligi i¢in oldukca 6nemlidir.

Tesekkiir

Bu calismaya katkilarindan dolay1r Milas Igsu
Uriinleri Yetistiricileri Uretici Birligi’ne ve toprak
havuz igletmesi sahiplerine tesekkiir ederiz.

Kaynaklar

Beveridge, M.C.M., Phillips, M.J. & Macintosh,
D.J. (1997). Aquaculture and the environ-
ment: the supply of and demand for envi-
ronmental goods and services by Asian aqu-
aculture and the implications for sustainabi-
lity. Aquaculture Research, 28, 797-807.

Boyd, C.E. (1995). Bottomsoils, Sediment and
Pond Aquaculture. Chapman and Hall, New
York City.

Bozoglu, M. & Ceyhan, V. (2009). Energy con-
version efficiency of trout and seabass pro-
duction in the Black Sea, Turkey. Energy,
34(2), 199-204.

Cao, L., Wang, W.M,, Yang, C.T., Yang, Y., Ja-
mes, D., Luo, Z. & Li, D.P. (2007). Appli-
cation of microbial phytase in fish feed.
Enzyme Microbial Technology, 40(4), 497-
507.

Ercan, E., Sunar, M.C. & Baser, K. (2012). Toprak
Havuzlarda Deniz Baliklan Yetistiriciligi;
Gelisimi ve Sorunlar1. Su Uriinleri Miihen-
disleri Dernegi Dergisi, 50, 54-59.

Ertekin, H. (2011). Levrek Baligi (Dicentrarchus
labrax) Toprak ve Kafes Isletmeleri Karsi-
lastirmali Ekonomik Analizi. Yiiksek Lisans
Tezi, Selguk Universitesi, Konya.

FAO (2013). FAO's role in aquaculture: Aquacul-
ture development. FAO (Food and Agricul-
ture Organization of the United Nations

http://www.fao.org/aquaculture/en/ (Erisim
Tarihi: 12.02.2013)

Goel, V., Garg, A. & Garg, A. (2008). Biotechno-
logy and Aquaculture Industry in India: A
Sustainable Approach. The Icfai University
Journal of Environmental Law, 7(3), 8-18.

Goodland, R. & Daly, H. (1996). Environmental
Sustainability: Universal and Non-negoti-
able. Ecological Applications, 6(4), 1002-
1017.

GTHB (2015). Su Uriinleri Istatistikleri. Mugla il
Gida Tarim ve Hayvancihik Midirligi,
http://mugla.tarim.gov.tr/Menu/48/Tarim-
sal-Uretim-Degerleri (Erisim  Tarihi:
08.03.2015)

Giillii, K. (2012). Mugla ili Su Uriinleri Sektorii-
nin Mevcut Durumu. Mugla Ekonomi Der-
gisi, 2, 76-77.

Kistin, F. (2011). Toprak Havuzlarda Cipura-Lev-
rek Yetistiriciligi Yapan Isletmelerin Eko-
nomik Analizi: Mugla Ili Milas Ilcesi Or-
negi. Yiksek Lisans Tezi, Akdeniz Univer-
sitesi, Antalya.

Kdéymenoglu, A. (2013). Milas ligesinde (Mugla
1li), Toprak Havuzlarda Deniz Baligi Yetis-
tiriciligi Yapan Isletmelerin, Bazi Su Kali-
tesi Parametreleri Ile Yapisal Analizleri
Uzerine Bir Calisma. Yiiksek Lisans Tezi,
Mugla Sitk1 Kogman Universitesi, Mugla.

Li, X, Li,J., Wang, Y., Fu, L.,Fu, Y, Li,B. &
Jiao B. (2011). Agquaculture Industry in
China: Current State, Challenges, and Out-
look. Reviews in Fisheries Science, 19(3),
187-200.

Nobre, A.M., Musango, J.K., Wit, M.P.D & Fer-
reira, J.G. (2009). A dynamic ecological-
economic modeling approach for aquacul-
ture management. Ecological Economics,
68, 3007-3017.

OIK Raporu (2014). Su Uriinleri Ozel htisas Ko-
misyonu Raporu. T. C. Kalkinma Bakanlig1
Onuncu Kalkinma Planm1 (2014-2018), An-
kara, 80 s.

Ozdamar, K. (2011). Paket Programlar ile Istatis-
tiksel Veri Analizi 1., 8. Baski, Kaan Kita-
bevi.

Ozerdem, F. (2012). Avrupa Birligi ve Kalkinma
Ajanslarina Yénelik Proje Hazirlama Reh-
beri, Kriter Yaynlari.



http://www.fao.org/aquaculture/en/
http://mugla.tarim.gov.tr/Menu/48/Tarimsal-Uretim-Degerleri
http://mugla.tarim.gov.tr/Menu/48/Tarimsal-Uretim-Degerleri

Journal of Aquaculture Engineering and Fisheries Research, 3(3): 128-140 (2017)

Journal abbreviation: J Aquacult Eng Fish Res

Pillay, T.V.R. (1993). Aquaculture principles and
practices. Fishing News Books, USA.

Serpa, D., Falcao, M., Pousao-Ferreira, P., Vi-
cente, M. & Carvalho, S. (2007). Geoche-
mical changes in white seabream (Diplodus
sargus) earth ponds during a production
cycle. Aguaculture Research, 38, 1619-
1626.

Shakouri, B. & Yazdi, S.K. (2012). The Sustai-
nable Marine Aquaculture. Advances in En-
vironmental Biology, 6(1), 18-23.

Sasi, H. & Tuzkaya, T. (2012). Giiney Ege Bolgesi
Savran Mevkii’'nde (Milas-Mugla) Balik
Yetistiriciligi Yapilan Sularin Baz1 Fiziko-
Kimyasal Ozellikleri ve Yetistiricilik Faali-
yetlerinin Incelenmesi. Egirdir Su Uriinleri
Fakultesi Dergisi, 8(2), 25-37.

Tovar, A., Moreno, C., Manuel-Vez, M.P. & Gar-
cia-Vargas, M. (2000). Environmental Imp-
lications of Intensive Marine Aquaculture
in Earthen Ponds. Marine Pollution Bulle-
tin, 40(11), 981-988.

TUIK (2017). Su Uriinleri Istatistikleri. Tiirkiye
Istatistik Kurumu Resmi Istatistikleri An-
kara. https://biruni.tuik.gov.tr/medas/ (Eri-
sim Tarihi: 12.01.2017)

Xinglong, J. & Boyd, C.E. (2006). Relationship
between organic carbon concentration and
potential pond bottom soil respiration. Aqu-
acultural Engineering, 35, 147-151.

Yilmaz, S., Erdilal, R. & Kebapg¢ioglu, T. (2009).
Su Uriinleri Sektériindeki Ekonomik Orga-
nizasyonlardan Uretici Birlikleri. Akdeniz
Universitesi  Ziraat Fakiltesi Dergisi,
22(2), 223-232.



https://biruni.tuik.gov.tr/medas/

3(3): 141-150 (2017)

doi: 10.3153/JAEFR17017

Journal of

Aquaculture Engineering and Fisheries Research

E-ISSN 2149-0236

ORIGINAL ARTICLE/ORIJINAL CALISMA

FULL PAPER

TAM MAKALE

MERSIN KORFEZI’'NDE AVLANAN BALIK TURLERINDEKI

AGIR METAL DUZEYLERI

1 ORCID ID: 0000-0002-8114-350X 3 ORCID ID: 0000-0001-6049-7213
Fahri Karayakar , Oguz Bavbek ,

Bed” ClClk ORCID ID: 0000-0003-3982-9943

Mersin Universitesi Su Uriinleri Fakiiltesi Yenigehir, Mersin, Turkiye

Received: 12.01.2017
Accepted: 18.04.2017
Published online: 18.06.2017

Corresponding author:

Fahri KARAYAKAR, Mersin Universitesi Su Uriin-
leri Fakiiltesi Yenisehir, Mersin, TUrkiye

E-mail: fkarayakar@mersin.edu.tr

Oz:

Bu arastirmada Mersin Korfezinden 6rneklenen, tiike-
time sunulan ve ekonomik 6neme sahip Scomber japo-
nicus, Caranx rhoncus, Pegusa lascaris tirlerinin so-
lungag, karaciger, bobrek, dalak ve kas dokularindaki
Zn, Cu, Pb ve Cd duzeylerinin belirlenmesi amaglan-
mistir. Doku metal diizeylerinin belirlenmesinde Ato-
mik Absorbsiyon Spektrofotometrik yontem uygulan-
mistir. Incelenen metal diizeyleri dokulara, metale,
mevsime ve yasam alanlarina bagl olarak degisim gos-
termistir. Zn i¢in en yiiksek diizey dalak, Cu ve Cd igin
karaciger, Pb igin ise Solunga¢ dokusunda olurken, en
diisiik birikimin kas dokusunda oldugu belirlenmistir.
S6z konusu tiirlerin kas dokusunda incelenen metal du-
zeyleri insan tiikketimi i¢in ¢ok diisiik oldugundan, Tiirk
Gida Kodeks’ine gore kabul edilebilir duzeylerde ol-
dugu saptanmuistir.

Keywords: Agir Metal, Balik, Doku, Mersin Korfezi,
Mevsim, Scomber japonicus, Caranx
rhoncus, Pegusa lascaris

Abstract:

HEAVY METAL CONCENTRATIONS IN FISH
SPECIES CAPTURED IN MERSIN BAY

In this study we aimed to determine of heavy metal le-
vels in gills, liver, kidney, spleen and muscle tissues of
various fish species, Scomber japonicus, Caranx rhon-
cus, Pegusa lascaris, consumed as nutrients and samp-
led from Mersin Bay. These species of fish were chosen
since they have high economic value and consumed as
a protein source. Levels of Cd, Cr, Cu, Pb and Zn in the
tissues were determined using atomic absorption tech-
niques. Heavy metal concentrations in sampled fish
changed with different tissues, metals, seasons and ha-
bitat. The highest accumulation rate of Zn was observed
in spleen tissue whereas Cu were found to be accumu-
lated highest in liver tissue samples. In addition it was
observed that Cd was mainly accumulated in liver tis-
sue whereas Pb was detected in gill tissue samples. Me-
tal levels investigated in muscle tissue of the species are
very low for human consumption, it has been determi-
ned that they are acceptable levels according to the Tur-
kish Food Codex.

Keywords: Heavy metals, Fish, Tissue, Mersin Bay,
Seasons, Scomber japonicus, Caranx

rhoncus, Pegusa lascaris
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Giris

Su ortamlari, insanlar tarafindan sinirsiz kapasite-
deki atik bolgeleri olarak goriilmektedir. Agir me-
taller, su ortamina riizgar, toprak erozyonu ve vol-
kanik aktiviteler gibi dogal olaylar sonucu katila-
bildigi gibi, glinlimiizde endiistri kollarinda yay-
gin bir sekilde kullanimiyla, endiistriyel, tarimsal
ve evsel atik sularla da katilmakta sonugta sucul
ortamlarda kirliligin artmasina neden olmaktadir-
lar (Fergusson, 1990; Gregory vd, 2002; Taylan ve
Ozkog, 2007).

Bakir (Cu), ¢inko (Zn) ve demir (Fe) gibi agir me-
taller, organizmalar tarafindan yasamsal olaylar
icin belirli diizeylerde kullanilirken, metabolik
olaylarda islevleri olmadig1 bilinen civa (Hg),
kadmiyum (Cd) ve kursun (Pb) belirtilen kaynak-
lardan sucul ortamlara katilmaktadir. Anilan me-
tallerin yiiksek derisimleri sucul organizmalarda
toplu dliimlere ve habitat degisimine neden olur-
ken, diisiik derisimleri cesitli yollarla viicuda ali-
narak, metabolik, fizyolojik ve patolojik degisim-
lere, doku ve organlarda birikime, besin zinciri
aracilifi ile artan derisimlerde iist trofik diizeylere
iletilerek hiicresel veya molekiiler diizeyde yapisal
ve islevsel bozukluklara sonugta mortaliteye ne-
den olurlar (Hilmy vd, 1985; De Conto- Cinier vd,
1999; Odzak vd, 2000).

Agir metaller, baliklar tarafindan su, besin, solun-
gaglar ve tim viicut yiizeyinden absorbsiyon yolu
ile ortamdan viicuda alinsa da, alinim yoluna baglh
olmaksizin baglica karaciger, solungag, dalak ve
bobrek gibi metabolik bakimdan aktif olan doku
ve organlarda birikirler (Heath, 1995).

Bakir, yiizey sularinda ve yerkabugunda bol bulu-
nan, hayvansal organizmalarda metabolik olay-
larda islev goren bir¢ok enzimin kofaktorii olarak
biyolojik 6neme sahip bir iz elementtir. Bakir,
giinliik yasamda kullanilan evsel ve endiistriyel
tirtinlerin liretiminde, tarimsal giibre ve pestisitle-
rin bilesiminde yaygin bir sekilde kullanilmakta-
dir. Bakir toksisitesi karaciger ve bobrekte nekro-
zise ve solungaglarda hasara neden olabilir (Wata-
nabe vd, 1997). Kanal yayin baliginda bakirin
yuksek duizeyleri, biiyiime de yavaslamaya (Murai
vd, 1981), eksikliginde ise karacigerde Cu-Zn su-
peroksit dismutaz ve kalpte sitokrom ¢ oksidaz ak-
tivitelerini (Gatlin ve Wilson, 1986) etkiledigi bil-
dirilmistir.

Cinko bilesikleri, insektisit, fungisit, tekstil bo-
yama, termoelektrik cihazlar ve plastik Gretimi
gibi sanayinin bir¢ok alaninda yaygin bir sekilde
kullanilmaktadir (WHO, 2001). Cinko, alkalin

fosfataz, alkol dehidrogenaz ve karbonik anhidraz
gibi yaklagik 20 metalloenzimin yapisal bir bile-
seni olup, kofaktdr olarak islev gormektedir.
Cinko eksikliginin, gokkusagi alabaliginda biiyii-
mede yavaslama ve gecikmeye, deri ve yiizgeg-
lerde agimmaya neden oldugu bildirilmistir. Ayni
zamanda cinko eksikligi, olas1 karboksipeptidaz
aktivitesini azalttig1 i¢in, protein ve karbonhidrat
sindirimini de distirdigii gézlenmistir (Watanabe
vd, 1997).

Kursun, toksik etkili bir metal olup, 6zellikle kur-
sun-pil iretimi, cevherlerin aritimi, kaplama is-
lemleri, kimya ve giibre sanayinde son derece kul-
lanigh fiziksel ve kimyasal 6zelliklere sahip bir
metaldir (Ahmed ve Bibi, 2010; Victor vd, 2012).
Kursun, insanda 6zellikle merkezi sinir sistemi,
iireme organlari, bobrek ve bagisiklik sistemini
olumsuz ydnde etkileyen olduk¢a 6nemli cevresel
bir kirleticidir. Kursunun kadinlarda infertiliteye,
diisiige, gebelikte yiiksek tansiyon ve erken do-
guma neden oldugu belirlenmistir (Winder, 1993).

Kadmiyum, dogada cevher halinde bulunmayip,
¢inko ve diger metallerin ekstraksiyon iiriinii ola-
rak ortaya cikar ve baslica kimyasal stabilizatdr,
metal kaplama, pil ve pigment Uretiminde kulla-
nilmaktadir. Kadmiyum, organizmalarda karsino-
jenik, teratojenik bir etkiye sahip olup, endokrin
ve iireme sistemi iizerine toksik etkili oldugu be-
lirlenmistir (Coles vd, 1995; Zelikoff vd, 1995).

Balik, genellikle besin zincirinin en iist halkasinda
yer alan, sucul Kirleticilere yiksek oranda maruz
kalan ve insan tiiketimi i¢in de énemli olan bir be-
sin kaynagidir. Bu baglamda yapilan arastirmada
ekonomik 6neme sahip ve protein kaynagi olarak
tiketilen Scomber japonicus (pelajik), Caranx
rhonchus (bentopelajik), Pegusa lascaris (bentik)
tirleri kullanilmistir. S.  japonicus (Houttuyn,
1782), kolyoz olarak bilinen pelajik bir tir olup,
0-300 m derinliklerde yasar. Boy gruplar itiba-
riyla siirti olusturur. Siirii diger pelajik tiirlerle ka-
risik olabilir. Giin boyunca kiyiya yakin yerlerde
kalir, geceleri ise agik sulara gider ve oralarda ba-
lik, kalamar, kopepod ve diger kabuklularla besle-
nirler. C. rhonchus (Geoffroy Saint-Hilarie,
1817), istavrit olarak adlandirilan, taban (stiinde
askida ve su kolonunda dolasan, siirii olusturan,
bentopelajik bir balik tiirii olup 60 cm boy ve 1 kg
agirlikta olabilirler. Ticari 6neme sahip olup, 30-
200 m derinliklerde yasarlar. Kiigiikk balik ve
omurgasizlarla beslenirler. P. lascaris (Risso,
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1810), bentik bir tiir olup, dil balig1 olarak adlan-
dirilir. Cakalli ve ¢amurlu kesimlerde 5-350 m de-
rinliklerde yayilim gdsteren bu tiiriin boyu 45-48
cm kadar olabilir. Cogunlukla kiigiik bivalvlerle
beslenip, amfipod, dekapod, karides ve poliketler
gibi kabuklular da besinini olusturmaktadir (Whi-
tehead vd. 1984).

Mersin ili Dogu Akdeniz kiy1 seridinde yer alan,
dogusunda ¢imento, cam, soda, krom, giibre sa-
nayi, kauguk, cam yiinii, su bazli polimer tretimi
gibi endiistriyel aktivitelerin yogun oldugu, aym
zamanda tarimsal faaliyetlerin yiiriitiildiigii, liman
ve serbest bolgenin de yer almasi nedeniyle deniz
trafiginin yogun oldugu, batisinda ise tarimsal ak-
tivitelerin yani sira dinlenme ve turizm amagl te-
sislerin yogun oldugu bir yerlesim bolgesidir. Ani-
lan kirlilik kayanaklarmin etkisinde kalan Mersin
Korfezi’'nde pek ¢ok arastirma yapilmistir (Ayas
vd. 2009; Kalay vd, 2004; Karayakar vd, 2010).

Dogal kosullar altinda yiiriitiilen bu aragtirmada,
genelde evsel, endiistriyel ve tarimsal aktiviteler-
den kaynaklanan atiklarin dogrudan ya da dolayh
etkisinde kalan sularda yasayan, bolgede protein
kaynag olarak yaygin bir sekilde tiiketilen, eko-
nomik 6neme sahip balik tiirlerinin, doku ve or-
ganlarinda bakir, ¢inko, kadmiyum ve kursun gibi
eser ve toksik metallerin diizeylerinin belirlenmesi
amaglanmustir.

Materyal ve Metot

Arastirmada materyal olarak S. japonicus, C.
rhonchus, P. lascaris tiirleri kullanilmis, tirlerin
seciminde ekonomik énemlerinin yani sira su ko-
lonundaki yasam alanlarindaki farklilik da dikkate
alinmustir.

Berdan

Sekil 1. Caligma Alanmin Haritas1 (Mersin Korfezi)

Figure 1. Map of the study area (Mersin Gulf)

Orneklemeler 2012 Aralik - 2013 Kasim aylart
arasinda trol avcilif1 yapan teknelerle Berdan -
Karaduvar (36° 39’ 23”7 K-034° 35’ 54”D / 36° 35’
19”7 K-034° 51° 01”D) (Sekil 1.) arasim igeren
bolgeden aylik olarak yapilmis, mevsimsel olarak
degerlendirilmistir. Bu bolgenin se¢iminde sanayi,
evsel ve tarimsal aktivitelerinin etkin olmasi dik-
kate alinmistir.

Belirtilen tlrlerin her birinden 15 6rnek alinip, so-
guk zincir igerisinde Mersin Universitesi Su Uriin-
leri Fakiiltesi Temel Bilimler arastirma laboratu-
varina getirilmistir. Baliklarda agir metal birikimi
boy ve agirliga baglh olarak degisim gosterdigin-
den (Canli ve Ath, 2003), 6rneklerin her birinin
morfometrik 6l¢iimleri yapilmis, metal analizinde
kullanilacak doku ve organlar baliklardan ayr1 ayri
disekte edilmistir.

Solungag, karaciger, bobrek, dalak ve kas dokula-
rindaki Cu, Zn, Cd ve Pb diizeylerinin belirlenme-
sinde Spektrofotometrik yontem kullanilmustir.
Bu amacla disekte edilen doku drnekleri petri kap-
larina konulmus ve 105°C ayarl etiivde 72 saat
siire ile bekletilerek sabit tartima getirilmistir.
Doku 6rneklerinin kuru agirliklar belirlendikten
sonra, deney tlplerine aktarilms, tizerlerine nitrik
(HNO3, %65, O.A.: 1.40, Merck) ve perklorik asit
(HCIO4, %60, O.A.:1.53, Merck) karisimi (2:1
v/v) eklenerek 8 saat suire ile 120°C’lik hotplate’de
yakilmistir (Muramoto, 1983). Yakma iglemi ta-
mamlanan 6rnekler, polietilen tiiplere aktarilarak,
toplam hacim deiyonize su ile 10 mL’ye tamamla-
narak analize hazir duruma getirilmistir. Ornekler-
deki agir metal derigimleri Agilent 7500ce model
ICP-MS (Indiiktif olarak Eslestirilmis Plazma-
Kiitle Spektrometresi) ile saptanmistir. Deney ve-
rilerinin istatistiksel analizinde SNK (Student
Newman Keul’s) testi uygulanmustir.
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Bulgular ve Tartisma

Bu arastirmada, ornekleme istasyonundan elde
edilen baliklarin ortalama boy ve agirliklari (Tablo
1) ile suyun fiziksel ve kimyasal 6zellikleri (Tablo
2) belirlenmis, elde edilen veriler cizelgelerde
gosterilmistir.

Berdan-Karaduvar bélgesinden elde edilen ve su
kolonundaki yasam alanlar1 farkli tiirlerle mev-
simsel olarak ytiriitiilen bu arastirmada, metallere
bagh olarak, incelenen dokular ve tiirler arasin-
daki farkliliklarin istatistiksel analiz sonuglari
Tablo 3-6’da sunulmustur.

Bakir diizeyi bakimindan incelenen dokularda,
tiim mevsimlerde en yiiksek birikim karaciger do-
kusunda olurken, en diisiik birikimin ise kas doku-
sunda oldugu belirlenmistir. Yasam alanlarina
gore incelendiginde ise sonbahar mevsimi diginda
en yuksek birikimin bentik tiirde oldugu gozlen-
mistir. Cu karaciger dokusunda mevsimsel olarak
farkliliklar g6zlenmis en yiiksek birikim yaz mev-
siminde saptanmistir (Tablo 3).

Dokular Zn diizeyleri bakimindan incelendiginde,
tim mevsimlerde en yuksek birikim dalak ve bob-
rek dokusunda olurken, en diisiik birikimin kas do-
kusunda oldugu gézlenmistir. Su kolonundaki ya-
sam alanlarina gore sonbahar ve kig mevsiminde

en yiksek birikim pelajik tiirde belirlenirken, ilk-
bahar ve yaz mevsimlerinde ise bentik tlirde ol-
dugu saptanmistir. Mevsimsel olarak dalak doku-
sunda en yiiksek birikim kis mevsiminde, bobrek
dokusunda ise sonbahar mevsiminde saptanmistir
(Tablo 4).

Kadmiyum bakimindan, tiim mevsimlerde, en
yiiksek birikim karaciger dokusunda gozlenirken,
diger incelenen dokularda birikim Indiiktif olarak
Eslestirilmis Plazma-Kltle Spektrofotometresinin
duyarlilik diizeyinin altinda bir deger sergilemis-
tir. Yasam alanlarina goére en yiiksek birikim pela-
jik tiirde gozlenirken, en diisiik birikim bentik
tiirde saptanmustir. Karaciger dokusunda mevsim-
sel olarak farliliklar gozlenmis, en yiiksek birikim
yaz mevsiminde belirlenmistir (Tablo 5).

Kursun bakimindan incelenen biitiin tiirlerde, son-
bahar mevsimi diginda tiim mevsimlerde, solun-
gac dokusu diginda birikime rastlanmamustir. Ya-
sam alanlarina gore en yuksek birikim pelajik, en
diisiik birikim bentik tiirde gézlenmistir. Mevsim-
sel olarak farkliliklar gozlenmekle beraber, en
yiiksek birikim ki mevsiminde saptanmistir
(Tablo 6).

Tablo 1. Arastirma istasyonundan elde edilen baliklarin ortalama boy (cm) ve agirliklari (g).

Table 1. Mean length (cm) and weight (g) measurements of the species studied.

S. japonicus C. rhoncus P. lascaris

X + Sx X + Sx X + Sx
Boy (cm) 16.83 +0.33 15.50 +0.29 22.00 +0.50
Agirlik (g) 44.56 +2.69 39.68 +2.72 88.02 +2.50

X + Sx = Aritmetik ortalama + Standart hata

X + S = Mean + Standard error

Tablo 2. Arastirma istasyonundaki suyun fiziksel ve kimyasal 6zelliklerinin mevsimsel degisimi.

Table 2. Seasonal variations in some physical and chemical properties of seawater in the stations selected

Mevsim KIS ILKBAHAR YAZ SONBAHAR

Suyun
Ozellikleri

X +£ S« X +£ S« X +£ S« X +£ S«
pH 8.09 +0.06 8.24 +0.07 8.08 +0.13 8.02 £0.14
Sicaklik (°C) 1553 +0.57 | 19.60 +0.84 27.85+1.11 | 25.14 +0.17
Tuzluluk %0 36.12 £0.59 | 35.59 +0.69 38.18 £0.58 | 36.98 +0.71
fletkenlik (uQ/cm) 47.53 £0.16 | 48.89 £0.14 54.94 £0.34 | 52.72 £1.07
Coz. Oksijen (mg/L) 8.22 +0.26 7.77 £0.09 6.23 £0.17 7.28 £0.30

X + Sx = Aritmetik ortalama * Standart hata

X + S = Mean + Standard error
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Table 3. Copper levels in gill, liver, kidney, spleen and muscle tissues of the species studied (ug Cu/g dry weight).

DOKU Solungag Kas Bobrek Karaciger Dalak

MEVSIM TUR
X+Sx  *| X+Sx  *| X*£Sx *| X +Sx *| X+Sx *
SONBAHAR S. japonicus 2.81+0.18* | 1.62 +0.08*! | 12.15 +0.26bs | 54.20 +2.52° | 1.63 +0.28%
C. rhoncus 7.65+0.72% | 2.37+0.42" | 8.62+0.73" | 16.87 +0.42% | 4.65 +0.32"
P. lascaris 2.24 +0.12% | 1.13+0.18* | 6.55+0.73° | 15.04 +0.70% | 2.01 +0.04*
S. japonicus | 2.53 £0.29%¢ | 1.28 +0.17* | 12.45+1.11" | 25.67 £0.46* | 1.67 +0.03*
KIS C. rhoncus 16.63 +0.67* | 4.64 +0.61" | 12.63 +0.97* | 36.11 £3.26" | 1.14 +0.04%
P. lascaris 3.17 £0.17® | 0.77 £0.05* | 7.19 +0.15* [180.86 +3.69™ 4.08 +0.44*
S. japonicus | 4.67 £0.20* | 9.20 £0.74™ | 14.69 +1.02° | 35.99 +0.31% | 7.42 +0.18"
ILKBAHAR | C. rhoncus 11.47 +0.80% | 7.88 +1.25% | 19.47 +0.86™ | 24.20 +1.31% | 12.28 +1.72%
P. lascaris 7.51 +0.38™ | 1.82 +0.18"™ | 11.43 +0.15* | 240.43 +3.34% | 18.84 +1.47%
S. japonicus | 3.11+0.48* | 6.43 £0.30” | 10.54 £0.70% | 27.99 +0.56® | 13.00 +1.46%
YAZ C. rhoncus 5.17 +0.26% | 3.40 +0.28" | 10.63 +0.71% | 15.92 +1.66% | 9.16 +1.14™
P. lascaris 3.49 +0.13% | 4.31 +0.58% | 11.34 +0.25% | 296.53 +6.51% | 21.17 +0.44%

X £ Sx = Aritmetik ortalama = Standart hata; D.A. = Duyarhlik Diizeyinin Altinda
*SNK = a, b, ¢, d ve e harfleri dokular aras1 ayrimi; s, t, X, y ve z harfleri ise tiirler aras1 ayrimi ifade etmektedir. Farkli
harflerle gosterilen veriler arasinda P<0.05 diizeyinde istatistik ayrim vardir.
X + Sx = mean + standard error; Letters were used to show differences among tissues and species. Data shown with
different letters are significant at the P<0.05 level.

Tablo 4. Mevsimsel Olarak Orneklenen Turlerin Doku Zn Duzeyleri (ug/g k.a.)

Table 4. Zinc levels in gill, liver, kidney, spleen and muscle tissues of the species studied (ug Zn/g dry weight).

DOKU | Solungag Kas Bdbrek Karaciger Dalak
MEVSIM TUR
X £ Sx X £ Sx X £ Sx X £ Sx X £ Sx
* * * * *
SONBAHAR [ nonicus | 145.86 £2.89% | 32.20 £2.85" | 731,91 +5.93% | 238.03 +4.44% | 55524 £5 157
C.rhoncus |149.62 +2.77%| 67.65 +1.98™ | 736.77 +6.63%| 169.79 +2.68" | 415.62 +9.58"
P. lascaris | 84.40 +1.72% | 24.32 +0.51" | 164.53 +3.40%|223.46 +4.49%?| 236.04 +3.36
S. japonicus | 168.15 +4.24% | 50.18 +4.39% |448.51 +4.07% | 213.87 +4.23%[2987.50 +19.96°
KIS C.rhoncus [120.1245.11 at| 29.27 +3.24" | 139.73 +4.16% | 200.45 +1.58" | 503.62 +4.84"
P. lascaris |109.87 +1.80®!| 31.61 +2.02" | 135.80 +4.27%|154.14 +2.06™| 142.26 +1.38%
S. japonicus | 148.65 +2.33% | 42.43 +£3.14™ | 163.52 +£3.21%|194.17 +3.42% | 144.70 +0.64®
ILKBAHAR | C.rhoncus |125.97 +1.87*| 30.44 +1.61™ [677.94 +6.19% [ 204.42 +4.74%| 266.10 +9.42
P. lascaris ]189.83 £3.19%| 49.31 +1.04™ |501.20 +7.84%|174.64 +2.84%| 564.60 +4.70%
S. japonicus | 168.75 +3.44% | 50.44 +3.05> [127.11 +3.41%[142.31 +2.91%| 291.13 +4.16%
YAZ C.rhoncus | 88.59 +4.08" | 26.01 +3.08" | 339.13 +6.73%| 102.07 +2.59% | 209.50 +3.18"
P. lascaris ]|115.97 +2.56%| 48.71 +2.45" |160.85 +1.66™ | 147.20 +4.55% | 311.66 +2.45%

Not : Tablo 3’teki agiklamalarla aynidir.
Note : It is the same as the explanations in Table 3.
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Tablo 5. Mevsimsel Olarak Orneklenen Tirlerin Doku Cd Diizeyleri (ug/g k.a.)
Table 5. Cadmium levels in gill, liver, kidney, spleen and muscle tissues of the species studied (ug Cd/g dry weight).

DOKU Solungag Kas Bobrek Karaciger Dalak
MEVSIM TUR
X+£Sx * | X4Si * | X£Sx * | X£Sx  * | XSk
*
SONBAHAR S. japonicus D.A. D.A. D.A. 4.64 £0.50% D.A.
C. rhoncus D.A. D.A. D.A. 2.81 +0.10* D.A.
P. lascaris D.A. D.A. D.A. 0.35 +0.06™ D.A.
S. japonicus D.A. D.A. D.A. 2.10 £0.15* D.A.
KIS C. rhoncus D.A. D.A. D.A. 1.74 +0.08" D.A.
P. lascaris D.A. D.A. D.A. D.A. D.A.
S. japonicus D.A. D.A. D.A. 1.84 £0.20* D.A.
ILKBAHAR C. rhoncus D.A. D.A. D.A. 4.65 +0.15% D.A.
P. lascaris D.A. D.A. D.A. D.A. D.A.
S. japonicus D.A. D.A. D.A. 7.19 £0.58* D.A.
YAZ C. rhoncus D.A. D.A. D.A. 2.53 +0.09* D.A.
P. lascaris D.A. D.A. D.A. 0.03 £0.003* D.A.
Not : Tablo 3’teki agiklamalarla aynidir.
Note : It is the same as the explanations in Table 3.
Tablo 6. Mevsimsel Olarak Orneklenen Tirlerin Doku Pb Diizeyleri (ug/g k.a.)
Table 6. Lead levels in gill, liver, kidney, spleen and muscle tissues of the species studied (pug Pb/g dry weight).
DOKU Solungag Kas Bobrek Karaciger Dalak
MEVSIM TUR
X+Sx  *| X+Sx *| X+£Sx*| X+Sx *| X £Sx
*
SONBAHAR - IS aponicus | 0.960.14° | DA, DA | 095006 | DA
C. rhoncus 1.20 +0.23* D.A. D.A. 1.37 £0.20™ D.A.
P. lascaris 1.14 +0.12% D.A. D.A. D.A. D.A.
S. japonicus 0.82 £0.04* D.A. D.A. D.A. D.A.
KIS C. rhoncus 1.22 +0.09* D.A. D.A. D.A. D.A.
P. lascaris D.A. D.A. D.A. D.A. D.A.
. S. japonicus 1.15 £0.09% D.A. D.A. D.A. D.A.
ILKBAHAR C. rhoncus 0.54 +0.04* D.A. D.A. D.A. D.A.
P. lascaris 0.73 +0.13% D.A. D.A. D.A. D.A.
S. japonicus | 1.17+£0.08 as D.A. D.A. D.A. D.A.
YAZ C. rhoncus D.A. D.A. D.A. D.A. D.A.
P. lascaris 0.26 +0.02* D.A. D.A. D.A. D.A.

Not : Tablo 3’teki agiklamalarla aynidir.
Note : It is the same as the explanations in Table 3.
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Sucul organizmalarda, agir metal diizeylerinin
yas, boy, agirlik, esey ve suyun fiziksel ve kimya-
sal Ozelliklerine bagli olarak degisim gosterdigi
pek c¢ok aragtirmaci tarafindan bildirilmistir (Ro-
meo vd, 1999; Canl1 ve Atl1 2003; Ozgiir ve Calta,
2003; Anan vd, 2005). Ug farkli balik tiirii ile mev-
simsel olarak yapilan bu aragtirmada da birikim
diizeyini etkiliyebileceginden tiirler arasinda bir-
birine yaklasik boy ve agirlikta baliklar kullanil-
mistir. Ancak bu aragtirmada, birbirine yakin boy
ve agirlikta bireyler se¢ilmesine ragmen tiirler ara-
sinda agir metal diizeyleri bakimindan farklilikla-
rin gézlenmesi, segilen tiirlerin beslenme aliskan-
liklari, yagam alanlari, metabolik aktiviteleri, so-
lungaglarinin olusturdugu yiizey alami genisligi
gibi biyolojik 6zelliklerinin birbirinden farkli ol-
masindan kaynaklanabilir (Kargm, 1996; Kalay
vd, 1999; Ozgiir ve Calta, 2003; Erdem vd, 2004).

Baliklarda agir metal birikimi doku ve organlara
bagl olarak degisim gdstermektedir. Birgok arag-
tirmaci tarafindan gesitli balik tiirlerinde yapilan
dogal c¢alismalarda dokular arasinda 6nemli fark-
liliklar elde edilmis, birikimin en yiiksek karaci-
gerde, en diisiik ise kas dokusunda oldugu saptan-
mistir (Kalay vd, 1999; Romeo vd, 1999; Dural
vd, 2007; Karayakar vd, 2010). Yapilan bu aras-
tirmada da bakir diizeyi bakimindan benzer iliski
gozlenmistir. Diger incelenen metallerden ¢in-
koda, en yiiksek birikim dalak ve bdbrek doku-
sunda olurken, en diisiik birikimin ise kas doku-
sunda oldugu saptanmistir. Kadmiyum bakimin-
dan, tim istasyon ve mevsimlerde, incelenen tim
tiirlerde, karaciger dokusu disinda, kursun baki-
mindan ise solunga¢ dokusu diginda birikime rast-
lanmamistir. Metal derisimi bakimindan doku ve
organlar arasindaki bu farklilik, metabolik aktivi-
telerinin yani sira, yapi ve islevlerinin farkli olma-
sindan kaynaklanabilir. Ayrica, karacigerde
agir metal diizeyinin fazla olmasi; karacigerin
molekiil agirhigr diisuk, sistein bakimidan
zengin, metal baglayic1 metallothionein (MT)
gibi proteinleri yiiksek diizeyde icermesi, ay-
rica agir metallerin etkisinde karacigerdeki
MT sentezinin artis gostermesi ile agiklan-
maktadir (Heath, 1995; Kalay vd, 2004).

Baliklarin doku ve organlardaki metal birikimi
tiire bagh olarak degisim gosterir. Cesitli arastiri-
cilar tarafindan farkli balik tiirleri ile yapilan aras-
tirmalarda tiire baghh degisimler gdzlenmistir
(Canl1 ve Atl1, 2003; Romeo vd, 1999; Erdem vd,
2004; Tarkmen vd, 2005; Dural vd, 2007; Karaya-
kar vd, 2010). Bu aragtirmada da farkli balik tiir-
lerinden alinan her bir dokuda, metal derisimleri

bakimindan istatistiksel olarak onemli ayrimlar
ortaya ¢ikmistir. Tiim mevsimlerde incelenen tiir-
lerde Pb solungag dokusu ve Cd karaciger dokusu
disinda birikim sergilememistir. Cd birikim dii-
zeyi bakimindan ilkbahar mevsimi disinda S. ja-
ponicus > C. rhoncus > P. lascaris seklinde bir si-
ralama saptanirken, Pb birikim diizeyi bakimindan
en yiiksek birikim kig mevsiminde C. rhoncus tu-
riinde gozlenmistir. Karaciger dokusu, Cu birikim
diizeyi sonbahar mevsimi diginda en yiiksek P.
lascaris tiiriinde saptanmistir. Sonbahar ve kig
mevsiminde tlim dokularda Zn birikim diizeyi ba-
kimindan en yiiksek birikim S. japonicus tlrlinde
belirlenmistir. Birikim bakimindan tiirler arasin-
daki bu farklilik, yasam alanlar1 ve beslenme alis-
kanliklar1 gibi biyolojik 6zelliklerinin farkli olma-
styla aciklanabilir (Kalay vd, 1999; Yilmaz,
2003).

Doku ve organlardaki metal birikimi, baliklarin su
kolonundaki yasam alanlarina bagl olarak degi-
sim gosterir. Bir ¢ok arastirmaci (Prudente vd,
1997; Kalay vd, 1999; Romeo vd, 1999; Canli ve
Atli, 2003; Karayakar vd, 2010) pelajik ve bentik
alanlarda yasayan baliklarla yapmis olduklari
arastirmalarda farkli sonuglar elde etmiglerdir. Ya-
pilan bu arastirmada Zn sonbahar ve kig mevsi-
minde pelajik tirde daha yuksek dizeyde birikir-
ken, diger mevsimlerde bentik bdlgelerde yasayan
baliklarin pelajik bolgelerde yasayanlara oranla
daha yiiksek derigimlerde biriktigi saptanmustir.
Tiim mevsimlerde Cu’1n en yiiksek birikim diizey-
leri bentik tiirde, Cd’da pelajik bolgelerde yasayan
tirde oldugu gézlenmistir. Bu farklilik, beslenme
aliskanliklari, yagam alanlar1 gibi ekolojik gerek-
sinimlerinin birbirinden farkli olmasindan kay-
naklanabilir (Kalay vd, 1999; Yilmaz, 2003).

Baliklarda metal birikim diizeyleri mevsime bagl
olarak degisim gosterir. Bazi arastirmacilarin do-
gal ortamda yapmus olduklari arastirmalarda (Oz-
gur ve Calta, 2003; Dural vd, 2007; Aktan ve
Ozan, 2012; Zineb ve Nacera, 2013) mevsimsel
olarak farkliliklar saptamiglardir. Yapilan bu aras-
tirmada da incelenen tiirlerin dokular1 arasinda
mevsimsel olarak farkliliklar gézlenmistir. Cu ba-
kimindan mevsimsel olarak karaciger dokusunda
en yuksek birikim yaz mevsiminde, Zn dalak do-
kusunda en yiiksek birikim kig mevsiminde gozle-
nirken en diisiik birikim yaz mevsiminde, Cd ka-
raciger dokusunda en yiiksek birikim yaz mevsi-
minde, Pb solungac dokusunda en yiksek birikim
kis mevsiminde saptanmistir. Doku ve organlarin
metal diizeylerindeki bu mevsimsel degisimler, az
da olsa pH, sicaklik, tuzluluk gibi suyun fiziksel
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ve kimyasal 6zelliklerindeki mevsimsel degisim-
lerinden (Basyigit ve Tekin-Ozan, 2013), kiyisal
alanlardaki antropojenik faktorlerin yogunlugun-
daki mevsime bagh degisimlerden (Zineb ve Na-
cera, 2013) ayrica tiire 6zgii bliyiime ve iireme gibi
biyolojik 6zelliklerindeki degisimlerden kaynak-
lanabilir (Ozgtr ve Calta, 2003; Dural vd, 2007).

Sucul ortamdaki canlilarda doku ve organlardaki
birikim metale bagl olarak farklilik gosterir. Pek
¢ok arastirmaci (Tirkmen vd, 2005; Tepe vd,
2008; Agah vd, 2009; Tiirkmen vd, 2009) yapmis
olduklar1 arastirmalarda metale bagli olarak doku
ve organlarda farkliliklar saptamiglardir. Yapilan
bu arastirmada istatistiksel bakimdan metaller
arast ayrim gozlenmistir. En yiiksek Zn birikim
diizeyi kis mevsiminde dalak dokusunda
2987,50+19,96 pg/g, Cu birikimi yaz mevsiminde
karaciger dokusunda 296,53 + 6,51 ug/g, Cd biri-
kimi yaz mevsiminde karaciger dokusunda
7,19+0,58 pg/g ve Pb birikim diizeyi ise kis mev-
siminde solunga¢ dokusunda 1,22+0,09 pg/g ola-
rak saptanmistir. En yiiksekten en diisiige dogru
metaller arasi siralama Zn>Cu>Cd>Pb seklinde
belirlenmistir. Metaller arasi ayrim, incelenen
tiirlerin farkli beslenme aliskanliklarindan ve
yasam alanlarindan kaynaklanabilir (Kalay vd,
1999; Yilmaz, 2003).

Sonug

Tiim metal iyonlarmin yiiksek derisimleri, insan
sagligi ilizerine tehdit olusturmasina ragmen, bazi
metal iyonlarina, viicut igerisinde metabolik akti-
vitenin siirdiiriilebilmesi i¢in diisiik derisimlerde
gereksinim duyulmaktadir. Bu nedenle, insanlarin
tiikkettigi yiyecek ve sudaki agir metal iyonunun
seviyeleri onemlidir. Orneklenen tiim tiirlerde, ba-
liklarin tiiketilebilir kismi olan kas dokusunda Zn,
Cu, Pb ve Cd diizeyleri belirlenmis (Tablo 3-6) ve
bu diizeylerin Tiirk Gida Kodeks’ine gore, insan
tiketimi igin, belirtilen kabul edilebilir diizeylerde
(Cd : 0.050 mg/kg; Cu : 20.0 mg/kg; Pb : 0.30
mg/kg; Zn: 50.0 mg/kg) (Anonymous, 2002;
2011) oldugu saptanmistir. FAO (1983)’ya gore
ise bu degerler Cd ve Pb i¢in 0.5 mg/kg; Cu ve Zn
icin 30.0 mg/kg’dir. Viicut agirlig1 60 kg olan bir
bireyin, agir metalleri giinliik tolere edilebilir mik-
tari, FAO / WHO tarafindan, Zn i¢in 60 mg, Cu
icin 3 mg, Pb i¢in 214 pg olarak belirlenmis, Cd
icin herhangi bir deger bildirilmemistir (Joint
FAO/WHO, 1999).
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Abstract:

Almost all marine mammal species are in interaction
with fishing activities and this interaction frequently re-
sults with the death of marine mammals in gillnet fis-
heries. This situation which results with the death of
thousands of harbor porpoise (Phocoena phocoena)
and bottlenose dolphin (Tursiops truncatus) is defined
as by-catch ( non-target catch) in gillnet fisheries and
in this way it is legalized at least partially. These inre-
actions between fisheries and dolphins cause ecologic
and social concerns, while that means much more eco-
nomic losses from the perspective of fishermen. In most
of studies which aim to determine necessary measures
to reduce by-catch of dolphins, gillnet fisheries is taken
as basis and dolphin deterrent devices called pingers are
used. In this subject many studies have been carried out
in world, while only a few in Black Sea. However, it is
still difficult to make an assessment for effectiveness of
pingers. In addition to this, many studies including
those of performed in Black Sea outline that pingers can
keep harbor porpoise (Phocoena phocoena) and bottle-
nose dolphin (Tursiops truncatus) away from gillnets
for 1-2 years but it is vital that monitoring the situation
after this period.
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Introduction

Whale and Dolphin Conservation Society
(WDCYS) indicates that 300.000 marine mammals
have been recorded as by-catch. According to
Read et al. (Read et al., 2006), average marine
mammal by-catch is determined as 307.753
+98.303 individuals while most of those consist of
harbor porpoise. It is estimated that 10.000 harbor
porpoises, which are more common than other ma-
rine mammals, are obtained as by-catch per year
in only North European Seas. From a broader
scale, the rapid decreases in number of harbor por-
poises and the occurrence of a serious threat for
this species can be barely seen (Franse, 2005). In
general, pingers can be considered as a new devel-
opment in marine mammal conversation and man-
agement. Therefore, it is aimed to sought an an-
swer to how effective pingers are to mitigate inci-
dental catch (bycatch) of marine mammals and the
depredation that they cause. However, it should be
explained that how pingers work and the presence
of possible repercussions.

Interactions Between Dolphins and Gillnet
Fisheries

Lengths of gillnets used in artisanal fishing reach
50-60 meters starting from a minimum 30 meters
as in the case of pelagic driftnet. Studies show that
harbor porpoises can detect gillnets via their main
ropes, float lines, lead line ropes or floaters, so
gillnets can be perceived by harbor porpoises
(Row, 2007). However, Goodson et al. (1994) and
Au & Jones (1991) report that a case of echoloca-
tion which is defined as return of sound pulses
transmitted by dolphins after hit an object is not so
easy and dolphins may fail sometimes about that.
Because; distance of sensing an object may change
up to enviromental parameters such as water tem-
perature, turbidity, salinity, underwater noise le-
vel. At the same time, it can be vary up to species
of dolphins and approach angle to an object. For
example; sensing distance in common bottlenose
dolphins is between 25-55 m despite to high am-
bient noise while it is 3-6 m for harbor porpoise
even in low noise level (Franse, 2005; Kastelein et
al., 1999).

Dolphin by-catches in gillnets can be defined as
follows;

- Dolphins do not move in echolocation sta-
tus always, so that they can be failed to
sense fishing nets.

- Dolphins can fail to detect gillnets when
they feed in the area where gillnets are lo-
cated in or vertical water column

- They may easily get caught by gillnets alt-
hough they are aware of dangerous

- Fish caught in the gillnet can mask the
presence of gillnet

- Dolphins can detect nets from adequate
distance , however they may not assess the
nets as an object which could not be pas-
sed over (Au and Jones,1991; Dawson,
1994, Bordino et al., 2002).

Itis possible to examine these interactions or com-
petitions between fishing activities or fishermen
and dolphins in two categories: operational and
ecological. Operational (direct) competition refers
to interactions between fishing gears and dolphins
while ecological (indirect) competition defines
struggle for same food resources. Such interacti-
ons in Blacksea can be defined in two ways. The
first one of those is stealing of fish such as red-
mullet caught in gillnets with 32-44 mm streched
mesh-size by dolphins (especially bottlenose dolp-
hins) and rupturing of net meanwhile. This situta-
ion is named as depredation by certain scientists.
The second one is entanglement of dolphins espe-
cially harbor porpoises to turbot-gillnets with 280-
360 mm streched mesh-size and resulting with de-
ath. This situtation is named as by-catch which can
be seen in Figure 1. (Gonener and Bilgin, 2007;
Gonener and Ozdemir, 2012).

Both depredation and by-catch may occur in the
same fishing season, however, second situation
that is always affected by first situtaion and inte-
raction largely results with the death of dolphin
even if dolphin is still alive in the net as entangled.
Because, fishermen look upon both interactions as
decreasing fishing catch rate, losses of fish and
net, rupturing of nets, loss of time and labor. Furt-
hermore, fishermen assess those interactions as
economical and financial loss (Gonener and Bil-
gin, 2007; Lifelinda, 2007).
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Figure 1. Bycatch of dolphin in turbot gillnet (original) (Phocoena phocoena)

Reduction of Interactions (Conflicts)
Between Dolphins and Fishermen

Rowe, (2007) sorts measures required to reduce
by-cathces of dolphins in gillnets as follows;

- Fishing activities should be restricted in cer-
tain times and areas.

- Fishing nets should be designed to be percep-
tible danger or obstacle for dolphins.

- Materials which is hard to be detected by
dolphins such as monofilament fishing nets
should not be used in fisheries, especially in
the nights.

- Safe passing zones should be placed on the
nets.

- Dolphins approaching the area where the fis-
hing nets should be acoustically warned and
deterred.

Efforts to warn dolphins about presence of fishing
nets using passive or active acoustic features lay
in the center of implementations to reduce dolphin
by-cathces in gill nets (Dawson, 1991, Rowe,

2007). Additionally, researches to improve auxili-
ary measures which can provide success of main
measures to reduce by-catch of dolphins should be
carried out (Au and Jones, 1991).

Dawson, (1994) and Rowe, (2007) indicates that
certain changes that aim to reduce dolphin by-
catch in gillnets or increase detectability of gillnets
by dolphins can be done. These are;

- Coating of all or certain parts of gillnest with
materials such as iron-oxide, barium-sulphate

- Obtaining high density monofilament fishing
nets with adding metal compounds into poly-
mer

- Placing 2x2 passing grids in the certain parts
of gillnet

- Increasing or decreasing size of net
- Placing reflectors to different parts of net

However, these implementations and modificati-
ons are restricted with many factors. These factors
can be sorted as;

- Modifications in fishing gears must be sui-
table to commercial fishing conditions (e.g.
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coating nets with materials such as barium
sulphate, iron-oxide which increase detecta-
bility causes them to occupy a large area on
the deck and increased net weight which can
make towing and hauling more difficult)

- Modifications in fishing gears must be long
lasting and durable in commercial fishing
conditions

- Changes to be made in structure of fishing net
should not cause the danger

- Maodifications should be comparatively eco-
nomic and cheap

- Modifications absolutely should not cause
decreasing in catching rates of target species
as in the case of obtaining high density mo-
nofilament fishing nets with adding metal
compounds into polymer

- Changes should be economic and socially
applicable.

Therefore, studies and efforts aiming to keep dolp-
hins away from fishing nets using acoustic featu-
res are becoming more important. So that, using of

IR
%/

Figure 2. Various ADD pingers (original)

pingers has became mandatory in certain count-
ries. For instance, , fisheries activities without use
of pinger devices were prohibited for vessels of 12
m or over in total length in certain areas of Euro-
pean Community waters in accordance with
“COUNCIL REGULATION (EC) No: 812/2004”
( Caddell, 2005).

What Are Pingers?

Pingers should be defined in two groups in order
to reveal differences between them. Acoustic De-
terrent Devices (ADD): These are devices with a
low intensity (source level: <150 dB re 1 pPaat 1
m) and emits signal in the middle to high frequen-
cies (2.5 — 10 kHz) with higher harmonic frequen-
cies (up to 160 — 180 kHz). ADD pingers can be
fixed to fishing nets with hand and are designed to
prevent incidental catch of dolphins using ultraso-
und. Different batteries which last a year, a month
or aweek are used as energy resource in ADD pin-
gers (Figure 2) (Franse, 2005; Rowe 2007).
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Acoustic Harassment Devices (AHD): Conversely
to ADD devices, AHD devices use equipments
such as mains electricity or large lead-acid batte-
ries and storage battery as energy resource and
they are quite bulky. Those type of devices are
mostly used in off-shore fish farming units in or-
der to prevent pinnepids steal fish, keep them
away from cages by harrasing them. Therefore an
AHD has a relative high source level (>185 dB re
1 pPa at 1 m) and emits signals in the middle to
high frequencies (5 — 30 kHz) (Franse, 2005;
Rowe 2007).

Audiogram of animals desired to be kept away
from fishing nets or cages should be known for an
effective pinger. According to Kastelein et al.,
(2002), this audiogram varies between 16 kHz —
140 kHz for harbor porpoises. Hearing accuracy is
comparatively low in 64 kHz and at the highest
level in frequencies between 100 kHz-140 kHz.
This also shows frequency range equaled to echo-
location period of harbor porpoises. On the other
hand, studies (Au, 1993, Kastelein et al., 2002)
outline that bottlenose dolphins have larger hear-
ing frequency range, which is between 75 Hz and
150 kHz. The most sensitive frequency range of
bottlenose dolphins changes between 15 kHz and
110 kHz while they emit pulses up to 100 kHz dur-
ing echolocation period (Franse, 2005).

Some studies which were carried out to estimate
effectiveness of pingers in the world are given in
Table 1. In most of these studies, it is outlined that
pingers can be effective in mitigating incidental
catch of dolpins. Nonetheless, many hypothesis
were asserted about in which way pingers work
and how they can be effective. Most of those hy-
postesis argue that stimulus and deterrent effects
of pingers cause dolphins to move away from area.
Beside, there are also a few marginal opinions re-
lated to subject such as dolphins move away from
area as a result of reaction to conflicts of pulses
emitted by dolphins in echolocation period with
those emitted by pingers or dolphins swim away
from area because they follow fish schools such as
herrings fleeing from pulses emitted by pingers.

Possible Side Effects of Using Pingers
Reduction of Catch Rate

Although in many studies (Trippel et al., 1999;
Gearin et al, 2000, Culik et al., 2001, Wilson and
Dill, 2002), it is proved that pingers do not negati-
vely effect the catch rate of target species, Kraus

etal. (Kraus et al., 1997), asserted that pingers ca-
use reduction in target catch rate in a study perfor-
med on Atlantic herring ( Clupea harengus ).

Habitat Exclusion

Another possible side effect of pingers is causing
dolphins to move away from their large part of
habitats. Especially areas where the river meets
the sea are represent gathering, association and re-
production points of dolphins. Therefore, using
pingers in these areas may cause considerable is-
sues (Franse, 2005). In their review, Dawson et al.,
(2013) indicated that the permenant use of pingers
in adequate habitats may cause displacement of
dolphins from their important habitats especially
for species which have small home ranges. On the
other hand, considering the fact that pinger signals
from the entire Danish gillnet fleet could poten-
tially cover <1% of the porpoises’ habitat, dis-
placement does not seem to be a trouble.

Hearing Disorders/Noise Pollution

An effective pinger spreads out sounds, which can
be heard by dolphins. However, all dolphins have
optimum hearing level, which is up to sound in-
tensity. While pinger pulses at certain level are
hardly sensed by some species such as bottlenose
dolphins, it may cause hearing disorders in harbor
porpoises. As dolphin species are not spatially dis-
tributed, it is hard to make a pinger, which will be
effective on each dolphin species. (Franse, 2005).
On the other hand, since marine animals are tend
to be disturbed by human origin noise in their en-
vironment, intense sounds may cause negative
physiological, auditory, and behavioural effects
(Richardson et al., 1995). For this reason, sounds
produced by pingers should reduce bycatch of dol-
phins and other marine mammals, but should not
cause noise pollution for other marine fauna
(Kastelein et al., 2007).

According to Gordon & Northridge (2002), hear-
ing damage can occur when dolphin get close to
active pinger by more than 2 or 3 meters. While
Taylor et al. (1997) states that the worst hearing
damage occurs in 30 meters distance from pinger,
Reeves et al., (2001) indicates that dolphins which
are regularly exposed to pinger pulses may also
have hearing disorder. Particularly considering the
echolocation period, hearing losses or disorders
can cause serious physical injuries, which may
lead to death (Franse, 2005).
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1000

dolphin

rate

Device Area Period Species Result Author(s)

Dukane Netmark | Bay of Fundy Summer 1996 and Summer 1997 Harbor porpoise Effective reduction in bycatch Trippel et al. (1999)
1000 (77%)

Dukane Netmark | California August 1996 — October 1997 Short-beaked common | Significant reduction in bycatch Barlow & Cameron,

(2003)

Dukane Netmark
1000

Iracema Beach, Fortaleza

November 1996 — August 1998

Gray dolphin (Sotalia

fluviatilis)

Effective in keep away dolphins
from area

Monteiro-Neto et al.
(2004)

SaveWave (ADD) | Sinop Peninsula April 2007 — February 2008 Bottlenose dolphin 69.8% reduction in economic loss | Goénener & Ozdemir
caused by depredation (2012)
Aquamark 200 Sinop Peninsula December 2005 — January 2006 Effective reduction in depredation | Gonener & Bilgin

(2007)

Dukane Netmark
1000

Sinop Peninsula

March — April 2006

Harbor porpoise

Effective reduction in bycatch

Gonener & Bilgin
(2009)

Dukane Netmark
1000

Grand Manan Island

June — September 1998

Harbor porpoise

Habituation occurred

Cox et al. (2001)

Future Oceans

Bulgarian Black Sea Coast

April =July 2015

Effective reduction in net damage

Zaharieva et al.

(31%)

(2016)

AHD (ICAS.L) North-eastern coast of Sardinia February — June 2009 Bottlenose Dolphin Ineffective Diaz Lopez and Ma-
rino (2011)

DDDO02 Favignana Island, Sicily Spring - 2006 Bottlenose Dolphin Effective reduction in depredation | Buscaino et al.

(2009)

Dukane Netmark
1000

Bloody Bay and Lagabay, West Scot-
lant

April — August 2001

Harbor porpoise

Effective reduction in bycatch,
Habituation occurred

Carlstrom et al.
(2009)
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Another issue which is dependent or independent
from hearing disorder is the occurrence of back-
ground noise/noise pollution. Failing in echoloca-
tion causes dolphins unable to determine fish
schools and accordingly serious vital issues may
come up (Franse, 2005; Gordon and Northridge,
2002).

Habituation

Thorpe defined behavioral habituation as “gradual
waning of responses when a repeated or ongoing
stimulus lacks any significant consequences for
the animal” (as cited in Richardson et al., 1995).
The most indicated side effect stated by research-
ers such as Cox et al., (2001); Barlow & Cameron,
(2003); Dawson et al., (1998) Gordon and
Northridge, (2002); Kraus, (1999); Laake et al.,
(1998); Reeves et al., (2001); Richardson et al.,
(1995); Trippel et al., (1999) is habituation. Habit-
uation can be defined as ignoring of pinger pulses
by dolphins. In this case, presence of pingers have
no value. Researches associated with habituation
effect are few and carried out in limited time peri-
ods. However, long term researches are necces-
sary to investigate habituation effect as it is a ma-
jor threat to the effectiveness of the pinger (Franse,
2005).

Dinner bell effect

Dinner bell effect is a situation that causes dol-
phins to learn that they can find a feed at the loca-
tion of sound resource and gather in that area. In
this case, pingers work conversely. It is signifi-
cantly important to carry out researches to investi-
gate that if dinner bell effect which occurs espe-
cially with pinnipeds is a real threat for dolphins
or not (Franse, 2005). In a long term study con-
ducted by Carretta and Barlow (2011) between
1990 - 2009, although habituation was not appar-
ent in the in the drift gillnet fishery for swordfish
and thresher shark in California, it was outlined
that depredation of swordfish catch by California
sea lions and bycatch of those animals increased
over time with pinger usage pointing the “dinner
bell effect”. However authors argued that continu-
ing increase in California sea lion numbers were
more likely responsible rather than pinger usage.
In another study, it was mentioned that encounter
of bottlenose dolphins to fish farming area may in-
crease by the use of AHDs due to animals could
realize that there is food near to the sound source
(Diaz Lopez and Marino, 2011).

Conclusion

Increasing pinger effectiveness intended for the
reduction of harbor porpoise by-catch and preven-
tion of depredation especially caused by bottle-
nose dolphin is possible with random working
principle of pinger. However, even if the pulse
frequency, duration and interval is variable, pin-
gers should be considered as short term (e.g two
years) solutions for now.

Maintaining researches to investigate the effecti-
veness of pingers and side effects is the most im-
portant subject. Monitoring studies are also very
important and suggested by international organi-
zations such as International Council for the
Exploration of the Sea, Agreement on the Conser-
vation of Small Cetaceans of the Baltic and North
Seas and International Whaling Commission. In
this way, long term effectiveness of pingers can be
monitored and determined.
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