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The structure and functioning of Arctic ecosystems have been drastically RESEARCH ARTICLE
modified by global warming, with fish species potentially performing habitat
shifts such as the northern expansion of generalist and warm-adapted species. The Received ~ :23.11.2021 E E
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pact the trophic position (TP) of charr by affecting their habitat choice and food =
resources. In the present study, we used multiple regression analyses to examine Published  :26.08.2022 EE
the role of lake morphology (i.e., depth and area) and the influence of sticklebacks
on the TP of charr (estimated from ¢*°N and §'3C) sampled in nine Arctic lakes
in Western Greenland between 2011 and 2013. Results showed that charr "
populations exhibited larger TP values when co-occurring with sticklebacks. CORRESPONDING AUTHOR
Specifically, for larger and deeper lakes, a significant positive effect on TP values
was observed for medium-sized (25 to 35 cm) charr. Moreover, the TP of
sticklebacks had a null effect on the TP values of the largest charr (> 40 cm),
suggesting that the largest-sized charr individuals did not prey on sticklebacks.
We conclude that charr undergoes flexible ontogenetic trophic trajectories
depending on the species composition of the Arctic fish community structure
(here presence or absence of sticklebacks) and abiotic lake features.
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Introduction

Acrctic biomes have been profoundly modified by
global warming as the increased air temperature and
ice cover retreat have altered the structure and
functioning of food webs (Quinlan et al. 2005;
Kortsch et al. 2015; Coumou et al. 2018). Arctic charr
(Salvelinus alpinus, hereafter charr) plays a key role
in structuring Arctic food webs by interacting across
multiple trophic levels, coupling benthic—pelagic
compartments and maintaining community stability
(Eloranta et al. 2013; Jeppesen et al. 2017). So far,
however, the combined impact of lake morphology
and ecological interactions with other sympatric fish
species is a little studied subject, although it may
determine the charr population structure in species-
poor oligotrophic high-latitude lakes (Eloranta et al.
2015; Knudsen et al. 2016).

Arctic food webs are relevant model systems for
evaluating ecological interactions because of their
relatively low species diversity and simple structure
(Jeppesen et al. 2017; Rolls et al. 2017). In Greenland
lakes, charr is commonly the sole fish species, but it
often lives in sympatry with three-spined stickleback
(Gasterosteus aculeatus, hereafter stickleback) at
lower latitudes in Greenland (Wootton 1985; Laske
et al. 2019). However, the strength of the charr and
stickleback interactions is body-size dependent
because charr undergoes ontogenetic trophic shifts
following a positive trophic-level-body-size
relationship (i.e., trophic level increasing with body
size), as demonstrated by many animal taxa but
particularly by salmonids (McCann et al. 2005;
Romanuk et al. 2011). Typically, adult charr is the
top predator in Arctic food webs, feeding on small-
sized fish species such as sticklebacks (Jeppesen et
al. 2017), but cannibalism among charr also occurs
(Amundsen 2016). Given that young and small-sized
charr may share similar food resources with
sticklebacks in the littoral zone, small-sized charr and
sticklebacks are usually segregated by microhabitat
feeding site selection, with sticklebacks feeding on
small benthic microcrustaceans and small charr
usually on chironomids or zooplankton (Jergensen
and Klemetsen 1995). Given the fact that
sticklebacks affect the ontogenetic niche shifts of
other salmonids such as brown trout Salmo trutta
(Sanchez-Hernandez et al. 2017), stickleback
presence might influence the trophic position (TP) of
charr populations in Arctic lakes.

A key environmental factor controlling the
ecological interactions among species is habitat
morphology — defined as the ecosystem size or the
space where a species performs its ecological
activities  (Connell  1961). Controlling  for
environmental conditions is important to understand
ecological interactions, as e.g. interspecific

competition strength may change due to the la”ke
morphology (Post et al. 2000; Eloranta et al. 2015).
Lake morphology has been observed as a key driver
of charr TP, in which charr populations display high
foraging plasticity and occupy different niches at
large ecosystem size (Adams and Huntingford 2002;
Eloranta et al. 2015; Doenz et al. 2019). Moreover,
lake morphology modifies the cross-habitat linkages
between littoral and pelagic food web compartments
and the charr food resources (Murdoch and Power
2013; Eloranta et al. 2015). However, conflicting
effects of lake morphology on the food chain length
have been observed because of the complexity of
food webs (Eloranta et al. 2010; Murdoch and Power
2013) and also due to the lack of studies using the
same compositional communities. Therefore, it is a
priority to develop approaches that are universal
enough to include the differences in environmental
conditions among lakes in order to identify general
mechanisms driving changes in the trophic ecology
in fish.

In the present study, we investigated the role of
lake morphology and ecological interactions with
sticklebacks on charr TP in Arctic lakes and, with
this, the food web structure and food chain length.
The studied Arctic lakes are excellent model systems
for assessing trophic interactions under both
allopatric (only charr populations) and sympatric
(charr populations co-occurring with sticklebacks)
community compositions. We used a Bayesian Stable
Isotope Mixing Model (i) to estimate the TP (from
8N and ¢%C) of the two fish species in nine
Greenland lakes and (ii) to assess the effects of lake
morphology and stickleback presence on the TP of
the model organism. We hypothesized that lake
morphology (defined here as the living space where
a species performs their ecological activities; Connell
1961) would be positively related to the food chain
length, resulting in enhanced TP of the top predator;
i.e., the ecosystem-size hypothesis (Post et al. 2000;
Eloranta et al. 2015). We also tested the hypothesis
that the ecological role of charr would be influenced
by lake morphology through biotic interactions
triggering ontogenetic shifts (hereafter the trophic-
ontogenetic hypothesis; Sanchez-Hernandez et al.
2017; Kahilainen et al. 2019; Klobucar and Budy
2020). To support this hypothesis, we predicted that
the TP and population density of sticklebacks would
trigger a switch to charr trophic level during their
ontogeny/development, leading to a higher TP.

Materials and Methods

Study Site

Nine lakes were studied along the coast of
western Greenland (latitudinal and longitudinal
gradients 64°— 76°N and 51°-54°E, respectively;
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Figure 1). Sampling was carried out once in each
lake in summer (on 7 or 27 August) during the period
2011-2013. The studied lakes cover two regions
(4 lakes at llulissat in the north and 5 lakes at Nuuk
in the south; Figure 1). The lakes in the region of
llulissat hold only allopatric charr, whereas charr and
sticklebacks co-occur in the Nuuk region. The range
distribution of sticklebacks is limited along both the
eastern and western coast up to about 70°N
(Wootton 1985; Laske et al. 2019), but in the

Holocene Thermal Optimum, ca. 8,000 years ago,
sticklebacks occurred up to 80°N (Fredskild 1985).
Sticklebacks usually occupy the littoral zone that,
in most oligotrophic high-latitude lakes, is dominated
by benthic production (Eloranta et al. 2015).
Lake area was determined based on satellite images,
and maximum depth was measured in situ
for each lake. A summary of the parameters
characterising the morphometry of each lake is found
in Table 1.

Table 1. Background data on the study lakes

Charr Sticklebacks
Lake  Lake Average Average Average
Lake code area  depth Number TP g Abundance sizeg Number TP g Abundance
(ha) (m) individuals (O5N) (CPUE) (cm) individuals (55N) (CPUE)
Nuuk 1 80 35 77 4.50 8.56 18.69 11 3.23 1.23
Nuuk 2 32 13 258 4.72 28.67 18.86 30 4.59 3.34
Nuuk 3 15.6 9.5 96 3.63 16.00 23.40 58 3.60 9.67
Nuuk 4 17.3 12.0 37 417 12.33 23.29 25 3.92 8.34
Nuuk 5 10.0 10.5 14 4.25 4.66 38.88 14 3.26 4.67
Hulissat 1 398 294 46 4.32 7.67 20.48 - - -
Hulissat 2 140 204 123 4.06 20.50 26.76 -
lHulissat 3 243 497 43 341 21.50 9.49 -
lulissat 4 1.3 5.3 28 4.37 14.00 19.50 -

Charr and stickleback abundances are expressed as a measure of CPUE (catch per unit effort)

Nuuk 1

Nuuk 2

\ Nuuk 3

lulissat 4

lulissat 3

Muuk 4 lulissat 1

llulissat 2

Muuk 5

Figure 1. Map of Greenland (top left) showing the geographical location of the studied lakes at Nuuk (A) and

lulissat (B)

Lake Sampling

Fish were captured using sinking Lundgren
multimesh gill nets (1.5 m high). For each lake,
the nets were randomly placed at the bottom in
open water near the shore (in the middle of the
water column, at half the max depth). Depending on
lake size, the number of nets varied from one to
eight and the nets were set during the afternoon
and left overnight (~8 hours fishing time) to

maximize fish catchability (Prchalova et al. 2009).
Each charr individual was counted, measured (fork
length in mm and weight in g) and examined for the
occurrence of parasites in the visceral cavity and
flesh, the tapeworm Diphyllobothrium sp. being the
most common species found (Henriksen et al. 2016).
Interspecific  density-dependent  effects  were
estimated as the total number of sticklebacks
captured divided by the number of nets and hours
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(catch per unit effort, stickleback CPUE, ind. nets*
hours®). A clean piece of a white muscle tissue
(without parasites) was removed from a subset of 392
charr and 138 sticklebacks and frozen at -20°C for
SIA.

Benthic and pelagic invertebrates were sampled
to determine the overall food-web structure in the
study lakes. Benthic invertebrates were collected
using a 500 um mesh kick net within the submerged
vegetation or in the shallow littoral zone (0-1 m
depth) and an Ockelmann benthic sledge in deeper
areas (> 2m). Only soft body tissue of the benthic
invertebrates was selected for Stable Isotope
Analysis (shells, cases of mollusks and trichopterans
were discarded). Pelagic zooplankton taxa were
collected by undertaking several vertical hauls with a
140 um plankton net, and phytoplankton was
collected by pumping water through a 11 um net.
However, it was difficult to obtain enough material
for measurements due to the high fish predation on
zooplankton and low productivity of plankton
biomass (Jeppesen et al. 2017).

Lake Morphology

The studied lakes vary markedly in lake
morphology (lake depth and area, Table 1). We
performed a Principal Component Analysis (PCA) to
determine the variation in lake morphology and
reduce information to one dependent variable, which
was then modelled as a function of charr TP. Thus,
we estimated lake morphology as a synthetic variable
of the lake area and depth extracted from the first
PCA axis (91% variance explained). Positive values
of the first PCA axis indicate larger and deeper lakes.

Trophic Position (TP) of Charr and
Sticklebacks
In the laboratory, muscle samples were oven-

dried at 60 °C for 24 h, homogenised by grinding into

a fine powder, weighed (0.5 — 1.5 mg animal tissue)
and packed into tin capsules for stable isotopes
analysis at the UC Davis Stable Isotope Facility,
U.S.A. The analyses were performed on a PDZ
Europa ANCA-GSL elemental analyzer interfaced
with a PDZ Europa 20-20 isotope ratio mass
spectrometer (Sercon Ltd., Cheshire, UK). We
expressed stable isotope data in parts per thousand
(per mil, %o) deviations from international standards
(Vienna Pee Dee Belemnite and atmospheric N> for
8%C and 8N, respectively) using the following
equation:

Rsample

Equation 1: 8X = x 1000

Rstandard -1

where X = § 13C or 6*°N and R = ratio of heavy/light
isotope content (*3C/*2C or N/**N). Internal
precision was <0.2%o. We extracted 6°C and 3°N
isotope values for the fish data using trophic
discrimination factor (TDF) by Post (2002). Because
5 B¥C and &N cannot be used for cross-site
comparison as they depend on the level in primary
consumers, we determined charr and stickleback TP
with 20,000 iterations and five chains by using a
Bayesian  Stable Isotope  Mixing  Model
“twoBaselinesFull” of  the R package
“tRophicPosition” (Quezada-Romegialli et al. 2018).
This approach includes isotopic variation in the
baseline indicator (all primary consumers,
divided into littoral and pelagic/benthic parts) and in
the fish muscle tissue to provide reliable
estimates of charr and sticklebacks TP (Figures 2 and
3). We first classified the charr individuals into 5 cm
size intervals (0—4 cm; 5-9 cm; 10-14 cm; 15-19 cm
and so on) to illustrate differences in TP along
ontogeny within and among the fish populations.
Stickleback TP was estimated without size
partitioning.
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Statistical Analyses

Simple linear regressions were performed for
each lake to test positive TP-body-size relationships
with:

Equation 2:Y; = By + (1 X; + &

where Y =median charr TP in lake i; X , body size
class; B;, By, linear parameters and ¢;, error term.

We assessed if the f; of the linear regression in
Equation 2 showed positive (i.e., expected TP—body-
size relationship), null, or negative (i.e., breakdown
of the TP-body-size relationship) effects on each
lake and each lake group (presence/absence of
sticklebacks).

We computed Generalized Linear Models
(GLM) to quantify the effects of environmental
gradients on the TP of charr populations per size
class. The response variable was charr TP and the
predictors were lake morphology (first PCA axis),
stickleback TP and CPUE. Because the stickleback
TP and CPUE were strongly correlated, we separated
these variables into two GLM models. Continuous
variables were standardized (mean = 0 and standard
deviation = 1) to obtain the same units prior to fitting
the GLM models. Thus, the effect sizes of the
variables can be contrasted by their respective t-
values. The variables were logio transformed if they
violated the assumptions of normality (Shapiro-Wilk
test, p-value < 0.05). The probability (p-value) of
rejecting the null hypothesis of the GLM models was
set to 95% (level of significance 0.05). Variance
inflation factors (VIF) were calculated to identify
multicollinearity among predictors. For all
predictors, VIF values were less than two, indicating
a low degree of multicollinearity (Belsley et al.
1980). All analyses were performed with the software
R 4.1.0 (R Development Core Team 2021).

Results

TP-Body-Size Relationships

We found clear changes in charr TP with body
size, particularly in the lakes Nuuk 3, Nuuk 4 and
llulissat 2 (Figure 4), indicating that TP
increases with increasing body size. By grouping lake
systems (at catchment scale) into stickleback
density, there was also a significant positive
TP-body-size relationship in Nuuk 3 and 4 with
high stickleback density, as expected, suggesting
an increase of charr TP with ontogeny (Figure 5).

However, charr TP showed non-significant
TP-body-size relationship with absence or low
density of sticklebacks, where charr populations only
exhibited a steep increase of TP in the largest sizes
classes and non-linear relationships, respectively
(Figure 5).

Determinants of the Trophic Position of Charr

GLM revealed differences in the response of
charr TP to the lake morphology across body size
classes (Figure 6). In the first model (using
stickleback TP values as a predictor of stickleback
effects), larger and deeper lakes predominantly
showed a positive effect on TP values of medium-
sized charr populations (from 25 to 35 cm),
indicating that increasing lake morphology leads to
enhanced TP of charr populations (Figures 6 and 7).
Moreover, the presence of sticklebacks gradually
increased the TP of charr, with the most significant
changes occurring in 35-39 cm charr individuals
(Figures 6 and 7). In contrast, the TP values of
sticklebacks showed a null effect on the TP values of
the largest charr (> 40 cm), suggesting that the largest
charr individuals did not interact with sticklebacks.
Moreover, a significant positive interaction was
found in charr individuals of 25-29 cm; at locations
without sticklebacks, the TP values of charr
decreased with increasing lake morphology, whereas
in lakes with sticklebacks the TP values of charr
increased (Figure 7).

The second model (with stickleback density,
CPUE, as a predictor of stickleback effects) showed
results similar to those of the first model: i) lake
morphology had a significant positive effect on the
medium-sized charr (from 30 to 34 cm), ii) a gradual
increase of TP values of charr appeared with
increasing stickleback abundance simultaneously
with an abrupt decline in the TP of the largest charr
individuals, iii) the effects of the interaction between
stickleback abundance and lake morphology were
most pronounced for medium-sized charr (Figures 6
and 7).

Although anadromy was not examined in our
study, which might bias charr TP, we further
evaluated the effects of the distance of the lake to the
sea on charr TP in the subset of Nuuk lakes at
different levels of connectivity to the sea (Figure 8).
In our results, we did not detect an independent
influence of lake distance to the sea on charr TP
(Figure 8).
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Figure 6. The effects of lake morphology (lake size/depth), stickleback trophic position and abundance, and
their interactions, on the trophic position (TP) of charr for each body -size class

Y-axes indicate the effect size (estimate and standard error) of the driver and x-axes the body size classes. Grey points
display significant results (p-value <0.05).
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18 MODEL: TP.CHARR ~ MORPH. + TP.STICK + MORPH. : TP.STICK
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and charr body size class. For the interaction effect, the red line indicates lakes without sticklebacks and the black line
lakes with sticklebacks. For more information, see Figure 6.
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Figure 8. Effects of lake distance to the sea on charr TP

To avoid confounding effects of the presence and absence sticklebacks and to gather a proper number of observations,
only Nuuk lakes were considered. Solid lines indicate the trend of the relationship, but no fish size group showed a
significant (p-value < 0.05) trend, suggesting weak effects of lake distance to the sea on charr TP. The points represent
charr TP in each size category and lake. Size group category: 1-4, <20 cm; 5-7, >20 cm and <35 c¢cm; >8, >35 cm. Size
groups were based on the first quartile (first group), first quartile — third quartile (second group), and third quartile (3™
group). Sea distance was estimated using visual analysis of lakes on Google Earth.

Discussion

Compared to more complex food webs in
territories other than Scandinavia, the West Nordic
islands and northern Canada (Eloranta et al. 2010;
Murdoch and Power 2013), as well as studies of
Greenland charr populations focusing on population
size structure (Sparholt 1985; Riget et al. 2000;
Jeppesen et al. 2017) and marine feeding (Davidsen
et al. 2020), the present study is the first to focus on
specific-size charr TP in species-poor oligotrophic
high-latitude lakes with the same fish community
composition. While in several lakes, such as Nuuk 3
and 4, charr TP increased with increasing body size
following the typical pattern of a positive TP—body-
size relationship as many other animal taxa (McCann
et al. 2005; Romanuk et al. 2011), in other lakes, e.g.
Lake Nuuk 1 and llulissat 1, charr displayed no clear
trophic shifts, which is similar to the findings of
previous studies of other model fish (Layman et al.
2005; Schriever and Williams 2013). Moreover, our
findings highlight the importance of the simple fish
community composition for understanding the TP of
salmonids. Thus, charr had a greater TP in lakes with
than without sticklebacks, as observed also in other
studies of other salmonid species (Sanchez-
Hernandez et al. 2017 and references therein). This
suggests that ecological interactions are pivotal
factors in structuring food webs and food web lengths
(Simberloff 1982; VVander Zanden et al. 1999).

Our results demonstrate the occurrence of
contrasting trophic positions and habitat uses of charr
across all body size classes in Greenland lakes,
confirming that charr is a highly adaptive species
(Knudsen et al. 2016). Only the TP of medium-sized

charr responded positively to an increase in lake
size/depth. This matches the ecosystem-size
hypothesis that the larger ecosystems hold greater
home range areas, thereby providing more niche
space for larger organisms (Reiss 1988) and a longer
food web length (Post et al. 2000). Interestingly,
medium-sized charr display different responses to
lake size/depth depending on the presence of
sticklebacks (as interactive effects; Figures 6 and 7);
thus, the TP of charr between 25 and 29 cm exhibited
a positive response to increasing size/depth in lakes
with sticklebacks (Figure 7), while a negative
influence was observed in lakes without sticklebacks
(Figure 7). Given that sticklebacks mainly inhabit
littoral parts (Eloranta et al. 2015), increased lake
morphology would increase the niche differentiation
among species and also within body size classes,
suggesting low intra- and inter-specific competition
(Eloranta et al. 2013). This also indicates that the
presence of stickleback is a more important factor
than lake morphology in shaping the TP of charr and
thus the food chain length of lacustrine systems of
Greenland.

General fish ecology theory suggests that young
individuals of species with large adult sizes such as
charr might utilise resources similar to those used by
older individuals of a smaller species such as
stickleback (Persson and Greenberg 1990). In our
study, the TP of the smallest and largest charr
individuals seemed not to be determined by the lake
morphology but solely by the ecological interactions
of sticklebacks, suggesting idiosyncrasies to the type
of driver and body size class. The ecological
interactions between the young (small-sized) charr
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individuals and sticklebacks may cause a reduction in
charr TP, but when the charr grow, their TP appears
to increase as a function of the density and TP of
sticklebacks. However, the TP of the largest charr (>
40 cm) seemed to be invariant to the abundance and
TP of sticklebacks. A possible explanation is that the
largest charr migrate to the pelagic zone likely to feed
on zooplankton, thus alleviating the competition for
littoral resources, or that they specialise in feeding on
small-bodied zooplankton (Eloranta et al. 2013),
leading to a decrease in TP. However, in the llulissat
lakes, the 40-cm charr showed an abrupt enrichment
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of 8N, suggesting a probable trophic shift with
ontogeny from feeding on invertebrates to their
conspecifics (Knudsen et al. 1996). Eloranta et al.
(2010) also reported that most of the charr >50 cm in
a sub-Arctic lake with a fish community consisting of
charr and brown trout underwent an ontogenetic
dietary shift to cannibalism. In line with the previous
findings, the presence of parasites may determine the
cannibalistic role of charr (Hammar 2000), which in
our analysis was confirmed by high rates of parasite
infestation of charr > 45 c¢cm in the llulissat lakes
(Figure 9).
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=2 -
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Figure 9. Proportion of charr with parasites in each size category.
Dark bars are charr caught in the Nuuk region, and light bars are charr caught in the llulissat region.

Instead of strict cannibalism, some of the largest
charr individuals in our study lakes with sticklebacks
(e.g., Nuuk 3 and 4) probably have a diet partly
consisting of invertebrates, as suggested by the high
individual variation in 8'°N signatures. McCarthy et
al. (2004) proposed that in a sub-Arctic lake with a
multispecies fish community (sticklebacks, minnows
Phoxinus sp., brown trout), the wide variation in *°N
values for large piscivorous charr may result from
individual differences in isotopic fractionation (some

individuals prey only on fish, while others switch
between fish and invertebrates). Fraser et al. (1998)
highlighted that in a deep lake, with low abundance
of sticklebacks, piscivorous charr fed mainly on other
charr to alleviate the resource competition of small-
sized charr. Accordingly, charr may undergo flexible
ontogenetic dietary trajectories (switching between
fish and invertebrates) depending on the fish
community  composition,  with  concomitant
consequences for the variability of TP.
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The contrasting trophic responses of charr may
also be attributed to the strong interspecific
competition in the Arctic lake systems that are
characterised by food resource scarcity (Bolnick et al.
2010; Brodersen et al. 2012), as has been reported for
other salmonids, e.g. sockeye salmon Oncorhynchus
nerka and brown trout (Brodersen et al. 2012). In
Faroese lakes, Brodersen et al. (2012) found that
when sticklebacks lived in sympatry with brown
trout, the salmonid shifted its niche preferences.
Jargensen and Klemetsen (1995) observed that small
charr and sticklebacks were segregated at
microhabitat level for feeding in the littoral zone of
Lake Takvatn (northern Norway). In an enclosure
experiment, O’Neill (1986) showed that sticklebacks
competed with young individuals of sockeye salmon
by reducing the abundance of food resources. In our
study, the interspecific competition between
sticklebacks and charr caused a reduction of the
trophic level of charr by potentially reducing the
amount of resources and habitat space.

Our results may potentially be affected by
migration of the fish. Migration to the sea, if it occurs,
often takes place in early summer, and charr
specimens (typically in the size range 15 — 70 cm;
Gulseth and Nilssen 2001) remain in estuarine or
coastal water until at the end of the summer for
feeding before returning to freshwater (Radtke et al.
1996). These anadromous specimens exhibit elevated
SN values compared with resident populations
(Murdoch et al. 2015), and migration may also
enhance the basic level of 3*°N and 5'*C (Gregory-
Eaves et al. 2007). Enhanced basic levels in the lakes
will not affect the TP of fish, while higher §°N
obtained when feeding in the sea will. However, we
found no relationship between the TP of the different
size groups (first size group = <20 cm; second = >20
cm and <35 c¢cm; third = >35 cm) in the Nuuk lakes
with different distances to the sea (Figure 8).
Therefore, we assume that our results are not violated
by sea-based higher §*°N.

A promising area for future research is to explore
the effects of poleward expansion of generalist
species and environmental shifts driven by global
change on cold-water species such as charr.
Eutrophication in high-latitude lakes induced by
climate change could lead to reduced littoral primary
production and changes in charr TP. Moreover, the
increasing snowmelt caused by glacier retreat may
lead to connection between lakes and the sea due to
higher runoff in Arctic streams. Consequently, some
fish-free lakes will probably be colonised by charr
and also by northward-moving sticklebacks (Bennike
et al. 2008). Anadromous migration by sticklebacks
may extend their range of distribution towards the
north where they were once present up to Thule

(80°N) in the Holocene Thermal Optimum (ca. 8,000
years ago, Fredskild 1985). (Re)-spreading of the
species to new areas in Arctic food webs may alter
ecological interactions, so further development of
SIA may be valuable to unravel mechanisms driving
changes in trophic ecology by key fish species such
as charr in Arctic food webs.
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6z MAKALE BiLGIiSi

Bu ¢aligma, Ocak 2012- Aralik 2014 tarihleri arasinda Giliney Dogu Anadolu ;
Bolgesinde yer alan yedi ilde (Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis, ARASTIRMA MAKALESI
Mardin ve Sanlurfa) bulunan akarsu, baraj, gol, golet ve sazlik alan olmak iizere Gelis - 06.08.2021

toplam 169 tatlisu habitatinda siiliikk faunasinin belirlenmesi amaciyla yiiriitiildii.

Siiliik 6rnekleri habitatin 6zelligine gére birim zaman, birim g¢ergeve (Siiliik Dizeltme  :04.10.2021

toplama gercevesi) ve Ekman kepgesi yontemiyle toplandi. Toplam 169 sulak Kabul :07.10.2021

alanin 53’linde siiliik tespit edildi. Caligma siiresince toplanan siiliikk drnekleri su Yayim . 26.08.2022
bulunan 0,5-1,0 L’lik pet bidonlarla laboratuvara tagindi. Siiliik 6rnekleri dnce

% 10 etanol i¢inde bayiltildi, sonra %70 alkol veya %4 formalin iginde tespit DOI:10.17216/LimnoFish.894988

edildi. Toplanmus olan siiliikler morfolojik 6zelliklerine gére Stereo mikroskop
altinda teshisi yapildi. Bu ¢alisma sonunda , Giineydogu Anadolu Bolgesi sulak * SORUMLU YAZAR
alanlarinda Albolossiphonia heteroclita, Albolossiphonia sp., Dina apathyi,

Dina sp., Erpobdella octoculata, E. testacea, Erpobdella sp., Helobdella nsaglam@firat.edu.tr
stagnalis, Hirudo sulukii, Placobdella costata ve Placobdella sp. olmak iizere naim.saglam@gmail.com
altt soya ait toplam 11 farkli siilik tiiri belirlendi. S6z konusu caligma Tel :+90 424 237 0000/4529

kapsaminda tesbit edilen H. sulukii diinya i¢in 2016 yilinda tanimlanmis bir
tibbi siiliik tiirii olup, bolge halki tarafindan geleneksel ve tamamlayict tip
uygulamalar1 ¢ergevesinde kullanilmaktadir.

Anahtar kelimeler: Siiliikler, fauna, popiilasyon, Giineydogu Anadolu Bélgesi,
Tiirkiye

Investigation of the Leech Fauna of the South Eastern Anatolia Region

Abstract: This study was carried out to determine the leech fauna of the wetlands of seven provinces (Adiyaman, Batman,
Diyarbakir, Gaziantep, Kilis, Mardin and Sanliurfa) in South East Anatolia Region between January 2012 and December 2014. In
this study, total 169 different freshwater habitats such as rivers, ponds, dams, lakes and reeds were investigated for leeches. In
these provinces, Leech samples were found in 53 out of 169 wetlands. Leech samples were collected by unit time, unit frame
(Leech collection frame) and Ekman dredge method according to the characteristics of the freshwater habitat. During the study,
collected leeches were transfered to the laboratory in 0.5-1.0 L pet cans containing water. Leech specimens were relaxed in 10%
ethanol, and subsequently fixed in 70 ethanol or 4% formalin. Collected leeches were identified according to their morphological
characters under a stereomicroscope. In the present study, 11 leech species belonging to 6 genera were identified in the wetlands
of the Southeastern Anatolia Region, respectively the leech species Albolossiphonia heteroclita, Albolossiphonia sp., Dina
apathyi, Dina sp., Erpobdella octoculata, Erpobdella testacea, Erpobdella sp., Helobdella stagnalis, Hirudo sulukii, Placobdella
costata and Placobdella sp. H. sulukii is a medicinal leech species which was defined for the world in 2016 and has been used by
the people of the region within the framework of traditional and complementary medicine practices.

Keywords: Leeches, fauna, population, South Eastern Anatolia Region, Turkey
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Giris

Sulak alan bakimindan oldukga zengin bir iilke
olan Tiirkiye, bu alanlarda yayilis gosteren siiliik
tiirleri agisindan da diinyanin en zengin iilkelerinden
birisidir. Ancak, bu zenginlik tizerindeki ¢aligmalar
yakin zamanlarda baglamig olup istenilen diizeye
ulasamadigr gibi lilkemizin siilik faunasi da tam
olarak  ortaya  ¢ikarilamamistir.  Gegmisten
glinimiize sinirli sayillarda da olsa cesitli sulak
alanlarda yiriitiilmiis olan siilik faunasiyla ilgili
calismalar genel bilgiler edinmemizi saglamstir.

Tiirkiye’de 1915 yilindan giiniimiize kadar
Batracobdella paludosa, Dina lineata,
D. stschegolewi, D. vignai, Erpobdella octoculata,
E. testacea, E. vilnensis, Glossiphonia complanata,
G. heteroclita, Haementaria costata, Haemopis
sanguisuga, Helobdella stagnalis, Hemiclepsis
marginata, Hirudo medicinalis, H. officinalis,
H. sulukii, H. troetina, H. verbana, Herpobdella
costata, Limnatis nilotica Nephelopsis obscura,
Piscicola  geometrica, Placobdella  costata,
Theromyzon tessulatum, Trocheta bykowskii olmak
iizere 25 farkh siiliik tiirii belirlenmistir (Akyildiz
2008; Artiiz 1997; Balik vd. 1999; Balik vd. 2006;
Ceylan 2002; Ceylan vd. 2014; Demiroglu ve
Misirlioglu 2010; Deveciyan 1915; Duran 2006;
Duran ve Akyildiz 2011; Duran vd. 2007; Diigel
2001; Geldiay 1949); Geldiay ve Tareen (1972);
(Giilen vd. 1998; Kalyoncu 2002; Kalyoncu ve
Gililboy 2009; Kalyoncu vd. 2008; Kalyoncu ve
Zeybek 2009; 2011; Karasahin 1998; Kazanci vd.
2015; Kazanci vd. 2009; Kazanci vd. 1992; Minelli
1978; Ozbek ve Sar1 2007; Ozbek vd. 2008; Saglam
2001; Saglam ve Dorucu 2002; Saglam vd. 2016;
Saglam 2011; Ustaoglu vd. 2003; Ustaoglu vd.
1998; Zeybek 2007).

Tirkiye’deki tibbi  siilik (H. medicinalis)
popiilasyonlarimin durumu izlenmis ve Karamik
Goli, Isiklhh Gold, Karagol, Kizilirmak Deltasi, Eber
Golii, Yesilirmak Deltasit ve Manyas Goliiniin tibbi
siilik popiilasyonlar1 yoniinden zengin habitatlar
oldugu belirtilmistir (Demirsoy vd. 2005). Yine
Dogu Anadolu (Saglam vd. 2008) ve Goller
Bolgesi’ndeki (Ceylan vd. 2018) Tibbi siiliik
popiilasyonlarinin  durumu arastirilmigtir. 2010
yilina kadar H. medicinalis olarak bilinen tiirlerin
genetiksel teshisler sonucunda ¢ogunun H. verbana
tirtine ait oldugu belirlenmistir (Saglam 2011,
Siddall vd. 2007).

Bunlara ilaveten yapilan genetiksel ¢aligmalar
sonucunda 2016 yilinda Giiney Dogu Anadolu
Bolgesinde yeni bir tibbi siiliik tiirtintin, H. sulukii
varligi  calismalarla ortaya koyulmustur ve
Tiirkiye’deki tibbi = siilik tiirlerinin  sayist  iki
olmustur (Saglam vd. 2016).

Son yillarda yogunlasan bu caligmalara ragmen
Tiirkiye’nin heniiz siilik faunasi tam olarak ortaya
cikarilamamis  olup,  Giineydogu  Anadolu
Bolgesinde ise siiliikler iizerinde yapilan galisma
siurlt sayidadir.

S6z konusu bu ¢alisma ile Giineydogu Anadolu
Bolgesi’nde yer alan dokuz ildeki sulak alanlarda
siilik faunasmmin belirlenmesi amaglanarak bu
alandaki eksikligin giderilmesi hedeflenmistir.

Materyal ve Metot

Bu caligma Ocak 2012 ile Aralik 2014 tarihleri
arasinda Giiney Dogu Anadolu Bélgesinde bulunan
Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis,
Mardin, Siirt, Sanlurfa ve Sirnak olmak {izere
dokuz ilde bulunan toplam 169 sulak alanda
yuritildd (Sekil 1).

Ao

Sekill.Giiney Dogu Anadolu Bélgesi’nde siiliik belirlenen sulak alanlar
Figure 1. Wetlands with leeches in the Southeastern Anatolia Region
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Siiliik  ornekleri sulak alanlardan Ekman
camur alma aleti ve Saglam vd. (2008)'nin
birim cerceveden modifiye ederek
gelistirmis  olduklart  tibbi  siilik  toplama
gergevesi yontemi kullanilarak toplandi.
Ayrica yart nicel bir yontem olan bir

kisinin birim zamanda topladig1 siiliik sayisinin
belirlenmesine dayali yontem kullanilarak da
siiliiklerin (tibbi olan / olmayan) sulak alandaki
yogunluklari ortaya ¢ikarilmaya ¢alisildi (Kasparek
vd. 2000).

Caligma siiresince toplanan siiliik tiirleri 0,5-1,0
L’lik tasima kaplariyla teshis ¢alismalarinin
yiriitillecegi laboratuvara canli olarak tasindi.
Her ilden laboratuvara tasinmis olan siiliik tiirler
teshis igin yOntemine gore (Klemm 1982)
tespit edilip seffaflagtirildiktan sonra veya disekte
edildikten sonra stereo mikroskop altinda
teshisi yapildi. Siiliiklerin bayiltilmas1 i¢in su
bulunan petrideki siiliikklerin tizerine %10’luk alkol
ilave edildi. Siiliik tiirlerinin  bayilmas1 igin
hafif hafif petriler ¢alkalanarak yarim saat iginde
bayilmalar1 saglandi. Bayilmis olan siiliikkler daha
sonra %70’lik etil alkol veya %4’liikk formalin
icine alinarak tespit edildi. Tirlerin teshisi igin
onemli olan morfolojik karakterleri siiliikk teshis
formlarina islendi. Siiliiklerin teshisinde
Govedich vd. (2010), Elliott ve Mann (1979),
Klemm (1982), Saglam (2004) ve Sawyer
(1986)’dan yararlanildu.

Béliim (Divisio-Phylum)

Calismada arazide yerinde yiiriitiilen su kalite
parametreleriyle ilgili olgimler YSI Professional
Plus Multiparametre marka 6l¢iim cihazi ile yapildu.
Ozellikle siiliik tespit edilen sulak alanlarda suyun
kalitesi ile ilgili olarak sicaklik (°C), ¢Oziinmiis
oksijen konsantrasyonu (mg/L), pH, tuzluluk (ppt),
ve elektriksel iletkenlik (uS/cm) gibi su
parametreleri  Olgiildii.  Siilik  6rneklemelerinin
yapildigi sulak alanlarin koordinatlar1 Magellan
Triton 1500 marka el tipi GPS cihaziyla belirlendi
ve Google Earth lizerinde isaretlendi.

Bulgular

Gilineydogu Anadolu Bolgesinde yer alan 7 ilde
toplam 169 sulak alanda ¢aligma yiiriitiilmiis olup,
toplam 53 habitatta siilik belirlendi ve ornekleme
yapild1 (Sekil 1; Tablo 1). Calisma sonunda 11
farkli siiliik tiirti belirlendi. Bu siiliik tirleri; Hirudo
sulukii, Dina apathy, Dina sp., Erpobdella
octoculata, Erpobdella testacea, Erpobdella sp.,
Alboglossiphonia heteroclita, Alboglossiphonia sp.,
Helobdella stagnalis, Placobdella costata ve
Placobdella sp. olarak teshis edildi (Tablo 2).
Bunlara ilaveten s6z konusu calisma ile tespiti
yapilan tiirlerinden birisinin tibbi siiliik H. sulukii
oldugu, sadece Giineydogu Anadolu Bdlgesinde
yasadigl, endemik bir tiir oldugu ve ekonomik
olarak  ticaretinin  yapilabilecegi  Dbelirlendi.
Calismada tespit edilmis olan siilik tiirline ait
sistematik agagida verilmistir.

: Annelida - Lamarck, 1809 — Halkal1 solucanlar

Altboliim (Subphylum) : Clitellata
Simif (Classis) : Hirudinea - Lamarck, 1818 - Siiliikler
Altsimif (Subclassis) : Euhirudinea - Lukin, 1956
Takim (Ordo) : Arhynchobdellida - Blanchard, 1894
Alttakim (Subordo) : Hirudiniformes - Caballero, 1952
Aile (Familia) : Hirudinidae
Cins (Genus) : Hirudo — T1bbi siiliikler
Tiir : Hirudo sulukii Saglam, Saunder, Lang, Shain, 2016
Alttakim (Subordo) : Erpobdelliformes Sawyer, 1986
Aile (Familia) : Erpobellidae
Cins (Genus) : Dina
Tiir : Dina apathyi Gedroye, 1916
Tiir : Dinasp.
Cins (Genus) : Erpobdellade Blainville, 1818
Tiir : Erpobdella octoculata (Linnaeus, 1758)
Tiir : Erpobdella testacea (Savigny, 1822)
Tiir : Erpobdella sp
Takim (Ordo) : Rhynchobdellida R.Blanchard, 1894
Aile (Familia) : Glossiphoniidae Vaillant, 1890
Cins (Genus) : Alboglossiphonia Lukin, 1976
Tiir : Alboglossiphonia heteroclita (Linnaeus, 1761)
Tiir : Alboglossiphonia sp.

Cins (Genus)

: Helobdella R.Blanchard, 1896

Tiir : Helobdella stagnalis (Linnaeus, 1758)

Cins (Genus)

: Placobdella R.Blanchard, 1893

Tiir : Placobdella costata (Fr. Miiller, 1846)
Tiir : Placobdella sp.
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Tablo 1. Ornekleme Yapilan Sulak alan habitatlar1 ve dagilim
Table 1. Sampled wetland habitats and distribution
iller Baraj Gol Golet Sazhk Toplam
Arastirilan Siiliik Arastirilan Siiliik Arastirillan Siiliik Arastirilan Siiliik Arastirilan Siiliik Arastirilan Siiliik
bulunan bulunan bulunan bulunan bulunan bulunan
Adiyaman 14 - 3 1 4 4 1 - 8 4 30 9
Batman 5 2 - - - - 2 - 2 2 9 4
Diyarbakir 9 9 - - - - 6 4 25 8 40 21
Gaziantep 25 10 4 - - - 8 - 5 2 42 12
Kilis 4 - - - - - 3 1 - - 7 1
Mardin 4 3 1 - - - 4 - - - 9 3
Sanhurfa 12 3 4 - - 14 - - - 32 3
Toplam 73 27 12 1 4 38 5 40 16 169 53
Tablo 2. Arazide toplanmis olan siiliik tlirlerinin agirlik, uzunluk, genislik anterior ve posterior gekmen ¢aplarinin ortalama dlgtimleri
Table 2. Average measurements of weight, length, width, anterior and posterior sucker diameters of leech species collected in the field
Siiliik tiiri Agirhik (mg) Uzunluk (mm) Genislik (mm) Anterior Cekmen Posterior Cekmen
Cap1 (mm) Cap1 (mm)
1) Hirudo sulukii 12224621 (570-2520) 59,85+14,84 (40-98) 6,31+1,25 (5,0-9,0) 3,15+0,71 (2,1-4,3) 3,98+0,86 (3,0-5,4)
2) Alboglossiphonia heteroclita 120+36,21 (40-164) 28,04+0,38 (12-35) 17,1+£0,43 (12-21) 1,1+0,06 (0,9-1,5) 1,6+0,09 (1,3-2,1)
3) Alboglossiphonia sp. 110+26,87 (54-133) 25,69+0,48 (10-32) 14,0+0,33 (11-17) 1,140,05 (0,9-1,4) 1,5+0,08 (1,3-1,8)
4) Dina apathy 87,62+101,54 (10-490) 29,63+12,59 (10-66) 1,94+0,87 (1,0-4,0) 0,77+0,32 (0,3-1,9) 1,43+0,47 (0,3-2,0)
5) Dinasp. 43,75+30,96 (7-110) 21,13+6,10 (10-30) 1,96+0,88 (1,0-3,0) 0,66+0,29 (0,1-1,2) 1,19+0,41 (0,3-1,7)
6) Erpobdella octoculata 44,17+26,58 (20-110) 24,22+5,06 (13-36) 2,25+0,50 (1,3-3,2) 0,94+0,27 (0,5-1,5) 1,09+0,28 (0,7-2,1)
7) Erpobdella testacea 123,33+58,73 (60-176) 31,00+12,00 (19-43) 2,83+0,76 (2,0-3,5) 1,3340,58 (1,0-2,0) 2,00+0,82 (1,0-3,0)
8) Erpobdella sp. 83,75+65,65,54 (17-157) 25,55+6,44 (13-36) 1,98+0,70 (2-4,0) 1,33+0,52 (0,3-1,9) 1,220,64 (0,7-2,0)
9) Helobdella stagnalis 24,50+14,22 (10-60) 9,28+2,72 (7-23) 3,11£1,65 (1-10) 0,56+0,29 (0,2-1,8) 1,05+0,37 (0,6-2,6)

10) Placobdella costata
11) Placobdella sp.

62,87+71,45 (10-240)
22,3046,43 (10-31)

18,732,37 (14-24)
18,60+2,89 (11-26)

9,27+1,91 (6-14)
7,80+1,14 (6-10)

1,24+0,24 (0,8-1,6)
1,16+0,22 (0,7-1,5)

2,1840,23 (1,8-2,6)
2,130,24 (1,6-2,5)
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1- Hirudo sulukii Saglam, Saunder, Lang,
Shain, 2016

Viicut dorso-ventral hafif yassilasmis olup,
viicut uzunlugu 59,85+14,84 mm (40-98 mm) ve
genisligi ise 6,31+1,25 mm (5,0-9,0 mm) dir. Viicut
ortalama agirh@ 12224621 mg (570-2520 mg)
olarak belirlenmistir. Anterior ¢ekmenin ¢ap1
3,1540,70 mm (2,1-4,3 mm) iken, posterior
¢cekmenin c¢ap1 ise 3,98+0,86 mm (3,0-5,4 mm)
olarak belirlenmistir (Tablo 2). Agiz genistir ve
biitiin anterior ¢ekmeni kaplamistir. Canli olarak
incelenen  bireylerde renk zeytin  yesilinden
kahverengiye kadar degismektedir. Viicudun dorsal
yiizeyi degisken zeytin yesilinden kahverengiye
kadar degismekte olup, kesikli siyah benek iceren
bir ¢ift turuncu paramedian ve kapsayict oval siyah
benek iceren iki turuncu paramarjinal cizgiye
sahiptir. Viicudun dorsa-lateral kisimda zikzak
tarzinda siyah boyuna c¢izgileri vardir. Kenarlar agik
zeytin rengindedir. Viicudun ventral kismi ise her
iki yaninda siyah beneklerin birlesmesiyle olusmus
belirgin bir bant mevcut olup, bu siyah benekler
karin altina irili ufakli sekilde dagilmis durumdadir.
Viicudun II ve VI. segmentleri arasinda parabolik

kemer seklinde bes ¢ift goz siralanmakta, 3. ve 4.
gbz cifti bir halkayla, 4. ve 5. goz ¢ifti ise iki
halkayla birbirinden ayrilmaktadir. Ayrica viicut ii¢
ceneye sahiptir ve genital delikler bes halkayla
birbirinden ayrilmustir.

Habitat ve dagilim

Glineydogu Anadolu Bolgesi’ nde yer alan
sazlik ve bataklik karakterdeki sulak alanlarda
yayilim gostermekte olan H. sulukii, 2016 yilinda
yeni bir tibbi siiliik tlirli olarak tanimlanmis olup,
bolgede yillardir insanlar tarafindan tedavide yaygin
olarak kullanilmaktadir.

fgili ¢aligma kapsaminda H. sulukii Adiyaman
ili Gerger ilgesi Siilikli Go6l ve Kahta ilgesi
Kozagac Sazligi, Batman ili Merkez ilgesi Segirkan
Sazlig1, Diyarbakir ili Bismil ilgesi Arikgol Sazligi,
Koruke¢u Sazligi, Sabun Gélleri ve Yukarisalat Golii
ve Gaziantep ili Sehitkamil ilgesi Akcagdze Golii ve
Siiliiklii Gol olmak {izere toplam dokuz sulak alanda
belirlenmistir ve sadece Tiirkiye’nin Giiney Dogu
Anadolu Bolgesinde yayilis gdsteren bir tibbi siiliik
tiiri olmas1 nedeniyle bolgesel endemik &zelligi
tasimaktadir (Tablo 3).

Tablo 3. Giiney Dogu Anadolu Bolgesinde sulak alanlarda belirlenen siiliik tiirleri ve yogunluklari
Table 3. Leech species and densities determined in wetlands in Southeastern Anatolia Region

Birim Zamanda Toplanan Siiliik | Birim Alanda Siiliikk
Iige Sulak Alan Adi Siiliik Tiirii Sayisi Sayisi
(Siiliik/Saat/Kisi) (adet/m?)
ADIYAMAN
gf;ng'Tavas Dina apathyi 36 18
Besni Keysun-2 Sazligi E.octoculata 26 1,3
Dina apathyi 18 0,9
Safraz Sazlig1 Dina apathyi 64 3,2
. Cat Baraji/Sazlica Erpobdella testacea 15 0,75
Gelikhan Gélii Dina apathyi 31 1,55
Gerger (SEZE;S ol Hirudo sulukii 12 0,6
Alboglo§S|phoma o5 1,25
heteroclita
Erpobdella testacea 15 0,75
Golbas1 Golu Erpobdella octoculata 10 0,5
Dina apathyi 10 0,5
Alboglossiphonia sp. 5 0,3
Golbagi Dina sp. 14 1,3
Erpobdella octoculata 86 4,3
Azabl1 Goli Dina apathyi 34 1,7
Dina sp. 32 15
Erpobdella testacea 32 1,2
Inekli Golii Erpobdella octoculata 35 1,4
Erpobdella sp. 57 18
Kahta Kozaagac Sazlig Hirudo sulukii 10 0,4
BATMAN
Batman Cay1 Dina apathyi 12 0,2
Merkez Helohdella stagnalis 12 0,3
Segirkan Sazlig1 Hirudo sulukii 12 0,3
Sason Kilimli Golii Dina apathyi 16 0,2
Sason Cay1 Dina apathyi 48 0,6
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Tablo 3. Devami
Table 3. Continued

Birim Zamanda Toplanan Siiliik

Birim Alanda Siiliik

iige Sulak Alan Ad1 Siiliik Tiirii Sayis1 Sayis1
(Siiliik/Saat/Kisi) (adet/m?)
DiYARBAKIR
Arikgol sazligt Hirudo sulukii 29 1,2
. - Dina apathyi 21 0,4
Dicle Nehri Dina sp. 13 0.2
_— _ Hirudo sulukii 13 0,65
Bismil Korukgu Sazlig Dina apathyi 32 16
Sabun Golleri Hirudo sulukii 23 0,2
Yukarisalat Cay1 Dina apathyi 10 0,5
Yukarisalat Golii Hirudo sulukii 274 13,7
Incili Cay1 Dina apathyi 20 0,5
Placobdella
Kalecik Golil costata 184 2.3
Cermik Dina apathyi 16 0,2
Giiriiz Sazlig1 Helobdella 200 2,5
£ stagnalis '
qes Helobdella
Yaylacik Golii stagnalis 400 5
Dina apathyi 39 1,95
Bayirkonak Goleti Helobdglla 3 0.15
stagnalis
Kunres Sazlig Dina apathyi 5 0,23
Cinar Dina apathyi 21 1,05
Kunres Goleti Placobdella
3 0,15
costata
Dina apathyi 69 3,45
Goksu Goleti Helobdella
stagnalis 13 0.3
Clingiis Clingiis Cay1 Dina apathyi 18 0,9
Dina apathyi 120 6
Dicle Dicle Nehri Helobdella 6 0,3
stagnalis
Placobdella sp. 27 1,2
Egil Dicle Nehri Dina apathyi 45 2,25
Dicle Nehri Erpobdella 72 36
testacea
Bogazkoy Gozesi Dina apathyi 50 0,625
Ergani (I:Dgr;ltc;tk;della 20 025
Dogankdy Goleti Helobdella
; 380 4,75
stagnalis
Merkez Dicle Nehri Dina apathyi 48 2,4
GAZIANTEP
Araban Karasu Cay1 Dina apathyi 88 2,7
Yurtbagi-Merg . .
Karkamig Deresi Dina apathyi 68 2,6
Merkez Alleben Deresi Dina apathyi 200 5
Firat Nehri Dina apathyi 10 0,5
Nizip Nizip Cay1 Dina apathyi 56 2,5
Uluyatir Cay1 Dina apathyi 16 0,8
Nurdagi Sarayburnu Cayi Dina apathyi 8 0,3
Nurdagi Nogaylar Deresi Dina apathyi 84 2,8
Osuzeli Karpuzatan Deresi Dina apathyi 40 2
guze Kirkgoz suyu Dina apathyi 8 0,8
. . Akgagoze Golil Hirudo sulukii 21 1,2
Sehitkamil Silikli Gol Hirudo sulukii 266 76
KILiS
Musabeyli Yedigoz Goleti Dina apathyi 20 0,25
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Tablo 3. Devami
Table 3. Continued

filge Sulak Alan Ad Siiliik Tiirii Birim Zam?sni(iilzili l"(l"/g[;l;l/l;lils;uluk Sayis1 | Birim Al?;lddez;/ i]uzl)uk Sayisi
MARDIN
. Dina apathyi 59 3,6
Nusaybin Beyaz su Dina sp. 13 0.3
Savur Savur Cay1 Dina apathyi 58 2,9
Siirgiicii Cay1 Dina apathyi 60 3,8
SANLIURFA
Birecik Bentbahgesi Cayr | Dina apathyi 60 3
Magarali Cay1 Dina apathyi 40 2,66
Siverek Dogukent Cay1 Dina apathyi 104 3,46
2- Dina apathyi Gedroye, 1916 mm) ve posterior ¢ekmen ise 1,19+0,41 mm (0,3-1,7
Viicudu dorso-ventral hafif yassilasmis olup mm) c¢apindadir (Tablo 2). Renkleri agik

ovalimsi bir yapidadir. Uzunlugu 29,63+12,59 mm
(10-66 mm) arasinda degismekte olup, viicut
genigligi  1,94+0,87 mm (1,0-4,0 mm) olarak
Olciilmiistiir. Siiliigiin ortalama agirligy
87,62+101,54 mg (10-190 mg) olarak tartilmustir.
Anterior ¢ekmenin ¢apt 0,77+£0,32 mm (0,30-1,90
mm) ve posterior ¢cekmenin capi ise 1,434+0,47 mm
(0,30-2,40 mm) olarak belirlenmistir (Tablo 2).
Renkleri koyu olup gri, grimsi-siyah veya
kahverengidir. Agiz biitlin anterior ¢ekmeni
kaplayacak sekilde genistir. Bu siiliikte proboskis
yoktur. Iki ¢ift labial iki ¢ift bukkal olmak iizere
dort ¢ift goze sahiptir ve gozler arasinda iki halka
vardir. Viicut segmentleri esit uzunlukta olan bes
halkadan meydana gelmistir. Erkek ve disi genital
delik birbirinden iki halkayla ayrilmistir. Erkek ve
disi genital delikleri iceren segmentler yumurta
olusumu agsamasinda viicudun genisligine gore daha
fazla genigslemekte ve bu bdlgenin rengi
actlmaktadir.

Habitat ve dagilim

Dina apathyi durgun sularda bataklik ve sazlik
alanlarda her tiirlii akarsuyun durgun kisimlarinda,
toprakla temas eden tas, bitki kalintilar1 ve sert
cisimlerin alt kisimlarinda yer alir. Bu siiliik tiirii
bolgede yer alan sulak alanlarda en yaygin bulunan
tir olarak belirlemistir. S6z konusu tir, ilgili
caligma kapsaminda siiliik tespit edilmis olan toplam
53 sulak alanin 40’1nda bu tiiriin kaydi yapilabilmis
ve Giiney Dogu Anadolu Bolgesi’nde yaygin siiliik
tiirii olarak belirlenmistir (Tablo 3).

3- Dina sp.

Bu tiiriin viicudu dorso-ventral hafif yassilagsmis
olup ovalimsi yuvarlaga yakin bir yapidadir. Kiigiik
yapil1 bir siiliik tiirii olup uzunlugu 21,13+6,10 mm
(10-30  mm) arasinda degismekte olup, viicut
genisligi 1,96+0,88 mm (1,0-3,0 mm) dir. Siiligiin
ortalama agirligi 43,75+30,96 mg (7-110 mg) olarak
tartilmistir. Anterior ¢ekmen 0,66+0,29 mm (0,1-1,2

kahverengidir. Dort ¢ift géze sahiptir ve gozler
arasinda iki halka vardir. Viicudun orta kisminda yer
alan segmentler 6 halkadan meydana gelmistir.
Erkek ve disi genital delik birbirinden 2-2,5
halkayla ayrilmigtir. Yapilan morfolojik ¢aligmada
diger Dina tiirlerinden oldukg¢a farkli bir yapiya
sahip oldugu belirlenmis olup iizerinde detayl
arastirmalarin yapilmasi gerekmektedir.

Habitat ve dagilim

Giliney Dogu Anadolu Bolgesi'nde yer alan
gollerde ve akarsularin durgun kisimlarinda,
toprakla temas eden tas, bitki kalintilar1 ve sert
cisimlerin alt kisimlarinda yasamaktadir. lgili tiire
s0z konusu c¢alisma kapsaminda Adiyaman ili
Golbast ilgesinde yer alan Golbasi Golii, Azabli
Golii ile Diyarbakir ili Bismil ilgesi simirlar
igerisinde bulunan Dicle nehri ve Mardin ili
Nusaybin Ilgesinde bulunan Beyazsu Deresi’nde
olmak lizere toplam 4 lokalitede tespit
edilmistir(Tablo 3).

4- Erpobdella octoculata (Linnaeus, 1758)

Bu siiliik tiiriiniin viicudu dorso-ventral hafif
yassilagsmis olup uzunlugu 24,22+5,06 mm (13-36
mm), viicut genisligi ise 2,25+0,50 mm (1,30-3,20
mm) olarak Ol¢iilmiistiir. Siiliigiin ortalama agirlig
44,17£26,58 mg (10-110 mg) olarak tartilmistir.
Anterior ¢ekmenin cap1 0,94+0,27 mm (0,50-1,50
mm) ve posterior ¢ekmenin ¢ap1 ise 1,09+0,28 mm
(0,70-2,10 mm) olarak belirlenmistir (Tablo 2). Dort
cift gbze sahiptir ve gozler arasinda iki halka vardir.
Viicut hafif yassilagmis ovalimsi yapidadir. Renkleri
koyu olup gri, grimsi-kahverengi  veya
kahverengidir. Viicut lizerinde segmental yerlesmis
olan duyu papillalar1 beyazimsi olarak enine dizili
sekilde siralanmistir. Agiz genistir ve biitlin anterior
¢ekmeni kaplamaktadir. Viicut segmentleri esit
uzunlukta olan bes halkadan meydana gelmistir.
Erkek ve disi genital delik birbirinden ii¢ halkayla
ayrilmistir.
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Habitat ve Dagilim

E. octoculata durgun sularda, gollerde, bataklik
ve sazlik alanlarda toprakla temas eden tas, bitki
kalmtilart ve sert cisimlerin alt kisimlarinda
yasamaktadir. S0z konusu tiire ilgili calisma
kapsaminda Gilineydogu Anadolu Bolgesi’nde
sadece Adiyaman ili Besni ilgesinde bulunan
Keysun-2 Sazligi, Golbasi ilgesinde yer alan Azabli,
Golbas1 ve Inekli Gollerinde olmak iizere toplam 4
lokalitede rastlanilmistir (Tablo 3).

5- Erpobdella testacea (Savigny, 1822)

Viicut dorsa-ventral hafif yassilasmis olup,
dorsalin orta kisimda birbirine yakin durumda
paralel olarak uzanan kahverengi bir ¢ift ¢izgi yer
almaktadir. Viicut uzunlugu 31,00£12,00 mm (19-
43 mm) genisligi ise 3,83+0,76 mm (2,0-3,5
mm)’dir. Siiliiglin ortalama agirhigr 123,33+58,73
mg (60-176 mg) olarak tartilmistir. Anterior
¢cekmenin ¢ap1 1,33+£0,58 mm (1-2 mm) ve posterior
¢cekmenin ¢ap1 ise 2,00+0,82 mm (1-3 mm) olarak
belirlenmistir (Tablo 2). Viicut renkleri koyu olup,
gri, grimsi-siyah veya kahverengidir. Agiz genistir
ve biitiin anterior ¢gekmeni kaplamaktadir. Proboskis
yoktur. iki ¢ift labial iki ¢ift bukkal olmak iizere
dort cift goze sahiptir. Gozler arasinda iki halka
vardir. Viicut segmentleri esit uzunlukta olan bes
halkadan meydana gelmistir. Erkek ve disi genital
delik birbirinden dort halkayla ayrilmistir.

Habitat ve dagilim

E. testacea g6l ve akarsularin durgun
kisimlarindaki habitatlar1 tercih etmektedir. Soz
konusu tir diger Erpobdellidlerde oldugu gibi
toprakla temas eden tag, bitki kalintilar1 ve sert
cisimlerin alt kisimlarinda yagamaktadir. Bu tiir s6z
konusu ¢alisma kapsaminda Adiyaman ili Celikhan
ilcesinde bulunan Cat Baraji/Sazlica Goliinde,
Golbas1 ilcesinde yer alan Golbasi ve Inekli
Gollerinde ve Diyarbakir ili Ergani ilgesinde yer
alan Dicle nehrinde olmak tizere toplam 4 lokalitede
belirlenmistir (Tablo 3).

6- Erpobdella sp.

Viicudu dorso-ventral hafif yassilas olup
ovalimsi bir yapiya sahiptir. Uzunlugu 25,55+6,44
mm (13-36 mm) arasinda degismekte olup, viicut
genisligi  1,9840,70 mm (2-4,0mm) olarak
Ol¢iilmiistiir. Siiliglin ortalama agirligi 83,75+65,54
mg (17-157 mg) olarak tartilmigtir. Anterior gekmen
1,33+0,52mm (0,3-1,9 mm) ve posterior ¢ekmen ise
1,2240,64 mm (0,7-2,0 mm) ¢apindadir (Tablo 2).
Viicudun dorsal kismi agik kahverenginden koyu
kahverengiye kadar diiz bir yap1 gostermektedir.
Viicudun yiizeyinde cok kiigiik duyu papillalart
bulunmaktadir. Iki ¢ift labial iki ¢ift bukkal olmak
lizere dort cift goze sahiptir. Gozler arasinda iki
halka vardir. Viicut segmentleri esit uzunlukta olan

bes halkadan meydana gelmistir. Erkek ve disi
genital delik birbirinden 3-3,5 halkayla ayrilmistir.

Habitat ve dagilim

Ilgili tiir durgun sularda batakhik ve sazlik
alanlarda toprakla temas eden tas ve sert cisimlerin
alt kisimlarinda yasamakta olup, bu ¢alismada
sadece Adiyaman ili Gélbasi ilgesi Inekli Goliinde
kaydedilebilmistir (Tablo 3).

7- Alboglossiphonia heteroclita (Linnaeus,

1761)

Kiigiik yapili siiliikler olup, viicut dorsa-ventral
yonde yassilasmis yaprak seklinde bir yapiya
sahiptir. Viicut uzunlugu 28,044+0,38 mm (8,27-
32,11 mm), genisligi ise 17,140,433 mm (11,10-
21,05 mm)’dir (Tablo 2). Viicut genellikle agik
kahverengi veya kehribar renginde, saydam ve soluk
goriiniimliidiir. Anterior ¢ekmen ventralde yer alip,
viicuttan daha dar ve viicutla az veya ¢ok
kaynasmustir. Agizdan disar1 ¢ikabilen bir faringeal
proboskis vardir. Gozler iig ¢ift ve IV-V., segmental
olarak yerlesmis, licgen sekilde siralanmistir olup,
bir birini takip etmektedirler. Gozlerin ilk ¢ifti, diger
iki c¢ifte gore birbirine daha yakindir. Erkek ve disi
genital delikler XII. segmentin al/a2 (28/29. halka)
halkalar arasinda yerlesmis olup ortak bir genital
delik i¢ine agilir.

Habitat ve dagilim

Alboglossiphonia  hetoroclita ~ Giineydogu
Anadolu Bolgesinde yer alan sazlik ve bataklik
karakterdeki sulak alanlarda yayilim gdstermektedir.
Bu siiliik tiirli sadece Adiyaman ili G6lbasi ilgesinde
yer alan Golbast Goliinde belirlenmistir (Tablo 3).
Golde su kaplumbagalarinin  bulunmas: dikkat
cekici olarak goriilmiistiir.

8- Alboglossiphonia sp.

Alboglossiphonia sp’nin viicudu dorsoventral
yonde yasst olup, yaprak seklinde bir yapiya
sahiptir. Kiiclik yapili siiliikklerdir. Uzunlugu
25,69+0,48 mm (10-32 mm) arasinda
degismekte olup, viicut genisligi 14,0+0,33 mm
(11-17 mm) kadardir (Tablo 2). Viicut genellikle
acik kahverengi veya yesilimsi renktedir. Ventral
kismi agik yesilimsi renktedir. Viicut yiizeyi irili
ufakli duyu papillalariyla kaplidir. Anterior ve
posterior cekmenler viicutla kaynasmis olup agizdan
disar1 cikabilen bir proboskise sahiptir. Gozler ii¢
cifttir. GOz giftleri birbirine esit mesafelerde ve
paralel konumda yerlesmistir. Erkek ve disi genital
delikler XI. segmentin a2/a3 (26/27. halka) halkalar
arasinda yerlesmis olup ortak bir genital delik igine
agilir.

Habitat ve dagilim
Bu siiliik tiirii sadece Adiyaman ili Golbast
ilgesinde yer alan Goélbagi Goliinde belirlenmistir
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(Tablo 3). Golde su kaplumbagalarinin bulunmasi
dikkat cekicidir.

9- Helobdella stagnalis (Linnaeus, 1758)

H.stagnalis’in viicudu dorso-ventral yonde yassi
olup, yaprak seklinde bir yapiya sahiptir. Kiigiik
yapili siiliikklerdir. Uzunlugu 9,2842,72 mm (9,0-
11,0 mm) arasinda degismekte olup, viicut genigligi
3,11+1,65 mm (1,0-10,0 mm) kadardir. Siiliigiin
ortalama agirligi 24,50+14,22 mg (10-60 mg) olarak
tartilmigtir. Anterior ¢ekmenin ¢ap1 0,56+0,29 mm
(0,20-1,80 mm) ve posterior ¢ekmenin ¢ap1 ise
1,05+0,37 mm (0,6-2,6 mm) olarak
belirlenmistir(Tablo 2). Ag1z, anterior gekmenin orta
kisminda yer alir. Birbirinden iyi ayrilmis bir ¢ift
g0z vardir. Genital delikler bir halka ile ayrilmistir.
Viicudun VIII. segmentinin dorsal yiizeyinde
kahverengi, boynuzumsu yapida, kitinoid bir pul
(nuchal plate) vardir. Dorsal ylizeyde longitudinal
cizgiler yoktur. Alt1 ¢ift dallanmis crop caecae
vardir ve son ¢ifti posterior olarak yerlesmistir.
Posteior ¢gekmende pigmentasyon yoktur.

Habitat ve dagilim

H. stagnalis gol, golet, bataklik ve sazlik
karakterdeki durgun sular ile akarsularin yavag
akintili kisimlarindaki tag ve sert cisimlerin alt ve
yan kisimlarinda yasamaktadir. Canli bireyler seffaf
ve oldukea kiiciik olmasi ve hareket kabiliyetlerinin
de olduk¢a yavas olmasi nedeniyle toplama
sirasinda ¢ok dikkat edilmesi gerekmektedir.
Helobdella stagnalis Adiyaman ili Merkez ilge
Batman c¢ayinda ve Diyarbakir ili Cermik ilgesi
Giiriiz Sazligi ve Yaylacik Goli, Cinar ilgesi
Bayirkonak ve Goksu Goletleri, Dicle ilgesi Dicle
Nehri ve Ergan il¢esi Dogankdy Goéleti olmak iizere
7 lokalitede tespit edilmistir (Tablo 3).

10- Placobdella costata (Fr. Miiller, 1846)

P.costata’nin viicudu dorso-ventral yonde yassi
olup, yaprak seklinde bir yapiya sahiptir. Orta
biiyiikliikteki stiliiklerdir. Uzunlugu 18,734+2,37 mm
(14,0-24,0 mm) arasinda degismekte olup, viicut
genisligi 9,27+1,91 mm (6,0-14,0 mm) kadardir.
Siiliiglin ortalama agirlign 62,87+71,45 mg (10-240
mg) olarak tartilmistir. Anterior ¢ekmenin c¢ap1
1,24+0,24 mm (0,8-1,6 mm) ve posterior ¢ekmenin
capt ise 2,18+0,23 mm (1,8-2,6 mm) olarak
belirlendi (Tablo 2). Agiz, anterior ¢ekmenin
anterior kenarina yakin olarak yerlesmistir. Agizdan
disar1 ¢ikabilen bir faringeal proboskis’e sahiptir.
Ugiincii segmentte bir ¢ift gdéz vardir. Yardimei
gozler yoktur. Gozler birbirine degecek sekilde
yakin veya birlesiktir. Erkek ve disi genital delikler
iki halka ile ayrilmistir. Genellikle viicut yiizeyinde
papillalar vardir. Papillalar kiiciik, piiriizsiiz, kubbe
seklinde ve koniktir. Dorsal yiizeyde kiiglik

papillalarin 5-7 longitudinal sirasi vardir. Yedi ¢ift
crop caecae’ya sahiptir. Aniis posterior ¢ekmene
yakindir ve pedisel yoktur.

Habitat ve dagilim

P. costata gol ve golet karakterdeki durgun
sulardaki tas ve sert cisimlerin alt kisimlarinda
yasamaktadir. Canli bireyler taglarin altina yaprak
seklinde yapigmasi, dorsal viicut rengini &zellikle
koyu renkli cisimlerin rengine uydurmasi ve
hareketsiz davranisi nedeniyle toplama sirasinda
kendini gizlemeye calismaktadir. P. costata
Diyarbakir ili Cermik ilgesi Kalecik Golii, Cinar
ilgesi Kunres Goleti ve Ergan ilgesi Dogankdy
Goleti olmak tizere toplam 3 lokalitede tespit
edilmistir(Tablo 3). Bu siilik tiiriiniin sadece
Diyarbakir ilindeki sulak alanlarda dagilim
gosterdigi belirlenmistir.

11- Placobdella sp.

Placobdella sp.’nin viicudu dorsoventral yonde
yass1 olup, yaprak seklinde bir yapiya sahiptir. Orta
biiylikliikteki  siiliiklerdir. ~ Viicut  uzunlugu
18,60+2,89 mm (11-26 mm) ve genisligi 7,80+1,14
mm (6-10 mm) kadardir. Siiliigiin ortalama agirhig
22,30+6,43 mg (10-31 mg) olarak tartilmistir.
Anterior ¢ekmen 1,16+0,22 mm (0,7-1,5 mm) ve
posterior ¢ekmen ise 2, 13+0,24 mm (1,6-2,5 mm)
capindadir (Tablo 2). Viicut dorsoventral yassidir.
Agiz anterior ¢ekmenin anterior kenarina yakin
olarak yerlesmistir. Bir faringeal proboskis’e
sahiptir. Uciincii segmentte bir ¢ift gdz vardir.
Gozler birbirinden hafif ayrilmis durumdadir. Erkek
ve disi genital delikler iki halka ile ayrilmustir.
Viicut yiizeyindeki papillalar olduk¢a belirgindir.
Dorsal yiizeyde sag ve sol lateral kisimlarda iiger
adet olmak iizere 6 longitudinal siras1 vardir. Dorsal
kismin orta kisminda rengi turuncudan zeytin
yesiline degisen parcali bir bant bulunmaktadir.
Yedi ¢ift crop caecae’ya sahiptir.

Habitat ve dagilim

Placobdella sp. sadece Dicle Ilgesi’nin Dicle
nehrinin yavas akan kisimlarinda bulunan tag ve sert
cisimlerin {izerlerinden toplanmistir (Tablo 3).

Adiyaman ilinde en fazla  yogunlukta
E. octaculata (86 siiliik/saat/kisi - 4,3 adet/m?) en az
yogunlukta  ise  Alboglossiphonia sp. (5
siiliik/saat/kisi - 0,3 adet/m?) belirlendi. Batman
ilinde habitatlara gore en az ve en fazla yogunlukta
D. apathyi (12-48 siiliik/saat/kisi - 0,2-0,6 adet/m?)
tiirli saptandi. Diyarbakir ilinde habitat bazinda
birim zamana gore en az ve en fazla yogunlukta
H. stagnalis (3-400 siiliik/saat/kisi), birim alana gore
ise en fazla yogunlukta H. sulukii(13,7 adet/m?)
tespit edildi. Gaziantep ilinde en fazla yogunlukta
H. sulukii (266 siiliik/saat/kisi - 7,6 adet/m?) en az
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yogunlukta ise D. apathyi (8 siiliik/saat/kisi - 0,3
adet/m?) gozlendi. Kilis ilinde sadece bir sulak
alanda D. apathyi (20siiliik/saat/kisi - 0,25 adet/m?)
tirti saptandi. Mardin ilinde en fazla yogunlukta
D. apathyi (60 siiliik/saat/kisi - 3,8 adet/m?) en az
yogunlukta ise Dina sp. (13 siiliikk/saat/kisi - 0,3
adet/m?) tiirii belirlendi. Sanhurfa ilinde habitatlara
gbre en az ve en fazla yogunlukta D. apathyi (60-
104 siiliik/saat/kisi — 2,66-3,46 adet/m?) tiirii tespit
edildi (Tablo 3).

Adiyaman ilinde siiliikk toplanan sulak alanlarin
gol, baraj goli ve sazlik habitatlarindan
olustugu ve su sicakliginin 11,9-25,2°C, oksijenin
7,64-8,97 ppm, pH 7,55-8,40, tuzlulugun 0-0,18 ppt
ve elektriksel iletkenligin  239-521  uS/cm
araliklarinda oldugu belirlendi. Batman ilinde siilitk
belirlenen alanlarin akarsu ve sazlik habitatlarindan
olustugu ve su sicakliginin 17,9-26,0° C, oksijenin
6,72-7,83 ppm, pH 7,90-8,80, tuzlulugun Oppt ve
elektriksel iletkenligin 117-744 pS/cm araliklarinda
oldugu saptandi. Diyarbakir ilinde siiliik belirlenen
alanlarin akarsu, sazlik ve golet habitatlarindan
olustugu ve su sicakliginin 8,15-26,3° C, oksijenin
5,98-11,14 ppm, pH 7,14-10, tuzlulugun 0-0,47 ppt
ve elektriksel iletkenligin  127-794  pS/cm
araliklarinda oldugu tespit edildi. Gaziantep ilinde
silik belirlenen alanlarin  akarsu ve sazlik
habitatlarindan olustugu ve su sicakliginin 16,1-
23,5° C, oksijenin 7,12-9,99 ppm, pH 7,07-9,43,
tuzlulugun 0 ppt ve elektriksel iletkenligin 122-1402
puS/cm araliklarinda oldugu gozlendi. Kilis ilinde
sadece bir golette siiliikk belirlenmis olup su sicaklig
22,9° C, oksijen 8,45 ppm, pH 8,00, tuzluluk
0,01ppt ve elektriksel iletkenlik ise 552 uS/cm
olarak oOlciildii. Mardin ilinde siilikk belirlenen
alanlarin  akarsu habitatindan olustugu ve su
sicakliginin 25,2-28,2° C, oksijenin 6,84-8,13 ppm,
pH 7,00-9,00, tuzlulugun 0 ppt ve elektriksel
iletkenligin 428-601 pS/cm araliklarinda oldugu
saptandi. Sanlwrfa ilinde siiliikk belirlenen alanlarin
akarsu habitatindan olustugu ve su sicakliginin
20,9-25,8° C, oksijenin 6,69-7,12 ppm, pH 7,50-
9,20, tuzlulugun 0 ppt ve elektriksel iletkenligin
295-556 pS/cm araliklarinda oldugu belirlendi
(Tablo 4).

Tartisma ve Sonug¢

Bu calisma kapsaminda belirlenen H. sulukii, D.
apathy, Dina sp., E. octoculata, E. testacea,
Erpobdella sp., A. heteroclita, Alboglossiphonia sp.,
H. stagnalis,P. costata ve Placobdella sp. siiliik
tiirlerinden H. sulukii hari¢ digerlerinin tamami ilk
kez bu bolgeden bildirilmistir.

Glineydogu Anadolu Boélgesinde belirlenmis
olan H. sulukii tiirii 2016 yilinda yeni bir tibbi siiliik

tirii olarak Adiyaman, Batman ve Gaziantep
illerinden belirlenmis ve bu bolge icin endemik bir
tiir oldugu ve diger tibbi siiliiklerin bu tlirden
olustugunu ortaya koymustur. Tibbi siiliik H. sulukii
sadece ii¢ sulak alanda (Karagdl (Adiyaman),
Segirkan (Batman) ve Siiliikklii Go6l (Gaziantep))
bulunmustur (Saglam vd. 2016). Bu proje
kapsaminda ise H. sulukii tiiriiniin daha fazla sulak
alana yayildig1, toplam dokuz sulak alanda yasadigi
tespit edilmistir. Giiney Dogu Anadolu Bolgesinde
belirlenmis olan H. sulukii tibbi siiliikk tiiriiniin
endemik olmasi ve diinyada sadece bu bolgede
yastyor olmasi, bu tiirlin korunmasi agisindan énem
tasimaktadir.

Dina apathyi bu c¢alisma kapsaminda
Tiirkiye’den ve Giiney Dogu Anadolu Boélgesinden
ilk kayit oOzelligi tasimaktadir. D. apathy’nin
ozellikle Dogu ve Kuzey-Dogu Avrupa ile
Almanya’da dagilim gosterdigi ancak yaygin
olmadigi belirtilmistir (Grosser 2003; Jueg ve
Zettler 2015; Nesemann ve Neubert 1999). Bu
calisjmada da tlirin  Giiney Dogu Anadolu
Bolgesindeki gol, golet, bataklik ve akarsularin
durgun kisimlarinda bulundugu ve en yaygin
goriilen tiir oldugu goézlenmistir.

Tirkiye’de yapilmis olan geg¢mis c¢alismalar
(Balik vd. 1999; Duran 2006; Duran vd. 2007;
Diigel 2001; Geldiay ve Tareen 1972; Giilen vd.
1998; Kalyoncu 2002; Kalyoncu ve Giilboy 2009;
Kalyoncu vd. 2008; Kalyoncu ve Zeybek 2009;
2011; Kazanci vd. 2015; Kazanci vd. 2009; Ozbek
ve Sar1 2007; Ozbek vd. 2008; Ustaoglu vd. 2003;
Ustaoglu vd. 1998; Zeybek 2007) E. octoculata
tirinin ~ yaygin  olarak  sulak  habitatlarda
bulundugunu gostermektedir. Bu ¢aligmayla Giiney
Dogu Anadolu Bélgesinde de bu tiirtin bulunmus
olmas1 ilke cografyasinda en yaygin siilik
tirlerinden  biri  oldugunu  gostermektedir.
Ulkemizde oldugu kadar Avrupa’da ve Ingiltere’de
(Siddall 2002) de E. octoculata’nin yaygin olmasi
tirin  ¢ok genis bir sicaklik toleransinin
bulundugunu gostermektedir. Orta Avrupa’da bu
tiirtin ozellikle akarsu habitatlarin1 daha ¢ok tercih
ettigi belirtilmesine (Nesemann ve Neubert 1999)
ragmen Giiney Dogu Anadolu Bolgesinde gol,
bataklik ve sazlik gibi durgun sular1 tercih ettigi
gOriilmiigtiir.

E. testacea iilkemizde sinirlh bolgelerde
kaydedilmis olmasina karsin (Geldiay ve Tareen
1972; Kazanci vd. 2015; Kazanci vd. 2009),
Italya ve Yunanistan (Nesemann 1997), Tunus
(Ben  Ahmed wvd. 2015) gibi  Akdeniz
iilkeleriyle Hirvatistan, Karadag ve Bosna Hersek
(Sket 1968) gibi Avrupa iilkelerinde de kayit
edilmisgtir.
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Tablo 4. Giiney Dogu Anadolu Bolgesinde siiliik belirlenen sulak alanlar ve lokasyonlari
Table 4. Wetlands where leeches are identified and their locations in the Southeastern Anatolia Region
ilge Koy/Mahalle Sulak Alan Ad1 Habitat  Sicaklik (°C)  Oksijen(ppm) pH  Tuzluluk  Elektriksel iletkenlik Koordinat
(ppt) (uS/cm)

ADIYAMAN

Besni Cakirhiiyiik Keysun-Tavas Sazlig1 Sazlik 17,5 7,99 7,88 0 521 37°33'55.9"N 37°52'51.3"E
Besni Cakirhiiytik Keysun-2 Sazlig Sazlik 18,1 8,97 7,73 0 519 37°33'32.3"N 37°52'1.1"E
Besni Ucggdz Sofraz Sazlig1 Sazlik 18,9 8,34 7,82 0 433 37°3723.4"N 37°57'34.7"E
Celikhan Celikhan Cat Baraj/ Sazlica Goli Baraj 11,9 8,98 8,18 0 305 38°2'46.8"N 38°14'9.6"E
Gerger Giirgenli Karagol Gol 20,7 8,65 8,40 0 382 37°59'38.2"N 38°48'43.5"E
Gaolbasi Karaburun Azapl Goli Gol 141 8,57 8,00 0 440 37°45'9.5"N 37°33'19.7"E
Golbasi Merkez Golbas1 Goli Gol 14,2 7,88 8,38 0 239 37°48'13.5"N 37°38'38.8"E
Golbasi Yesilova Inekli Golii Gol 14,2 7,58 8,05 0 441 37°41'58.3"N 37°30'11.5"E
Kahta Kozagag Kozaaga¢ Sazligi Sazlik 25,2 7,64 7,55 0,18 314 37°54'23.7"N 38°32'58.7"E
BATMAN

Merkez Segirkan Batman Cay1 Akarsu 23,0 7,24 8,49 0 126,5 37°52'12.8"N 41° 1'4.3"E
Merkez Yenikdy Segirkan Sazlig Sazlik 26,0 7,52 8,50 0 103 37°52'58.9"N 41° 2'18.9"E
Sason Kilimli Koy Kilimli Goli Sazlik 18,5 6,72 7,90 0 744 38°19'14.6"N 41°21'24.9"E
Sason Aykut Ozan Sason Cay1 Akarsu 17,9 7,83 8,80 0 117 38°20'31.4"N 41°24'39.7"E
DiYARBAKIR

Bismil Arikgol Arikgol sazlig Sazlik 211 5,98 7,97 0,34 468 37°50'40.9"N 40°51'58.2"E
Bismil Koruk¢u Dicle Nehri Akarsu 251 8,22 7,97 0 127 37°49'53.6"N 40°44'6.5"E
Bismil Korukgu Koruke¢u Sazligt Sazlik 16,4 6,02 8,16 0,47 794 37°50'51.9"N 40°43'28.6"E
Bismil Cakilli Sabun sazliklar1 Sazlik 19,2 6,05 7,68 0,21 493 37°51'37.9"N 40°51'31.5"E
Bismil Yukarisalat Yukarisalat Cay1 Akarsu 26,3 10,04 8,81 0,21 436 37°50'9.5"N 40°54'9.2"E
Bismil Yukarisalat Yukarisalat Golii Sazlik 20,0 6,83 8,16 0,25 471 37°50'44.3"N 40°54'54.6"E
Cermik Giriiz Giiriiz Sazlig Sazlik 21,1 9,51 10,0 0 219 37°59'4.5"N 39°21'29.2"E
Cermik Incirli Incili Cay1 Akarsu 23,5 7,12 7,50 0 132 37°57'57.8"N 39°3222.7"E
Cermik Kalecik Kalecik Sazligi Sazlik 22,7 10,41 9,00 0 268 38° 6'40.2"N 39°28'48.0"E
Cermik Yaylacik Yaylacik Sazligi Sazlik 21,0 7,98 8,40 0 382 37°58'52.9"N 39°16'46.4"E
Cmnar Bayirkonak Bayirkonak Goleti Golet 21,8 8,72 9,75 0,08 156,2 37°35'20.6"N 40° 5'29.5"E
Cmnar Bagacik Goksu Goleti Golet 23,8 6,60 7,90 0,07 272,6 37°39'6.6"N 40°27'9.1"E
Cimar Yesiltag Kunres Goleti Golet 19,9 8,53 9,65 0,08 158,8 37°33'1.1"N 40° 4'26.30"E
Cmnar Halioren Kunres Sazligi Sazlik 20,0 8,45 8,21 0,02 138,0 37°35'58.7"N 40° 2'47.1"E
Ciingiis Merkez Ciingiis Cay1 Akarsu 17,2 11,14 7,14 0,23 397,3 38°12'39.8"N 39°17'20.8"E
Dicle Merkez Dicle Nehri Akarsu 23,8 7,60 7,90 0,07 272,6 37°52'0.9"N 40°13'46.5"E
Egil Kaya Dicle Nehri Akarsu 16,3 1,77 8,00 0 310,8 38°9'18.0"N 40°1023.7"E
Ergani Bogazkoy Bogazkdy Gozesi Akarsu 16,1 6,83 8,20 0 424 38°15'43.5"N 39°41'28.3"E
Ergani Degirmendere Dicle Nehri Akarsu 13,6 8,15 7,92 0,22 362 38°2026.3"N 39°41'55.1"E
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Tablo 4. Devamu.
Table 4. Continued.

ilge Koy/Mahalle Sulak Alan Adi Habitat  Sicaklik (°C)  Oksijen(ppm) pH  Tuzluluk  Elektriksel iletkenlik Koordinat

’ (ppt) (uS/cm)
DIYARBAKIR
Ergani Dogankdy Dogankdy Goleti Golet 23,1 9,30 9,40 0 280 38°0'9.7"N 39°48'50.6"E
Merkez Gazi Koskii Dicle Nehri Akarsu 215 7,84 8,10 0,20 393,6 37°53'33.6"N 40°13'51.1"E
GAZIANTEP
Araban Merkez Karasu Cay1 Akarsu 204 9,21 8,36 0 435 37°24'46.5"N 37°37'49.9"E
Merkez Alleben Alleben Deresi Akarsu 20,6 7,12 8,25 0 231 37°3'48.4"N 37°21'59.7"E
Merkez Yurtbagi Yurtbagi-Mer¢ Deresi Akarsu 16,7 7,12 7,87 0 969 36°51'40.3"N 38° 0'16.5"E
Nizip Suboyu Firat Nehri Akarsu 17,5 9,21 8,89 0 452 37°0'53.1"N 37°57'47.9"E
Nizip Merkez Nizip Cay1 Akarsu 18,7 7,65 7,95 0 1402 36°5924.7"N 37°47'7.3"E
Nizip Uluyatir Uluyatir Cay1 Akarsu 17,6 9,62 9,43 0 533 36°57'57.1"N 37°41'47.4"E
Nurdag: Gedikli Nogaylar Deresi Akarsu 22,3 7,67 8,50 0 189 37°13'41.6"N 36°52'4.9"E
Nurdag: Merkez Sarayburnu Cay1 Akarsu 23,5 8,01 9,24 0 349 37°10'10.7"N 36°45'6.6"E
Oguzeli Karpuzatan Karpuzatan Deresi Akarsu 17,3 7,89 7,07 0 688 36°57'50.6"N 37°30'37.8"E
Oguzeli Sahinbey Kirkgoz suyu Akarsu 16,5 7,94 7,78 0 646 36°56'51.8"N 37°26'53.8"E
Sehitkamil Akgagoze Akgagdze Sazligi Sazlik 17,0 7,81 7,45 0 122 37°15'55.5"N 37°19'23.5"E
Sehitkamil Stiiliikli Siiliikli Gol Sazlik 16,1 9,99 9,14 0 189 37°18'11.8"N 37°14'52.8"E
KILIS
Musabeyli Yedigoz Yedigoz Goleti Golet 22,9 8,45 8,00 0,01 552 36°50'59.6"N 36°49'24.3"E
MARDIN
Nusaybin Diizce Beyazsu Cay1 Akarsu 28,2 6,84 7,00 0 453 37°12'51.7"N 41°19'24.1"E
Savur Baskavak Savur Cay1 Akarsu 27,8 7,42 7,45 0 428 37°34'3.8"N 40°53'22.9"E
Savur Siirgiicti Siirgiicti Cay1 Akarsu 25,2 8,13 8,00 0 601 37°35'24.8"N 40°43'22.6"E
SANLIURFA
Birecik Bentbahgesi Bentbahgesi Cay1 Akarsu 20,9 7,12 7,50 0 499 37°1'12.7"N 38° 0'52.6"E
Siverek Dogukent Dogukent Cay1 Akarsu 25,8 7,03 9,20 0 295 37°31'11.9”N 39°42'42.8"E

Birecik Magarali Magarali Cay1 Akarsu 23,5 6,69 7,60 0 556 36°57'33.4"N 38° 3'28.3"E
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A. heteroclita Tiirkiye’nin bati bolgelerinde
sinonim adi olan G. heteroclita olarak iki
lokaliteden kaydedilmis (Diigel 2001; Karasahin
1998), olmasina karsin bu makale kapsaminda
ilkenin Giliney Dogu bolgelerinde de dagilim
gosterdigi belirlenmistir. Bu parazit tiirii diinyanin
cesitli  bolgelerinde  belirlenmekle  beraber
Almanya’da (Jueg ve Michalik 2018), Sirbistan’da
(Grosser vd. 2014) dagilim gosterdigi belirtilmistir.
Ayrica bu tiiriin Fas, Tiirkiye ve kuzey Hindistan'da
da yaygimn bir tiir oldugu belirtilmistir (Nesemann
vd. 2003).

H. stagnalis Tiirkiye cografyasinda en fazla
belirlenen siiliik tiirlerinden biri olma o6zelligi
tagimaktadir. Hemen hemen tiim cografik bolgelerde
goriildigl gibi degisik habitatlarda da yasam alani
bulabilmektedir (Artiiz 1997, Balik vd. 1999;
Ceylan 2002; Demiroglu ve Misirlioglu 2010;
Duran 2006; Duran vd. 2007; Diigel 2001; Geldiay
ve Tareen 1972; Kalyoncu 2002; Kalyoncu ve
Giilboy 2009; Kalyoncu vd. 2008; Kalyoncu ve
Zeybek 2009; 2011; Karasahin 1998; Kazanci vd.
2015; Kazanci vd. 2009; Ozbek ve Sari 2007;
Ozbek vd. 2008; Saglam ve Dorucu 2002; Ustaoglu
vd. 2003; Ustaoglu vd. 1998; Zeybek 2007). Bu
calismayla Giiney Dogu Anadolu Bolgesindeki
sulak alanlarda da H. stagnalis tiirtiniin dagilim
gosterdigi  belirlenmigtir. Bu  siilik  tiiriiniin
Adiyaman ilindeki tek lokalite disinda o&zellikle
Diyarbakir ilindeki sulak alanlarda dagilim
gosterdigi saptanmigtir. Molekiiler bir ¢alismada
H. stagnalis’in Diyarbakir ilinde bulundugu ayrica
dinya c¢apinda dagilim gosterdigi belirtilmistir
(Saglam vd. 2018).

P. costata, tath su kaplumbagalarinda gegici bir
ektoparazit olarak tanimlanmigtir (Bielecki vd.
2012; Fediras vd. 2017; Marrone vd. 2016; Mishra
ve Gonzalez 1978). Ancak bu calismada bu tiir
sulak alanlarda bulunan tas gibi sert cisimlerin
iizerinde serbest yasam formundayken toplanmistir.
Tiirkiye’de Bat1 Karadeniz Bélgesi (Ozbek ve Sari
2007) Eskisehir (Demiroglu ve Misirlioglu 2010) ve
Elazig  (Saglam  2001) sulak alanlarinda
belirlenmistir. P. costata, Almanya, Azerbaycan,
Beyaz Rusya, Bosna Hersek, Bulgaristan, Cezayir,
Estonya, Hirvatistan, Hollanda, Iber Yarimadast,
Ingiltere, iran, Ispanya, italya, Letonya, Litvanya,
Macaristan, Makedonya, Moldova, Polonya,
Romanya, Rusya, Sicilya, Slovakya, Slovenya,
Ukrayna ve Yunanistan gibi iilkelerde de yasadigi
saptanmustir (Farzali ve Saglam 2020).Bu ¢alisma

kapsaminda ise Diyarbakir ilindeki farkli {i¢
lokaliteden kaydi saglanmustir.
Calisgma  kapsaminda  belirlenmis olan

Alboglossiphonia sp., Dina sp., Erpobdella sp. ve

Placobdella sp. olarak verilmis olan tiirler
morfolojik olarak genus diizeyinde teshis edilmis
olmasina ragmen tiir diizeyinde tespitleri
saglanamamistir. Bolgeden toplanmis olan bu
tirlere ait Ornekler {izerinde daha detayl
calismalarin  yapilmast ve molekiiler DNA
teknikleriyle caligmalarin desteklenmesi
gerekmektedir.
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Introduction al. 2010), consequently reduction in feed costs

Tilapia, Oreochromis niloticus is deemed as one
of the most promising species for commercial
aquaculture all over the world (Akter et al. 2019;
Goda et al. 2012). This fish shows good physical and
environmental ~ adaptability, greater  relative
resistance to handling stress, diseases, captivity and
at the same time not compromising its flesh quality
and growth (Alam et al. 2014; Das et al. 2019;
Welker and Lim 2011). Growth performance of fish
mostly depends on several biotic and abiotic factors
as well as on the feed fed to the fish (Burel et al. 1996;
Hossain et al. 2017). The rapid expansion of
commercial Tilapia culture requires stable diets for
better growth and physiological performance (Goda
et al. 2012; Hasan et al. 2021).

More than 50% of the modern intensive
aquaculture costs are based on feed costs (Ibrahem et

without affecting growth and flesh quality is now
getting concern (Francis et al. 2005). In recent day
aquaculture interest in probiotics has raised which
helps in reduction of mortality rate (Denev et al.
2009; El-Haroun et al. 2006), improved the ability to
antagonism in water body (Denev et al. 2009;
Panigrahi et al. 2005) and rectify better fish growth
and immune responses (Goda et al. 2012). Prebiotics
are gut microbial elements which positively affect the
host through stimulating the growth and acting on
pathogenic bacteria (Ibrahem et al. 2010). The
prebiotics are efficient in modification of gut
intestinal microbial community, provide better
nonspecific immune responses for protection (Bailey
et al. 1991), boost up fermentation processes of
digestive products (Smiricky-Tjardes et al. 2003),
offer better mineral reception by body (Bongers and
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van den Heuvel 2003) and improve disease resistance
(Bailey et al. 1991). The use of synbiotics i.e., both
probiotics and prebiotics would be a revolutionary
development leading to the formulation technique of
modern aquatic feed industry (Dawood et al. 2020).
Synbiotics are also termed as functional additives in
diets formulated by combining probiotics and
prebiotics (Hoseinifar et al. 2015). In spite of the
short history of use of the synbiotics, they attracted
great attention due to their synergistic effects
(Dawood et al. 2018).

Materials and Methods

Designing The Experiment, Diet Preparation
And Duration Of The Trial

The duration of this study was 60 days. During
the experiment, rectangular shaped aquariums sized
30” x15” x15” were stocked by twelve fish fry each.
Each aquarium was facilitated with aerator for
ensuring the proper dissolved oxygen in the water.
Electricity supply was facilitated from the electricity

facility of the laboratory. A commercial tilapia fish
diet (Quality fish feed) was used as a basal diet. The
nutritional arrangement of the basal diet was
recorded as Carbohydrate 25%, Protein 40%, Lipid
6%, Ash 10%, Fiber 5%, Moisture 11%, and
Minerals 3%. Four experimental diets were prepared
by adding different amounts of molasses/ yeast/ sugar
along with commercial probiotic Aquastar grow-out
(Manufactured by Renata Animal Health) to the basal
diet at a level of 0% (T control), 1.5% molasses and
0.3% probiotic (T2), 1.5% yeast and 0.3% probiotic
(Ts) and 1.5% sugar along with 0.3% probiotic (T4)
(Table 1). After the acclimatization of tilapia fry to
the laboratory condition, homogeneous sized fry
were sorted and each of the experimental glass
aquarium which were stocked with 25 fries following
completely randomized design. Fish were fed thrice
a day with high protein commercial powder feed at a
rate of 5% body weight. Uneaten feed was removed
through siphoning with 50% water renewal at two
days interval.

Table 1. Design of the experiments and dosage

Treatment Dose of Synbiotics Feed Fed Stocking Density Replication
(% body
weight)
Ta (control) 0% 5% 25 3
T2 0.3% probiotic +1.5% molasses 5% 25 3
Ts 0.3% probiotic +1.5% yeast 5% 25 3
Ta 0.3% probiotic +1.5% sugar 5% 25 3

Sampling Fish And Observing Water Quality
Parameters

The water parameters were monitored before
using and during using the tap water in aquaria. The
water temperature, pH, dissolved oxygen (mg/l), NH3
(mg/l) were measured using thermometer, pH meter
(Hanna Instrumental, manufactured in Japan), DO
meter (YSI 58), Ammonia test kit (Model HI 3824,
Hanna Instrumental Company, Japan) respectively.
Fish were sampled every 10 days in the study during
the 60 days period. Weight and length were measured
through the numeral balance (CAMRY, EK 3052)
and a scale tape, respectively.

Collection And Analysis Of Blood Samples

Following the completion of the trial, fish were
left starving overnight and sedated with eugenol at 50
mg/L before sampling blood. A 1 ml hypodermal
syringes were used for the collection of blood from
the fish. Blood was extracted from the caudal vein of
five and transferred to EDTA tube immediately to
avoid coagulation of the blood. Blood parameters
were analyzed in central laboratory of Veterinary,

Animal and Biomedical Sciences faculty by using
CBC analyzer.

Tools of growth parameters

Different growth parameters were calculated
by using the mathematical terminologies
from the previous description of
Panase and Mengumphan, (2015), Pechsiri and
Yakupitiyage, (2005) and Olvera-Novoa et al.
(1990).

WG = MVFW — MVIW
(WG = Weight Gain, MVFW = Mean Value Of Final
Weight, MVIW = Mean Value Of Initial Weight)

WG(%) = (W2 — W1)/W1 *100
(W2 = Final Weight Of Fish, W1 = Initial Weight of
fish)

SGR(%) = (W2-W1)/(T2-T1)
(SGR = Spesific Growth Rate, T2,T1 = Duration in
days)

LG=L2-L1
(LG = Length gain, L2 = Mean Value Of Final
Length, L1 = Mean Value Of Initial Length)

LG(%) = (L2-L1)/L1* 100
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DWG = (MVFM - MVIW) / T3
(DWG = Avarage Daily Weight Gain, T3 = Duration
Of Experiment In Days)

DLG=(L2-L1)/T3
(DLG = Avarage Daily Length Gain)

The values of Fulton’s condition factor (K) was
estimated by plotting length weight data on the
following equation adopted from Htun-Han, (1978).

K=(W=*100)/L3
Statistical Analysis

The analysis of different growth and blood
parameters were performed by using one-way

analysis of variance (ANOVA) at P<0.05 in IBM
SPSS program version 26.

Results

Regular ~ monitoring of  physicochemical
parameters during the experimental period
was done to  maintain  the  suitable
growth performance of Tilapia. The temperature,
pH, dissolved oxygen and NH; were
monitored regularly and recorded. Results
showed that the water qualities

were suitable for the development of Tilapia
(Table 2).

Table 2. Mean values of water quality parameters

T1 T2 Ts Ta
Temperature (°C) 26.13+1.082 26.17+1.122 26.37+0.712 26.15+1.092
Dissolved Oxygen 5.49+0.202 5.53+0.212 5.55+0.172 5.47+0.152
(mg/L)
pH 7.19+0.032 7.2+0.052 7.21+0.06° 7.1840.042
NHs (mg/L) 0.014+0.00? 0.012+0.002 0.014+0.002 0.013+0.002

The growth parameters were measured at the
intervals of 10 days. The highest mean weight gain
was observed in T4 (17.76+0.55 gm) followed by T3
(11.42+0.73 gm) and T> (9.03£0.42 gm). The lowest
mean weight gain was observed in T: treatment
78.53+0.48 gm (Table 3). Results demonstrated that
the weight gain of the sugar group rose significantly
among treatments whereas the weight gain decreased
in the yeast group which was significantly better than
control and molasses groups (P<0.05). No significant
variations were found between the control and
molasses groups (P>0.05). The mean percentage
weight gain was found maximum in T4 treatment
1531.07£83.84 which was followed by Ta
(681.73£16.97) and T, (585.46+23.87) (Table 3).
Mean specific growth rate (%) in T4 was found

The lowest percentage weight gain (%) and
specific growth rate (%) was observed in T4 treatment
536.48+18.21 and  0.80+0.05 respectively
(Table 3; Figure 1). No significant changes
were found in PWG and SGR of T, and T3z (P>0.05)
whereas the T, showed significantly higher
PWG and SGR. It was observed that the lowest
PWG and SGR was in Ti; control group.
Significant length gain was observed in
each treatment. Lowest mean length gain was
observed in T, treatment whereas significantly better
length gains were observed in T, Tz and T4. Highest
mean length gain was observed in T4 which was
significantly higher than any other treatments
(P<0.05). T, showed the maximum result
7.18+0.11cm followed by Ts and T,. Lowest mean

maximum 2.64+0.12 and it was followed by Ts length gain was observed in T; treatment
(1.73£ 0.07) and T, (1.63+£0.09) (Figure 1). 3.49+0.11 cm (Table 3).
Table 3. Growth parameters of Tilapia for 60 days experimental period
Parameters T T2 T3 Ta
Mean Initial Weight (g) 1.59+0.172 1.66+0.142 1.73+0.142 1.32+0.122
Mean Final Weight (g) 10.12+0.692 10.69+0.552 13.15+0.86° 19.07+0.65°¢
Mean Weight Gain (g) 8.53+0.482 9.03+0.422 11.4240.73° 17.76+0.55°
Weight Gain (%) 536.48+18.21° 585.46+23.87¢  681.73+16.97 1531.07+83.84¢
Mean Initial Length (cm) 4.43+0.092 4.45+0.112 4.44+0.112 4.38+0.142
Mean Final Length (cm) 7.92+0.232 8.88+0.272 10.71+0.25° 11.56+0.29¢
Mean Length Gain (cm) 3.49+0.112 4.43+0.16P 6.27+0.15°¢ 7.18+0.11¢
Length Gain (%) 78.78+1.742 99.02+1.582 141.63+2.33%  163.11+3.54°
Survivability Rate (%) 100 100 100 100




134 Afrose et al. 2022 - LimnoFish 8(2): 131-139

The maximum mean percentage  The condition index was found to be less
length gain was found in T, treatment fluctuating among the different treatments,
which  was significantly higher among however the highest value occurred

treatments (P<0.05). The lowest PLG was
found in T1 78.78+1.74 as well (Table 3).

at T4 whereas the lowest at T: (P<0.05)
(Figure 1).

3 B Specific growth rate (%)
B Average daily weight gain (g)
O Average daily length gain (cm)
2,5 4| @ Condition index

Figure 1. Specific growth rate (SGR %), average daily length gain (cm), average daily weight gain and condition
index of tilapia during the 60 days experimental period.

The lowest  hemoglobin  concentration
(o/dL) was found in Ti while the maximum
hemoglobin  concentration was observed in
T4 with a gradual decrease in T; and T, (P<0.05)
(Figure  2.A). Insignificant WBC  count
was observed in Ts and Tas In contrast to
the control group significant increases were found in

T,, Tsand T4 (Figure 2.B). The mean value of RBC
was found higher than
control group in other treatments. Amongst the
treatments the lowest RBC counts were observed in
T1 control groups 0.98+0.07 m/ul which were
significantly lower among treatments (P<0.05)
(Figure 2.A).
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Discussion

Growth of fish and other biological activities are
largely dependent on water quality parameters
(Ahmed et al. 2020). The mean temperature recorded
in this experiment was 29+0.91°C. The temperature
range from 20°C to 36°C has been reported to be
optimal for most tropical fishes (Kausar and Salim
2006; Ngugi et al. 2007). Optimum level of dissolved
oxygen is crucial for the growth, development and
survival of fish and DO more than 5 ppm is crucial to
support fish growth and reproduction (Bhatnagar and
Singh 2010). The mean DO level during the
experimental period was 5.64+0.05 ppm. The mean
value of pH during this experiment was observed as
7.19+0.01. Highly acidic water with less than pH 5.5
can suppress the growth and reproduction of fish and
an ideal pH range should be between 6.5 and 7.0
though it is also considered that pH ranging from 6.1
to 8.0 is reasonable for the survival and growth of fish
(Crane 2006: Bryan et al. 2011). The maximum
ammonia tolerance level in water is ranged as 0.1-0.2
mg/L for most of aquatic animals (Bhatnagar and
Devi 2013; Santhosh 2017). Therefore, the recorded
water quality factors during this research were found
within the appropriate level for Tilapia culture.

The growth performance of tilapia is positively
related with the amount of fed synbiotics in this
experiment. Diets fed in this experiment containing
the supplements of probiotic, yeast, sugar, and
molasses for different treatments showed Dbetter
growth performances than control groups. The
significant increase in growth performances of
beluga, Huso huso fed with dietary supplementation
of Saccharomyces cerevisiae (Hoseinifar et al.
2011a; Ta’ati et al. 2011). Akrami et al. (2013) was
observed compared to the control groups. The higher
growth and lower FCR was also observed for stellate
sturgeon Acipenser stellatus fed with fructo-
oligosacharides. In the current experiment the fish
fed with different synbiotics showed better growth
performances and health status, which is similar to
the conclusions of Hoseinifar et al. (2011b). Other
researchers also found better results than the control
using different synbiotics in feed (Reza et al. 2009;
Hoseinifar et al. 2011c; Mansour et al. 2012).

The better growth performances found in the fish
fed with synbiotics may be due to synbiotics effect on
enhancement of the survival and flourishment of live
microbial nutritive additives in the digestive tract
through triggering better metabolism health
promoting bacteria (Montajami et al. 2012; Nekoubin
etal. 2012). Among the synbiotics treatments, current
study revealed highest growth performances in T,
and T3 which is significantly better than control and
T, treatment. Ozorio et al. (2012) carried out an
experiment with dietary yeast at a level of 0, 10, 15,

20, 30 and 40% inclusion in feed and found better
growth and physiological performances in the lowest
level of yeast inclusion in feed. Zhou et al. (2018)
mentioned that dietary yeast is a precious source of
immune promoting complexes and it was
demonstrated to positively impact the growth
increment, immune response, or anti-stress response
of different aquaculture species (Andrews et al. 2011,
Li and Gatlin 2005). Fish of T3 treatments fed with
1.5% vyeast along with 0.3% probiotics respectively
showed better growth performances than the control
and T, treatment. This may be due to the collective
action of yeast and probiotic as growth promoters in
fish. Though the level of yeast inclusion was lower
than the observation of Ozorio et al. (2012), it showed
better growth and physiological performances in
tilapia. Some researchers also mentioned that the
supplementation of dried yeast at low levels
efficiently increased growth of fish (Rumsey et al.
1991; Oliva-Teles and Gongalves 2001; Mc-Lean
and Craig 2006). Goran et al. (2017) reported that the
dietary inclusion of yeast enhances the growth and
haematological parameters in common carp.
Anderson et al. (1984) reported that carbohydrates
can have value as energy supplier for tilapia. In this
experiment sugar and molasses were used with
probiotics to determine the growth performance of
tilapia. The results obtained from the sugar treatment
showed maximum growth performance in fish fed
with molasses compared to the controls. Several
studies reported that high carbohydrate level might
depress the growth rate and may enhance mortality
rate (Phillips et al. 1948; Austreng et al. 1977).
Among the diets such as T2 and T4 consisting of
synbiotics and carbohydrate inclusions, fish in T4
treatment, which was formulated with 1.5% table
sugar and 0.3% probiotics, showed the maximum
growth performance.

Some studies mentioned that fish fed with
polysaccharides showed better growth than fish fed
with monosaccharides or di-saccharides (Lee et al.
2003; Lee and Lee 2004; Tan et al. 2006) which was
also observed in several studies. (Hung and
Storebakken 1994; Enes et al. 2008. In the current
experiment the best growth and other haematological
parameters were observed at maximum level in sugar
treatment than other treatments. This can be traced to
the fact that molasses contain a combination of
sucrose, fructose and glucose and they are more
complex than table sugar to absorb in body, whereas
the glucose is known to hinder the carriage of amino
acids at absorption spots on mammalian’s bodies
(Alvarado 1966; Alvarado and Robinson 1979).
More recently similar consequence was documented
in fish (Hokazono et al. 1979). In this experiment this
may explain the effect on growth performance and
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the lowest results among the fish fed with synbiotics.
Similar results were observed by Shiau and Chuang
(1995) where they found that sucrose fed fish showed
better growth performances such as weight gain, FCR
than glucose in tilapia. The growth performances of
Ts treatment were also satisfactory compared to the
control and molasses groups. This may be because
yeast itself play a role as a probiotic (Pandiyan et al.
2013) and prebiotic together and it is very helpful for
the propagation of some probiotic bacteria (Zhou et
al. 2018). The WG, LG, PWG, PLG and SGR of
tilapia fed with synbiotics increased in relation to the
control group. Similar results were observed by
Hassaan et al. (2014) during their experiments using
synbiotics fed to tilapia. A research by Ye et al.
(2011) stated the Japanese flounder fed on
experimental diet supplemented with fructo-
oligosaccharides (FOS), oligosaccharides (MOS) and
live Bacillus clausii boosted weight gain. Ai et al.
(2011) suggested that at each nutritional fructo-
oligosaccharides level additionally accompanied
with B. subtilis considerably increased specific
growth rate percentage and feed efficiency ratio
(FER) while equated with control group for young
yellow croaker, Larimichthys crocea. Zaid et al.
(2013) reported superior growth performances of
Clarias gariepinus increased at 1.5% inclusion of
molasses in feed and this experiment is lined with this
finding as it showed better growth performance in
tilapia fed with molasses compared to the control
group.

The nature of dietary composition, stress and
water toxicity affect the haematological parameters
and fitness of fish (Chen et al. 2004; Worle-Knirsch
et al. 2007). Hemoglobin reading is important to
determine the consequence of stressors on the fish
health (Munikittrick and Leatherland 1983).
Hemoglobin level of tilapia in this experiment was
found significantly increased compared to the
control. Hemoglobin is a complex molecule in
oxygen delivery system and it is established as a good
marker of anemic illnesses in fish (Giardina et al.
1973; Riggs 1970). The recorded value in current
experiment showed that fish were not hurt from any
form of anemic illness. The maximum hemoglobin
level was found in the sugar treatment, which is
followed by yeast and molasses treatment
respectively. All treatments showed significant
increases of hemoglobin in this experiment. The
white blood cells count showed a significant increase
with the treatments and the maximum was in the
sugar treatment. Compared to the control group WBC
count was observed significantly higher which is in
line with the outcomes of Zaid et al. (2013). Biswas
et al. (2012) indicated that dietary yeast extract
activated different functions of leucocytes which are

kind of WBC, including phagocytosis that resulted an
increase in phagocytic value index and number of
WBC. In this experiment similar results were
obtained from the yeast treatment and there may be
similar reason behind the increase of WBC in the
synbiotics treatment. Value of RBC in this
experiment increased significantly compared with
the control group and it was observed that the
hemoglobin, white blood cells and red blood cells
decreased from sugar treatment toward controls
which was similar to the growth performance results
of this experiment. The findings of white blood cells
and red blood cells seems to be aligned with the
outcomes from Hassaan et al. (2014), in whose
studies they noticed the value of white blood cell and
red blood cell increased when their growth
performances were maximum. Finally, it can be
concluded that synbiotics have constructive effects
on growth and haematological parameters of Tilapia
in comparison to the control treatment and diets
which included synbiotics (1.5% sugar+0.3%
probiotic) were the best diets in the present study. In
the present research, the results revealed that the diets
including synbiotics have significant impacts on the
growth of tilapia. It can be summarized that the feed
containing 0.3% probiotic and 1.5% sugar is the most
diet suitable for the better growth performance and
hematological parameters among all treatments.
Other synbiotics treatments also showed better
growth and hematological performance than control
group. Further research needs to be carried out to
analyze the appropriate effects of synbiotics and
other fish trials are also suggested.
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Bazi1 Dogal Antioksidanlarin Sudak (Sander lucioperca) Koftelerinin Kalitesine
Etkisi
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6z MAKALE BiLGIiSi

Bu calismada bazi dogal antioksidanlarin sudak baligi (Sander lucioperca) koftelerinin ARASTIRMA MAKALESI

kalites.ing etkileri arastlrllmlst}r. Bu a.magla ba!lk' kiymasina portakal ve limqn ozt Gelis -21.03.2021
hem birlikte hem de ayr1 ayr1 ilave edilerek cesitli baharat ve katki maddeleri ile balik
kofteleri elde edilmistir. Calismada portakal oziitii ilaveli grup (P), limon 6ziitii ilaveli Diizeltme  :21.06.2021
grup (L), portakal ve limonun birlikte ilave edildigi grup (PL) ve hicbir meyve Kabul :13.08.2021
Oziitiiniin ilave edilmedigi klasik balik koftesi grubu (K) olmak tizere 4 farkli grup
olusturulmustur. Balik kofteleri raf 6mrii tespiti amaciyla duyusal ve mikrobiyolojik Yayim :26.08.2022

analizleri yapilmis ve 4+1°C’de muhafaza edilmistir. Mikrobiyolojik analizlerde DO0I:10.17216/LimnoFish.900731

Toplam Mesofilik Aerobik Bakteri (TMAB), Toplam Psikrofilik Aerobik Bakteri
(TPAB) ve Laktik Asit Bakteri (LAB) sayilar1 depolama siiresince gruplara gore farkli
degerler sergilemistir. Calisma sonuglarina gore, kullanilan bitki oziitleri sudak
koftelerini daha iyi korumustur. Kontrol grubu 15 giinde tiiketilemeyecek duruma
gelirken L ve PL gruplari 19. giinde, P grubu 21. giinde raf dmriinii tamamlamustir.
Duyusal olarak en ¢ok begenilen grup P grubu olmustur. En uzun 6miirlii iiriin de yine
P grubu sudak kofteleri olmustur.

* SORUMLU YAZAR

sengulbilgin@isparta.edu.tr
Tel :+90 246 214 6400
Fax : +90 246 2146445

Anahtar kelimeler: Sudak baligi, kofte, kalite, dogal antioksidan

The Effect of Some Natural Antioxidants on Quality Properties of Pikeperch (Sander lucioperca) Meat Balls

Abstract: In this study, the effects of some natural antioxidants on the quality of pikeperch (Sander lucioperca) meatballs were investigated.
For this purpose, by adding orange and lemon extract to minced fish both together and separately, fish meatballs were obtained with various
spices and additives. In the study, 4 different groups were formed: the group with orange extract added (P), the group with lemon extract
(L), the group to which orange and lemon were added together (PL), and the classic fish meatball group to which no fruit extract was added
(K). In order to determine the shelf life of fish balls, sensory and microbiological analyses were made and kept at 4+1°C. Total mesophilic
aerobic bacteria (TMAB), Total psychrophilic aerobic bacteria (TPAB) and Lactic acid bacteria (LAB) counts showed different values
compared to the groups during the storage period in microbiological analyses. According to the results of the study, the plant extracts used
preserved the pike perch meatballs better. While the control group could not be consumed in 15 days, the L and PL groups completed their
shelf life on the 19th day and the P group on the 21st day. The group that was most liked sensually was the P group. The longest shelf-life
product was also the P group pike perch meatballs.

Keywords: Pikeperch, meat ball, quality, natural antioxidant
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Giris

Saglikli beslenmenin temel kurali, viicut i¢in
gerekli temel bilesikleri diizenli ve dengeli oranda
almaktir. Temel amino asitler, yag asitleri,
mineraller, vitaminler ve su en 6nemli bilesiklerdir.
Su canlilarinda bu bilesenler ideal oranlarda
bulunmakta olup bunlarin 6nemini bilen toplumlarda
yliksek oranlarda su tirtinleri tiiketilmektedir.

Su iiriinleri protein, doymamis yag asitleri ve
esansiyel amino asitleri bilyiik Olciide yapisinda
bulundurmasi nedeniyle tiikketimde 6nemli bir alan

olusturmaktadir. Bu yiizden hizli ve hazir yemek
tiketiminde su {riinlerinin ve su {riinleriyle
hazirlanan gidalarin 6nemi tartigilmazdir (Varlik vd.
2004).

Gokoglu  (1994) balik koftesinin - sogukta
depolanmasi  {lizerine  yaptigi  calismasinda
dumanlanmig, konserve edilmis, lakerda, marine
edilmis ve kizartilmig, pisirilmis balik triinlerinin
titketilmeye hazir {irlinler oldugunu bu iiriinlerden
bazilarinin tiiketime hazir olmasinin yaninda damak
zevkimizi ve sofralarimiz1 ¢esitlendirmesi nedeniyle
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de tercih edildigini ve insanlarin yeni tatlar arayisi
icerisinde olduklarini ifade etmistir.

Raf 6mrii tiim gida {irtinleri icin hayati 6nem
tagiyan bir olgudur. Gidanin islendigi andan itibaren
baglar ve son tiiketilebilir oldugu ana kadar devam
eder. Bu siirecte gidalarin tasima ve depolama
kurallarma bagli olarak muhafaza edilmesi gerekir.
Ozellikle su iiriinleri hassas bir yapiya sahip olmalar1
nedeniyle soguk zincir kuralina gore tasinmasi,
depolanmasi ve pazarlanmasi gerekir.

Balik eti bozulmaya kars1 son derece duyarli bir
gida maddesi olmasi nedeniyle avlandigi andan
itibaren fiziksel ve cevresel faktorlerden siiratle
etkilenir. Bu durumda ya avlanmayi takiben kisa siire
icerisinde tliketilmeli veya bunun miimkiin olmadig
durumlarda da ¢esitli sekillerde islenerek muhafaza
edilmelidir. Bu amagla gelistirilmis  isleme
teknolojileri ¢ok ¢esitlilik gdstermekle birlikte
hepsinde ama¢ mevcut kaliteyi miimkiin oldugu
kadar koruyarak, baligin tiiketilebilir durumunu uzun
siire muhafaza etmektir (Patir ve Duman 2006).

Balik koftesi hem besleyici hem lezzetli hem de
pismeye hazir gidalardan biridir. Baz1 firmalar bu
iirlinleri pigirerek de pazarlayabilmektedir. Pigirilmis
balik koftesi tiiketiciler i¢in kullanima hazir alternatif
bir se¢enek olarak karsimiza ¢ikmaktadir. Baliklarin
kofte seklinde degerlendirilmesi hem tiiketim oranini
artirabilir hem de kisa bir raf dmriine sahip baligin
daha uzun siire dayanmasini saglayabilir. Ciinkii
kofteye ilave edilen katki maddeleri tipik balik
kokusunu alarak lezzete ve kokuya olumlu katki
saglar. Pigirilerek tiiketime hazir olarak pazarlanan
bu tip gida iiriinleri tiiketiciye kolaylik da saglayarak
lezzetli ve besleyici gidalar sunmaktadir.

Narenciye suyu C vitamini igerigi ve lezzetinden
dolay1 tiim diinyada tiiketiciler tarafindan tercih
edilen meyve sulanidir. Turunggillerin veya
Urlinlerinin tiiketiminin, farkli hastaliklara karsi
faydali etkileri vardir, bunun ana nedeni Onemli
biyoaktif bilesiklerin varligidir. Bu bilesiklerden en
yaygin bilinenleri karetenoid ve C vitamini (askorbik
asit) olup bu bilesenlerin bir¢cok hastaliga kars1 direng
olusturdugu bildirilmistir. Antioksidan 6zelliklerinin
de bulundugu bilinen bu bilesiklere ilave olarak
fenolik bilesikler de ayn1 6zellikleri tagimaktadir (Al-
Juhaimi  ve  Ghafoor 2013). Turunggillerin
antioksidan kapasiteleri acisindan sagliga faydalar
farkli ¢alismalarla bildirilmistir (Rapisarda vd. 1999;
Gardner vd. 2000; Pellegrini vd. 2003; Yoo vd. 2004;
Peterson vd. 2006).

Balik koftesi iizerine yapilmis cesitli caligmalar
bulunmaktadir (Yanar ve Fenercioglu 1999; Varlik
vd. 2000; Ersoy ve Yilmaz 2003; Akkus vd. 2004;
Oksiiztepe vd. 2010; Can 2012; Kaba vd. 2012;
Ozpolat ve Coban 2012; Kaba vd. 2013; Kilingceker
2014; Erol ve Ilhak 2015; Kilinggeker 2015; Duman

ve Peksezer 2016; Ulusoy vd. 2017). Ancak
antioksidan 6zellikle portakal ve limon katkil1 balik
koftesi ve raf Omriine iliskin bir calismaya
rastlanilmamistir.

Tiiketiciler dogal katki maddeleri iceren gidalar
daha cok tercih etmektedir. Genellikle gidalara
koruyucu olarak ilave edilen dogal katki maddeleri
hayvansal kitosan, organik asitler, esansiyel yaglar,
bitki ekstraktlart olup su firiinleri de dahil olmak
iizere gida sektoriinde kullanildig1r bildirilmistir
(Baptista vd. 2020). Sagliga olan faydalar1 nedeniyle
de su driinlerinin korunmasinda dogal gida katki
maddelerinin potansiyel oldugu unutulmamalidir.
Bu ¢alismada sudak baligindan elde edilen koftelerin
raf dmriine portakal ve limonun ayr1 ayr1 ve birlikte
etkisinin  duyusal ve mikrobiyolojik olarak
belirlenmesi amaglanmistir. Yine ¢alismada balik
koftelerine portakal ve limon suyu hem birlikte hem
de ayr1 ayn ilave edilerek farkli bir lezzet ve
tiikketiciye alternatif bir iirlin sunulmasi planlanmustir.

Materyal ve Metot

Calismada kullanilan ortalama 42,76+0,73cm
toplam boy ve 544,14+30g agirliga sahip sudak balig1
(Sander lucioperca L., 1758), Isparta Ili gevresindeki
balik¢ilardan temin edilmistir. Alinan sudak baliklari
bekletmeksizin soguk zincir uygulanarak strafor kutu
igerisinde ISUBU Egirdir Su Uriinleri Fakiiltesi,
Gida Laboratuvarina getirilmis ve derisiz filetolar
cikartilmigtir. Sudak filetolar1 kiyma makinesinden
gecirilerek balik kiymasi elde edilmistir. Caligmada
dogal antioksidan kaynagi olarak portakal ve limon
suyu kullanilmastir.

Balik kiymasi, sade yani dogal antioksidan
ilavesiz kontrol grubu (K), limon suyu ilave edilmis
(L), portakal suyu ilave edilmis (P) ve portakal limon
suyu karigimi ilave edilmis (PL) balik kofteleri olmak
lizere 4 gruptan olusturulmustur. L, P ve PL
gruplarinda kullanilacak dogal antioksidan oziitleri
icin portakal ve limon taze olarak satin alinmis ve
stkma islemine tabi tutularak meyve sular1 elde
edilmistir. Elde edilen meyve sulari antioksidan
ozelliklerini kaybetmemeleri icin bekletilmeden
koftelere belirli oranlarda karistirllmistir. Koftelere
ilave edilecek meyve suyu miktari igin bir 6n ¢alisma
yapilmig, buna gore balik kiymasina her bir meyve
suyundan %3 oraninda ilave edilen kofte ornekleri
panelistlerce daha ¢ok begenildigi i¢in tiim koftelerde
bu oran kullanilmistir. Elde edilen balik kiymasina
kofte harci ve meyve 6ziitleri eklenerek 4 farkli grup
olusturulmustur. K grubu balik koftelerine meyve
oziitii ilave edilmemistir. Diger ii¢ gruba (P, L, PL)
belirlenen oranda (%3) meyve suyu ilave edilmistir.
Koéfte harc (%2 tuz, %5 karabiber, %5 kimyon, %1,2
toz sarimsak, %6 sogan, %10 ekmek igi) tim
gruplarda ayni1 oranlarda kullanilmistir (Sekil 1).
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Sekil 1. Taze ve pigmis sudak kofte drnekleri
Figure 1. Fresh and cooked pikeperch meat balls

Calisma kapsaminda elde edilen tiim gruplara ait
her biri 10 g’lik kofteler ayr1 ayr1 gruplar halinde 6n
pisirme iglemine tabi tutulmus, pisirme isleminde
fritdz kullanmilmistir. Her bir grup i¢in aygicek yagi
kullanilmis olup her &rnekte kullanilan yag
degistirilmistir. Meyve suyu uygulanmis ve
uygulanmamis  tim  balikkofteleri  polyamid
paketlerde her bir pakette 10 balik koftesi olmak
iizere vakumda paketlenmistir. Paketlenmis {irtinler
buzdolabinda muhafaza edilmistir (4+1°C). Sudak
baligindan elde edilen kofteler vakumlandiktan sonra
tiketim 0Ozelligini tamamen kaybettigi siirenin
sonuna kadar buzdolabi kosullarinda (4+1°C)
depolanmigtir. Calismada meyve 0ziitii uygulanarak,
buzdolabinda depolanmis Orneklerde raf Omriiniin
tespitine yonelik duyusal ve mikrobiyolojik kalite
degisimleri iki giinde bir 6rnek alinarak raf omrii
caligsmasi yapilmgtir.

Mikrobiyolojik Analizler

Koftelerin mikrobiyolojik analizlerinde
kullanilmak iizere her grup igin ayr1 ayr1 10’ar adet
balik koftesi kullanmilmigtir. Toplam Mezofilik
Mikroorganizma (TMA), Toplam Psikrofilik
Mikroorganizma (TPA), Laktik Asit Bakterileri

(LAB) (APHA 1974) tespiti icin iki giinde bir, dort
gruptan, her bir grup i¢in ¢ tekerriirli ve 6
seyreltmeli analizler ger¢eklestirilmistir. Bu amagla
steril stomacher posetine 10g balik koftesi 6rnegi
konulmus ve tizerine 90ml steril buffer peptonlu su
ilave edilerek BagMikser 400 ile 90sn homojenize
edilmisgtir.

Toplam mezofilik aerobik bakteri (TMAB) ve
toplam psikrofil aerobik bakteri (TPAB) oranlari
standart koloni sayimi yapilarak (ICMSF 1986)
gerceklestirilmistir. Sudak baligi kofte 6rneklerinde
TMAB gelisimi i¢in 30 °C’de 2 giin, TPAB gelisimi
icin 5 °C’de 10 giin inkiibasyon saglanmistir. Daha
sonra petri yiizeylerindeki olusan koloniler
incelenmis ve toplam bakteri sayisi hesaplanmistir

(kob/g).
Duyusal Analizler

Duyusal analizlerde tim balik  koftesi
gruplart (K, L, P, PL) panelistlere sicak
sunulmasi i¢in analizden hemen Once derin

yagda (190°C) vyaklasik 4-5 dk kizartilmstir.
Koftelerin =~ duyusal  kalite  degerlendirmesi
Altug ve Elmaci (2005)’'min metoduna gore
yapilmstir (Tablo 1).

Tablo 1. Calismada kullanilan hedonik gosterge ¢izelgesi ve puan tanimlart (Altug ve Elmaci 2005)
Table 1. Hedonic scale and point definitions used in the study (Altug ve Elmaci 2005)

Puan
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Sinirda
Koti
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Tiiketilemez
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Istatistiksel Analizler

Istatistiksel analizlerin yapilmasinda IBM SPSS
V 25  istatistik  programi  kullanilmustir.
Mikrobiyolojik analizlerde N sayis1 3 olarak
belirlenmistir. Duyusal analizlerde 10 panelistin
verdigi sonuglar karsilastirilmistir (N 10).

Bulgular

Mikrobiyolojik Analiz Sonuclari

Sudak baliklar1 ile yapilan bu calismada K, L, P
ve PL gruplarinin TMAB degeri agisindan, tiim
deneme gruplarinin depolama giinlerinde kendi
aralarindaki degisim incelendiginde 1. 7. 9. ve 15.
giinlerde tiim gruplar arasinda TMAB bakimindan
fark gorilirken (p<0,05), 3. 11. 17. 19. ve 21.
depolama giinlerinde L-PL gruplar arasindaki farkin
istatistiki olarak o6nemsiz (P>0,05) oldugu tespit
edilmistir.  Antioksidan amacghi ilave edilerek
olusturulan gruplarin giinlere gore tiim deneme
gruplarinin  depolamaya bagli olarak TMAB
igerikleri artis gostermistir. K grubu 15. giinden
sonra, L. ve PL grubu 21. giinde raf Omriinii
tamamlamistir. K grubunun TMAB degeri 1-15. giin
arasinda 6nemli (P<0,05) degisim gosterirken diger
tim gruplar (K, P, L ve PL) 1-21. giinler arasinda
onemli  (P<0,05) degisimler sergilemislerdir
(Tablo 2).

TPAB degerinin 21 giinliikk depolama siiresince
farkl1 degisimler sergiledigi goriilmiistiir. Dogal
antioksidan ilave edilmis deneme gruplarinin giinlere
gore kendi aralarindaki degisimleri incelendiginde 1.
ve 5. depolama giinlerinde tiim gruplar arasindaki
farkin istatistiki olarak 6nemsiz (P>0,05), 9. 11. ve
15. depolama giinlerinde tiim gruplar arasindaki
farkin istatistiki olarak Onemli (P<0,05) oldugu
yapilan hesaplamada tespit edilmistir. Buzdolabi

kosullarinda depolamanin 3. gliniinde P ve L gruplar
arasinda TPAB degeri acisindan fark goriilmezken,
13. ve 19. glinde aym1 durum L ve PL gruplar
arasinda saptanmistir. Depolama gilinlerine gore her
bir grubun TPAB degerinin degisimi incelendiginde,
P grubu tiim gilinlerde 6nemli degisim gosterirken
(P<0,05), K grubu 1-13. giinler arasinda &nemli
(p<0,05), 13-15. giinler arasinda 6nemsiz (P>0,05)
degisim sergilemistir. L grubunda 19. giinden sonra
bozulma olmus, 1-19 giinler arasinda genellikle
onemli degisimler goriilmiistiir. PL grubu da L grubu
ile benzer olup sadece 9-11 giinler aras1 degisimin
farki 6nemsiz diger gilinlerde 6nemlidir (P<0,05)
(Tablo 2).

LAB degeri depolama giinlerine gore farkliliklar
gostermis, 11. giinde tiim gruplar arasinda 6nemli
(P<0,05), 1. ve 5. glinde K-P-L-PL arasinda 6nemsiz
(P>0,05) degisimler sergilemistir. 3. 9. 13. 17. Ve 19.
depolama giinlerinde L-PL gruplar1 arasinda fark
goriilmemistir. 7. glinde P-L-PL arasinda fark yokken
K ve diger tiim gruplar arasinda LAB degerinin
farklilik gosterdigi belirlenmistir. Her bir grubun
giinlere gore kendi degisimleri 1-21. giinler arasinda
farklilik gostermistir (Tablo 2).

Duyusal Analiz Sonuclari

Farkli dogal antioksidan ilaveli sudak
koftelerinin duyusal analizleri sonucu tiim duyusal
parametreler agisindan genellikle portakal oziitii
ilave edilen grup daha yiiksek puanlar aldigi
belirlenmistir. Koftelerin, 1. depolama giiniinde tat
disindaki tiim degerlerin arasinda grup farkinin
onemli olmadig1 (p>0,05), depolama giinlerine gore
gruplar arasindaki bu farkin acildigi saptanmistir.
Koku degeri incelendiginde K grubu digindaki tiim
gruplarin  daha yiikksek degerler sergiledigi
saptanmustir (Tablo 3-7).
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Tablo 2. Kontrol, portakal suyu, limon suyu ve portakal — limon suyu karigik ilave edilmis sudak balig1 kéftelerinin
depolamaya bagli TMAB, TPAB ve LAB degerlerinin degisimi (ORT+SD). N=3

Table 2. Storage-dependent change of TMAB, TPAB and LAB values (Mean = SD) of pike perch meatballs added with,
orange juice, lemon juice and mixed orange-lemon juice and control groups. N=3

GUN GRUP ORT=SD GUN GRUP ORT=SD GUN GRUP ORT=SD
L, K 4,731+0,0652H . K 4,598+0,137%¢ K 4,598+0,137%¢
g P 4,645+0,065K 9 P 4,578+0,133% o P 4,578+0,133%
E L 4,738+0,0362 o L 4.577+0,145% f L 4,577+0,145%

PL 4,758+0,032% PL 4,616+0,145 PL 4,616+0,1453H
w K 4,874+0,0422¢ - K 4,849+0,055%F K 4,849+0,055%
g P 4,789+0,016 2 P 4,768+0,037" R P 4,768+0,037"
E L 4,820+0,02320! a L 4,818+0,02920H ﬁ L 4,818+0,02930C
PL 4,836+0,023%! PL 4,816+0,035%6 PL 4,816+0,03526
o K 5,132+0,025% . K 5,12440,033% K 5,124+0,033%
g P 5,087+0,010 2 P 5,076+0,02424 m P 5,076+0,0242H
E L 5,093+0,019°H a L 5,079+0,0212¢ S L 5,079+0,021%F
PL 5,134+0,025% PL 5,117+0,031%F PL 5,117+0,031%F
. K 5,559+0,021% - K 5,507+0,0542° K 5,507+0,05420
g P 5,314+0,009H 2 P 5,335+0,042°¢ m P 5,335+0,042°¢
E L 5,337+0,0090C o L 5,336+0,020°F i L 5,336+0,020%F
PL 5,349+0,010°¢ PL 5,363+0,0320E PL 5,363+0,032%E
o K 5,688+0,010%° o K 5,685+0,011%¢ K 5,685+0,035%¢
g P 5,473+0,0139¢ 2 P 5,469+0,0159F K P 5,469+0,021°F
E L 5,563+0,013°F a L 5,56140,014 S L 5,560+0,019°P
PL 5,592+0,012%F PL 5,587+0,013bP PL 5,589+0,014°P
4 K 5,825+0,020%C L K 5,824+0,02228 K 5,817+0,01928
@ P 5,587+0,007¢F o P 5,586+0,011° g P 5,607+0,040°E
<§E L 5,678+0,014%E <L 5,676+0,01350 < L 5,675+0,015%¢
FoopL 5,688+0,005°E T 5,620+0,062°0 PL 5,637+0,020°0
- K 5,948+0,015%8 - K 5,946+0,015% K 5,946+0,018*
@ P 5,697+0,006° m P 5,696+0,008°0 g P 5,696+0,011¢°°
% L 5,775+0,005° EE L 5,774+0,008°C j L 5,771+0,011°8
FoopL v T 5,777:£0,0095 PL 5,780:£0,0125
o K 5,999+0,00324 o K 5,998+0,0042A K 5,998+0,005%
@ P 5,804:£0,004¢P o P 5,803+0,0054¢ g P 5,819+0,015¢¢
<§E L 5,825+0,012¢C <L 5,822+0,011¢C < L 5,825+0,013¢8
F P 5,853+0,006°¢ = PL 5,853+0,008°BC PL 5,861+0,01008C
~ K - - K - K -
m P 5,890+0,012°¢ o P 5,888+0,0138 S P 5,893+0,018PBC
% L 5,922+0,00828 <L 5,921+0,00928 2 L 5,927+0,01224
= PL 5,939+0,00828 o opL 5,934+0,011248 - PL 5,937+0,011248
s K - - K - K -
m P 5,936:0,0098 o P 5,935+0,010A8 S P 5,940+0,0130A8
é L 6,002+0,00424 < L 6,001+0,00424 2 L 6,002+0,0042*
F pPL 5,994+0,0163 =P 5,996+0,018% - PL 5,997+0,018%
o K - = K - L, K -
g P 5,999+0,004%4 2 P 6,001+0,00524 N P 6,005+0,0052
S L - a L - 5 L -
F PL - P - PL -

Kiiciik harfler gruplar arasindaki farki, biiyiik harfler giinler arasindaki farki gostermektedir (K: Kontrol, P: Portakal, L: Limon, PL:

portakal + limon grubu)
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Tablo 3. Kontrol, portakal suyu, limon suyu ve portakal — limon suyu karigik ilave edilmis sudak baligi koftelerinin
depolamaya bagli duyusal koku degerlerinin degisimi (ORT+SD). N=10

Table 3. Storage-related sensory odor values (Mean + SD) of pike perch meatballs added with orange juice, lemon juice
and mixed orange-lemon juice and control groups. N = 10

Gruplar (Koku)

Giinler K P L PL

1 8,70+0,483%A 9,30+0,674 9,10+0,737%4 8,70+0,674%A

3 7,90+0,875%8 8,70+0,674% 8,80+0,632%A 8,40+0,699%A
5 6,90+0,737°C 7,90+0,73728 8,00+0,666% 7,70+0,4832%8

7 6,20+0,7880P 7,40+0,84338C 7,20+0,7882C 7,00+0,666%¢

9 5,90+0,567°° 6,90+0,7372¢ 6,50+0,527%P 6,50+0,527%¢

11 4,70+0,483%E 6,10+0,7372° 5,80+0,421% 5,90+0,7372P

13 2,60+0,699°F 5,70+0,674%0F 4,90+0,567F 5,10+0,7372E
15 - 5,40+0,699% 4,10+0,567¢ 4.20+0,788bF

17 - 4,60+0,516%F 3,50-+0,527H 3,60+0,516C

19 - 3,20+0,6328 2,60+0,843% 2,70+0,8233H

21 - 2,00+0,81621 - -

Tablo 4. Kontrol, portakal suyu, limon suyu ve portakal — limon suyu karigik ilave edilmis sudak baligi koftelerinin
depolamaya bagli duyusal tat degerlerinin degisimi (ORT+SD). N=10

Table 4. Storage-dependent change in sensory taste values (Mean = SD) of pike perch meatballs added with orange juice,
lemon juice and mixed orange-lemon juice and control groups. N=10

Gruplar (Tat)

Giinler

K 2 L PL

1 8,60+0,699°A 9,30+0,674 8,40+0,699°A 8,60+0,699°A
3 7,30+0,674%8 8,80+0,788% 8,200,788 8,20+0,632
5 7,30+0,82328 7,90+0,73728 7,70+0,823248 7,50+0,52728
7 6,50+0,707°C 7,20+0,788%¢ 7,20+0,78828C 6,60+0,516%¢
9 6,40+0,516% 6,20+0,788%0 6,70+0,823% 6,10+0,567%¢
11 4,50+0,849°P 5,60+0,699°PE 6,60+1,074%€ 5,40+0,516°°
13 - 5,00:£0,666°F 5,80+0,918%° 4,60+0,699F
15 - 4,10+0,737°" 5,40+0,843% 4,00+0,666°"
17 - 3,50+0,707%F 4,00+0,816% 3,50+0,527%
19 - 2,70+0,4832%¢ 2,60+0,843%F 2,40+0,699%¢
21 - 1,50+0,5273H - -

Ayni satirda farkl kiiglik harf ve ayni siitunda farkli biiyiik harf alan ortalamalar arasindaki farklilik istatistiki olarak dnemlidir (P<0,05)

Tablo 5. Kontrol, portakal suyu, limon suyu ve portakal — limon suyu karigik ilave edilmis sudak baligi koftelerinin
depolamaya bagli duyusal renk degerlerinin degisimi (ORT£SD). N=10

Table 5. Storage-dependent change of sensory color values (Mean + SD) of pike perch meatballs added with orange juice,
lemon juice and mixed orange-lemon juice and control groups. N = 10

Gruplar (Renk)

Giinler K P L pL

1 8,60+0,516% 8,70-+0,674%A 8,70+0,674% 9,0040,666
3 7,300,674 8,30+0,823%A 8,10+0,737%8 8,70+0,483%4
5 7,100,737 7,60+0,516% 7,20+0,788%¢ 7,70+0,82328
7 6,30+0,674°C 6,50+0,707°¢ 6,40+0,699°° 7,30+0,82328
9 5,90+0,5672C 6,20+0,7882C 5,60+0,516"E 6,40+0,516%
11 4,30+0,483bP 5,60+0,5163P 4,50+0,527%F 5,60+0,516%P
13 2,50+0,849°F 5,00+0,666% 3,80+0,4210¢ 4,70+0,674%
15 - 4,50+0,527%€ 3,40+0,516¢ 3,80+0,632%
17 - 3,40+0,699%F 2,80+0,421H 3,30+0,483%
19 - 2,50+0,7072C 2,00+0,816% 2,50+0,7072¢
21 - 1,40+0,51631 - -

Ayni satirda farkli kiigiik harf ve ayni siitunda farkl biiyiik harf alan ortalamalar arasindaki farklilik istatistiki olarak 6nemlidir (P<0,05)
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Tablo 6. Kontrol, portakal suyu, limon suyu ve portakal — limon suyu karigik ilave edilmis sudak balig1 kéftelerinin
depolamaya bagli duyusal tekstiir degerlerinin degisimi (ORT+SD). N=10

Table 6. The change in the sensory texture values (Mean + SD) of pike perch meatballs added with orange juice, lemon

juice and mixed orange-lemon juice and control groups. N = 10

.. Gruplar (Tekstiir)
Giinler K P L pL
1 8,80+0,42134 8,60+0,843% 8,90+0,567%A 8,80+0,632%
3 7,70+0,823°8 8,40+0,843% 8,60+0,516%8 8,50+0,527%A
5 6,60+0,699°¢ 7,90+0,56734 8,20+0,632% 7,70+0,823%8
7 6,40+0,516°CP 7,10+0,737%8 7,40£0,516% 7,30+0,674%8
9 6,10+0,567°° 6,50+0,70728¢ 6,70+0,483%° 6,70+0,483%
11 4,80+0,421°% 5,90+0,5673°P 6,10:£0,737% 5,90+0,567%°
13 1,9040,737¢F 5,40+0,6993°0F 5,90+0,567EF 5,100,737
15 - 4,90+0,73 72EF 5,40+0,5163 4,40+0,699°"
17 - 4,30+0,823%F 3,40+0,699°¢ 4,00+0,666%
19 - 3,1040,9942¢ 2,10+0,737H 2,60+0,8432C
21 - 2,00+0,8162 - -

Ayni satirda farkli kiiciik harf ve ayni siitunda farkli biiyiik harf alan ortalamalar arasindaki farklilik istatistiki olarak dnemlidir (P<0,05)

Tablo 7. Kontrol, portakal suyu, limon suyu ve portakal — limon suyu karigik ilave edilmis sudak baligi koftelerinin
depolamaya bagli duyusal goriiniim degerlerinin degisimi (ORT+SD). N=10

Table 7. Storage-dependent change of sensory appearance values (Mean + SD) of pike perch meatballs added with orange
juice, lemon juice and mixed orange-lemon juice and control groups. N=10

Gruplar (Goriiniim)

Giinler
K P L PL

1 8,10+0,421%A 9,30+0,674 8,40+1,074°A 8,800,632
3 7,10+£0,737"8 8,80+0,632% 8,10+0,875%8 8,600,699
5 7,30+0,674°8 8,20+0,788% 7,60£0,5162°BC 7,80+0,7882°B
7 6,30+0,674°C 7,10+0,737% 7,00£0,6663P 7,00+0,666%¢
9 6,50+0,527%¢ 6,50+0,527%° 6,40+0,6992PF 5,80+0,632°P
11 5,20+0,7882D 5,500,707 5,90+0,737% 4,90+0,737°F
13 2,00+0,816%F 4,60+0,699F 4,70+0,948%F 4,00+0,666°
15 - 3,80+0,632%¢ 4,30+0,674%F 3,70+0,674°F
17 - 3,00£0,666%H 2,80+0,632°C 3,40+0,516%
19 - 2,60+0,51621 1,90+0,737°" 2,20+0,788%¢
21 - 1,70+0,674% - -

Ayni satirda farkl kiigiik harf ve ayni siitunda farkli biiyiik harf alan ortalamalar arasindaki farklilik istatistiki olarak onemlidir (P<0,05)

Tartisma ve Sonug¢

Antioksidanlar, gidalarin oksidasyon hizim
azaltan veya bu olay1 geciktiren maddelerdir. Gerek
dogal ve gerekse sentetik yiizlerce bilesik
gliniimiizde endiistriyel proseslerde gida
maddelerinin  raf  Omiirlerini  artirmak igin
kullanilmaktadir. Dogal antioksidanlar, insanlar
tarafindan yillardir aroma ve koruyucu o&zelligi
nedeniyle kullanilmaktadir ve tiiketiciler bu
antioksidanlar1 gilivenilir olarak gérmektedirler. Bu
acidan bitkisel kaynakli triinlere ilgi artmis ve bu
yonde arastirmalar hiz kazanmistir.

Dogal antioksidanlar bakimindan zengin olan
portakal ve limon sevilerek tiiketilen besinlerdir. Su
drtinleri ile kullamimlar1 tizerine ¢ok az ¢alisma

varken diger bazi antioksidan igerikli bitkilerin
kullanildig1 ¢alisma sayisi daha fazladir (Sanjuas-
Rey vd. 2012; Djenane 2015; Hassoun ve Coban
2017; Durmus 2020; Hasani vd. 2020; Kerimoglu vd.
2020). Giarratana vd. (2016) narenciye grubunda
bulunan limonen maddesinin ¢ipura baliklarinin raf
omriine olumlu yonde etki ettigini bildirmislerdir.
Ugar (2020) narenciye kabuklarindan elde edilen
esansiyel yaglarm alabaliklarda antioksidan etki
gostererek raf Omriini arttirdigmi  saptamustir.
Baptista vd. (2020) organik asitlerin ¢esitli gidalarda
dogal olarak bulundugunu bildirmis ve sirkenin
asetik asit, portakalin askorbik asit, {iziimiin tartarik
asit, elmanin malik asit ve limonun sitrik asit gibi
organik asitleri igerdiklerini vurgulamistir. Ticari
askorbik asit ve sitrik asitin kopek balig1 filetosunun
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raf Omriine etkisinin arastirildigi  ¢aligmada
kullanilan organik asitlerin raf Omriinii artirdig
belirlenmistir (Sengdér vd. 2007). Bu g¢alisma
sonuglar1 bulgularimizla paralellik gostermektedir.

Sudak baligindan elde edilen koftelerin
mikrobiyolojik kalite analizleri kapsaminda TMAB,
TPAB ve LAB degerleri kontrol edilmistir. Gida
iirtiinlerinin tiiketilebilir olmas1 i¢in aerobik bakteri
limit degeri 7 log kob/g olarak belirtilmistir (ICMSF
1986). Sudak balig1 ile yapilan bu calismada TMAB
degeri agisindan K grubunun 15. giinde, L ve PL
gruplarimin  21. giinde bozuldugu belirlenmistir.
TPAB degeri agisindan da 15. giinden sonra K grubu
raf Omriinii tamamlamis, 21. glinde P grubu harig
digerleri bozulma géstermistir. LAB degeri agisindan
P hari¢ tiim gruplar raf omriinii 21. glinden 6nce
tamamlamustir (Tablo 2).

Erol ve ilhak (2015) aynali sazan baligindan elde
ettikleri balik koftelerinin 4+1°C’de muhafazasi
esnasinda TPAB sayisini 6. giinde 7,55 kob/g olarak
bildirmiglerdir. Cig ve haslanmig balik koftelerinin
raf omri ile ilgili bir ¢alismada TPAB miktar1 18
giinliik depolama siiresince artig gostermis, buzdolabi
kosullarindaki depolamanin 9. giinii her iki drnekte
sinir degeri gecmistir (Akkus vd. 2004). Keser ve Izci
(2020) alabalik  koftelerine dair  yaptiklar
caligmalarinda TMAB ve TPAB sayilarinin
depolamayla birlikte artis gosterdigini bu artigin
istatistiki olarak onemli oldugunu bildirmislerdir.
Benzer sonuglar ¢alismamizda da elde edilmistir.
Dondurarak depolama sirasinda uskumru baliginin
duyusal ve fizikokimyasal kalitesine antioksidanlarin
etkisi konulu ¢alismada antioksidan uygulamasinin
raf Omriinii artirdigi belirlenmistir. Antioksidan
olarak bu c¢alismada sodyum eritorbat ve bir
polifosfat karigimi kullanilmistir (Sveinsdottir vd.
2020).

Oksiiztepe vd. (2010) gokkusag alabaligi koftesi
lizerine yaptiklart g¢alismada TMAB degerinin
4+1°C’de muhafaza sirasinda artis gosterdigini,
depolamanin 8. giiniinde 8,83 kob/g degerine ulagtigi
belirtilmistir. Akkus vd. (2004) ¢ig ve haglanmig
balik kofteleri {lizerine yaptiklar1 c¢alismalarinda
TMAB vyiikii 4 + 1°C’de depolanmasi sirasinda
diizenli artis gostererek her iki denemede 6 kob/g
olan giivenlik sinir degerini depolamanin 9. giiniinde
agsmistir. Ucak vd. (2011) uskumru burgerleri {izerine
farkli oranlarda biberiye ekstrakti uygulayarak raf
omriini incelemiglerdir. Calismada yiiksek oranda
biberiye ektrakti uygulanan iiriinlerin en uzun siire
raf dmriine sahip oldugu belirlenmistir. Ozogul ve
Ugar (2013) dogal antioksidanlarin (kekik, yesil ¢cay,
ada cay1 ve defne) uskumru burgerlerinde depolama
boyunca mikrobiyolojik kalite {izerinde olumlu
etkilerinin oldugu, kontrol grubuna goére daha uzun
stire raf Oomri sergiledikleri belirlenmistir. Balik

burgerleri {izerine yapilan her iki ¢alismada dogal
antioksidan kaynaklarimin bizim c¢alismamizda
oldugu gibi drlinlin raf Omrind artirdig
goriilmektedir.

Gida sanayinde yeni bir {iriin hazirlandiginda
duyusal olarak tiiketicilerce gosterilen begeni ve
yorumlar  O6nemlidir. ~ Yeni  {iriinlin  diger
mikrobiyolojik, kimyasal ve fiziksel kalitesinin
yanisira duyusal olarak da analizi yapilir. Kalite
degerlendirmesinde duyusal kriterler son derece
onemlidir. Arastirmamizda sade ve portakal-limon
suyu katkili sudak koftelerin duyusal analizi sonucu
en cok P grubu begeni almistir. Tim gruplarda
depolamaya bagli olarak verilen puanlarda da azalma
olmustur. Raf 6mrii agisindan ise en uzun portakal
iceren koftelerin raf dmriine sahip oldugu bu grubu L
ve PL gruplarinin izledigi tespit edilmistir (Tablo 3-
7). Keser ve Izci (2020) alabalik koftelerine dair
yaptiklar1  ¢alismalarinda  arastiricilar  alabalik
koftelerine biberiye ve defne ucgucu yagi ilavesi
sonras1 balik koftelerinin raf dmriine pozitif yonde
etki  ettigi ve tiketicilerce  begenildigini
bildirmislerdir. Giarratana vd. (2016) narenciye
grubunda bulunan limonen maddesinin ¢ipura
filetolarma uygulamiglar ve filetolarin duyusal
analizi sonucu tiiketicilerce begenildigini ifade
etmislerdir.

Calismada kullanilan bitki 6ziitleri kontrol
grubuna gore sudak koftelerini  daha  iyi
korumustur. Kontrol grubu 15 giinde
tilketilemeyecek duruma gelitken L wve PL
gruplart 19. giinde, P grubu 21. ginde raf
Omriini  tamamlamigtir.  Duyusal olarak en

¢ok begenilen grup P grubu olmustur. En
uzun Omirli driin de yine P grubu sudak
kofteleri olmustur. Sudak kofte yapiminda hem
daha uzun Omiirli {irlin  eldesi hem de
tikketiciye farkli aromada bir tat sunmak igin
portakal basta olmak flizere limon ve ikisinin
karisimui kullanilabilir. Ancak tiiketicinin tercihlerine

gore oranlar degisebilecektir. Antioksidanlarin
kullanim su iiriinleri ile
yapilan arastirmalarda da  belirtildigi iizere
raf Omriinii  artirmada  olduk¢a  Onemlidir.
Tiirkiye dogal antioksidanlarin bol miktarda
bulundugu, flora bakimindan zengin

iilkelerden biridir. Bu baglamda sahip oldugumuz bu

dogal kaynaklardan ideal oranda yararlanmali,
yaralanirken  tiirlerin ~ korunmasina da  6zen
gosterilmelidir.

Tesekkiir

Bu calisma Siileyman Demirel Universitesi
Bilimsel Arastirma Projeleri birimi (SDU BAP)
tarafindan ~ 3971-YL1-14  nolu  proje ile
desteklenmistir.
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This study was carried out to determine the some population parameters of tarek
(Alburnus tarichi Giildenstédt, 1814) in Lake Van between October 3, 2020 and
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October 13, 2020. A total of 695 specimens were caught by using European Received ~ :14.01.2022
Standard (EN 14757) gillnets. The fish sample was consisted of 51.2% female and Revised - 14.02.2022
48.8% male individuals, so ratio of Q:4 was computed as 1.05:1. The age ]

distribution of sample was found 0-7 range. Average total length of the age classes Accepted  :24.03.2022
were calculated as, 7.95, 14.37, 18.92, 21.96, 23.14, 23.97, 24.65, 25.60 cm and Published  :26.08.2022

average weights were calculated as, 3.38, 22.37, 54.98, 89.07, 105.87, 120.42,
132.02, 154.75 g for from 0 to VII age classes respectively. The length-weight
relationship (LWR) of population (for all individulas) was described as
W=0.0033TL33%, The growth type of the fish was determined as positive
allometric (+). Fulton condition factor, Le, Kbrody, to, We Were estimated as; 0.790,
25.9937 cm, 0.4674 year?, -0.7713 year and 156.1708 g respectively for the all
individuals. Our study contributes to updating the literature on the determination
of growth characteristics and age distributions of the population of tarek in the
Lake Van.
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Van Golii inci Kefali (Alburnus tarichi Giildenstiidt, 1814) Populasyonunun Yas, Biiyiime Ozellikleri ve Boy-
Agirhik Tliskisi

Oz: Bu caligma, Inci Kefali popiilasyon parametrelerinin belirlenmesi amaciyla 3-13 Ekim 2020 tarihleri arasinda Van Gélii’nde
gergeklestirilmistir. Caligma kapsaminda Avrupa Birligi standarti (EN 14747) galsama aglariyla toplam 695 adet inci kefali
avlanmigtir. Avlanan 6rnekler incelendiginde Van Go6lii inci kefali popiilasyonunun %51,2 disi, %48,8 erkek bireylerden olustugu
ve 9:& oraninin 1,05:1 oldugu anlagilmistir. Popiilasyonun 0 ile 7 yas araligindaki bireylerden olustugu tespit edilmis olup yas
siiflarinin ortalama total boylar1 0 yas gurubundan baslamak iizere sirastyla: 7,95; 14,37; 18,92; 21,96; 23,14; 23,97; 24,65 ; 25,60
cm ortalama agirliklart ise yine sirasiyla: 3,38; 22,37; 54,98; 89,07; 105,87; 120,42; 132,02 ve 154,75 g olarak hesaplanmustir. Total-
boy ile agirhik arasindaki iliski tiim bireyler i¢in W= 0,0033TL33%4 seklinde tanimlannustir. Inci kefallerinin pozitif allometrik (+)
biiyiime tipine sahip olduklari belirlenmistir. Inci Kefali popiilasyonun tamami igin kondisyon faktérii; 0,790, L.; 25,9937 cm,
Kbrody; 0,4674 y1lL, to; -0,7713 y1l, We; 156,1708 g olarak hesaplanmistir. Calismamiz, Van Gélii inci kefali popiilasyonunun biiyiime
ozellikleri ve yas dagilimlarinin belirlenmesine yonelik bilimsel literatiiriin giincellenmesine katki saglamaktadir.

Anahtar kelimeler: inci Kefali, Alburnus tarichi, biiyiime, Van Gélii, populasyon parametreleri
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Introduction fishing which applied during fishing season from 15

In generally, two different fishing methods are
applied on tarek by fishermen of the Lake Van, that
shows differences according to times of the year.
First one is a traditional method that based on ancient
times, in which is the fish are caught when they are
in streams for spawning. The second one is legal

July to 15 April.

Today, tarek consist of approximately 30% of the
total inland fish catch in Tiirkiye. However, this
species is endangered in a closed basin can be
negatively affected by frequent human interventions.
The tarek has been included in the red list since 1996
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by the IUCN (International Union for Conservation
of Nature) as a "Near threatened species whose
population trend is in decline" (Sen et al. 2015; TUCN
2021).

There are various previous studies on
the populations of tarek in different localities of

the south-eastern region of Tirkiye (Akgiil
1980;  Ozdemir 1982; Sann 1997, Elp
2002; Giindogdu 2010; Bostanct and Polat
2011). But, there is no current study

that comprehensively examines the population
of Lake Van which is the largest population of
tarek. The aim of the study is obtain some

population parameters of the tarek inhabit the Lake
Van.

Materials and Methods

Lake Van is the largest lake of Tiirkiye with 3602
km? surface area and 451 m maximum depth. The
salinity of the lake is 21.7%o and its water volume is
614 km®. Lake Van is the world's largest soda lake
with a pH value of 9.7 (Figure 1) (Degens and
Kurtmann 1978). The only fish species living in the
lake is the tarek (Alburnus tarichi, Giildenstidt,
1814) also as known as "Van Fish" (Figure 2)
(Aydin 2017).

39.1+

39

387~

385+

] Km
“

| [ T T
23 424 425 28 427 428 429

I T [ I
43 431 432 433 434 435 435

Figure 1. Study area and its location

Figure 2. The tarek (Alburnus tarichi Giildenstidt, 1814)

Fish sampling was carried out according to EN
14757 (Water quality - Sampling of fish with multi-
mesh gillnets) standard (CEN 2005). The multi-mesh
gillnets have been designed for catching all species
of freshwater fish species. Each gillnet is composed

of 12 different mesh-sizes ranging from 5 mm to 55
mm (knot to knot). The mesh-sizes follow a
geometric series, with a ratio between mesh-sizes of
about 1.25. All gillnets have the same order of mesh
panels.
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Between October 3, 2020 and October 13, 2020,
695 tareks were caught in 7 fishing operations with
four EN 14757 standard gill nets. All caught fish
were measured by measuring board with
0.5 cm precision, and all of them weighted by 0.5 g
sensitive electronic balance.

A total of 323 fish age were determined
by reading the otoliths (sagitta), the tissue
suggested by Ataman (2010) for tarek age
studies. Fort he age readings it were followed the
guidelines of Vitale et al. (2009). Gender
determination of fish were made according to Lagler
etal. (1977).

The length-weight relationship is determined by
using parabolic equation W=aL" (Froese 2006).In this
equation, W is the total weight (g), L isthe total length
(cm), a and b are regression constants. The increase
in length and weight is represented by von
Bertalanffy equation (Sparre and Venema 1998).

L=l []__e-k(t-to) 7

W[:Woo [1_e-k(t—t0)] b

The growth parameters L., Koroay and to are
estimated using the least square method
recommended by Sparre and Venema (1998) by
using TropFishR (v1.6) package (Mildenberger et al.
2017). Monte Carlo simulation with 1,000 repetitions
was used to calculate the 95% confidence intervals of
the parameters.

The following formula was used calculate the
growth performance index for age and sex groups
(Pauly and Munro 1984).

O=logk+2logL

The Fulton condition factor is calculated for sex

and age groups by the following formula where;
W:total weight (g), L: total length (cm) (Sparre and

Venema 1998).

FCF=100W/L?

All statistical process was computed with
R (v4.0.3) based R Studio (v1.3.1093) software
and “rstatix” R-package was used for all
statistical ~ evaluations  (Kassambara, 2021).
In addition to descriptive statistical methods
(mean, standard deviation, standard error)

in the evaluation of data, independent samples
“t-test” and “one-way analysis of variance
(ANOVA)” were used to compare parametric
data, while “Pearson Chi-Square (X?)” test was
used to compare nonparametric data. TUKEYHS®
was preferred as a multiple comparison test.
The results were evaluated at the 95%
confidence interval, at the p<0.05 significance
level.

Results

Age and Sex Composition

The sexes of 254 fish out of a total 323 fish whose
ages determined, were identified. 130 of them are
female (51.2%) and 124 of them are male (48.8%).
The Q:& ratios were 0.8:1 for I and II age groups;
1.1:1 for Il age group; 1.7:1 for IV and V age groups;
2.0:1 for VI age group; 1:1 for VII age group;
It was calculated as 1.05:1 for the sum of all
age groups. (Table 1). Although the ratios of
female-male are differ according to age groups, this
difference was not found to be statistically significant
(X?:8.076; p>0.05).

Table 1. Sex ratios of tarek by age classes

3 Q3

Age ?:4

N% N N% N
0 0] 0 - 17
| 23 43.40 30 56.60 101 0.8:1
1 34 43.59 44 56.41 83 0.8:1
Il 20 51.28 19 48.72 39 1.1:1
v 22 62.86 13 37.14 35 1.7:1
\Y 20 62.50 12 37.50 31 1.7:1
VI 10 66.67 5 33.33 15 2.0:1
VIl 1 50.00 1 50.00 2 1.0:1
2 130 51.20 124 48.80 323 1.05:1

Pearson chi-square (X?): 8.076; p>0.05

Length Distribution

Average total length, standard deviation,
minimum and maximum length values according to
age and sex groups are shown in Table 2. At all ages,
the difference of the mean total length between the
female and male sex groups was found to be

statistically insignificant by the independent samples
t-test (p>0.05). The differences between the mean
total lengths of the age groups in each sex group were
calculated with the one-way ANOVA with Tukey"sP
test, and the results are shown in Table 2 by coding
with letters.
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Table 2. Total length distribution of samples by age and sex groups

? 3 °%S)
Age — — — P
N TL+SD Min-Max. N TL+SD Min-Max. N TL+SD Min-Max.

0 0 - - 0 - - 17 7.954+0.928 5.70-9.70 -

I 23 14.38£1.52®  11.60-16.80 30  14.62+1.28%  12.30-16.90 101 14.37+1.58°  9.50-16.90  0.540
1 34 19.01x1.37° 16.90-21.50 44 18.94+1.32° 16.50-21.80 83 18.92+1.31¢ 16.50-21.80  0.833
20 22.23+1.02° 20.60-23.80 19  21.68+0.84° 20.50-23.40 39  21.96+0.97¢  20.50-23.80  0.750
IV 22 23.20+0.72%¢  22.00-24.60 13 23.03+0.609 22.00-23.90 35 23.14+0.67%  22.00-24.60 0.481
\Y 20 24.13+0.74%  2250-2530 12  23.83+0.34%  23.30-24.40 31 23.97+0.60° 22.50-25.10 0.125
Vi 10 24.75+0.57¢ 24.00-25.70 5 24.44+0.36° 24,00-25.00 15 24.65+0.52¢F  24.00-25.70  0.295
Vil 1 26.0 26.00-26.00 1 25.2 25.20-25.20 2 25.60+0.14 25.20-26.00 -
> 130  20.68+3.72 11.60-26.00 124 19.49+3.50 12.30-25.80 323 18.54+4.64 5.70-26.00 -

P: represented of t-test result for TL comparing of female and male sex groups in the same age class. There are statistical differences

of means marked with different letter in same column.

The total length (TL) distribution in all age
and sex groups is shown in Figure 3. Colored dots
in the figure represent data points for age and

length, the up and down lines on both sides
of the rectangle indicate the minimum distance
(25% - 15 x interquartile range) and the

sex groups, rectangle is interquartile range  maximum distance (75% + 1.5 x interquartile range).
(25% - 75%), horizontal line that is inside  Colored dots which are outside these lines represent
the rectangle is median, red dot is mean total outlier data.
Ages
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Figure 3. Total legth distributions at age and sex groups

Weight Distribution

Average weight (W), standard deviation,
minimum and maximum weight values according
to age and sex groups are shown in Table 3. Statistical
differences was not found in  mean
total weight (p>0.05) of tarek between different

sex groups for all age classes except IV age
class (p<0.05). The differences between the mean
weight of the age classes in each sex group were
tested with the one-way ANOVA with Tukey"P test,
and the results are shown in Table 3 by coding with
letters.
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Table 3. Total weight distribution of samples by age and sex groups
Age If W+SD Min-Max. i W=SD Min-Max. Iig W=SD Min-Max. P
0 0 - - 0 - - 17 3.3840.992 1.50-5.50 -
| 23 22.93+8.682 12.91-44.65 30  23.08+6.30*  12.50-37.00 101 22.37+7.49° 5.50-44.65 0.942
1 34  5431x15.76°  34.00-88.00 44  56.86+15.13" 34.00-89.50 83  54.98+15.27¢°  34.00-89.50 0.470
I 20  92.23+11.66° 72.00-11.50 19  85.76£9.95° 68.50-106.07 39 89.07+11.21¢9  68.50-111.50 0.071
IV 22 108.75+12.69% 84.00-130.31 13  101.00+5.869 88.69-108.63 35 105.87+11.22% 84.00-130.31 0.020
\Y% 20 122.71+16.26% 96.50-152.84 12  117.83+6.86% 108.50-131.83 31  120.42+13.56° 96.50-152.84 0.333
VI 10 135.52+13.51® 116.50-163.50 5 127.02+8.93° 114.89-139.00 15  132.02+13.23°F 114.89-163.50 0.229
Vil 1 163.5 163.50-163.50 1 146.0 146.00-146.00 2 154.75+12.37¢  146.00-163.50 -
> 130 81.41+40.83 12.91-163.50 124 67.19+£35.31 12.50-146.00 323 62.17+41.54 1.50-163.50 -

P: represented of t-test result for W comparing of female and male sex groups in the same age class. There are statistical differences

of means marked with different letter in same column.

Length-Weight Relationship

Length-weight relationship was investigated for
each sex groups separately, data set consisted of 264
female, 307 male and 695 total individuals. In all sex
groups “b” value was found above 3 and it was

understood that tareks had positive allometric growth
type. It was determined that the relationship between
total length and total body weight was quite strong,
and it was determined that the 96.9% increase of the
weight cause from increase in length (Table 4).

Table 4. Length-weight relationship parameters of tarek

Parameters Significance test for “b”
Sex
N a b 95% Cl “b” R? LWR equations te tt Growth type
264  0.0028  3.3659  3.2537-3.4782 0.959  W=0.00287TL335 1366  3.09 (+) Allometric
3 307  0.0052 3.1619  3.0668-3.2570 0.951  W=0.0052TL31619 5.57 3.09  (+) Allometric
Q3 695  0.0033  3.3044  3.2471-3.3617 0.969  W=0.0033TL33044 1361  3.09  (+) Allometric
The length-weight distribution plot with 99%  each sex groups, the regression equation and the

confidence interval of the tareks in Lake Van is
shown in Figure 4. Also the number of individuals in

3004
? W=0.003TL*3¢ r2=0.96 N=264

d W=0.005TL3*162 r2=0.95 N=307
0oy

250+
W=0.003TL*3% r2=0.97 N=695

2004

Total Weight (g)

1004

regression coefficient are shown on the relevant
figiire.

30

Total Length (cm)
Figure 4. Length-weight distribution of tarek
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Fulton Condition Factor

Conditions of 130 female, 124 male, and
69 juvenile, a total of 323 individuals were
examined according to age and sex groups. In

female individuals the lowest condition factor
value was calculated in the “I” age
group (0.744+0.026), and the highest
condition factor value was calculated in the

“VII” age group (0.930). In males, the lowest FCF
was calculated in the “I” age group (0.723+0.007),
and the highest FCF was calculated in the “VII” age
group (0.912). In all individuals, the lowest FCF
value was calculated in the “0” age group
(0.661+£0.018), and the highest FCF value was

calculated in the “VII” age group (0.921+0.009).
Average FCF value was calculated, 0.8194+0.008 for
females; 0.808+0.007 for males and 0.790+0.005 for
all individuals. FCF values, standard error (SE) and
statistical analysis results according to sex and age
groups are shown in Table 5. At all ages except age
Il, the difference of the mean FCF between the
female and male sex groups was found to be
statistically insignificant by the independent
samples-t test (p>0.05). The differences between the
mean FCF of the age groups in each sex group were
tested with the one-way ANOVA with Tukey"™P test,
and the results are shown in Table 5 by coding with
letters.

Table 5. Fulton condition factor (FCF) at age and sex groups.

? 3 4]
Age — — — P
N FCF+SE Min-Max. N FCF+SE Min-Max. N FCF+SE Min-Max.
0 0 - - - - 17 0.661+0.018%  0.548-0.810 -
| 23 0.744+0.026°  0.622-1.271 30 0.723£0.007* 0.659-0.800 101 0.726+0.007®® 0.619-1.271 0.398
Il 34 0.771£0.012® 0.600-0.922 44 0.818+0.012° 0.686-1.054 83  0.793+0.009* 0.600-1.054 0.009
I 20 0.836+0.008* 0.782-0.901 19 0.841+0.015® 0.709-0.915 39 0.838+0.08  0.709-0.915 0.787
IV 22 0.870+0.017° 0.743-1.011 13 0.827+0.011° 0.774-0.907 35 0.854+0.012% 0.743-1.011 0.078
V. 20 0.870+0.015° 0.768-1.002 12  0.871+0.012° 0.795-0.954 31 0.871+£0.010% 0.768-1.002 0.943
VI 10 0.893+0.023¢ 0.810-0.986 5  0.869+0.013° 0.831-0.894 15 0.881+0.017¢ 0.782-0.986 0.371
VI 1 0.930 0.930-0.930 1 0.912 0.912-0912 2 0.921+0.009¢  0.912-0.930 -
Y 130 0.819+0.008 0.600-1.271 124 0.808+0.007  0.659-1.054 323  0.790+0.005 0.548-1.271 0.319

P: represented of t-test result for FCF comparing of female and male sex groups in the same age class. There are statistical differences

of means marked with different letter in same column.

The correlation matrix showing the relationship
between Fulton's condition factor and total weight,
total length and age is given in Table 6. It was
understood that the strongest relationship is between

the condition factor and total weight (0.726), and the
weakest relationship is between the condition factor
and age (0.605). All relationships were determined to
be significant at the 0.001 significance level.

Table 6. Correlation matrix between various variables

Parameters FCF Total Length Total Weight Age
FCF 1

Total Length 0.644** 1

Total Weight 0.726** 0.953** 1
Age 0.605** 0.891** 0.940** 1

** The correlation is significant at the 0.01 level.

Growth parameters

The L value was calculated as 26.0286 cm in the
females and as 25.4674 cm in the males. The L., value
for the whole population was calculated as 25.9937
cm. The Kyrogy Values for female and male individuals
were calculated quite similar to each other and were
0.5016 year! and 0.5038 year?, respectively. The
Korody Value for the whole population was calculated
as 0.4674 year®. W, value was calculated as

162.7431 g for female individuals, 145.1197 g for
male individuals; and 156.1708 g for all individuals.
The growth performance index (&) was calculated as
2.531 for female individuals, 2.514 for male
individuals; and 2.499 for all individuals. The
constants L., K, to, W., with confidence intervals at
the 95% significance level are given in Table 7. In
addition, the equations for growth in length and
weight are also included in Table 7.
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Table 7. Von Bertalanffy growth parameters of tarek in habit Lake Van
Lo K to Woo vBGE for Length
Sex N Cl Cl Cl Cl 0 vBGE for Weight
. . -0. . — _a(-0.5016%(t+0.6129))
o 264 26.0286 0.5016 0.6129 162.7431 5 531 L=26.0286[1-¢ ‘ ]
24.78-28.16  0.32-0.73  -1.50/-0.10  137.90-212.07 W=162.7431[1-g(-0-5016*(t+0.6129))13.366
- — -0.5038*(t+0.6989
g 307 25.4674 0.5038 0.6989 145.1197 2514 L=25.4674[1-¢¢ ’ ( ]|
24.86-26.23  0.41-0.60  -1.07/-041  134.41-159.26 W=145.1197[1-¢(-0-5038*(t+0.6989))13.162
25.9937 0.4674 -0.7713 156.1708 - _a(-0.4674%(t+0.7713))
04 695 2 499 L=25.9937[1-¢ " 1
25.25-26.88  0.40-0.54  -0.94/-0.63  141.95-174.55 Wi=156.171 [1-g(0-46747(t+0.7713))13.304

Von Bertalanffy growth curves in length and
weight are plotted acording to the sex groups in
Figure 5 and Figure 6. The curves drawn in red, green
and blue colors represent the growth curves for length
calculated by the von Bertalanffy growth equation

Total Length (cm)

according to the sexes, and the points in the same
color represent the data points from the measurement.
The red, blue and green colored ribbons show the
confidence intervals of the curves at the 95%

significance level.

Age

Figure 5. VBGP growth curve in age at length

Total Weight (g)

Age

Figure 6. VBGP growth curve in age at weight

Discussion

Some values found in previous studies on tarek
are shown in Table 8. Since the average length,
weight and age range calculated from the sample may
vary depending on the fishing tools or the sample
collection method, these calculated values may be

different. In all previous studies, it is seen that the
ratio of females in the population is higher. In this
respect, it can be said that our study is compatible
with previous studies. Glindogdu (2010) calculated
the highest L. value (39.52 cm FL). It is considered
that this is due to the fact that the study was
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conducted in Lake Ercek, where the fishing
exploitation is very low. In the study of Elp (2002),
the L., value was found to be quite low (17.92 cm FL).
The reason for this may be that the study was carried
out in Kockoprii Dam Lake which is a totaly different
envairoment and tarek competes with other species
for food or environmental parameters pressure on the
growth of the tarek. W., values are incompatible with
each other. This value is very low in Elp (2002) and
very high in Glindogdu (2010), this may be due to the
difference in the study areas. to values are compatible
with each other in studies other than Gilindogdu
(2010). A similar situation exists for Kprogy Values.
The reason for this may be that the study was carried
out in Ergek lake and the tarek population in the lake
is at the limit of the carrying capacity of the lake.
Because there is insignificant tarek fishing in Lake
Ergek. There is no discrepancy in the Kiuion Values. It
is seen that the “b” value is below 3 in all previous
studies but in this study, it was calculated over 3.

Therefore, unlike other studies, it was calculated that
the Lake Van tarek population had a positive
allometric growth type. The reason for this may be
the prevalence of samples in which the length-weight
relationship is calculated. The reason why the "b"
value determined in our study is different from other
studies may be that sampling was done to cover all
age groups between 0-7. Other reason; Since the
body weight of the fish will increase depending on
the gonad weight, the "b" value is expected to
increase as the spawning season approaches.
Therefore, whether the sampling period is before or
after the spawning period may change the “b” value.
It is possible to see the same phenomenon in the
regression coefficient (R?). The findings of length,
weight, age and growth parameters obtained in some
previous studies performed on tarek are presented in
Table 8. It is thought that the differences between our
study and each other are due to the different study
region, sampling time and sampling method.

Table 8. Comparison of population parameters with previous studies on tarek

Studies Study FL w Q/3  Age Lo Woo to Kbrody ~ Kfulton a R2
area b
Akgiil 1980 Lake Van  15-23*  30- 113  1-6 - - - - 0.883  0.000 -
122 3.16
Ozdemir 1982 Lake Van 16-23  44-99 - - - - - 0.908 0.557 -
1.636
Akyurt et al. Lake Van - - - 1-4 - - - - 0.855 - -
1985
TOKB 1986 Lake Van - - 1.72 15 - - - - - - -
Cetinkaya et al. Karasu R. 7-21 5-80 - 1-7 - - - - - 0.012 -
1995 2.94
Elp 1996 Lake Van - - 1.8 1-8 - - - - 1.049 - -
Karasu R.
Sar1 1997 Lake Van 17.6 6143 136 2-7 2217 - -1.158 0.301 - 0.08 0.79
2.309
Elp 2002 Kocképrii  13.63 30.2 1.3 07 1792 60.07 -0.672 0322 1.067 0.008 0.98
Dam Lake 3.092
Giindogdu 2010 Lake 2199 1367 111 2-7 3952 699.3 -5096 0.089 1.255 0.020 0.96
Ercek 2.845
Ataman 2010 Lake Van 18.26 71.01 1.01 - - - - - - -
Kocabas and Lake - - 182 1-10 - - - - - - -
Cetinkaya 2011 Nazik
Bostanci and Lake Van 16.82 68.66 147 2-7 2237 -1.74  0.296 - 0.074 0.84
Polat 2011 2544
Present Study Lake Van 18.12* 5093 120 0-7 2599 156.17 -0.771 0467 0.790 0.003 0.97
3.304

(FL); mean fork length, W; mean weight, L..; asymptotic length, W..; asymptotic weight, to; theoretical age at zero length, Kpbrody; brody
growth coefficient, Kruiton; fulton condition factor, “a” and “b”; regression equation constants, R?; regression coefficient, R; rive

* Total length (TL=1.058FL+0.5025 (Bostanci and Polat 2011))



158

Demirol & Yiiksel 2022 - LimnoFish 8(2): 150-159

Average length and weight values that are
calculated according to age classes in previous
studies on tarek are shown in Table 9. Calculations
made on different times and on different populations
have produced quite different results. In all studies

except for the study by Giindogdu (2010), the
average length and average weight calculated for age
classes was found to be lower than this study. This
may be caused by different age readings, as well as
the selectivity of the gill nets used in lake.

Table 9. Comparison of length and weight at age data with previous studies on tarek

Ages 0 I I m v Vv VI VI
studes Study area FL FL FL FL FL FL FL FL
w) w) w) w) w) w) w) w)
1543 1870  19.90 2097 2221 2297
T * - -
Alkgtl 1980 Lake Van (3351) (49.30) (66.61)  (82.85) (101.94) (122.68)
1465 165 17.4 19.9
Akyurtetal. 1985 Lake Van - (29.5) (40.65) (51.98) (84.73) - - -
16.3 182 223 253 27.2
TOKB 1986 Lake Van ; 60.8)  (85.1)  (1026)  (1102)  (120.8) ) ;
Cetinkaya et al. _ 7.4 1227 1570 1795 1880 1975  20.02
Karasu River -
1995 (458)  (21.71)  (4092)  (5891)  (6853)  (7952)  (80.27)
Lake Van 12.03
Elp 1996 Karasu River i i (18.51) i i i i
1462 1598 1727 1815 1935 2058
1 Lake V. ; ;
Sart 1997 ake van (37.37)  (48.85)  (58.05)  (65.50)  (7391)  (82.06)
E10 200 Kogkdprii 366 675 1098 1285 1378 1438 1562  16.90
P Dam Lake 06) (34)  (150)  (230)  (29.1)  (344)  (39.8)  (44.8)
o 1801 2008 216 2286 2418 2578
Giindogdu 2010 Lake Ergek (73.67)  (101.06) (125.19) (152.17) (175.6) (217.82)
Kocabas and . 12.3
Cetinkaya 2011 e Nazik ; ; (16.28) ; ; ; )
Dresent studv | ake Van 795 1437 1892 2196 2314 2397 2465 2560
y (3.38) (22.37) (54.98) (89.07) (105.87) (120.42) (132.02) (154.75)

FL; mean fork length, I/; mean weight
* Total length (TL=1.058FL+0.5025 (Bostanci and Polat 2011))
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L-Karnitin ve Koenzim Qio ilaveli Yemlerin Kaynak Alabahg (Salvelinus
fontinalis Mitchill, 1814) Biiyiime Performansi Uzerine Etkileri
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6z MAKALE BiLGISi

Bu ¢aligmada, kaynak alabaligi (Salvelinus fontinalis) yemlerine L-karnitin ve
koenzim Qo ilavesinin baliklarin biiylime performansi {izerine etkileri )
aragtirllmistir. Kontrol, L-karnitin (100 mg L-karnitin/100 g yem), koenzim Q1o Gelis

ARASTIRMA MAKALESI
:126.02.2021

]

(100 mg koenzim Q10/100 g yem) ve L-karnitin+koenzim Qo (100 mg Diizeltme  :27.07.2021
L-karnitin+100 mg koenzim Q10/100 g yem) olmak iizere ii¢ tekerriirlii dort grup Kabul . 01.08.2021
olusturulmus ve 240 adet kaynak alabaligi kullanilmustir. Baliklar deneme u TEeE

yemleriyle 210 giin siireyle beslenmislerdir. Calisma sonunda; L-karnitin, Yayim :26.08.2022

koenzim Q1o ve L-karnitin+koenzim Q10’li yemlerle beslenen gruplarda kontrole
gore daha iyi bir biiylime performans: (agirlik, spesifik biiylime orani,
kondisyon faktorii, yem degerlendirme orani ve termal biiylime katsayisi) tespit
edilmigtir (P<0,05). Arastirma bulgulari, L-karnitin ve koenzim Qio’nin su
iriinleri yem sanayi i¢in Onemli bir katki maddesi olarak kullanilabilecegini
gostermektedir.

DOI:10.17216/LimnoFish.886562
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Anahtar kelimeler: Salvelinus fontinalis,
Koenzim Quo, biiytime performansi

Kaynak alabaligi, L-Karnitin,

Effects of L-Carnitine and Coenzyme Qo Supplementation on Growth Performance of Brook Trout
(Salvelinus fontinalis Mitchill, 1814)

Abstract: In this study, the effects of L-carnitine and coenzyme Q1o on growth performance of brook trout (Salvelinus fontinalis)
were investigated. Four groups with three replicates were formed; control, L-carnitine (100 mg L-carnitine/100 g diet), coenzyme
Q10 (100 mg coenzyme Q10/100 g diet) and L-carnitine+coenzyme Q1o (100 mg L-carnitine+100 mg coenzyme Q10/100 g diet) and
240 brook trout were used. Fish were fed 210 days with experimental diets. At the end of the study, fish groups fed with diets
supplemented with L-carnitine, coenzyme Q1o and L-carnitine+coenzyme Q1o showed better growth performance (weight, specific
growth rate, condition factor, feed conversion ratio and thermal growth coefficient) compared to the control group (P<0.05). The
results suggest that dietary L-carnitine and coenzyme Q1o can be used as supplementary resources in aqua feed industry.

Keywords: Salvelinus fontinalis, Brook trout, L-Carnitine, Coenzyme Q1o, growth performance
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Performansi Uzerine Etkileri. LimnoFish. 8(2): 160-167. doi: 10.17216/LimnoFish.886562

Giris

Tiiketicilerin yagamsal beklentilerinin artmasi,
saglikli beslenme bilincinin gelismesi, besinlerin
saghk iizerine etkilerinin  arastirilmast  ve
insanlarda ideal beslenme kavraminin gelismesi
sebebiyle insan saghgt ve gida iligkisi
konularinda arastirmalarin sayist artmistir. Gidalarin
yapisinda bulunan besin 6gelerinin yani sira saglikli
beslenme igin gerekli olan farkli bilesiklerde
(biyoaktif bilesikler) 6nem kazanmistir (Kurt ve El
2011). Ayrica, su uriinleri yetistiriciligi sektoriinde
balik  hastaliklarmin  tedavisinde  kullanilan

antibiyotiklerin olumsuz sonuglar1 (anti bakteriyel
direng gelisimi, bagisiklik sisteminin baskilanmasi,
toksik kalint1 olusturmasi ve ¢evre iizerine olumsuz

etkileri, vb.) arttikca, dogal kaynaklarin
(probiyotikler, prebiyotikler, tibbi ve aromatik
bitkiler, vb.) alternatif olarak kullanilmaya

baslanmistir (Erdogan vd. 2015; Stratev vd. 2018;
Zhu 2020; El Basuini vd. 2021).

Suda ¢o6ziilebilen bir madde olan L-karnitin (L-
B-hidroksi-y-N,N,N-trimetil amino biitirik asit) C
vitamini yardimiyla esansiyel amino asitlerden lisin,
metiyonin ve viicutta dretilen diger ikincil
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bilesenlerden sentezlenen bir maddedir (Harpaz
2005; Savas ve Cigek 2010; Dikel 2019). L-karnitin
seviyesi yoniinden hayvansal besinler bitkisel
besinlerden daha zengindir (Dikel vd. 2003). Balik
yetistiriciliginde L-karnitin ilavesinin sperm sayisi,
hareketliligi ve olgunlasmasi, larva yasama orani,
canli agirlik kazanci, protein depolanmasi, yemlerle
alman yag bilesenlerinin aktif kullanimi, kiglatma
doneminde dayanikliligmm artmas1 ve soguk
karsisinda stresin Onlenmesi iizerine olumlu etkisi
oldugu bildirilmistir (Tagbozan 2005; Tasbozan ve
Gokge 2007).

Koenzim Quo (2,3-dimetoksi-5-metil-6-
dekaprenil-1,4-benzokinon) membran stabilitesinin
saglanmasinda, hiicredeki enerji doniisiimiinde ve
ATP iiretiminde gorev yapan, insanlarda ve tiim
hayvanlarda sentezlenebilen, yagda c¢oziinen, tiim
hayvansal ve bitkisel gidalarda farkli oranlarda
bulunabilen, vitamin benzeri bir benzokinon
bilesiktir (Ercan 2009).

Enzimlerle bir arada ¢alisarak hiicrelerin
ihtiyag duydugu enerjiyi saglayan ve Kkaslarin

giiclenmesine  katki  yapan  koenzim = Qio
(Sanlitiirk  2009), insanlarda ve hayvanlarda
besinlerin  biyoyararliligin1  artirdigt  ve bazi

hastaliklara karsi koruma sagladigi bildirilmistir
(Ercan 2009). Insanlar ve balik haricindeki

hayvanlarda koenzim Qi ile ilgili yapilan
caligmalarin sayist fazladir. Ancak, baliklarda
nispeten az sayida c¢aligma Nil tilapiast

(Oreochromis niloticus) tizerinde yiritilmiistiir (El
Basuini vd. 2020, 2021).

Avrupa’ya 19. yiizyilin sonlarinda getirilen,
Kuzey Amerika kokenli kaynak alabaliklari
(Salvelinus fontinalis), bugiin bir¢ok tilkenin kiiltiir
stoklarinda bulunmaktadir. Kaynak alabaliklar
farkli viicut renkleri (sirtta koyu yesil iizerinde
kahverengi haleler, yanlarda kirmiz1 ve sari
noktalar, gogiis, karin ve anal yiizgeglerde siyah ve
beyaz bantlar) ve etlerinin lezzetli olmasi sebebiyle
iilkemizde alabalik ¢iftliklerinde ikinci tiir olarak
yetistirilmektedir (Bascinar 2001). Ancak, dogal
ortamda  ve  kiilltir  ortaminda  gokkusagi
alabaliklarina nazaran daha yavag biiylime
sergiledigi bildirilmektedir (Bags¢mar 2001; Bas¢inar
vd. 2010a, 2010b; Sahin vd. 2011).

Diinyada ve 1llkemizde birgok alanda
kullanilmaya baglanan L-karnitin ve koenzim
Q1o’nin faydal etkileri ortaya konuldukca kullanim
alanlar1 artmaktadir (Ercan ve El 2010; Kurt ve El
2011). Baliklarda L-karnitinin yeme ilave edilmesi
ile ilgili farkli balik tiirleri {izerinde ¢aligmalar
mevcutken, koenzim Qg ile ilgili az sayida ¢alisma
mevcuttur. Bu c¢alismada; kaynak alabalig
(S. fontinalis) yemlerine L-karnitin ve koenzim Q1o

ilavesinin baliklarin biiylime performansi tizerindeki
etkilerinin belirlenmesi amaglanmustir.

Materyal ve Metot

Cahsmada Kullanilan Baliklar

Kaynak alabaliklar1 (S. fontinalis) Karadeniz
Teknik Universitesi Siirmene Deniz Bilimleri
Fakiiltesi Prof. Dr. Ibrahim Okumus Arastirma ve
Uygulama Unitesi’nden temin edilmis ve c¢alisma
Recep Tayyip Erdogan Universitesi lyidere Su
Uriinleri Uretim, Egitim ve Arastirma Merkezi’nde
gerceklestirilmistir.  Besleme denemesinden once
transfer esnasinda meydana gelen stresin ortadan
kalkmasi, yem ve c¢evre kosullarina adaptasyon
icin kaynak alabaliklar1 1 ay siireyle ortama
alistirilmuastir.

Calisma Diizeni
Calisma agik sistemli olup her bir tanka balik

biytikligiine bagli olarak 0,10-0,40 L/s su
verilmistir. Su dogal alabaliklarin  yasadigi
dereden saglanmistir. Baslica su parametreleri

(ortalama su sicakligi 11,98+1,80 °C, pH 7,81+0,07
ve oksijen 8,43+0,38 mg L%) alabaliklar igin
uygun degerler gostermistir. Su kesintisine karsi
onlem olarak tanklara hava taslari konulmustur.
Calisma Dbaglangicinda su seviyesi 80 L’ye
ayarlanmig yuvarlak fiberglas tanklar (12 adet),
120. giinden sonra ise stok yogunlugunun artmasiyla
450 L’lik kare fiberglas tanklar (12 adet)
kullanilmugtir.

Calismada, kontrol grubu dahil olmak tizere 3
tekerriirli 4 grup (Kontrol; 100 mg L-karnitin /100 g
yem; 100 mg koenzim Q1 /100 g yem; 100 mg L-
karnitint100 mg koenzim Q10/100 g yem)
olusturulmus ve 20 adet balik/tank olacak sekilde
stoklama yapilarak toplam 240 adet kaynak alabalig
kullanilmistir.  Gruplarda kullamilan  baliklarin
baglangic agirliklar1  sirasiyla; 29,66+4,33 g,
29,19£3,86 g, 29,2243,06 g ve 29,25+£3,59 g’dir
(Tablo 1).

Ozel bir firma tarafindan fdiretilen ticari
alabalik yemine (Ham protein: %45, ham yag: %20,
ham seliloz: %3, su: %I10, kil: %10)
(GUMUSDOGA SU URUNLERI A.S.), ticari
L-karnitin (Solgar, Inc. New Jersey, USA) ve
koenzim Qo (Solgar, Inc. New Jersey, USA)
ilave edilerek  besleme grubu yemleri
olusturulmustur. Yemlere L-karnitin ve koenzim Q1o
katki oranlar1 alabalik ve farklh tiirler {izerinde
yapilan arastirmalar sonucunda  belirlenmistir
(Tagbozan 2005; Dikel 2019; El Basuini vd. 2020,
2021). Yemleme giinde 2 &giin (09:00-17:00),
biyokiitlenin %?2’si oraninda yapilmistir. Caligma
dogal giin uzunlugunda (41 °N enlemi), 210 giin
surmuistiir.
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Biiyiime Performansinin Belirlenmesi

Biiyiime performansini belirlemek amaciyla 15
giinlik periyotlarla boy ve agirlik Olctimleri
gergeklestirilmigtir. Caligmadaki biiylime
performanst ve yemden yararlanma degerleri
asagidaki esitlikler kullanilarak belirlenmistir (Cho
ve Bureau 1998; Korkut vd. 2007; Akhan vd. 2010):

Spesifik Biiyiime Oram (SBO) = [(In Son agwrlik - In Ilk
agwrlik) x 100]/Giin

Kondisyon Faktorii (KF) = (Agwrlik, g / Boy?, cm) x 100

Yem Degerlendirme Orani (YDO) = Yem tiiketimi / Agirlik
artisi

Yasama orant =100 x (Son balik sayisi / Ik balik sayisi)

Termal Biiyiime Katsayisi (TBK) = (Son agurlik 3 — Ilk
agurlk™®) x (Sicaklk x Giin)™ x 100

Istatistiksel Analizler

Calisma  sonucu elde edilen  verilerin
degerlendirilmesinde ~ SigmaPlot 11.0  (Systat
Software Inc.) ve Microsoft Office Excel 2016 Pro.
programlarindan  yararlanilmistir. Gruplarin
karsilagtirilmasinda tek yonli  varyans analizi
(ANOVA one-way) kullanilmis, gruplar arasindaki
farkliliklar Duncan ¢oklu Kkarsilastirma testi ile
belirlenmigtir (P<0,05).

Bulgular

Her 15 giinde bir Olglimler yapilarak,
boy-agirlik verileri almman kaynak alabaliklarinin
210 giin sonunda; boy-agirlik artisi, spesifik
bliyime  orani,  kondisyon  faktérli, yem
degerlendirme orami ve termal biiylime katsayisi
degerleri  hesaplanmigtir.  Kontrol, L-karnitin,
koenzim Qi ve L-karnitin+koenzim Qo gruplarinin
baslangi¢ ortalama boylar: sirasiyla 14,40+0,58 cm,
14,29+0,54 cm, 14,32+0,46 cm ve 14,31+0,47 cm
olarak dlciilen kaynak alabaliklarinda, c¢alisma
siiresince balik boyu bakimindan gruplar arasinda
istatistiksel olarak fark Onemsiz bulunmustur

(Sekil 1). Calisma sonunda; L-karnitin ve koenzim
Qo ilaveli yemlerle beslenen deneme gruplarinda
agirhk artist (Sekil 2), spesifik biiyiime orani,
kondisyon faktorii (Sekil 3) ve termal biiyiime
katsayist degerlerinde kontrol grubuna goére 6nemli
farkliliklarin ~ oldugu  belirlenmistir  (P<0,05)
(Tablo 1). L-karnitin, koenzim Qi ve L-
karnitin+tkoenzim Qo gruplart kendi arasinda
degerlendirildiginde  istatistiksel = fark ortaya
koymamustir (P>0,05) (Tablo 1).

Agirlik artist 165. gilinden itibaren gruplar
arasinda farklilk ortaya koymaya baglamistir
(P<0,05). Calisma sonunda; kontrol 185,79+£3,23 g,
L-karnitin ~ 202,98+10,39 g, koenzim Qo
206,91£5,66 g ve L-karnitintkoenzim Qi
203,05+3,51 g olarak belirlenmistir (Tablo 1)
(Sekil 2).

Calisma baslangicinda kaynak alabaliklarinin
kondisyon faktorii degerleri kontrol grubunda
0,99+0,01, L-karnitin grubunda 1,00+0,01, koenzim
Q10 grubunda 0,99+0,02 ve L-karnitin+koenzim Qo
grubunda 1,00+£0,01 olarak hesaplanmistir. Calisma
siiresince gruplara ait ortalama kondisyon faktorii
degerleri baslangica gore artis gostermistir (Sekil 3).
Calisma sonunda ise L-karnitin, koenzim Qio ve L-
karnitin+koenzim Qo katkili yemlerle beslenen
gruplarda kontrole gbre daha iyi kondisyon faktorii
degerleri hesaplanmustir (P<0,05) (Tablo 1).

Yem degerlendirme oranm1 kontrol grubunda
2’nin lizerinde hesaplanirken (2,02+0,25), diger
gruplarda  2’nin  altma  digmiistir.  Yem
degerlendirme bakimindan en iyi grup (1,61+0,04)
koenzim Qo ilaveli grup olarak belirlenmistir
(Tablo 1).

Ortalama yasama oranlart %96,67-98,33 ve
O0lim oranlart  %1,67-3,33 arasinda degisim
gOstermistir. Yasama oranlart ve Oliim oranlari
arasinda  istatistiksel =~ fark  gbdzlenmemistir.

@ Kontrol @\L-Karnitin

0 15 30 45 60 75 90

B Koenzim Q10

105 120 135 150 165 180 195 210

@ L-Karniti+Koenzim Q10 t (giin)

Sekil 1. Caligsma siiresince baliklarda boy artigi
Figure 1. Increase in length of fish during the experiment
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Sekil 2. Caligma siiresince baliklarda agirlik artis1 (Farkl harfler, %95 giiven araliginda istatistiksel anlamlilig1 gosterir)
Figure 2. Weight gain in fish during the experiment (Different letters indicate statistical significance at 95% confidence

interval)
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Sekil 3. Calisma siiresince baliklarda kondisyon faktorii degisimleri (Farkli harfler, %95 giiven araliginda istatistiksel

anlamlilig1 gosterir)

Figure 3. Condition factor changes in fish during the experiment (Different letters indicate statistical significance at

95% confidence interval)

Tablo 1. Kaynak alabaligi deneme gruplarinin (Kontrol, L-karnitin, koenzim Q1o ve L-karnitin+koenzim Q1) deneme
sonu biiyiime performansi verileri (x+std; n=3)

Table 1. Post-trial growth performance data of brook trout experimental groups (Control, L-carnitine, Coenzyme Q1o

and L-carnitine+Coenzyme Q1o) (x+std; n=3)

Kontrol L-Karnitin Koenzim Q1o L-Karnitin+ Koenzim Q1o ANOVA
Li (cm) 14,40+0,58 14,29+0,54 14,32+0,46 14,31+0,47 P>0,05
Ls (cm) 24,54+0,36 24,67+0,48 24,88+0,26 24,754+0,12 P>0,05
Wi (g) 29,66+4,33 29,19+ 3,86 29,2243,06 29,25+3,59 P>0,05
W (9) 185,79+3,232 202,98+10,39° 206,91+5,66° 203,05+3,51° P<0,05
SBO (%/giin) 0,88+0,012 0,92+0,03P 0,93+0,01° 0,92+0,01° P<0,05
KF 1,260,022 1,35+0,03P 1,34+0,01° 1,34+0,04° P<0,05
YDO 2,02+0,25° 1,66+0,072 1,61+0,042 1,66+0,012 P<0,05
TBK 2,07+0,042 2,30+0,14° 2,35+0,08° 2,30+0,05° P<0,05

Ayni satirdaki farkli harfler, %95 giiven araliginda istatistiksel anlamlilig1 gésterir. Li: {lk boy, Ls: Son boy, Wi: ilk
agirlik, Ws: Son agirlik, SBO: Spesifik Bilyiime Orani, KF: Kondisyon Faktorii, YDO: Yem Degerlendirme Orani,

TBK: Termal Biiylime Katsayisi.
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Tartisma ve Sonug¢

Su tirlinleri yetistiriciliginde iiretimi ve kaliteyi
artirmak i¢in son donemlerde modern sistemler,
biyoteknolojik uygulamalar, farkli ireme teknikleri,
farkli yem katki maddeleri vb. bir¢ok uygulamadan

yararlanilmaktadir. Yem katki maddesi olarak
probiyotikler, prebiyotikler, sinbiyotikler, bagisiklik
giclendiren  uyaricilar, enzimler, hormonlar,

niikleotidler, tibbi bitkiler, organik asitler veya
asitlestiriciler ile antioksidanlar yaygin sekilde
kullanilmaktadir (EI Basuini vd. 2020). Dogal
olarak da bulunan L-karnitin ve koenzim Qi
maddelerinin etkileri insanlarda ve bazi hayvanlarda
incelenmis, bagisiklik sistemini giiclendirdigi ortaya
konulmustur. Bu amagla; kaynak alabalig
yemlerine  L-karnitin, koenzim Qi Vve L-
karnitin+koenzim Qi ilave edilerek biiyiime iizerine
etkileri aragtirilmustir.

Alabaliklarda stres faktorleri ve yem bulma
aktivitesinde su kalite kriterleri Onemli yer
tutmaktadir (Ruyet vd. 2008; Rowe vd. 2002; Oz ve
Inanan 2018). Bu calismada 30-45 ve 135-150.
giinlerde arastirma merkezine gelen su kalitesinde
meydana gelen degisimler (askida kati madde; 20-
25 mg/L) nedeniyle baliklarin  biiyiime
performansinda dalgalanma ger¢eklesmis, ancak
yasanan dalgalanma c¢alismay1r bozacak seviyeye
ulasmamustir. Elde edilen su Kkalite Kkriterleri
(ortalama su sicakligr 11,98+1,80 °C, pH 7,81+0,07
ve oksijen 8,43+0,38 mg L?) Tarim ve Orman
Bakanlig1 alabalik yetistiriciligi su kalite kriterlerine
gore uygun degerde oldugu belirlenmistir.

Calisgma sonunda; kaynak alabaliginda yeme
L-karnitin ilavesinin biiylime lizerine pozitif yonde
etkisinin ~ oldugu istatistiksel olarak ortaya
konulmustur (Tablo 1). Akuakiiltiirde L-karnitin
farkli tiirler tizerinde calisilmig, biiylimeyi ve yem
degerlendirme oranin1 olumlu ydnde etkiledigi
bildirilmistir. Elde edilen sonuglar, gokkusagi
alabaligi (Oncorhynchus mykiss) (Dikel vd. 2010;
Haji-Abadi vd. 2010), levrek (Dicentrarchus
labrax) (Santulli ve D’Amelio 1986; Santulli vd.
1988), Afrika kedibaligi (Clarias gariepinus)
(Torreele vd. 1993), mercan baligir (Pagrus major)
(Chatzifotis vd. 1995, 1996), Mozambik tilapia
balig1 (Jayaprakas vd. 1996), hibrit tilapia balig (O.
niloticus x Oreochromis aureus) (Becker vd. 1999),
hibrit ¢izgili levrek (Morone chrysops @ X Morone
saxatilis @) (Twibell ve Brown 2000), rohu sazan
baligi (Labeo rohita) (Keshavanath ve Renuka
1998), sazan (Cyprinus carpio) (Focken vd. 1997)
ve Japon baligi (Carrasius auratus) (Arslan ve
Ozbas 2020) yapilan ¢alismalarla paralellik
gostermistir. L-karnitinin balik biiylimesine olan
olumlu etkisi, yag asitlerinin enerji kaynagi olarak
daha fazla kullamilmasi ile iliskili oldugu rapor

edilmistir (Tasbozan 2005). Ancak, kanal yayin
balig1 (Burtle ve Liu 1994), gokkusag: alabaligi (O.
mykiss) (Rodehutscord 1995) sazan (C. carpio)
(Becker ve Focken 1995), Nil tilapia (O. niloticus)
(Erdogan vd. 2015) ve Atlantik somon balig1 (Salmo
salar) (Ji vd. 1996) ile yapilan arastirmalarda
L-karnitinin ~ biiylime iizerinde olumlu etki
gostermedigi bildirilmistir.

L-karnitin, koenzim Qio ve L-karnitin+koenzim
Qo gruplart kendi aralarinda benzerlik gosterirken
kontrole gore daha iyi bir biiyiime performansi
tespit edilmistir. Gruplar arasinda ise en iyi agirlik
artist ve yem degerlendirme orani koenzim Qio
ilaveli grupta belirlenmistir. Koenzim Q1o ile daha
once yapilan c¢aligmalar insanlar ve hayvanlar
iizerinde yogunlasmistir, baliklarda koenzim Qig
kullanim1 ile ilgili aragtirmalar Nil tilapias1 (O.
niloticus) tlirinde rapor edilmistir.  Yapilan
calismalar bu calisma ile benzerlik gostererek,
koenzim Quo ilaveli yemlerle beslemenin bilyiime
tizerine olumlu etkisi ortaya konulmustur. Koenzim
Quo’nin bagirsak mikroflorasinin iyilestirilmesi ve
sindirim enzimleri aktivitesi iizerine olan etkileri
biiylime ile iliskilendirilebilir (El Basuini vd. 2020,
2021).  Ayrica, baliklarla ilgili yapilan Onceki
caligmalar daha ¢ok tiirlere gore balik etinin
koenzim  Qio igerigini  belirleme  seklinde
gerceklesmistir  (Weber vd. 1997; Mattila ve
Kumpulainen 2001; Souchet ve Laplante 2007;
Kubo vd. 2008; Ercan ve EIl 2010).

Balik biiytikliigii, cevresel faktorler ve yem
kalitesi baliklarda biiylimeyi etkileyen en 6nemli
parametrelerdir. Biiyiimenin tahmin edilmesinde su
sicakligiin kullanimiyla hesaplanan termal biiyiime
katsayist (Korkut wvd. 2007) diger biiylime
parametreleri ile benzerlik gostererek, L-karnitin,
koenzim Qo ve L-karnitin+tkoenzim Qo gruplar
kontrole gore istatistiksel fark gostermistir. Daha
once yapilan, yeme L-karnitin ve koenzim Qo
ilavesi ile ilgili besleme ¢alismalarinda termal
bliylime katsayis1 degerlerine rastlanmadigindan
dogrudan karsilagtirma yapilamamigtir. Ancak,
termal biiylime katsayisi kaynak alabaliginda 0,11
(Gunther vd. 2005), 0,14-0,15 (Onder ve Khan
2016), 0,07-0,12 (Sonay ve Basgmar 2017), 1,27
(Gok 2019); gokkusagi alabaliginda 0,20-0,26 (El-
Haroun vd. 2009), 3,7-3,9 (Caballero vd. 2002),
3,14 (Krogdahl vd. 2004), 0,5-8,4 (Dumas vd. 2007)
olarak rapor edilmistir. Yapilan ¢aligmalarda balik
biyiikliigi ve sicakliga gore termal biiylime
katsayist degerleri farklilik gdstermistir.

Baliklarda morfolojik yapinin en iyi kontrol
edildigi, aktif yem alma ve gelismenin bir gostergesi
olan kondisyon faktériidiir (Korkut vd. 2007;
Bagcinar vd. 2016). Calisma sonunda kondisyon
faktorii degeri en disiik (1,26+0,02) kontrol
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grubunda, en yiiksek L-karnitin  grubunda
(1,35+0,03) hesaplamistir (Tablo 1). Kondisyon
faktorii degeri yas, cinsiyet, tireme donemi, bagirsak
dolulugu, alman besin vb.  Ozelliklerden
etkilenmektedir. Alabaliklarda uygun beslenme
sartlarinda ortalama kondisyon faktorii degerinin
1,37 (1,14-1,53) olmasi gerektigi rapor edilmistir
(Korkut vd. 2007). L-karnitin ilaveli yemle beslenen
juvenil gokkusagi alabaliginda 1,30-1,34 (Haji-
Abadi vd. 2010), sazan baliginda 1,49-1,62 (Sabzi
vd. 2017); koenzim Q1o ile beslenen Nil tilapiasinda
ise 1,79-1,82 (El Basuini vd. 2020) ve 1,85-1,90 (El
Basuini vd. 2021) olarak belirlenmistir.

Uzun yillardir yem kalitesi, yem hammaddeleri
ve yem katki maddeleri iizerine birgok caligma
yapilmustir. Su iriinleri yetistiriciliginde
ekonomiklik gbéz Oniinde tutularak kisa siirede
kaliteli ve saglikli iiriin elde etmek amaciyla yem
katki maddelerinin ilavesi yetistiricilik sektoriinde
kullanilmaktadir. Bir¢ok canlt lizerinde
kullanilmaya baglanan L-karnitin ve koenzim
Q1o’nin faydali etkileri kaynak alabalig1 tizerinde de
etkisini gostermis, L-karnitin, koenzim Qo ve L-
karnitin+koenzim Qio katkili yemlerle beslenen
gruplarin kontrol grubuna gore biiyiime iizerinde
pozitif etkisi bu caligma ile ortaya konulmustur. L-
karnitin ve koenzim Qi bir¢ok alanda yem sanayi
ve yetistiricilikte 6nemli bir katki maddesi olabilir.
Ayrica, farkli balik tiirleri iizerinde ve farkl
donemlerde (yavru, treme, vb.) L- Kkarnitin ve
koenzim Qo etkilerinin ortaya ¢ikarilmasinin
faydali olacagi disiiniilmektedir. Balik
yetistiriciliginde biiylime performansinin yani sira
balik etinin kimyasal kompozisyonu ve yag asidi
profilinin bilinmesi insan saglig1 agisindan 6nem arz
etmektedir. Koenzim Qi ilaveli yemlerle besleme
sonucunda balik etinin et kalitesi degerleri
belirlenmeli  ve tiiketici ile paylagilmalidir.
Siiper vitamin olarak kabul edilen, lipitlerde ve
organik coziiciilerde coOziiniirligii, suda
¢ozlinmezligi olan koenzim Qio (El Basuini vd.
2020) suda yasayan canlilar i¢in ideal bir yem katki
maddesi olarak kullanilabilir. Ayrica, L- karnitin ve
koenzim Quo katki oranlarinin degistirilerek detayli
biliyiime performansi c¢alismalar1 yapilmasi yararl
olabilir.

Tesekkiir

Bu c¢alisma ikinci yazarin “L-Karnitin ve
Koenzim Qio Ilaveli Yemlerle Beslenen Kaynak
Alabalik (S. fontinalis Mitchill, 1814)’larinda
Biiyiime Performansinin Belirlenmesi Uzerine Bir
Arastirma” adli yiliksek lisans tezinden dretilmis
olup, TV. Balik Besleme ve Yem Teknolojisi
Caligtayr’'nda (01-02 Eylil 2016, Adana) sozli
olarak sunulmustur.
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Acanthobrama thisbeae in Sir Reservoir were investigated. The population were

composed of 80.6% female and 19.40 % male individuals. The individuals' total Received ~ :15.09.2021
lengths (mm) and total weights (g) varied between 130.4 to 260.5 mm and 12.92 Revised - 09.05.2022

to 203.89 g, respectively. Age groups 2 to 8 were identified in the population and ]
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significantly (p<0.001). The mean condition factors were 1.011£0.17 (n:263)

between females and males. In observations of monthly changes, the DOI:10.17216/LimnoFish.996113

gonadosomatic index (GSI) and the monthly frequency distribution spawning
period were determined between April and June. Mean fecundity was 3574
egg/fish on mature individuals in reproductive periods. In addition, A. thisheae
individuals in Sir Reservoir were observed to be under the pressure of exotic
species such as Liza abu and Carassius gibelio.
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Sir Baraj Géli’'nde Endemik ve Yeni Tiir Acanthobrama thisbeae (Freyhof&Ozulug, 2014)’nin Biiyiime ve
Ureme Ozellikleri, Kahramanmaras, Tiirkiye

Oz: Bu ¢alismada, Sir Baraj goliindeki endemik ve yeni tiir Acanthobrama thisbeae’nin biiyiime ve iireme 6zellikleri incelenmistir.
Populasyonun %80,6’s1 disi ve %19,40°1 ise erkek bireylerden olusmustur. incelenen bireylerin total boylar1 130,4-260,5 mm, total
agirhiklart ise 12,92-203,89 g arasinda degisim gostermistir. Populasyon 2 ile 8 yas grubu arasinda tespit edilmis ve 6rneklerin
cogunlugu 130 ile 180 mm boy grubuna ait bireylerden (%80,22) olusmustur. Biitiin orneklerde boy-agirlik iliskisi W=
0,0000003*TL372%5 bulunmus ve “b” degeri istatistiki olarak énemlidir (p<0,001). Kondiisyon faktérii ortalama 1,011+0,17
(n:263)’dir. Gonadosomatik indeks (GSI) degerlerine gore iireme donemi Nisan ve Haziran aylari arasindadir. A. thisbeae
populasyona ait olgun bireylerde ortalama fekondite ise 3574 yumurta/balik olarak tespit edilmistir. Ayrica Sir baraj goliindeki A.
thisbeae bireylerinin Liza abu ve Carassius gibelio gibi exotik tiirlerin baskisi altinda oldugu gézlemlenmistir.

Anahtar kelimeler: Acanthobrama thisbeae, biiyiime, iireme, Sir Baraj G6lii, Kahramanmaras.
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Introduction

Freshwaters of Turkey have a remarkable
diversity of habitats, with essential variations in
altitude, rainfall, temperature, topography and
zoogeographical history, which is reflected by its
richness of freshwater fishes and relatively high
levels of endemism (Cigek et al. 2018). According to
a recent review of the literature, more than 368

freshwater fish species belonging to 34 families have
distribution in inland waters of Turkey (Kuru et al.
2014). A total of 368 fish species live in the inland
waters of Turkey. Among these, 4 species are
globally extinct, 5 are extinct in Turkey, 28 are non-
native, and 194 are considered endemic to Turkey
(Cigek et al. 2018).
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The Cyprinid fishes of the genus Acanthobrama
has about 11 species and 5 of them are occurred in
inland waters of Turkey; Acanthobrama marmid in
Tigris-Euphrates, Acanthobrama centisquama in
Orontes River Basin, Alburnus orontis in Seyhan
River Basin, Acanthalburnus microlepis in Aras-
Kura River Basin and Acanthobrama thisbeae in
Ceyhan River Basin (Freyhof and Ozulug. 2014;
Kiigiik et al. 2014). In the study conducted on the
distribution of fish fauna in the Ceyhan River Basin,
20 species belonging to 10 families, including
Acanthobrama sp., were identified (Kara et al. 2010).
In the following years, A. thisbeae was defined,
considering the morphological data by Freyhof and
Ozulug (2014).

Reproductive biology investigation of fish
species is vital to assess the commercial potentialities
of its stock, culture practice and actual management
of its fishery (Doha and Hye 1970; Soofiani et al.
2006; Dopeikar et al. 2015). It has three critical
components including sexual maturity, reproductive
period and fecundity, which are important
demographic characteristics essential for
understanding a species' life history. In addition, age
data are used to assess the fish population dynamics
including growth, mortality and recruitment and
stock structure; also, this data is also an essential
component of age-structured population models
(Bagenal 1967).

A. thisbeae is one of the important species that is
endemic to Turkey. The main object of this study was
to consider the reproductive biology of the
A. thisbeae, including the length-weight relationship,
gonadosomatic index, fecundity, spawning season
and condition factors necessary for conducting
conservation and management programs of the
species.

There are some studies on A. thisbeae. Celik
(2019) determined the phylogenetic position of

A. thisbeae with molecular data. Ali (2015) identified
some biological properties of A. thisbeae in Sir
Reservoir. Kili¢ (2016), on the other studies on the
bioecological characteristics of A. thisbeae in lake
Azapli (Adiyaman). Apart from the studies as
mentioned above, no comprehensive research has
been found on this species. In this study, it was aimed
to determine the growth and reproduction
characteristics of A. thisbeae in Sir Reservoir.

Materials and Methods

Sir Reservoir, constructed on the river Ceyhan in
the East Mediterranean region of Turkey in 1987-
1991, has a surface area of 47.50 km? at 600 m
altitude and it is used for electrical energy production
(Kara and Solak 2004). The fish fauna of the
reservoir consists of Acanthobrama sp., A. orontis,
Silurus glanis, Cyprinus carpio, Capoeta angorae,
Capoeta erhani, Barbus rajanorum, Squalius
kottelati, Chondrostoma regium and Anguilla
anguilla. A. anguilla used to inhabit this area but it is
now extinct, because 6 dam lake and reservoirs;
Aslantas, Berke, Kartalkaya, Kilavuzlu, Menzelet
and Sir have been constructed on the river Ceyhan in
succession and there is no fish passage or lifting
systems on these dams (Kara et al. 2010; Alp et al.
2003, 2015).

The body of A. thisbeae individuals
is silvery brown in the dorsal area, the
abdomen is dirty white and the scales are
small and the mouth is terminal. The head
size of A. thisbeae is smaller than the body height.
The last unbranched ray of the dorsal fin is not rigid
and is clearly different from individuals of A. marmid
with this feature. The body rises obliquely from the
nape to the front of the dorsal fin. It has a concave
structure between the head and nape area. The caudal
fin has deep lobes and the tip of the lobes is sharp
(Figure 1).

Figure 1. Sample of A. thisheae from Sir Reservoir.
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Samples of A. thisbeae were collected from
December 2012 to September 2013 from commercial
fishery catches. Fresh samples of A. thisbeae were
brought to the laboratory after being placed on ice
and the total length and weight were determined to
the nearest 1 mm and 0.01 g, respectively. Gonads
were weighed (Wg) with a precision of 0.01 g. Upon
visual and microscopic examination of the gonads,
sex and maturity stages were determined. The scale
samples were removed from the left side of
specimens, from the ventral to the dorsal fin for the
age determination. Scales were removed from each
fish and cleaned in a 5% sodium hydroxide solution
for age analyses according to Chugunova (1959). The
scales were scanned using a light microscope in order
to determine the ages of the fish. All scales were read
in triplicate.

The regression equation for the length—weight
relationship was calculated using the least-squares
method; the data were commonly used in this
equation: W = a xTL", where W is the total weight
(9) and TL is the total length (mm). The hypothesis
of isometric growth (Ricker 1975, Sparre and
Venema 1998) was tested with Student’s t-test.

The condition factor (K) was calculated monthly
with the formula K=(W/TL?) x 100.000, where W and
TL are the total weight and total length, respectively
(Ozdamar 1999).

The spawning period was estimated based on the
monthly changes in gonads and monthly variations in
oocyte sizes of samples. Gonadosomatic index (GSI)
was calculated using the equation: GSI = (Wg / W) x
100, where Wg and W are gonad weight and the total
weight of fish in grams, respectively (Bagenal and
Braun 1978).

All sampled fish were then dissected, gonads
removed and weighed, and sex determined visually
or by microscope. The gonads were preserved in 4%
formalin solution. To calculate fecundities, the
ovaries were weighed; three subsamples were taken

from the front, mid-and rear-section of each ovary
and weighed. The total number of eggs in each
subsample ovary was determined. This value was
proportional to the total ovary weight; the number of
eggs (F1) for the subsample was estimated using the
equation, F1= (Gonad weight x number of eggs in the
subsample)/subsample weight (Yeldan and Avsar
2000). Later, by taking the mean number of three
subsample fecundities (F1, F2 and F3), the
individual fecundity for each female fish was
calculated /F=(F1+2+3 )/3] (Alp et al. 2003).
Total length, fecundity and body weight and
fecundity relationships were determined from the
equations:

InF=a+bxInTL; F=qxTL"
INnF=a+bxInWs;, F=qxWsg°

where F is the number of eggs (fecundity), TL and Wg
are the total length (mm) and body weight (Q)
respectively. ‘a’ and ‘b’ are constant parameters in
linear regression analysis and g=e 2. Fecundity was
estimated according to Bagenal and Braun (1978).
The diameters of 10 ova (30 ova in each female fish)
were measured by a digital micrometre. The egg
shapes were round and slightly hard when diameters
were being measured. The mean fecundities and
mean egg diameters for individuals were recorded by
age, length, and weight of each examined female fish.

Results

Length Frequency and Age Distribution

During the sampling period (from December
2012 to September 2013), a total of 263
individuals of A. thisbeae were examined, ranging in
total length from 130.40 to 260.50 mm (Figure 2 a).
Of these individuals, 212 were females (80,6%) and
51 were males (19,40%). The obtained results
showed that the age of this species ranged from 2 to
8 years (Figure 2 b).
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Most of the fish were 2 (27,4%), 3 (35,6%) and 4
(35,6%) years old and seven of them were 7 (4,9%)
and only one of them was 8 (4,9%) years old
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Figure 2. Total length (mm) (a) and age (b) distributions of A. thisbeae.

(Table 1). According to the t-test results, (p<0,05).
Table 1. The mean lengths (mm) and total weights (g) in the age groups of A. thisbeae from Sir Reservoir (N:

Number of fish, W: Weigth, SD: Standart deviation).

the average total length and weights are significant,
except for the two age groups (p> 0,05); the
difference between other age groups is significant

Age Sex N Mean Min-Max SD W(g) Min-Max SD t-test
TL(mm)

2 Female 47 139.67 130.4-149.00 5.41 24.35 12.92-29.81 2.94 p>0.05
Male 14 141.53 132.78-148.72 5.52 26,28 20.15-34.8 3,81

3 Female 45 150.49 140.00-165.29 5.88 31.17 24.4-42.7 4.75 p<0.05
Male 18 151.59 140.00-160.4 5.24 30.67 24.93-39.8 4.93

4 Female 43 165.76 150.6-190.9 10.12 47.23 28.82-76.53 1112  p<0.05
Male 11 159.49 140.5-170.8 10.53 42.13 31.36-55.08 7.84

5 Female 43 174.14 160.0-200.3 10.71 62.88 38.30-95.3 12.67  p<0.05
Male 6 159.89 150.0-170.1 10.49 42.06 34.58-57.11 9.21

6 Female 26 181.70 160.1-200.1 11.32 70.87 46.6-102.41 1229 -
Male 2 185.25 180.5-190.0 6.71 65.90 62.78-69.03 4.41

7 Female 7 220.32 200.0-250.1 22.21 136.90 87.16-203.89 4641 -
Male 0

8 Female 1 260.5 160.17
Male 0
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The length-weight relationship for A. thisbeae

The b value was significantly bigger than 3.0

is shown in Figure 3. The relationship  (p<0.001), which indicates positive allometric
was determined as W= 0.0000003*TL37%5  growth of A. thisheae.
300
. W = 3E-07*TL3 7265
250 R2=0.8917
200 e
2 150
5
100
50
0 !
120 170 220 270
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Figure 3. Length—weight relationship of A. thisheae.

The condition factor of A. thisbeae population in
Sir Reservoir was determined as 1.011 = 0.17 on
average. The condition factor variation of the A.

thisbeae population by months is given in Table 2.
The lowest condition value was seen in March while
the highest condition value was seen in July.

Table 2. Mean condition factor values of A. thisbeae (n:263)

Dec. Jan. Feb. Mar. Apr. May June July Sep.
N:41 N:17 N:16 N:21 N:26 N:21 N:57 N:30 N:35
Mean  0.988 0.909 0.862 0.835 0.837 0.881 1.169 1.191 1.069
Min. 0.820 0.750 0.725 0.605 0.499 0.695 0.340 1.012 0.818
Max. 1.164 1.077 1.028 0.972 1.122 1.158 1481 1.345 1.309
SD 0.067 0.105 0.092 0.084 0.114 0.110 0.166 0.083 0.096

Seasonal Fluctuations in the Gonadosomatic
Index (GSI)

The breeding period of A. thisbeae individuals
living in Sir Reservoir was determined by the
monthly development of the gonadosomadic index
(GSI). Accordingly, GSI varied between 0.18 and

15.27 in a total of 201 A. thisbeae female individuals.
Gonadosomatic index value was the lowest in
December (GSI = 0.18) and the highest in April
(GSI = 15.27). According to the data, the spawning
season of the A. thisbeae population in Sir Reservoir
was determined between April and June (Figure 4).


http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=73448
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Figure 4. Monthly variation of gonadosomatic index (GSI) of female A. thisbeae individuals

The average fecundity of 67 female The average  fecundity  varied  between
individuals belonging to A. thisbeae in Sir 2767 (in February) and 5114 (in March) eggs/fish
Reservoir was determined as 3574 eggs/fish. (Table 3).

Table 3. Monthly fecundity variation of A. thisbeae (NF: number of fish; Egg (N), MTL: mean total length (mm);
MWs: Mean body weight (g), MF: Mean fecundity, number of eggs (min-max.).

Months NF Egg (N) MTL (mm) MWs(g) Mean Fecundity
(Min-Max)

January 12 360 145.59 28.33 3329(1950-5215)

February 11 330 143.59 25.08 2767(1767-3947)

March 17 510 150.52 28.73 5114(2862-10587)

April 16 480 144.46 24.79 3323(2348-6082)

May 12 360 150.70 29.58 3457(2246-5073)

Linear relationship was found between fecundity ~ positive correlations may be expressed by the
and the total length, body weight (Figure 5). These  following regression equations:
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Figure 5. Relationships between fecundity and body weight and total length in 67 A. thisheae.
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Discussion

Acanthobrama sp. was reported by Kara et.al
(2010) from the Sir Reservoir, after that this species
was defined as a new species A. thisbeae by Freyhof
and Ozulug (2014). There are few studies in the
literature regarding for A. thisbeae. Freyhof and
Ozulug (2014) report that the standard length of
A. thisbeae individuals in Sir Reservoir is between
154.9 and 173.8 mm. Kili¢ (2016) states that the
A. thisbeae population in Lake Azapli (Golbasi,
Adiyaman) varies between 1-5 age groups and the
most dominant age group is 1 year old (62,85%), in
that study, the average total length was 125.5 mm and
the maximum length was 215.0 mm. Ali (2015)
reported that in individuals of A. thisbeae in Sir
Reservoir, fork lengths varied between 164.3 mm and
228.0 mm in females and between 158.7 and 177.5
mm in males. In this study, it was determined that
A. thisbeae individuals in Sir Reservoir were between
the ages of 2-8 and the majority of the population
(80,22%) were between 130.0 and 180.0 mm in
height. The total length of 260.5 mm detected in the
Sir Reservoir was the new maximum length for this
species.

The value of condition factor in fish varies
depending on various factors such as fish size,
sampling date, reproduction time, season, disease and
parasite status of the fish (Bagenal and Tesch 1978;
Welcomme 2001). Ali (2015) states that the average
condition factor of A. thisbeae individuals in Sir
Reservoir is between 1.50 and 2.03 in females and
1.41 and 1.89 in males. In this study, the condition
factor was found to be 1.011+0.17 (n:263) in the
A. thisbeae populations in Sir Reservoir.

Spawning seasons of Achanthobrama species
were differed in different habitats. The spawning
season of A. marmid individuals in the Tigris River
was in May-June (Unlii et al. 1994), A. mirabilis in
the Kemer Reservoir was in April-June (Ozcan and
Balik 2009), and Achanthobrama telaviensis in the
Yargon stream was also in April-June (Elron et al.
2006). According to the gonadosomatic index (GSI)
values, the spawning season of the A. thisbeae
population in the Sir Reservoir was determined
between April and June (Figure 4).

The mean fecundity of the population was 3574
eggs/fish. It was concluded that the fecundity value
of Sir Reservoir A. thisbeae individuals was low
according to the relations of total length-fecundity
and weight-fecundity (Figure 5).

It is known that A. thisbeae is one of the most
important species that are caught in the reservoir
according to commercial fisheries and constitutes a
dense stock in Sir Reservoir (Celik 2019). However,
in the studies conducted between 2014 and 2016
(Kara and Alp 2014), it was seen that the A. thisbeae

populations, living only in Sir Reservoir in the
middle and upper Ceyhan River Basin, were
decreased significantly. While L. abu and C. gibelio
species were not seen in the previous study (Kara et
al. 2004) in the Sir Reservoir, in the field studies
conducted in 2014-2016, Liza abu and Carassius
gibelio individuals were found to be widespread in
the Sir Reservoir. It has been determined that
fishermen catch these fish species and A. thisbeae
individuals are now less caught. It is thought that
L. abu and C. gibelio individuals put pressure on
A. thisbeae populations as the reason for the
significant decrease in A. thisbeae populations in Sir
Reservoir. In addition, the majority of A. thisbeae
individuals caught from Sir Reservoir have lesions in
different parts of their bodies. It is important to take
the necessary measures to protect the endemic new
species A. thisbeae population living in the Ceyhan
river system.
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Goksu Cay1 (Isparta) ﬁze}‘indeki Gokkusag1 Alabahk Tesisleri Su Kalitesi
Etkilerinin Cok Degiskenli Istatistiki Analizi ve Tahmini Azot-Fosfor Yiikleri

Mustafa ERGUN ! ' Cafer BULUT " ", Giirkan KOCER !

1T.C. Tarim ve Orman Bakanlig: Su Uriinleri Arastirma Enstitiisii Miidiirliigii, Egirdir-Isparta

6z MAKALE BiLGIiSi

Tiirkiye’de ilk olarak 1970’1i yillarda yetistiriciligine baglanan gokkusag: alabalig ARASTIRMA MAKALESI
(Oncorhynchus mykiss), bugiin yillik tiretimi 100.000 tonu asan {iretim miktariyla su

triinleri yetistiriciliginde onemli bir tiir konumuna gelmistir. Artan tesis sayist ve Gelis :09.06.2020
iretim miktarlari ile birlikte son yillarda su tiriinleri yetistiriciliginin sucul ¢evreye Diizeltme  :16.11.2020
cesitli potansiyel etkilerinin oldugu ve bu durumun izlenmesi gerekliligi ortaya

¢ikmugtir. Bu kapsamda su tirtinleri yetistiriciliginin ¢evresel etkilerini izlemek 6nem Kabul :18.05.2022
arz etmektedir. Bu ¢aligmada Isparta ili sinirlart igerisinde yer alan Goksu Cayi Yayim - 26.08.2022
iizerinde gokkusagi alabalig tesislerinin etkilerinin ¢ok degiskenli istatistiki analizler

kullanilarak izlenmesi ve azot ve fosfor yiiklerinin tahmin edilmesi amaglanmustir. DOI:10.17216/LimnoFish.749798
Ocak-Aralik (2019) aylik olarak gergeklestirilen ¢alismada yerinde olglimler ve

laboratuvarda analizler gergeklestirilmistir. Daha sonra tesislerin tahmini azot ve * SORUMLU YAZAR
fosfor yiikleri, tesislerin alabalik ¢iftliklerinin toplam balik iiretim miktarlari, yem

doniigiim orani, toplam tiiketilen yem miktar1 ve azot ve fosfor igerikleri dikkate caferbulut@gmail.com
alinarak hesaplanmaya ¢alisilmistir. Géksu Cayi’nda yemle gelen fosfor girdisi 13,9 Tel : +90 246 313 34 60
ton, balikla uzaklastirilan fosfor miktar1 5,3 ton ve sisteme giren fosfor yiikii 8,6 ton Fax : +90 246 313 34 63

olarak tahmin edilirken yemle gelen azot girdisi 111,1 ton; balikla uzaklastirilan azot
miktar1 29,6 ton ve sisteme giren azot yiikii ise 81,5 ton olarak tahmin edilmistir.
Hesaplanan degerler literatiiriin lizerinde bulunmustur. Veriler faktor analizi ve
kiimeleme analizleri degerlendirilmesinde ise 1. ve 2. istasyon ile 3. ve 4. istasyonlar
arasinda Ozellikle azot ve fosfor parametreleri agisindan anlamli bir fark oldugunu
ortaya koymustur. Bu durum alabalik tesislerinin dere {izerine etkilerinin oldugunu
gostermektedir. Bu kapsamda tesislerin atiklarinin kesinlikle akarsuya verilmemesi
gerekmektedir.

Anahtar kelimeler: Goksu Cayi, gokkusagi alabaligi, Oncorhynchus mykiss, azot,
fosfor

Estimated Nitrogen-Phosphorus Loads and Multivariate Statistical Analysis of Water Quality Effects of
Rainbow Trout Farms on Goksu Spring (Isparta)

Abstract: Rainbow trout (Oncorhynchus mykiss), which was first started to be cultivated in Turkey in the 1970s, has become an important
species in aquaculture with its annual production exceeding 100,000 tons. With the increasing number of facilities and production amounts,
it has emerged that aquaculture has various potential effects on the aquatic environment in recent years and this situation needs to be
monitored. In this context, it is important to monitor the environmental effects of aquaculture. In this study, it was aimed to monitor the
effects of rainbow trout farms on Goksu Stream, located within the borders of Isparta, by using multivariate statistical analyzes and to
estimate nitrogen and phosphorus loads. In the study, which was carried out monthly in January-December (2019), on-site measurements
and analyzes were carried out in the laboratory. Then, the estimated nitrogen and phosphorus loads of the facilities were tried to be calculated
by considering the total fish production amounts of the trout farms of the facilities, feed conversion ratio, total amount of feed consumed
and nitrogen and phosphorus contents. Phosphorus input from the feed in Goksu Stream is 13.9 tons; The amount of phosphorus removed
by fish is estimated to be 5.3 tons and the phosphorus load entering the system as 8.6 tons, while the nitrogen input from the feed is 111.1
tons; The amount of nitrogen removed by fish was estimated as 29.6 tons and the nitrogen load entering the system was estimated as 81.5
tons. Calculated values were found above the literature. In the evaluation of factor analysis and clustering analysis of the data, it was revealed
that there was a significant difference between stations 1 and 2, and stations 3 and 4, especially in terms of nitrogen and phosphorus
parameters. This shows that trout facilities have effects on the stream. In this context, the wastes of the facilities should not be discharged
into the river.

Keywords: Goksu Stream, rainbow trout, Oncorhynchus mykiss, nitrogen, phosphorus
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Giris

Tirkiye’de su iriinleri yetistiriciligi, 1970’li
yillarda i¢ su baliklar1 iiretimi ile baslamistir. Ilk
olarak sazan {iretimiyle baslayan bu siire¢ ve daha
sonra Ozel isletmeler bazinda gokkusagi alabaligi
isletmelerinin de devreye girmesi ile devam etmistir
(Korkut 2016). Su iiriinleri yetistiriciligi tilkemizde
hizl1 bir gelisim gostermekte ve 6nemi her gecen giin
artmaktadir (Kaya ve Sahin 2016). Ulkemizde en
yogun ve yaygin su irlinleri yetistiriciligi yapilan
igsu baligi tiiri olan gokkusagi alabalig
(Oncorhynchus mykiss) bugiin yillik tiretimi 100.000
tonu asan dretim miktariyla su  {riinleri
yetistiriciliginde 6nemli bir tiir konumuna gelmistir.
Igsularda gokkusag: alabaligi iiretimi 2002 yilinda
33,707 ton/yil iken 2020 yili itibariyle bu miktar
126,101 ton/yila ¢ikmis ve son 18 yilda gokkusagi
alabalig1 tretimi %374 oraninda artig gostermistir
(Anonim 2021). Alabalik, yetistiriciliginin diger
baliklara nazaran daha kolay olmasi ve pazar
durumunun iyi ve uygun su kaynaklarinin da
bulunmasi nedeniyle tesis sayist bakimindan ilk
sirada yer almaktadir.

Su iiriinleri tiretimi, diger tarimsal faaliyetlerde
oldugu gibi, yer aldig1 ekosistem iizerinde bir etkiye
sahiptir. Bu kapsamda yetistiriciligin gelistirilmesi
amac1t yayginlasan su iiriinleri yetistiriciligi, ¢esitli
cevresel endiseleri de beraberinde getirmistir.
Bunlarin basinda su firiinleri yetistiriciliginin alict
ortamlarda olusturdugu g¢evresel baski gelmektedir
(Yavuzcan vd. 2010; Ozdal ve Pulatsii 2012).

Kiiltiir balikgiligimin  yapildigi rezervuarlarda
entansif yetistiricilik nedeni ile besin diizeyinde
birtakim degisiklikler meydana gelebilmektedir.
Balik yetistiricilik  sistemlerine 0zgli  baslica
potansiyel Kkirleticiler olan azot ve fosfor
fraksiyonlar1 ¢oziinmiis veya partikiiler halde ortama
girmektedir (Alpaslan ve Pulatsii 2008; Yavuzcan vd.
2010).

Alict ortamlarda yetistiricilik-cevre etkilesimi
baglaminda, uygun yemleme sistemleri su triinleri
isletmelerinin ¢evre iizerindeki etkilerinin azaltilmasi
bakimindan o6nemlidir. Sucul ortamlarda, balik
yetistiriciliginin etkilerinin belirlenmesi ekolojik
acidan zorunludur. Bu anlamda, siirdiiriilebilir ve
cevre dostu balik yetistiriciligini tesvik etmek icin

diizenli olarak izlenmelidir. Bu konuda son yillarda
yapilan calisma sayisi artis gdstermistir (Bulut vd.
2010a, 2012a, 2012b; Karakoca ve Topcu 2017).
Balik isletmelerinden kaynaklanan kirletici miktar1
veya besin elementi yiikil; yemleme ve yem
degerlendirme oranlari, yemin azot ve fosfor icerigi

veya yemin  sindirilebilirlik  diizeyi  gibi
veriler  kullanilarak ~ tahmin  edilebilmektedir
(Alvarado 1997).

Bilimsel ¢alismalarda, birden ¢ok degiskenin ayri
ayri1 ele alinarak analiz edilmesi, gercek durumu
aciklamayabilir. Bunun yerine gézlemlenen bu ¢ok
sayida degisken arasinda az veya c¢ok bir iligkinin
olmasi  beklendiginden bu dogrultuda “Cok
Degiskenli Analiz Yontemleri” gelistirilmistir. Cok
degiskenli istatistiksel analiz, ¢ok sayida degisken
arasindaki iliskileri 6lgme ve agiklamada kullanilan
yontemler toplulugunu ifade etmekte olup en ¢ok
kullanilanlar1 kiimeleme analizi, temel bilesenler
analizi ve faktor analizidir (Cakir 1994). Son yillarda
su kalitesi verilerinin ¢ok degiskenli analiz
yontemleri ile irdelendigi arastirma sayisi artmigtir
(Roman vd. 2003; Boyacioglu ve Boyacioglu 2005;
Yilmaz 2009; Bulut vd. 2010b, 2012c).

Goksu Cayi, Isparta ili Siitgller ilgesi Candir
Koyi’'nde bulunan Yazilikanyon’dan ¢ikan ve
Karacaoren 1. Baraj Golii’ne dokiilen bir akarsudur.
Dere iizerinde 2019 yili sonu itibariyle 578 ton/yil
porsiyonluk alabalik ve 58.000.000 adet/y1l yavru
alabalik iiretim kapasitesine sahip 10 adet tesis
bulunmaktadir. Bolge Isparta ilinde en yogun
gokkusagi alabaligi lretiminin yapildigi bolgedir
(Anonim 2019).

Bu ¢aligmada gokkusagi alabaligi tesisleri Candir
Goksu Kaynagi 12 ay boyunca belirli parametreler
dahilinde izlenmis, tesislerinin etkileri ¢ok degiskenli
istatistiki analizler kullanilarak irdelenmis ve azot-
fosfor yiikleri tahmin edilmistir.

Materyal ve Metot

Ocak-Aralik (2019) aylari arasinda, aylik olarak
gercgeklestirilen ¢alismada Goksu Cayi {izerinde dort
ornekleme noktas1 secilmistir. Ornekleme noktalari
ve koordinatlar1 Tablo 1°de, ¢calisma alani, érnekleme
noktalar1 ve tesislerden goriintiiler ise Sekil 1, 2 ve
3’de sunulmustur.

Tablo 1. Goksu Cay1 6rnekleme noktalari

Table 1. Goksu Stream sampling points

No Ornekleme Noktasiin Adi Rakim Koordinat-1 Koordinat-2
Liist. Kaynak 368 m. 37°28'5.53"K 30°55'14.29"D
2.ist. Yazilikanyon 342 m. 37°27'46.35"K 30°54'45.20"D
3.ist. Candir Koprii 275 m. 37°26'44.38"K 30°53'53.21"D
4.ist. Baraj Giris 262 m. 37°26'43.85"K 30°53'33.84"D




178 Ergiin vd. 2022 - LimnoFish 8(2): 176-191

W listasyon

Seyhier Q

ISARETLER
P Neo merkazi AFYONKARAHISAR

Q iimerkez

—— lige swnirtars
it sinertan

W 2.istasyon

CANDIR
9

Canair @ 3istasyon

<" BURDUR

0 25
1)

5

‘M. 4istasyon

Melikler

Sekil 1. Calisma alan1

v 1.itasyon 2.istayon
1.station 2.station

3.istasyon 4.istasyon

3.station 4.station
Sekil 2. Ornekleme noktalari

Figure 2. Sampling points
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Figure 3. Images from rainbow trout farms on Goksu Stream
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Ornekleme noktalarinda su sicaklifi, ¢oziinmiis
oksijen (CO), oksijen doygunlugu (O.), pH,
elektriksel iletkenlik (EC) parametreleri WTW 3430i
arazi setiyle debi ise Hydro-bios mechanical flow
metre ile yerinde gerceklestirilmisgtir.
Orto-fosfat (PO4), amonyum (NHS.), nitrit (NOy),
nitrat (NOs), toplam azot (TN), toplam fosfor (TP)
analizleri Seal Analytical AQ400 Discrete Analyzer
cihazi (Standart Metod 4500), toplam organik karbon
(TOC) analizi ise Elementar vario macro cube
organik karbon analizoér cihazi kullanilarak tayin
edilmistir.

Tesislerin  kullandigi yemden alici1 ortama
birakilan azot ve fosfor yiiklerinin tahmini Boyd ve
Queiroz  (2001)’in  belirttikleri  formiile gore
hesaplanmustir:

Yemden gelen azot miktart (kg N) = Kullanilan
yem miktart (kg) x Yemin azot igerigi

Balikta tutulan azot miktar1 (kg N) = Uretilen
balik miktari (kg) x 0.25 kg kuru madde/kg balik x
0,08 kg N/kg kuru madde

Alict ortama olan azot yiikii (kg N) = Yemden
gelen N (kg) — Balikta tutulan N (kg)

Yemden gelen fosfor miktart (kg P) = Kullanilan
yem miktart (kg) x Yemin fosfor icerigi

Balikta tutulan fosfor miktar (kg P) = Uretilen
balik miktari (kg) x 0.25 kg kuru madde/kg balik x
0,032 kg P/kg kuru madde

Alict ortama olan fosfor yiikii (kg P) = Yemden
gelen P (kg) — Balikta tutulan P (kg)

Yem doniisim oram1 (FCR) ise Schreck ve
Moyle’a  (1990) gore asagidaki formiilden
hesaplanmustir:

YDO = Tiiketilen yem miktar1 (g)/ Kazanilan
canli agirhik (g)

Verilerin Degerlendirilmesi ve Istatistiksel
Analizler

Aragtirmalar sonucunda elde edilen veriler SPSS
25.0 paket programi, JMP 15.0 paket programi ve
Microsoft Excel 2016 yardimiyla degerlendirilmistir.
Normal dagilim gosteren parametrik verilerde
gruplarin karsilastirilmasi Tek Yonlii Anova testi ile
varyans analizi ayrica ¢ok degiskenli istatistiksel
analiz yontemlerinden; Faktor Analizi ve Kiimeleme
Analizi uygulanmistir. Gruplar arasinda fark ortaya
cikmasi durumunda verinin normal dagilim sonucuna
gore Tukey HSD c¢oklu karsilastirma testi
uygulanmugtir. Tlim istatistiki testlerde onem seviyesi
0=0,05 olarak kabul edilmistir (Ozdamar 2011).
Ayrica elde edilen sonuglar Yeriistii Su Kalitesi
Yonetmeligi Kita Ici Su Kaynaklarinin Smiflar
(Anonim 2016) standartlar1 ve daha once yapilmis
calismalar dogrultusunda degerlendirilmistir.

Bulgular

Goksu Cayr iizerinde belirlenen Ornekleme
noktalarinda  Ol¢limii  ve  analizi  yapilan
fizikokimyasal parametrelerin en diisiik, en yiiksek
ve ortalama ile tanimlayict istatistikleri Tablo 2°de
verilmistir.

Tablo 2. Goksu Cay1’nda olgiilen parametrelerin tanimlayici istatistik verileri™

Table 2. Descriptive statistical data of the parameters measured in Goksu Stream

Parametreler Ort.£S.H. Min.-Max. Ort.+S.H. Min.-Max.
1.istasyon 2.istasyon

Sicaklik (°C) 12,84 £ 0,192 12,50 - 13,10 13,74 + 1,20% 11,80 - 15,10
CO (mg/L) 10,22 +£ 0,242 9,76 - 10,56 10,39 £ 0,412 9,80-11,09
Saturasyon (%) 100,3 £2,42 95,7 - 103,5 103,3+4,12 97,2-111,1
pH 7,70 £ 0,062 7,56 - 7,76 8,12 +0,20° 7,87 -8,38
EC (uS/cm) 349 +32 341 - 354 358 +8%® 349 - 374
Debi (L/s) 312+ 1772 30 - 500 2079 + 865° 850 - 3600
PO4(mg/L) 0,017 £ 0,0052 0,008 - 0,026 0,037 £+ 0,009? 0,020 - 0,056
TP (mg/L) 0,02 +0,01°2 0,01-0,03 0,04 £0,01° 0,03 -0,07
NHa4(mg/L) 0,03+0,012 0,02-0,04 0,09 +0,01° 0,07-0,11
NO2 (mg/L) 0,0035 £ 0,0006? 0,0025 - 0,0045 0,0049 £ 0,0008? 0,0037 -0,0062
NOs (mg/L) 0,19+0,032 0,15 -0,25 0,58 +0,10° 0,43 -0,77
TN (mg/L) 0,32 +0,022 0,29 - 0,37 0,75+ 0,10° 0,62 - 0,96
TOC (mg/L) 0,262 + 0,0692 0,135 - 0,365 0,770 £ 0,057° 0,678 - 0,854
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Tablo 2. Géksu Cayi’nda 6lgiilen parametrelerin tanimlayici istatistik verileri™(devam)
Table 2. Descriptive statistical data of the parameters measured in Goksu Stream(continue)

Parametreler Ort.£S.H. Min.-Max. Ort.+S.H. Min.-Max.
3.istasyon 4.istasyon
Sicaklik (°C) 14,27 + 1,79 11,90 - 17,50 14,74 £2.21b 11,80 - 19,20
CO (mg/L) 9,51 + 0,66 8,15 - 10,27 10,05 + 0,48b 9,04 - 10,48
Saturasyon (%) 94,7 + 5,9° 83,0-104,2 99,5+9,7° 86,3-119,1
pH 8,27 + 0,15 8,05 - 8,46 8,35+0,17° 8,07 - 8,57
EC (nS/cm) 367 £10P 354 - 383 367 +11° 349 - 382
Debi (L/s) 2378 +931° 1050 - 4100 2443 + 947° 1100 - 4200
PO4 (mg/L) 0,141 = 0,043¢ 0,096 - 0,221 0,113 +0,022° 0,084 - 0,155
TP (mg/L) 0,23 + 0,06 0,16 - 0,32 0,20 + 0,045 0,14 -0,25
NHa (mg/L) 0,56 + 0,09 0,42-0,71 0,53 + 0,08 0,42-0,67
NO2 (mg/L) 0,0170 £ 0,00° 0,0106 - 0,0211 0,0159 + 0,0029° 0,0102 -0,0197
NOs (mg/L) 1,44 £0,19° 1,15 -1,76 1,40 £ 0,19° 1,13- 1,67
TN (mg/L) 1,86:0,09° 1,12-2,45 2,3620,10° 1,79-3,03
TOC (mg/L) 2,960 + 0,369°¢ 2,456 - 3,652 2,725 £ 0,269°¢ 2,307 - 3,234

Goksu Cay1 iizerinde belirlenen oOrnekleme  toplam fosfor (TP) ve toplam organik karbon
noktalarinda  Ol¢iimii  ve  analizi  yapilan  degerlerinin istasyonlara ve aylara bagli degisimleri
fizikokimyasal parametrelerden su sucakligi,  Sekil 4, Sekil 5, Sekil 6, Sekil 7, Sekil 8 ve Sekil 9°da
¢Oziinmiis oksijen icerigi, debi, toplam azot (TN),  gOsterilmistir.
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Sekil 4. Goksu Cay1 sicaklik degerlerinin istasyonlara ve aylara bagli degisimi (°C)
Figure 4. Change of Goksu Stream temperature values depending on stations and months (°C)
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Sekil 5. Goksu Cay1 oksijen iceriginin istasyonlara ve aylara bagh degisimi (mg/L)

Figure 5. Change of oxygen content of Goksu Stream depending on stations and months
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Sekil 6. Goksu Cay1 debi degerlerinin istasyonlara ve aylara bagli degigimi (L/s)
Figure 6. The variation of G6ksu Stream flow rates depending on stations and months (L/s)
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Sekil 7. Goksu Cay1 TOC degerlerinin istasyonlara ve aylara bagl degisimi (mg C/L)
Figure 7. Change of TOC values of Goksu Stream depending on stations and months (mg C/L)
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Sekil 8. Goksu Cay1 TN degerlerinin istasyonlara ve aylara bagh degisimi (mg N/L)
Figure 8. Change of Goksu Stream TN values depending on stations and months (mg N/L)
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Sekil 9. Goksu Cay1 TP degerlerinin istasyonlara ve aylara bagl degisimi (mg P/L)
Figure 8. Change of Goksu Stream TP values depending on stations and months (mg N/L)
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Goksu Cayr’'nin debisi proje c¢aligmasi siiresince
oldukca degiskenlik arz etmistir. Proje c¢alismasi
boyunca 30-4200 L/s arasinda akarsu debisi
degiskenlik gostermistir. Calisma boyu Olgiilen
sicaklik degerlerinde en diisiik deger 11,8 °C ile 2. ve
4.istasyonlarda, en yiiksek deger ise 19,2 °C ile
4 istasyonda Olciilmiistiir. Istasyonlar arasi farklar
karsilastirlldiginda ise farkin istatistiki olarak
onemsiz oldugu gorilmiistir (p<0,05). Calisma
boyunca Ol¢iilen ¢oziinmiis oksijen igeriginin balik
sagligi acisindan uygun oldugu tespit edilmistir. Yil
boyu ¢oziinmiis oksijen degeri 10 mg/L civarlarinda
seyretmektedir. Bu da alabalik sagligi ve gelisimi
acisindan istenen bir durumdur. Istasyonlar arasi
farklar karsilagtirildiginda ise farkin istatistiki olarak
onemsiz oldugu goriilmiistiir (p<0,05). Benzer durum

oksijen doygunlugu (saturasyon) parametresi i¢inde
gecerlidir. Goksu Cayi’nda ise oksijen doygunluk
degerleri balik sagligi acisindan uygun oldugu
gozlemlenmistir. Y1l boyu ¢ézlinmiis oksijen degeri
%100 civarlarinda seyretmektedir. Bu da alabalik
sagligl ve gelisimi agisindan arzu edilen bir durum
sergilemektedir. Istasyonlar arast farklar
karsilastirildiginda ise farklarin istatistiki olarak
Oonemsiz oldugu goriilmistir (p<0,05). Goksu
Cayr’'nda olgiilen en diisik pH degeri 7,56 ile
1.istasyonda 6l¢iiliirken, en yiliksek pH degeri 8,57 ile
4.istasyonda Olgiilmiistiir. pH degerinin optimal
degerler civarinda seyrettigi tespit edilmistir. Goksu
Cay1’nda olgiilen en diisiik kondiiktivite (EC) degeri
341 pS/cm ile 1.istasyonda oOlgiiliirken, en yiiksek
383 uS/cm ile 3.istasyonda 6lgiilmiistiir (Tablo 3).

Tablo 3. Goksu Cayi’nda olgiilen parametrelerin YSKY’ye (Anonim 2016) gore siniflandirilmasi
Table 3. Classification of parameters measured in Goksu Stream according to SWQM (Anonymous 2016)

Parametre L.ist. Simf 2.ist. Simf 3.ist. Simf 4.ist. Simif

CO (mg/L) 10,22 LSinif 10,39 LSinif 9,51 LSimif 10,05 L.Sinif
Saturasyon(%6) 100,3 I.Simf 103,3 I.Simf 94,7 I.Sif 99,5 I.Simf
pH 7,70 I.Simf 8,12 I.Simf 8,27 I.Sif 8,35 I.Simf
EC (uS/cm) 349 LSinif 358 LSinif 367 LSimif 367 L.Sinif
PO4(mg/L) 0,017 L.Simf 0,037 L.Simf 0,141 IL.Smf 0,113 IL.Smf
TP (mg/L) 0,02 L.Sif 0,04 L.Sif 0,23 HI.Simf 0,20 IL.Smf
NH4 (mg/L) 0,03 L.Simf 0,09 L.Simf 0,56 IL.Smf 0,53 IL.Smf
NOs (mg/L) 0,19 L.Simf 0,58 L.Simf 1,44 L.Simf 1,40 L.Simf
TN (mg/L) 0,32 L.Sif 0,75 L.Simf 1,86 L.Sif 2,36 L.Simuf

Goksu  Cayi’'nda  Olgiilen  parametrelerin  degeri, Mayis-Aralik aylarinda 1.istasyonda (0,02

YSKY’ye (Anonim 2016) gore siniflandirilmasinda
1. ve 2.istasyonlarm L.Smif, 4. istasyonun I. ve II.
Smif; 3.istasyonun ise L., II., ve ILSmf o6zellik
gosterdigi goriilmektedir. Goksu Cay1 1.istasyon ve
2.istasyonda tespit edilen azotlu bilesik seviyeleri
(nitrit (NO2—N), nitrat (NOs—N), amonyum (NHs—N),
toplam azot (TN)) genel olarak 3.istasyon ve
4.istasyonda tespit edilen degerlerden daha diisiiktiir.
3.istasyonda tespit edilen nitrat, nitrit, amonyum ve
toplam azot degerleri 1. ve 2.istasyonda tespit edilen
azotlu bilesik seviyelerinden istatistiki olarak anlamli
derecede farklilik sergilemistir (p<0,05). Bir yillik
periyot boyunca tespit edilen en yliksek nitrit degeri,
Temmuz ayinda 3.istasyonda (0,0211 mg/L); nitrat
degeri, Temmuz ayinda 3.istasyonda (1,76 mg/L);
amonyum degeri, Haziran ayinda 3.istasyonda (0,71
mg/L) ve TN degeri, Haziran ayinda 3.istasyonda
(2,57 mg/L) kaydedilmistir. Calismamizda tespit
edilen en diisiik nitrit degeri ise, Ocak ayinda
l.istasyonda (0,0025 mg/L); nitrat degeri, Ekim-
Kasim aylarinda 1.istasyonda (0,16 mg/L); amonyum

mg/L) ve TN degeri, Subat ayinda 1.istasyonda (0,29
mg/L) kaydedilmistir.

Orto-fosfat (PO.), toplam fosfor (TP) ve toplam
organik karbon (TOC) degerleri, azot tiirevlerinde
oldugu gibi iiretime baghh olarak 3. ve
4.istasyonlarda, diger iki istasyona gore daha yiiksek
bulunmustur. Tespit edilen degerler agisindan
istasyonlar arasinda istatistiki fark anlamh
gorilmiistir (p<0,05). Bir yillik periyot boyunca
tespit edilen en yiliksek orto-fosfat degeri, Nisan
ayinda 3.istasyonda (0,221 mg/L); TP degeri, Nisan
aymda 3.istasyonda (0,32 mg/L) ve TOC degeri,
Eylil ayinda 3.istasyonda (3,652 mg/L)
kaydedilmistir. En diisiik orto-fosfat degeri ise, Ocak
aymda l.istasyonda (0,008 mg/L); TP degeri, Ocak,
Mart ve Aralik ayinda 1.istasyonda (0,01 mg/L) ve
TOC degeri, Subat ayinda 1.istasyonda (0,135 mg/L)
kaydedilmistir.

Cok sayidaki veri arasindaki iligkiler
(korelasyonlar), faktor adi verilen ortak boyutlar
altinda toplanarak daha iyi bir sekilde agiklamak igin
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yapilan faktor analizinde korele veriler kullanilmistir.  setlerindeki toplam varyansm %  89,693'"inii
Faktor analizinde korele olmayan ya da diisik  aciklamistir.

korelasyon katsayisina sahip veriler, faktor Parametreler, faktor yiikleri ve asagidaki
analizlerinin  giivenilirligini  artttrmak  adma  faktorler belirtilmistir:

degerlendirmeye alinmamistir. Goksu Cayi su » Faktor 1: orto-fosfat, TP, EC, TOC, oksijen
kalitesi  tlizerine etkili degisken faktorlerin » Faktor 2: sicaklik, pH, nitrat, debi, TN, nitrit,
belirlenebilmesi amaciyla suda tespit edilen  saturasyon

fizikokimyasal  parametrelerden toplamda 13 ¢ Faktor 3: amonyum

degisken kullanilmigtir. Toplam varyans tablosu
Tablo 4’de, faktor analiz grafigi Sekil 10°da ve faktor
analiz tablosu Tablo 5’de sunulmustur.
Gergeklestirilen ¢alisma sonuglarina gore faktor
analizi 1lic Onemli faktdr dretmistir. Bu veri

Orto-fosfat, TP, EC, TOC, oksijen belirgin faktor
1 (F1) varyansin % 65,147’ini; sicaklik, pH, nitrat,
debi, TN, nitrit, saturasyon belirgin faktér 2 (F2)
varyansin % 12,964’iinii ve amonyum belirgin faktor
3 (F3) varyansin % 11,582’ini agiklamustir.

Tablo 4. Toplam varyans tablosu
Table 4. Total variance table

Baslangi¢ 6zdegerler
Faktor Toplam Varyanslarin Yiizdesi Yigilmali %
1 8,469 65,147 65,147
2 1,685 12,964 78,111
3 1,506 11,582 89,693
3
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Sekil 10. Faktor analiz grafigi
Figure 10. Factor analysis graph
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Tablo 5. Faktor analiz tablosu
Table 5. Factor analysis table

Faktor 1 Faktor 2 Faktor 3
PO, 0,559401 0,019397 0,136372
TP 0,530878 0,047884 0,135972
EC 0,445147 -0,068534 0,168755
TOC 0,291378 0,197789 0,110121
Oksijen 0,040559 -0,186047 -0,044899
Sicaklik -0,338131 0,439882 -0,096804
pH -0,083457 0,388974 -0,031063
NO3 0,085336 0,285192 0,138961
Debi 0,118618 0,245675 -0,012477
TN 0,110579 0,230968 0,198204
NO> 0,116183 0,218218 0,170885
Saturasyon -0,125587 0,044827 -0,140163
NH4 0,163882 0,103636 0,324981

Goksu Cayi’nda tespit edilen fiziksel ve  bag bulundugu goriilmiistiir. Ozellikle azot ve fosfor
kimyasal  verileri  arasinda  tespit edilen tiirevlerinin  birbirleri arasinda  giicli  bir
istatistiki olarak anlamli iliskiler ve korelasyon  korelasyon bag bulunmaktadir. Yine debi, EC ve pH
katsayr  degerleri  Tablo 6’da  verilmistir.  degerleri de azot, fosfor tiirevleri ve TOC parametresi
Coziinmiis oksijen ve saturasyon degerleri  arasinda gii¢lii bir korelasyon bagi bulundugu tespit

disinda diger parametreler arasinda gii¢lii bir pozitif

edilmistir.
Tablo 6. Korelasyon analiz sonuglari
Table 6. Correlation analysis results

Sicaklik CO %0 pH EC Debi PO4 TP NH4 NO2 NOs TN TOC
Sicakhik -
co -0,3472 -
%02 0,1944 0,7890 -
pH 0,5669 -0,3191 -0,1050 -
EC -0,1943 -0,0890 -0,2670 0,2621 -
Debi 0,4775 -0,1997 0,0309 0,5123 0,5631 -
PO4 0,2004 -0,3662 -0,3048 0,5309 10,7175 0,6407 -
TP 0,2357 -0,3663 -0,2956 0,5767 0,7170 0,6016 0,9845 -
NH4 0,4116 -0,4410 -0,2963 10,6901 0,6313 0,6274 0,8784 0,9091 -
NO2 0,6319 -0,5251 -0,2304 0,7418 0,4318 0,6823 0,7977 0,8269 0,9085 -
NO3 0,5542 -0,4805 -0,2544 10,7932 10,5583 0,6803 0,8243 0,8637 0,9605 0,9248 -
TN 0,5144 -0,4723 -0,2696 0,7678 0,5858 0,6696 0,8482 0,8853 0,9810 0,9276 0,9962 -
TOC 0,4220 -0,4963 -0,3418 0,7479 0,5779 0,5737 0,8775 0,9270 0,9334 10,8902 0,9435 10,9484 -

Faktor sayisinin belirlenmesinde scree testi
uygulanmis olup bu testte yatay eksende faktorler,
dikey eksende aciklanan varyans (%) olan bir grafik
cizilmistir. Faktorlerin agikladigi varyanslar grafik
lizerinde isaretlenmis ve Dbirer dogru ile

birlestirilmistir. Sonucta ¢ikan sekilde egimin ¢ok az
degistigi bolge, dikkate alinmasi gereken faktor
sayisinin siirini gostermistir. (Sekil 11).

Dondiirtilmiig faktor matriksi sonuglari ve bilesen
yiikleri Tablo 7 ve Sekil 12°de sunulmustur.
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Ozdeger
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Sekil 11. Faktorlerin Agikladigi Varyanst Gosteren Scree Egrisi
Figure 11. Results of the Scree Curve Showing the Variance Explained by the Factors

Tablo 7. Dondiiriilmiis faktér matriksi sonuglari
Table 7. Rotated factor matrix results

Faktorler

1 2 3
TN 0,986
NO3 0,980 0,105
NH4 0,970
TOC 0,966
NO; 0,962 0,111 -0,119
TP 0,924 -0,143 0,241
PO4 0,900 -0,156 0,271
pH 0,756 0,319 -0,179
Debi 0,708 0,276 0,231
EC 0,628 -0,364 0,598
Saturasyon -0,327 0,818 0,426
Sicaklik 0,481 0,681 -0,484
Oksijen -0,515 0,409 0,703
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Sekil 12. Dondiiriilmiis faktor matriksinin bilesen yiikleri
Figure 12. Component loads of the rotated factor matrix
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Yukaridaki faktor analizi sonuglarina bakilacak
olursa 1. ve 2. kiimeden farkli olarak 3. Kiime
ayrigmaktadir. Yapilan istatistiki testlerde 1. ve 2.
istasyon ile 3. ve 4. istasyonlar arasinda 6zellikle azot
ve fosfor parametreleri agisindan anlamli bir fark
oldugunu ortaya koymustur. Bu durum alabalik
tesislerinin  dere iizerine etkilerinin hissedilir
oldugunu gostermektedir.

Goksu Cayi tizerinde tespit edilen istasyonlarin,
su  kalitelerine  gore  smiflandirilabilmeleri
i¢in kiimeleme analizi kullanilmagtir.
Goksu Cayi’nda tespit edilen tiim fiziko-kimyasal

verileri kullanilarak yapilan Kiimeleme Analizi (CA)
sonuglarina gore, toplam 4 kiime tespit edilmistir.
CA diyagrami Sekil 6’da verilmistir. Géksu Cay1
kaynak bolgesi (1.ist) 1. Kiime ve asagi bolgede
yer alan Yazili Kanyon (2.ist.) iStasyonunu
iceren noktada 2. Kiime olarak isimlendirilmistir.
Baraj Girigs bolgesi 3. Kiime ve tesislerden
sonraki belirlenen istasyon olan Candir K6prii ise 4.
Kiime olarak isimlendirilmistir. Tesislerden gelen
yiklerin nehre girmesiyle kirlilik agisindan
“Etkilenmis  Bolgeler” olarak  goriilmektedir
(Sekil 13 ve Sekil 14).

Sekil 13. Kiimeleme (Cluster) analiz (CA) sonuglar1
Figure 13. Cluster analysis (CA) results
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Sekil 14. Kiimeleme (Cluster) analiz (CA) grafigi
Figure 14. Cluster analysis (CA) graph
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Tesislerin Goksu Cay1 Uzerine Tahmini Azot
ve Fosfor Yiikiiniin Hesaplanmasi

Bu amacgla toplam balik iiretim miktarlari,
yemin ete donilisiim orani, toplam tiiketilen yem
miktar1 ve kullamlan yemin fosfor igerigi dikkate
almarak tesislerin azot ve fosfor yiikleri, kg N/ton
balik, kg N/ton yem, kg P/ton balik ve kg P/ton yem

olarak hesaplanmustir (Tablo 8, Tablo 9, Tablo 10 ve
Tablo 11). Tesislerin yillik iiretim miktar1 Balik¢ilik
ve Su Uriinleri Genel Miidiirliigii’nden almmus olup,
yem donligim oranmi ve yem tiiketim miktarinin
hesaplanmasinda tesislerin beyani1 ve aragtirmacilarin
gozlemleri, azot ve fosfor analiz sonuglar1 esas
alimusgtir.

Tablo 8. Dere tizerindeki tesislerin {iretim miktari, yem tiiketimi, yemin azot igerigi ve yem doniigiim orani1 (FCR)

degerleri

Table 8. Production amount, feed consumption, nitrogen content of feed and feed conversion ratio (FCR) values of

the facilities on the stream.

Uretilen Tiiketilen Yem Yemin Yemle Balikla Sisteme giren
bahk yem miktar1  doniisiim azot gelen uzaklastirilan azot yiikii
miktari (kg/yil) orani icerigi azot azot miktari
(kg/yil) (%) girdisi
Goksu 578 000 693 600 1,2 8,0 55 488 14 797 40 691
Cay
Uretilen Tiiketilen Yem Yemin Yemle Balikla Sisteme giren
yavru yem miktar1  doniisiim azot gelen uzaklastirilan azot yiikii
bahk (kg/y1l) orani icerigi azot azot miktari
miktari (%) girdisi
(adet/y1l)
Goksu 58 000 000 696 000 1,2 8,0 55 680 14 848 40 832
Cay
TOPLAM 1389 600 1,2 8,0 111 168 29 645 81 523
Tablo 9. Gokkusagi alabaligi tesislerinin biraktiklar1 tahmini azot yiiki
Table 9. Estimated nitrogen load of rainbow trout plants
Azot yiikii"
kg N/tesis kg N/ ton yem Kg N/ ton balik
Porsiyonluk Uretim 14 797 21,33 25,60
Yavru Uretim 14 848 21,34 25,61
Toplam/Ortalama 29 645 21,34 25,61

* 1 Alabaligin kuru madde orami %25, N igerigi ise %8 /kuru madde olarak alinmistir ( Boyd ve Queiroz, 2001)
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Tablo 10. Dere iizerindeki tesislerin tiretim miktar1, yem tiiketimi, yemin fosfor i¢erigi ve yem doniigiim orani (FCR)

degerleri

Table 10. Production amount, feed consumption, phosphorus content of feed and feed conversion ratio (FCR) values of

the facilities on the stream

Uretilen Tiiketilen Yem Yemin Yemle Balikla Sisteme
balik yem miktar1  doniisiim  ortalama gelen uzaklastirilan giren
miktari (kg/yil) orani fosfor tahmini  tahmini fosfor tahmini
(kg/yil) icerigi fosfor miktari fosfor
(%) girdisi yiikii
Goksu Cay1 578 000 693 600 1,2 1 6 936 2642 4294
Uretilen Tiiketilen Yem Yemin Yemle Balikla Sisteme
yavru yem miktar1  doniisiim  ortalama gelen uzaklastirilan giren
bahik (kg/y1l) orani fosfor tahmini  tahmini fosfor tahmini
miktari icerigi fosfor miktari fosfor
(adet/y1l) (%) girdisi yiikii
Goksu Cayr 58 000 000 696 000 1,2 1 6 960 4 640 2320
TOPLAM 1389 600 1,2 1 13 896 5293 8 603
Tablo 11. Gokkusagi alabaligi tesislerinin biraktiklar: tahmini fosfor yiikii
Table 11. Estimated phosphorus load of rainbow trout plants
Tesis Fosfor yiikii*
kg P/tesis kg P/ ton yem Kg P/ ton balik
Porsiyonluk Uretim 3083 4,44 5,31
Yavru Uretim 3093 4,45 5,33
Toplam/Ortalama 6176 4,45 5,32

*: Alabaligin kuru madde oram %25, P igerigi ise %3,2/kuru madde olarak alinmistir ( Boyd ve Queiroz 2001)

Tartisma ve Sonug¢

Goksu Cayi iizerinde faaliyet gosteren gokkusagi
alabalig1 tesislerinin de etkilerinin izlendigi bu
arastirma da tesislerin bulundugu alandan alinan
ornek sularinin niteligi bircok parametre bakimimdan
literatiirde belirtilen degerin altindadir. Ozellikle su
sicakligl, ¢Oziinmiis oksijen, saturasyon, EC, pH,
nitrat gibi parametreler diinyada alabalik tesislerinin
etkilerinin degerlendirildigi standartlarin altinda olup
dere ve baraj golii ekosistemine canlilarinin yagamini
tehlikeye sokacak diizeyde olmamakla birlikte
tesislerde gerek 1 ton balik iiretimi basina diisen
gerekse kullanilan her ton yem bagina diisen ve alici
ortama birakilan fosfor yiki, bircok iilkedeki
alabalik igletmesinin fosfor yiikiiniin {iizerinde
bulunmustur.

Incelenen tesislerde yem déniisiim oram (FCR)
ortalama 1,2’dir. Bununla birlikte FCR’mn diisiik
olmasina ragmen fosfor yiikiiniin yiiksek ¢ikmasi
kullanilan yemlerdeki fosfor iceriginden

kaynaklanmaktadir. Bu nedenle protein ve fosfor
igerigi diisiik, sindirilebilirligi yiiksek ve daha az
organik yiiklemeye (kirlenmeye) yol agan yemlerin
kullanilmas1 ile tesislerin fosfor yiikii daha
azaltilabilecektir.

Arastirmalarda elde edilen bulgular, gokkusagi
alabaligr  yetistiriciliginin ~ yapildig1  i¢sularda
yetistiriciligin ~ stirdiiriilebilirligini  saglamak ve
yetistiriciligin etkisini minimuma indirmek agisindan
ekstrude yem kullaniminin daha da
yayginlastirilmasi, yeni yemleme teknolojilerinin
kullanilmas1 katki saglayacaktir (Asir ve Pulatsii
2008).

Su irinleri yetistiriciliginin baglica cevresel
etkileri kapsaminda su kaynaklarimin kullanicilari
arasinda ortaya ¢ikan sorunlar, su kaynaklarinin
hidrolojik rejimlerinde meydana gelen degismeler,
egzotik tlirlerin dogaya karigmasi ve su kaynaklarmin
kirlenmesi olarak siniflandirilmaktadir (Midlen ve
Redding 1998). Yetistiricilikten kaynaklanan mevcut
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etkinin su kaynaklarinin kirlenmesindeki roliinii
bilebilmek adina Oncelikle yetistiricilik-cevre
etkilesiminin boyutunun belirlenmesi ve diger
sektorler ile karsilastirilmas1 daha saglikli yorumlar
getirmek adina yararl olacaktir.

Tesislerden azot ve fosfor, baliklar tarafindan
yenemeden su ortamina karigsan yemlerden, yem
icerigindeki N ve P’un balik tarafindan
sindirilemeyen boliimiiniin diski olarak atilmasi veya
sindirilebilir N ve P miktarinin baligin ihtiyacindan
daha fazla miktarda olmasi nedeni ile atik olarak suya
verilmesi gibi sebeplerden kaynaklanmaktadir. N ve
P’un su ortaminda artis1 alg populasyonlarinin
artisina ve buna bagli olarak 6trofikasyon gibi gesitli
su kalitesi problemlerinin olugsmasina sebep
olmaktadir.

Ulkemizdeki kuruyan ve alani daralan géller ve
sulak alanlar g6z oOniinde bulunduruldugunda su
kaynaklariin siirdiiriilebilir kullanimi ve su {irtinleri
yetistiriciliginin devamlili§i adina sucul sistemlerde
koruma ve izleme programlar1 ile yOnetim
stratejilerinin zorunlu oldugu aciktir. Bu alanda
yapilan bir¢ok bilimsel ¢alisma mevcutken yasal
diizenlemelere  de  ihtiyag  oldugu  agik¢a
goriilmektedir (Yavuzcan vd. 2010).

Yetistiricilik ~ tesislerinin  etkilerine  dair
caligmalara bakildiginda Bulut vd. (2010a),
Karanfillicay Deresi iizerinde gerceklestirdikleri
caligma sonucunda debi ve sicaklik degisimleri hari¢
su kalitesi acisindan  akuakiiltiirii  olumsuz
etkileyecek bir durum olmadigini yaz aylarinda
debinin azalmasi ile birlikte su sicakligindaki artig
porsiyonluk alabalik iiretim kapasitesini
sinirlandirdigini bununla birlikte dere {izerine yavru
alabalik treten kismi isletmeler kurularak iiretim
kapasitesi  6nemli  Olgiide  arttirilabilecegini
bildirmislerdir. Bulut vd. (2012a) Burdur Kestel
Deresi tizerinde kurulu alabalik tesislerinin etkilerini
inceledikleri galismada 2. istasyonda su kalitesinin
belirgin bigimde azaldigini, Ozellikle azotlu
bilesiklerin artig goOsterdigini; nitrit degerleri
acisindan III. smif su kalitesine sahip oldugunu
bildirmislerdir. Yine Bulut vd. (2012b), Denizli
sinirlart iginde yer alan Akpinar Deresi lizerinde
gergeklestirdikleri  c¢aligmada  organik  kirlilik
kaynakli olan parametrelerin tesislerden sonra
yliksek olmasinin balik diski ve yem atiklarinin
dogrudan dereye verilmesinden kaynaklandigini
daha saglikli iiretim igin; ¢oOkeltme havuzlarinin
amacina uygun kullaniminm saglanmasi gerektigini
bildirmiglerdir. Bulut vd. (2012¢), Candir Goksu
Cay1’nda 2008 yilinda yaptiklari calismada alabalik
yetistiriciligi tesislerinin etkilerinin sinirl oldugunu
bununla birlikte tesislerin atiklarinin  kesinlikle
akarsuya verilmemesi gerektigini bildirmislerdir.

Cok degiskenli analiz sistemlerinin
gergeklestirildigi ¢alismalara bakildiginda ise Bulut
vd. (2010b), Uluabat Golii'nde kiimeleme analizi, ana
bilesenler analizi ve faktdor analizi kullanarak
degerlendirdikleri c¢alisma sonucunda kiimeleme
analizinin, Uluabat Goli'nde farkli fizikokimyasal
ozellikleri ve kirlilik  diizeylerini  yansitan
istasyonlar arasindaki benzerlikleri iki farkli
kiime seklinde ortaya cikardigini; veri kiimesinde
toplam degisimin % 100'iinii agiklayan iki potansiyel
faktor  belirlediklerini; ilk  faktoriin  toplam
degisimin% 58,70"ni agikladigint (evsel-tarimsal
drenaj faktorii), ikinci faktoriin ise toplam
degisimin% 41,301 agikladigini (nutrient faktor) ve
Uluabat Golii'niin daha ziyade evsel ve tarimsal
faktorler tarafindan kirletildigini tespit ettiklerini
bildirmislerdir. Roman vd. (2003), Puerto Rico’da 15
havza i¢in mevcut su kalitesi verileri lizerinde ¢ok
degiskenli istatistiksel analizler uyguladiklari
calisma sonucunda faktér analizi ile parametre
azaltmasi yapilarak toplam varyansin %77 sini
aciklayan 6 faktor belirlediklerini ve kiimeleme
analizi ile benzer su kalitesi Ozelliklerine gore
havzalarin kiimelendigini bildirmislerdir.
Boyacioglu ve Boyacioglu (2005), Biiyitk Menderes
havzasina ait 19 istasyondan aldiklar1 9 parametreye
faktor analizi uyguladiklar1 calisma sonucunda,
toplam varyansin yaklagik %85’inin 2 faktor
tarafindan agiklandigimi bildirmislerdir. Bulut vd.
(2012d), Civril Golii’nii faktor analizi kullanarak
inceledikleri ¢alismada analizi sonucunda tim
istasyonlarda veri kiimesinde toplam varyansin
%]100’ini  agiklayan ii¢  potansiyel  faktor
belirlendigini, ilk faktoriin toplam varyansin
% 58,98’1ni, ikinci faktoriin % 21,51’ini ve lgiinci
faktoriin ise % 19,50’sini agikladigini bildirmislerdir.

Pulatsii vd. (2003), Boziyiik Karasu deresi
tizerindeki alabalik tesislerinin g¢evresel etkilerini
belirlemek {izere gergeklestirdikleri calismada
tesislerin ¢ikis sularindaki ¢6ziinmiis oksijen, pH,
amonyak, nitrit ve nitrat diizeylerinin farkl iilkelerde
alabalik isletmeleri igin Ongoriilen standart ve
sinirlarin igerisinde yer aldigini bununla birlikte alict
ortama birakilan ve bir ton balik iiretimi i¢in liretimi
icin kullanilan bir ton yem basina diisen fosfor
yiikiiniin 9,38 kg P/ ton balik ve 8,09 kg P/ ton yem
olarak saptandiginm bildirmislerdir.

Ulkemizde iiretim miktarlar1 her gecen giin artan
karada kurulu su {irlinleri isletmelerinin ¢ikis sulari,
otrofikasyona yol acan 6zellikle fosfat ve nitrat gibi
besin elementleri ile oksijen dengesi {iizerinde
istenmeyen etkiye sahip maddeleri igermesi
nedeniyle, ¢evre bazinda alici ortamlar agisindan
Oonem tagimaktadir (Yavuzcan vd. 2010). Fosfor, su
ortamlarinda, karmasik kimyasal ve biyokimyasal
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dengeleri olan 6nemli bir besin elementidir (Pulatsii
vd. 2003).

Sonug olarak; Isparta Goksu Cay1 tizerindeki
isletmelerin fizikokimyasal incelemeleri sonuncunda
alabalik {iretimine bagli olarak ¢esitli etkilerin oldugu
gorlilmektedir. Bu nedenle su kaynaklarinin
stirdirilebilirligi acisindan alabalik igletmelerinin
atiklarim1 kesinlikle dereye vermemeleri ve kaliteli
yemleme ile cevreye duyarli iiretim yapmalari
gerektigi belirlenmistir.
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Arastirmalar Genel Miidiirligi niin
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Ladik ve Simenlik Gélleri’nde Yasayan Turna Bahginin Otolit Biyometrisi ve Sekil Analizleri Kullamlarak Stok
Ayrimlari

Oz: Bu ¢alisma, Ladik ve Simenlik Golleri’nden drneklenmis ve ekonomik degeri oldukga yiiksek olan turna baliginin (Esox lucius)
total boyu ve otolit 6zellikleri arasindaki iligkileri incelemek ve otolit sekil indeks degerlerini saptamak i¢in gergeklestirilmistir.
Toplamda 140 6rnek (Ladik Golii: 82 birey, Simenlik Golii: 58 birey) drneklenmistir. Otolit eni, boyu, ¢evresi ve alan1 goriintii
analiz programu ile belirlenmigtir. Otolit dl¢limleri ve balik total boyu arasindaki iliskinin belirlenmesinde dogrusal ve dogrusal
olmayan iliskilerden faydalanilmistir. Otolit sekil analizleri i¢in Sekil Faktorii, Yuvarlaklik, Dairesellik, Dikdortgensellik, En-Boy
Orani ve Eliptiklik parametreleri kullanilmigtir. Her iki lokalite i¢in de otolit dl¢limleri ve balik boyu arasindaki iligkilerde otolit
boyunun en yiiksek r? degerine sahip oldugu bulunmustur (Ladik Golii r=0,949, Simenlik Gélii r?=0,914). Otolit sekil indeksleri
otolit dlglimleri kullanilarak hesaplanmigtir. Sekil indekslerinin lokaliteler arasinda karsilastirma sonuglarina goére, Yuvarlaklik,
Eliptiklik ve En-Boy Orani parametrelerinin 6nemli derecede farkli oldugu bulunmustur. Sonuglar, turna popiilasyonlarinin ayrim
icin otolit sekil indekslerinin kullanigh bir ara¢ oldugunu belirtmektedir.
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conditions, but in terms of development stages; itis a
mesothermal piscivore species that prefers shallow,
moderately  productive,  mesotrophic-eutrophic

Introduction
Northern pike (Esox lucius) is a species of
significant importance to both commercial and

recreational fisheries with a wide range of
distribution from arctic to subtropical waters.
E. lucius can tolerate a wide variety of environmental

freshwater environments (Casselman 1996).
Northern pike is considered as a top predator in
the food web in most freshwater ecosystems (Soupir
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et al. 2000). And also, cannibalism occurs in both the
early developmental stages of pike and adult fish,
most instances of cannibalistic behavior refer to the
consumption of larvae or juvenile individuals
(Pereira et al. 2017). Pike can regulate the
populations of prey species in its ecosystem, as well
as its own population due to high cannibalistic
behavior (Sharma and Borgstrem 2008; Harvey
2009). In addition, stocking of pike is used in bio-
manipulation experiments as an indirect tool to
reduce the eutrophication process (Prejs et al. 1997).
Because of all these features, the pike has been the
subject of many different studies such as migration
(Karas and Lehtonen 1993), feeding biology
(Yazicioglu et al. 2018), otolith chemical studies
(Stanczak et al. 2017; Moller et al. 2019), ecology
(Craig 2008) and genetic (Nordahl et al. 2019; Sunde
et al. 2020).

Otoliths, a true biological and environmental
archive of fishes, are one of the most preferred
methods in stock separation studies, especially being
species specific and can reflect phenotypic plasticity.
The otoliths  facilitate  reconstruction  of
environmental parameters (temperature, salinity) and
life history traits of fish (age, growth, reproduction,
and migration) (Radhakrishan et al. 2009). The
otoliths record the life history features of the
individuals (age, chemical elements, reproduction,
etc.) and have been described as a “flight recorder”
of fish (Lecomte-Finiger 1992). They are considered
as valuable markers for distinguishing different fish
populations (Tuset et al. 2003; Petursdottir et al.
2006; Zengin et al. 2015; Renan et al. 2016;
Avigliano et al. 2019; Mah¢ et al. 2019; Vu and
Kartavtsev 2020; Labidi et al. 2020; Ghanbarifardi
and Zarei 2021; Chen et al. 2021). It is critical to
determine the phenotypic variations produced by
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environmental influences in fisheries management
and biology. At this point, because of being species-
specific, otolith shape and morphometry have been
used as a natural marker and a useful tool for the
identification of fish stocks (Tracey et al. 2006).
However, the analysis of otoliths retrieved from the
stomachs or feces of piscivorous predators can be
used to provide information on the type, size, mass,
and energetic content of their fish prey (Morley and
Belchier 2002). Fish size-otolith  biometry
relationships have several benefits in estimating the
size of the prey. Fish size and/or weight can be
functionally related to an appropriate otolith
measurement (length, width, or weight) and the
resulting relationships can subsequently be used for
size estimation (Battaglia et al. 2010; Yilmaz et al.
2015; Mehanna et al. 2016; Bostanci et al. 2017;
Saygin et al. 2017; Yazicioglu et al. 2017; Ozpicak
2020; Fey and Greszkiewicz 2021; Osman et al.
2021).

The aim of this study is (i) to examine
morphological variations and shape analyses in
sagittal otoliths, (ii) to reveal relationships between
total length and otolith measurements, and determine
the intraspecies variation in populations of E. lucius,
sampled from Lakes Simenlik and Ladik, Turkey.

Materials and Methods

Study Area and Sampling

Esox lucius samples were obtained from
fishermen between March 2017-February 2018 in
Lake Ladik, and between February 2017-November
2017 from Lake Simenlik (Figure 1). Specimens
were measured to the nearest 0.1 cm for total length
(TL) and weighted to the nearest 0.01g. The sex was
determined by macroscopic examination of the
gonads.

BLACK SEA

Figure 1. The map of Lakes Simenlik and Ladik
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Otolith Preparation and Statistical Analysis

Sagittal otoliths were removed by making left and
right distinctions. Otoliths were removed through a
cut in the cranium, then cleaned with ethanol and
stored dry. All otolith pairs were weighted with
Precisa scales (OW) (+£0.0001 g). All otoliths were
photographed on the distal side with a Leica DFC295
digital camera. Otolith height (OH), length (OL),
perimeter (OP), and area (OA) (£0.001 mm) were

Dorsal

Anterior

Ventral

LEFT

Posterior

determined by Imaging Software. Otolith shape
indices such as aspect ratio, roundness, circularity,
rectangularity, ellipticity, and form factor were
calculated using the following formulas; roundness
(RO) = (404)/(wOL?); circularity (C) = (OP?/OA);
form factor (FF) = (4204)/OP?); ellipticity (E) =
(OL — OH)/ (OL + OH); rectangularity (REC) =
(OA/(OL x OH) and aspect ratio (AR) = (OL/OH)
(Tuset et al. 2003; Ponton 2006) (Figure 2).

Otolith Area

el )

Figure 2. Sagittal otolith pairs of Esox lucius (OH: Otolith Height, OL: Otolith Length)

Linear (y= a+bx) and nonlinear (power) models
(y=ax"), where y is otolith measurement and x is fish
length) were applied to estimate the relationships
between the otolith morphometrics and TL: The
parameters a and b were estimated through the linear
regression analysis based on logarithms, log Y = log
a+Dblog X (Zar 1999).

Result

A total of 140 individuals were sampled
from Lake Ladik (N, 82; min-max,
33.0-74.0; Mean+SD, 42.83+8.87 c¢m TL) and
Lake Simenlik (N=58; min-max, 28.5-58.1;
Mean£SD, 41.60+7.72 cm TL). Descriptive statistics
of sagittal otoliths were offered in Table 1 for both
localities. According to left and right otoliths
comparisons, there were no differences in terms of
otolith characteristics for Ladik Lake samples but
there were differences in OL for Simenlik samples

(P<0.05). However, there were statistically
differences in terms of OL, OH, and OA in Lake
Ladik and also OP in Lake Simenlik between males
and females (P<0.05).

As a result of the comparison analyzes
performed, right otoliths were preferred in the
measurements where there was no significant
difference between the right and left otolith
measurements of both samples. In addition, shape
indices were calculated according to sex (Table 2).
According to analysis there were no statistically
significant differences between right and left otolith
pairs in terms of shape indices (P>0.05).

The otolith shape indies of all individuals
belonging to the Ladik Lake and Simenlik Lake
samples were determined whether there was a
significant difference in the otolith shape of
the individuals sampled from these two localities
(Figure 3).
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Table 1. Descriptive statistics of sagittal otoliths according to localities (OL: Otolith Length, OH: Otolith Height, OW: Otolith Weight, OP: Otolith Perimeter, OA:
Otolith Area, R: Right, L: Left)

SEX Variable/Locality Ladik Lake Simenlik Lake
Q Mean+SD Minimum Maximum Mean+SD Minimum Maximum
oL R 6.524+1.34 5.216 10.024 6.551+1.079 4.740 8.758
L 6.503+1.30 5.197 9.698 6.489+1.175 4.294 9.098
OH R 3.178+0.56 2.533 4.630 3.087+0.487 2.189 4.004
L 3.190+0.59 2.552 4.754 3.071+0.502 2.223 4.086
ow R 0.0162+0.01 0.008 0.045 0.0184+0.01 0.006 0.039
L 0.0163+0.01 0.008 0.048 0.0183+0.01 0.005 0.040
OoP R 19.513+4.00 14.919 30.351 19.245+3.086 14.036 25.660
L 19.370+4.02 15.161 30.603 18.872+3.257  12.457 25.479
OA R 13.390+5.50 8.531 28.499 12.911+4.304  6.127 21.767
L 13.321+5.58 8.378 29.610 12.814+4.463  6.024 22.873
a oL R 5.942+0.841 5.066 8.527 6.056+0.855 4.443 7.937
L 5.920+0.852 4.976 8.575 6.019+0.895 4.443 8.058
OH R 2.921+0.395 2.514 4.014 2.938+0.453 2.164 4.034
L 2.925+0.401 2.512 4.116 2.943+0.441 2.141 3.991
ow R 0.0130+0.006 0.00810 0.033 0.0165+0.009  0.006 0.044
L 0.0130+0.006 0.00800 0.033 0.0166+0.009  0.006 0.049
OP R 17.447+2.49 14.062 24475 17.390+2.610 12.415 23.265
L 17.551£2.53 14.251 24.182 17.503+£2.716  12.341 23.144
OA R 11.156+3.38 8.285 21.224 11.617+£3.437  5.848 20.269
L 11.163+£3.45 7.872 21.570 11.517+3.618 5.810 21.081
Q+3 oL R 6.219+1.135 5.066 10.024 6.303+0.997 4.443 8.758
L 6.198+1.121 4976 9.698 6.254+1.062 4.294 9.098
OH R 3.043+0.497 2.514 4.630 3.012+0.472 2.164 4.034
L 3.051+0.511 2.512 4.754 3.007+0.473 2.141 4.086
ow R 0.0146+0.008 0.008 0.045 0.0174+0.009  0.006 0.044
L 0.0145+0.009 0.008 0.048 0.0175+0.01 0.005 0.049
OoP R 18.430+3.43 14.062 30.351 18.31842.983  12.415 25.660
L 18.416+3.43 14.251 30.603 18.187+3.051  12.341 25.479
OA R 12.219+4.63 8.285 28.499 12.26443.915  5.848 21.767
L 12.189+4.69 7.872 29.610 12.165+4.079  5.810 22.873
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Table 2. Descriptive statistics of otolith shape indices of Ladik Lake and Simenlik Lake according to sex (FF: Form Factor, RO: Roundness, C: Circularity, REC:
Rectangularity, E: Ellipticity, AR: Aspect Ratio)

Sex Ladik Lake Simenlik Lake
Shape Indices Mean SE Min Max Mean SE Min Max
Q FF 0.432 0.006 0.367 0.489 0.429 0.008 0.342 0.519
RO 0.390 0.004 0.338 0.434 0.374 0.003 0.347 0.410
C 29.319 0.396 25.705 34.264 29.594 0.544 24.232 36.796
REC 6.500 0.399 4.143 13.795 6.081 0.371 2.830 10.077
E 0.343 0.003 0.310 0.395 0.359 0.003 0.319 0.396
AR 2.047 0.015 1.897 2.308 2.122 0.016 1.935 2.310
3 FF 0.454 0.005 0.380 0.538 0.475 0.009 0.389 0.630
RO 0.395 0.002 0.361 0.424 0.395 0.003 0.355 0.436
C 27.841 0.323 23.379 33.039 26.671 0.449 19.931 32.335
REC 5.483 0.249 4.119 10.305 5.649 0.329 2.848 10.302
E 0.340 0.002 0.302 0.368 0.347 0.003 0.316 0.389
AR 2.034 0.010 1.866 2.167 2.066 0.014 1.922 2.272
Q+J3 FF 0.443 0.004 0.367 0.538 0.452 0.006 0.342 0.630
RO 0.393 0.002 0.338 0.434 0.384 0.003 0.347 0.436
C 28.544 0.265 23.379 34.264 28.132 0.399 19.931 36.796
REC 5.967 0.236 4.119 13.795 5.865 0.247 2.830 10.302
E 0.342 0.002 0.302 0.395 0.353 0.002 0.316 0.396
AR 2.040 0.009 1.866 2.308 2.094 0.011 1.922 2.310
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LAKE LADIK

LAKE SIMENLIK

-
“

Figure 3. Otolith morphological development according to TL: (a) 34.6 cm, (b) 41.1 cm, (c) 48.4 cm, (d) 57.7 cm, (e)
68.2 cm, (f) 74.0 cm, (g) 28.5 cm, (h) 34.6 cm, (1) 40.9 cm, (j) 48.5 cm, (k) 57.8 cm

As a result of the shape index comparisons, it was
determined that there was a significant difference
between the two localities in terms of roundness,
ellipticity, and aspect ratio (P<0.05). There is no
significant difference in terms of form factor,
circularity, and rectangularity (P>0.05).

However, in the otolith measurements with
differences, relationships were determined for both

otolith pairs. Relationships between TL and
otolith characteristics were determined using both
power and linear regression equations and the best fit
was obtained among TL and OL for Ladik (r?> 0.949)
and Simenlik Lakes (r* > 0.914) (Table 3). In
addition, all the relationships between otolith
characteristics and TL were found statistically
important (P<0.001).
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Table 3. Relationships between otolith parameters and total length according to localities

Relationship Variable/Locality Ladik Lake Simenlik Lake
Linear a b r? a b r?
oL R 0.879 0.125 0.949 1.174 0.123 0.911
L 0.787 0.131 0.912
OH 0.754 0.053 0.910 0.631 0.057 0.875
ow -0.023 0.001 0.886 -0.028 0.001 0.844
OP 2514 0.372 0.921 3.531 0.355 0.845
OA -9.339 0.503 0.931 -7.755 0.481 0.899
Power oL R 0.244 0.863 0.936 0.310 0.808 0.913
L 0.252 0.862 0.914
OH 0.169 0.770 0.899 0.161 0.786 0.876
ow 3.293E-006 2.215 0.882 1.074E-006 2.579 0.885
OoP 0.691 0.874 0.905 0.908 0.806 0.837
0.028 1.609 0.924 0.029 1.613 0.906

OA
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Discussion

Otoliths are considered as an invaluable source of
information for reconstructing a fish’s life cycle
(Campana and Thorrold 2001). In addition, otolith
morphology and shape analysis are often used for
stock discrimination (Begg and Brown 2000; Galley
et al. 2006; Legua et al. 2013; Bostanci and Yedier
2018; Ozpicak 2020; Bano and Serujiddin 2021;
Yedier 2021). However, the relationships between
length and otolith dimensions generate a baseline for
fish biology and fisheries research (Ozpicak 2020).
Because being otolith shape is species-specific, they
are widely used in several different studies, such as
species differentiation with otolith shape (Cardinale
et al. 2004), identifying fossil samples (Gierl and
Reichenbacher 2015) or dietary items in a stomach
content (Skeljo and Ferri 2012).

In this study otolith biometric measurements,
relationships between total length and otolith
dimensions, and shape index of E. lucius sampled
from Ladik and Simenlik lakes were determined. In
addition to, E. lucius populations were compared by
calculating the otolith shape indices for both
localities.

Otoliths morphometrics and total
relationships

Fish size-otolith size relationships will be useful
for researchers examining the food habits of
piscivores and the size of fish in archaeological
samples (Harvey et al. 2000). The relationships
between TL and otolith measurements of fish species
could provide info for the back-calculation of the fish
total length from otolith measurements (Zan et al.
2015).

The relationships between otolith measurements
of individuals sampled from two different lakes and
total fish length were determined. Both linear and
nonlinear regression models were used to determine
the relationships of the samples in both localities.
Linear and nonlinear functions are preferred to
describe relationships of otolith dimensions and fish
size. Generally, the nonlinear function was used in
otolith morphometrics and total length relationships
(Waessle et al. 2003; Saygin et al. 2017; Jawad et al.
2017; Kanjuh et al. 2018; Zengin Ozpicak et al. 2018;
Yilmaz et al. 2019; Saygin et al. 2020; Bulatovi¢ et
al. 2021). However, in Ladik Lake, the linear
regression model was found more stronger, and it
was determined that the nonlinear regression is more
useful in explaining the relationships between otolith
measurements and total length. Yazicioglu et al.
(2017) investigated otolith biometry-total length
relationships in the population of E. lucius from
Ladik Lake. They found a strong relationship
between the otolith length and total length (r>>0.89).
In this study, otolith morphometrics and total length

length

relationships were determined, and the best fit was
obtained among OL and TL for both localities (Ladik
Lake, r>>0.949; Simelik Lake, r>>0.914).

Relationships between fish size and otolith
morphometrics are a baseline for prey-predator
studies. Analyzing otoliths retrieved from the
stomachs or faeces of piscivorous predators can
provide information on the type, size, mass, and
energy content of their fish prey (Wigcaszek et al.
2020). E. lucius is an important recreational,
predator, and top-level piscivore. For this reason, it is
thought that the results of this study will also
contribute to the prey-predator relations. Also, this is
the first study about otolith morphometrics and the
total length relationships of E. lucius for Simenlik
Lake.

Otolith shape indices and stock discrimination

In this study, six different shape indices (form
factor, roundness, circularity, rectangularity,
ellipticity, aspect ratio) were calculated using the
sagittal otoliths of E. lucius belonging to the Ladik
and Simenlik Lake populations. This is the first study
about the otolith shape of E. lucius from different
lakes. Otolith properties are useful tools to identify
intra and interspecific relationships (Legua et al.
2013; Mapp et al. 2017; Saygin et al. 2020; Ozpicak
2020; Bano and Serujiddin 2021) and stock
discrimination (Begg and Brown 2000; Galley et al.
2006; Agiiera and Brophy 2011; Vieira et al. 2014;
Jemaa et al. 2015; Bacha et al. 2016; Afanasyev et al.
2017; Duncan et al. 2018; Zengin Ozpicak et al.
2018). In the literature, no other study on this subject
related to E. lucius could be found. When the otolith
shape indices of the Ladik and Simenlik Lake
samples were compared, the difference between the
shape index values of the otoliths in the two
populations of roundness (P<0.05), ellipticity
(P<0.001), and aspect ratio (P<0.001) was found to
be statistically significant. This showed that the two
populations could be distinguished according to their
roundness, ellipticity, and aspect ratio values.

In conclusion, considering the findings of this
study, it is evident that the sagittal otolith shape is
useful for the encouragement of further research on
verifying the role of the otolith in the identification,
discrimination, and taxonomy of fish. In the future,
various approaches such as genetic, the
microchemical of otoliths, or Fourier analyses are
necessary for understanding the use of otoliths as an
indicator of stock differentiation and prey-predator
relationships.
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Koronaviriis (COVID-19) Salgmmimmin Su Uriinleri Sektoriine Etkileri ve Su
Uriinlerine Bulasmasinin Onlenmesi I¢in Alinmasi Gereken Tedbirler
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6z MAKALE BiLGiSi

Bu derlemede koronaviriisiin su iiriinleri yetistiricilik, balikgilik ve gida isleme DERLEME MAKALESI

sektorlerine etkileri yaninda bu is yerlerinde bulagmalarin 6nlenmesi i¢in alinmasi Gelis -31.12.2020
gereken tedbirler incelenmistir. Koronaviriisiin igleme teknolojileri uygulamalarina
kars1 dayanimi, hijyen uygulamalari ve viriisiin elimine edilmesine yonelik gelistirilen Diizeltme  :16.11.2021
yenilik¢i  yontemlere de yer verilmigti. Bu kapsamda kontaminasyonu Kabul ©26.11.2021
engelleyebilecek antiviral ambalaj materyalleri gibi gelistirilmekte olan yeni teknik ve
yontemler ile taze veya islenmis halde tiiketilecek gida ve su fiiriinlerinin Yayim :26.08.2022

ambalajlanarak satisa sunulmasi ¢alismalari irdelenmistir. Taze ve islenmis su
tirlinlerinde koruma ve kontrol amagli denetimlerin gerekliligi ve stirekliligi {izerinde
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degerlendirmeler yapilmustir. Ayrica su {riinleri/gida alaninda giivenilir iiriin
yelpazesinin gelistirilmesi iizerine yapilacak calismalarin desteklenmesinin Gnemi
konusunda tartigilmistir.

Anahtar kelimeler: Koronaviriis, COVID-19, su iirlinleri, bulagma, hijyen

Effects of the Coronavirus (COVID-19) Epidemic on the Fisheries Industry and Preventive Measurements for
Seafood Against the Coronavirus Contamination

Abstract: In this review, the effects of Coronavirus on aquaculture, fisheries and food processing sectors, and the measurements to be taken
to prevent contamination in these workplaces were analysed. This study includes topics on the innovative methods developed for the
resistance of Coronavirus to the applications of processing technologies, hygiene applications and the elimination of the virus. In this
context, new techniques and methods were given, such as antiviral packaging materials that can prevent contamination. Furthermore, the
latest studies on the packaging of food and aquatic products for consumption in fresh or processed form have been examined. Evaluations
were made on the necessity and continuity of inspections for the protection and control of fresh and processed fishery products. In addition,
the importance of supporting studies on the development of a reliable product range in the aquaculture/food field was discussed.

Keywords: Coronavirus, COVID-19, fisheries, contamination, hygiene
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Giris

Cin’in Wuhan sehrinde 2019 yilmin aralik
ayinda ortaya c¢ikan koronaviriis (COVID-19)
hastaligi diinyada biiylik bir kiiresel salgina
doniiserek bir¢ok insanin 6liimiine neden olmustur
(Sagdigc vd. 2020). Diinya Saglik Orgiitii (WHO)
tarafindan 11 Subat 2020°’de COVID-19 salgin
hastalik olarak ilan edilmistir. 12 Kasim 2021 tarihi
itibariyle diinyada koronaviriisten onaylanmig vaka
sayisinin  toplam  251.788.329 oldugu, toplam
5.077.907 kisinin ise Olimiine neden oldugu
bildirilmigtir. Tiirkiye’ de ise 12 Kasim 2021
itibariyle onaylanmis vaka sayisinin  toplam
8.340.332 oldugu ve toplam 72.910 kisinin 6liimiine
neden oldugu bildirilmistir (WHO 2021).

Uludag ihracatci Birlikleri tarafindan hastaligin
diinyay1 ve lilkemizi saglik, ekonomi, sosyal hayat, is
hayati, egitim ve daha pek cok alanda olumsuz
etkiledigi belirtilmistir (Anonim 2020a). COVID-
19'un yayilmasini engellemek i¢in alinan dnlemlerin
(6rnegin; gida hizmetlerinin kapatilmasi, turizmin
durdurulmasi, ulasim hizmetlerinin azaltilmasi,
ticaret kisitlamalar1 vb.) hem i¢ hem de uluslararasi
tedarik zincirlerinde bozulmaya neden oldugu
bildirilmistir (FAO 2019). Ayrica salginin tiim
sektorlerde (tarim, gida, su drlinleri vs.) lretimin
aksamasina neden oldugu vurgulanmistir (Genkin ve
Mikheev 2020).

Salginin kiiresel 6lgekte birgok sektdrde olumsuz
etkilere de neden olacag: belirtilmektedir. Ornegin;
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baz1 bolgelerde ekim zamaninin ge¢mesi nedeniyle
iretimde meydana gelen azalmalarin tarimsal
irlinlerde  yetersizlige neden olacagi (Torun
Kayabagi 2020), COVID-19’un gida ve su {iriinleri
ticareti yapan iilkeler iizerinde de ekonomik agidan
olduk¢a biiyiik etki yaratabilecegi FAO (2019)
tarafindan bildirilmistir.

Yapilan c¢aligmalarda COVID-19’un gidalar
araciligl ile alinarak insanlarda hastaliga neden
olduguna dair kanit olmadigi, ancak gida
isletmelerinde ¢alisan koronaviriis tagiyan personelin
gidalar1 bulastirabilecegi {izerinde durulmaktadir
(Sagdic vd. 2020). Enfekte olmus kisiler araciligi ile
virlislin yilizeylere bulasarak yiizeyin 6zelligine bagh
olarak birka¢ saat veya gilin aktif kalabildigi
bildirilmektedir. Bu nedenle gida sektoriindeki
isyerlerinin “Iyi Hijyen Uygulamalarini” dikkatli bir
sekilde uygulanmasi  gerekmektedir.  Isletme
caligsanlarini COVID-19 hastaligindan korumak igin
ise takip sistemlerinin gelistirilmesi disinda verilecek
olan egitimlerle de kisilerde COVID-19’a karsi
farkindalik  yaratilmasinin =~ &nemli olacag1
vurgulanmaktadir (Anonim 2020b).

Bu derlemede koronaviriisiin insan sagligini
olumsuz yonde etkileyen ve Oliime neden olan
onemli bir viriis olmasi dolayisiyla COVID-19’un
tanimi, neden oldugu semptomlarin yaninda su
iirlinleri yetistiriciligi, avlama ve isleme sektorlerine
etkileri, isletmelerde bulagsmasinin Onlenmesi i¢in
almmasi gereken tedbirler lizerinde degerlendirmeler
yapilmistir. COVID-19’un isleme teknolojilerine
dayanimlar1 ve hijyen kurallarinin 6nemi, elimine
edilmesine yonelik gelistirilen yenilik¢i yontemler

iizerinde  durularak  farkindaligin  arttirilmast
amaglanmustir.

COVID-19 Tanmm ve Neden Oldugu
Semptomlar

Koronaviriislerin  (CoV) zararli, tek zincirli
pozitif RNA viriisleri olup, olduk¢a genis bir aile
oldugu belirtilmektedir. Insanlarda hastaliga sebep
olan 229E, 0OC43, NL63 ve HKUI tiirlerinin
genellikle hafif orta sgiddette solunum yolu
enfeksiyonlarina sebep oldugu bildirilmektedir. 2002
yilinda “siddetli akut solunum sendromu (SARS)”,
2012 yilimda “Orta Dogu Solunum Sendromu
(MERS)” etkeni olmak tizere iki koronaviriis tiiriiniin
ortaya ciktigr aciklanmistir. Son olarak da 2019
yilinda COVID-19 hastaligina neden olan SARS-
CoV-2 tanimlanmistir (Ciftgi ve Cokstier 2020).

Yapilan bir ¢aligmada insanlarin bademcik ve
bogazinda bulunan Haemophilus influenzaei tip B,
Staphylococcus aureus, Streptococcus pneumoniae
ve A grubu Streptococcus genusunun neden oldugu
enfeksiyonlarin insanlarda MERS-CoV hastaliginin
patojenik potansiyelini arttirdigi bildirilmistir (Lau

vd. 2016). Koronaviriis, bulagsmis kisilerde ates,
oOksiiriik (Guan vd. 2020), nefes darlig1 (Cascella vd.
2020; Young vd. 2020), ishal, yorgunluk, (Anonim
2020c), kusma, mide bulantisina (Zhang vd. 2020a)
neden oldugu bildirilmistir. Ayrica karin agrisi,
istahsizlik (Luo vd. 2020), gogiis, bas agrisi, kas
agrisi (Zhang vd. 2020b), burun akintisi, burun
tikaniklig1 (Sayin vd. 2020; Sedaghat vd. 2020) gibi
farkli belirtilerin de gorildiigii belirtilmektedir.
Goriilen bu semptomlarin yaninda koku (Netland vd.
2008; Giacomelli vd. 2020) ve tat kaybmna da
(Rokohl vd. 2020) neden oldugu vurgulanmaktadir.
COVID-19 enfeksiyonunun tedavisinde spesifik
antiviral ila¢ olmadigi, bu nedenle de tedavi
stratejisinin ~ daha ¢ok  destek tedavi ve
komplikasyonlarin  6nlenmesine ydnelik oldugu
belirtilmektedir (Ciftgi ve Coksiier 2020).

Toplumun biiyiik c¢ogunlugunda COVID-19
viriisiiniin gida kaynakli olarak insanlara gectigi
algist olusmustur. Ancak yapilan calismalarda
enfeksiyonunun kesin kaynaginin heniiz netlik
kazanmadigi belirtilmektedir. ik tespit edilen
konagin, Wuhan Deniz Uriinleri Toptan Satis
Pazari’'nda yasadis1 olarak satilan vahsi hayvanlar
oldugunu isaret edilmektedir. Hastaligin
baslangicindaki ilk kaynak olarak vahsi hayvanlar
oldugu dusiiniilmekle birlikte, viriisiin insandan
insana damlacik yoluyla ve temas yoluyla bulastigi
bildirilmektedir (WHO 2020). COVID-19’un
solunum yolu hastalig1 oldugu ve birincil bulasma
yolu olarak kigiden kisiye temas yoluyla veya enfekte
bir kisinin solunum damlaciklarina dogrudan temas
yoluyla oldugu belirtilmektedir. Solunum yolu
hastaliklarina neden olan viriislerin gida veya gida
ambalaj1 yoluyla bulastigina dair bir kanitin olmadigi
belirtilmektedir. Koronaviriisiin gidalarda
cogalamadiklar1 ve ¢ogalmasi i¢in canli bir hayvana
veya insana gereksinim duyduklari bildirilmektedir
(Tayar 2020).

Insanlarda hastalik olusturan viriislerin ¢ogunun
hayvan kaynakli oldugu ve zoonotik viriislerin genig
bir yayilma spektrumuna sahip olduklar1 ifade
edilmektedir. Ayrica bu virlislerin dogrudan veya
dolayl olarak ara konaklarla insanlara bulasabildigi
belirtilmektedir. Viriislere karsi gida endiistrisi
gerekli tedbirleri alarak gida yolu ile bulagma riskini
minimize edici uygulamalar1 devreye koyduklarini
ileri siirmektedirler (Rodriguez-Lazaro vd. 2012).

COVID-19’un Su Uriinleri Yetistiricilik ve
Balikcilik Sektoriine Etkileri

COVID-19 su tiriinleri yetistiricilik ve balik¢ilik
sektorlerini  de olumsuz etkilemistir. ~ Salgin
dolayisiyla bazi iilkeler tarafindan uygulanan ulagim
ve sinir kisitlamalart su T{riinlerinin ticaretinde
lojistik zorluklara yol agmustir. Ayrica, tirtinlerin ve
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personelin taginmasi ile ilgili kisitlamalar nedeniyle,
su lriinleri yetistiricilik endiistrisi {izerinde 06zel
etkileri olan bazi tohum, yem ve asilarin temin
edilmesinde sorunlar yagandigi bildirilmistir (FAO
2019). Pandeminin su iriinleri sektoriindeki tedarik
zincirlerini olumsuz etkiledigini ifade eden bir
caligmada salgin siirecinin insanliga; gida etigi ve
giivencesinin ~ ancak  sorumlu yetistiricilik
uygulamalar1 ile gerceklestirilebilecegini Ogrettigi
vurgulanmustir. Ayrica yerel iiretime 6nem verilmesi
konusu {izerinde durulmustur (Geng vd. 2020). Su
driinleri  yetistiriciliginde ~ satilamayan  canl
baliklardan kaynakli yliksek beslenme maliyetleri ve
balik kayiplarindaki risklere iligkin kanitlarin arttigi
bildirilmistir. Bu durum su {iriinleri yetistiriciligi igin
onemli bir problem olarak rapor edilmistir (FAO
2019).

COVID-19’un Su Uriinleri Isleme Sektoriine
Etkileri

Balik ve balik iiriinleri saglikl1 bir diyetin 6nemli
bir bileseni olup, tiiketim agisindan giivenli bir besin
maddesidir. Bazi iilkelerdeki yaniltici algilamalar,
pandemi siirecinde bu iriinlerin tiiketiminin
azalmasmma neden olmustur. Bununla birlikte,
koronaviriis su hayvanlarii (baliklar, siiriingenler,
amfibiler ve kabuklular ve yumusakcalar gibi
omurgasizlar) enfekte edemedigi, bu nedenle de bu
hayvanlarin COVID-19'un insanlara yayilmasinda
epidemiyolojik bir rol oynamadigi aciklanmistir
(FAO 2019). Tanrikul (2020) tarafindan haziran
ayinda Cin’in baskenti Pekin’de COVID-19
vakalarindaki artisinin sebebinin balik pazarindaki
ithal somon baliklarinin  kesildigi tahtalarin
oldugunun bildirildigi belirtilmistir. Bu nedenle
somon ithalatinm  yam  swra lokanta ve
siipermarketlerde somon satisinin yasaklandigin
bildirilmesi iizerine bu durumun iilkemizde de balik
tiketimini olumsuz yonde etkiledigi vurgulanmstir.
Ancak su riinlerinden bir hastalik vakasi
bildirilmedigi ve koronaviriis ile sucul organizmalar
arasinda bir iliski saptanmadigi vurgulanmistir
(Tanrikul 2020).

Viriislerin gida veya gida ambalaji, aveilik ve
yetistiricilikten gelen su iiriinleri yoluyla bulastigina
dair kesin bir kanit olmadig: belirtilmektedir. Ancak
hijyen kurallarina uyulmaksizin ve COVID-19 ile
enfekte kisiler tarafindan islenen su iiriinlerinin
kontamine olabilecegi agiklanmistir. Bu nedenle,
COVID-19'dan o6nce oldugu gibi, balik¢ilik ve su
iirtinlerini kontaminasyona kars1 korumak i¢in etkin
hijyen  kurallarmin  uygulanmas1  gerektigini
vurgulamanin 6nemli oldugu belirtilmektedir (FAO
2019).

COVID-19'un balikgilik ve su friinleri gida
sistemleri tlizerindeki etkileri uluslararasi ticarette

yiiksek oranda bagimli olan balik ve balik iirlinlerine
gelen erken kisitlamalar nedeniyle taze balik ve
kabuklu deniz iiriinlerinin tedarik zincirini ciddi bir
sekilde etkilenmistir (oteller, restoranlar ve hazir gida
temin tesisleri, okul ve is kantinler dahil) (FAO
2019).

COVID-19 salgininin gida endiistrisini biiyiik
olciide etkiledigi ve tiiketici-gida talep zincirini
degistigi yoniinde goriis belirtilmistir. Salginin ayrica
gida sektoriine olan ihtiyact arttirdig1 ve buna bagh
olarak da uzun siire saklanabilir, mikrobiyal agidan
risk icermeyen islenmis gidalara yonelimi arttirdigi
agiklanmistir (WHO 2020). Daha uzun raf dmriine
sahip konserve ve diger deniz liriinlerinin, tiiketiciler
tarafindan krizin baglangicinda panik seklinde
alimindan dolay1 konserve satiglarinda artig
saptandigt belirtilmistir (FAO 2019). Tarim ve
Orman Bakanligi Avrupa Birligi ve Dis Iliskiler
Genel Miidiirligi tarafindan da COVID-19
salgininin taze su tirlinlerinden ziyade daha uzun siire
dayanabilir olan konserve deniz riinlerinin
satiglarinin  artmasina yol ac¢tigi ifade edilmistir
(Anonim 2020d). Yapilan diger bir c¢aligmada
COVID-19’a  karsin  ozellikle  dondurulmus,
tiitsiilenmis ve konserve balik ihracatinda 2020
yilinda bir oOnceki yila gore artis saptandigi
belirtilmistir. Ornegin, Yunanistan, Cin ve Giiney
Kore’ye ihrag edilen canli, taze ve dondurulmus su
iirinlerinin (ahtapot, midye, kalamar, miirekkep
baligi, salyangoz) 2020 yilinda 2019 yilina gore
miktar olarak %58,59, dondurulmus ¢ipura, levrek,
ton baliklarinin %7,56, konserve su triinlerinin
%26,63, tiitsiilenmis, tuzlanmis, salamura edilmis ve
kurutulmus balik iiriinlerinin ise %7,24 oranlarinda
artig gosterdigi bildirilmistir (Can vd. 2020). Ancak,
diinyada tiiketilen baliklarmn %45'ini canli, taze veya
sogutulmus baliklarin olusturdugu bu {riinlerin
cabuk bozulabilir iirlinler olmasi dolayisiyla da ek
lojistik zorluklar1 beraberinde getirdigi iizerinde
durulmustur. Bu durumun ise COVID-19 6nlemleri
alan, 6nemli miktarda su iirlinleri ticareti yapan veya
gida giivenligini uygulayan llkeler tizerinde 6nemli
bir etkiye sahip olabilecegi bildirilmektedir. Bu
amagcla tilkelerin tedarik zincirini agik tutmasinin
kiiresel bir gida krizinden kaginmak icin esas oldugu
vurgulanmaktadir (FAO 2019). Bunun yani sira son
yillarda artan diinya niifusu ile sekillenen gida
sektoriiniin, gelecek yillarda da salginin diinya
capinda gosterdigi etkiye gore yeniden sekillenecegi
yoniinde goriisler oldugu belirtilmektedir (WHO
2020).

COVID-19’un isletmelerde Bulasmasmn
Onlenmesi icin Ahnmasi Gereken Tedbirler

COVID-19 gida kaynakli bir hastalik
olmamasimna ragmen, gidalarin COVID-19’un
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yayilimina aracilik edebildigi belirtilen bir caligmada
gidalarin mutlaka bol su ile yikanmasi gerektigi
bildirilmistir. Bunun yam sira gidalarin uygun
sicakliklarda pisirilmesi ~ gerektigi ve capraz
kontaminasyonun mutlaka Onlenmesi gerektigi
belirtilmistir. Ayrica gida isletmelerinde iyi hijyen
uygulamalarinin saglanarak ve personel hijyenine
dikkat edildigi takdirde COVID-19’un gidalara olan
kontaminasyonunun Onlenebildigi veya kontamine
gidada bu viriisiin inaktivasyonunun saglanabildigi
vurgulanmistir. Isletmelerde COVID-19’un
inhibisyonu amaciyla Etanol (>%70), NaClO (%0,1),
H>O, ve kuaterner amonyum bilesiklerininde
dezenfektan olarak kullanilabilecegi bildirilmistir
(Yiicel vd. 2020). Tarim ve Orman Bakanligi Su
Y O6netimi Genel Midiirligi tarafindan
koronaviriislerin sucul ortamda etkinligini ¢ok daha
hizli kaybettigi ve klor vb. dezenfektanlara karsi
koronaviriislerin direngsiz oldugu belirtilmektedir.
Dezenfeksiyon {initesi bulunmayan tesislerin ise
mutlaka uygun sekilde revize edilmesi gerektigi
aciklanmistir. Dolayisiyla kullanilmis sularin tekrar
kullanilmas1 durumunda ise mutlaka dezenfekte
edilerek kullanilmas1 gerektigi vurgulanmaktadir
(Anonim 2020e). Tarim Orman Bakanlig1 tarafindan
gida igletmelerinde COVID-19’a karsi alinmasi
gereken Onlemlerin arasinda; sosyal mesafe
kurallarina uyulmasi igin gerekli onlemlerin alinmasi
(calisanlar arasinda en az 2 metre olacak sekilde),
mutlaka maske kullaniminin saglanmasi gerektigini
belirtmistir. Ayrica ellerin sik sik sabunla en az 20
saniye ovalanarak yikanmasinin saglanmasi, hijyen
kurallarina uyulmasinin saglanmasi ve personele bu
konuda verilecek egitim sikliginin arttirilmasinin
onemi vurgulanmugtir. Isletmede yeterli sayida
dezenfektan bulundurulmasi ve isletmenin her giin
temizlik ve dezenfeksiyon islemlerinin yapilmasinin
saglanmasi, isletmelerde kisi sayisinin
sinirlandirilmasi ve koronaviriis belirtisi
gosterenlerin isletmede ¢aligtirillmamasi gibi uyarilar
yer almaktadir (Anonim 2020f).

COVID-19’un Isleme Teknolojilerine
Dayanim ve Hijyen Kurallarinin Onemi

Gida, gida paketleri ve gida isleyicileri yoluyla
COVID-19 bulagsmasi hastalik i¢in bir risk faktorii
olarak tanimlanmamistir (WHO 2020). Ancak
koronaviriisler gidalarda ¢ogalamadiklari; ¢ogalmast
icin genellikle sicakkanli bir hayvan veya insanin ev
sahipligi ~ yapmast  gerektigi  belirtilmektedir
(Shariatifar ve Molaee-aghaee 2019).
Koronaviriislerin 1s1l igleme direngli olmadiklari,
yani normal pigirme sicakliklarina (70°C) duyarli
olduklan belirtilmektedir. Bu nedenle ¢ig ya da az
pismis iriinlerin  tliketilmesinden kaginilmasi
gerektigi, ¢ig et, ¢ig siit veya ¢ig hayvansal doku ve

organlarin tiiketilmemesi gerektigi ayni zamanda
bunlarin pismis veya pismemis gidalar iletemasinin
(capraz kontaminasyonun) da onlenmesi gerektigi
bildirilmektedir. Viral hastaliklar s6z konusu
oldugunda mikrobiyal gelismenin tehlikeli olmadig1
ancak hedefin gidanin bulagsmadan korunmasi oldugu

iizerinde durulmaktadir. SARS-CoV-2’nin canl
kalma siiresini tespit i¢in arastirmalar halen
devamettigi belirtilerek, genel olarak korona

viriislerin donmus durumda c¢ok stabil olduklari
aciklanmistir (Bosch vd. 2018). SARS-CoV ve
MERS-CoV fiizerinde yapilan c¢aligmalar sicaklik,
nem ve 1s1k parametrelerinin kombinasyonuna bagli
olarak, bu virlislerin birka¢ giline kadar farkli
ylizeylerde canli kalabilecegini acikca
gostermektedir. Ornegin  MERS-CoV  susunun
buzdolab1 sicakliginda (4°C) 72 saate kadar canli
kalabildigi, diger koronaviriis suslarinin ise diisiik
sicaklik derecelerinde ve donma sicakliklarinda
stabil kaldig1 belirtilmesine karsin, viriislerin gidaya
bulagmasinin ancak hijyen ve gida giivenligi

uygulamalar1 ile engellenebilecegi bildirilmistir
(WHO 2020).
COVID-19’un Elimine Edilmesinde

Gelistirilen Yenilik¢i Yontemler

Koronaviriisiin potansiyel bir kontaminasyon
kaynag1 olarak hayvan etini vektor olarak kullandigi
ve bu sekilde gida olarak tiiketilmesiyle
dogurabilecegi sonuglarin ele alindigi bir arastirma
incelenmistir. Bu aragtirmaya goére dondurulmus
veya sogutulmus et {rlnlerinin tiiketiminin
giivenligiyle ilgili belirsizlik ve koronaviriisiin
hayatta kalmasi i¢in elverisli c¢evresel kosullarin
saglandigr durumunda 6zellikle hidrolize edilebilir
tanenler, 6rnegin gallotannin ile takviye edilmis ve
zenginlestirilmis enddistriyel gidalarin {iretiminin

COVID-19’un gelismesinde Onleyici etkilerinin
saptandig1 belirtilmistir (Goli 2020).
Yapilan diger bir c¢aligmada, koronaviriis

gelisimini inhibe etmek i¢in gidada RNA polimerazi
bloke etmek veya plantarasin  molekiilleri
kullanilarak COVID-19'un herhangi bir gelisim
etkisine karsi koymak i¢in kombine teknolojilerin
gelistirildigi bildirilmistir (Anwar vd. 2020).

Interferonun, giiclii antiviral aktivite sergiledigi
ve mukozal hiicrelerde viriislerin inhibe edilmesinde
onemli bir rol oynadig1 belirtilen bir calismada
Lactobacillus plantarum’un probiyotik o6zellikleri
nedeniyle gida ve tip endiistrilerinde Onemli
uygulama potansiyeline sahip oldugu ve yenilik¢i
uygulamalarda kullanilabilecegi  vurgulanmustir.
Ayni zamanda, rekombinant L. plantarum'un domuz
salgini ishal viriisii (PEDV) ve bulasici gastroenterit
virisi (TGEV) enfeksiyonlarin1 baskiladigi da
belirtilmistir (Liu vd. 2020).
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Yukarida yapilan caligmalar COVID-19 bulas
kaynagi olmast muhtemel et iiriinlerinin isleme
yontemleriyle korunacagini agikca gostermektedir.

Tartisma ve Sonug¢

Yapilan bu derleme ¢alismasi koronaviriisiiniin
gida kaynakli patojenik etkisinin 6nlenmesi amactyla
gidalart ve su {irinlerini COVID-19’a kars1 koruma
yollariin 6nemine dikkat ¢ekmektedir. Viriislerin
faaliyet gosterebilmesi i¢in canli bir organizmaya
intiyag  duyduklar1 bu  nedenle gidalarda
cogalamadiklar1 ancak gidalar1 vektor olarak
kullanarak gidalar tiiketen kisilerde hastaliga neden
olabildikleri bilinmektedir. Bu nedenle COVID-19
viriisii  riskini Onlemek igin gidalarmm ve su
iirtinlerinin virlis ile kontaminasyonu
engellenmelidir. Tiiketicilerin ise oOzellikle ¢ig
tiketilen gidalar1 1iyi temizlemeleri, ¢ig halde
tiketime uygun olmayan gidalar1 ise uygun
sicakliklarda pisirerek tiikketmeleri gerekmektedir.

Balik satis yerlerinde, balikk marketlerinde,
pazarlarinda, su friinleri igletmelerinde, yemege
hazir su iiriinleri satis noktalarinda, balik pisiricileri,
midye dolma satis alanlarinda hijyen ve sanitasyon
kurallarina uyulmasi gerekmektedir. Temizlik ve
dezenfektan kullaniminin saglanmasi, iriinlerin
eldiven, maske, bone ve Onlilk giyilmis hastalik
tasimayan smirli  sayida personel tarafindan
hazirlamasi/satisa sunulmas: saglanmahdir. isleme
teknolojisi uygulanmaksizin tiiketilen veya tiiketime
hazir haldeki gida friinlerinin mutlaka paketler
igerisinde tiiketicilere ulastirilmasinin saglanmasi
gerekmektedir. Tiiketicilerin de hijyen ve sanitasyon
konusunda bilinglendirilerek gidalarda ve su
iiriinlerinde COVID-19’un kontaminasyonu ile ilgili
bilgi sahibi olmalar1 saglanabilir.

Alinabilecek bu oOnlemlere ilave olarak
taze/islenmis  su  f{iriinlerine  COVID-19’un
bulagmasini minimalize edecek veya yok edecek yeni
isleme teknik ve yontemlerin gelistirilmesi ile
viriisiin ne sekilde elimine edilebilecegi konularinda
caligmalarin  yapilmasi  Onerilmektedir.  Balik
pazarlarinda, marketlerde ve satis noktalarinda
kullanilan kontaminasyona aract her tiirlii materyalin
de antiviral Ozellikte tasarimi ve kullanim
gergeklestirilebilir.  Alternatif  olarak  antiviral
ozellikte yeni ambalaj materyallerinin veya kombine
teknolojilerin  gelistirilmesiyle  virlislerin ~ su
iiriinlerine ve ambalaj materyallerine bulagmalari
engellenebilir.

COVID-19 salgini tiim sektorleri oldugu gibi su
driinleri sektoriinii de etkilemistir. Bu nedenle ileride
de salgin hastalik, deprem gibi dogal afetler ile
karsilagilmas1 durumunda gida ve su temini agisindan
sikint1 yaganmamasi i¢in su kaynaklarimizi korumak,
gelistirmek ve gida kaynaklarimi arttirmak yoniinde

caligsmalar yapilmalidir. Gida agisindan besin degeri
yiiksek, biyoteknolojik olarak iiretilen kolay
tiikketilebilir, gilivenilir gida iriinlerinin yenilik¢i
teknolojiler ile iiretiminin arttirnlmasina Onem
verilmeli ve bu konuda yapilacak caligmalar
desteklenmelidir.
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