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ABSTRACT ARTICLE INFO

Roach (Rutilus rutilus) and perch (Perca fluviatilis) are dominant species in RESEARCH ARTICLE
northern-temperate lakes of Europe, their relative importance depending on

trophic state and habitat complexity. We studied the habitat distribution of roach Received  :06.04.2021
and perch over a 15-year period in two Danish lakes, Lake Veng, undergoing Revised - 10.05.2021
major changes in water clarity and macrophyte coverage, and the permanent ]
turbid Lake Sebygard. We used multi-mesh sized gill nets in 5-6 different sections Accepted  :11.05.2021
of the lakes following the same program in all years. Both species were evenly Published  :30.12.2021
distributed in the sections and among habitats, in Lake Vang during the turbid
period and in Lake Sebygard during the whole study period. During the clear-
water period in Lake Vang, however, the distribution of roach and perch was
uneven and the density negatively correlated with macrophyte coverage and * CORRESPONDING AUTHOR
density, but the strength of the relationship differed between the two species and
between small (< 8 cm for roach and <10 c¢m for perch) and larger fish. Our results
suggest that water clarity and macrophyte density were of key importance in
determining roach and perch distribution in these two shallow lakes.
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Farkh Trofik Duruma Sahip iki S1g Gélde Rutilus rutilus ve Perca fluviatilis'in Yaz Mevsimi Sonundaki Mekansal Dagilinm
Uzerine 15 Yillik Bir Calisma

Oz: Yapisal karmasa ve bulaniklik (tiirbidite), baliklarin habitat segiminde 6nemli roller oynayabilmektedir. Kizilgdz baligi (Rutilus
rutilus) ve tatlisu levregi (Perca fluviatilis) Avrupa’nin kuzey 1liman géllerinin baskin (dominant) tiirleridir. Bu tiirlerin gérece
Onemi, genel olarak trofik seviyeye ve habitat karmasikligina baghdir. Kizilgéz ve tatlisu levreginin, su berrakligi ve makrofit
yayilim siirekli degisen Vang goli ile bulamik Sebygérd goliindeki dagilimlart 15 yillik bir donem boyunca calisiimistir.
Ornekleme, her yil aym program takip edilerek, gollerin cesitli kisimlarindan, farkli g6z acikliklarma sahip galsama aglari
kullanilarak gergeklestirilmigtir. Tiirler, Veeng goliiniin bulanik oldugu dénemde, Sgbygard goliinde ise tiim ¢aligma siirecinde,
gollerin tiim kisimlarinda ve tiim habitatlarda esit dagilmislardir. Vaeng goliiniin berrak doneminde ise kizilgdz ve tatlisu levreginin
dagilimlar esit degildir. Tiirlerin bollugu, makrofit yayilimi ve yogunlugu ile negatif korelasyon gosterirken, bu iligkinin kuvvetinin
tiirlere ve balik boylarina gére farkli oldugu ortaya konulmustur. Sonug olarak, ¢alisilan iki golde, kizilgdz ve tatlisu levreginin
dagiliminda, suyun berrakligi ve makrofit yogunlugunun anahtar belirleyici faktorler oldugu bulunmus, bu durumun diger benzer
kuzey-iliman s1g gollerde de gozlenebilecegi 6ngoriilmiistiir.

Anahtar kelimeler: Kizilgoz baligi, tatlisu levregi, habitat dagilimi, bulaniklik (tiirbidite), Strofikasyon
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Introduction 2000). Spatial complexity plays an important role in
Biotic, abiotic and spatial factors influence the  the distribution patterns of fish by offering a refuge
habitat distribution of fish in lakes (Donald et al.  from predators (Jacobsen and Berg 1998) or a habitat
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that is rich in food resources (Diehl 1988; Diehl and
Kornijow 1997). Habitat shifts can be a result of
changes in competition or predation risk, which is
closely linked to the size of individuals (Werner and
Hall 1988; Ebenman and Persson 1988; Bystrom et
al. 2003). The resource use of fish also differs with
size, potentially influencing their habitat choice
(Werner and Hall 1979). Together with structural
complexity, size can therefore play a role in the
interactions among fish and thus impact their habitat
choice (Rossier et al. 1996; Persson and Crowder
1997).

Water clarity can also affect fish habitat
distribution (Blaber and Blaber 1980; Skov et al.
2002; Jacobsen et al. 2004; Jeppesen et al. 2006;
Pekcan-Hekim et al. 2010; Nurminen et al. 2010).
High turbidity can reduce the predation risk and
thereby enhance the foraging activity of the prey fish
(Gregory and Northcote 1993). It can also influence
diel and seasonal migratory activity (Ginetz and
Larkin 1976) by reducing the use of shelter and
increasing the use of open water by prey fish (Miner
and Stein 1996; Utne-Palm 2002; Snickars et al.
2004; Pekcan-Hekim et al. 2005).

Roach (Rutilus rutilus) and perch (Perca
fluviatilis) are both dominant species in temperate
lakes of Europe, their relative abundance depending
on several factors including trophic state (Persson et
al. 1991; Jeppesen et al. 2000; Olin et al. 2002) and
habitat complexity (Persson et al. 1992). Perch is
dominant in lakes with high structural complexity,
whereas roach is abundant in more productive and
structurally simpler systems (Persson et al. 1991,
1992; Diehl 1988). Perch depends on good light
conditions, and thus clear water conditions, for
effective foraging (Ali et al. 1977; Bergman 1988),
while roach manage in more turbid waters, where is
a superior feeder to perch (Diehl 1988). Changes in
structural complexity and water clarity along a
nutrient gradient affect the habitat choice of the two
species. Using data from 53 Danish lakes, Menezes
et al. (2015) found increasing homogenisation of the
fish community with increasing trophic state, as it has
been seen previously for other organisms in lakes and
terrestrial ecosystems (Stevens et al. 2004; Donohue
et al. 2009; De Schrijver et al. 2011). However,
different size classes may respond differently to
eutrophication. Thus, in a study of 34 Danish lakes,
Jeppesen et al. (2006) found that the proportions of
large roach and perch inhabiting the littoral zone rose
with increasing nutrient concentrations, most
pronouncedly for roach. Moreover, in low nutrient
clear water lakes with submerged macrophytes,
juvenile roach and perch both increased their use of
submerged vegetation in the presence of predators
(Persson and Eklov 1995), and the habitat

distribution of roach shows a shift from vegetation to
open water with increasing size, while small perch
particularly use the macrophyte beds (Rossier et al.
1996).

Long-term studies of spatial variations in the
distribution of roach and perch in lakes are scarce. In
this 15-year study, habitat distribution of roach and
perch was investigated in two different lakes with
changing water clarity and macrophyte coverage. We
predicted that an increase in turbidity and changes in
macrophyte coverage would affect the interactions
between the two fish species and thereby their habitat
choice. We expected that in the presence of
macrophytes, small roach and perch would take
refuge in the vegetation. However, with increasing
turbidity, the risk of the predation would be lower and
allow roach and perch to forage more evenly within
the different lake habitats. This would also lead to
different distribution patterns and behaviour of small
and large-sized fish within the lake, depending on
trophic state.

Study Areas

Fish samples were collected from 1988 to 2002
in Lake Vang and Lake Sebygard situated in Central
Jutland (56° N; 9° E), Denmark. Both lakes are
shallow and eutrophic. Lake Vang (16 ha) has a
mean depth of 1.2 m and Lake Sebygérd (40 ha) a
mean depth of 1.0 m (Figure 1. A and B).

In Lake Veng, nitrogen and in particular
phosphorus  loading  decreased  significantly
following sewage diversion in 1981; however, only
minor improvements in water quality were observed
in the following 5 years (Jeppesen et al. 1990;
Sendergaard et al. 1990). To accelerate the
improvement towards a clear-water state, 50% of the
planktivorous fish biomass was removed between
October 1986 and July 1988. The fish removal had
significant effects on the water quality and resulted in
low phytoplankton biomass and colonisation of
macrophytes (Jeppesen et al. 1990; Lauridsen et al.
1993; Sendergaard et al. 2017). Before the fish
removal, the planktivorous fish community was
dominated by bream (Abramis brama), roach
(R. rutilus) and rudd (Scardinius erythrophthalmus),
while pike (Esox lucius) and perch (P. fluviatilis)
were the most abundant piscivores.

In Lake Sagbygéard, Secchi depth is typically < 0.5
m, the turbid conditions being caused by the high
density of phytoplankton. In 1982, the phosphorus
loading decreased from 90 to 18 mg TP m2d* due to
the implementation of chemical treatment at the
nearby sewage plant, and in 1987 the nitrogen supply
also declined (300 to 250 mg TN m-?d?) after the
closing of a large slaughterhouse. Despite these
changes the lake remained eutrophic and
phytoplankton dominated due to high phosphorus
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release from the sediment (Sendergaard et al.
1993; Jeppesen et al. 1998). The fish community in
Lake Sebygéird was dominated by cyprinids and the
fish biomass remained high for many years.

However, 14 years after the loading reduction the
percentage of piscivorous fish increased and the
abundance of planktivorous fish declined (Jeppesen
et al. 2003).

0 500 m

Figure 1. Map of a) Lake Vang and b) Lake Sebygérd with number of sections and the locations and numbers of
the three nets in each section marked.

In Lake Vang, after the biomanipulation, Elodea
canadensis and Potamogeton crispus first developed
in 1988 where the total coverage of macrophytes
reached 2% (Figure 2. a). Initially, the macrophyte
species consisted of P. crispus and E. canadensis.
Later, E. canadensis became dominant and reached

(Figure 2. a). Reeds were present at the western
and southern sides of the lake (Figure 1). Floating

100

high densities by spreading and colonising the lake
from the deepest eastern part towards the shallow and
sheltered locations (for more details see Lauridsen et
al. 1994; Sendergaard et al. 2017). Submerged
macrophytes disappeared from the lake after 1996
and were absent until the end of the study period
plants were scarce and the lake is surrounded by
forest and meadows.
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Figure 2. Total coverage of macrophytes (Coverage %) (bars) during fish sampling and mean summer chlorophyll a
(ug I'Y) values (bars). Secondary y-axis shows the Secchi depth (m) (line) in a) Lake Vang and b) Lake Sebygérd from
1988 to 2002.
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In Lake Sebygérd, submerged macrophytes were
absent during the whole study period from 1988 until
2002, and mean summer chlorophyll a values ranged
between 88 and 300 ng 1 (Figure 2. b). Floating
plants were scarce. Belts of reeds (Phragmites
australis) were found along the shore in 80-90% of
the area. The lake is surrounded by forest.

Materials and Methods

Fish Sampling

The lakes were divided into sections consisting of
equal-sized pies with a mid-lake station acting as
centre (Figure 1). The number of sections in the lakes
depended on surface area and shoreline length
(Mortensen et al. 1990). Accordingly, Lake Vang
was divided into five and Lake Sebygard into six
sections.

Fishing was conducted in between August 15 and
September 15 (when YQY fish have reached a size
rendering them likely to be caught in the gill nets)
using gillnets made of monofilament nylon. The nets
were 1.5 m high and 42 m long and consisted of 14
units of 3 m with different mesh sizes placed in
random order (6.25, 8, 16.5, 75, 38, 25, 12.5, 33, 50,
22,43, 30, 60 and 10 mm). Three multi-mesh size gill
nets were set in all sections. Two nets were placed at
a distance of ~25 m away from shore, one being set
perpendicular to shore (net 1) and the other parallels
to shore (net 2) (Figure 1. a and b). The third gillnet
was set about half distance to the middle of lake in a
perpendicular position to shore (net 3) (Figure 1. a
and b). The nets were set in late afternoon and
retrieved the following morning (after ~18 h). For
each net we calculated catch per net (CPUE).

Electrofishing was conducted in the outer reed
zone or near shore (plant-free) in 300 m (Lake
Sebygard) and 150 m (Lake Vang) zones randomly
selected in the chosen six and five sections in the two
lakes, respectively (for details see Jeppesen et al.
2006). For electro-fishing, a pulsating DC generator
with a minimum effect of 2000 W and a landing net
with a mesh size of ~4 mm were used. In this study,
electrofishing data were only used to provide
information about pike distribution and abundance as
pike were not well represented in the net catch.

For both lakes, the fish caught in the nets were
divided into two size classes (< 8 cm and > 8 cm for
roach and < 10 cm and > 10 cm for perch). The
classification was based on the length distribution
identifying roach < 8 cm and perch < 10 cm as YOY
fish.

Water Quality

We used weighted data (1 May — 1 Oct.) on total
phosphorus (mg I), chlorophyll a (ug 1), pH,
dissolved oxygen percentage (%) and water
temperature (°C), based on samples taken at a mid-

lake station weekly to biweekly (integrated sample
from top to bottom). Total phosphorus was measured
according to Sendergaard et al. (1992) and the other
variables were measured in the field using Horiba
field sensors. Ethanol was used for chlorophyll a
extraction (Jespersen and Christoffersen 1987).
Secchi disc depth was recorded as well. If the disc
reached the bottom, the depth at the sampling station
was used.

Macrophytes

In Lake Vang, submerged macrophyte samplings
were conducted along 14 transects that covered the
whole lake. Macrophyte coverage (COV), height and
water depth were measured equidistantly along the
transects using a water glass in combination with a
rake. The vegetation was assigned to the following
categories: 0, 1-5, 6-25, 26-50, 51-75 and 76-100%
COV. Macrophyte coverage was calculated for all
sections and integrated to a whole lake average. Plant
Volume Infested (PVI) was also calculated as
PVI=COV*(plant height/water mean depth) for each
area and subsequently for the entire lake.

Macroinvertebrates

Benthic macroinvertebrates were sampled
during early spring in the period of 1988-2001
(except 1995) in Lake Veng and in 1988-1993
and 1998 in Lake Sebygard. In 1988, ten samples
were taken randomly from each of three
locations in Lake Veang and five samples
randomly from each of five locations in Lake
Sebygérd. In the other years and in both lakes,
ten samples were taken at random locations.
Kajak cores (diameter of 5.2 cm) were used for
sampling and each sample (down to 10 cm in the
sediment) was sieved through a 212 pum sieve.
Chironomids, oligochaetes and ostracods were
the most abundant benthic macroinvertebrates
(Boll et al. 2012). Therefore, the benthic
macroinvertebrates were divided into groups for
the statistical analysis; Chironomidae indet.,
Oligochaeta indet., Ostracoda indet. and other
macroinvertebrates.

Zooplankton

Zooplankton densities were determined on
depth-integrated water samples taken with a core
sampler at least once a month from May 1 to Oct
1 at a mid-lake station. The samples were filtered
through a 20 um net and the contents were fixed
with Lugol. The zooplankton was divided into
the following groups: rotifers, Daphnia, other
cladocerans and cyclopoid copepods.

Data Analyses

For Lake Vang, the data series was divided into
two periods covering years with and without
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submerged macrophytes. Macrophytes were present
from 1989 to 1996 and absent in 1988 and from 1997
to 2002 (Figure 2). For comparative purposes
the same period of years was used for
Lake Sebygard, even though submerged plants
were absent during the entire study period.

Statistical ~ analysis based on  restricted
maximum likelihood in a linear mixed model
was used to determine the proportional

distribution of roach and perch in the two lakes,
both among sections and nets between different
periods (mixed procedure in SAS, SAS institute
1989). The model included net position (NP), section
(S) and years with and without macrophytes (M) in
Lake Veang as fixed factors. The square root of the
number of fish caught was used as dependent variable
and two periods (with macrophytes (1989-1996
years) and without macrophytes (1988 and
1997-2002 years) in Lake Vang were compared for
both lakes. A linear mixed model was also used to
determine the relationship between fish numbers
among sections and the COV and PVI of
macrophytes.

All other variables were statistically tested (the
non-parametric Kruskal-Wallis rank test) for the
differences between the two periods using summer
means for  physico-chemical variables and
zooplankton densities and the annual sample for
macroinvertebrates.

Results

Water Quality

In Lake Vang, chlorophyll a and Secchi depth
differed significantly (all with p< 0.001) between the
two periods with and without macrophytes. The same
was true for total phosphorus (p< 0.02). No
difference was observed for pH, dissolved oxygen
concentration and water temperature (p> 0.5) (Table
1). pH, water temperature, oxygen concentration and
Secchi depth did not differ significantly in Lake
Sebygard between the two selected periods with
macrophytes (1989-1996) and without macrophytes
(1988, 1997-2002) in Lake Vang (Table 1). Total
phosphorus and chlorophyll a were significantly
lower in the second period (p< 0.03 and p< 0.01,
respectively).

Table 1. Physico-chemical variables for Lake Vang and Lake Sebygérd during the periods with macrophytes
(1989-1996) (M) and no macrophytes (1988, 1997-2002) (NM) in Lake Vang. All physico-chemical variables are
averages of summer means for each period (+ Standard Deviation).

Chlorophyll a Total phosphorus Dissolved oxygen  Temperature Secchi

(ng 1) (mg I PH (mg O, I (°C) __depth (m)
Lake Vang
M 21.3+11.1 0.08 + 0.03 8.2 10.0+0.5 16.1+0.7 1.5+0.7
NM 53.9+14.8 0.12+0.03 7.9 11.0+15 16.4+1.0 09+10
Lake Sgbygérd
M 196.8 £ 60.2 0.7+0.2 9.1 10.9+0.7 16.3+0.7 0.6+0.1
NM 1255+ 255 04+0.2 9.1 12.0+24 16.6 +0.9 0.6+0.1

Fish period, with an average percentage of 72% and 76%,

Proportionally, roach and perch were the species
most frequently caught in both lakes during the
sampling period of 1988-2002. In Lake Vang, small
(< 8cm) roach dominated the catch from 1988 to
1995, with the exception of 1993, when large (> 8
cm) roach constituted about 60% of the total roach
catch. During 1996-1998, the contribution of small
roach was less than 50% of the total roach catch.
From 1999 to 2002, small roach exceeded 60% of the
overall catch and peaked with 80% in 2002. In most
years, the major part of the perch in Lake Vang
consisted of small-sized (< 10 cm) individuals,
constituting about 80% of the total catch from 1998
to 2002. Other fish species caught in low numbers in
Lake Vang included bream, rudd, pike and ruffe
(Gymnocephalus cernuus).

In Lake Sebygard, the perch catch was low until
1995. Large roach (> 8 ¢cm) and perch (> 10 cm)
dominated total catches throughout the whole study

respectively. However, in 1997 and 2000-2002, small
perch dominated the catches. Other fish species
caught were bream and pikeperch, though in low
numbers, while rudd and three-spined-stickleback
(Gasterosteus aculeatus) were caught in high
numbers only from 1988 to 1991 (Jeppesen et al.
1998).

For Lake Vang, linear mixed modelling showed
a significant difference in the distribution of roach
among sections between the years with and without
macrophytes (Table 2). The abundance of roach in
sections 1 and 2 (north) differed from section 3 (east)
(p < 0.05). When macrophytes were present (with the
highest PV1), the proportion of roach was low in the
two northern sections. Here, however, the proportion
of roach increased after 1994 (Figure 3. a). For Lake
Sebygard, no significant difference was observed in
the distribution of roach either among the sections or
between the two periods (Table 2, Figure 3. c).
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Figure 3. Distribution of a) all roach and b) all perch among the five sections in Lake Vang, c) all roach and d) all
perch among the six sections in Lake Sgbygard from 1988 to 2002. Secondary y-axis shows total number of fish caught
in all nets per year.

In Lake Veang, perch was mostly caught in the
sections in the southern part of the lake before 1994
(Figure 3. b). After 1994, perch were caught in all
sections and its occurrence increased in the northern
part of the lake. However, the proportion in the
different sections was not statistically different

between years with and without macrophytes (Table
2). In Lake Sebygard, perch appeared in almost equal
proportions in all sections (Figure 3. d). However, the
number of perch was low in the period corresponding
to the macrophyte years in Lake Vang, precluding a
solid comparison of distribution (Table 2).

Table 2. Statistical analysis based on restricted maximum likelihood in a linear mixed model testing the distribution
of roach and perch in Lake Vang and Lake Sgbygard among sections (S) and the net position (NP) between macrophyte
and no macrophyte years (M). ns = not significant (p > 0.05).

Roach Perch
All <8cm >8cm All <10cm >10cm
Lake S*M 0.048 0.068 ns ns ns ns
Vang NP*M ns ns 0.039 ns ns ns
Lake S*M ns ns ns - - -
Sebygérd  NP*M ns ns ns - -

Linear mixed modelling was also used to
determine the distribution of the two size classes of
roach (< 8 cm and > 8 cm) and perch (< 10 cm and >
10 cm) (Table 2). We only found a marginally
significant difference in the distribution of small
roach among sections between the periods with and
without macrophytes (Table 2). However, the
proportion of small roach among sections had a
significant negative relationship with COV and PVI
(Table 3). The distribution of small roach among net
types was not significantly different between years

with and without macrophytes (Table 2). Liner mixed
modelling showed no significant difference in the
distribution of large roach between the sections
(Table 2). A significant negative relationship of large
roach with COV and PVI was detected (Table 3), and
the distribution among net types was significantly
different for large roach when comparing the years
with and without macrophytes in Lake Vang (Table
2). The catches in the macrophyte and no macrophyte
years differed between net 1 (near shore,
perpendicular) and net 3 (further from the shore,
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perpendicular) (p <0.05). Also net 1 and net 2
(near shore, parallel) differed significantly for large
roach (p <0.05), while there was no significant

difference between net 2 and net 3 during the two
periods. Net 1 had the highest catch in the no
macrophyte years.

Table 3. Statistical analysis based on restricted maximum likelihood in a linear mixed model testing the relation of
two size classes of roach and perch with macrophyte coverage (COV) and plant volume inhabited (PVI) in Lake Veng
during the years with macrophytes.

Roach Perch
<8cm >8cm <10cm >10cm
cov -0.020 -0.021 -0.010 -0.0002
PVI -0.026 - 0.0005 -0.001 -0.0036

In Lake Veng (Figure 4. a and b), there was no
significant difference in the distribution of small
roach among sections and nets, while the position of
nets had different effects in macrophyte and no
macrophyte years for large roach (Table 2) with
proportionally higher catches in Net 1 in no
macrophyte years. In Lake Sebygard (Figure 4. c and
d), there was no significant difference in the
distribution of the selected size classes of roach
among the  sections or nets  during
the two time periods (Table 2). Small and large
roach appeared in all sections in the lake, and for
large roach with an almost equal distribution among
sections. In Lake Veang (Figure 5. a and b, there was
no significant difference in the distribution of the two
size classes of perch between the macrophyte and no
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macrophyte years (Table 2). Large perch were caught
in all sections after 1994 and they tended to be more
equally distributed than the small perch (Figure 5. a
and b). The presence of both size classes of perch
increased in the northern sections after 1994;
however, the high variability between years among
the sections weakened the analysis. A significant
negative relationship was found between the
distribution of both small and large perch and COV
and PVI (Table 3). The distribution among net types
for both size classes of perch did not differ
significantly between the macrophyte and no
macrophyte years (Table 2). In Lake Sebygérd, no
tests for perch were conducted due to the low number
of fish. However, both small and large perch were
found in all sections (Figure 5. c and d).
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Figure 4. Distribution of a) small roach (< 8 ¢m) and b) large roach (> 8 cm) among the five sections in Lake Veng
and of ¢) small roach (< 8 cm) and d) large roach (> 8 cm) among the six sections in Lake Sgbygérd from 1988 to 2002.
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In Lake Veng, pike > 20 cm were caught by
electrofishing in all years, being particularly
abundant in 1991 and 1992 (in sections 1, 2, 4 and 5)
(Figure 6. a). In Lake Sebygard, pike > 20 cm was
caught in very low numbers in all sections (Figure 6.
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b). No pikeperch was caught in Lake Vang
irrespective of the fishing gear used. In Lake
Sebygérd, pikeperch > 8 cm was caught in the nets in
low numbers, the highest catch of 60 individuals
occurring in 1997 (Figure 7).
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Figure 5. Distribution of a) small perch (< 10 cm) and b) large perch (> 10 cm) among the five sections in Lake
Vang and of ¢) small perch (< 10 cm) and d) large perch (> 10 cm) among the six sections in Lake Sebygérd from 1988
to 2002. Secondary y-axis shows the total number of fish caught in all nets per year.
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Figure 6. Distribution of pike > 20 cm caught by electrofishing among the sections in a) Lake Vang and b) Lake
Sebygard. Secondary y-axis shows the total number of fish caught in all nets per year.
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Figure 7. Distribution of pikeperch > 6 cm caught by gillnets among the sections in Lake Sebygard Secondary y-
axis shows the total number of fish caught in all nets per year.

Macroinvertebrates

There were significantly (p <0.01) more
“other macroinvertebrates” in Lake Vang in
the period where the lake was in a clear-water
state compared with the turbid period (Table 4).

For all other groups of macroinvertebrates in
Lake Vang and for all groups of macroinvertebrates
in Lake Sebygard, there were no significant
differences between the two periods (p >0.17)
(Table 4).

Table 4. Summer mean (May-Oct.) (+ Standard Deviation) zooplankton densities including rotifers, Daphnia, other
cladocerans and copepods (ind. I'Y) and macroinvertebrate densities (ind. m2); Chironomidae indet, Oligochaeta indet.,
Ostracoda indet and other macroinvertebrates, in Lake Vang and Lake Sebygard during the period with macrophytes
(1989-1996) (M) and no macrophytes (1988, 1997-2002) (NM) in Lake Veang

Zooplankton

Macroinvertebrates

(ind. 1 %) (ind. m?)
n % a3 §
© o - S 3 i=) § _g _ <
£ £ B3 5 S s 8 28
2 8 S g g 5 2g Z S o2
S © 5= o~ o= 5
3
S
Lake Vaeng
M 4766 76 9 231 1617 742 109 644
(£6247) (=44 (x13) (=131 (£ 2496) (x£1180) (£183) (£ 829)
NM 7112 127 80 231 444 1903 267 19
(£4847)  (+130)  (+69) (= 68) (& 557) (£2420)  (565) (£13) **
Lake Segbygard
M 323 99 245 128 9688 4787 0.5 0
(£393)  (47)  (£291) (+48) (£14969) (+7454) (1,1
NM 231 53 169 129 792 8559 1.2 1.2
(+226) (+38) (+90) (+36) (£754) (£532) *1.7) *1.7)

There were no significant differences in the total
densities (ind. 1Y) of rotifers, Daphnia, other
cladocerans and cyclopoid copepods between the two
periods in any of the two lakes (p >0.05) (Table 4).

Discussion

In turbid macrophyte-free Lake Sebygérd, both
roach and perch occurred in all sections in nearly
equal proportions during the entire study period. This
distribution pattern was not affected by the shift
towards a higher proportion of perch following
recovery from eutrophication, likely because the lake
remained turbid without submerged macrophytes. In
Lake Vang, however, both roach and perch showed

a clear difference in habitat distribution between the
two periods i.e., with and without macrophytes.
During the macrophyte years, roach and perch were
mainly found in the southern part of the lake where
COV and PVI were lowest. After 1994 when plants
were more evenly distributed in the lake (1995) or
absent at high turbidity (1996 and onwards), fish
abundance increased in the northern part of the lake
and both species occurred in all sections in rather
similar proportions. In 1988-1995, Secchi depth in
Lake Vang was 1.5 m and decreased to 0.8 m in 1997
and remained low until 2002. Thus, the shift from an
uneven to an even distribution coincided with the
decrease in Secchi depth, suggesting that increased
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water turbidity acted as a protective cover, allowing
fish to disperse equally among the sections. Turbidity
can impede the vision of certain fish species and thus
diminish the risk of predation for prey fish (Utne-
Palm 2002; Horppila et al. 2004; Skov et al. 2002;
Pekcan-Hekim and Lappalainen 2006), thereby
reducing the anti-predator behavioural response of
roach and perch to fish predators (Lehtiniemi et al.
2005) and birds (Gliwicz and Jachner 1992; Jepsen
and Berg 2002).

Not only water clarity but also plant density may
be important for the distribution of fish. During the
years with macrophytes in Lake Veng, both size
classes of roach and perch preferred the sections in
the eastern and southern part of the lake that exhibited
the lowest COV and PVI (Table 5), and the
distribution of both size classes of the two species
were significantly negatively related to COV and PVI
(Table 3). Avoidance of dense macrophyte beds by
perch and roach is in accordance with the findings of
Crowder and Cooper (1982), Werner et al. (1983) and
Christensen and Persson (1993), reflecting that high

vegetation density impairs the ability of fish to move,
thus reducing their foraging efficiency and ability to
escape predators. Too complex habitats can impair
the prey’s ability to use it as a refuge (Bartholomew
et al. 2000; Perrow et al. 1996). Snickars et al. (2004)
found that 0+ perch avoided the dense vegetation in
the presence of predators, but showed anti-predator
behaviour at low and medium vegetation density.
Eklov and Hamrin (1989) and Perrow et al. (1996)
also found that juvenile perch preferred low
vegetation density and pelagic areas in the presence
of the predator pike and that mortality was high in
dense vegetation. In Lake Vang, pike occurred in
high numbers in 1991 and 1992, and in both years,
small roach and perch avoided the sections where
pike were present. However, in turbid Lake
Sebygard, both size classes of roach and perch were
found in every section of the lake in almost equal
proportions. This suggests that predators may play a
role for the habitat choice of roach and perch, but that
turbidity can help to provide a safer environment
against them.

Table 5. Macrophyte coverage (COV) and plant volume inhabited (PV1) in Lake Vang.

Section 1991 1992 1993 1994 1995 1996
COV %

1 87.5 6.0 154 85.8 87.5 0.1
2 87.5 9.1 20.7 81.7 87.5 16.3
3 75.0 3.8 7.2 61.4 85.6 33.9
4 81.0 15.2 1.9 55.8 86.3 13.8
5 87.5 31.7 2.1 60.9 77.8 0
PVI %

1 76.8 2.0 6.2 77.6 57.9 0.1
2 75.5 3.0 6.6 54.9 61.6 5.8
3 47.3 0.2 2.0 20.4 64.9 13.9
4 69.8 11 0.7 20.0 68.1 6.9
5 57.9 3.6 0.9 27.1 63.3 0

Other environmental factors than water clarity
and macrophyte distribution may potentially
influence the fish distribution. No major differences
were observed in pH, water temperature and oxygen
concentration between the two periods, and these
variables remained within the range that should not
affect fish behaviour (Wootton 1990). Food
availability may be another contributing factor.
However, the density of zooplankton and that of most
of the macroinvertebrates did not differ significantly
between the two periods for either Lake Vang or
Sebygard. The group “other macroinvertebrates”
was, however, significantly more abundant in Lake
Veang during the clear period with macrophytes than
in the turbid period (Table 4), mainly reflecting the
higher abundances of Gastropoda, Pisidium spp.,
Hirundinae and Aselus aquaticus in the clear period.
Nevertheless, the higher density of these mostly

plant-associated groups cannot explain why perch
and roach preferred areas with less dense vegetation
during the clear period. This finding supports the
suggestion by Lewin et al. (2004) that habitat type is
more important than food resources for the habitat
choice of perch.

The changes in the distribution pattern of perch
and roach in Lake Veang could potentially also reflect
changes in the abundance of fish. The shift from an
uneven to an even distribution coincided with an
increase in the number of fish, and it has been shown
that a higher density of fish can lead to a more even
distribution due to increased competition (Werner et
al. 1983). In Lake Vang, biomanipulation was
conducted during 1986-1988 where 50% of the roach
and bream biomass was removed, followed by a
gradual increase in roach and in the total catch per
unit (CPUE) of fish only after 1994 (Figure 3. a).
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Nevertheless, when perch abundance decreased again
in 2000-2002 its distribution remained even,
suggesting that density does not have key importance
for the observed variation in the fish distribution.

In Lake Veng, the proportional differences in the
catches of large roach between the three net types
differed between the macrophyte and no macrophyte
years. Net 1 (perpendicular to the shore) had
proportionally higher catch in the no macrophyte
years than net 2 and 3, indicating that large roach (but
not small roach or both size classes of perch) moved
along the near-shore area after the disappearance of
macrophytes. This pattern only in part agree with
results from a multi-lake study of fish habitat
distribution in Danish lakes. Here, Jeppesen et al.
(2006) found that not only large roach, but also large
perch and small roach increased their usage of the
littoral zone with increasing chlorophyll a
concentration in shallow lakes, while small perch did
not show a clear response to such changes.

Our study was conducted during late summer and
also the nets were set during both day and night,
implying that our results do not describe changes in
temporal variation in the distribution at a seasonal or
diurnal scale. It is well known that fish show seasonal
(Jepsen and Berg 2002; Haertel and Eckmann 2002;
Fischer and Eckmann 1997) and ontogenetic
(Persson et al. 2000) habitat shifts. Further, it is
understood that perch and roach undergo diel
horizontal migration in shallow lakes. Thus, during
the day, they are commonly found in the littoral zone
among the macrophytes to avoid predators and at
night they move offshore to find food when the
predation risk is low (Bohl 1980; Gliwicz and
Jachner 1992; Pekcan-Hekim et al. 2005). Moreover,
the pattern of diel horizontal migration has been
observed to differ between clear and turbid lakes
(Jacobsen et al. 2004).

We conclude that water clarity and macrophyte
density were the key determining factors for the
distribution of roach and perch (integrated overnight)
during summer in our two study lakes; and a similar
pattern is likely to be found in other northern-
temperate shallow lakes.
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Kiiciik Menderes Nehri Balik Faunasina Katkilar
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6z MAKALE BiLGISi

Bu ¢aligmada, Kiigilk Menderes Nehri’nin giincel balik tiirlerinin belirlenmesi
amaclanmistir. Balik 6rneklemeleri, kaynaktan mansaba kadar, dort lotik ve bes

ARASTIRMA MAKALESI

lentik, dokuz istasyonda gerceklestirilmistir. Mevsimlik periyotlarda Gelis $27.10.2020 E E
gergeklestirilen Ornekleme calismasi 2018 yili igerisinde tamamlanmustir. Diizeltme  :21.02.2021 T .
Orneklemeler, lotik habitatlarda elektrosoker, lentik habitatlarda ise bentik aglar
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ve tiil 1grip ile gergeklestirilmistir. Calisma sonucunda nehir havzasinda,
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Nemacheilidae, Mugilidae, Percidac ve Poeciliidac familyalarina ait 13 tiiriin
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Contributons to Fish Fauna of Kiiciik Menderes River

Abstract: In the present study, it was aimed to determine the current fish species of Kiigiik Menderes River. Fish sampling from
source to downstream was carried out at nine stations including four lotic and five lentic. The sampling study was performed in
seasonal periods and was completed in 2018. Electroshocker was used in lotic habitats while standard benthic nets and beach seine
net were used in lentic habitats during fish sampling. As a result of the study, 13 taxa belonging to Anguillidae, Atherinidae,
Cyprinidae, Cobitidae, Gobiidae, Leuciscidae Nemacheilidae, Mugilidae, Percidae and Poeciliidae families were determined in

the river basin.

Keywords: Kiiciik Menderes, ichthyofauna, distribution, biodiversity
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Giris

Kiiciik Menderes Nehri Tiirkiye’nin batisinda
yer alan, Ege bolgesinin 6nemli akarsularindan
biridir.  Nehir, Bozdaglar ve karsisindaki
Beydagi’ndan dogmakla birlikte esas kaynagini
Kiraz il¢esinden gelen sular olusturur. Selcuk ilgesi
sinirlarinda denize dokiildigi yere kadar 140 km
mesafe kat eder (Saracoglu 1990). Nehir iizerinde,
sulama amacl olarak inga edilen Beydag Baraji
2007 yilinda, Burgaz Baraji ise 2015 yilinda
isletmeye agilmistir. Bu iki baraj disinda yine
tarimsal sulama amagli olarak Bademli, Catak,
Aslanlar, Karakizlar ve Eskioba goletleri de 2013
yilindan itibaren hizmete alinmistir. Ayrica, nehir
kollart iizerinde Aktas, Ergenli, Rahmanli ve Uladi
barajlarinin insaati da devam etmektedir (OSIB
2018).

Kiiciik Menderes Nehir havzasindaki gol ve
akarsularin balik faunasi ile ilgili olarak, gliniimiize
kadar yapilan c¢aligmalarda 15 familyadan 26
taksonun varlig1 bildirilmistir (Balik ve Ustaoglu
1988; Ahnelt 1995; Erk’akan vd. 1999; Kuru vd.
2001; Balik vd. 2008; Innal vd. 2018; TOB 2019).
Ancak, o6zellikle son yillarda iilkemizin tiim sucul
sistemlerinde yasanan Kkirlilik problemleri Kiigiik
Menderes Nehri’nde c¢ok daha ciddi bigimde
yasanmaktadir. Balik vd. (2006) ve (OSIB 2018)
tarafindan yapilan ¢aligmalarda nehrin su kalitesinin
“asirt kirli su” ve “cok kirlenmis su” diizeyinde
kirlilik etkisinde oldugu belirtilmistir. Yine, Tarim
ve Orman Bakanlig1, Su Yonetimi Genel Miidirligii
tarafindan yapilan calismada da, havzada ¢evresel
baski olusturan faktorlerin kentsel kanalizasyon,
endiistriyel atik sular, tarirm ve hayvancilik
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faaliyetleri,  zeytincilik,  balik¢ilik,  diizensiz
depolama sahalari, tas ocaklar1, ¢gimento fabrikalar
ve madencilik faaliyetleri oldugu belirtilmektedir
(OSIB 2010).

Bu caligma ile, yogun kirlilik etkisi altindaki
Kiiciik Menderes Nehri’nin giincel balik faunasinin
belirlenmesi ve daha dnceki kayitlar dahilinde balik
faunasinin degisimi ele alinmigtir.

Materyal ve Metot

Kiigiik Menderes Nehri balik faunasinin tespiti
amaciyla 2018 yili igerisinde kaynaktan mansaba
kadar dort akarsu ve bes durgun su olmak fiizere
dokuz istasyonda Ornekleme gerceklestirilmistir
(Sekil 1). Ozellikle nehir ana kolundaki asir1 kirlilik
ile lizerlerine yapilan baraj ve goletler sonucu nehri
besleyen kollarin kurumasi sebebiyle calisilan
istasyon sayisi disiik kalmistir. 2018 yili kis,
ilkbahar, yaz ve sonbahar siralamasiyla mevsimlik
periyotlarda gergeklestirilen Orneklemelerde, lotik

Baymdir
.

Torbah
.

A
\-‘ \\w\“‘we
)

45

-6 *Selcuk

|
*Istasyonlar: 1.

habitatlarda “Samus 725 G” model elektrosoker,
lentik habitatlarda ise “TS EN 14757 Su Kalitesi”
kriterine uygun standart bentik aglar ve tiil 18rip
kullanilmigtir (Sekil 2). Ayrica, su sicakligi (°C),
pH, tuzluluk (%o), ¢Oziinmiis oksijen (mg/l) ve
elektriksel iletkenlik (uS) gibi ortamin fiziko-
kimyasal 6zellikleri WTW Multi 3430 6l¢iim cihazi
ile yerinde Olciilmiistiir. Yakalanan baliklar,
fotograflandiktan sonra pure (%99,5) fenoksietanol
(1 ml/L) ile 6tenazi yapilarak, %4’lik formaldehit
ile tespit edilmis ve laboratuvara getirilmistir.
Laboratuvara getirilen Orneklerin tiir diizeyinde
teshisleri yapilarak, Ege Universitesi Su Uriinleri
Fakiiltesi ~ Miizesi (ESFM) Igsu  baliklar
koleksiyonunda kayit altina alinmigtir.

Baliklarin tiir teshislerinde; Erk’akan vd. (1999),
Geldiay ve Balik (2007), Kuru (1980), Miller
(1986), Kottelat ve Freyhof (2007), Turan vd.
(2008), Ozulug ve Freyhof (2011), Freyhof vd.

(2018)’nin ¢aligmalarindan yararlanilmstir.
!
2
o Odemis Kiraz
o Tire
Beydag

Ilica Deresi-Baymdir (38.228338°N 27.688491°E), 2. Aktas Deresi-Odemis (38.230797°N

27.833597°E), 3. Keles Cayi-Kiraz (38.243711°N 28.188258°E), 4. Beydag Baraj Golii-Beydag (38.105927°N
28.220622°E), 5. Belevi Golii, Selguk (38.016889°N 27.465320°E), 6. Kocagdz Golii, Selguk (37.942717°N
27.329919°E), 7. Zeytinkdy Kaynagi-Seluk (37.982124°N 27.269546°E), 8. Gebekirse Golii, Seluk (37.988014°N
27.301535°E), 9. Akgdl (Barutgu Golii), Selguk (37.993784°N 27.323071°E).

Sekil 1. Kiigiik Menderes Nehri’nde 6rnekleme yapilan istasyonlar*

Figure 1. Sampling stations in Kii¢iilk Menderes River
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Sekil 2. a. Igrip ile 6rnekleme, b. Soker ile Grnekleme
Figure 2. a. Sampling with a seine net, b. Sampling with an electrofisher

Bulgular

Calisma sonucunda, Anguillidae, Atherinidae,
Cyprinidae, Cobitidae, Gobiidae, Leuciscidae,
Nemacheilidae, Mugilidae, Percidae ve
Poecilidaefamilyalarina ait 13 takson
belirlenmistir (Sekil 3-15). Kii¢ciik Menderes Nehri
kollar1 ve baglantili gollerde, 4’i Tirkiye

endemigi, 7’si yerli ve 2’si egzotik olmak tizere
10 familyadan 13 tiiriin varlig1 devam etmektedir.

Phylum : CHORDATA
Subphylum : VERTEBRATA

Classis : OSTEICHTHYES
Ordo : ANGUILLIFORMES
Familya  : Anguillidae

Sekil 3. Anguilla anguilla (Linnaeus, 1758) (Avrupa
yilan balig1)

Figure 3. Anguilla anguilla (Linnaeus, 1758)
(European eel)

Ordo
Familya

: ATHERINIFORMES
: Atherinidae

Sekil 4. Atherina boyeri Risso, 1810 (Giimiis balig1)

Figure 4. Atherina boyeri Risso, 1810 (Big-scale
sand smelt)

Ordo
Familya

: CYPRINIFORMES
. Cobitidae

Sekil 5. Cobitis fahirae Erk'akan, Atalay-Ekmekgi
& Nalbant, 1998 (Tasemen)

Figure 5. Cobitis fahirae Erk'akan, Atalay-Ekmekg¢i
& Nalbant, 1998 (Kiiciik Menderes spined loach)

Familya  : Cyprinidae

Sekil 6. Cyprinus carpio Linnaeus, 1758 (Sazan)

Figure 6. Cyprinus carpio Linnaeus, 1758
(Common carp)

Sekil 7. Carassius gibelio (Bloch, 1782) (Giimiisi
havuz balig1)

Figure 7. Carassius gibelio (Bloch, 1782) (Prussian
carp)
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Sekil 8. Luciobarbus lydianus (Boulenger, 1896)
(Biyikli balik)

Figure 8. Luciobarbus lydianus (Boulenger, 1896)
(Lydian barbel)

Familya  : Leuciscidae

Sekil 9. Petroleuciscus smyrnaeus (Boulenger,
1896) (Tatlisu kefali)

Figure 9. Petroleuciscus smyrnaeus (Boulenger,
1896) (Izmir chub)

Sekil 10. Squalius fellowesii
(Tatlisu kefali)

Figure 10. Squalius fellowesii (Gunther, 1868)
(Aegean chub)

(Gunther, 1868)

: Nemacheilidae

Familya

iR

umboudi,

She, 2 O

Sekil 11. Oxynoemachéirlus theophilii VSto
Kottelat & Barbieri, 2006 (Copgii baligi)

Figure 11. Oxynoemacheilus theophilii Stoumboudi,
Kottelat & Barbieri, 2006 (Lesbos stone loach)

Ordo : CYPRINODONTIFORMES
Familya  : Poecilidae

Sekil 12. Gambusia holbrooki (Baird & Girard,
1853) (Sivrisinek balig1)

Figure 12. Gambusia holbrooki (Baird & Girard,
1853) (Eastern mosquitofish)

Ordo
Familya

: GOBIIFORMES
:Gbiidae

-

Sekil 13. Knipowitschia ricasolii (Di Caporiacco,
1935) (Tatlisu kaya baligi)

Figure 13. Knipowitschia ricasolii (Di Caporiacco,
1935) (Ephesus goby)

Ordo
Familya

: MUGILIFORMES
: Mugilidae

Sekil 14. Chelon ramada (Risso, 1827) (Kefal)

Figure 14. Chelon ramada (Risso, 1827) (Thinlip
grey mullet)

Ordo
Familya

: PERCIFORMES
: Percidae

Sekil 15. Perca fluviatilis Linnaeus, 1758 (Tatlisu
Levregi)

Figure 15. Perca fluviatilis
(European perch)

Akarsu bilinyesinde yogun kirlilik
dolayisiyla sadece kaynak kismindaki gorece
temiz sularda baliklara rastlanmistir. S6z konusu
akarsular, Ilica Deresi (Baymdir), Aktas
Deresi (Odemis) ve K. Menderes Nehri’nin
kaynagt durumundaki Keles Cay1 (Kiraz)’dir.
Nehrin kaynak kisimlarinda Cyprinidae,
Leuciscidae ve Nemacheilidae familyas1
iyelerine  rastlanirken,  mansap  bolgesinde
yer alan ve denizle baglantis1 olan gollerde tatlisu
tirlerinin yanmi1 sira, Anguillidae, Atherinidac ve
Mugilidae gibi orihalin balik tiirleri de faunada yer
almaktadir (Tablo 1).

Calisma sonucunda, C. carpio ve P. smyrnaeus
tirleri 4’er istasyon ile en fazla rastlanan
tirler iken, A. anguilla, K. ricasolii, C. ramada

Linnaeus, 1758
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ve P. fluviatilis tiirleri sadece 1’er istasyonda

tespit edilebilmistir (Tablo 1).

Tablo 1. Kii¢iikk Menderes Nehri istasyonlara gore balik tiir listesi *

Table 1. Fish species list of stations on Kiigiik Menderes River *

Tiirler Istasyonlar UCN
1 2 3 4 5 6 7 8 9
A. anguilla + CR
A. boyeri + + LC
C. fahirae + LC
C. carpio + + + + VU
C. gibelio + + +
L. lydianus + + + LC
P. smyrnaeus + + + + LC
S. fellowesii + + + LC
K. ricasolii + LC
O. teophilii + + + LC
C. ramada + LC
P. fluviatilis + LC
G. holbrooki + + LC

*UCN: Conservation status (Koruma statiisii).

Tartisma ve Sonug¢

Glinlimiize kadar yapilmis olan calismalarda,
Kiicik Menderes Nehri ve bagli gollerde 15
familyadan 26 taksonun bildirimi yapilmistir. Balik
(1974), Bati  Anadolu tatlisu  baliklarinin
taksonomisi ve ekolojik oOzelliklerini inceledigi
caligmada K. Menderes Nehri’'nden 2 familyaya ait
5 takson bildirmistir. Balik ve Ustaoglu (1988),
Akgol ve Gebekirse Goli'nden ¢ogunlugu denizel
tiirlerden olusan 14 takson bildirmislerdir. Ahnelt
(1995), Bati Anadolu’dan iki yeni Knipowitschia
tiriinii tanittig1 ¢aligmasinda Kocagdz Golii'nden
endemik bir tiir olan Knipowitschia ephesii tiiriinii
bildirmistir. Erk’akan vd. (1999), Havzada Cobitis
genusuna ait 2 taksonun varligindan bahsetmislerdir.
Kuru vd. (2001), yaptiklar1 derleme ¢alismada nehir
havzasinda 9 familya igerisinde 16 taksonun
dagilimmi bildirmislerdir. Balik vd. (2008), bir
proje kapsaminda 4 familyadan 7 tiiriin varligini
saptamuslardir. Innal vd. (2018), Kocagdz Golii’nde
5 familyadan 8 tiir yasadigini bildirmislerdir. Kiigiik
Menderes Havzast Nehir Havza Yonetim Plam
Hazirlanmasi kapsaminda yapilan proje
calismasinda nehir kollar1 ve baglantili géllerde 9
familya dahilinde 13 tiriin varligi bildirilmistir
(TOB 2019) (Tablo 2). Son olarak, Kurtul ve Sar1
(2020), Belevi ve Barutcu gollerinde Gambusia
holbrooki tiirtiniin varligini bildirmislerdir.

Bu calismada ise, 10 familyadan 13 tiir tespit
edilmistir (Tablo 2). Takson sayisindaki farkliligin

en 6nemli nedenlerinden birinin 6zellikle nehir ana
kolundaki kirlilik ve habitat kaybi oldugu
diisiiniilmektedir. Havza igerisinde yer alan Kiraz,
Bayindir, Odemis ve Tire ilgelerinde tarim,
hayvancilik ve bunlara bagli sanayi faaliyetlerinde
¢ok hizli bir biiyime s6z konusudur. Bu
faaliyetlerin, havzaya yiiksek miktarda kirlilik yiikii
biraktigt ve bu durumun kaynak noktalarindan
itibaren hemen hemen nehirdeki tiim canli yagamini
olumsuz yonde etkiledigi bir¢ok calismada rapor
edilmistir. Balik vd. (2000), Belgika
Biyotik Indeksi’ne gore bentik omurgasizlardan
yararlanilarak su kalitesi seviyesinin “Asirt Kirli

Sular” grubuna girdigini bildirmislerdir.
Ayrica, YSKY’ye gore izlenen parametreler
degerlendirildiginde Selcuk Mansap
noktasinin  IV. Smif (¢ok kirlenmis su)

niteligi tasidigl, “Yeriistii Su Kalitesi Yonetmeligi”
yeriistii su kaynaklar1 kalite kriterlerine gore
IV. Smif: Cok kirlenmis su (“Zayif” su durumunu
ifade etmektedir) niteli§inde oldugu belirtilmistir
(OSIB 2018). T.C. Tarim ve Orman Bakanlig,
Su Yonetimi Genel Midiirligii tarafindan yapilan

caligmada da, havzada cevresel  baski
olugturan  faktorlerin  kentsel  kanalizasyon,
endiistriyel atik sular, tarirm ve hayvancilik
faaliyetleri,  zeytincilik,  balik¢ilik,  diizensiz

depolama sahalari, tag ocaklari, ¢cimento fabrikalari
ve madencilik faaliyetleri oldugu belirtilmektedir
(OSIB 2010).
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Tablo 2. Kii¢iik Menderes Nehri’nde giinlimiize kadar tespit edilmis balik tiirleri*
Table 2. The fish species identified so far in the Kiigiik Menderes River *

Takson 1 2 3 4 5 6 7 8 9
A. anguilla + + + + +
A. boyeri + +
S. fluviatilis +
C. fahirae + + + + +
C. kurui + + +
A. demiri + + +
L. lydianus + + + + +
C. gibelio + + +
C. carpio + + + + + + +
P. symrnaeus + + +
R. amarus + + +
S. fellowesii + + + +
K. ricasolii + + +
K. caucasica +
D. labrax + +
C. ramada + + + +
C. auratus + + +
C. saliens + +
M. cephalus + + +
O. theophilii + +
P. fluviatilis + +
G. holbrooki + + + + + +
S. glanis + +
S. solea + +
S. aurata + +
S. abaster +

*1: Balik (1974), 2: Balik ve Ustaoglu (1988), 3: Ahnelt (1995), 4: Erk’akan vd. (1999), 5: Kuru vd. (2001), 6: Balik
vd. (2008), 7: Innal vd. (2018), 8: TOB (2019), 9: Bu ¢calisma
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*a. Kocagoz Golii, b. Gebekirse Golii, c. Akgol, d. Belevi Golii
Sekil 16. Durgun su istasyonlarindan goriintiiler*
Figure 16. Views from Lake stations

Balik faunasinin dagilimim etkileyen
faktorlerden biri de akarsular iizerindeki baraj ve
goletlerin varligi ile birlikte yasanan kurakliktir. S6z
gelimi, balik varhigimin tespit edildigi Ilica deresi
(ist. 1) ve Keles Cay1 (Ist. 4) da dahil olmak iizere
nehri  besleyen derelerin  bircogunun  yaz
mevsiminde kurudugu goézlenmistir. Caligmanin
yapildigi, Kiiciik Menderes Nehri kollar1 tizerinde
Beydag ve Burgaz barajlariin yaninda, Aslanlar,
Bademli, Catak, Eskioba ve Karakizlar goletleri yer
almaktadir. Ayrica, Aktas, Ergenli, Rahmanlar ve
Uladi barajlari da ingaat halindedir. Bu durum, nehir
ana koluna baglanan hemen her derenin suyunun
tutulmast ve nehre wulasamamasi sonucunu
dogurmaktadir.

Havzanmm bazi balik tiirlerinin yogun olarak
bulundugu gollerde ise onceki caligmalarda varligi
bildirilen tiirlerden 6zellikle denizel kdkenli olan
Dicentrarchus labrax, Chelon auratus, Chelon
saliens, Mugil cephalus, Solea solea ve Sparus
aurata tiirleri bu calismada tespit edilememistir. Bu
durum, mevcut gollerin denizle olan baglantisini
saglayan kanallarin her zaman acik olmamasi ve
balik goglerinin saglikli sekilde olamamasi ile
aciklanabilir.

Calismanin dikkat ¢eken sonuglarindan biri de,
C. gibelio tiiriiniin Akgél (ist. 9)’de yogun olarak

bulunmasina ragmen, hemen yakininda yer alan
Gebekirse Golii (ist. 8)’nde bulunmayisidir. Bu
durum, her iki g6l suyunun tuzluluk degeri ile
aciklanabilir. Calisma siiresince, gol suyu tuzluluk
degeri Akgol’de 1,1-2,9 ppt arasinda degisim
gosterirken, Gebekirse Golii'nde 4,0-4,7 ppt olarak
Olcililmiistiir.  Gebekirse  Golii'ndeki  nispeten
yiiksek tuzluluk degerinin C. gibelio tiirliniin
varligi agisindan smirlayici bir etkisi oldugu
diistiniilebilir (Sekil 16).

Sonug olarak, Kii¢iik Menderes Nehri kollar1 ve
baglantili gollerde, 4’1 Tiirkiye endemigi, 7’si yerli
ve 2’si egzotik olmak iizere 10 familyadan 13 tiiriin
varligt  devam etmektedir. Havzanin  balik
biyogesitliliginin korunmasi ve siirdiiriilebilirligi
acisindan mevcut kirlilik kaynaklarinin
degerlendirilmesi ve bu dogrultuda denetlenmesi
onerilmektedir. Bunun yani sira, kiiresel iklim
degisikligi ile birlikte hizla azalan su miktar1 goz
Oniine alindiginda, havzada yer alan golet ve baraj
gibi su tutma yapilarinin akarsu yasaminin
devamhiligi1 saglayacak miktarda suyu dogal
ortamlara birakmasiin son derece onemli oldugu
digtinilmektedir  (Sekil 17). Aksi takdirde,
popiilasyonlarinin iyice azalmis oldugu balik
tirlerinin ¢ok yakin bir gelecekte ortamdan
tamamen yok olmalar1 kaginilmaz olacaktir.
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*a. Nehir ana kolundaki kirlilik, b. Ilica Deresi (Yaé mevsiminde kurumus dere yatagi), c. Keles Cay1 (Dere yatagina
bent yapilmak suretiyle miidahele), d. Beydag Baraji alt1 nehir ana kolu (Calisma yapilan 4 mevsimde de kuru)

Sekil 17. Akarsu istasyonlarindan goriintiiler*
Figure 17. Views from stream stations *
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Introduction

Environmental pollution, natural or manmade,
assumes enormous proportion with the advancement
of civilization, industrialization and urbanization.
Aguatic ecosystems are one of the most often
polluted spheres of the environment. This is because
contaminants in air, soil and land ultimately end up
in the aquatic ecosystems via precipitation, surface
runoff and leaching of rocks and solid wastes (Davies
et al. 2009). Municipal sewage, industrial wastewater
and agricultural chemicals, mining and petroleum
exploration are the main causes of surface water
pollution (Yang et al. 2002; Uncumusaoglu et al.
2016; Akkan et al. 2018). Aquatic ecosystems act as
major receptacles for various contaminants generated
through the unregulated release of effluents from
mines, smelters, industries, and from aerial

deposition (Nriagu and Pacyna 1988; Kabata-Pendias
2004; Adriano et al. 2002).

In Nigeria, the input of environmental pollutants
in aquatic ecosystems is a common phenomenon. It
is a general believe that aquatic systems: inland
waters, estuaries, and even the world oceans have an
unlimited capacity to absorb increasing amount and
variety of wastes and energy from our civilization
(Abu and Egenonu 2008). In spite of the global
abundance of water and the mainly renewable
property of water resources, its carrying capacity has
been overwhelmed by anthropogenic discharges of
unprecedented quantity of wastes within the last
century (Mokaya et al. 2004).

The contamination of freshwaters ecosystems in
developing countries with a wide range of pollutants
has become a matter of concern for decades (Dahunsi
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et al. 2012). The growing population and increased
industrial activities in many developing countries is
also accelerating the exposure of the environment to
multiple levels of contaminants including heavy
metals. Heavy metals have been considered as major
environmental pollutants due to their persistent and
toxicity profile in soil, water and biota (Ross 1994;
Prasad 2001; Ekperusi et al. 2016) and their
biological amplification through the food chain
(Dahunsi et al. 2012). Heavy metal contaminants in
river system pose serious concern not only to aquatic
media, but the human population interacting with
such water bodies (Boohene and Agbasah 2018).
Metal contamination and the trophic transfer of
metals in aquatic food chains has been a subject of
concern. More so, locations adjacent to agricultural
areas and industrial layouts pose a high risk to aquatic
habitats because of the potential for significant runoff
and industrial discharges (Ajao et al. 1996; Nubi et
al. 2008).

Pollution studies have revealed elevated levels of
metals in various river systems in southern Nigeria
(Kakulu and Osibanjo 1988; Kakulu and Osibanjo
1992). Consequently, the concentration of metals in
Nigerian coastal waters and sediment are of great
concern, warranting the need for periodic assessment
of both water and aquatic resources in order to
monitor the pollution and productivity status of
aquatic ecosystem (Ajao et al. 1996; Nubi et al.
2008).

The New Calabar River is among the important
water resources in the Niger Delta region and is in the
vicinity of the rapidly expanding Port Harcourt
metropolis in Rivers State. Local communities within
the area are directly dependent on the river for food,
agriculture, recreation, and sometimes, domestic
water supplies. The fishery resources in the river are
exploited in a subsistent manner by the use of
different types of traditional fishing gears by local
fishermen (Francis and Elenwo 2012). Many fish
species belonging to the families Lutjanidae,
Clupeidae, Cichlidae and the Claroteidae comprise
catches from the river, but the most abundant are the
Claroteidae (silver catfish) and Cichlidae (tilapias)
(Francis and Elenwo 2012). The river is subject to
effluent discharge from industries sited along its
banks. Also, surface run-off resulting from soil
erosion, lumbering, forestry operations, dredging,
and domestic sewage all contributes to a wide scale
contamination of the river.

Fin and shell fishes have been widely used as bio-
indicators to monitor heavy metals concentration in
aquatic environment due to their wide range of
distribution and their important position in the food
chain (Boohene and Agbasah 2018). Fish can
accumulate large amount of toxicants and are

considered as one of the most susceptible aquatic
organisms to toxic substances present in water
(Dahunsi et al. 2012). Fishery products constitute an
important aspect of human food due to the high level
of protein and essential amino acids for the proper
growth and development of the body (Dahunsi et al.
2012; Hadjiliadis 2012). Production of wholesome
aquatic foods demands adequate management of the
aquatic environment through effective screening for
toxicants for corrective actions (Dahunsi et al. 2012).
This study aimed to assess the contaminant levels
in surface water, sediment, and tissues of selected
fish species of New Calabar River to provide
a baseline and relevant data for the
effective regulation of water and fisheries resources
in Nigeria.

Materials and Methods

Study Area

The New Calabar River is located in Port
Harcourt, Rivers State. The state is one of the coastal
states of the Niger Delta region and the river empties
into the Atlantic Ocean (Francis and Elenwo 2012).
The Niger Delta region cover a land mass of about
some 70,000 km? and accounts for about 8% of
Nigerian land mass (Onosode and Chokor 2003). The
region is characterized by two distinct climatic
seasons of wet and dry period. The dry season starts
from November to February while the wet season
covers March to October with occasional rainfall
experienced during the dry season months of
November to March. The annual rainfall of the region
is between 2,000 and 3,000 mm (Abowei 2000).

The river contains fresh water at its upper and
middle reaches but becomes brackish towards the
mouth (Figure 1). Anthropogenic activities along the
river include an abattoir, poultry, a fabrication
company and a weekly market along the bank
(Nwadiaro and Ayodele 1992). The University of
Port Harcourt is located within the middle reaches of
the river. The inhabitants of Choba town make use of
New Calabar River for various domestic needs, such
as fishing, bathing, cooking and swimming. Also, the
river receives the effluent wastewater discharged
from Indo-Food Nigeria Plc, defunct Wilbros Nigeria
Limited, oil servicing company and an abattoir.
Dredging and fishing activities are still prevalent
alongside the other numerous human activities.

Sample Stations and Sampling Procedure

Based on the peculiarities observed around the
study area, three sampling points were selected
within the New Calabar River to reflect different
activities in the catchment. The three sampled
stations (upstream, midstream and downstream) were
approximately 500 meters apart as recommended by
national regulation for surface water sampling. All
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sites were geo-referenced using a handheld global
positioning  system  (GPS)  receiver  unit
(Magellan GPS 315). Station | which is the
upstream  with  latitude 04°42702.5'N  and
longitude 07.1°12"31.3'E is close to an abattoir
and a waste dump site, station 2 (midstream,
latitude 04°51"58.7'N and longitude 006°53"21.6'E)
is close to an oil servicing company, while station
3 which is the downstream (latitude 04°52"58.7'N
and longitude 006°53"48.3'E) is characterised
by human waste disposal and fishing activities.
Samples collected for analysis include water,
sediment and biota. At each sampling point, three

4*64'0'N
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Figure 1. Map of study area showing sampling stations

Determination of
Parameters and Heavy Metals

The physicochemical parameters such as
temperature, pH, salinity, total dissolved solids
(TDS), total suspended solids (TSS), chemical
oxygen demand (COD), dissolved oxygen (DO),
biochemical oxygen demand (BOD) of the water was
measured in the laboratory using Bench-top meter
(860033 model) while dissolved oxygen (DO) was
measured using Winkler’s method. Nitrate,
phosphate, sulphate, chloride, ammonia, oil and
grease and heavy metal in water and sediments such
as Pb, Cr, Cu, Fe, Cd, Zn and Mn were analyzed and
recorded following standard laboratory procedure
using Atomic Absorption Spectrophotometer (AAS
Model API-RP 45). Heavy metals in tissues of
selected fish species (Chrysichthys nigrodigitatus,
Tilapia zilli and Papyrocranus afer) were
homogenised, extracted with acids, and analyzed

Physicochemical

randomize samples were collected to form a
composite sample.

The fieldwork was undertaken on a monthly basis
from January to June 2019. Surface water sample
were collected with a water sampler. Sediment
was collected using a sediment sampler. All collected
samples were emptied into appropriate sampling
bottles, preserved with 10% formalin, labelled
properly and kept in ice packs before taken to the
laboratory for analysis. Fish samples were purchased
from fisherman within the bank of the river after
interaction and conforming the location of the catch
with respect to the three sampling stations.

using AAS. Also, the bioaccumulation factor (BAF)
was determined as the concentration of metals in
fishes (mg/kg) over the concentration of metals in
sediments (mg/kg).

Data Analysis

The data were analyzed using Statistical Package
for Social Sciences (SPSS version 23). Data were
summarized into means and standard deviation and
were subjected further one-way analysis of variance
(ANOVA) to determine significant differences
(P<0.05). Duncan Multiple Range Test was used to
separate significantly different means.

Results

Physicochemical Parameters

The variation in the physicochemical
characteristics in surface water of New Calabar River
for the sampled period across the three stations is
shown in Table 1. All the values except chemical
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oxygen demand and biochemical oxygen demand
were below the WHO recommended limit for
freshwater bodies. Across the station, pH, chemical
oxygen demand, dissolved oxygen, phosphate,
calcium and magnesium were highest in station 1 and
lowest in station 3, while phosphate and magnesium
were lowest in station 2. Nitrate and sulphate were
highest in station 2 and lowest in station 3.
Temperature, salinity, total dissolved solids, total
suspended solids, biochemical oxygen demand and
chloride were highest in station 3 and lowest in
station 1, but temperature and biochemical oxygen
demand are lowest in station 2. Oil and grease remain
the same across the three stations while ammonia was
below detection limit in station 2 and 3. Analysis of
variance showed there was a significant variation
(P<0.05; 222.23) among the parameters across the
three stations except in pH, temperature, phosphate,
ammonia and oil and grease values.

Heavy Metals in Surface Water and Sediments

The variation in the concentration of heavy
metals in surface water and sediment of the New
Calabar River are shown in Table 2. For heavy metals
in surface water, chromium, copper, lead and

zinc were highest in station 2. Zinc was lowest in
station 1 while the other three metals (chromium,
copper and lead) have similar values in station 1 and
3. Iron and manganese were highest in station 3 and
lowest in station 1, while nickel was highest in station
1 and lowest in station 3. Cadmium was below
detection limit across the sampled stations. No
significant  differences (P>0.05; 0.278) were
observed in all the metals in surface waters, except in
zinc. All the values of the heavy metals except iron,
nickel and zinc were below WHO recommended
limit.

For sediments, nickel, lead and zinc were highest
in station 2 and lowest in station 1 while copper and
manganese were highest in station 1 and lowest in
station 3. Chromium was highest in station 3 and
lowest in station 1 while iron was highest in station 2
and lowest in station 1. No significant differences
(P>0.05; 0.114) were observed in all the metals in
sediments, except in zinc. All the values of the heavy
metals (chromium, iron, nickel, lead, and zinc)
except copper and manganese were above WHO
recommended limit. Cadmium was below detection
limit across the sampled stations.

Table 1. Mean values of physicochemical parameters in surface water at the three stations.

onl ) falontt Sty wHom
pH 7.42+0.64 7.14+£0.41 7.02+0.32 6.5-8.5
Temperature (°C) 28+0.52 27+0.71 28+0.75 30
Salinity (mg/l) 50.4+0.21 60.6:0.10 101+£0.11 120
Total Dissolved Solids (mg/I) 140+0.17 180+0.12 220+0.15 250
Total Suspended Solids (mg/l) 120+0.27 160+0.25 240+0.72 1500
Chemical Oxygen Demand (mg/l) 76+0.01 724+0.08 52+0.10 40
Dissolved Oxygen (mg/l) 4.8£0.03 4.4+0.02 4.0+£0.01 6
Biological Oxygen Demand (mg/l) 24.8+0.19 23.240.21 25.6+0.10 10
Nitrate (mg/l) 2.6:0.02 3.5+0.05 1.8+0.08 50
Phosphate (mg/l) 0.4+0.24 0.33+0.64 0.37+0.46 0.70
Sulphate (mg/I) 6.9+0.28 8.3+0.15 6.9+0.16 250
Chloride (mg/l) 28+1.14 33+1.24 56+1.43 250
Ammonia (mg/l) 0.6+0.03 N.D N.D -
Calcium (mg/l) 0.47+0.1 0.35+0.09 0.32+0.07 250
Magnesium (mg/l) 3.14+0.29 2.3+0.31 2.26+0.19 150
Oil and Grease (mg/l) 1+0.001 1+0.001 1+0.001 10

*ND — Not detected
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Table 2. Mean concentration of heavy metals in water and sediment of New Calabar River
Heavy metals (mg/l)
Stations Samples Pb Cr Cu Fe Ni Cd Zn Mn
Sediments 0.14+ 0.17+ 0.10+ 6.8+ 0.19+ <0.001+ 2.63+ 0.34+
0.12 0.00 0.20 0.15 0.12 0.00 0.08 0.01
! Water <0.001+  0.03+ 0.03+ 1.88+ 0.28+ <0.001+ 2.43+ <0.001+
0.02 0.10 0.07 0.05 0.05 0.00 0.02 0.01
Sediments 0.32+ 0.18+  0.18+ 7.06+  0.62+ <0.001+ 6.12+ 0.33+
i 0.02 0.05 0.12 0.09 0.01 0.00 0.05 0.06
Water 0.06+ 0.04+  0.05+ 3.06£  0.25+ <0.001+ 6.28+ 0.02+
0.07 0.10 0.05 0.02 0.01 0.00 0.08 0.01
Sediments 0.25+ 0.22+  0.13+ 7.03+  0.28+ <0.001% 2.7+ <0.001+
0.20 0.01 0.07 0.00 0.02 0.00 0.07 0.12
i Water <0.001+  0.03+ 0.03+ 3.07+ 0.19+ <0.001+ 3.86+ 0.04+
0.00 0.02 0.10 0.08 0.01 0.00 0.02 0.01
Standard WHO
Limit (2011) 0.01 0.05 2.0 0.3 0.02 0.003 0.1 0.4

Heavy Metals in Fishes

The variation observed in heavy metal
concentrations in the tissues of C. nigrodigitatus are
shown in Figure 2. Chromium, copper,
iron, manganese, nickel and zinc in the tissues
of C. nigrodigitatus were highest in station 2 and
lowest in station 3, except for copper and iron that
were lowest in station 1. Lead was highest in station

3 and lowest in station 1. Cadmium was below
detection limit. No significant differences (P>0.05;
0.010) were observed in the means of metals in
tissues of C. nigrodigitatus. All the values of heavy
metals (chromium, iron, nickel, lead and zinc)
reported, except copper and manganese were above
the WHO acceptable limit for heavy metals in fishery
products.
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Heavy metals across the three stations

Figure 2. Concentration of heavy metals in tissues of C. nigrodigitatus

The concentration of heavy metals observed in
the tissues of T. zilli is shown in Figure 3. Chromium,
copper, nickel, lead and zinc in tissues of T. zilli were
highest in station 2 and lowest in station 1, except for
nickel and zinc that were lowest in station 3. Iron was
highest in station 1 and lowest in station 3, while
manganese was highest in station 3 and lowest in

station 1. Cadmium was below detection limit. No
significant  differences (P>0.05; 0.002) were
observed in the means of metals in tissues of T. zilli.
All the values of the heavy metals (chromium, iron,
nickel, lead and zinc) reported, except copper and
manganese were above the acceptable limits for
heavy metals concentration in fishes.
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Figure 3. Concentration of heavy metals in tissues of T. zilli

The levels of heavy metals recorded in the tissues
of P. afer are shown in Figure 4. Copper, iron and
manganese in tissues of P. afer were highest in
station 3 and lowest in station 2. Chromium, nickel
and lead were highest in station 2 and lowest in
station 3, while zinc was highest in station 1 and
lowest in station 2. Cadmium was below detection
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limit. No significant differences (P>0.05; 0.084)
were observed in the mean concentration of metals
found in tissues of P. afer. All the values of the heavy
metals (chromium, iron, nickel, lead and zinc)
reported, except copper and manganese were above
the acceptable limits for heavy metals concentration
in fish products.
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Figure 4. Concentration of heavy metals in tissues of P. afer

Bioaccumulation Factor of Metals in Fishes
The bioaccumulation factor (BAF) observed for
the three fish species are shown in Table 3.BAF value

of C. nigrodigitatus was 1.57+0.02, while those of
T. zilli and P. afer were 1.81+0.01 and 1.66+0.03,
respectively.

Table 3. Bioaccumulation factor of metals in fish samples at the study area

Fish Samples

BAF

C. nigrodigitatus

1.57+0.02

T. zilli

1.81+0.01

P. afer

1.66+0.03
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Discussion

Physicochemical parameters are essential in the
assessment of the general water quality condition of
a river as it relates to pollution, aquatic biodiversity
and river basin management. All the values except
chemical and biochemical oxygen demand in surface
water of New Calabar River were below the
recommended limit for freshwater bodies.
Temperature, pH and dissolved oxygen are three
intricate parameters that interact in an aquatic
ecosystem for the proper functioning of ecological
balance. The increase in temperature could directly
affects the pH and dissolved oxygen level available
to aquatic life. Temperature, pH and dissolved
oxygen concentration observed in the upstream of the
river is expected, but the elevated levels of chemical
oxygen demand beyond recommended limit and
sulphate is unusual at the upstream. The factor
responsible for the increased sulphate and chemical
oxygen demand at upstream maybe unclear but in
slow running rivers without obvious elevation in the
upstream, mixing of organic nutrients could occur
due to turbulence and other anthropogenic activities
such as fishing and transportation. Also, the
proximity of station 1 to an abattoir and a waste dump
site may have resulted in the increased in chemical
oxygen demand particularly as a result of
precipitation and run-off. The temperature (27.0 -
28.0 °C) reported in our study, which is within the
acceptable limit for freshwater bodies, was similar to
those reported in different water bodies in southern
Nigeria. The pH values reported in this study,
although within permissible limits, tends towards
alkalinity of the surface water body. This is expected
where rivers have some interaction with saltwater
bodies particularly from the mangrove swamp
ecosystem in the Niger Delta region. Although
dissolved oxygen was the highest in station 1, which
is acceptable, it was relatively low (4.0 - 4.8) across
the sampled stations. This is a further indication that
anthropogenic activities could be affecting the New
Calabar River from its pristine condition. The values
reported for the three parameters are in conformity
with that reported by Adakole et al. (2008), Fianko et
al. (2013), lloba and Ruejoma (2014) and Asibor
(2016), but contrasted with that reported by other
researchers across Nigeria. Edokpayi and Osimen
(2001) and Arimoro (2009) reported lower values
for pH and temperature at Ibiekum River,
Ekpoma and Adofi River. Jaji et al. (2007)
and Asibor (2016) reported lower temperature
and pH in Ogun River and Asejire Reservoir,
while Arimoro and lkomi (2008) and lloba
and Ruejoma (2014) reported lower
dissolved oxygen levels. Jaji et al. (2007), Ayeni et
al. (2011) and Fianko et al. (2013) reported higher

temperature, pH and dissolved oxygen compared to
our study.

Total dissolved and suspended solids,
biochemical and chemical oxygen demand, nitrate,
sulphate, phosphate, chloride and ammonia are all
pollution indicators in surface water system. The
increased levels of these parameters could indicate a
growing level of degrading water quality and
pollution in the presence of a water body. In this
study, all the above parameters were within the
acceptable limits for freshwater ecosystems, except
biochemical and chemical oxygen demand. The
elevation of the two parameters above the
permissible limits indicates the changing chemistry
of the water body with increased organic nutrients
load. The increased level particularly in stations 1 for
chemical oxygen demand seems unusual, but this is
not new. Sikoki and Anyanwu (2013) reported
elevated physicochemical parameters such as total
alkalinity, total hardness, conductivity, nitrate-
nitrogen, turbidity, biochemical oxygen demand,
temperature and phosphate-phosphorus with the
highest values at the upstream while pH and
dissolved oxygen were highest at midstream of Onu-
lyi-Ukwu Stream. Oluyemi et al. (2010) reported
similar nitrate, phosphate and sulphate compared to
our study on the physicochemical properties of Ife
River, Osun State, Nigeria. Ayeni et al. (2011) and
Sikoki and Anyanwu (2013) reported similar values
with physicochemical parameters at Ala River, Ondo
State and Onu-lyi-Ukwu Stream in Rivers State.
Edokpayi and Osimen (2001), Arimoro et al. (2007),
Arimoro and Ikomi (2008), Omoigberale and
Ogbeibu (2010), Olomukoro et al. (2013) and lloba
and Ruejoma (2014) reported lower biochemical
oxygen demand, chemical oxygen demand, nitrate,
phosphate compared to our study in various streams,
wetlands and rivers including Agbede Wetlands,
Orogodo and Ibiekuma rivers in southern Nigeria.
The increased levels of temperature, salinity, total
dissolved solids, total suspended solids, biochemical
oxygen demand and chloride observed in station 3
was expected at the downstream of the river. Many
of the effluents entering the river settles at the
downstream. Other anthropogenic factors that may
influences the increase in physicochemical
parameters at station 3, which include human waste
disposal and fishing activities leading to
perturbations and disturbances from human
interaction at the downstream. Previous authors
reported lower physicochemical parameters in rivers
in eastern and western Nigeria (Akinbile and
Omoniyi 2018; Ayandirana et al. 2018; Anyanwu and
Ukaegbu 2019). Ololade and Ajayi (2009) reported
higher values for total dissolved solids, chloride,
nitrate, sulphate, phosphate but lower biochemical
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oxygen demand and chemical oxygen demand in
major rivers along federal highways in Ondo State.
The very low level of oil and grease reported across
the three stations in this study indicated that
hydrocarbon  polluting  substances, including
petrochemicals, maybe negligible in the New Calabar
River system, but the increased and elevated levels of
chemical oxygen demand and biochemical oxygen
demand above the recommended limit could give an
indication of a deteriorating surface water condition
of the river.

The levels of chemical distribution in surface
waters influence the diversity of life present or
adapted to the water column, while sediment act as a
sink for contaminants in the aquatic ecosystem and
could be an avenue for the recontamination of the
water column as a result of turbulence or
bioturbation. Among the heavy metals in surface
water, only iron and manganese were the highest in
station 3. Chromium, copper, lead and zinc were the
highest in station 2, while nickel was the highest in
station 1. Although station 2 and 3 could be seen to
have similar attributes, the increase in nickel at the
upstream with values above recommended limits
calls for concern. For metals in sediment, only
chromium was the highest in station 3. As observed
with metals in surface waters, most of the metals such
as nickel, lead, iron and zinc were the highest in
station 2. This further indicates that anthropogenic
activities at station 2, such as wastes from an oil
servicing firm, could be impacting the river
compared to station 1 and 3. Heavy metals in surface
waters and sediment in the Niger Delta are largely
associated with effluents or spill from the oil and gas
industry or from similar anthropogenic factors within
the region (Ekperusi et al. 2016). Copper and
manganese were the highest in station 1 for
sediments, while nickel was the highest in station 1
for surface waters. This also implies that elevated
levels of contaminants are already moving towards
the upstream of the river from the midstream, which
seems to be more contaminated in this study.
Cadmium was below detection limits in surface water
and sediment. Omole et al. (2018) also reported
cadmium to be below detection limit in surface
waters of Atuwara River in western Nigeria. Ololade
and Ajayi (2009) reported elevated cadmium levels
above recommended limits in four major rivers
(Oluwa, Owena, Ogbese and Ose) in Ondo State,
Nigeria. Iron in sediment was the highest (7.06),
while manganese was the lowest in water (0.001).
The increased level of iron in surface water and
sediment has been observed by different studies in
tropical aquatic ecosystem within the past decade
(Fianko et al. 2013; Asare et al. 2018; Asibor 2016).
Asibor (2016) and Asareet al. (2018) reported that

iron was more abundant than other metals in
reservoirs in  Nigeria and Ghana. Metals
concentration in sediments were higher for all metals
compared to the concentration observed in surface
waters. This indicated the accumulative and elevated
metals deposition in sediments as a sink for
contaminants in aquatic ecosystems. It has also been
suggested that metals such as cadmium, copper, lead
and zinc have a high tendency in binding tenaciously
to the organic matter within sediment (Boohene and
Agbasah 2018). In the same vein, more metals were
above the recommended limits in sediments
compared to water column. Other researchers
working in various freshwater ecosystems have also
reported values similar to our study, but some others
reported contrasting observation in the metal profile
of freshwater ecosystem across Nigeria. Adebowale
et al. (2008) reported similar values for heavy metals
in water, but higher values for metals in the sediments
of Ondo Estuary, while Ayeni et al. (2011) reported
similar values in the surface waters of Ala River,
Ondo State. Higher values were reported in surface
water of Ife River (Oluyemi et al. 2010), Sakumo and
Kpeshi Lagoons, Afam River, Ghana (Laar et al.
2011; Fianko et al. 2013; Boohene and Agbasah
2018), Asejire Reservoir and Atuwara River in
western Nigeria (Asibor 2016; Omole et al. 2018).
Others reported lower metal levels in Ogun and
Ogbese rivers in western Nigeria (Jaji et al. 2007,
Akinbile and Omoniyi 2018). Ayandirana et al.
(2018) reported lower heavy metals in water, but
higher metals (chromium, cadmium, copper, lead,
nickel, manganese and zinc) in sediments compared
to our study. Nwankwoala and Angaya (2017) also
reported elevated levels of copper, chromium and
manganese in water and sediments of New Calabar
River. Similar values were also reported by George
and Abowei (2018) in bottom sediments of the
same river.

In surface waters, iron, nickel and zinc were
above recommended limit while in sediments
chromium, iron, nickel, lead and zinc were above
recommended limit. Olu et al. (2019) reported that
heavy metals (iron, aluminum, lead, vanadium and
cadmium) in surface water and sediments were above
permissible limits in Rivers State. The three metals
with elevated values in surface waters are basically
essential metals, which are required in certain
proportions by aquatic organism for proper biological
function, but metals such as chromium and lead,
which are two of the metals found in elevated levels
in sediments, are non-essential or toxic metals and
are not known to be useful to biological organisms.
The elevated levels of both metals call for more
attention to the rising levels of contaminant in the
New Calabar River.
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Aquatic biodiversity has the potentials to take up
and accumulate contaminants in freshwater
ecosystem. Many biological agents could magnify
contaminants in their tissues beyond the levels
present in the environment. The three species
reported in this study are staple fishery products
consumed by residents and sold in markets across
Nigeria, particularly in the Niger Delta region. No
significant differences were observed in metal
concentration in the tissues of the three species. The
levels of heavy metals reported in the tissues of
C. nigrodigitatus, T. zilli and P. afer were higher than
that reported in surface waters and sediment. This is
a clear indication of the potentials of the three species
to accumulate heavy metals and transfer it across the
food chain. Among the three species, the highest
metal concentration was reported in the tissues of
T. zilli, followed by P. afer and C. nigrodigitatus. The
factor responsible for this is not clear, but T. zilli is a
fish species that is known to forage widely with
increased agility compared to the other two species.
An earlier study in the same river by Wegwu and
Akaninwor (2006) indicated that the metal
concentration (Hg, Pb, Cd, Cu, Cr, Fe, and Zn) in
tissues of Clarias gariepinus were below the
recommended limits. Whereas a recent study by
Akankali and Davies (2018) reported above the
permissible limits of zinc and lead in the tissues of
Sarotherodon melanotherona caught from New
Calabar River. This is an indication of the increasing
impact of anthropogenic activities along the river
bank. Laar et al. (2011) reported elevated levels of
iron, copper and manganese and low levels of
mercury, chromium and cadmium in Black-chin
Tilapia from the Sakumo Lagoon, Ghana. Iron,
manganese and zinc concentration in fish were
greater than WHO recommended values. The high
levels also suggested that the fish were capable of
concentrating the metals in their bodies from the
aquatic environment. Boohene and Agbasah (2018)
reported elevated levels of heavy metals (Co, Cr, Cd,
Cu, Mn, Pb, Zn, Fe and Ni) in surface waters,
sediments and tissues of Oreochromis niloticus in
Afram River, Ghana. The values reported were
higher than that of reported from our study. Fianko et
al. (2013) reported elevated levels of heavy metals
(Na, k, Ca, K, Fe, Mn, Ni, Cr, Cd, Al, Pb) in fishes of
Kpeshi lagoon compared to our study. In contrast,
Ayotunde et al. (2012) observed that copper,
cadmium, iron and lead in C. nigrogitatus were
below the recommended limits in Cross River,
Nigeria. They attributed their results to high waste
assimilation capacity of the river with respect to
chemical dilution, sedimentation and water exchange
(Ayotunde et al. 2012). Across the stations,
chromium, copper, nickel, lead and zinc in tissues of

T. zilli were the highest in station 2. Iron was the
highest in station 1, while manganese was the highest
in station 3. The highest number of metals
(chromium, copper, iron, manganese, nickel and
zinc) was reported in the tissues of C. nigrodigitatus
in station 2. Only lead was the highest in station 3.
Copper, iron and manganese in tissues of P. afer were
the highest in station 3. Chromium, nickel and lead
were the highest in station 2, while zinc was the
highest in station. Cadmium was below the detection
limits in the three species. The majority of metals
found in the tissues of fish species are mainly from
station 2, while few were reported in station 3 and
iron alone was the highest in station 1 for T. zilli. This
also confirmed the pattern of metal distribution in
surface waters and sediments. Anthropogenic
activities particularly from the oil servicing firm
located along the bank of the river at station 2 could
be having impact on the water quality of the river.
The heavy metals reported in this study are typical of
impurities associated with the petrochemical industry
via spills and run-offs into soil, surface and
groundwater in the Niger Delta region. Fish
constitutes the major source of protein for many
households, communities and people across the
Niger Delta region, due to the relative abundance,
quality protein and essential amino acids for the
proper growth and functioning of body muscles and
tissues (Ayeni et al. 2011). The presence of elevated
metals, particularly non-essential metals such as
chromium and lead, in the fishery products from the
New Calabar River requires regular assessment,
regulatory and mitigative actions in order to reduce
the burden of metal accumulation in human
population due to consumption of fishery products.

In environmental assessment, bioaccumulation
factor is one ecological tool for estimating
contaminant level in living organisms. In this study,
BAF values was calculated as the concentration of
heavy metals in sediment over their concentration in
fishes. T. zilli had the highest bioaccumulation factor
followed by P. afer and C. nigrodigitatus. Ololade
and Ajayi (2009) reported higher bioaccumution
factors for lead and copper in tissues of C. gariepinus
collected from four rivers in Ondo State, Nigeria.
A BAF value greater than 1 is an indication of
efficient uptake of contaminant. In this study, BAF
values were higher than 1 for all three species, which
indicated high uptake of heavy metals in New
Calabar River. The increased uptake of metals
reported in the tissues of fishes and the high
BAF values are a warning signal for
the anthropogenic activities along major rivers in
the Niger Delta region and could be
introducing contaminants including metals into the
food chain.



216

Davies & Ekperusi 2021 - LimnoFish 7(3): 207-218

The assessment of surface water, sediment and
fishery products in New Calabar River has given new
insights into the changing chemical composition and
contaminants fluxes in the aquatic ecosystem. Many
of the organic nutrients load were within the
acceptable limit for freshwater ecosystem, but the
increased and elevated levels of chemical and
biochemical oxygen demands, above the
recommended limits, could give an indication of a
deteriorating surface water condition in the river. The
heavy metals concentration in sediments were higher
for all metals compared to the concentration observed
in surface waters. This indicated the accumulative
and elevated metals deposition into sediments as a
sink for contaminants in aquatic ecosystems. The
levels of heavy metals reported in the tissues of fishes
were higher than that reported in surface waters and
sediment. This is an indication of the potentials of the
three species to accumulate and biomagnify heavy
metals across the food chain. The increased uptake of
metals reported in the tissues of fishes is a warning
signal that anthropogenic activities along the river
could be introducing contaminants including metals
into the food chain. This requires further attention for
the protection of the natural environment, aquatic
biodiversity and public health.
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6z MAKALE BiLGIiSi

Yeryiiziinde gerek insan gerekse suda yasayan organizmalarin yasamlarmin ARASTIRMA MAKALESI

devamliligt agisindan temiz su kaynaklari giderek azalmaktadir. Tarimsal

faaliyetler, sanayi atiklari ve evsel atiklardan kaynakli gibi birgok kirletici Gelis :11.11.2020 E E
sularin kirlenmesine neden olmaktadir. Farkli kaynaklardan sulara karisan Diizeltme  :02.03.2021 =
toksikantlar nedeniyle sularda yasayan organizmalarda cesitli genetik hasarlar
ortaya cikabilmektedir. Genetik materyaldeki hasarlar, sucul organizmalarin
adaptasyon kapasitesinde diisiis ve avcidan kacis gibi davraniglarda yetersizlik Yayim :30.12.2021 E
gibi yasamsal Onemde sorun yaratabilmektedir. Bu nedenle, organizmanin
hayatta kalabilme yeterliliginin korunabilmesi i¢in genetik materyalin stabilitesi
onemlidir. Bu ¢alismada Uluabat Goli’ndeki genotoksik potansiyel, farkli "
lokaliteden toplanan Cyprinus carpio (Sazan baligr) ve Silurus glanis (Yaym SORUMLU YAZAR
balig1) iizerinde tek hiicre alkali jel elektroforezi (KOMET) ve mikronukleus bkaya@akdeniz.edu.tr
(MN) teknikleri ile degerlendirilmistir. Elde edilen sonuglara gére Uluabat Tel - +90 242 310 23 50
Golii’nde ilkbahar ve yaz mevsimlerinde alinan kan 6reklerindeki genotoksisite )

potansiyeli kis mevsimine gore yiliksek bulunmustur. Ayrica su ve sedimente ait

9 farkli agir metalin (Pb, Cd, Hg, As, Ni, Cr, Cu, Zn ve Mn) birikim diizeyleri

analiz edilmistir. Balik dokularinda yapilan analiz sonuglarina gére Hg kasta, As

ve Zn bobrekte, Pb, Cd, Ni, Cr, Cu ve Mn karacigerde daha fazla birikim

gozlenmistir.
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Determination of Genetic Damage Level in Cyprinus carpio and Silurus glanis Depending on Uluabat Lake
Water Pollution

Abstract: The clean water resources necessary for human and aquatic organisms for the continuity of their lives are gradually
decreasing. Agricultural activities, industrial wastes and domestic wastes cause pollution in waters. Genetic damages can occur in
aquatic organisms due to toxicants that enter the water from different sources. Damage to genetic material can cause vital
problems such as a decrease in the adaptation capacity of aquatic organisms, and inability to escape from predators. Therefore, the
stability of the genetic material is important in order to maintain the survival of the organism. In this study, the genotoxic potential
in Lake Uluabat was evaluated bythe alkaline single cell gel electrophoresis (COMET) and micronucleus (MN) techniques on
Cyprinus carpio (common carp) and Silurus glanis (European catfish) collected from five different locality. According to the
results, the genotoxicity potential in the blood samples taken was found to be higher in the spring and summer seasons than in the
winter season of the lake. In addition, the accumulation levels of 9 different heavy metals (Pb, Cd, Hg, As, Ni, Cr, Cu, Zn and Mn)
in water and sediment were analyzed. It was determined that in the samples taken from fish tissues, the highest Hg accumulation
was found in muscle, As and Zn in kidney, Pb, Cd, Ni, Cr, Cu and Mn in liver.

Keywords: Lake Uluabat, Cyprinus carpio, Silurus glanis, genotoxicity, heavy metal
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Giris

Niifus artis1 ve endiistrinin gelismesi ile birlikte
olusan pek ¢ok c¢evre sorunlarindan bir tanesi insan
saglhigi ve sucul ekosistemde yasayan canlilar
etkileyen su kirliligidir (Ohe vd. 2004;
Schwarzenbach vd. 2010). Ilaglar, deterjanlar,
dezenfektanlar, biyositler, komiir ve petrol sularin
kirlenmesine neden olmaktadir (Ahuja 2013).
Baliklar, kirleticilerin bulundugu ekosistemlerinden
kagamamaktadir. Sucul sistemdeki Oliimlerin ve
zararl etkilerin sebebi besin zincirinde bulunan bu
kirleticilerdir (Squadrone vd. 2013). Baliklarin sucul
ortamdaki kirlilige bagli olarak, biiylimenin ve
iremenin inhibisyonuna, zararli  bilesenlerin
dokularda birikimi ve dokularin zarar goérmesi,
genetik hasara ve Olime neden olabilmektedir
(De Andrade vd. 2004). DNA hasarmin
belirlenmesi, yasayan organizmalarda kirlilik
kaynakli stresin belirlenmesinde ve anlagilmasinda
onem tagimaktadir (Klobucar vd. 2012).

Sulak alanlar endiistriyel evsel atiklar sonucu
agir metallerce kirlenmeye agik bir durumdadir (Hu
vd. 2015). Sudaki Kirleticilerin konsantrasyonlarinin
Olglimii, biyotanin maruz kaldig1 toksisitenin
gorilintiilenmesine yarar saglamaktadir (Rajaguru vd.
2003). Suda yasayan organizmalarda (6zellikle
baliklarda) metallerin biyolojik birikimleri ilgili
sucul ortamlarn kirliligi hakkinda bilgi vermesi
acisindan  bir ara¢ olarak  kullanilmaktadir
(Squadrone vd. 2013). Baliklar yasamlar1 boyunca
agir metalleri viicutlarinda biriktirebilmekte ve bu
sebeple  yasadiklari  ortamun  kirliligini  ve
hidrokimyasal kosullarin1 yansitarak bir biyobelirte¢
olarak kullanilabilmektedir (Al-Sabti ve Metcalfe
1995; Ateeq vd. 2005; Klobucar vd. 2010). Agir
metaller, ¢esitli balik dokularinda, her bir dokunun
fizyolojik islevine bagl olarak, farkli toksik etki
gostermektedirler (Has-Schon vd. 2015).

DNA ve kromozom diizeyinde gergeklesen
genetik materyaldeki hasarlar belirlemek i¢in farkli
testler mevcuttur. Uluslararasi kabul edilebilirligi ve
yiiksek hassasiyet derecesi nedeniyle kromozom
diizeyindeki hasarlarin belirlenmesinde
mikronukleus (MN) ile DNA diizeyindeki hasarlarin
tespitinde de tek hiicre alkali jel elektroforezi
(SCGE veya KOMET) teknikleri yaygin olarak
kullanilmaktadir.

Cevresel kirleticiler tarafindan olusturulan
etkinin belirlenmesi amaciyla mikronukleus (MN)
testi (Hayashi vd. 1998; Linde-Arias vd. 2008;
Galindo ve Moreira 2009; Grisolia vd. 2009; Arslan
vd. 2010; Barsiene vd. 2012; Omar vd. 2012) ve tek
hiicre alkali jel elektroforezi (SCGE veya diger
adiyla KOMET) testi (Grisolia vd. 2009; Cok vd.
2011; Klobucar vd. 2012; Osman vd. 2012; Otter
vd. 2012; Penders vd. 2012; Vincent-Hubert vd.

2012) gibi sitogenetik ve genotoksik testler ile
kromozom ve DNA diizeyindeki muhtemel hasarlar
incelenebilmektedir.

Bu c¢alismada Uluabat Golii'nde ¢evresel
kirleticilerin ~ potansiyeli  genotoksik  etkileri
C. carpio ve S. glanis kan hiicrelerinde MN ve
KOMET teknikleri ile degerlendirilmistir. Ayrica
calisma kapsaminda suda, sedimentte ve calisilan
model organizmalarin farkli dokularindaki agir
metal birikimi de incelenmistir.

Materyal ve Metot

Arastirma Sahasi

Calisma  kapsaminda, mevsimsel Dbazda;
baliklara ait 6rneklemeler, 4 farkli mevsimde (Ocak,
Nisan, Temmuz ve Ekim aylarinda) yapilmustir.
C. carpio balik ornekleri potansiyel kirlilik ve
baliklarin yakalanma potansiyelleri de dikkate
almarak Uluabat Go6li’nlin - desarjina  yakin
kiyilarindan, S. glanis balik 6rnekleri ise Capraz
Cay1r’ndan temin edilmistir (Sekil 1).

Uluabat Golii  Tirkiye’nin -~ kuzeybatisinda
bulunan Marmara Bolgesi’nde, 40° 10' kuzey ve 28°
35" dogu koordinatlar1 arasinda yer alan, sucul
ekosistem yoniinden Tirkiye’nin en zengin
gollerinden biridir. Marmara Bolgesi’nde yer alan
gerek plankton ve dip canlilar1 gerek sucul bitkileri
gerekse balikk ve kus popiilasyonlari agisindan
iilkenin en zengin gollerinden birisidir (Bulut vd.
2010). 1998 yilinda Cevre Bakanligi tarafindan
RAMSAR koruma bdlgesi olarak belirlenip koruma
altina alinmig, ardindan 4. Uluslararas1 EXPO 2000
konferansinda  Uluslararas1  yasayan  goller
arasmna dahil edilmistir (Aksoy ve Ozsoy 2002;
Dalkiran vd. 2016).

Baliklardan Kan Alimm

Analizler igin istasyonlardan her mevsimde
balik¢ilar tarafindan avlanan baliklardan (5-10
sayida) Ornekleme yapilmistir. Toplanan baliklar,
fenoksi etanol ve etanol karisimi (1:1) ile
bayiltildiktan sonra dorsal yiizgecin sonundaki sirt
bolgesinden 5 mL’lik steril siringa ile yaklagik 2 mL
kan heparinli enjektor ile alinmigtir. Doku 6rnekleri

(kas, karaciger, bobrek) alinirken sonuglarin
etkilenmemesi i¢in plastik bigak kullanilmigtir.
KOMET Testi

Izole edilen balik periferal kan eritrositlerindeki
muhtemel DNA hasar1 hassas ve giivenilir bir test
olmasi nedeniyle, KOMET testi (Singh vd. 1988;
Demir vd. 2010, 2011, 2014; Demir ve Kaya 2013)
ile belirlenmigstir. Kan 6rneklerinden eritrositler
izole edildikten sonra standart KOMET prosediirii
uygulanarak tek iplik kirik potansiyelleri (Singh vd.
1988; Tice vd. 1990) degerlendirilmistir. Hiicreler
fosfat tamponu (PBS) ile siispanse edilerek diigiik
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erime 1sisina sahip agaroz (LMA) ile karistirilmis ve
normal erime 1sisina sahip agaroz (NMA) ile
kaplanmis lamlar iizerine yayilmustir. Preparatlar
lising soliisyonunda (2.5 M NaCl, 100 mM
Na2EDTA, 10 mM Tris, %1 Triton X-100 ve
%1 N-lauroylsarcosine sodium salt solution,
pH 10) etrafi 151k almayan salelerde 1 saat
bekletilmistir. Lizing islemi sonrasinda preparatlar
elektroforez  tankinda  yiiriitme  tamponunda
(1 mM Na2EDTA ve 300 mM NaOH, pH = 13) 30
dakika bekletilmistir. Siire sonunda 30 dakika
boyunca 300mA, 25V’da elektroforez
yiiriitme iglemi gerceklestirilmistir. Elektroforezden

sonra  preparatlar, igerisinde  ndtralizasyon
soliisyonu (400 mM Tris buffer, pH = 7.5) bulunan
sale icerisinde 5 dakika bekletilmistir. Islemler
sonunda her bir lama 50 pl Etidyum bromiir (EtBr)
eklenmis ve lamelle kapatilmigtir. Her bir 6rnek
icin 100 hiicre 40X biiyiitmede Floresan
mikroskopta (Nikon Eclipse E200) incelenmistir.
Degerlendirme  parametresi olarak % DNA
(Tail Intensity, Kuyruk Yogunlugu), Tail Moment
(Kuyruk Momenti) ve Tail Length (Kuyruk
Uzunlugu (um)) kullanilmig ve 6l¢iimler COMET-
IV (Version 4.11) programi ile otomatik ol¢iim
seklinde yapilmistir.

1. Istasyon
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Sekil 1. Uluabat Go6lii’niin genel goriiniimii ve 6rnekleme istasyonlart (Elmact vd. 2010°dan modifiye edilmistir)
Figure 1. General view of Uluabat Lake and sampling stations (Modified from Elmac1 et al. 2010)

KOMET testinde indiiklenen oksidatif DNA
hasarinin analizi

Escherichia coli bakterisinden izole edilen
Endoniikleaz IIT (Endo IIT) ve Formamidopirimidin-
DNA glikosilaz  (Fpg) bakteriyel enzimleri
kullanilarak okside olmus piirin ve pirimidin
bazlarinin seviyesi KOMET testi modifiye edilerek
tespit edilmistir. Endo III spesifik olarak okside
olmus pirimidin bazlarindaki oksidatif hasar
gosterirken Fpg spesifik olarak okside olmus piirin
bazlarindaki oksidatif hasar1 gostermektedir (Collins
2005).

Enzim uygulamasinda, KOMET testi sirasinda
balik  periferal kan  eritrositleri  {izerinde
gergeklestirilen uygulamalar sonucu hazirlanan
preparatlar lizing soliisyonundan ¢ikartildiktan sonra

uygulamaya asagidaki basamaklar ile devam
edilmistir. Lizing sonrasi preparatlar icerisinde
enzim sollisyonu bulunan salelere alinmistir. Bu
sekilde 10 dakika buzdolabinda bekletilmistir. Siire
sonunda salelerdeki enzim soliisyonu dokiiliip,
salelere tekrar yeni enzim soliisyonu eklenerek yine
10 dakika +4°C de buzdolabinda bekletilmistir.
Ikinci 10 dakika enzim soliisyonunda bekletmeden
sonra preparatlar salelerden alinarak her bir enzim
uygulamasi i¢in hazirlanmis ayr1 ayr1 prepartlarin
tizerine 100 ul Fpg ve Endo III enzimleri
eklenmistir. Kontrol grubu olarak hazirlanms
preparatin iizerine ise 100 upl enzim soliisyonu
eklenerek preparatlarin iizeri lamelle kapatilmistir.
Daha sonra enzim soliisyonu, Fpg ve Endo III
preparatlart bir kap igerisine alinarak 30 dakika
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37°C’lik etiive kaldirilmigtir. Bu agsamadan sonraki
islemler KOMET prosediiri ile ayn1 sekilde
gerceklestirilmistir.

Mikronukleus (MN) Testi

Caligmada 1 yil igerisinde mevsimsel olarak
farkli lokalitelerden yakalanan ortalama 25-30 cm
biiyiikliikteki C. carpio ve 50-60 c¢cm biiyiikliikteki
S. glanis baliklarindan heparinli tiiplere kan
almmistir. MN testi Schmid (1976) tarafindan
belirlenen  prosediiriin = modifiye  edilmesiyle
gerceklestirilmistir. Toplanan kanlardan 50 pl alinip
200 ul PBS ile karistirtlmis ve siispanse edilmistir.
Stispanse kan oOrnekleri lam iizerine yayilarak
kurumaya birakilmis ve 20 dk boyunca etanol ile
fikse edilmigstir. Fiksasyondan sonra preparatlar
20 dk boyunca %5’lik Giemsa ile boyanmis ve
kurumaya birakilmistir. Hazirlanan preparatlar 1s1k
mikroskobunda 100X biiylitmede incelenmis ve her
bir grup i¢in 2000 hiicre degerlendirilmistir.

Agir Metal Analizlerinin Gergeklestirilmesi

Ornekleme yapilan istasyonlardan su ve
sediment 6rneklerinde ve caligilan baliklardan alinan
kas, karaciger ve bobrek dokularindan agir metal
analizleri T.C. Tarim ve Orman Bakanlig1 Antalya
Gida Kontrol Laboratuvar Midiirliigli tarafindan
Perkin-Elmer ICP-MS cihazinda hizmet alimi ile
gergeklestirilmistir.

Su orneklerinde agir metal analizlerinin
gergeklestirilmesi

Mevsimsel bazda Uluabat Golii’nden baliklarin
alindig1 istasyonlardan alinan su ornekleri hizmet
alinan laboratuvara gonderilirken su numunelerinde
suyun Ozelliginin  korunmast amaciyla nitrik
asit ilavesi ile pH degerleri 2’nin altina
diistiriilerek  +4°C’de  muhafaza edilmistir. Su
ornekleri 0,45 ul’lik filtreden gegirildikten sonra 3
tekrarli olacak sekilde ICP-MS ile analiz edilmistir
(APHA 1993; EPA 1994)

Sediment érneklerinde agir metal analizlerinin
gergeklestirilmesi

Mevsimsel bazda Uluabat Goli’nden baliklarin
yakalandig1 istasyonlardan Ekman kepgesi ile
sediment 6rneklemesi yapilmigtir. Alinan sediment
ornekleri numune kaplarina aktarildiktan sonra
analiz yapilana kadar +4°C’de muhafaza edilmistir.
Sediment &rneklerinin ¢dziiniirlestirme islemleri,
nitrik asit ve hidrojen peroksit (8 ml:2 ml)
kullanilarak mikrodalga firinda belirli sicaklik ve
basing altinda yapilmistir. Yakma igleminden sonra
numuneler 0,5 pl’lik filtreden gegirildikten sonra

uygun tiliplere alimarak deiyonize su ile 15 ml’ye
tamamlanmustir. 3 tekrarli olacak sekilde ICP-MS
ile analiz edilmistir (EPA 1998).

Balik  doku  orneklerinde
analizlerinin gerceklestirilmesi

Baliklar fenoksi etanol ve etanol karigimi (1:1-
200 L) kullamlarak bayiltildiktan sonra, doku
ornekleri (kas, karaciger, bobrek) plastik bigak
kullanilarak alinmustir. Doku ornekleri
¢Oziiniirlestirme islemine kadar -20°C’de muhafaza
edilmistir. Coziiniirlestirme islemleri, nitrik asit ve
hidrojen peroksit (8 ml:2 ml) kullamlarak
mikrodalga firinda belirli sicaklik ve basing altinda
yapilmistir. Yakma isleminden sonra numuneler
uygun tiliplere alimarak deiyonize su ile 15 ml’ye
tamamlanmustir.  Coziliniirlestirilen  6rneklerden
metal analizleri 3 tekrarli olacak sekilde ICP-MS ile
analiz edilmistir (ASTM 1985).

Istatistiksel Analiz
Elde edilen KOMET sonuglarinin istatistiksel
degerlendirilmesi IBM SPSS paket programinda

agwr  metal

One-way ANOVA (Tukey) testi kullanilarak
yapilmigtir. ~ MN  frekanslarinin  istatistiksel
degerlendirilmesinde ise z-test yontemi
kullanilmgtr.
Bulgular

KOMET Testi

Elde edilen sonuglara gore; C. carpio yaz
mevsiminde diger mevsimlere kuyruk uzunlugu
bakimindan istatistiksel olarak o6nemli bir fark
gdstermistir. Incelenen tiim parametrelerde en diisiik
DNA hasart kis mevsiminde gozlenmistir ancak
olusan  fark  istatistiksel = olarak  anlamli
bulunmamigtir. S. glanis’de meydana gelen DNA
hasar1 ilkbahar mevsiminde tiim parametrelerde
(kuyruk uzunlugu, kuyruk momenti ve kuyruk
yogunlugu) artis gostermistir. Meydana gelen bu
degisim kis ve yaz aylarindan istatistiksel olarak
farkli bulunmustur (Sekil 2).

KOMET Testinde Indiiklenen Oksidatif DNA
Hasarmin Analizi

Elde edilen sonuglara gére; C. carpio’da kis
mevsiminde Endo III uygulamasi tiim parametreler
acisindan  enzim kontroliine gore istatistiki
anlamliliga sahiptir. S. glanis’de elde edilen
veriler enzim kontrole gore istatistiki bir dneme
sahip degildir (Tablo 1). FPG enzimi ile
yapilan uygulamalarda plirin bazlarinda
oksidatif hasar kaynakli genotoksisite olmadigi
belirlenmistir.
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(Tukey post hoc testine gore farkli harf kodu bulunan ortalamalar birbirinden anlamli olarak farklidir (p<0,05).
Deneyden elde edilen ortalama + standart hata (deney setinde toplam en az 100 hiicre sayilmistir)).

Sekil 2. Uluabat Goli’nde C. carpio (A) ve S. glanis (B) periferal kan eritrositlerinde KOMET testi ile

belirlenen DNA hasar1

Figure 2. DNA damage determined by COMET test in C. carpio (A) and S. glanis (B) peripheral blood

erythrocytes in Uluabat Lake

Tablo 1. Uluabat Géliinden yakalanan C. carpio ve S. glanis baliklarinin periferal kan eritrositlerinde ENDO

III ve FPG uygulamasi sonuglari

Table 1. Results of Endo 11l and FPG enzymes treatments in peripheral blood erythrocytes of C. carpio ve S.

glanis caught from Uluabat Lake

C. carpio S. glanis
Kuyruk Kuyruk Kuyruk Kuyruk Kuyruk Kuyruk
Uzunlugu (um) Momenti (um)  Yogunlugu (%) Uzunlugu (um) Momenti (um)  Yogunlugu (%)
Endo Il 58,66 + 1,359 3,74 £0,300F 12,60 +0,76%%N 26,05 + 0,720¢de 0,26 + 0,052 1,85 +0,35%
Kis Fpg 40,62 +0,88d 0,66 + 0,062 3,01 0,28 34,49 +£0,95% 0,930,108  54] +0,603cd
Kontrol 34,56 + 0,840 0,86 + 0,092 4,28 +0,428c 40,37 +£0,81Mk 0,34 +0,072 1,58 £ 0,312
Endo Il 19,76 £ 0,76? 1,00 £0,122 9,37 + 1,300t 1821 £ 0,702 3,26 +£0,54%% 2510 + 3,859
Yaz Fpg 37,67+0,78" 0,94 £0,102 4,38 +0,48%¢  245+0,70%cd  054+0,09% 3,56+ 0,54
Kontrol 36,95 + 1,08 1,65 £0,21%¢ 8,67+ 1,190t 22 74+ 0,60%C 2,94+ 0,470 2218 + 3,287
Endo Il 57,68 +1,34% 4,59 +0,40%f 15,74 £ 12400 49,81 +£1,35™  320+0,48%0 12,03+ 1,18¢¢
Sonbahar Fpg 43,30+ 1,23b% 245 +£0,24%cd 9 59 +(,83bcdely 3691 £ 1,047 ] 43 +0,39%cde 579 + 1 2600
Kontrol 45,64+ 1,21 247 +0258%cde 991 4+ 0,950cdefs 43 88 + 1,100 2,40 + 0,182bcdef 10,81 + (,82bcde
Endo Il 44,36 +2,00% 869 +0,759 31,22+ 1,72 38,26+ 14200 3 27+0,34%f 12,01 +1,]3¢de
ilkbahar Fpg 53,23 £2,34¢f0 891 +0,629 27,77 + 1,46 37,00 + 1,390 524 + 0,459 22,70 + 1,489
Kontrol 70,68 £2,27" 16,14 £0,74" 4291137 40,63 £0,35Mk 810 + 0,441 36,20 £ 1,62

(Tukey post hoc testine gore farkli harf kodu bulunan ortalamalar birbirinden anlamli olarak farklidir (p<0,05).

Deneyden elde edilen ortalama + standart hata (deney

Mikronukleus (MN) Testi

MN testinde C. carpio ve S. glanis’den izole
edilen  periferal eritrositlerindeki ~ kromozom
hasarmin  mevsimsel sonuglar1  Tablo 2’de
gosterilmistir.

Elde edilen sonuglara gére MN frekanslar
bakimindan mevsimlere gore istatistiksel
olarak anlamli bir farklihk g6zlenmemistir.
Mevsimsel degerlendirmelere gore en fazla

setinde toplam en az 100 hiicre sayilmistir))

mikronukleus sayis1 C. carpio’da yaz mevsiminde
gozlenirken, S. glanis’te sonbaharda gdzlenmistir.
Diger yandan sonbahar doneminde C. carpio’da 2

mikronukleuslu  bir hiicre de gozlenmistir.
Genel olarak C. carpio’da gozlenen
mikronukleus frekansi S. glanis’te

gozlenen mikronuklus frekansina gore daha yiiksek
olsa da bu farklilik istatistiksel olarak anlamli
degildir.
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Tablo 2. Uluabat Goli'nde yakalanan C. carpio ve S. glanis baliklarinin periferal kan eritrositlerinde

mevsimsel olarak gdzlenen mikronukleus frekanslari

Table 2. Seasonally observed micronucleus frequencies in peripheral blood erythrocytes of C. carpio and S.

glanis Fishes caught in Uluabat Lake

. Incelenen Hiicre ~ MN sayisina gore hiicrelerin dagilim MN (%)
Tiir Mevsim S
ayist x} > +SH
Kis 2000 9 - 0,45+0,15
. Yaz 2000 10 - 0,50+0,16
C. carpio
Sonbahar 2000 7 1 0,45+0,15
[Ikbahar 2000 9 - 0,45+0,15
Kis 2000 4 - 0,20+0,10
] Yaz 2000 6 - 0,30+0,12
S. glanis
Sonbahar 2000 7 - 0,35+0,13
{Ikbahar 2000 5 - 0,25+0,11

Su Orneklerinde Agir Metal Analizleri

Agir metal ¢aligmalarinda bolgede yogun oldugu
diisiiniilen ve onceki ¢alismalar dikkate alinarak 9
farkli metal (Kursun (Pb), Kadmiyum (Cd), Civa
(Hg, Arsenik As), Nikel (Ni), krom (Cr), Bakir
(Cu), Cinko (Zn) ve Mangan (Mn)) diizeyinin tespiti

incelendiginde kursun (Pb), kadmiyum (Cd) ve civa
(Hg) metallerinin tiim mevsimlerde tayin siniriin
altinda oldugu tespit edilmistir (<0,05 pg/L).
Arsenik (As), bakir (Cu) ve nikel (Ni) en fazla
sonbaharda mevsiminde tespit edilirken,
mangan (Mn) en fazla yaz mevsiminde,

yapilmustir. cinko (Zn) ilkbaharda, Cr ise kis mevsiminde tespit
GOl  sulant  ¢Oziinmils metaller yoniinden  edilmistir (Tablo 3).
Tablo 3. Uluabat Gol suyu agir Metal analizleri
Table 3. Heavy metal analysis of Uluabat Lake water
Mevsim Pb Cd Hg As Ni Cr Cu Zn Mn
(ng/lL) | (ug/L) | (ngl) | (nglL) | (ug/L) | (ngl) | (pg/L) | (ng/L) | (ng/l)
8,106 + 1,88 + 0,53 £ 0,27 £ 0,63 + 235+
Kig ) <005 | <005 1 <005 | 548 | 0215 | 0018 | 0009 | 0018 | 0,316
; 7,946 + 1,50 £ 0,25+ 0,86 + 6,13 + 1,68 +
llkbahar  <0,05 | <005 <005 | "9457 | 0214 | 0013 | 0026 | 0764 | 0178
11,313+ | 2,37+ 0,47+ 0,76 £ 491 + 4,72 +
Yaz | <005 | <005 | <005 | 15ue | 9357 | 0022 | 0025 | 0587 | 0550
1934+ | 2,74 £ 041+ 2,17 £ 2,82+ 3,67+
Sonbahar | <0,05 | <005 | <005 | 558 | Qo4 | 0014 | 0314 | 0314 | 0445

Analizler sonucu elde edilen en yiiksek (yesil) ve en diisiik degerler (kirmizi) renklendirilmistir.

Sediment Orneklerinde Agir Metal Analizleri
Bu calisma kapsaminda sediment orneklemesi

yalnizca yaz mevsiminde olmak flizere bir kez
yapilmistir ve sonuglari Tablo 4’te sunulmustur.

Tablo 4. Uluabat Golii sediment 6rneklerinde agir metal analizleri
Table 4. Heavy metal analysis of Uluabat Lake sediment

Pb (mg/kg) [ Cd (mg/kg) | Hg (mg/kg) | As (mg/kg) [ Ni (mg/kg) | Cr (mg/kg) | Cu (mg/kg) [ Zn (mg/kg) (mzllrllg)
26,525 + 0,284 + 0,070 + 39,680+ | 236,080+ | 105,280+ | 28,280+ | 75210+ [ 862,900+
2,524 0,036 0,016 4,124 31,628 11,423 3,127 8,055 91,236
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Bahk Doku Orneklerinde Metal
Analizleri

C. carpio ve S. glanis dokularindaki (kas,
karaciger ve bobrek) metal birikimleri Tablo 5 ve
6’da verilmistir.

C. carpio’da yapilan doku analizlerinde Pb, Ni,

Cr, Cu ve Mn 4 mevsimde karacigerde, As ve Zn ise

Agir

4  mevsimde  bobrekte  gozlenmistir.  Hg
kis mevsimi en fazla bobrekte belirlenirken
diger mevsimlerde en yiiksek kas
dokusunda belirlenmistir. Cd kis ve
ilkbahar aylarinda en yiiksek kas dokusunda,
yaz ve sonbahar aylarinda ise karaciger dokusunda
tespit edilmistir.

Tablo 5. C. carpio dokularindaki (kas, karaciger ve bobrek) metal birikimleri
Table 5. Metal accumulation in C. carpio tissues (muscle, liver and kidney)

) Pb Cd Hg As Ni Cr Cu Zn Mn
Mevsim Doku
(mg/kg) | (mg/kg) | (mglkg) | (markg) |(markg) [(mglkg) |(mg/kg) | (mg/kg) | (mglkg)
K 0,483 +£[0,107 £]0,030 +]0,067 +]0,834 +£(0,404 +£]0,326 +|5,728 +|0,249 =+
as
0,054 0,023 0,008 0,015 0,094 0,054 0,045 0,854 0,036
1,188 £[0,397 +£]0,015 =]0,081 *=]1,045 £]0,715 =£[10,894 £[86,135 £ 1,207 =
Kis Karaciger
0,125 0,049 0,003 0,015 0,098 0,084 1,125 8,124 0,112
Bébrek 0,780 +£(0,247 £]0,033 =]0,107 £]0,937 £]0,635 *£[1,953 £[97,325 £(0,701 =
obre
0,084 0,026 0,009 0,015 0,096 0,058 0,158 9,721 0,684
K 0,440 £(0,096 +£]0,049 +]0,049 +]0,814 £]0,343 *£[0,323 £([5,368 +£(0,271 =
as
0,051 0,015 0,007 0,008 0,088 0,041 0,039 0,568 0,034
. 1,112+ 10,362 +£]0,012 =]0,068 *=]|1,011 *£]0,514 £[9,412 +£(86,478 £| 1,218 =
Ilkbahar | Karaciger
0,0115 0,042 0,004 0,010 0,099 0,059 0,925 7,885 0,132
Bébrek 0,724 £(0,215 £]0,015 =]0,079 +]0,896 *£]0,454 =*£[1,891 £|97.817 £(0,778 =+
obpre.
0,078 0,026 0,004 0,010 0,096 0,051 0,195 8,785 0,085
K 0,364 +£(0,077 £]0,055 =]0,078 *+]0,761 =*£]0,322 *£[0,314 £([5,615 £(0,225 =+
as
0,045 0,013 0,009 0,012 0,088 0,041 0,045 0,612 0,032
0,986 +£[0,311 £][0,015 =]0,095 +]0,945 £]0,496 +£[9,161 =+£|86,834 £(1,204 =
Yaz Karaciger
0,115 0,042 0,003 0,011 0,111 0,059 1,102 7,678 0,125
Bébrek 0,642 (0,175 £]0,023 =]0,100 +]0,813 *£]0,435 =£|1,772 £[98,262 £(0,714 =+
obre
0,074 0,025 0,005 0,019 0,095 0,052 0,182 8,743 0,082
K 0,388 +£(0,088 +£]0,040 =]0,081 *=]0,784 =*£]0,454 =+£[0,258 £([5,841 +£(0,209 =
as
0,044 0,016 0,007 0,010 0,093 0,055 0,032 0,624 0,029
1,044 +(0,341 +£(0,010 +£]0,084 +]0,965 +]0,718 +£[9,045 +£(87,027 +|1,191 =+
Sonbahar | Karaciger
0,151 0,042 0,003 0,011 0,126 0,085 1,109 8,125 0,128
Bobrek 0,686 +[0,196 +[0,018 +[0,099 +[0,849 +|0,600 +[1,735 +[98,804 £]0,771 =
obre
0,082 0,026 0,005 0,017 0,113 0,072 0,184 9,231 0,086

Analizler sonucunda elde edilen en yiiksek degerler her bir mevsim igin Kis (yesil), Ilkbahar (sar1), Yaz (kirmizi) ve

Sonbahar (mavi) renklendirilmistir.
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Tablo 6. S. glanis dokularindaki (kas, karaciger ve bobrek) metal birikimleri
Table 6. Metal accumulation in S. glanis tissues (muscle, liver and kidney)

Mevsim Doku

(mg/kg) | (mg/kg) | (mg/kg)

Pb Cd Hg As
(mg/kg)

Ni Cr Cu Zn Mn
(mg/kg) [ (mg/kg) |[(mg/kg) |(ma/kg) |(mg/kg)

Kas

0,025 0,011 0,022

0,368 +]0,085 +(0,112 +(0,016 +(0,771 +[0,2475+|0,211 +|3,669 +|0,189 +
0,005

0,122 0,056 0,044 0,524 0,021

Kis Karaciger

0,115 0,032 0,012

1,008 +]0,242 +(0,067 (0,018 =+
0,004

1,238 £(0,707 £|5,362 +£|15,245 £ 1,411 +
0,126 0,084 0,865 1,125 0,284

Bobrek

0,096 0,026 0,011

0,655 +(0,1758 £(0,032 +[0,024 +]0,836 +]0,528 +|1,390 +|17,500 +0,603 =+
0,008

0,065 0,048 0,168 1,286 0,095

Kas

0,041 0,011 0,015

0,342 +(0,072 (0,120 +[0,018 +]0,747 +]0,301 +|0,206 +|3,471 +(0,199 =+
0,006

0,085 0,035 0,028 0,355 0,024

Ilkbahar |Karaciger

0,108 0,026 0,012

0,945 +[0,210 +[0,076 +|0,024 =
0,008

1201 +[0,724 +[5,132+
0,135 |0,084 |o0,525

15,463 +] 1,436 =+
1,645 0,155

Bobrek

0,068 0,020 0,011

0,612 +(0,165 +(0,087 +£[0,042 +]0,815 +]0,566 +|1,333 =+
0,010

17,793 £ 0,633 +

0,095 0,062 0,125 1,654 0,069

Kas

0,035 0,009 0,018

0,286 +[0,055 +(0,118 +[0,020 +]0,688 +]0,251 +|0,203 +|3,512 (0,163 =+
0,004

0,076 0,036 0,029 0,348 0,023

Yaz Karaciger

0,094 0,024 0,012

0,844 +(0,162 +£(0,071 +£[0,022 +|1,056 +£]0,694 +|5,111 +]|15,671+[1,378 =+
0,004

0,111 0,078 0,522 1,684 0,145

Bobrek

0,058 0,018 0,012

0,557 +(0,134 +£(0,085 +£[0,036 £]0,765 +]0,516 +|1,195 +|17,965+(0,615 =+
0,005

0,088 0,062 0,125 1,864 0,074

Kas

0,042 0,009 0,015

0,312 +[0,063 (0,103 +£[0,018 +]0,715 +]0,288 +|0,201 +|3,361 +(0,213 =+
0,004

0,082 0,036 0,029 0,364 0,029

Sonbahar | Karaciger

1,105 0,027 0,011

0,884 +£10,195 +]0,068 +(0,026 *(1,167 +£]0,718 +£]4,648 £|15,796 +]1,353 =+
0,005

0,125 0,088 0,512 1,631 0,141

Bobrek

0,065 0,022 0,015

0,585 +(0,148 +£(0,076 (0,034 £]0,793 +]0,536 +|1,181 +|17,420 £(0,627 =+
0,006

0,092 0,067 0,121 1,836 0,075

Analizler sonucunda elde edilen en yiiksek degerler her bir mevsim igin Kis (yesil), Ilkbahar (sar1), Yaz (kirmizi) ve

Sonbahar (mavi) renklendirilmistir.

S. glanis’de yapilan doku analizlerinde ilkbahar
mevsiminde 6l¢iim yapilan Hg haricinde tiim agir
metaller, mevsimler ve dokular agisindan C. carpio
ile benzerlik gostermektedir.

Tartisma ve Sonug¢

Antropojenik etkiler sonucu suya karigan
maddeler sularin fiziksel, kimyasal ve biyolojik
Ozelliklerini degistirerek, "su kirliligi" olarak
adlandirilan olguyu ortaya ¢ikarirlar. Artan niifus ve
gelisen endiistrilesme sonucunda yogunlasan su
kullanimi, su kirliligini hizlandiran bir etken olarak
karsimiza ¢ikmaktadir (Uslu ve Tiirkman 1987,
Caliseki vd. 2016). Sucul canlilarin yasamini

olumsuz yonde etkileyen ¢ok gesitli toksik maddeler
mevcuttur. Bu maddeler organizmanin fizyolojik
buyiikliigline bagli olarak, belirli maksimum ve
minimum siirlart altinda veya iizerinde; olgunluga
erisme, dollenme, yumurta ve yavru gelisiminde
bozukluklara sebep olabilirler. Ayrica fizyolojik,
biyokimyasal, sitolojik anormalliklere veya ani
oliimlere de neden olmaktadirlar. Bu toksik etkiler
besin zinciri yolu ile insanlara kadar ulagarak, hayati
gevre problemlerinin ortaya ¢ikmasina neden
olmaktadirlar (Goldberg 1976).

Uluabat Golii niifus ve sanayi yogunlugunun
yiiksek oldugu bir konumda yer almaktadir. Gol
¢evresindeki yerlesim ve tarim alanlari, mezbahalar,
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stit ve balik iiriinleri isleyen ¢esitli tesisler Uluabat  gozlenen mikronukleus frekanst S. glanis’te
Goli'niin  kirletici  kaynaklarint  olusturmaktadir  gozlenen mikronukleus frekansina gore daha

(Elmaci vd. 2008). Ayrica golii besleyen en dnemli
su kaynagi olan Mustafakemalpasa Cayi ile taginan
evsel atik sularinin besi maddesi taginimi ile
otrofikasyon problemine gittikce artan bir sekilde
katki sagladigi belirtilmistir (Salihoglu ve Karaer
2005). Tarmmsal faaliyetler golin su seviyesinin
azalmasina sebep olmasinin yaninda kullanilan
giibreler goliin sediment yiikiinii de artirmaktadir
(Anomim 2016).

MN ve KOMET testleri ¢esitli kontaminantlarin
indiikledigi genotoksik hasarin incelenmesinde
kullanilmaktadir (Russo vd. 2004; Grisolia vd.
2009; Bianchi vd. 2013; Deutschmann vd. 2016).
Ulutas vd. (2008) Mogan Goéli’nde C. carpio
iizerinde yaptiklarn KOMET testi ile genotoksik
hasar gozlemlemislerdir. Summak vd. (2010) Bursa
Niliifer Cayi’ndan alman ve daha sonra
laboratuvarda  kiiltiire edilen Nil Tilapyasi
(Oreochromis niloticus)’nda agir metal birikimini
ve MN indiiklenmesini tespit etmislerdir. Brezilya
Sinos Nehri’nde yapilan arastirmalarda Astyanax
jacuhiensis’ta MN ve KOMET testi ile genotoksik
hasar belirlenmistir (Bianchi vd. 2013). Aym
bolgede yapilan analizlerde nehrin evsel ve
endiistriyel atiklarin genotoksisiteye neden oldugu
belirlenmistir (Blume vd. 2010; Nunes vd. 2011).
Sanchez-Galan vd. (2001) Kuzey Ispanya’daki
Avusturya Nehri’'nden Salmo trutta bobrek
eritrositlerinde MN ve morfolojik bozukluklar tespit
etmislerdir. Deutschmann vd. (2016) Tuna
Nehri’nde bulunan 21 bélgede Alburnus alburnus’ta
DNA hasart ve MN frekansinin arttigimi rapor
etmiglerdir. Brezilya’da Tramandai ve Mampituba
Nehirleri’nde 4 mevsim yapilan ¢alismada kefal ve
kedi baliklarinda KOMET ve MN testleri ile
genotoksisitenin ilkbahar ve yaz aylarinda kirlilik
diizeyine bagli olarak arttigi  belirlenmistir
(De Andrade vd. 2004). Yukaridaki ¢alismalarda da
goriildigi gibi sucul ortamda meydana gelen kirlilik
o ortamda yasayan baliklar tizerinde direkt etkiye
sahip olmaktadir. Yapilan bu c¢alismada elde edilen
sonuglara gdre Uluabat Goli’'nden yakalanan
baliklardan alman kan oOrneklerinde KOMET
testinde ilkbahar ve yaz mevsimlerinde ortaya ¢ikan
genotoksisite  kis  mevsimine gore anlamli
olarak yiiksek gozlenmistir. Endo III enzimi ile
yapilan KOMET testinden elde edilen sonuglar
meydana gelen DNA hasarinin pirimidinlerin
oksidasyonu sonucu DNA kiriklarinin olustugunu
gostermektedir.  Diger  yandan,  mevsimsel
degerlendirmelere gore en fazla mikronukleus sayisi
C. carpio’da yaz mevsiminde gozlenirken,
S. glanis’te sonbaharda go6zlenmis, yaz mevsimi
ikinci sirada yer almistir. Genel olarak C. carpio’da

yiiksektir. Bu farklilik istatistiksel olarak anlamli
olmasa da referans degerlere ¢ok yakindir
(z=1,956). Bu sonuglar bize C. carpio’nun
S. glanis’e gore g¢evresel kirlilige karsi daha hassas
oldugunu gostermektedir. Elde edilen sonuglarda
C. carpio’nun S. glanis’e gore daha yiiksek MN
frekansina sahip olmasi muhtemelen dip balig
olmasi nedeni ile hem sucul kirlilikten hem de
sediment kirliliginden daha fazla etkilenmesinden
kaynakli oldugu diisliniilmektedir. Saleh ve Alshehri
(2011) Uluabat Goli’nden alinan Orneklerde
C. carpio’nun periferal eritrositlerinde MN olusumu
tespit etmislerdir. Yapilan ¢aligmalarda mevsimsel
cesitliligin  baliklarda yapilan KOMET testinde
DNA hasarinda farklilik yaratabilecegi belirtilmistir
(Buschini vd. 2003).

Sedimentler sucul biyotanin yasanabilirligini ve
saghgint  tehdit eden  sucul sistemdeki
kontaminantlarin biriktigi bir ortamdir (Chen vd.
2004). Sedimentler deniz ve gol kalitesinin
belirlenmesinde cevresel gosterge olarak
kullanilmaktadir (Deng vd. 2016; Yang vd. 2016).
Sedimentlerde biriken Kirleticiler sucul ortamda
bulunan canlilar1 dogrudan etkilemektedir (Saydam
Eker ve Ozkan 2017). Sedimentte yapilan analizler
suda konsantrasyonu belirlenemeyen metallerin de
tespit edilmesine olanak saglamaktadir (Unlii vd.
2010). Kosmehl vd. (2008) bakir ve perilen ile
kontamine olan sediment o&rneklerinin zebra
baliginda KOMET testi ile DNA hasar1 meydana
getirdigini tespit etmislerdir. Barlas vd. (2005)
Uluabat Goli’'nde 6 istasyondan alinan su ve
sediment 6rneklerinde Pb, Cd, Zn, Fe seviyelerinin
yiiksek oldugunu tespit etmislerdir. Barlas vd.
2006’da  yaptiklar1  c¢alismada  organoklorlu
pestisitlerin (HCB, p.p’-DDT, p.p’- DDE, a -, - and
v-BHC, Aldrin, Heptachlor epoxide, Endrin,
Endosulfan I and II) sudaki kirliligin kaynag:
olabilecegini belirtmislerdir. Orman ve Su Isleri
Bakanligi'nin 2016 yilinda yayimladigi Uluabat
Golii Alt Havzasi Su Kalitesi Eylem Plani’nda
tarimsal faaliyetler, evsel ve endiistriyel atik sular,
diizensiz kat1 atik toplama alanlari, agir metal
kirliligi, erozyon ve avlanmanin Uluabat Goli’nii
kirleten unsurlar olarak belirtilmistir (Anonim

2016).
Sucul ekosistemlerde metal iyonlart direkt
olarak su tarafindan ¢evrelenmelerinden veya

indirekt olarak besin kaynaklarindan dolayi, sucul
canlilarin biinyelerinde birikebilmektedirler (Tunca
ve Atasagun 2012). Balik ve cesitli omurgasiz
hayvanlarla yapilan caligmalarla agir metallerin
bobrek ve karaciger gibi metabolik olarak aktif
organlarda birikebildigi gézlenmistir (Squadrone vd.
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2013). Karaciger agir metalleri baglayarak
detoksifikasyonunda gorev alan metallotiyanoyin
gibi metal baglayici proteinlerin baglica sentez yeri
oldugundan fazla maruziyet sonucunda karacigerde
agir metal birikimi gdzlenebilmektedir (Kaoud ve
El-Dahshan 2010). Homeostazda etkin gorevi
bulunan ve ksenobiyotiklerin atilim amaciyla
tagindig1 organ olan bobrekte agir metal birikimi
gerceklesebilmektedir. Baliklarda ve bazi
omurgasizlarda kas dokusu agir metal birikiminde
etkin bir doku degildir ancak bu dokuda biriken
metallerin ~ besin  zincirine  katilarak  insana
ulasabilmesi endisesi ile aragtirmalar yapilmaktadir
(Wang vd. 2010). Calismamizda analizini
yaptigimiz agir metallerden Hg kasta, As ve Zn
bobrekte, Pb, Cd, Ni, Cr, Cu ve Mn karacigerde en
fazla birikimi yapilan organlar olarak belirlenmistir.

Uluabat Golii evsel atiklar ve tarimda kullanilan
farkli kimyasallarin (pestisit ve giibre gibi) da
baskist altinda kirlendigi farkli arastirmacilar
tarafindan tespit edilmistir. Cevrede metal birikimi
biiyiikk olgiide volkanik aktivite ve erozyon gibi
dogal siireglerden meydana geldigi bilinse de
bunlarin  ¢ogu endiistriyel tesislerin  atiklar
sonucunda c¢evreye salinmaktadir (Cigek vd. 2008).
Suyu kirleten agir metaller rafineler, entegre kimya
tesisleri, kagit sanayi, demir-gelik sanayi, ¢imento
sanayi ve giibre sanayidir (Anonim 2004). Bunun
yaninda evsel atik ve kanalizasyon gibi kaynagi
belirlenemeyen kirlilik de etki etmektedir (Cigek vd.
2008). Emet Cay1, Uluabat Go6li’nii besleyen 6nemli
nehirlerden bir tanesidir. Tokatli vd. (2014)
Harmancik Krom ¢ikarma alanindan kaynaklanan
kirlilik ile stres altinda olan Emet Cayi’nda
yaptiklar1 ¢calismada suda ve sedimentte yiliksek Cr
ve Ni birikimini tespit etmislerdir. Agir metaller
DNA molekiiliiniin yapt ve fonksiyonlarina
degisiklikler meydana getirerek genotoksisiteye ve
sitogenetik  degisikliklere neden olabilmektedir
(Kontas ve Bostanci 2020). Kirlilik baskis1 altindaki
caylarm  besledigi g6l sularinda  yasayan
organizmalar ve sucul organizmalar1 besin olarak
kullanan diger organizmalar1 ciddi diizeyde tehdit
alindadir. Yaz ve bahar aylarinda genotoksisite
potansiyelinin  yiiksek  ¢ikmasi;  baliklardaki
ksenobiyotik metabolizmasi enzimlerinin sicaklik,
stres, beslenme, iireme aktivitesi ve kirletici varlig
gibi  pek c¢cok  faktorden etkilenmesinden
kaynaklanabilir (Huuskonen vd. 1995; Mitchelmore
ve Chipman 1998).

Tiirkiye Istatistik Kurumu 2025 yili igin
nifusumuzun yaklagik 85 milyon olacagini
ongdrmiistiir (TUIK 2013). Bu durumda kisi basina
disen kullanilabilir su miktarmin  diisecegi
sOylenebilmektedir. Mevcut biiyiime hizi, su
tiikketim aliskanliklarimin degismesi gibi faktorlerin

etkisiyle su kaynaklari iizerine olabilecek baskilart
tahmin etmek miimkiindiir. Ayrica tiim bu tahminler
mevcut kaynaklarin 25 yil sonrasina hi¢ tahrip
edilmeden aktarilmast durumunda s6z konusu
olabilecektir. Dolayisiyla Tiirkiye’nin  gelecek
nesillerine saglikli ve yeterli su birakabilmesi igin
kaynaklarim1 ¢ok iyi koruyup, akiler kullanmasi
gerekmektedir (Anonim 2004).

Artan niifus artist ve beraberinde tarim ve
endiistrideki artan yogunluk ekosisteme zarar
vermektedir. Goller cevre kirliliginden en ¢ok
etkilenen ortam oldugundan ve temiz su
kaynaklarina olan gereksinimin artmasindan dolay1
su  kalitesini  belirleyen = ¢aligmalar  Gnem
kazanmaktadir (Minareci ve Sungur 2019; Gilimiis
ve Akkoz 2020). Baliklar sucul ekosistemde besin
zincirinin en tst basamaginda yer aldigindan suda
bulunan toksikantlar1  biriktirebilmektedir. Bu
calismada Tiirkiye’nin 6nemli gollerinden biri olan
Uluabat Golii’ndeki ekonomik degere sahip olan ve
aveiligr yapilan iki farkli balik tiiriinden alinan
orneklerle yapilan agir metal analizleri ve
genotoksisite calismasinda elde edilen veriler
gollerin  kirlilik diizeyi hakkinda endise verici
bilgiler sunmaktadir. Su kaynaklarimin korunmasi

bizler ve gelecek nesiller icin hayati 6nem
tasimaktadir. Bu baglamda c¢evre politikalari
gelistirilerek  aritma  sistemlerinin ~ kurulmasi,

denetimlerin arttirtlmasi ve halkin bilin¢lendirilmesi
gerekmektedir.

Tesekkiir

Bu c¢alisma T.C. Tarim ve Orman
Bakanligi Tarimsal Aragtirmalar ve
Politikalar Genel Midirligi tarafindan
TAGEM/HAYSUD/2014/A01/P-03/1 proje

numarasi ile desteklenmistir.

Kaynaklar

Ahuja S. 2013. Monitoring water quality: Pollution
assessment, analysis, and remediation. Oxford:
Elsevier 379 p.

Aksoy E, Ozsoy G. 2002. Investigation of multi-temporal
land use/cover and shoreline changes of the Uluabat
Lake Ramsar Site using RS and GIS. Paper presented
at: International Conference on Sustainable Land Use
and Management; Canakkale, Turkey. Proceedings
Book. 318-325.

Al-Sabti K, Metcalfe CD. 1995. Fish micronuclei for
assessing genotoxicity in water. Mutat Res-Genet
Tox. 343(2-3):121-135.
doi: 10.1016/0165-1218(95)90078-0

Anonim 2004. Tiirkiye Cevre Atlasi. T.C. Cevre ve
Orman Bakanligi CED ve Planlama Genel
Midiirligii, Ankara; [Erisim tarihi: 01.10.2020].
Erisim  Adresi:https://webdosya.csb.gov.tr/db/ced/
icerikler/turk-yecevreatlas--20180514084340.pdf


https://www.sciencedirect.com/science/article/abs/pii/0165121895900780?via%3Dihub

Berber vd. 2021 - LimnoFish 7(3): 219-232

229

Anonim 2016. Uluabat Golii alt havzasi su kalitesi eylem
plani.  Ankara: Orman ve Su Isleri Bakanlig1i Su
Yonetimi Genel Miidiirliigii Su Kalitesi Yonetimi
Dairesi Bagkanligi 38 s.

APHA. 1993. Standard methods for the examination of
water and wastewater. Washington StatSoft Inc.
1993. CSS (Complete Statistica System): Statistica,
References  for  statistical  procedures DOS
and Windows version), Release 3.1. StatSoft Inc.,
Tulsa, OK.

Arslan OC, Parlak, H, Katalay S, Boyacioglu M,
Karaaslan MA, Giiner H. 2010. Detecting
micronuclei frequency in some aquatic organisms for
monitoring pollution of Izmir Bay (Western Turkey).
Environ Monit Assess. 165(1-4):55-66.
doi: 10.1007/s10661-009-0926-5

ASTM 1985. Preparation of biological samples for
inorganic chemical analysis 1, Annual Book of
ASTM Standards, D-19.

Ateeq B, Abul Farah M, Ahmad W. 2005. Detection of
DNA damage by alkaline single cell gel
electrophoresis in 2,4-dichlorophenoxyacetic-acid-
and butachlorexposed erythrocytes of Clarias
batrachus. Ecotox Environ Safe. 62(3):348-354.
doi: 10.1016/j.ecoenv.2004.12.011

Barlas N, Akéz N, Aydogan M. 2005. Assessment of
heavy metal residues in the sediment and water
samples of Uluabat Lake, Turkey. B Environ Contam
Tox. 74(2):286-293.
doi: 10.1007/s00128-004-0582-y

Barlas N, Cok I, Akbulut N. 2006. The contamination
levels of organochlorine pesticides in water and
sediment samples in Uluabat Lake, Turkey. Environ
Monit Assess. 118(1-3):383-391.
doi: 10.1007/s10661-006-1504-8

Barsiene J, Rybakovas A, Lang T, Grygiel W,
Andreikenaite L, Michailovas A. 2012. Risk of
environmental genotoxicity in the Baltic Sea over the
period of 2009-201 assessed by micronuclei
frequencies in blood erythrocytes of flounder
(Platichthys flesus), herring (Clupea harengus) and
eelpout (Zoarces viviparus). Marine Environ Res.
77:35-42.
doi: 10.1016/j.marenvres.2012.01.004

Bianchi E, Goldoni A, Trintinaglia L, Lessing G, Silva
CEM, Nascimento CA, Ziulkoski AL, Spilki FR,
Silva LB. 2013. Evaluation of genotoxicity and
cytotoxicity of water samples from the Sinos River
Basin, southern Brazil. Braz J Biol. 75(2):68-74.
doi: 10.1590/1519-6984.1913

Blume KK, Macedo JC, Meneguzzi A, Silva LB,
Quevedo DM, Rodrigues MAS. 2010. Water quality
assessment of the Sinos River, Southern Brazil. Braz
J Biol. 70(4):1185-1193.
doi: 10.1590/1519-6984.01613suppl

Bulut C, Atay R, Uysal K, Kdse E, Cmar S, 2010.
Uluabat Golu yiizey suyu kalitesinin
degerlendirilmesi. Istanbul University Journal of
Fisheries Aquatic Sciences. 25(1):9-18.

Buschini A, Carboni P, Martino A, Poli P, Rossi C. 2003.
Effects of temperature on baseline and genotoxicant-

induced DNA damage in haemocytes of Dreissena
polymorpha, Mutat Res-Gen Tox En. 537(1):81-92.
doi: 10.1016/S1383-5718(03)00050-0

Chen G, Paul A, White PA. 2004. The mutagenic hazards
of aquatic sediments: a review. Mutat Res-Rev
Mutat. 567(2-3):151-225.
doi: 10.1016/j.mrrev.2004.08.005

Cok I, Ulutas OK, Okusluk O, Durmaz E, Demir N.
2011. Evaluation of DNA damage in common carp
(Cyprinus carpio L.) by comet assay for
determination of possible pollution in Lake
Mogan (Ankara). The Scientific World Journal.
11:1455-1461.
doi: 10.1100/tsw.2011.140

Collins AR. 2005. Assays for oxidative stres and
antioxidant status: Applications to research into the
biological effectiveness of polyphenols. Am J Clin
Nutr. 81(1):261S-267S.
doi: 10.1093/ajcn/81.1.261S

Caliseki M, Isik G, Leblebici S. 2016. Porsuk Nehri
suyunun Cucumis Sativus (L.) tohumlarimin fide
gelisimi iizerine etkilerinin belirlenmesi. Anadolu
Universitesi Bilim ve Teknoloji Dergisi C- Yasam
Bilimleri ve Biyoteknoloji. 4(2):77-80.

Cicek A, Arslan N, Kog¢ B, Malkog S, Emiroglu O. 2008.
Determination of lead levels in lake water, sediment,
meiobenthos (Chironomidae) and three fish species
from Lake Uluabat (A Ramsar Site in Turkey). The
12th World Lake Conference (Taal 2007); Rajasthan,
Hindistan.

Dalkiran N, Ziinbiilgil B, Karacaoglu D, Dere S. 2016.
Uluabat Goli  epifitik  diyatomelerinin ~ uzun
donemdeki degisimi. LimnoFish 2(3):153-163.
doi: 10.17216/limnofish.279724

De Andrade VM, Da Silva J, Da Silva FR, Heuser VD,
Dias JF. Yoneama ML, De Freitas TRO. 2004. Fish
as bioindicators to assess the effects of pollution in
two southern Brazilian rivers using the comet assay
and micronucleus test. Environ Mol Mutagen.
44(5):459-468.
doi: 10.1002/em.20070

Demir E, Kaya B. 2013. Studies on the genotoxic
properties of four benzyl derivatives in the
In vivo comet assay using haemocytes of
Drosophila melanogaster. Fresen Environ Bull.
22(5):1590-1596.

Demir E, Kaya N, Kaya B. 2011. Evaluation of DNA
damage in Capsicum annuum L. exposed to
spinosad in the comet assay. Fresen Environ Bull.
20(8):1926-1930.

Demir E, Kaya N, Kaya B. 2014. Genotoxic effects of
zinc oxide and titanium dioxide nanoparticles on root
meristem cells of Allium cepa by comet assay. Turk J
Biol. 38(1):31-39.
doi: 10.3906/biy-1306-11

Demir E, Kocaoglu S, Kaya B. 2010. Assessment of
genotoxic effects of benzyl derivatives by the comet
assay. Food Chem Toxicol. 48(5):1239-1242.
doi: 10.1016/j.fct.2010.02.016

Deng J, Wang Y, Liu X, Hu W, Zhu J, Zhu L. 2016.
Spatial distribution and risk assessment of heavy


https://link.springer.com/article/10.1007%2Fs10661-009-0926-5
https://www.sciencedirect.com/science/article/abs/pii/S0147651304002556?via%3Dihub
https://link.springer.com/article/10.1007%2Fs00128-004-0582-y
https://doi.org/10.1007/s10661-006-1504-8
https://www.sciencedirect.com/science/article/abs/pii/S0141113612000177?via%3Dihub
http://www.scielo.br/j/bjb/a/VvN5MfX9ksnch6LXG8ngSCq/?lang=en
http://www.scielo.br/j/bjb/a/DzwdFwBkVjWcMZBfHKFbbYB/?lang=en
https://www.sciencedirect.com/science/article/abs/pii/S1383571803000500?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1383574204000626?via%3Dihub
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Y2BpaA872h4peKaGkLI&field=AU&value=Ulutas,%20OK
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Y2BpaA872h4peKaGkLI&field=AU&value=Okusluk,%20O
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Y2BpaA872h4peKaGkLI&field=AU&value=Demir,%20N
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Y2BpaA872h4peKaGkLI&field=AU&value=Demir,%20N
https://www.hindawi.com/journals/tswj/2011/451646/
https://academic.oup.com/ajcn/article/81/1/261S/4607549
http://www.limnofish.org/tr/pub/issue/26564/279724
https://onlinelibrary.wiley.com/doi/abs/10.1002/em.20070
https://journals.tubitak.gov.tr/biology/issues/biy-14-38-1/biy-38-1-4-1306-11.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0278691510001171?via%3Dihub

230

Berber vd. 2021 - LimnoFish 7(3): 219-232

metals and As pollution in the sediments of a shallow
lake. Environ Monit Assess. 188(5):296.
doi: 10.1007/s10661-016-5301-8

Deutschmann B, Kolarevic S, Brackc W, Kaisarevic S,
Kostic J, Kracun-Kolarevic M, Liska I, Paunovic M,
Seiler T-B, Shao Y, Sipos S, Slobodnik J,
Teodorovic |, Vukovic-Gacic B, Hollert H. 2016.
Longitudinal profile of the genotoxic potential
of the River Danube on erythrocytes of wild common
bleak (Alburnus alburnus) assessed using the comet
and micronucleus assay. Sci Total Environ.
573:1441-1449.
doi: 10.1016/j.scitotenv.2016.07.175

Elmaci A, Teksoy A, Topa¢ FO, Ozengin N, Baskaya
HS. 2008. Uluabat Goliinlin  mikrobiyolojik
ozelliklerinin  mevsimsel degisiminin izlenmesi.
Uludag Universitesi Miihendislik-Mimarlik Fakiiltesi
Dergisi. 13(1):93-103.
doi: 10.17482/uujfe.93575

Elmaci A, Topag OTi Teksoy A, Ozengin N, Baskaya
HS. 2010. Uluabat Golii fizikokimyasal 6zelliklerinin
yonetmelikler  cergevesinde degerlendirilmesi.
Uludag Universitesi Miihendislik-Mimarlik Fakiiltesi
Dergisi, 15(1):149-157.
doi: 10.17482/uujfe.34872

EPA 1994 (Environmental Protection Agency) Method
200.7. 1994. Determination of metals and trace
elements in water and wastes by inductively coupled
plasma-atomic emission spectrometry; [Erigim tarihi:
04.11.2020]. Erisim Adresi:
https://www.epa.gov/sites/production/files/2015-
06/documents/epa-200.7.pdf

EPA 1998 (Environmental Protection Agency) Method
3051, 1998. Microwave assisted acid digestion of
sediments, sludges, soils, and oils. [Erisim tarihi:
04.11.2020]. Erisim Adresi:
https://www.epa.gov/sites/production/files/2015-
12/documents/3051a.pdf

Galindo TP, Moreira L. 2009. Evaluation of genotoxicity
using the micronucleus assay and nuclear
abnormalities in the tropical sea fish Bathygobius
soporator  (Valenciennes,  1837)  (Teleostei,
Gobiidae). Genet Mol Biol. 32(2):394-398.
doi: 10.1590/S1415-47572009000200029

Goldberg DE. 1976. The health of oceans. Paris: The
Unesco press 172 p.

Grisolia CK, Rivero CLG, Starling FLRM, Silva ICR,
Barbosa AC, Dorea JG. 2009. Profile of
micronucleus frequencies and DNA damage in
different species of fish in a eutrophic tropical lake.
Genet Mol Biol. 32(1):138-143.
doi: 10.1590/S1415-47572009005000009

Gilimiis NE, Akkoz C. 2020. Eber Golii (Afyonkarahisar)
su kalitesinin aragtirilmasi. LimnoFish. 6(2):153-163.
doi: 10.17216/limnofish.638567

Has-Schon E, Bogut I, Vukovic R, Galovic D, Bogut A,
Horvatic J. 2015. Distribution and age-related
bioaccumulation of lead (Pb), mercury (Hg),
cadmium (Cd), and arsenic (As) in tissues of
common carp (Cyprinus carpio) and European
catfish (Silurus glanis) from the Busko Blato

reservoir (Bosnia and Herzegovina). Chemosphere.
135:289-296.
doi: 10.1016/j.chemosphere.2015.04.015

Hayashi M, Ueda T, Uyeno K, Wada K, Kinae N,
Saotome K, Tanaka N, Takar A, Sasaki YF, Asano
N, Sofumi T, Ojima Y. 1998. Development of
genotoxicity assay systems that use aquatic
organisms. Mutat Res-Fund Mol M. 399(2):125-133.
doi: 10.1016/s0027-5107(97)00251-0

Huuskonen S, Risdnen T, Koponen K, Lindstrdm-Seppa
P. 1995. Time-course studies of the biotrasformation
enzymes in control rainbow trout when adjusting to
new habitats. Marine Environ Res. 39(1-4):79-83.
doi: 10.1016/0141-1136(94)00043-0

Hu C, Deng Z, Xie Y, Chen X, Feng LF. 2015. The risk
assessment of sediment heavy metal Pollution in the
East Dongting Lake Wetland. J Chem NY. Article ID
835487.
doi: 10.1155/2015/835487

Kaoud HA, El-Dahshan AR. 2010. Bioaccumulation and
histopathological alterations of the heavy metals in
Oreochromis niloticus fish. Nature and Science.
8(4):147-156.

Klobucar GIV, Malev O, Srut M, Stambuk A, Lorenzon
S, Cvetkovic Z, Ferrero EA, Maguire 1. 2012.
Genotoxicity monitoring of freshwater environments
using caged crayfish (Astacus leptodactylus).
Chemosphere. 87(1):62-67.
doi: 10.1016/j.chemosphere.2011.11.060

Klobucar GIV, Stambuk A, Pavlica M, Peric MS,
Hackenberger BK, Hylland A. 2010. Genotoxicity
monitoring of freshwater environments using caged
carp (Cyprinus carpio). Ecotoxicology. 19(1):77-84
doi: 10.1007/s10646-009-0390-6

Kontag S, Bostanci D. 2020. Baliklarda genotoksik
hasarin belirlenmesine yonelik bir arastirma: Capoeta
banarescui 6rnegi. LimnoFish. 6(2):144-152
doi: 10.17216/limnofish.688645

Kosmehl T, Hallare AV, Braunbeck T, Hollert H. 2008.
DNA damage induced by genotoxicants in zebrafish
(Danio rerio) embryos after contact
exposure to freeze-dried sediment and sediment
extracts from Laguna Lake (The Philippines) as
measured by the comet assay. Mutat Res-Gen Tox
En. 650(1):1-14.
doi: 10.1016/j.mrgentox.2007.09.009

Linde-Arias R.A, Inacio FA, Alburquerque C, Freire
MM, Moreira CJ. 2008. Biomarkers in an invasive
fish species, Oreochromis niloticus, to assess the
effects of pollution in a highly degraded Brazilian
River. Sci Total Environ. 399(1-3):186-192.
doi: 10.1016/j.scitotenv.2008.03.028

Minareci O, Sungur O. 2019. Akgdl ve Gebekirse
gollerinde (Selguk, Izmir, Tiirkiye) bazi fiziko-
kimyasal parametrelerin  mevsimsel degisimi.
Giimiishane Universitesi Fen Bilimleri Enstitiisii
Dergisi. 9(4):751-758.
doi: 10.17714/gumusfenbil.528798

Mitchelmore C, Chipman J. 1998. Detection of DNA
strand breaks in brown trout (Salmo trutta)
hepatocytes and blood cells using the single cell gel


https://link.springer.com/article/10.1007/s10661-016-5301-8
https://www.sciencedirect.com/science/article/abs/pii/S0048969716316308?via%3Dihub
https://dergipark.org.tr/tr/pub/uumfd/issue/21680/233349
https://dergipark.org.tr/tr/pub/uumfd/issue/21676/233292
http://www.scielo.br/j/gmb/a/7PjpN7CmtsbNWgTMLN5FR3k/?lang=en
https://www.scielo.br/j/gmb/a/BmvQpXzKghLfqJTb9XbMQXq/?lang=en
http://www.limnofish.org/tr/pub/issue/56443/638567
https://www.sciencedirect.com/science/article/abs/pii/S0045653515003355?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0027510797002510?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/014111369400043O?via%3Dihub
https://www.hindawi.com/journals/jchem/2015/835487/
https://www.sciencedirect.com/science/article/abs/pii/S004565351101352X?via%3Dihub
https://link.springer.com/article/10.1007/s10646-009-0390-6
http://www.limnofish.org/tr/pub/issue/56443/688645
https://www.sciencedirect.com/science/article/abs/pii/S1383571807002926?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969708003422?via%3Dihub
https://dergipark.org.tr/tr/pub/gumusfenbil/issue/49427/528798

Berber vd. 2021 - LimnoFish 7(3): 219-232

231

electrophoresis Toxicol.
41(1-2):161-182.
doi: 10.1016/S0166-445X(97)00064-7

Nunes EA, De Lemos CT, Gavronski L, Moreira TN,
Oliverra NCD, Da Silva J. 2011. Genotoxic
assessment on river water using different biological
systems. Chemosphere. 84(1):47-53.
doi: 10.1016/j.chemosphere.2011.02.085

Ohe T, Watanabe T, Wakabayashi K. 2004. Mutagens in
surface waters: a review. Mutat Res-Rev Mutat.
567(2-3):109-149.
doi: 10.1016/j.mrrev.2004.08.003

Omar WA, Zaghloulb KH, Abdel-Khaleka AA, Abo-
Hegaba S. 2012. Genotoxic effects of metal pollution
in two fish species, Oreochromis niloticus and Mugil
cephalus, from highly degraded aquatic habitats.
Mutat Res-Gen Tox En. 746(1):7-12.
doi: 10.1016/j.mrgentox.2012.01.013

Osman AGM, Abuel-Fadl KY, Kloas W. 2012. In situ
evaluation of the genotoxic potential of the river
Nile: 1I. Detection of DNA strand-breakage and
apoptosis in  Oreochromis niloticus niloticus
(Linnaeus, 1758) and Clarias gariepinus (Burchell,
1822). Mutat Res-Gen Tox En. 747(1):14-21.
doi: 10.1016/j.mrgentox.2012.02.013

Otter RR, Meter J, Kubach KM, Lazorchak JM, Klaine
SJ. 2012. The effects of urbanization on Lepomis
macrochirus using the comet assay. Ecotox Environ
Safe. 84:299-303.
doi: 10.1016/j.ecoenv.2012.07.025

Penders EJM, Spenkelink A, Hoogenboezem W,
Rotteveel SGP, Maas JL, Alink GM. 2012.
Genotoxic effects in the Eastern mudminnow
(Umbra pygmaea) after prolonged exposure to
River Rhinewater, as assessed by use of the in vivo
SCE and Comet assays. Environ Mol Mutagen.
53(4):304-310.
doi: 10.1002/em.21687

Rajaguru P, Suba S, Palanivel M, Kalaiselvi K. 2003.
Genotoxicity of a polluted river system
measured using the alkaline Comet assay on
fish and earthworm tissues. Environ Mol Mutagen.
41(2):85-91.
doi: 10.1002/em.10134

Russo C, Rocco L, Morescalchi MA, Stingo V. 2004.
Assessment of environmental stress by the
micronucleus test and the Comet assay on the
genome of teleost populations from two natural
environments. Ecotox Environ Safe. 57(2):168-174.
doi: 10.1016/S0147-6513(03)00027-7

Saleh KH, Alshehr1 MA. 2011. The intensity of pollutant
genotoxicity in Lake Uluabat: Investigation of the
peripheral erythrocytes of Cyprinus carpio. Afr J
Biotechnol. 10(71):16045-16050.
doi: 10.5897/AJB09.1841

Salihoglu G, Karaer F. 2005. Uluabat golii i¢in ekolojik
risk degerlendirmesi. Itiidergisi/e Su Kirlenmesi
Kontroli. 15(1-3):17-28.

Sanchez-Galan S, Linde AR, Ayllon F, Garcia-Vazquez
E. 2001. Induction of micronuclei in eel (Anguilla
anguilla L.) by heavy metals. Ecotox Environ Safe.

(comet) assay. Aquat

49(2):139-143.
doi: 10.1006/eesa.2001.2048

Saydam Eker C, Ozkan O. 2017. Ankara Cay1 dere yatag1
sedimanlarinin zararli element igerigi. Gilimiishane
Universitesi Fen Bilimleri Enstitiisii  Dergisi.
7(2):208-220.

Schmid W. 1976. The micronucleus test for cytogenetic
analysis. In: Hollaender A, editor. Chemical
mutagens: principles and methods for their detection.
Vol. 4. New York: Plenum Press. p. 31-53.

Schwarzenbach RP, Egli T, Hofstetter TB, Gunten U,
Wehrli B. 2010. Global water pollution and human
health. Annu Rev Env Resour. 35:109-136.
doi: 10.1146/annurev-environ-100809-125342

Singh NP, Mccoy MT, Tice RR, Schneider EL. 1988. A
simple technique for quantitation of low levels of
DNA damage in individual cells. Exp Cell Res.
175(1):184-191.
doi: 10.1016/0014-4827(88)90265-0

Squadrone S, Prearo M, Brizio P, Gavinelli S, Pellegrino
M, Scanzio T, Guarise S, Benedetto A, Abete MC.
2013. Heavy metals distribution in muscle, liver,
kidney and gill of European catfish (Silurus glanis)
from Italian Rivers. Chemosphere. 90(2):358-365.
doi: 10.1016/j.chemosphere.2012.07.028

Summak S, Aydemir NC, Vatan O, Yilmaz D, Zorlu T,
Bilaloglu T. 2010. Evaluation of genotoxicity
from  Nilufer Stream  (Bursa/Turkey)  water
using piscine micronucleus test. Food Chem Toxicol.
48(8-9):2443-2447.
doi: 10.1016/j.fct.2010.06.007

Tice RR, Rews PW, Singh NP. 1990. The single cell gel
assay. A sensitive technique for evaluating
intercellular differences in DNA damage and repair.
In: Sutherland BM, Wordhead AD, editors. DNA
damage and repair in human tissues. New York:
Plenum. p. 291-302.

Tokatli C, Cigcek A, Emiroglu O, Arslan N, Kése E,
Dayioglu H. 2014. Statistical approaches to evaluate
the aquatic ecosystem qualities of a significant
mining area: Emet stream basin (Turkey). Environ
Earth Sci. 71(5):2185-2197.
doi: 10.1007/512665-013-2624-4

Tunca E, Atasagun S. 2012. Yenicaga (Bolu) Golii’ndeki
kerevitlerin (Astacus leptodactylus) baz1
dokularindaki agir metal birikimi. KSU Doga Bil
Derg. 15(1):46-51.

TUIK 2013. Niifus Projeksiyonlar1 2013-2075; [Erisim

Tarihi: 09.11.2016]. Erisim Adresi:
http://www.tuik.gov.tr/PrelstatistikTablo.do?istab_id
=1637

Ulutas OK, Okusluk O, Demir N, Durmaz E, Cok I.
2008. Determination of possible pollution in Lake
Mogan (Ankara) by Comet assay using common carp
(Cyprinus carpio L.). Toxicol Lett. 180:S204-S205.
doi: 10.1016/j.toxlet.2008.06.242

Uslu O, Tiirkman A. 1987. Su kirliligi ve kontrolii, [zmir:
T.C. Basbakanlik Cevre Genel Midirligi
Yaynlar1 56 s.

Unlii S, Alpar B, Oztiirk K, Vardar D. 2010. Polycyclic
aromatic hydrocarbons (PAHSs) in the surficial


https://www.sciencedirect.com/science/article/abs/pii/S0166445X97000647?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653511002505?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1383574204000602?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1383571812000770?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1383571812001234?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0147651312002576?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1002/em.21687
https://onlinelibrary.wiley.com/doi/abs/10.1002/em.10134
https://www.sciencedirect.com/science/article/abs/pii/S0147651303000277?via%3Dihub
https://www.ajol.info/index.php/ajb/article/view/97599
https://www.sciencedirect.com/science/article/abs/pii/S0147651301920482?via%3Dihub
https://www.annualreviews.org/doi/10.1146/annurev-environ-100809-125342
https://www.sciencedirect.com/science/article/abs/pii/0014482788902650?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653512009393?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0278691510003819?via%3Dihub
https://link.springer.com/article/10.1007%2Fs12665-013-2624-4
https://www.sciencedirect.com/science/article/abs/pii/S0378427408008813?via%3Dihub

232

Berber vd. 2021 - LimnoFish 7(3): 219-232

sediments from Lake Iznik (Turkey): spatial
distributions and sources. Bull Environ Contam Tox.
85(6):573-580.
doi: 10.1007/s00128-010-0134-6

Vincent-Hubert F, Heas-Moisan K, Munschy C,
Tronczynskib J. 2012. Mutagenicity and genotoxicity
of suspended particulate matter in the Seine river
estuary. Mutat Res-Gen Tox En. 741(1-2):7-12.
doi: 10.1016/j.mrgentox.2011.09.019

Wang Y, Chen P, Cui R, Si W, Zhang Y, Ji E. 2010.
Heavy metal concentrations in water sediment

and tissues of two fish species (Triplohysa
pappenheimi, Gobio hwanghensis) from the Lanzhou
section of the Yellow River, China. Environ Monit
Assess. 165(1-4):97-102.
doi: 10.1007/s10661-009-0929-2

Yang Y, Zhengchao Z, Yanying B, Yimin C, Weiping C.
2016. Risk assessment of heavy metal pollution in
sediments of the Fenghe River by the fuzzy synthetic
evaluation model and multivariate statistical
methods. Pedosphere. 26(3):326-334.
doi: 10.1016/S1002-0160(15)60046-7


https://link.springer.com/article/10.1007%2Fs00128-010-0134-6
https://www.sciencedirect.com/science/article/abs/pii/S1383571811003081?via%3Dihub
https://link.springer.com/article/10.1007%2Fs10661-009-0929-2
https://www.sciencedirect.com/science/article/abs/pii/S1002016015600467?via%3Dihub

LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 7(3): 233-240 (2021)

o%/ /

http:/ / www.limnofish.org 5

Journal of Limnalegy and

Journal of Limnology and Freshwater Fisheries Research

Maturation and Fecundity of Barbus cyclolepis from the Stryama River of the

Maritsa River Drainage Basin in Bulgaria

Vasil KOLEVY

1 University of Forestry, Faculty of Forestry, Department of Hunting and Game Management, 10 Kliment Ochridski Blvd., 1797

Sofia, Bulgaria

ABSTRACT

ARTICLE INFO

A field-based study of the reproductive aspects of Round-scaled barbel biology
took place in the Stryama River, during the autumnal season of the period
2010-2011. This is the first study of the reproduction of this species. A total of
202 Round-scaled barbels were caught by electrofishing. The study found that
both sexes reach sexual maturity in their second year. Females became sexually
mature, once they reach 94 mm length and 13 g weight. Males became sexually
mature once they reach 60 mm length and 12 g weight. Fecundity ranged from
460 to 18.420 eggs. Average fecundity was 6.944 eggs. Absolute fertility was
positively correlated with the growth of fish length and mass. Consequently, five
years old fish had the highest fertility rate. The average values of relative
fecundity were 210 eggs per kilo. The reproductive parameters are an indicator of
the growth conditions of the river, as well as the reproductive patterns and state
of the fish population. The population parameters, established by this study, now
represent a reference point, enabling a monitoring of the species’ population

RESEARCH ARTICLE

Received :17.09.2020 E E
Revised :01.02.2021

Accepted  :02.02.2021

Published  :30.12.2021 E ' i

DOI:10.17216/LimnoFish.796589

* CORRESPONDING AUTHOR

vassilie@abv.bg
Phone :+35929 190 7217

dynamics.

Keywords: Round-scaled barbel, reproductive parameters, fecundity

How to Cite

Kolev V. 2021. Maturation and Fecundity of Barbus cyclolepis from the Stryama River of the Maritsa River Drainage Basin in Bulgaria.

LimnoFish. 7(3): 233-240. doi: 10.17216/LimnoFish.796589

Introduction

Round-scaled barbel (Barbus cyclolepis Heckel,
1837) is widespread in the watercourses of the
Aegean watershed as well as in some rivers of the
Black Sea watershed. In the latter case, these are the
rivers, flowing on the territory of the Strandzha
Mountain, north of the Bosphorus Strait (Heckel
1837; Shishkov 1935; Kottelat and Freyhof 2007;
Ozulug and Sag 2019). This is the most abundant fish
species in the middle zone of the Maritsa River
tributaries, which include the Stryama River (Kolev
2013; Kolev 2016).

The barbel is a typical rheophilic species
(Marinov 1989; Economidis 1989; Vasiliou and
Economidis 2005). The fish lives in the middle
course of rivers with gravel bottoms, but it is also
found in the lower part of the trout zone, as well as in
the upper part of the carp zone (Marinov 1989). The
Round-scaled barbel’s diet consists mainly of insect
larvae  (Chironomidae, Ephemeroptera), small
crustaceans (Gamaridae) and plant detritus; it also

includes other benthic animal organisms, as well as
plants (Marinov 1989; Rozdina 2009). During the
winter months, the species is not very active and
congregates in groups, found along the riverbeds
(Marinov 1989). Males reach sexual maturity in their
first and second year; females - in their second. The
breeding period typically takes place from mid-April
to the end of July, but it can last until August
(Rozdina 2009). Taking into consideration the
ecological particularities of the species, Bianco
(1998) includes it in the group of “medium-sized
barbels adapted to life in warm waters, with moderate
or standing current”. The author refers to this group
of barbels as a “cyclolepis group”, with the Round-
scaled barbel being singled out as the most typical
representative.

In Bulgaria, commercial fishing in the country’s
inland waters is prohibited by the Bulgarian Fisheries
and Agquaculture Law (ZRA 2001), so the Round-
scaled barbel is not a commercial fish. However, it is
one of the most popular fish for recreational fishing
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in South-East Bulgaria (Kolev 2016). The fish is
protected by the Bulgarian Biodiversity Conservation
Law (ZBR 1992).

Analyses of the barbel’s maturation and
fecundity have attracted scholarly attention in both
Bulgaria and Greece. The first study of the fish’s
breeding season in the Maritsa water basin of
Bulgaria was conducted by Mihaylova (1965).
Almost twenty years later Marinov (1989) published
data about the barbel’s spawning season and
fecundity in the Aegean watershed of Bulgaria.
Recent studies of the barbel’s reproductive biology,
sex composition, maturity and fecundity in the
Bulgarian stretch of the Maritsa River were
undertaken by Rozdina (2009), Raikova-Petrova and
Rozdina (2012). In Northern Greece, the species was
examined by Vasiliou and Economidis (2005) who
described the sex structure and reproductive activity
of this barbel.

The aim of this study was to determine a set of
very important reproductive parameters (sexual
structure, maturation and fertility) of the Round-
scaled barbel from the Stryama River. The so-
obtained set of reproductive parameters was then
compared with corresponding data published by

Sredna Gora
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other scholars, who have studied other streams in the
Aegean catchment area.

Materials and Methods

Study Area

The research project studies the Stryama
River, which is a left tributary of the Maritsa River,
originating in the Sredna Gora Mountains
(Figure 1). In its upper reaches, the Maritsa
tributary flows between the Stara Planina and the
Sredna Gora mountains. Once it reaches
the town of Banya, the river runs to the south.
Near the village of Rajevo Konare, the Stryama
enters the Upper Thracian Valley. The tributary
flows into the Maritsa River near the village of
Manole (East of the city of Plovdiv). The Stryama
River is 110 km long with a catchment area of
1789 km?.

The Stryama is a medium sized mountain
Bulgarian river (NO: H-4 /14.09.2012 MOSV) with
an average altitude of 833 m. Declination of the river
bed is small, so the Stryama River’s average flow rate
is relatively small - 8 m/s (Stoyanov et al. 1981). In
the summer, water temperature exceeds 20° C (BD-
IBR 2015).
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Figure 1. Location of the Stryama River (Bulgaria), Arc Map 10.0 (ESRI — ArcGIS 2013).

Specimens for this study were collected from two

sampling sites (Table 1).
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Table 1. Sampling areas along the Stryama River
Geographic coordinates Alti- Date of
Ne Areas tude _
sampling
N E m.a.s.l.
1 In the vicinity of a fish farm near the o ., e .
Banya town 42°33¢38,45 24°47¢54,11 302 19.11.2010
2 In the vicinity of the bri f the B
tgwne vicinity of the bridge of the Banya 42°32°18,12” 24°4922,78” 283 17.04.2011
3 In the vicinity of a fish farm near the o ., . .
Banya town 42°3338,45 24°47¢54,11 302 20.10.2011
4 In the vicinity of a fish farm near the o ., e .
Banya town 42°33°38,45 24°47¢54,11 302 20.11.2011

Specimens were mainly collected in the autumn
of 2010-2011. A total of 202 Round-scaled barbel
specimens were caught in the Stryama River by using
the method of electrofishing. A SAMUS 725G
converter was used, providing up to 640 V direct
current (DC), with a frequency of 50 Hz and output
power reaching up to 200 W. The catch was
performed according to the EN 14011:2004
instruction (Water quality — Sampling of fish with
electricity).

Standard length (L) was measured with a 1 mm
precision, while weight (W) was measured witha 1 g
precision.

More than ten scales ware collected from each
barbel specimen. They were taken from underneath
the dorsal fin; an equal number of scales was taken
from the left and right side of the dorsal fin. Next, the
scales were dried up and stored in small papers bags.
The scales were then examined with a microscope
Olympus CX 31, at 40x magnification. Each scale
was sandwiched between two microscope slides. Fish
age was then determined by counting the annual rings
of a scale. For this purpose, the diagonal caudal
radius of the scales was used.

The gonads, collected from each female barbel,
was stored in a test tube in a fridge.

The number of fish eggs was determined by
using the weighting method. First, 1 g of gonads, was
placed between two microscope slides. Next, caviar
was counted by using a counting chamber. This
operation was performed with a microscope Olympus
CX 31, at 40x magnification. The sex of a specimen
was determined by dissecting the fish, caught in early
winter.

The level of gonads’ maturity was determined by
the coefficient b from equation 1, which describes the
relationship between gonads’ mass and the mass of a

fish without its entrails (Morozov 1964; Zhivkov
1985; Yankov 1988).

g=a+bW 1

where:

g — gonads’ mass (g)

W — mass of a fish without its entrails ()

Relative fecundity (RF) was assessed directly by
the ratio of absolute fertility and fish without gut
(F/W) (Spanovskaya and Grigorash 1976). Another
method to determine relative fertility (RF) was also
used. The coefficients a and b were calculated from
equation 2 (the equation reveals the dependence
between absolute fertility — F and the mass of fish
without intestines — W) (Zotin 1961; Zhivkov 1999).

F=a+ bW 2

where:

F — absolute fertility (n)

W — mass of a fish without its entrails (g)

An analysis of the absolute fertility of Round-
scaled barbel from different water sources was made
by comparing the absolute fertility calculated for the
same fish weight (Zhivkov 1999).

Results

Sex composition, age and length of first
maturity

The age and sexual composition of the Round-
scaled barbel population from the Stryama River are
presented in Table 2. The sample includes six age
groups. The first age group is solely comprised of
juvenile specimens. The second age group
encompasses sexually mature barbels, but many of
fish are still juveniles. Three and four years old
barbels were the most numerous (groups 3 and 4). In
the fifth and sixth age groups, only females were
found.
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Table 2. Size and sexual composition of the Round-scaled barbel’s population from the Stryma River

Number of fish
Size class Age ) ; ; . - - -~y
(L, mm)  (years)
Sx j 4 e j & @ i 4 ¢ 3 2 & @ & ¢ vu

61-70 2 1 5 1 9

71-80 8 7 4 2 21

81-90 3 1 10 21 35
91-100 7 26 3 36
101-110 5 11 5 4 2 27
111-120 1 7 4 5 19
121-130 1 3 12 16
131-140 3 17 20
141 -150 2 1 4 7
151 -160 1 2 3
161-170 1 4 1 6
171-180 1 1 2
181-190 1 1
> fish of

all size 2 12 13 2 26 68 17 10 43 O 8 0 1 202

classes

Legend: j- juvenile specimens, all fish aged four, five and six years in the sample are sexually mature

The barbel population from the Stryama River
was relatively young. Seven- and eight-year-old
barbels were absent. In the first age group, there were
only two specimens, which had not yet reached
sexual maturity. Six-year-old fish were very few.
Among the one-year-old fish, there were no mature
specimens. The first sexually mature specimens were
found to be a two-year-old male over 60 mm in
length. Female fish mature at a length of more than
90 mm. Female fish from the Stryama River also
developed sexually at the earliest in the second year.
The smallest sexually mature female was 94 mm in
length. Most of the two-year-old barbels from the
Stryama River were already mature. Males
predominated in the second and third age groups, but
the sex ratio of the Round-scaled barbel population
from the Stryama River did not change.

The average sex ratio of the Round-scaled
barbel’s populations from the Stryama River is
estimate as: &: @ 1.28:1. This difference was
not statistically significant (d=1; »?=2.47,
y2critical=3.83; P<0.005) that is, the sex ratio did not

differ from the normal — 3:9Q 1:1.

Relationships: absolute fertility-body length,
fertility-body weight. Relative fecundity

Figure 2 shows the relationship between total
fertility and the standard length of the body to the end
of the scale cover.

% 15000 | F = 143.64L - 12378
> R = 09777
© 10000 n=r1
3
=
S 5000
=

0

90 140 190
L, mm

Figure 2. Relationship between total fecundity
(F) and standart length (L) of the body to the end
of scale cover of Round-scaled barbel from the
Stryama River
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Fish are grouped

into nine size classes

(Table 3). Absolute fecundity is calculated as increasing.

length was increasing, absolute fertility was also

the weighted average for class. The average absolute fertility of the Round-
This relationship is described by a linear equation  scaled barbel in different size classes is presented
with a high degree of reliability. As the in Table 3.

Table 3. Change of relative fecundity by length classes

Length class (L, mm)

Average length (mm) Range
(number of eggs)

Average absolute fecundity (F) n
(number of eggs)

1 91-100 9% 624-1330 977 2
2 101-110 107 1038-3245 1986 5
3 111-120 116 2408-9486 5430 10
4 121-130 126 1042-8928 5333 16
5 131-140 136 4560-13134 7632 20
6 141-150 144 5700-15840 9304 6
7 151-160 156 9950-11720 10754 3
8 161-170 166 7839-15680 10315 6
9 171-190 179 4600-18720 12975 3
5 71

Average fertility increased evenly in the higher
length classes. Increasing the length by 50 mm led to
an approximate doubling of fish’s average absolute
fertility. Individual fertility of the Maritsa barrel from
the Stryama River was between 460 and 18.720 eggs.
The average individual fertility rate of the Round-
scaled barbel was 6.944 eggs. These results have
been obtained from 71 specimens; the length of each
of these ranged between 91 mm 185 mm. The most
fertile female barbel, found in the sample, was a five
years old fish, 185 mm in length and weighing 78 g.
Its fertility was 18.720 eggs. The specimen with the
lowest fertility of 624 eggs was a two-year-old

I- 11.0-30.9; 11-31.0-50,9; 111-51.0- 70.9; IV-71.0-
90.9. Absolute fecundity is calculated as the
weighted average for each weight class.

As fish age increases, total fecundity also
increases. This strong correlation is confirmed by a
linear equation, with a high degree of reliability,
which has been derived from the data.

Absolute fertility of Round-scaled barbel with the
Stryama River increases with age. The relationship
between absolute fertility and age is presented
in Figure. 4.

female 94 mm long and weighed 13 g. §14000

" ngOOO

14000 810000

« 12000 28000

10000 E 6000 F=2083.4t - 1725.6

<2 8000 < 4000 R = 0.8099

E 000 - 2000 _

2 F = 132.06W + 2374 0 n=rl

-4 _
L R=0.938
2000 n=71 0 > 10
0 t, years
20 40 60 80
W, g Figure 4. Relationship between total fecundity (F)

Figure 3. Relationship between total fecundity (F)
and averge weight (W) for Round-scaled barbel from
the Stryama River

Figure 3 presents the relationship between total
fecundity and weight. The fish specimens are
divided into four classes of weight (g), as follows:

and age (t, years) for Round-scaled barbel from the
Stryama River

The study also estimates a frequently used
parameter in fishery analyses: relative fish fertility, in
order to perform a comparison among the size
classes. Table 4 presents the changes of relative
fertility of Round-scaled barbel with weight
increase.
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Table 4. Relative fecundity (RF, eggs) of Round-scaled barbel from the Stryama River

Size classes Weight (g) Relative fertility N

(W, 9) (number of eggs)

11.0-30.9 22.6 213 36

31.0-50.9 38.3 227 27

51.0-70.9 62 149 5

71.0-90.9 75.7 171 3

Average and sum - 190 > 71

The tables summarize an important finding: the
number of eggs per unit weight tends to be inversely
related to fish mass — i.e. as fish mass increases,
relative fecundity decreases.

Discussion
The population of Round-scaled barbel
from the Stryama River is characterized

by three age groups, which differ by their sex ratio.
The first age group includes two- and three-year-old
specimens and is  characterized by a
predominance of male fish. Females are more
numerous in the second age group, Wwhich
includes four-year-old fish. In the last age group,
there are only female five- and six-year-old fish. This
data confirms results obtained by Zhivkov and
Yankov (1987) and Zhivkov (1999) about the sex
ratio of populations of other freshwater fish. Five-
and six-year-old specimens, with body-length greater
than 150 mm, are females. As is the case with other
fishes (Nikolsky 1974; Kottelat and Freyhof 2007),
Round-scaled barbel females have longer lives and
reach greater body size.

Absolute fecundity of Round-scaled barbel from
the Stryama River increases with fish’s growth in
length and mass. Total body size growth leads to an
increase of fish’s reproductive potential. Similar
results have been reported by numerous other
scholars (Raikova-Petrova 1992; Vasiliou and
Economidis 2005; Rozdina 2009; Raikova-Petrova
and Rozdina 2012). The positive correlation, found
between fecundity and weight, confirms the
suggestion of several scholars (Nikolsky 1965,
1974; Zhivkov 1999) that the main factor, enhancing
fertility, is an increase in fish’s weight. This finding
is the reason for an increase in fertility with age. Our
data confirms the findings of some authors (Raikova-
Petrova 1992; Vasiliou and Economidis 2005;
Rozdina 2009; Raikova-Petrova and Rozdina 2012)
that, as it ages, the barbel increases its ability to
produce eggs due to its increased body weight.

Table 5 presents the total fecundity data. Using a
method, recomended by Zhivkov (1999), the
fecundity of barbels from the rivers Maritsa,
Chepinska and Stryma are calculated, at weights of
12, 25, 50, 100 and 200 grams.

Table 5. Absolute fecundity (F, eggs) of Round-scaled barbel, calculated at the same weight (W,g)

Author
and River

F/W Relationship

Height W (g).
Absolute fecundity (number of eggs)
12 25 50 100 200

F =81.33W + 2203.3;

Rozdina 2009, (Maritsa River) F=0.99 n= 61 3179 4237 6270 10336 18469
Kolev and Raikova 2019 (Chepinska F =149.92W - 1453.7;
River) F=0.9746, n = 23 345 2294 6042 13538 28530
Present data, 2015 (Kolev 2016) _ .
(Stryama River) F ;:1362903%\/\/;:2?17 4 3959 5676 6603 15580 28786

Absolute barbel fertility is greater for the Stryama
River than for the Maritsa and the Chepinska Rivers
(Table 5). This finding is valid for all size groups.
Smaller fish from the Chepinska River are less
fecund than fish from the other two rivers. With an
increase in mass over 100 g, the individual fecundity
of the Chepinska River barbel approaches that of the
Stryama River barbel. Given that the fattening of
barbel from the Maritsa River (Rozdina 2009) is
greater than that of fish from the rivers Stryama and

Chepinska (Raikova-Petrova and Kolev 2015; Kolev
2016), the higher fertility of fish from these two
rivers is probably related to some abiotic factors that
negatively affect the survival of caviar and larvae.
These factors can be a shorter vegetation period,
lower water temperatures in spring and early summer
and higher current speed in these two rivers. Apart
from these factors, the reason for the smaller
reproductive capacity of small-sized specimens from
the Chepinska River is probably the poorer food base.
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Barbel from this river has slower length growth than
fish from the rivers Maritsa and Stryama (Kolev
2016).

Relative fertility increased only as it concerned
small fish. Larger Round-scaled barbel had less
relative fertility. The probable cause is that as fish
ages, the following changes take place: dietary
changes, food shortage for the larger size classes and
food competition between individuals (Nikolsky
1965). Fertility data for the Stryama River barbel
leads to the following conclusions: male fish become
sexually mature once they are two years old. Females
reach sexual maturity once they reach their second
year. In October and November, the barbel has
already spawned. At that time, the fish has already
formed new caviar for the next year. The set of
reproductive parameter estimates, determined by this
study, provides the first quantitative estimates for the
Round-scaled barbel population from the Stryama
River and will substantially improve scientific
knowledge about the reproductive potential of the
fish. A better understanding of the population status
will also hopefully enhance the monitoring
capabilities of the relevant authorities, and thus
improve the prospects for sustainable management of
this endemic and protected fish.
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Endemik Egirdir Yag Bahg (Pseudophoxinus egridiri) Populasyonunun
Biiyiime Ozellikleri

Vedat YEGEN ' “/ Hasan Musa SARI?

IT.C. Tarim ve Orman Bakanlig1 Su Uriinleri Arastirma Enstitiisii Miidiirliigii, 32500 Egirdir-Isparta-Tiirkiye
2 Ege Universitesi, Su Uriinleri Fakiiltesi Temel Bilimler Boliimii, 35100 Bornova-izmir-Tiirkiye

6z MAKALE BiLGIiSi

Bu ¢alismada, Egirdir Goli'nin endemik balik tiirlerinden Egirdir Yag Balig ARASTIRMA MAKALESI
(Pseudophoxinus  egridiri)y’nin  biiylime  6zellikleri incelenmistir. Ornekleme

caligmalari, golde belirlenen 5 istasyonda Haziran 2010 — Mayis 2011 tarihleri Gelis :08.12.2020 E
arasinda aylik olarak yiriitiilmiistiir. Ornekleme galismalart sonucunda toplam 544 Diizeltme  :16.01.2021
birey elde edilmistir. Orneklemelerden elde edilen bireylerin total boylari 2,1 cm ile

10,0 cm, agirliklart 0,11 g ile 17,38 g arasinda degisim gostermistir. Elde edilen Kabul :20.01.2021
6meklerden alt ornekleme yoluyla‘ segil.en. 118 bireyiq yas tayini yapilmus ve Yayim -30.12.2021
maksimum 5 yasinda olduklari belirlenmistir. Orneklemin biiyiik ¢ogunlugunu II

(%40,7) ve II (%39,0) yaslarindaki bireyler olusturmaktadir. Von Bertalanffy DOI:10.17216/LimnoFish.837568

biiylime modeline gdre ulagabilecegi sonusmaz (asimptotik) boyu (L) 11,22 cm,
sonusmaz (asimptotik) agirligit (Ww) 24,59 g olarak hesaplanmugtir. Orneklemin * SORUMLU YAZAR
biiyiime katsayisi (b) disiler igin 3,240 + 0,047, erkekler igin 3,102 + 0,079, tim

ornekler igin 3,271 = 0,029 olarak saptanmustir. Orneklemin Fulton kondisyon faktorii vyegen@gmail.com
disiler i¢in 1,56+0,03, erkekler i¢in 1,4240,02 ve tiim 6rnekler i¢in 1,48+0,02 olarak Tel :+90 246 313 34 60
bulunmustur. Fax : +90 246 313 34 63
Anahtar kelimeler: Pseudophoxinus, Egirdir Yag Baligi, biiyiime, Egirdir Goli,

Anadolu

Growth Characteristics of the Endemic Egirdir Minnow (Pseudophoxinus egridiri) Population

Abstract: In this study, the growth characteristics of Egirdir minnow (Pseudophoxinus egridiri), one of the endemic fish species of Lake
Egirdir, were investigated. Monthly sampling activities were carried out in five stations in between June 2010 to May 2011. A total of 544
individuals were obtained. Total length and weight of the fish ranged from 2.1 to 10.0 cm and from 0.11 to 17.38 g, respectively. A total of
118 fish was subsampled for age determination and the oldest fish was estimated to be maximum 5 year old. The majority of sample
consisted of individuals at age IT (%40.7) and III (%39.0). The von Bertalanffy growth equation parameters (Loo and Woo) were calculated
as 11.22 cm and 24.59 g, respectively for all individuals. The b value was found as 3.240 = 0.047 for females, 3.102 = 0.079 for males, and
3.271 +0.029 for all individuals. Fulton’s condition factor was calculated as 1.56 = 0.03 for females, 1.42 + 0.02 for males and 1.48 + 0.02
for all individuals.

Keywords: Pseudophoxinus, Egirdir minnow, growth, Lake Egirdir, Anatolia.

Alntilama
Yegen V, Sart HM. 2021. Endemik Egirdir Yag Balig1 (Pseudophoxinus egridiri) Populasyonunun Biiyiime Ozellikleri LimnoFish. 7(3): 241-249.
doi: 10.17216/LimnoFish.837568

Giris Ekmekgi vd. 2015; Cigek vd. 2020). Pseudophoxinus
Cyprinidae familyasinda yer alan  genusunun {iyeleri Tiirkiye’den bagka Liibnan,
Pseudophoxinus genusunun iilkemizde 25 tiiriiniin  Suriye, Balkan Yarimadasi, Israil, Urdiin, Iran ve
(Pseudophoxinus alii, P. anatolicus, P. antalyae, = Azerbaycan’da yayilis gostermektedirler (Atalay
P. battalgilae, P. burduricus, P. caralis, P. cilicicus,  2005). Anadolu’da iki farkli bélgede (Orta — Bat
P.crassus, P.egridiri, P. elizavetae, P. evliyae, = Anadolu; Dogu Akdeniz, Giineydogu Anadolu)
P. fahirae, P. fahrettini, P. firati, P.handlirschi, — yaylhim gosteren bu cinsin 2 tiir (P. kervillei,
P.hittitorum, P. iconii, P.kervillei, P. maeandri, P. zeregii) disinda tamami endemiktir (Kiigiik vd.
P.maeandricus, P. mehmeti, P.ninae, P. turani; 2012; Cigek vd. 2020).
P.zekayi ve P.zeregi) tanimlandigi bildirilmigtir P. egridiri Egirdir Golii havzasindaki endemik
(Freyhof ve Ozulug 2009; Kiigiik vd. 2012, 2016;  balik tiirlerinden biridir (Fricke vd. 2007; Cigek vd.
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2020). Kiigiik ciisseli bir balik olan P. egridiri,
Egirdir Goli havzasindaki kaynaklardan biri olan
Karaot kaynag ile 2 adet akarsu kolunu icine alan
11 km?lik simirh bir bolgede yayilim gostermektedir
(Kiigiik 1998; Freyhof 2014). P. egridiri, IUCN
kirmizi listesinde (ver 3.1) “Tehlikede (EN)” olan bir
tirdiir (Freyhof 2014). Tiriin populasyonu, gole
asilanan yabanci istilac1 balik (Sander lucioperca,

Gambusia hollbrooki, Atherina boyeri,
Knipowitschia  caucasica, Carassius gibelio,
Pseudorasbora parva) tirlerinin, akarsu

populasyonu ise sularin farkli kullanim alanlarina
yonlendirilmelerinden dolay1, seviyelerindeki ve
miktarlarindaki  azalmalarin, habitat kayiplari,
otrofikasyon ve akarsular ilizerine yapilan, baraj,
golet, set gibi yapilarin olumsuz etkisi altindadir
(Fricke vd. 2007; Freyhof 2014; Yagc1 vd. 2014).
Pseudophoxinus genusuna ait tiirlerin biiylime
ozellikleri ve boy agirlik iliskileri iizerine yapilan
calismalardan (Ozel 2005; Innal 2013, 2014; Koca ve
Olmez 2013; Demirci 2016; Yogurtcuoglu vd. 2016;
Ilhan ve Giicer 2018; Sa¢ ve Ozulug 2018) sadece
Sa¢ ve Ozulug 2018’de tiiriin boy-agirhik iliskisi
incelenmis, biiylime ozelliklerine ait herhangi bir
caligmaya ve bilgiye rastlanilmamigtir.
Pseudophoxinus cinsine ait tiirlerden Beysehir
Goli’'ndeki  P. anatolicus, Diiden Cayi’ndaki
P. antalyae, Pmarbasi Kaynagi’ndaki P. crassus,
Aksu Cayi’ndaki P. fahrettini ve Karaevli
Goli’ndeki P. ninae’nin biiyiime o6zellikleri farkli
arastirmacilar tarafindan calisilmistir (Ozel 2005;
Koca ve Olmez 2013; Innal 2014; Demirci 2016;
Innal vd. 2016). Bu calismalarm disinda cinsin
ulkemizdeki turlerinden P. alii, P. anatolicus,
P. antalyae, P. battalgilae, P. burduricus, P. crassus,
P. egridiri, P. elizavetae, P. evliyae, P. firati,
P. handlirschi, P. hittitorum, P. iconii, P. libani,
P. meandricus, P. mehmeti, P. ninae, P. turani,
P. zekayi, P. zeregi’nin boy-agirlik iliskileri
incelenmistir (Innal 2013; Yogurtcuoglu vd. 2016;
[lhan ve Giicer 2018; Sa¢ ve Ozulug 2018).
Calismamizda  Anadolu’nun  endemik  balik
tiirlerinden biri olan bu tiiriin yas — esey, boyca
biliylime, agirlikga biiyliime, boy — agirlik iliskileri
gibi ozellikleri incelenerek tiiriin biiyiime 6zellikleri
ile ilgili  bilgi  eksikliklerinin  giderilmesi
amaglanmustir.

Materyal ve Metot

Calisgma sahamiz olan Egirdir Golii, Isparta ili
sinirlart  icerisinde  37°50'41"-38°16'55"  kuzey
enlemleri ve 30°57'43"-30°44'39" dogu boylamlari
arasinda yer alan tektonik kokenli bir goldiir.
Maksimum su kotunda 482 km? olan yiizdlgiimiine
gore  Tiirkiye’nin  dordiincii  biyiik — goli
olarak degerlendirilmektedir. Kuzey — Giiney

dogrultusunda goliin uzunlugu 50 km, Dogu — Bati
dogrultusunda genisligi 3 — 16 km arasinda degisen
golin kiyt uzunlugu 150 km’dir. Gol, genisligi
3 km’ye kadar inen dar bir bogazla ikiye ayrilmstir.
Kuzeyde kalan boliime Hoyran Golii, giineyde kalan
bolime de Egirdir Goli denilmektedir. Denizden
yiiksekligi yaklagik 917 m olan goliin maksimum
derinligi 15 m olup, ortalama derinligi 8 m’dir
(Saragoglu 1990; Altinkale 2001; Barut 2002). Golii
besleyen dereler yaz aylarinda kurur. Goliin
cevresinde bulunan Karaot, Kocapinar, Havutlupiar
ve Kayaagzi pinarlar1 golii besleyen asil kaynaklardir
(Saragoglu 1990).

Ornekleme  c¢alismalar1  gdlde  belirlenen
5 istasyonda Haziran 2010 — Mayis 2011 tarihleri
arasinda  yiiriitiilmiistiir  (Sekil 1). Ornekleme
calismalarinda farkli g6z acikligindaki galsama ve
fanyal1 aglar, tiil 13rip ve HONDA EU 201 AC ile
SAMUS 725 MP marka DC elektrosok cihazi
kullanilmistir.  Ornekleme ¢alismalar1  sonucunda
elde edilen ornekler buz igerisinde laboratuvara
getirilmis, total boyu (L), 1 mm hassasiyetli cetvel ile
agirliklar1 (W) ise 0,1 ve 0,01 g hassasiyetli terazi ile
Ol¢iilmiigtiir.  Cinsiyetleri makroskobik olarak
incelenerek belirlenmistir.
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Sekil 1. Calisma sahasi
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Figure 1. Study area

Tiirlin yas tayininde kullanilacak olan uygun
kemiksi yapinin belirlenmesi amaciyla Orneklem
0,5 cm simif araligina ayrilmis ve her boy grubundan
alt ornekleme yoluyla 30 adet Ornek secilmistir.
Secilen orneklerden pul, omur ve otolit 6rnekleri
almarak  yas  okumalar1  gerceklestirilmistir.
Yapilan 6n ¢alisma sonucunda yas tayini i¢in uygun
kemiksi yapmin utrikular otolit (lapillus) oldugu
belirlenmis ve yas okumalar1 bu yap1 iizerinden
gerceklestirilmistir (Sekil 2).

Sekil 2. P. egridiri’nin utrikular otoliti (lapillus)
Figure 2. Utricular otolith (lapillus) of P. egridiri

P. egridiri'nin boy dagilimmin frekans
degerlerini belirlemek icin 6rneklem 0,5 cm’lik boy
araliklarma ayrilarak oransal frekans dagilimlar
hesaplanmigtir. Yaslar1 belirlenen disi, erkek ve tiim
bireylerin minimum, maksimum, ortalama boy ve
agirlik degerleri belirlenmis, disi ve erkek bireylerin
boy gruplar1 arasindaki fark t-testi ile analiz
edilmistir.  Yas ve cinsiyetleri  belirlenmis
orneklerden tiiriin yas — esey kompozisyonu, von
Bertalanffy boyca ve agirlikca biliylime esitlikleri
hesaplanmigtir (Ricker 1975; Sparre ve Venema
1998). Biiylime parametrelerinin hesaplanmasinda
FISAT II program1 kullanilmstir.

Biiyiime modelinin olusturulmasinda kullanilan

Ly = Lo (1 — e k(t=to)y,

Yas — Agirlik iliskisi esitligi:

Wt — Woo(l _ e—k(t—to))b

Esitliklerdeki Ly Baligin herhangi bir (t)
anindaki boyu, We.: Baligin herhangi bir (t) anindaki
agirhigl, Loo: Baligin sonusmaz kuramsal uzunlugu,
W, : Balgm sonugsmaz kuramsal agirligi,
e: Dogal logaritma tabani, k: Brody biiylime katsayisi
(yilt), t: Zaman (yil), to : Bahgin yumurtadan
cikmadan onceki kuramsal yast (y1D),
b: Boy — agirlik iliskisindeki biiyiime katsayisini
ifade etmektedir.

Orneklemin boy — agirhk iliskisi W=aL®
regresyon esitligi  kullanilarak  hesaplanmistir
(Le Cren 1951). Bu amagla oOrneklerin o6lgiilen
total boy ve agirhik degerlerini dogrusal
hale getirmek i¢in dogal logaritmalar1 alinmis ve
bu  degerlere  dogrusal regresyon  analizi
uygulanmigtir. Biiyime tipinin  belirlenmesinde
ve tanimlayicilik katsayisinin 6nem kontroliinde
t-testi  uygulanmustir.  Formiilde W:  Total
agirlik (g), L: Total boy (cm), a: Boy — agirlik
iliskisini ~ belirleyen  egrinin Y  eksenini
kestigi noktayi, b: Boy — agirlik iliskisini belirleyen
egrinin egimini yani biiyiime katsayisin1 ifade
etmektedir.

P. egridiri’nin ~ kondisyon  faktoriiniin
belirlenmesinde  Fulton’un  kondisyon  faktorii
K = (W/L*x100 esitligi kullamlmistir (Ricker 1975).
Formiilde K: Kondisyon faktorii, W: Agirlik, L: Total
Boy’u ifade etmektedir.

Boy ve agirlik dagilimi, boyca ve agirlikca
biiylime 6zellikleri, boy — agirlik iligkisi, kondisyon
faktorii disi, erkek ve tim oOrneklem olmak tiizere
3 grupta incelenmistir.

Bulgular

Orneklemeler sonucunda toplam 544 drnek elde
edilmistir. Bu Orneklerin %53,7’sini (292 birey)
erkek, %44,1’ini (240 birey) disi, %2,2’sini (12
birey) immatiir Dbireylerin olusturdugu tespit
edilmistir. Orneklemin total boylar1 2,1 cm ile

von Bertalanffy biiyiime esitlikleri asagida 10,0 cm, agirhklan 0,11 g ile 17,38 g arasinda
verilmistir. degisim gostermistir (Tablo 1). Orneklemin yaklasik
Yas — Boy iliskisi esitligi: %61’ini 6,0 6,9 cm araligindaki bireyler
olusturmaktadir (Sekil 3).
Tablo 1. P. egridiri’nin cinsiyet, total boy ve agirlik dagilimi
Table 1. Sex, total length and weight distribution of P. egridiri
Total Boy (cm) Agirlik (g)
N %N Min. Maks. Ort+SH Min. Maks. Ort+SH
Immatiir 12 1,8 2,10 3,60 3,18+0,13 0,11 0,64 0,42+0,05
e 240 37,0 3,10 10,0 6,98+0,07 0,32 17,38 5,89+0,18
a3 292 45,0 3,70 8,60 6,54+0,03 0,70 9,58 4,40+0,07
Toplam 544 100,0 2,10 10,0 6,67+0,04 0,11 17,38 4,97+0,09
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Sekil 3. P. egridiri’nin boy — frekans dagilimi
Figure 3. Length-frequency distributions of P. egridiri

P. egridiri bireylerinden yas tayini igin alt
ornekleme yoluyla segilen 118 6rnegin yaslar1 0+ ile
V arasinda degisim gdstermistir. Yas tayini yapilan
orneklemin boylart 2,5 — 10,0 cm arasinda degisim

II (%40,7) ve HI (%39,0) yaslarindaki bireyler
olusturmaktadir.  Orneklemin  yaslara  gore
esey dagilimlar1 incelendiginde, 0+ yas grubunun
tamami ile I yas grubundaki bireylerin yaklasik

gdstermistir. Orneklemin %79,7’sini olusturan Il ve  yarisimn  cinsi  olgunluga ulagmadigi, II yas
IIT yasindaki bireylerin ortalama boylar1 sirasiyla  grubundaki bireylerde erkeklerin; diger yas
6,52 cm ve 7,29 cm arasinda degismektedir  gruplarinda ise disilerin daha yogun oldugu
(Tablo 2). Orneklemin biiyiikk ¢ogunlugunu  gériilmektedir (Tablo 2).
Tablo 2. P. egridiri’nin yas — boy anahtari
Table 2. Age — length key of P. egridiri
Boy Gruplari (cm) Yas gruplari
0+ | I Il v \Y
2,0-29 2
30-39
4,049
50-59 8 1
6,0-6,9 32 13
70-79 8 25
8,0-8,9 7 5 1
9,0-9,9 4
10,0-10,9 1
n 2 11 48 46 5 6
Ort. L+SS 2,50+0,57 3,70+0,57 6,52+0,58 7,29+0,67 8,48+0,18 9,48+0,42
Ort. WSS 0,20+0,13 0,64+0,28 435+1,54 6,00+1,98 9,20+1,08 15,2742,37
mmatiir (%n) 2(1,7) 5(4,2) 0 0 0 0
Disi (%n) 0 4(3,4) 15(12,7) 33(28,0) 4(3,4) 6(5,1)
Erkek (%n) 0 2(1,7) 33(28,0) 13(11,0) 1(0,8) 0
D:E - 1:0,5 1:2,2 1:0,39 1:0,25 -
Biiylime  parametreleri  kullanilarak, von  Bertalanffy biiyiime denklemlerine gore disilerin

Bertalanffy biiylime denklemlerine gore biiylime
formiilleri ¢ikarilmistir (Tablo 3, Sekil 4). von

ulasacagi sonugmaz (asimptotik) boy (Loo=10,05),
erkeklere gore (L0=8,93) daha yiiksektir (Tablo 3).



Yegen ve Sari 2021 - LimnoFish 7(3): 241-249 245

Tablo 3. P.egridiri’nin biiyiime parametreleri ve von Bertalanffy boyca biiyiime formiilleri
Table 3. von Bertalanffy growth equations and growth parameters of P. egridiri

Biiyiime Parametreleri Biiyiime Esitlikleri
Loo k to
QQ 10,05 0,46 -0,18 L=10,05(1-g046(t+0.18))
a8 8,93 0,37 -1,29 L1=8,93(1-e037(t+1.29))
QQ+33 11,22 0,30 -0,64 L=11,22(1-¢ 030059
. ——HESBOY O OLCBOY === e |o=
B
g
e
8
]
0 1 2 3 4 5
YAS (Vi)
Sekil 4. P. egridiri’nin boyca bilylime egrisi
Figure 4. Growth curve of P. egridiri by length
Orneklemin biiylime parametreleri hesaplamada orneklemin wulagacagi sonusmaz
kullanilarak ~ hesaplanan ~ von  Bertalanffy  (asimptotik) agirhlk  Wo0=24,59 g olarak
biiylime denklemlerine gore yapilan  bulunmustur (Tablo 4).
Tablo 4. P.egridiri’nin biiyiime parametreleri ve von Bertalanffy agirlik¢a bitylime formiili
Table 4. von Bertalanffy growth parameters and growth by weight equation of P. egridiri
Biiyiime Parametreleri Biiyiime Egsitlikleri
WOO k to b
QQ 17,88 0,46 -0,18 3,3643 W=17,88(1-e046(t+0.18)3,3643)
33 10,71 0,37 -1,29 3,1866 W,=10,71(1-e0.37(t+1.29)3.1886y
Q+43 24,59 0,30 -0,64 3,3164 W=24,59(1-g7030(t+064)33164)
Orneklemin disi, erkek ve tiim bireyleri icin  bilyiime gosterdigi belirlenmistir (Tablo 5).

boy — agirlik iliskileri hesaplanmistir. Disi, erkek ve
populasyonun b degerlerine uygulanan ¢ift yonlii
t-testi analizine gore bu tiiriin disi ve tiim bireylerin

Tanmimlayicilik katsayisina uygulanan 6nem testine
gore her {i¢ degerin de 6nemli oldugu belirlenmistir
(t09=8,33, p<0,05; ts:-8,19, p<0,05; too+35=8,54,

pozitif allometrik, erkek bireylerinin izometrik  p<0,05).
Tablo 5. P. egridiri’nin boy — agirlik iliskisi degerleri
Table 5. Length — weight relationships of P. egridiri

n a b+ SH R? tH
e 240 0,0100 3,2398 + 0,0468 0,953 5,1252¢
a4 292 0,0127 3,1019 £ 0,0791 0,841 1,2885P
22+33 544 0,0093 3,2707 +0,0287 0,959 9,3449°¢
a, (t-test, tu>tr 0,05, 240=1,97); b, (t-test, th<<tr o5, 202=1,97); c, (t-test, ty>tr 0,05, 544=1,96)
P. egridiri 6rnekleminin ortalama kondisyon  1,56+0,03, 1,42+0,02, 1,48+0,02 olarak

faktorii disi, erkek ve tim Orneklem igin sirasiyla  hesaplanmugtir. Disi, erkek ve tim &rneklemin
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yaslara gore ortalama kondisyon faktorleri
incelendiginde 2 yasindan itibaren kondisyon

faktoriinde her ii¢ grup icin de bir artis oldugu
goriilmektedir (Tablo 6).

Tablo 6. P. egridiri’nin yaglara gére kondisyon faktorii degerleri
Table 6. Condition factor of P. egridiri according to age

22 34 e+d3
Ort. = SH Ort. £ SH Ort. = SH
Yas N (min-maks.) N (min-maks.) N (min-maks.)
1,19+0,00
o+ - 2 (1,19)
| 4 1,20+0,07 5 1,19+0,19 1 1,20+0,04
(1,07-1,40) (1,00-1,38) (1,00-1,40)
1,61£0,05 1,47+0,03 1,52+0,02
I 15 (1,31-2,04) 33 (1,18-1,74) 48 (1,18-2,04)
1,55+0,03 1,33+0,02 1,49+0,03
I 33 (1.26-1.83) 13 (1.23-1,49) 46 (1,23-1.83)
v 4 1,51£0,08 1 1,51£0,00 5 1,51+0,06
(1,37-1,72) (1,51) (1,37-1,72)
v 6 1,78+0,07 ) ) 6 1,78+0,07
(1,61-2,06) (1,61-2,06)
1,56+0,03 1,42+0,02 1,48+0,02
Genel Ortalama 62 (1.07-2,06) 49 (1,00-1,74) 118 (1,00-2,06)

Tartisma ve Sonug¢

Tiirle ilgili daha onceki yillarda sadece boy
agirlik iligkisine ait bir ¢aligma yapilmistir. Bundan
dolay1 calismamizda ayni cinsin bagka tiirlerinin
biiylime ozellikleri ile karsilastirma yapilabilmistir.
Pseudophoxinus tiirleri genel olarak soguk kaynak
sularinda, yavas akan akarsularda, vejetasyon orani
yiiksek olan kiiciik gollerde yasarlar. Bu cinse ait
yapilan calismalarin sonuglarina gore genel olarak
golde ve 1liman kaynak sularinda yasayan
P. anatolicus, P. antalyae, P. crassus, P. fahrettini ve
P. hittitorum tiirlerinin yaklasik 30 cm boya; genel
olarak soguk kaynak sular1 ve akarsularda yasayan
diger iiyelerinin ise en fazla 15 cm boya ulasabildigi
tespit edilmistir (Tablo 7).

Tiiriin ait oldugu Pseudophoxinus cinsinin diger
tiirleri izerine yapilan ¢calismalarda, Isparta — Aksu
Cayr’ndaki Pseudophoxinus fahrettini’nin 4 yasina;
Antalya — Diden Cayi’ndaki Pseudophoxinus
antalyae ile Haymana — Pinarbas1 kaynaklarindaki
Pseudophoxinus crassus’un 7 yasina; Beysehir
Golii’'ndeki Pseudophoxinus anatolicus’un 4 yasina;
Karaevli Goli'ndeki P. ninae nin de 3 yasina kadar
olan bireyleri belirlenmistir (Ozel 2005; Koca ve
Olmez 2013; Innal 2014; Demirci 2016).
Caligmamizda ise 5 yasina kadar olan bireyler
bulunmustur. Calismamiz ile diger c¢alismalar
arasindaki  farkliligin  tiirlerin ~ ve  biiylime
parametrelerinin farkli olmasindan ileri geldigi
diistiniilmektedir. Diger Pseudophoxinus tiirleri
tizerine yapilan ¢alismalarda disi — erkek bireylerin
yiizde oranlari, P. anatolicus i¢in %52,38 — %47,62,
P. antalyae i¢in %37,17 — %23,89, P. crassus i¢in
%41,25 — %38,22, P. ninae i¢in %57,14 — 42,86
olarak bulunmustur (Ozel 2005; Innal 2014; Demirci

2016; Innal vd. 2016). Calismamizda ise disi
bireylerin oraninimn (%44,12), erkek bireylere
(%53,68) gore diisiik oldugu belirlenmistir. Bununla
birlikte 6rneklemin esey dagiliminda goriilen biiyiik
yas gruplarinda erkek bireylerin yogunlugunun
azalmasi durumunun P. antalyae ve P. crassus
tiirlerinde de goriilmesi erkeklerin disilere gore daha
kisa &miirlii oldugu ihtimalini arttrmaktadir (Ozel
2005; Innal 2014).

Belirledigimiz boy dagiliminin 2,1 — 10 cm
arasinda degisim gostermesi, ortalama boyunun
6,7 cm olmast ve Loo degerinin 11,22 cm olarak
hesaplanmasi diger ¢alismalarda da bildirilen tiiriin
kiigiik  ctisseli  bir tliir oldugu  bilgisini
desteklemektedir (Bogutskaya 1992; Geldiay ve
Balik 2007; Kiigiik vd 2009). Diger tiirlerle
ilgili calismalarda elde edilen boy dagilimlar
incelendiginde de  tiriin Pseudophoxinus
cinsinin kiigiik ciisseli tiirlerinden biri oldugu

goriilmektedir (Tablo 7). Tiire ait yapilan
diger calismada elde edilen boy ve agirlik
degerlerindeki farkliligin, orneklemelerinde

elektrosok cihazi kullanmalarindan kaynaklandigi
diistintilmektedir.

Boyca biiylime modelinde k, baligin biiyiime
hizim1 gostermektedir. Calisgmamizda elde edilen 0,30
degerine gore P. egridiri igin orta hizli biiyliyen bir
tiirdiir (Sparre ve Venema 1998).

Pseudophoxinus cinsine ait diger tiirlerle
ilgili yapilan c¢alismalarda Loo ve Kk degerleri
P. anatolicus i¢in 23,93 cm, 0,29; P. antalyae i¢in
22,59 cm ve 0,23; P. fahrettini i¢in 31,50 cm ve 0,22
olarak hesaplanmistir (Koca ve Olmez 2013;
Innal 2014; Demirci 2016). Diger tiirlerin
Lo degerleri ile P. egridiri’nin  degerleri
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arasindaki farkin boy farkliligindan, Kk degerleri
arasindaki farkin ise tiirlerin biiyiikliilk ve habitat
farkliigindan ~ (g6l,  akarsu)  kaynaklandig
diisiiniilmektedir (Tablo 7).

Boy - agirhik iligkileri acisindan
inceledigimizde P. egridiri, pozitif allometik
biiylime  gostermektedir (Tablo 7). Cinsin

diger tiyelerinden P. alii, P. antalyae, P. burduricus,
P. crassus, P. hittitorum, P. fahrettini, P. meandricus
ve P. ninae tirlerinin pozitif allometrik;
P. anatolicus, P. fahrettini negatif allometrik
biiyiime gosterdikleri bildirilmigtir (Innal 2013;
Koca ve Olmez 2013; Demirci 2016; Ilhan ve Giicer
2018).

Tablo 7. Pseudophoxinus cinsine ait tiirlerin farkli ¢aligmalardaki boy, agirlik degerleri ve iligkileri
Table 7. Length, weight values and relationship of the fish species belonging to Pseudophoxinus genus in different

studies.
Tiir Lokalite N (MBiﬁ).l-lsz 225_) (,\‘; ?;ﬂ&(éﬁg) b Kaynak
P. alii Yamansaz Golii — Antalya 105 3,4-143(TL) 0,40-38,10 3,01 Innal 2013
Diiden, Manavgat, Kepez — Antalya 42 48-118(TL) 1,70-27,35 3,26 ilhan ve Giicer 2018
P. anatolicus  Beysehir Golii — Konya 52 12,5-23,4(FL) 37,4-1795 2,68 Demirci 2016
Sugla Golii Havzas1 — Konya 36 15,0-23,2(TL) 36,4-154,9 3,38  Yogurtguoglu vd. 2016
Beysehir Havzas1 — Konya 306 4,0-11,3(TL) 0,56-18,04 2,79 ilhan ve Giicer 2018
Beysehir Goli Havzasi — Konya 30 5,1-24,4(SL) 2,81-4175 3,19 Sac ve Ozulug 2018
P. antalyae Kepez Baraj Golii — Antalya 39 53-17,0 16-945 3,34 Erk’akan vd. 2013
Diiden Cay1 — Antalya 113 3,6-19(TL) 0,5-133 3,25 Innal 2014
Kirkgoz Kaynagi — Antalya 7 3,8-8,3 (TL) 0,65-9,85 341 Ilhan ve Giicer 2018
P. battalgilae  Tuz Golii Havzas: — Aksaray, Nigde 161  3,1-6,3(SL) 0,52-4,53 3,05 Sac ve Ozulug 2018
P. burduricus Salda Golii — Burdur 25 2,9-6,8 (TL) 0,3-4,4 3,29  Yogurtguoglu vd. 2016
Yarish Golii — Burdur 7 2,0-4,4 (TL) 0,10-1,25 3,35 ilhan ve Giicer 2018
P. crassus Parbag1 Kaynagi — Ankara 594  3,0-20,6 (FL) 0,5-216,1 3,15 Ozel 2005
Parbag1 Kaynagi — Ankara 91  5,2-19,8 (TL) 1,8-133,1 3,28  Yogurtguoglu vd. 2016
Insuyu — Konya 29 38-176(TL) 0,61-9215 3,37 ilhan ve Giicer 2018
P. egridiri Egirdir Goli — Isparta 85 2,3-6,0 (SL) 0,25-5,27 3,11 Sag ve Ozulug 2018
Egirdir Golii — Isparta 649 2,1-100(TL) 0,11-17,38 3,25 Bu ¢alisma
P.elizavetae  Soysalli Kaynag1 — Kayseri 13 6,7-7,9 (SL) 8,14-1498 341 Sag ve Ozulug 2018
P. evliyae Kirkpmar — Antalya 25 3,1-8,4 (SL) 0,82-18,33 3,13 Sac ve Ozulug 2018
P. fahrettini  Aksu Cay1 — Isparta 771 6,5-28,1 (FL) 5,25-245,64 2,61 Koca ve Olmez 2013
Aksu Cay1 — Isparta 151 5,3-19,3 (TL) 3,40 Ayyildiz vd. 2015
Kopriigay — Isparta 53  4,6-10,5(TL)  1,08-15,33 3,27 ilhan ve Giicer 2018
P. firati Tohma Cay1 — Sivas 36 3,2-5,8 (SL) 0,69-3,52 2,76 Sag ve Ozulug 2018
P. handlirschi Egirdir Golii — Isparta 11  7,4-104(SL) 5,98-17,07 3,10 Sag ve Ozulug 2018
P. hittitorum  Cumra — Bozkir — Konya 27 5,8-219 (TL) 2,26-172,02 3,22 flhan ve Giicer 2018
Eflatunpinar1 — Konya 39 2,9-8,6 (SL) 0,42-12,81 3,18 Sag ve Ozulug 2018
P. iconii Golyaz1 — Aksaray 20 5,5-7,6 (SL) 4,10-11,39 3,00 Sac ve Ozulug 2018
P. libani Asi Nehri — Hatay 23 3,6-5,9 (SL) 0,95-3,94 2,86 Sag ve Ozulug 2018
P. meandricus Bozdogan — Aydin 10 6,5-8,9 (TL) 3,50-12,45 3,74 flhan ve Giicer 2018
Karadirek Deresi - Afyonkarahisar 9 3,7-6,4 (SL) 0,93-5,11 3,12 Sag ve Ozulug 2018
P. mehmeti Alankdy Goleti — Burdur 38 4,9-7,3 (SL) 2,60-10,93 3,33 Sag ve Ozulug 2018
P. ninae Karaevli Lake — Burdur 42 2,6-9,3 (TL) 0,24-15,60 3,48 nnal vd. 2016
Onag Deresi — Burdur 34 2,4-6,2 (SL) 0,38-8,13 3,05 Sag ve Ozulug 2018
P. turani Incesu Kaynag1 — Hatay 63 2,1-6,8 (SL) 0,22-8,48 3,04 Sag ve Ozulug 2018
P. zekayi Cogelli, Evri kaynaklar1 — Kahramanmaras 45 3,2-9,7 (SL) 0,76-22,23 3,05 Sag ve Ozulug 2018
P. zeregi Stinnep Deresi - Kilis 33 3,7-6,7 (SL) 0,97-6,46 3,24 Sag ve Ozulug 2018
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Caligmamizda tiiriin ortalama kondisyon faktorii
1,48 olarak bulunmustur. Diger Pseudophoxinus
tiirlerinin ortalama kondisyon faktérleri P. anatolicus
icin 1,84; P. crassus i¢in 1,90; P. fahrettini i¢in 1,25;
P. ninae i¢in 1,01 olarak hesaplanmustir (Ozel 2005;
Koca ve Olmez 2013; Demirci 2016; Innal vd. 2016).
Bir baligin kondisyon faktorii, bulundugu alanlarin
besin diizeylerinin farkli zenginlik ve nitelikte
olmalarina gore degisim gosterir. Bundan dolay1 ayn
tiriin  farkli sahalarda yakalanan bireylerinin
kondisyon degerleri farklilik gosterebilir (Avsar
2005). P. egridiri’nin kondisyon faktorii ile cinsin
diger iiyelerinin kondisyon degerleri arasindaki
farkta da bulunduklari habitatlarin farkli olmasinin
(akarsu, gol) etkisi oldugu diigiiniilmektedir.

Anadolu’nun endemik balik tiirlerinden biri olan
P. egridiri’nin biiytime 6zellikleri tizerine yapilan ilk
caligma olan ¢alismamizda tiiriin cinsin diger liyeleri
ile boy-agirlik iliskisi acisindan genel olarak
benzerlik gosterdigi ancak diger parametreler
acisindan farklilik gosterdigi belirlenmistir. Bu
durumun tiiriin kiigiik ciisseli bir tiir olmasindan
kaynaklandigi diistintilmektedir.

Caligmamiz sayesinde tiirle ilgili elde edilen bu
veriler llkemizdeki endemik balik tiirlerinin
biyolojilerine yeni bilgiler eklemesinin yani sira
Diinya Doga ve Dogal Kaynaklar1 Koruma Birligi
(IUCN) igin bir kaynak olusturmasi agisindan da
Onem arz etmektedir.
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during the studied period, especially the prevalence of chlorophytes such as
Tetraedron minimum which prefer high nutrient and euglenoids such as Euglena
clavata, Euglena rubra, Phacus longicauda and Trachelomonas oblonga that
grew extremely well under high organic content has confirmed that Lake Ketence
is eutrophic.
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S1g Ketence Golii’nde (Tiirkiye) Fitoplanktonun Mevsimsel Dagilimina Cevresel Parametrelerin Etkileri

0Oz: Ketence Golii'niin fitoplanktonunun mevsimsel dagilimi ve gevresel parametreleriyle iliskisi Ekim 2016 ve Eyliil 2017 arasinda
iki istasyonda aylik araliklarla ¢aligilmistir. 8 divizyoda toplam 93 takson tespit edilmistir. 4 farkli divizyoda (Chlorophyta,
Bacillariophyta, Euglenozoa, Miozoa) toplam 11 takson ¢aligmanin farkli donemlerinde fitoplanktona hakim olmustur. Goliin ana
besin maddeleri (NOs-N, NO2-N, TP, Si), diger baz1 parametreler (Sicaklik, elektriksel iletkenlik, secchi diski derinligi) ve organik
iceriginin fitoplankton topluluklarinin dagilimi {izerinde gii¢lii etkileri olmustur. Her ne kadar biyokiitle degerleri, incelenen donem
boyunca ¢ok iyi ile kotii su kalitesi arasinda degisiklik gostermis olsa da, 6zellikle yiiksek besin tuzu tercih eden Tetraedron
minimum gibi chlorofitlerin varhigi ve yiiksek organik madde varliginda hizla gelisebilen Euglena clavata, Euglena rubra, Phacus
longicauda ve Trachelomona oblonga gibi 6glenoidlerin varligi Ketence Golii’niin 6trofik olduguna isaret etmektedir.
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Introduction including phytoplankton are currently being

Lakes are exposed to various adverse effects
including pollution, depletion of water resources, and
eutrophication. These impacts have caused
deterioration in these ecosystems (Fakioglu and
Demir 2011). The determination of the general
limnological status of an aquatic ecosystem is the
first step in management plans for its protection and
improvement. For this reason, the Water Framework
Directive (WFD) was created to assess the ecological
quality of surface waters through the analysis of
various characteristics of aquatic flora and fauna and
to declare management plans in European countries
(EC 2009). Five biological quality elements

employed by the WFD (EC 2000) for ecological
status assessment. The intraspecific and interspecific
competitions in the community, the different nutrient
intake capacity of each species, and their different
responses to physical (eg., light, mixing events) and
chemical (eg., nutrients, pH, salinity) variables have
caused different changes in the phytoplankton
community structure throughout the year (Mortensen
et al. 1992; Carpenter and Kitchell 1993; Naselli-
Flores 2000; Reynolds 2006). Thus, it is possible to
obtain inferences about the changes in the
physicochemical and biological conditions of the
lake over time through the changes observed in
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phytoplankton (Elser et al. 2000; Nevers and
Whitman 2010).

Small and shallow lakes are ecosystems that have
roles in controlling regional climate as well as being
important in global carbon and nutrient cycles (Cole
et al. 2007; Harrison et al. 2009). Moreover, many
shallow lakes exhibit a large habitat diversity
(Padisak et al. 2003) and have rich algal flora (Borics
etal. 2003). However, as a consequence of their small
water volume, shallow lakes are more affected by
human impact and drought events (Padisak et al.
2003; da Costa et al. 2016). Several studies have been
done on the composition, abundance, and species
diversity of phytoplankton of shallow lakes (Borics
et al. 2003; Padisak et al. 2003; da Costa et al. 2016;
Borics et al. 2012). In recent years, the seasonal
distribution of phytoplankton community of shallow
lakes was also studied in Turkey (Celik and Ongun
2006; Tas and Goniilol 2007; Yerli et al. 2012;
Sevindik and Celik 2014; Demir et al. 2014; Sevindik
et al. 2017). However, the phytoplankton
composition or abundance of Lake Ketence in the
Marmara Basin, which is a shallow lake, has not been
studied yet. In this study, we described the seasonal
patterns of the phytoplankton composition and
biomass concerning physical and chemical factors to
determine the phytoplankton community structure in
Lake Ketence, Turkey. Thus, this study aims (i) to
assess the general trophic state of the lake using
phytoplankton biomass and composition, and (ii) to
define the most important environmental factor(s)
driving the distribution of phytoplankton
assemblages.

Materials and Methods

Lake Ketence, which is in the Kartepe District of
Kocaeli, is located 17 km east of 1zmit city center (X:
40763593, Y: 30115950) (Figure 1). Lake Ketence is
an artificial set lake built-in 1980 for irrigation of
agricultural lands in Kirazoglu and Ketence villages.
The altitude of the lake is 55 m. The length and width
of the lake are 1.5 km, and 0.3 km, respectively, and
its average depth is 2 m.

Phytoplankton samplings were conducted with
monthly intervals at two monitoring stations of the
lake between October 2016 and September 2017. The
distance between the sampling stations was 1 km.
One of the selected stations was determined at the
deepest point (3 m) of the lake. Samples were
collected from 50 cm below the surface. In the field,
samples were placed in 250 mL bottles and fixed with
Lugol’s solution. Counting of cells was performed
according to Utermohl (1958) with an Olympus 1X81
inverted microscope. The algal species were
identified according to mostly used identification
books in phytoplankton. Algal species were

identified according to Huber-Pestalozzi (1941,
1950, 1961, 1962, 1969, 1972, 1975, 1982, 1983),
Round et al. (1990), Kramer and Lange-Bertalot
(1986, 19914, 1991b, 1999), Krammer (2003), Sims
(1996), John et al. (2003), Komarek and
Anagnostidis (2008). The taxonomy of algae was
checked according to Guiry and Guiry (2020).
Phytoplankton biovolume was calculated from the
number of cells and cell size measurements using
appropriate geometric formulas (Sun and Liu 2003).
Cell size measurements were performed for all taxa
in all samples by measuring at least 20 individuals
(Brierley et al. 2007).

Sampling for chemical analyses and the
measurement of physical variables were carried out
in conjunction with phytoplankton collection.
Specific conductance (EC), pH, dissolved oxygen
(DO), and water temperature (T) were measured at 50
cm below the surface at two stations using the YSI
Proplus water quality instrument. Water transparency
was measured using a secchi disk. For the analysis of
chemical variables, samples were collected 50 cm
below the surface. Concentrations of total
phosphorus (TP), orthophosphate (PO4-P), nitrate-
nitrogen (NOs-N), nitrite-nitrogen (NO»-N), and
soluble silica (Si) were determined
spectrophotometrically according to Strickland and
Parsons (1972) and Technicon Industrial Methods
(19774, 1977b).

A total of 24 samples for phytoplankton and
environmental variables were used to maintain the
statistical analyses. An analysis of variance (one-way
ANOVA) test was applied to data for determining the
statistical differences in environmental variables,
phytoplankton biomass, and species richness among
two stations using SPSS 20.0 software. Physical and
chemical variables were logarithmically transformed
for correlation analyses. Spearman correlations
between the environmental parameters,
phytoplankton biomass, and species richness were
also determined using the SPSS 20.0 software.
Phytoplankton species occurring more than once with
biomass larger than 20% were used in the statistical
analyses. To check the suitability of canonical
correspondence analysis (CCA), gradient length was
measured at first by detrended correspondence
analysis (DCA). Since the gradient was 2.37 SD units
long, the linear method (RDA) was carried out using
CANOCO software (Ter Braak and Smilauer 2002).
To determine the relationship between the relative
biomass of dominant phytoplankton, sampling
stations, and environmental variables, RDA was
carried out on the log-normal transformed abundance
data. Statistical significance of the environmental
predictor variables was assessed by 999 restricted
Monte Carlo permutations. To analyze the
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relationship  between the relative biomass  was performed, initially on the whole
of phytoplankton and 10 environmental variables  environmental and  phytoplankton  datasets.
(T, pH, EC, DO, NOs-N, NO2-N, TP, PO4P, Forward selection indicated that 7 of the 10
Si, secchi disk depth), we performed RDA  environmental variables made a significant
using relative biomass values of the 11  contribution to the variance in the phytoplankton

dominant phytoplankton taxa in the lake. RDA

data.
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Figure 1. Lake Ketence and location of sampling stations

Results

Environmental variables

The mean and standard deviations of
environmental parameters measured in two stations
of Lake Ketence were listed in Table 1. The
minimum temperature was recorded at both stations
in December 2016. The EC values ranged from 288.1
uS cm? to 523 uS cm 1, respectively and higher
values were recorded in spring and summer months
at both stations. pH values were measured higher at
the 1st station (f = 4.42, p < 0.05) during the studied

period. Higher pH and DO values were recorded
during the winter months, while secchi disk depth
values were high during spring at both stations. TP
and NO>-N values were high during summer, while
NOs-N values were high during fall, and Si values
were high during fall and winter in the stations. The
measured environmental parameters were not
significantly different among stations except for pH.
According to Spearman correlations, T, EC, TP, and
NO.-N were positively correlated with each other
(p < 0.01), while all of them were negatively
correlated with pH, DO, NOs-N, and Si (p < 0.05).
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Table 1. The mean and standard deviation (SD) of environmental variables measured in two stations of Lake

Ketence *

. 1st station 2nd station

Variable
Mean+SD Mean+SD

T(°C) 17.38+8.44 18.60+8.42
pH 8.67+0.18 8.51+0.17
EC (uScm?) 398.25+85.20 411.06+77.15
DO (mgL™) 6.60+3.84 6.37+3.89
Secchi disk (cm) 84.16+33.69 72.50+23.40
NOs—N (mgL™) 0.43+0.44 0.39+0.43
NOz-N (mgL™?) 0.01+0.01 0.01+0.01
PO4-P (mgL™?) 0.02+0.02 0.02+0.01
TP (mgL™) 0.060.05 0.06+0.06
Si (mgL™) 0.010.01 0.01+0.01

*T: water temperature, EC: specific conductance, DO: dissolved oxygen, NOs-N: nitrate-nitrogen, NO2-N: nitrite-nitrogen,
PQO4-P: orthophosphate, TP: total phosphorus, Si: soluble silica.

Phytoplankton

A total of 93 taxa in 8 divisions were described in
Lake Ketence. As shown in Figure 2, Bacillariophyta,
Euglenozoa, Miozoa, and Chlorophyta dominated at
least once during the sampling period in both of the
stations. Species richness ranged between 10 and 37
in the lake during the studied periods. Phytoplankton
biomass was recorded minimum of 0.0002 g L™ and
a maximum of 0.02 g L. These values indicated that
the ecological quality of the lake varies between very
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good and bad water quality in different periods
according to Sondergaard et al. (2005). Species
richness and phytoplankton biomass values did not
differ among the stations (p > 0.05). Species richness
was negatively correlated with secchi disk depth
(r=-0.52, p<0.01) and NOs-N (r =-0.43, p < 0.05).
Phytoplankton biomass was negatively correlated
with NOs-N (r = -0.67, p < 0.01) and Si (r = -0.55,
p < 0.01), while positively correlated with TP
(r=0.46, p < 0.05).
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Figure 2. Relative frequency (%) of each phytoplankton taxonomical group according to biomass values*

*a) in 1st station, b) in 2nd station of Lake Ketence.

11 phytoplankton taxa constituted > 20% of the
total biomass in at least one sample. The relative
frequency of dominant taxa obtained at two stations
of Lake Ketence for each month was given in Figure
3. At the 1st station, Tetraédron minimum (Braun)

Hansgirg was abundant between March and
September 2017 and prevailed among the
phytoplankton especially in the summer months.
Pantocsekiella ocellata (Pantocsek) Kiss & Acs were
abundant in October and November 2016, and June
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2017, while Apocalathium aciculiferum
(Lemmermann) Craveiro, Daugbjerg, Moestrup &
Calado was dominant in December 2016. On the
other hand, Naiadinium polonicum (Woloszynska)
Carty was an important component of phytoplankton
in November 2016, January, April, and July 2017,
while Euglena rubra Hardy dominated in
phytoplankton during January and February 2017.
Moreover, Trachelomonas volvocina (Ehrenberg)
Ehrenberg, Trachelomonas oblonga Lemmermann,
Euglenaria clavata (Skuja) Karnkowska & Linton,
and Ulnaria acus (Kiitzing) Aboal were an important
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component of phytoplankton in the 1st station. At the
2nd station, T. minimum dominated during May and
July 2017. Phacus longicauda (Ehrenberg) Dujardin
was abundant in September, January, and March
2017, while E. rubra dominated in phytoplankton
between January and March 2017, and August 2017.
T. volvocina and Cryptomonas erosa Ehrenberg
prevailed among the phytoplankton from October to
December 2016, while A. aciculiferum was dominant
in December 2016, and N. polonicum was dominant
in April 2017. Moreover, P. ocellata was abundant in
the spring months.
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Figure 3. Relative frequency (%) of each dominant phytoplankton taxa according to biomass values*

a) in 1st station, b) in 2nd station of Lake Ketence (Tmin: Tetraédron minimum, Pocel: Pantocsekiella ocellata, Apaci:
Apocalathium aciculiferum, Npol: Naiadinium polonicum, Erub: Euglena rubra, Tvol: Trachelomonas volvocina, Tobl:
Trachelomonas oblonga, Eclav: Euglenaria clavata, Uacu: Ulnaria acus, Plong: Phacus longicauda, Cers:

Cryptomonas erosa)

Environmental and
phytoplankton

The results of RDA using only 7 variables are
illustrated in Figure 4. The eigen values of RDA axis
1 (0.20) and axis 2 (0.17), account for 37.2% of the
cumulative variance in the hytoplankton data. The
phytoplankton - environmental correlations of RDA
axis 1 and 2 are high and the first two axes account
for 75.2% of the variance in the phytoplankton -
environmental relationships. The ordination of the
RDA  indicated that predictor  variables
(environmental factors) affect the distribution of
phytoplankton assemblages in the stations of the

parameters

Lake Ketence. As shown in Figure 4, the fall
and winter months  (October, November,
December, January) were distributed in the
positive part of the first axis. On the other hand,
other months were located in the opposite part.
Species such as A. aciculiferum, C. erosa,
N. polonicum, U. acus, and T. volvocina were related
to high Si and NOs:-N, while P. ocellata was
correlated with secchi disk depth. On the other hand,
T. minimum was related to high TP, EC, and
T. E. clavata was correlated with NO,-N, while
T. oblonga, E. rubra, and P. longicauda were
correlated with low nutrients.
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Figure 4. Ordination of the samples corresponding to the different sampling periods and stations, scores of
phytoplankton species biomass and environmental variables, along the redundancy analysis axes*

*Environmental variables: T: Temperature, EC: specific conductance, Secchi: Secchi disk depth, TP: total
phosphorus, NOs-N: nitrate-nitrogen, NO2-N: nitrite-nitrogen, Si: soluble silica) (dark dot: 1st station, grey dot: 2nd
station) (Abbreviations of species names were given in Figure 3).

Discussion

In shallow lakes, as a consequence of intense
sediment-water interaction (Scheffer 1998), nutrient
cycling is faster and may support much higher
productivity (Schindler and Scheuerell 2002; Mehner
et al. 2005). Although the biomass values varied in
different periods of the year in Lake Ketence, it was
observed that they were generally high especially in
summer months where TP values were high.
Similarly, several studies have confirmed the effect
of TP on phytoplankton biomass (Phillips et al. 2008;
Jeppesen et al. 2002; Cooke et al. 2016).

In the studied lake, two diatoms (Bacillariophyta)
species; P. ocellata during fall and spring, and U.
acus in winter, were dominant. Their dominancy
between fall and spring months were reported in
many other shallow lakes studied in Turkey (eg., Tas
et al. 2002; Tas and Goniilol 2007; Atict et al. 2010;
Yilmaz and Giilegal 2012). Members of this group
are unable to regulate their buoyancy and prefer well-
mixed water columns (Reynolds 2006). Hence, the
development of small, fast-growing, planktonic
Pantocsekiella, which are C-strategy species
(Reynolds 1993; Seip and Reynolds 1995), was
favored under mixing conditions of fall and spring.

During spring, secchi disk values were high and, in
the RDA diagram, P. ocellata as a matter of course
correlated well with secchi disk values. Besides, both
species are sensitive to nutrient depletion (Reynolds
et al. 2002; Padisék et al. 2009) and preferred the Si
and NOs-N rich conditions of these months.
Moreover, C. erosa (Cryptophyta) increased its
biomass in phytoplankton during the late fall and
early winter. In the RDA diagram, this species
occurred near the NOs-N and Si values which
increased in fall and winter. The seasonality of
cryptophytes was mainly affected by temperature and
light intensity (Barone and Naselli-Flores 2003).
Moreover, these algae can migrate vertically (Clegg
et al. 2007) to avoid the high light intensity (Graham
and Wilcox 2000) and to stay at optimal nutrient
conditions (Giroldo and Vieira 1999; Longhi and
Beisner 2009) and low zooplankton grazing pressure
(Padisak 2004). In Lake Ketence, it seems that low
light requirement and possibly low zooplankton
feeding pressure during late fall and early winter
were the key factors in the success of this species
during that period. Dinoflagellate (Miozoa) species
such as A. aciculiferum and N. polonicum were also
found in fall and winter months where TP values
were low, however, Si and NO3-N values were high,
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as confirmed by RDA. Because of their capacity for
luxury consumption of phosphorus (Pollingher 1988)
and the ability to migrate vertically through the whole
water column in search of nutrients (Lindenschmidt
and Chorus 1998), dinoflagellates endured low
phosphorus levels during those months in this lake.
Moreover, with their active locomotion, they can
select the layer which is optimal for their
photosynthesis (Whittington et al. 2000; Grigorszky
et al. 2003).

As shown in the RDA, the prevalence of
Euglenozoa members (E. clavata, E. rubra,
P. longicauda, and T. oblonga) during early spring
where nutrient levels were low, can be explained by
the higher organic contents of the lake during that
period. Members of this group were known as
heterotrophic feeders and grew extremely well under
high organic content (Stevenson et al. 1996; Borics et
al. 2003). It is thought that the fertilization activities
carried out in the agricultural areas around the lake in
this period, may affect the organic matter content of
the lake. The second increase in biomass of this group
was observed in the stable late summer period where
the NO.-N level increased. High NO-N values have
also indicated organic pollution (Effler et al. 1996).
The increase in their biomass during the late summer
period was also reported in some other studies
(Naselli-Flores and Barone 2000; Borics et al. 2016).
Moreover, due to its small volume and surface area,
the ratio of benthic habitats is high in Lake Ketence.
As a matter of fact, species of this group migrating
between the epipelon and the water column prefer
small volume basins like temporary ponds, small
lakes, etc. (Padisak 1993; Poulickova et al. 2008).

The Chlorophyta division reached its maximum
abundance in summer, mostly owing to the excessive
growth of T. minimum. High TP and EC levels
coupled with high temperature probably contributed
to the high abundance of this species during summer
(Temponeras et al. 2000; Calijuri et al. 2002) as also
confirmed in the RDA. In many studies, it has been
found that the small unicellular or colonial un-
flagellated life forms of Chlorophytes were typical
representatives of shallow and nutrient-rich systems
(Stoyneva 1998; Borics et al. 2000).

In conclusion, like other shallow lakes in flat
lowlands, where land-use activities are high (Leone
et al. 2009), Lake Ketence is also more exposed to
human influence due to agricultural activities around
the lake. Therefore, high nutrient levels and the
organic content of the lake have affected the biomass
and dominant phytoplankton composition. Although
biomass values varied and indicated very good to bad
water quality during the studied period, especially the
prevalence of chlorophytes such as T. minimum
which prefer high nutrient and euglenoids such as

E. clavata, E. rubra, P. longicauda, and T. oblonga
that grew extremely well under high organic content
has confirmed that Lake Ketence is eutrophic and
under intense anthropogenic disturbance.
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DOI:10.17216/LimnoFish.799091

baranasikkutlu@selcuk.edu.tr
Phone :+90332 2231871

Keywords: Aci Lake, inorganic parameters, Meke Lake, PCI, physical
parameters

Ac1 Gol ve Meke Gélii’ niin (Konya / Tiirkiye) Su Kalitesi Ozellikleri

Oz: Canlilar yagsamlarm siirdiirmek i¢in suya ihtiyag duyarlar. Su kaynaklarmin kullanimi, korunmasi ve yénetimi bu nedenle son
derece onemlidir. Sucul ekosistemlerin, su kalitesi &zelliklerinin arastirilmasina yonelik ¢alismalar siklikla yapilmaktadir. Bu
calismanin amaci, Act G6l ve Meke Goélii'niin su kalitesi dzelliklerini belirlemektir. Goller Konya ili Karapinar Ilgesi'nde yer
almaktadir ayrica kuslar ve diger canlilar i¢in dnemli yasam alanlar1 durumundadirlar. Bu ¢alismada, Temmuz 2014, Ekim 2014 ve
Ocak 2015 tarihlerinde Act Gol ve Meke G6lii'nde bazi fiziksel ve inorganik parametreler incelenmistir. Calisma sirasinda gollerden
belirlenen istasyonlardan, mevsimsel olarak su drnekleri alinmistir. Sonuglar, Su Kirliligi Kontrol Yonetmeligi (SKKY) ve Insani
Tiiketim Amagli Sular Hakkinda Yonetmeligine gore (TS-266) karsilagtirilmistir. Pearson Correlation Index (PCI) analizine gore
fiziksel ve inorganik parametrelerin iliskileri belirlenmistir. iki golde belirlenen fiziksel ve inorganik parametrelerden sicaklik
degerlerinin Temmuz 2014 te iki golde, elektriksel iletkenlik degerlerinin iki gélde yapilan tiim 6lgiimlerde, ¢6ziinmiis oksijen ve
oksijen saturasyonu degerlerinin Temmuz 2014 ve Ekim 2014’ te Meke Golii’nde ve renk degerlerinin Meke Golii’nde yapilan tiim
Olgtimlerde yonetmeliklerde belirtilen smnir degerleri astigi belirlenmistir, diger degerler yonetmelik sinir degerleri igerisinde
bulunmugtur. PCI sonuglarma gére Act G6l ve Meke Golii'nde fiziksel ve inorganik parametreler birbirleriyle pozitif ve negatif
korelasyon gostermistir.

Anahtar kelimeler: Aci Gol, inorganik parametreler, Meke Golii, PCI, fiziksel parametreler
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density, environmental pollution has caused damage
to life resources and ecosystem. (Al Naggar et al.
2018). Water resources are damaged by the increase
in the use of fertilizers and pesticides as a result of
the increase in land used for agriculture (Zalidis et al.
2002; Kumar et al. 2019). Nowadays, water pollution
is a remarkable situation, because of this the effects
of agricultural practices on the quality of the water
bodies around them are an important issue (Evans et
al. 2019; Toyama et al. 2020). Heavy metal pollution
in waters is an important problem in developed and
developing countries. Heavy metals are non-
degradable elements that are added to aquatic
systems through natural or anthropogenic processes.
Anthropogenic resources are agriculture, industry
and household waste, and it is a fact that these
increase with the population. The presence of high
levels of heavy metals can cause dangerous
consequences for plants, animals and human
associated with aquatic ecosystems (Goher et al.
2019). Studies are carried out in aquatic ecosystems,
using statistical methods, to evaluate the
relationships between physico-chemical results
(Oztiirk and Akkoz 2014; Giimiis and Akkdz 2020;
Liu et al. 2020). Saline lakes around the world are
generally under threat and are critical habitat for
various migratory bird species. In addition, many
microorganisms have adapted to life in high salt
concentrations in these natural salt lakes. Most
waterbirds have the ability to use salt lakes positively
as nutrition. Changes in salinity rate can negatively
affect the ability of these creatures to use these areas.
However, there is little information about the
ecosystem function of these water bodies. It is an
important issue to examine the changes in these
ecosystems for such reasons (Oren 2016; Senner et
al. 2018).

Ac1 Lake, which is volcanic-based and a salty
water source, is an important habitat for birds and
other creatures (Akkoz 2017a). Meke Lake, which
came into existence as a result of the accumulation of
water in an inactive volcano crater, and which
includes various islets inside itself, has been added to
the RAMSAR pact about the international protection
of the aquatic places issue, at 21 June 2005 (Akkoz
2017b). This study aims to determine the physical
and inorganic parameters of the water samples taken
from the three stations of Aci1 Lake and two stations
of Meke Lake, that to evaluate the results obtained
from them according to certain criteria.

Materials and Methods

Properties of the Study Area

Ac1 Lake, which is our research area, is 108 km
north east of the regional capital, Konya and 8 km
north east of Karapinar, close to the Adana Highway.

The source of the lake is rain and groundwater
sources. Aci Lake water contains sulfur salts, giving
it a salty and bitter taste. Aci Lake is one of the
deepest lakes in the area, and is closest to Konya.
Meke Lake is located in Karapinar District at a
distance of 106 km from Konya Province. In rainy
times, the lake expands and in arid times the lake
narrows also the alluvial lake bottom comes to exist.
Meke Lake, which is volcanic-based and a salty water
source, is an important habitat for birds and other
creatures (Akkoz 2017b). In this study, some
physical and inorganic parameters were studied
between July 2014 and January 2015 in these lakes.

Sampling Stations

Study materials were taken from stations capable
of characterizing lakes for analysis. Satellite images
of Aci1 Lake and Meke Lake sampling stations are
given in Figure 1.

Sampling stations for Ac1 Lake;

Station 1: The station is located to the east of the
lake. Its ground is covered with mud. Station
coordinates; 37°42'42" N, 33°40"23" E.

Station 2: The station is located to the north of the
lake. Its ground is covered with mud. Station
coordinates; 37°43'05” N, 33°40'01" E.

Station 3: The station is located to the south west
of the lake. Its ground is covered with small stones.
Station coordinates; 37°42'40" N, 33°39'38" E.

Sampling stations for Meke Lake;

Station 1: The station is located to the north of the
lake. Its ground is covered with salt layer. Station
coordinates; 37°41'08” N, 33°38'44" E.

Station 2: The station is located east of the lake.
Its ground is covered with salt layer. Station
coordinates; 37°41'24" N, 33°38'18" E.

Determination of Water Quality

Water samples were taken in July 2014, October
2014 and January 2015 from 0-20 cm surface waters,
0-5 m from the coastal part of the specified stations.
Approximately 1 L samples from each station were
poured into glass bottles for the measurement of
physical and inorganic parameters and the bottles
were taken to the Ilaboratory immediately.
Temperature, pH, dissolved oxygen, oxygen
saturation and electrical conductivity (according to
20°C) parameters were instantly measured during
sampling. Analyses of inorganic parameters (Al, Co,
Cd, Cr, Cu, Fe, Mn, Ni, Pb, Se, Zn), were performed
with ICP-OES device in Selguk University Faculty of
Agriculture, Laboratory of Soil Science and Plant
Nutrition Laboratory.

Water samples that taken for the determination
of the water quality of lakes were also assessed
according to water pollution control regulation
(SKKY 2015) and water intended for human
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consumption standards (TS-266 2005). SPSS 21.0 and inorganic parameters. Pearson Correlation
statistics  package was used for the Index (PCI) was applied on this program (Oztiirk and
determination of the relationship between physical  Akko6z 2014).
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Figue 1. Satellite imageof Aci Lake and Meke Lake sampling stations (Google 2018)

Results
Table 1. Seasonal physical and inorganic parameter levels in Ac1 Lake
Season July 2014 October 2014 January 2015
Station 1 2 3 1 2 3 1 2 3
Temperature (°C) 26.2 26.7 26.5 15.7 15.8 15.8 4.6 4.4 4.6
pH 8.13 8.04 7.96 8.16 7.98 7.96 8.38 8.41 8.45
Conductivity 75000 74200 73900 74800 73800 73500 148700 144600 150200
(numhos/ cm)
D'Ssoz‘é]eg/ f_’;‘yge” 1089  10.14 8.06 7.89 7.9 7.9 8.38 8.41 8.45
Oxygen Saturation (%)  153.1 145.6 112.7 89.2 89.1 89.1 1105 112.1 114.4
Color (Pt-Co) 14 19 15 9 7 6 15 20 11
Al (ng/ L) BDL BDL BDL BDL BDL BDL BDL BDL BDL
Co (ng/ L) 0.001683 BDL 0.000341 0.001928 0.002387 0.002159 0.002622 0.002239 0.002088
Cd (pg/ L) 0.000252 0.000097 0.000084 0.001091 0.000643 0.000967 0.000753 0.000447 0.000275
Cr (ng/ L) BDL BDL BDL 0.000342 BDL BDL BDL 0BDL BDL
Cu (pg/ L) BDL BDL BDL BDL BDL BDL BDL BDL BDL
Fe (ng/ L) 0.032843 0.032453 0.032942 BDL BDL BDL BDL BDL BDL
Mn (pg/ L) BDL BDL BDL 0.007828 0.007619 0.007764 0.007375 0.033139 0.008139
Ni (ng/ L) BDL BDL 0.001807 0.001662 0.001602 0.000041 0.000607 BDL BDL
Pb (ng/ L) BDL BDL BDL BDL BDL BDL BDL BDL BDL
Se (ng/ L) 0.001918 BDL BDL BDL 0.002417 BDL BDL BDL BDL
Zn (pg/ L) 0.034461 0.034276 0.035271 0.083559 0.062024 0.038633 0.011313 BDL 0.005277

*BDL: below detection limit.
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Values for each seasonal measurement of the
parameters belonging to some physical and inorganic
analyses seasonally performed from July 2014 to
January 2015 with surface water samples taken from
the coastal area of Aci Lake are given in Table 1 and

Meke Lake are given in Table 2. Physical and
inorganic parameters of Act Lake and Meke Lake
waters were determined and the qualities were
evaluated according to the regulations of SKKY and
TS-266.

Table 2. Seasonal physical and inorganic parameter levels in Meke Lake

Season July 2014 October 2014 January 2015
Station 1 2 1 2 1 2
Temperature (°C) 35.1 35.4 21 21 7 7.2

pH 6.58 6.61 6.61 6.74 8.14 8.25
Conductivity

(umhos/ cm) 108700 111800 114100 115500 71500 73700
Dissolved Oxygen

(mg/ L) 1.02 1.05 1.63 1.7 5.61 5.73
Oxygen Saturation (%) 16.5 171 23.2 22 50.3 52.8
Color (Pt-Co) 314 386 151 168 22 26

Al (ng/ L) BDL BDL BDL BDL BDL BDL

Co (ng/ L) BDL BDL 0.003893  0.004036  0.002613  0.001208
Cd (ug/ L) 0.001025 0.001071 0.000718 0.001298 0.002222  0.000558
Cr (ug/ L) BDL BDL BDL BDL BDL BDL

Cu (ng/ L) BDL BDL BDL BDL BDL 0.006687
Fe (ng/ L) 0.046981 0.048661 BDL BDL BDL BDL

Mn (ug/ L) BDL BDL 0.045101  0.05565 0.008695  0.008706
Ni (pg/ L) BDL 0.004889  0.003195 0.0056 0.003476  BDL

Pb (ng/ L) BDL BDL BDL 0.000055 BDL BDL

Se (nug/ L) 0.058341 0.065265 BDL BDL 0.033695 BDL

Zn (pg/ L) 0.048105 0.049223 0.106243  0.095935 0.011437 0.003114
Relations between parameters determined in  between parameters determined in Meke Lake
Act  Lake water and Pearson correlation  water and Pearson correlation coefficients given in

coefficients given in the Table 3 and relations

the Table 4.
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Table 3. Relations between parameters determined in Aci1 Lake water and Pearson correlation coefficients

. Dissolved Oxygen X
Temperature pH Conductivity . Color Co Cd Cr Fe Mn Ni Se Zn
oxygen saturation
Temperature 1
pH 0317 1
Conductivity -0.810 -0.299 1
Dissolved oxygen 0.047 0.933(**) -0.623 1
Oxygen
] -0.444 0.991(**) -0.166 0.875(%) 1
saturation
Color 0.327 0.792 -0.819(*) 0.959(**) 0.702 1
Co -0.009 -0.946(**) 0.593 -0.999(**) -0.892(%) -0.948(**) 1
cd -0.991(**) 0.190 0.880(*) -0.177 0.322 -0.448 0.140 1
cr -0.997(**) 0.317 0.810 -0.047 0.444 -0.327 0.009 0.991(**) 1
Fe 0.553 -0.966(**) 0.041 -0.807 -0.992(**) -0.607 0.828(*) -0.439 -0.553 1
Mn 0.761 -0.856(*) -0.237 -0.612 -0.919(**) -0.363 0.641 -0.670 -0.761 0.961(**) 1
Ni -0.817(*) -0.287 0.998(**) -0.614 -0.154 -0.812(*) 0.583 0.886(*) 0.817(*) 0.028 -0.249 1
Se 0322 0.996(**) -0.294 0.931(**) 0.991(**) 0.789 -0.944(*) 0.195 0.322 -0.967(**%) -0.859(%) -0.282 1
Zn -0.854(*) 0.764 0.387 0.480 0.845(*) 0.212 -0.512 0.779 0.854(*) -0.906(*) -0.987(**) 0.399 0.768 1
* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed)
Table 4. Relations between parameters determined in Meke Lake water and Pearson correlation coefficients
Temperature pH Conductivity Dissolved oxygen Oxyge_n Color Co Cd Fe Mn Ni Se Zn
saturation
Temperature 1
pH -0.882(%) 1
Conductivity 0.807 -0.983(**) 1
Dissolved oxygen -0.919(**) 0.995(**) -0.972(**) 1
Oxygen saturation -0.929(**) 0.991(**) -0.963(**) 0.999(**) 1
Color 0.985(**) -0.822(*) 0.750 -0.868(*) -0.880(*) 1
Co -0.474 0.014 0.108 0.098 0.119 -0.542 1
Cd -0.263 0.293 -0.341 0.299 0.260 -0.230 0.189 1
Fe -0.542 0.664 -0.602 0.640 0.661 -0.501 -0.201 -0.492 1
Mn 0.870(*) -0.536 0.413 -0.604 -0.628 0.902(*) -0.829(*) -0.132 -0.316 1
Ni -0.167 -0.301 0.442 -0.230 -0.204 -0.246 0.909(*) -0.097 -0.221 -0.627 1
Se 0.131 -0.343 0.420 -0.317 -0.324 0.189 0.482 0.401 -0.587 -0.121 0.510 1
zZn -0.005 -0.252 0.384 -0.237 -0.244 -0.032 0.557 0.124 -0.200 -0.316 0.725 0.562 1

* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level (2-tailed)
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Discussion

Extreme thermal regime changes in water bodies
can alter biodiversity and ecological processes in the
basin (Jiang et al. 2018). Temperature affects the
chemical, physical and biological activities of water
and changes the concentration of many factors.
Metabolism, viscosity and respiratory rate of
organisms in the water increases with temperature
(Atic1 2004). In our study, the average values for
temperature measurements in Aci Lake were, 35.25
°C in July 2014, 21 °C in October 2014 and 7.1 °C in
January 2015. The average values for temperature
measurements in Meke Lake were, 26.5 °C at July
2014, 15.8 °C at October 2014 and 4.5 °C at January
2015. Temperature was determined in second class
quality at July 2014, in first class quality at October
2014 and January 2015 according to SKKY for Act
Lake. Temperature was determined in fourth class
quality at July 2014, in first class quality at October
2014 and January 2015 according to SKKY for Meke
Lake. In the study carried out in Saraydiizii Dam
Lake, the water temperature was determined in the
range of 1.8-21.7 °C in water samples taken for a year
(Kiikrer and Mutlu 2019). In our study, it has been
determined that the results except the values obtained
from Meke Lake in July 2014 are similar to this
study.

The pH in water is closely related to the amount
of photosynthesis in the lake and the hydrogeological
structure of the lake (Garg et al. 2010). The pH
significance of the presence of metals in water and
their release from sediment is well known (Kamzati
et al. 2020). pH has potential importance in affecting
global biogeochemical cycles for multiple elements
(Stiieken et al. 2019). In our study, the average values
for pH measurements in Aci Lake were obtained as,
8.04 at July 2014, 8.03 at October 2014 and 8.41 at
January 2015. The average values for pH
measurements in Meke Lake were obtained as, 6.6 at
July 2014, 6.68 at October 2014 and 8.2 at January
2015. pH was determined in first class quality in all
measurements according to SKKY and was
determined within the limit values according to TS-
266 for both Ac1 Lake and Meke Lake. In the study
conducted in Kovada Lake, pH values were
determined between 6.98-10.2 (Ci¢ek and Yamug
2017). Considering the average values, similar results
were obtained in our study.

The conductivity value varies depending on the
water temperature and the amount of dissolved
material.  Electrical ~ conductivity  increases
accordingly with the increase of salinity in water
(Geetha and Gouthami 2017; Mutlu et al. 2017). In
our study, the average values for electrical
conductivity measurements in Aci1 Lake were, 74367
umhos/ cm at July 2014, 74033 pmhos/ cm at

October 2014 and 147833 pmhos/ cm at January
2015. The average values for electrical conductivity
measurements in Meke Lake were, 110250 umhos/
cm at July 2014, 114800 pmhos/ cm at October 2014
and 72600 pumhos/ cm at January 2015. Electrical
conductivity was determined in fourth class quality
in all measurements according to SKKY'. Electrical
conductivity values were exceed the limit value in all
measurements according to TS-266 for both Aci
Lake and Meke Lake. Electrical conductivity was
measured in the range of 230-860 pS/ cm in the study
conducted in Isik Lake (Aksever and Biiyiiksahin
2017). The obtained values in our study were found
to be quite high compared to this study.

As a regulator of the metabolic events in water
and an indicator of the condition of water, oxygen is
the most significant chemical matter available in
natural waters (Tanyolag¢ 2009). Dissolved oxygen is
an important water quality parameter that indicates
the oxygen reserve in water. The survival of most
aquatic organisms depends on dissolved oxygen
(Akankali et al. 2017). In a sunny day, in a water
ecosystem that is free of winds and rich in nutrients,
oxygen saturation can be measured as 200 % or more
as a result of the intense photosynthesis (Lampert and
Sommer 2007). In our study, the average values for
dissolved oxygen measurements in Aci Lake were,
9.7 mg/ L at July 2014, 7.9 mg/ L at October 2014
and 8.41 mg/ L at January 2015. The average values
for dissolved oxygen measurements in Meke Lake
were, 1.04 mg/ L at July 2014, 1.67 mg/ L at October
2014 and 5.67 mg/ L at January 2015. Dissolved
oxygen and oxygen saturation values were found in
first class quality at July 2014 and January 2015,
second class quality at October 2014 according to
SKKY for Aci Lake. Dissolved oxygen and oxygen
saturation values were found in fourth class quality at
July and October 2014 and third class quality at
January 2015 according to SKKY for Meke Lake.
Kiikrer and Mutlu (2019) reported that dissolved
oxygen values was detected in the range of 10.26-
14.58 mg/ L in water samples taken for a year from
Saraydiizii Dam Lake. The values obtained in our
study were found to be lower than this study.

Color may be due to natural metallic ions, humus,
peat materials, algae, weeds or industrial wastes
(Giiler and Cobanoglu 1997). In our study, the
average values for color measurements in Aci Lake
were, 16 Pt-Co at July 2014, 7.3 Pt-Co at October
2014 and 15.3 Pt-Co at January 2015. The average
values for color measurements in Meke Lake were,
350 Pt-Co in July 2014, 159.5 Pt-Co in October 2014
and 24 Pt-Co in January 2015. Color values were
found in second class quality in all measurements
according to SKKY, also color values were under the
limit value in all measurements according to TS-266
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for Aci Lake. Color values were found in fourth class
quality at July 2014, third class quality at October
2014, second class quality at January 2015 according
to SKKY, measurements were exceed the limit value
in all measurements according to TS-266 for Meke
Lake. In the study conducted about some water
sources in the west of Turkey, color values were
determined in the 1-39 Pt-Co range (Ozcelik 2016).
In our study, some of the measurements made
especially in Meke Lake were found to be much
higher than this study.

The chemistry, biological availability, and
toxicity of Aluminum (Al) in the aquatic
environment are complicated, as well as affected by
a wide range of water quality characteristics such as
pH, hardness and dissolved organic carbon (Cardwell
et al. 2018). Aluminum values were found below the
detection limits. Aluminum, was determined in first
class quality in all measurements according to SKKY
and was determined under the limit values according
to TS-266 for both Aci Lake and Meke Lake.
Aluminum was measured in the range of 2-77 pug/ L
in the study conducted in Isik Lake (Aksever and
Biiyiiksahin 2017).

Cobalt (Co) is an essential element for human
health. Overexposure has been shown to cause
adverse health effects (Leyssens et al. 2017; Chen et
al. 2020). Due to their long stay in nature, trace
metals, including Cobalt, remain among the most
studied environmental pollutants. Anthropogenic
pollution of the environment by Cobalt is mainly due
to mining and industrial activities (Collins and
Kinsela 2010). In our study, the average values for
cobalt measurements in Aci Lake were, 0.0007 pg/ L
at July 2014, 0.0022 pg/ L at October 2014 and
0.0023 pg/ L at January 2015. The average values for
cobalt measurements in Meke Lake were, 0.0039 ng/
L at October 2014 and 0.0019 pg/ L at January 2015.
Cobalt values, were found in first class quality in all
measurements according to SKKY for both Ac1 Lake
and Meke Lake. In the study conducted in Kayalikdy
Reservoir, cobalt was found to be 0.186 = 0.09 ug/ L
on average (Giiher and Oterler 2020). The results we
obtained in our study were found to be lower than this
study.

Cadmium (Cd) has low permissible limits. It is a
highly toxic heavy metal and has the potential to
cause adverse health effects (Wu et al. 2016; Halwani
et al. 2020). In our study, the average values for
cadmium measurements in Aci1 Lake were, 0.0001
ug/ L at July 2014, 0.0009 pg/ L at October 2014 and
0.0005 ug/ L at January 2015. The average values for
cadmium measurements in Meke Lake were, 0.001
pg/ L at July 2014, 0.001 pg/ L at October 2014 and
0.001 pg/ L at January 2015. Cadmium, was
determined in first class quality in all measurements

according to SKKY and was determined under the
limit values according to TS-266 for both Aci Lake
and Meke Lake. Cadmium was measured in the range
0f 0.05-0.18 pg/ L in the study conducted in Isik Lake
(Aksever and Biiyiiksahin 2017). When compared
with the values obtained in our study, they found
higher values than our results.

Chromium (Cr) is considered to be one of the
toxic heavy metals and its entry into water bodies is
known to cause various disease effects (Sai Bhavya
et al. 2019). In our study, chromium was detected as
0.0003 pg/ L in the first station only at October 2014
in Acit Lake. Chromium has not been detected in
Meke Lake. Chromium, was determined in first class
quality in all measurements according to SKKY and
was determined under the limit values according to
TS-266 for both Aci Lake and Meke Lake. In the
study conducted in Kayalikdy Reservoir, chromium
was detected as an average of 2.786 + 3.00 pg/ L
(Giiher and Oterler 2020).

Copper (Cu) containing pesticides are widely
used in agriculture to control certain diseases. The
release of copper in large quantities to water and soil
can have long-term detrimental consequences for the
environment, organisms and ecosystem health (Kirk
and Andreescu 2019). Copper was not detected in
Ac1 Lake in our study. In Meke Lake, Copper was
detected as 0.007 pg/ L at the second station only at
January 2015. Copper values, were found in first
class quality in all measurements according to SKKY
and were found under the limit values according to
TS-266 for both Aci Lake and Meke Lake. Copper
was measured in the range of 0.50-4.50 ug/ L in the
study conducted in Istk Lake (Aksever and
Biiyiiksahin 2017).

Iron (Fe) overload can cause major health
problems such as liver cancer, liver cirrhosis,
diabetes, infertility, heart and central nervous system
diseases. The presence of high iron concentrations
can affect the color, smell and taste of the water
(Kumar et al. 2017). In our study, an average of
0.0327 pg/ L was obtained at July 2014 for Aci1 Lake
for iron measurements. In our study, an average of
0.0478 pg/ L was obtained for Meke Lake for iron
measurements at July 2014. Iron, was determined in
first class quality in all measurements according to
SKKY and was determined under the limit values
according to TS-266 for both Acit Lake and Meke
Lake. In the study conducted in Kayalikdy Reservoir,
the average iron was found to be 0.142 + 0.09 mg/ L
(Giiher and Oterler 2020). The values we obtained in
our study were found to be lower than this study.

Manganese (Mn) is an essential trace element
found naturally in the environment. It is required as a
cofactor for many enzymes and is important in many
physiological processes. It supports development,
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growth and neuronal function. However,
overexposure to Manganese may contribute to
neurotoxicity and the development of Alzheimer's
disease and Parkinson's disease (Martins et al. 2019).
In our study, the average values for manganese
measurements in Act Lake were, 0.0078 pg/ L at
October 2014 and 0.0162 ug/ L at January 2015. The
average values for manganese measurements in
Meke Lake were, 0.05 pg/ L at October 2014 and
0.009 pg/ L at January 2015. Manganese values, were
determined in first class quality in all measurements
according to SKKY, were determined under the limit
values according to TS-266 for both Aci Lake and
Meke Lake. Manganese was measured in the range of
0.12-70.35 pg/ L in the study conducted in Isik Lake
(Aksever and Biiyiilksahin 2017). The values
we obtained in our study were found to be lower
than this study.

Management of Nickel (Ni) contaminated soil
and water is an important current environmental
issue. The use of metal complexes in industry,
agriculture and homes is one of the main causes of
environmental pollution with nickel. Nickel is
classified as an environmental pollutant and has toxic
effects on plants, humans and food (Rathor et al.
2017). In our study, the average values for nickel
measurements in Aci Lake were, 0.0006 pg/ L at July
2014, 0.001 pg/ L at October 2014 and 0.0002 pg/ L
at January 2015. The average values for nickel
measurements in Meke Lake were, 0.002 pg/ L at
July 2014, 0.004 ug/ L at October 2014 and 0.002 pg/
L at January 2015. Nickel values, were determined in
first class quality in all measurements according to
SKKY, were determined under the limit values in all
measurement according to TS-266 for both Aci Lake
and Meke Lake. In the study carried out in Saraydiizi
Dam Lake, nickel was found to be 1.6 mg/ L on
average in water samples taken during a year (Kiikrer
and Mutlu 2019). The values we obtained in our
study were found to be lower than this study.

Lead (Pb) can enter water sources through
installations containing lead. The effect of lead on
neurodevelopmental effects in children, even at low
doses, is well known (Levallois et al. 2018). In our
study, the lead was not detected for Aci Lake.
0.000055 pg/ L lead was measured for the Meke Lake
in October 2014 at the second station. Lead values,
were found in first class quality in all measurements
according to SKKY and were found under the limit
values according to TS-266 for both Aci1 Lake and
Meke Lake. In the study conducted in Kayalikdy
Reservoir, the average lead was determined as 0.873
+ 0.73 pg/ L (Giiher and Oterler 2020). The values
we obtained in our study were found to be lower than
this study.

Recent studies have shown that Selenium (Se)
exhibits toxicity at high concentrations. In the study,
it was stated that Selenium and Selenium
nanoparticles in higher concentrations caused
significant harmful changes in the histopathology,
cellular and metabolic activities of Pangasius
hypophthalmus fish species (Kumar et al. 2018).
In our study, for selenium measurements, 0.0019 pg/
L was obtained for Ac1 Lake at the first station in July
2014 and 0.0024 pg/ L at the second station in
October 2014. In our study, for selenium
measurements, the average values for Meke Lake
were obtained as 0.061 pg/ L in July 2014 and
0.016 pg/ L in January 2015. Selenium values, were
found in first class quality in all measurements
according to SKKY and were found under the limit
values according to TS-266 for both Aci Lake and
Meke Lake. In the study conducted in Kayalikoy
Reservoir, the average selenium was determined to
be 7.046 + 5.56 pg/ L (Giiher and Oterler 2020). The
values we obtained in our study were found to be
lower than this study.

Zinc (Zn) is known as the essential element for
the survival of human life. The excessive discharge
of zinc into water and soil causes water pollution and
causes serious health problems such as septicemia,
meningitis, iron deficiency anemia (Li et al. 2018). In
our study, the average values for zinc measurements
in Ac1 Lake were, 0.0346 pg/ L at July 2014, 0.0614
pg/ L at October 2014 and 0.0055 pg/ L at January
2015. The average values for zinc measurements in
Meke Lake were, 0.048 pg/ L in July 2014, 0.101 pg/
L in October 2014 and 0.007 pg/ L in January 2015.
Zinc, were found in first class quality in all
measurements according to SKKY for both Aci Lake
and Meke Lake. Zinc was measured in the range of
0.50-13.30 pg/ L in the study carried out in Isik Lake
(Aksever and Biiyliksahin 2017). The values we
obtained in our study were found to be lower than this
study.

According to PCI Table 3, relations between
parameters at 0.05 significance level that,
temperature correlated negative with nickel and zinc.
pH correlated negative  with  manganese.
Conductivity correlated positive with cadmium and
negative with color. Dissolved oxygen correlated
positive with oxygen saturation. Oxygen saturation
correlated positive with zinc, negative cobalt. Color
correlated negative with nickel. Cobalt correlated
positive with iron. Cadmium correlated positive with
nickel. Chrome correlated positive with nickel and
zinc. Iron correlated negative with zinc. Manganese
correlated positively with selenium. Relations
between parameters at 0.01 significance level that,
temperature correlated negative with cadmium and
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chrome. pH correlated positive with dissolved
oxygen, oxygen saturation and selenium, negative
with cobalt and iron. Conductivity correlated positive
with nickel. Dissolved oxygen correlated positive
with color and selenium, negative with cobalt.
Oxygen saturation correlated positive with selenium,
negative with iron and manganese. Color correlated
negative with cobalt. Cobalt correlated negative with
selenium. Cadmium correlated positive with
chromium. Iron correlated positive with manganese,
negative with selenium. Manganese correlated
negative with zinc.

According to PCI Table 4, relations between
parameters at 0.05 significance level that,
temperature correlated positive with Mn and negative
with pH. pH correlated negative with color.
Dissolved Oxygen correlated negative with color.
Oxygen saturation correlated negative with color.
Color correlated positive with manganese. Cobalt
correlated positive with nickel and negative with
manganese. Relations between parameters at 0.01
significance level that, temperature correlated
positive with color, negative with dissolved oxygen
and oxygen saturation. pH correlated positive with
dissolved oxygen and oxygen saturation, negative
with conductivity. Conductivity correlated negative
with dissolved oxygen and oxygen saturation.
Dissolved oxygen correlated positive with oxygen
saturation.

As a results of our study, due to the salinity, some
physical parameters results differ from the regulation
values. According to Pearson Correlation Index,
physical and inorganic parameters showed positive
and negative correlation with each other in Ac1 Lake
and Meke Lake. Some of the measurement results of
the physical and inorganic parameters determined in
Ac1 Lake and Meke Lake, temperature, electrical
conductivity, dissolved oxygen and color, exceeded
the values specified in the regulations, values other
than these were found within the limit values of the
regulation. Because of high amount of salt was
observed in the water, it can be said that, lakes water
can not be used for human consumption and the high
level of physical parameters detected in lakes water
depends on the environmental characteristics of the
area where the lakes is located.
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Assessment of Water Quality in Brackish Lake Bafa (Mugla, Turkey) by Using
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Lake Bafa is one of the biggest lake in the western part of Turkey. It has a great RESEARCH ARTICLE

importance in terms of both historical and biodiversity. Lake Bafa which was fed

by Biiyiik Menderes River has become an area where the pollutant factors carried Received ~ :27.08.2020 E E
by the river accumulated over time. In this context, the complex physicochemical Revised -20.01.2021
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phosphorus and total nitrogen were investigated in water samples. The data
obtained were statistically evaluated by using Principal Component Analysis
(PCA), Cluster Analysis (CA) and Pearson Correlation Analysis and compared
with the limit values reported by various national and international organizations.
According to the results PCA, three factors (PCA 1, PCA 2 and PCA 3) explained
79.05% of the total variance while CA results exhibited three statistically
significant clusters. Overall the results suggested that Lake Bafa has been exposed
to high amount of pollution and it is generally classified in “Class I11-1V” water
quality level based on both Klee’s method and Turkish Water Pollution Control
Regulation.
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Tuzlu Su Ozelligine Sahip Bafa Gélii’niin (Mugla, Tiirkiye) Su Kalitesinin Cok Degiskenli istatistik Analizler
Kullanilarak Degerlendirilmesi

Oz: Bafa Golii, Tiirkiye'nin batisindaki en biiyiik géllerden biridir. Hem tarihsel hem de biyolojik gesitlilik agisindan bityiik Snem
tasimaktadir. Biiyiik Menderes Nehri tarafindan beslenen Bafa Golii, nehrin tagidigr kirletici faktorlerin zamanla biriktigi bir alan
haline gelmistir. Bu baglamda Bafa Golii'niin karmasik fizikokimyasal 6zellikleri degerlendirilmis ve bir izleme modeli olusturmak
amaciyla su kalitesi smiflar1 belirlenmistir. Bu arastirmada, su 6rnekleri iki yillik ¢alisma déneminde (2015-2017) Bafa Golii'nde
belirlenen sekiz farkli istasyondan aylik olarak alimmustir. Su numunelerinde atmosfer basinci, sicaklik, pH, elektriksel iletkenlik,
toplam ¢6ziiniis kati madde, tuzluluk, bulaniklik, ¢6ziinmiis oksijen, oksijen doygunlugu, biyolojik oksijen ihtiyact, kimyasal oksijen
ihtiyaci, amonyum, nitrat, nitrit, kalsiyum, sodyum, magnezyum, potasyum, klortir, siilfat, toplam fosfor ve toplam azot olmak {izere
toplam 22 su kalite parametresi tespit edilmistir. Elde edilen veriler, Temel Bilesen Analizi (PCA), Kiimeleme Analizi (CA) ve
Pearson Korelasyon Analizi kullanilarak istatistiki olarak degerlendirilmis ve gesitli ulusal ve uluslararasi kuruluslar tarafindan
bildirilen limit degerler ile karsilastirtlmistir. PCA sonuglarma gore, ii¢ faktér (PCA 1, PCA 2 and PCA 3) toplam varyansin
%79,05'ini agiklarken CA sonuglariyla istatistiksel olarak anlamli {i¢ kiime tespit edilmistir. Elde edilen analiz sonuglarina gore,
Bafa Golii'niin yiiksek miktarda kirlilige maruz kaldig1 ve Klee metodu ve Tiirkiye Su Kirliligi Kontrolii Yonetmeligi’ne gore genel
olarak “Swnif III-1V” su kalitesinde oldugu belirlenmistir.
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Introduction

Surface water resources such as lakes, rivers and
streams have been deteriorated by various factors
continuously. Anthropogenic factors are of direct
effects on the water systems (Tanyolag 2004).
Population growth, demotechnical improvement,
industrial and agricultural activities are mainly
impact surface water quality, and cause deterioration
of water resources. The Water Framework Directive
(WFD) identifying  the  biological  and
physicochemical characteristics of water systems and
protecting them became an important issue in the last
20 years.

WFD  legislation include surface and
groundwater, as well as all inland water systems and
coastal waters up to one nautical mile. Mainly target
of the WFD is to prevent deterioration in the
biological and physicochemical status all surface
waters. Good status criterion for surface waters is by
achieving good biological and physicochemical state
by 2015 (European Commission 2000).

In many countries, one of the main environmental
problems of lakes are considered nutrient enrichment
which cause the Harmful Algal Blooms (HABS)
(Oczkowski and Nixon 2008). This encourage the
growth of HABs, and this leads to deterioration of
water quality along entire ecosystem as a reason of
nutrient enrichment (Yu et al. 2010). Many lakes in
both urban and rural area have disappeared because
of pollutant pressures that causes worldwide
environmental problem, that’s why, regular
biomonitoring and assessment research on water
systems helps to improve the management strategies
for overcome of water pollution (Shuchun et al.
2010) reliable forecast of the quality of lakes, rivers
and streams. According to Kazi et al. (2009), the
dimensional variations are large and complex data
matrix included of high number of physicochemical
parameters, which are generally difficult to constitute
reliable outcomes. Lately, the application of diverse
multivariate statistical processes, like CA and PCA
have beenused to identify possible sources that
influence aquatic ecosystems (Reghunath et al. 2002;
Simeonova et al. 2003; Akkan et al. 2018; Kiikrer and
Mutlu, 2019; Uncumusaoglu and Mutlu, 2019;
Ustaoglu and Tepe, 2019; Tas et al. 2019; Ustaoglu
et al 2020; Tokatl1 2020).

Lake Bafa basin is rich as biological diversity. It
provides breeding, nursery and wintering area on the
coast and islands for about 300.000 birds (Knipping
et al. 2008). The lake basin present to us 237 genera,
325 species, 22 subspecies and 7 varieties belonging
to 80 familia and 16 endemic species, respectively.
Besides the birds there are about 20 fish species with
an importance such as critically endangered Anguilla
anguilla (Linne, 1758) and endemic species

Chondrostoma meandrense (Elvira, 1987) in the lake
(Kuru et al. 2001).

The lake has been under the threat of various
environmental pollutants. Biiyiikk Menderes River,
which is one of the devastating external pollutant
loads, is originated in Dinar district of Afyon
province and flows 584 km to the Aegean Sea. An
arm that leaves the river just before it goes into the
sea, feeds Lake Bafa. Like a reservoir, Lake Bafa
receives industrial, agricultural and domestic wastes
of Afyon, Usak and, Aydin provinces. In addition to
the industrial pollution, there is a fish hatchery
facility on the shore of Lake Bafa. Organic and
chemical substances used in hatcheries are thought to
contribute to pollution and salinity increase in the
lake. Similarly, there are plenty of olive oil facilities
around the lake. It is estimated that the land water
from these factories reaches the lake as a result of
various leaks or overflowing of black water wells
after rain. In agricultural production around the lake,
a large amount of fertilizer, pesticide and chemicals
are used. Besides those organic and inorganic
pollution sources increased salinity levels threatened
the biodiversity. According to Sar1 et al. (1999), the
fish fauna of the Lake Bafa changed mainly because
of the rising salinity levels. Anguilla mirabilis which
is one of the third endemic species in the basin
become extinct in Lake Bafa (Balik and Ustaoglu
1989). Cyprinus carpio, Cyprinus nasus, Barilius
pectoralis and Silurus glanis were also extinct in the
lake due to increased salinity levels and decreased
water quality (Mermer 1989; Balik et al. 1992; Balik
1995). Diigel and Kazanci (2004), investigated the
variations of macroinvertebrate fauna of Biiyiik
Menderes River according to environmental changes.
They identified the distribution of 225 benthic
macroinvertebrate species influenced significantly by
environmental changes. Factors affecting their
populations determined as nitrite, nitrate, chloride,
orthophosphate concentrations, conductivity,
dissolved oxygen levels, ammonium concentration,
pH, water temperature, drainage area, and stream.
The effects of wvarious external pollutant
accumulation directly affect the water quality and
biodiversity in Lake Bafa. For this reason, Lake Bafa
should be kept under constant observation and
investigation.

Due the foreseen of negative impact of some
water quality elements on the biodiversity of
ecologically important Lake Bafa, we monitored 22
physicochemical components of the lake for 2 years
(2015-2017). For this reason, water samples were
picked up from eigth different stations of the lake,
especially some of the stations were determined from
the points where the Biiyiik Menderes River drains
into the lake. The lake classified according to the
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pollution state by using multivariate statistical
methods like CA and PCA. With these methods,
according to obtained data set, we also determined
the sources of pollution.

Materials and Methods

Study Area

Lake Bafa, also known as Camigi, is a shallow
lake located in the south east of Biiyiik Menderes
delta, with a slightly salty and 21 meters deepest part.
The surface area of Lake Bafa is 65 km? and its
surroundings are 50 km. It is 16 km long, 6 km wide
and 10 meters high from the sea. It is surrounded by
mountains covered with forests and maquis, except
for the west of the Menderes Plain. The west coast is
shallow and covered with swamps. The lake, which
was a part of the Aegean Sea in ancient times,

remained inside the coast for miles along with the
alluviums carried by Biiyilk Menderes. The most
important source that feeds the lake is the waters of
the Biiyiik Menderes River. The eight representative
sampling points were chosen for the study. The 7%
and 8" stations were chosen as a sampling station
where the Biiyilk Menderes River drains into the
Lake Bafa. The other stations were in the lake. The
first sampling station was on the south west part of
the lake where the restaurants were located. The 2"
station was in the centric and the sampling 3" and 4"
stations were on the eastern part of the lake. The coast
of the one of the biggest vilage around the lake were
chosen as 5™ sampling station. Another sampling
station (6™) was chosen by the fishing port and the
fish hatcheries (Figure 1). The sampling station and
their coordinates are given in Table 1.

i~

Yesilkoy ‘

Figure 1. Location of eight stations on Lake Bafa.

Table 1. Latitude and longitude of the stations in
Lake Bafa

Stations Latitude Longitude

Station 1 37°29°35”” N 27°24°87° E
Station 2 37°29°76>° N 27°27°28" E
Station 3 37°29°29° N 27°29°31” E
Station 4 37°29°29”° N 27°31°09”” E
Station 5 37°31°49”° N 27°24°04° E
Station 6 37°32°67° N 27°23°76”° E
Station 7 37°32°19 N 27°24°41”° E
Station 8 37°30°46>° N 27°22°82”" E

Sample collection and analytical methods

Taken water samples from eight
sampling stations were kept in at 0.5m on the basis of
monthly, betwen July 2015 and June 2017 in Lake
Bafa. By using 2.0 L polyethylene plastic bottles, the
water samples were preserve in the study area.

Total of 22 physicochemical variables were
monitored over a two year period. In this study, in
addition to the physicochemical parameters, their
units devices and analytical procedures are
demonstrated in Table 2.
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Table 2. Water quality parameters and analytical methods used in Lake Bafa

Variables Abbreviations Units Analytical methods

Atmosphere pressure Atm mB Oxi 315i/ SET WTW Oxygenmeter

Water temperature T °C Oxi 315i/ SET WTW Oxygenmeter

pH pH - CyberScan Series 600 Waterproof-
Portable Meter

Electrical conductivity EC mS/m CyberScan Series 600 Waterproof-
Portable Meter

Total Dissolved Solids TDS ppt CyberScan Series 600 Waterproof-
Portable Meter

Salinity Salinity pt CyberScan Series 600 Waterproof-
Portable Meter

Turbidity TU FAU CyberScan Series 600 Waterproof-
Portable Meter

Dissolved oxygen DO mg/L Oxi 315i/ SET WTW Oxygenmeter

Oxygen saturation Sat. O % Oxi 315i/ SET WTW Oxygenmeter

Biochemical oxygen demand BOD mg/L Spectrophotometric

Chemical oxygen demand COD mg/L Spectrophotometric

Ammonium NH4-N mg/L Spectrophotometric

Nitrite NO2-N mg/L Spectrophotometric

Nitrate NOs-N mg/L Spectrophotometric

Calcium Ca mg/L Flame photometer

Magnesium Mg mg/L Flame photometer

Potassium K mg/L Flame photometer

Sodium Na mg/L Flame photometer

Chloride Cl mg/L Spectrophotometric

Sulphate SO4 mg/L Spectrophotometric

Total Phosphate TP mg/L Spectrophotometric

Total Nitrogen TN mg/L Spectrophotometric

Statistical analysis

In this study, physicochemical water quality was
determined according to Klee (1991) and Turkish
Water Pollution Control Regulation (WPCR)
(Ministry of Forestry and Water Management).

All  mathematical and statistical analyses
were made using Excel 2019 (Microsoft OfficeR)
and PAST3 software package. On the other hand,
Lake Bafa water quality estimation was
implemented by using PCA and CA techniques,
on the basis of multivariate statistical analysis
(Kazi et al. 2009). In addition, Pearson
Correlation  analysis was carried out to
detect significant relationships between the data
obtained.

The CA technique based on Bray-Curtis is
described as the classification of similar components

between the observation or clusters. Hierarchical
agglomerative clustering is the routine method
which ensures similarity relationship among the
all data set, and is demonstrated by a dendrogram
tree diagram (Sommerfield 2008; Yoshioka 2008).

Results

Physicochemical Parameters

The results of the analyzed physicochemical
variables of water in eight sampling stations along the
lake are presented in Table 3.

Pearson Correlation Anaysis

Statistically ~ significant relationships  and
correlation coefficient values determined between
physicochemical dataset determined in brackish Lake
Bafa are given in Table 4 (n = 8).



Sukatar et al. 2021 - LimnoFish 7(3): 271-284 275

Table 3. Range, mean and standard deviation of water quality parameters at the stations in Lake Bafa during
2015-2017

Parameters Sta. 1 Sta. 2 Sta. 3 Sta. 4 Sta. 5 Sta. 6 Sta. 7 Sta. 8
Atm. R 194-219 196-226 198-259 219-252 166-184 165-228 126-355 141-207
(mB) M+Sd.  203+£11.3 211+12.6  230425.1  241+15.6  17248.54 1854287 239493.5  188+31.5
Temp. R 11.1-29.1 11.2-28.6 11.4-299 125-29.1 10.4-28.3 9.9-26.6 9.8-27.8 10.5-27.2
(°C) M=+Sd. 20+7.4 19.9+7.2 19.846.79  20.9+6.84 19.3+7.32 18.7+6.85 19.2+7.38  19.2+6.94
pH R 6.9-7.2 6.7-7.1 6.8-7.2 6.8-7.1 6.7-7.4 6.8-7.2 6.7-7.6 6.7-7.3

M=Sd. 7.0+0.15 6.87-0.17 6.9+0.19 6.9+0.17 7.0+£0.31 6.9+0.17 7.240.41 7.0+0.27
EC R 175-274 184-196 183-208 179-195 175-194 133-330 147-266 181-233
(mS/m) M+Sd.  206+45.6 190+5.24 193£10.5 186+6.8 188+8.67  205+86.3  204+63.2 1974247
TDS R 187-208 187-195 186-208 185-193 178-194 137-214 153-317 180-231
(ppt) M=Sd. 195+9.5 191+3.72 194+9.66 189+3.3 189+7.12 175364  251+£69.6  197+22.9
Salinity R 11.4-12.7 11.2-12.7 11.3-126 11.8-126 11.6-128 11.7-13.1 11.9-13 11.8-13.5
(pt) M=+Sd. 12+0.57 12+0.66 11.940.53  12.1£0.35 1224049 12.5+0.61 12.4+045 12.5+0.75

Turbidity R 2.83-16.4 3.17-21.6 4-24.8 3.83-25.2  5.67-21.8 17.3-422 20.3-386  5.33-25.2
(FAU) M=+Sd. 11.4+6.2 10+8.01 12+8.92 13.7+£10.3  11.4£7.13 26+11 29.9+8.66  13.3+8.61

DO R 8.3-11.6 8.1-11.8 7.62-116  8.56-11.7  7.38-10.7 7.1-12 7.31-12.7 6.95-11
(mg/l) M£Sd.  9.57£1.45  9.49+1.72  9.58+1.66 10.2+1.33  8.34+£1.58 8.63£2.28 9.72+2.32  9.01£1.66
Sat. O2 R 100-118 99-106 98-111 105-121 78-97 89-196 94-125 80.7-100
(%) M=£Sd. 105+£8.26 103+£3.32 104£6.16 112+£7.14 87£10 128+46.9 111+12.5  91.9£9.24
BOD R 2.58-6.78  5.73-6.57  5.75-6.86 6.29-6.41  8.13-831  9.38-9.44  9.05-9.16  8.98-9.06
(mg/l) M+Sd.  5.18+1.83  6.05+0.38  6.25+0.49  6.35£0.05 8.23+0.07 9.41+0.02  9.1+0.04  9.02+0.03
COD R 0.76-3.25  2.43-3.05 3-3.78 2.13-3.36  2.59-2.68 3.19-3.28  3.49-3.56 4.7-4.9
(mg/l) M+Sd.  2.36+1.12 2.7+0.25 3.29+034 2.51+£0.56  2.64+0.04 3.23+0.04 3.52+0.03  4.8+0.11
NHs-N R 0.09-1.23  0.07-0.41  0.08-0.56  0.09-1.01 0.11-0.58 0.19-0.74  0.14-1.03  0.08-0.83
(mg/L) M#Sd.  0.47+£0.52  0.24+0.15 0.3+0.22 0.56£0.5  0.35+0.21 0.44+0.26 0.57+0.47 0.41+£0.32
NO2-N R 0.01-0.08  0.01-0.09  0.01-0.08 0.01-0.07 0.01-0.08 0.04-0.11  0.04-0.08  0.02-0.08
(mg/L) M+£Sd.  0.03+£0.04  0.03+0.04  0.03£0.03  0.02+0.03  0.04+0.02  0.08+0.03  0.05+£0.02  0.05+0.02
NOs-N R 0.33-2.73 0.5-2.74 0.35-2.43 0.8-2.48 0.31-2.42  0.52-5.36 0.47-3.2 0.47-3
(mg/L) M=Sd. 1.1+1.2 1.61+0.91 1.1£0.91 1.41+0.76 ~ 1.34+0.02  2.53+2.04 1.77t1.45 1.48+1.19
Ca R 22.6-25.4 25.4-26.5 28.4-29.8  25.8-26.1  23.6-23.8 67-71 44.3-45.7  37.4-40.5
(mg/L) M+£Sd.  24.1+1.25  25.9+0.48 29.1+0.7 26+0.12 23.7+£0.04 68+1.7 45+0.74 39+1.34
Mg R 45.6-48.3 48.7-50 43-44.9 42.5-42.8 44.5-45 46.2-47.8 46.7-48 54-57
(mg/L) M£Sd. 47.4+1.24  49.3+0.52 44+1.04 42.6+0.1 44.6+0.21 46.8£0.72 47.3+0.52  55.5+1.29
K (mg/L) R 13.7-15.1 13.7-14.9 14.6-15.4 14.3-15 13.3-145 15.8-16.8 13-17 13-18
M+Sd.  14.3+0.57 14.2+0.57  15.1+0.38  14.6+0.28 13.7£0.57 16.2+0.44 14.7+1.7 15.5+2.08
Na R 39.7-411  46.6-47.8  413-42  444-458 386-39.2 31.2-328 921-954  98.2-100
(mg/L) M+Sd.  40.3+0.58 47+0.53 41.8+0.34 45+0.57 38.8£0.25 31.9+0.76  93.8+1.38  99.1+0.75
Cl R 11.6-12.2 11.9-12.8 11.6-12.2 9.55-9.8 16.2-16.5 51-54 53-56 65-69
(mg/L) M=Sd. 11.9+0.27 12.3+0.4 11.9+0.23 9.6+0.1 16.3+0.12 52+1.29 54.5+1.29 67+1.82
SO4 R 637-654 465-466 320-329 198-200 248-251 188-234 207-211 308-312
(mg/L) M+£Sd.  646+7.02  465.7+0.29  325+4.82 199+1.03  249+1.06  205+20.8 208+1.7 310+1.82
TN R 3.56-4.2 2.28-5.7 2.66-4.1 1.9-53 2.16-4.9 3.01-7.6 3.76-4.9 3.2-4
(mgN/L) M=+Sd 3.91+0.31 3.96+1.93  3.44+0.71 3.73+1.65 3.79+1.2 4.88+2.03 4.16+0.5 3.57+0.35
TP R 0.1-4.17 0.09-5.48 0.14-4.0 0.09-4.95 0.14-4.47 0.24-2.6 0.21-4 0.13-3.38

(mgP/L) M=£Sd  1.14+2.01 1.46+2.67 1.14£1.9 1.3842.37 1.2942.11  0.85%1.16 1.32+1.8 1.12+1.53
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Table 4. Relationships between physicochemical parameters in Lake Bafa
Atm | T'C | pH | EC | TDS | Salinity | TU DO | Sat. | BOD | COD | NHs- | NO~N | NO;- | Ca Mg K Na Cr SO, | TN TP

Atm 1 | 059 | 011 | -101 | 0518 | -0.325 | 0.187 | .925** 0.2:;3 -0.324 | -103 0.3Nse -0.366 -0224 20191 | -339 | -022 | 0183 | -0.232 | -.108 | -0.24 | -0.309
T°C 1 | -034 | -546 | -121 | -0.656 | -533 | -.774* | -048 | -786* | -521 | 0.13 | -.860** | -0.583 | -0.701 | -.396 | -529 | -.253 | -.725* | 0.236 | -0.52 | -0.223
pH 1 | 0471 | 823 | 0413 | 0572 | -0.001 | -135 | 0451 | 0.166 | 0628 | 0.196 | -0.025 | 0.147 | 0.15 | 0271 | 0.64 | 049 | -192 | 0.037 | -0.443
EC 1 031 | 0358 | 0611 | -0.108 | 0.476 | 0.251 | -.026 | 0.364 | 0602 | 0402 | 061 | 0329 | 0.635 | 0.202 | 0535 | 0.251 | 0579 | 0.144
TDS 1 0171 | 0532 | 0.364 | -.055 | 0.247 | 0213 | 0447 | 0011 | -0.075 | 0.017 | 0138 | 0.7 | .714* | 0.345 | -.131 | -0.068 | -0.508
Salinity 1 0.673 | -0.423 | 0.197 | .911** | 0.673 | 0.432 | .742* | .708% | .775* | 0401 | .729* | 0537 | .922** | -615 | 0.486 | 0.251
TU 1 -0.038 | 0628 | 0686 | 0.293 | 0593 | .757* | .732* | .805* | -.056 | 0.592 | 0.338 | 0.664 | -539 | 0.706 | 0.315
DO 1 0.263 | -0.552 | -.262 | 0.367 | -0561 | -0.35 | -0.345 | -201 | -.078 | 0.142 | -0.329 | 0.153 | -0.32 | -0.318
Sat. O, 1 0085 | -162 | 0388 | 0516 | 0678 | 0.676 | -327 | 0.415 | -0.28 | 0.146 | -.205 | .746* | 0.667
BOD 1 750% | 0.231 | .791* | 0.648 | .734* | 0.248 | 0.604 | 0.48 | .849** | -736* | 0.412 | 0.166
coD 1 -105 | 0446 | 0314 | 0443 | 0556 | 0.636 | 0.687 | .761* | -546 | -0.076 | -0.201
NHN 1 0116 | 0202 | 0274 | -151 | 0.327 | 0.328 | 033 | -325 | 026 | -0.002
NO,-N 1 858** | 956** | 0.152 | 0.684 | 0.09 | .727* | -0.44 | .781* | 0534
NO4-N 1 909** | 0.045 | 0526 | 0.004 | 0592 | -.482 | .903** | .795%
Ca 1 0.157 | .785* | 0139 | .751* | -.469 | .803* | 0.574
Mg 1 0538 | 0673 | 0.627 | 0.305 | -0.108 | -0.29
K 1 0521 | 863** | -.264 | 0.344 | 0.052
Na 1 713* | -202 | -0.216 | -0.556
cr 1 -406 | 0378 | 0.031
SO, 1 0.209 | -0.201
TN 1 84T
TP 1

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Principal Component Analysis (PCA) and
Cluster Analysis (CA)

In this study, the stations were the classified
dependent variables. On the other hand, all the
measured components created as independent
variables. The PCA was applied on 22
physicochemical parameters for Lake Bafa with 8
sampling stations to determine variation in water
quality during two years period. The obtained results
of the Kaiser-Meyer-Olkin (KMQO) Sample
Proficiency Test were calculated as 0.803 and show
that the sample size is quite good and sufficient. In
this study, the eigenvalues are greater than 1 at the
PCA 1 (43% variance), PCA 2 (20.05% variance) and

PCA 3 (16% variance). The biplots, which are
the graphical representation of factor loadings in
different components (PCA 1, PCA 2 and PCA 3) are
given in Figure 2, 3 and 4. Eigenvalues greater
than one are selected as criteria for the evaluation of
basic components as the sources of variance that
should be explained from the data used. Data that
are not correlated or have low correlation coefficient
are not evaluated in order to increase the reliability of
PCA analysis. The PCA analysis led to the
explanation of 79.05% total variance in case of
Lake Bafa. Scree Plot in which the eigenvalues of
the basic components are expressed is given in
Figure 5.
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Figure 5. Scree Plot diagram

In this research, CA was applied on lake
parameters to determine spatial similarity and
dissimilarity for classifying of stations. The resulted
dendrogram (Figure 6) grouped all the eight sampling
stations into four statistically significant clusters as
station (1-2), (3-4), (6-7) have low mutual
dissimilarities as compared to 81" station. On the other
hand, the highest similarity was identified in the 3™
and 4™ station while the lowest similarity was
identified in the 1%tand 8™ station.

According to Klee (1991), the water quality class
at 1" and 2" stations are beta-alphamesosaprob
(Class I1-111) in summer and autumn while the water
quality class is betamesosaprob (Class Il) in winter
and the water quality class is alphamesosaprob
(Class IlI) in spring. The 3" and 4" stations are
alphamesosaprob (Class I11) in summer and autumn

while the water quality is beta-alphamesosaprob
(Class I1-111) in winter and spring. The 6" and 7™
stations are alpha-polysaprob (Class HI-1V) in all
season. The 8" station is alphamesosaprob (Class I11)
in all season.

Station 3
Station 4
Station 5
Station 8
Station 6
Station 7
Station 2
Station 1

0.86-

0.84-

0.82-

Figure 6. Classification of stations based on
similarities of physicochemical parameters.

Discussion

T°C is a very important parameter for aquatic life,
as it changes the viscosity and density of water,
affects the rate of biochemical reactions occurring in
the aquatic environment and the solubility of gases.
It is known that the metabolism of organisms,
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especially fish, varies with temperature. For example,
carp is euriterm but begins feeding (8-10°C) and
breeding (15°C) only after certain temperatures
(Nikolsky 1963). The most suitable water
temperature for trouts is 8-16°C. According to the
WPCR, Lake Bafa had class Il-111 water quality in
terms of T°C.

DO and Sat. O, which is vital for aquatic
organisms, varies depending on the temperature as
well as the photosynthesis rate of plants and the
trophic level of the lakes. The oxygen holding
capacity of water is affected by temperature, pressure
and salts dissolved in water. It is desired that the fish
grown waters are saturated with oxygen. Bremond
and Vuichard (1973) stated that the minimum amount
of DO required for the cyprinid species to survive
should be 5.0 mg/L. For trouts, the oxygen of the
water should be at least 7.0 mg/L (Ozdemir 1994).
According to the WPCR, Lake Bafa has been found
to have class Il water quality in terms of DO and Sat.
O, parameters, excluding the 1% and 2" stations. The
rest of the stations of Lake Bafa are described as
"Contaminated Regions".

According to Balik and Ustaoglu (1989); Cirik
and Metin (1989); Sari et al. (2001); Oztiirk et al.
(2002); Demir (2007); Kog¢ (2008); Kazanci et al.
(2008); Yabanli et al. (2011); Erdogan (2011); Kesici
et al. (2012), the T°C wvalues varied between
8.0- 31.6°C in Lake Bafa while DO varied between
4.45-7.97 mg/L. According to Kesici et al. (2012),
the average oxygen saturation value varied between
37%-79% in Lake Bafa.

pH, which is an indicator of the acidity of water,
is one of the important factors affecting the life. In
lake waters that are not contaminated in any way, the
pH value varies between 6.0 and 9.0. While many
fish species show good growth in waters with a pH of
6.5-8.5 (Arrignon 1976; Dauba 1981), waters with a
pH higher than 10.8 and less than 5.0 have a lethal
effect for the Cyprinidae (especially carp) (Svoboda
et al. 1993). Generally, alkaline waters are more
suitable for trout production. Although trout can live
in waters with a pH between 4.5-10, the best are
waters with a pH of 7.5-8.0 (Ozdemir 1994). The
waters of the stations detected on Lake Bafa have a
slightly alkaline character in terms of pH values and
all stations have class I-1l water quality in terms of
pH according to the WPCR. For Cyprinid health, the
mandatory pH range in waters is expected to be
6.00 — 9.00 (EC 2006). According to the pH data
determined in the region, there is no risk for Cyprinid
species. In addition, it has been determined that the
pH values of the watershed waters do not exceed the
6.5-9.5 range reported for pH in the Turkish
Standards Institute's watershed notification (TS266
2005). According to Kesici et al. (2012), the average

pH values were changing between 6.89 and 9.12 in
Lake Bafa.

The EC of waters is a measure of the amount of
salts or soluble substances in the water and depends
on both geological and external factors (H61l 1979).
According to the WPCR, the Lake Bafa has a Class
Il water quality in terms of the determined EC
values.

TDS originate from natural resources, domestic
and industrial wastewater and agricultural areas. The
main ions that contribute to the total amount of
dissolved solids are carbonate, bicarbonate, chloride,
sulfate, nitrate, sodium, potassium, calcium,
magnesium, etc. In addition, silt, clay, small particles
of organic structure, inorganic substances, organic
compounds that can be dissolved, plankton and other
microscopic organisms compose TDS. The amount
of TDS affects the properties of drinking water such
as taste, hardness and corrosion. According to the
WPCR, the Lake Bafa has a Class Il water quality in
terms of the determined TDS values.

Turbidity is seen in waters containing suspended
solids, which prevent the passage of light. Turbidity
can be caused by many organic or inorganic
substances. Turbidity is important for 3 reasons in
terms of environment. First; the aesthetic use is
avoided, the second is the low filterability and finally
the disinfectability is not effective. It is
recommended not to exceed 1 NTU (turbidity unit)
by EPA and world health organization (WHO).
According to the WPCR, 6™ and 7" stations in Lake
Bafa has a Class IV water quality in terms of the
determined TU values.

According to the TWPCR (2008), the NH.-N
concentration <0.2 mg/L is Class I; between
0.2-1 mg/L is Class II; between 1-2 mg/L is Class llI;
and the waters around 2 mg/L are specified as
Class IV quality waters. In Lake Bafa, the water
quality is Class Il according to NHs-N values.
In Lake Bafa, NHs-N values are in parallel with
Kiigiiksu Pond (Kastamonu) (Mutlu and Aydin
Uncumusaoglu 2017).

The NOs-N in groundwater and surface waters
results from the oxidation of ammonia, which occurs
as a result of the decomposition of proteins contained
in vegetable and animal wastes, and nitrate fertilizers
used in agricultural areas. NOs-N is the most
common form of nitrogen in freshwaters, and it is
very rare in uncontaminated waters (Wetzel 2001,
Manahan 2011). It is also below the limit value
reported as 50 mg/L in World Health Organization,
European Union and TS266, where the NOs-N values
determined at all stations examined in the Lake Bafa
are below the recommended 10 mg/L limit value in
healthy waters reported by EPA. (EPA 1979; TS266
2005; EC 2007; WHO 2011).
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NO2-N is an intermediate product in biological
oxidation from ammonium to nitrate and can reach
very high levels, especially in organically
contaminated waters, where oxygen is not sufficient
(Egemen and Sunlu 1999). According to the drinking
water standards reported by the WHO, it is expected
that the NO2-N value in the waters will not exceed the
0.2 mg/L limit (WHO 2011). According to the EC
directive reported by the European Commission, the
NO2-N concentration in waters is expected not to
exceed the 0.03 mg/L limit in terms of Cyprinid
health (EC  2006).  Accordingly, NO.-N
concentrations detected in Lake Bafa almost pose a
risk to Cyprinid health. Lake Bafa is exposed to
sewage waste of many settlements and there are
many agricultural land around it. As it is known, the
most important sources of NO.-N in waters include
organic substances, nitrogenous fertilizers and some
minerals (Wetzel 2001; Manahan 2011). The very
high nitrite values detected in the waters of the region
show that the wastes of the settlements are discharged
into the system without any or sufficient purification
and that agricultural fertilizers used in the basin are
an ecologically important source of stress.

According to the TWPCR (2008), the NO»-N
concentration <0.002 mg/L is Class I; between
0.002-0.01 mg/L is Class II; between 0.01-0.05 mg/L
is Class IlI; 0.05> is stated as water in Class IV
quality. In our study, Lake Bafa water quality class in
all stations was found to be slightly polluted as Class
I11. In Lake Bafa, NO»-N values are in parallel with
Egirdir Lake (Zeybek et al. 2012).

Phosphorus in ground and surface waters
depends on population density, agricultural
fertilization methods and fertilization frequency, and
vegetation and soil structure are also significantly
influenced by phosphorus accumulation in waters. In
addition, it has been reported that detergents used in
cleaning and reaching the receiving water
environment with wastewater are factors affecting
phosphorus concentration (Uslu and Tiirkman 1987).
It has been calculated that 91% of phosphate comes
from domestic and industrial wastewater and 9%
from agricultural areas to receiving waters (Egemen
and Sunlu 1999). According to the classification
reported by Uslu and Tiirkman based on phosphate
concentrations in waters; waters with phosphate
concentrations up to 0.02 mg/L is Class I, waters up
to 0.16 mg/L Class Il, waters up to 0.65 mg/L
Class Ill, water higher than 0.65 mg/L has class IV
water quality (Uslu and Tiirkman 1987). According
to the WPCR, Lake Bafa has a Class IlI-IV
water quality in terms of the determined TP values.
In Lake Bafa, TP values are in parallel with
Kiigiiksu Pond (Kastamonu) (Mutlu and Aydin
Uncumusaoglu 2017).

The ecological importance of SO, in natural
waters is quite large and it must be present in the
environment in order to increase the biological
efficiency especially for plant growth. In case of
deficiency, the development of phytoplankton in the
environment is adversely affected and this decreases
primary productivity (Atict and Obali 1999;
Tanyolag 2004). According to the WPCR, Lake Bafa
has a Class IV water quality in terms of the
determined SO, values. In addition, sulfate values
determined in the waters of the region were
determined to be lower than the limit value of 250
mg/L reported in TS266 and EC criteria (TS266
2005; EC 2007).

According to Tanyolac (2004), oxygen
concentration in aquatic system is a very important
subject, as the biological, chemical and physical
processes involved in the increase or decrease of
oxygen in lake. The highest value of BOD was
obtained at the stations 5™, 6", 7! and 8". The highest
value of COD was recorded at 8" station. COD is
often used for determining waste concentration and is
applied primarily pollutant mixture such as
industrial, agricultural and farming waste. Our results
consistent with Bilylik Menderes River carries high
amounts of nitrogen because of anthropogenic
activities such as fertilizers and pesticide usage,
organic contaminants flow of water. Because of this
reason, chloride, total nitrogen and phosphate
concentrations are affected and exceeded the
drinking water limits of WHO legislation.

Because of important amounts of dissolved salt,
the high level of EC, TDS and salinity values was
observed in 61" and 7™ station of lake on summer
season. At the reason of high conductivity, TDS and
salinity in dry season, represent the water with high
electrolyte  concentration  because  of  the
evaporatation. Kazi et al. (2009) and Zhao et al.
(2012) obtained similar results in Manchar and
Baiyangdian Lake. Zacheus and Martikainen (1997)
submitted that significant amounts of main cations
like Na*?, Ca*?2 and Mg*? concentration.

In this study, evaluation of the parameters
affecting the water quality of Lake Bafa was
determined by multivariate statistical techniques.
Despite the use of multivariate statistical analysis are
often used to determine the water quality of lakes and
rivers throughout the world, there are not many
studies in Turkey. PCA is a statistical identification
pattern which is a dimension- reduction method that
can be used to diminish large data set of variables to
a small data set at the same time (Helena et al. 2000;
Alberto et al. 2001; Kazi et al. 2009; Zhao et al.
2012). According to the Pearson Correlation analysis
results applied to the data, strong positive
correlations were recorded between TDS and EC data
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(p<0.01) in Lake Bafa. Another strong positive
correlations were recorded between DO and T°C
(p<0.01) in Lake Bafa. Positive loading on Sat. O,
TDS and EC has been related with domestic and
agricultural runoff. According to Solanki et al.
(2010), the significant relationship between T°C and
DO is a natural process in lakes. Iscen et al. (2008)
were used to multivariate statistical techniques such
as PCA in order to determine surface water quality in
Uluabat Lake. According to results in Ulubat Lake, it
may be concluded that of the 77.35% of variances
explained by the Total Coliform, Fecal Coliform,
PO3-P, COD, SO3 and T°C. Duran (2006) was used
PCA analysis to determine the effect of
physicochemical parameters on benthic invertebrates
in a study conducted in Behzat Stream. As a result of
his study, he obtained two principal components that
collectively explained 78.148% of the variance
which was influenced by abundance hardness, DO,
NHs-N, NOs-N, POsP, NO,-N and COD
concentrations. Duran and Akyildiz (2011) used PCA
technique to assess the effect of physicochemical
parameters in Siileymanli Lake. According to
Shrestha and Kazama (2007) andNajar and Khan
(2012), if eigenvalues are greater than 1, it is
considered significant and is taken as criterion for
analysis of principal components required to explain
the variance in the data. According to Liu et al.
(2003), the factor loadings classified as ‘“strong”,
“moderate” and “weak” corresponding to precise
loading values of >0.75, 0.75-0.50 and 0.50-0.30,
respectively. In their study, they obtained 78.148% of
the variance which was positively correlated the pH
and the T°C while negatively correlated the EC, DO,
TDS and orthophosphate as a result of PCA analysis.
According to the results of PCA applied to
physicochemical data in Pazarsuyu Stream, PCA
indicates the six components responsible for the data
structure, accounting for 82.88% of the total variance
of the dataset (Ustaoglu and Tepe 2019). According
to the results of PCA applied to physicochemical data
in Tuzakli Pond, PCA indicates the four main
components  (soluble salts, ammonium and
phosphorus) responsible for the data structure,
accounting for 88.31% of the total variance of the
dataset (Uncumusaoglu and Mutlu 2019). According
to the results of PCA applied to physicochemical data
in Ergene River basin, the strong negative
correlations were recorded between DO, salinity,
TDS and EC (Tokath 2020).

Besides its ecological, historical and economical
importance, Lake Bafa was chosen as a study area
since Biiyilk Menderes basin served as one of the
pilot basins for WFD applications in Turkey.
Monoculture agricultural practices in the region
impoverish the soil in terms of many minerals. In

order to overcome this deficiency, inorganic and
phosphate fertilizers are used extensively in almost
all basin soils. The major reason of corruption to the
Lake Bafa is recorded to be the flow of industrial,
agricultural and domestic waste from the upstream
part of Biiyiilk Menderes River, and pollution from
local fisheries around te lake. The data obtained from
the statistical analysis clearly reveals the negative
effects of agricultural and industrial pollution on the
system. To improve the quality of Lake Bafa, one of
the most important fresh waters of the Aegean region,
to reduce stress and pressure on aquatic organisms
and to protect the health of the local people;

-Unconscious use of chemical, fertilizers and
pesticides should be prevented,

-Industrial establishments located in the basin
should be inspected frequently and prevented from
giving their wastes to the system without treatment,

-In addition, the water quality of the lake should
be monitored continuously, by means of
physicochemical and biological ways, and should be
able to intervene quickly if necessary.

We believe that this study will constitute vital
perspective to the monitoring of lakes data.
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Antalya ili Su Uriinleri Uretici Birliginin Ortaklari ile iliskilerinin Analizi

Evrim Beyhan SEN SENSOY " | Serpil YILMAZ?

1 Akdeniz University, Faculty of Fisheries, Konyaalti-Antalya-Turkey

6z MAKALE BiLGiSi

Uretici orgiitleri, ortaklarimin sosyal ve ekonomik ihtiyaglarmi karsilamak ARASTIRMA MAKALESI
amaciyla kurulan, giiniimiizde tilkelerin gelismislik kriteri olarak da kabul edilen

yapilardir. Ortaklarin iretim girdilerini uygun fiyat ile elde edebilmeleri, Gelis :30.04.2021
gelirlerini artirabilmeleri, tirlinlerini iyi kosullarda pazarlayabilmeleri ancak etkin Diizeltme  :29.05.2021
bir drgiitlenme ile miimkiin olabilir. Bu nedenle bu arastirmada Antalya Su Kabul 30.05.2021
Urlinleri Yetistiricileri Uretici Birligi’nin 35 ortagi ile yliz yiize anket yontemi ile T
goriismeler yapilmistir. Tam sayim yontemi yapilan ¢aligmada, Antalya ilindeki Yayim :30.12.2021
balikgilarin  orgiitlenme  egilimleri, Orgiitlenme yapilar1 ve orgiitlenmelerini
etkileyen faktorlerin ortaya konulmasi amaglanmustir. Aragtirmanin veri toplama
asamasi olan anket uygulama donemi av sezonu donemi olarak planlanmis ve
Kasim 2017- Mart 2018 tarihleri arasinda ger¢eklesmistir. Caligmada, baglantilt
olarak ongoriilen veriler igin khi kare analizi, tiretici orgiitii ile ortaklari iligkisini
belirleyen etkenleri belirlemek i¢in de ¢ok degiskenli istatistik analizlerinden
faktor analizi yontemi kullamlmistir. Arastirma sonugclarma gére; Su Uriinleri
Uretici Birligi’ne ortak olma nedenlerinin baginda ekonomik ve teknik destek
alabilme amac1 gelmekte ise de, ortaklar tarafindan iiretici birliginin faaliyetleri
yetersiz olarak degerlendirilmektedir. Ote yandan yine ortaklar tarafindan,
kosullarinin sinirli olmasina, yeterli destege sahip olmamasina ve beklenen
bagariy1 tam olarak karsilayamamasina ragmen firetici birliklerinin ayakta durma
cabalar1 ve ortak sayilarinin giderek artmasi Antalya’da balik¢ilarin drgiitlenmesi
acisindan olumlu bir sonug olarak degerlendirilebilmektedir.
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Analysis of the Relationships of the Antalya Province Aquaculture Producers Union with its Partners

Abstract: Producer unions, which are established with the aim of meeting economic and social needs of its members, are structures
that are also accepted as the development criteria of countries today. Nevertheless, it is only with an effective organization, members
can obtain production inputs at affordable prices, increase their income, and market their products in good conditions. Accordingly,
in this research, a face to face survey was conducted with 35 members of the Antalya Aquaculture Producers Union. Using a full
counting method, the study was aimed to reveal organizational tendencies, organizational structures and the factors affecting
organization of fish farmers in the Antalya province. The survey application period or the data acquisition phase was the harvest
season in between November 2017 and March 2018. In this study, chi-square analysis was used for the connection of envisaged
data, and factor analysis method, one of the multi-variable statistical analyses, was used in order to define the factors determining
the relationship between the producer’s union and its members. According to the research results, although the main reason for
becoming a partner to a producer’s union is to get economic and technical support, its partners consider the activities of the Antalya
Aquaculture Producers Union insufficient. On the other hand, despite the lack of sufficient support and expected success, the efforts
of the producer’s union to survive and to increase the number of partners can be considered as a positive result for the organization
of fish farmers in Antalya.

Keywords: Aquaculture, organisation, producers union, Antalya
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Giris mutlaka bir araya gelerek bir menfaat birlikteligi

Gelisen diinyada, ozellikle kiigiikk olgekli  saglamalar1 ve birlikte faaliyet gostermeleri bir
isletmelere sahip olan iireticilerin, piyasa sartlarinda ~ zorunluluk haline gelmistir. Bu nedenle iilkelerin
rekabet edebilmek ve hayatta kalabilmek amaciyla — gelismislik diizeylerinin gostergelerinden biri olarak
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kabul edilen orgiitlenme, farkli sektorlerde oldugu
gibi tilkemiz balike¢ilik sektdrii icin de biiylik 6nem
tasimaktadir.

Ancak ayni zamanda, su iriinleri sektoriiniin
¢oOziilmesi gerekli sorunlarmin basinda da iiretici
orgiitleri yer almaktadir. Oysa 5200 sayili yasa ile
kurulan Su Uriinleri Uretici Birlikleri, su iiriinleri
piyasasmin diizenlenmesi, iireticilerin haklarinin
korunmas1 ve ihtiyaclarinin karsilanmasi amaciyla
bircok gorevi iistlenmektedir. Ulkemizde halen 31
adet Su Uriinleri Uretici Birligi bulunmakta iken,
iiretici birliklerinin toplam ortak sayis1 1214°diir. Su
Uriinleri Uretici Birlikleri toplam iiretici birliklerinin,
%3,6’s11 olusturmakta ise de giin gegtikge sayilari
artmaktadir.

Antalya ili 6zellikle su iiriinleri yetistiriciliginde
onemli yeri olan illerdendir. Nitekim Antalya ve
ilcelerinde Su Uriinleri Uretici Birligi’ne ortak olan
56 adet yetistirici bulunmakta ise de ¢ift kayit, vefat
ve el degistirme nedeniyle sadece 35 ortak aktiftir
(Anonim 2017).

Arastirma alam olarak secilen Antalya ilinin iyi
bir balik¢ilik gecmisi olmasina ragmen, orgiitlenme
kiilttiriintin yaygin olmamasi, balik¢ilik
faaliyetlerinde {iretici birliklerinin etkinliginin az
olmasi, Orgiit ve ortak iliskilerinde yasanan sikintilar,
balikeilik iirtinlerinde {iretici birliklerinin araciliiyla
katma deger yaratilmasindaki eksiklikler biiyiik
Onem tasimaktadir.

Bu c¢alismada, Antalya ilindeki balik¢ilarin
orgiitlenme egilimleri, Orgilitlenme yapilart  ve

orgiitlenmelerini  etkileyen faktorlerin  ortaya
konulmas1 amaglanmistir.  Arastirmada, {iretici
orgiitlerinin  ortaklar, yonetim ve faaliyetleri

acisindan incelenmesi, orgiitlenmenin etkinligini ve
verimliligini etkileyen faktorlerin ortaya konulmasi
hedeflenmistir.

Materyal ve Metot

A Calismanin ana kitlesini Antalya ilindeki Su
Uriinleri Yetistiricileri Uretici Birligi’ne ortak olan
balikgilar olusturdugundan, birincil veriler igin
arastirma yontemlerinden yiiz yiize anket yontemi
kullanilmistir. Aragtirmanin veri toplama asamasi
olan anket uygulama dénemi av sezonu donemi
olarak planlanmis ve Kasim 2017-Mart 2018 tarihleri
arasinda gergeklestirilmistir.

Bu amagla Tarim ve Orman Bakanligi Antalya
Il Midiirliigii, Antalya Su Uriinleri Yetistiricileri
Uretici  Birligi ve kamu kurumlarindan elde
edilen kayitlarindan da yararlamlarak, pilot
anket calismalar1  yapilmistir.  Pilot  anket
verileri  degerlendirildikten  sonra  ¢aligmanin
amacina uygun olarak gerekli diizenlemeler
yapilmig ve Orneklemede tam sayim yontemi
kullanilmustir.

Arastirmada ortaklarin Orgiitlenme ile ilgili
sorunlari, talepleri, ortak olma nedenleri, 6rgilitlenme
ile ilgili biling diizeyleri, algilari, diisiinceleri,
degerlendirmeleri ve Onerileri ile ilgili veriler elde
edilmesi planlanmstir.

Verilerin analizi asamasinda siireli degiskenler
icin ortalamalarin yer aldigi tablolar ve kesikli
degiskenler i¢in frekans tablolar1t SPSS Statistics 22
programi kullanilarak hazirlanmis ve &zet olarak
sunulmustur. Bu 6zet tablolar sunulurken, kapsama
alman ortaklarin ¢esitli ozelliklerine gore gruplar
olugturulmusg, veriler buna goére sunulmustur.
Degiskenlerin gruplar itibariyle istatistiksel olarak
farklt olup olmadigi, gesitli istatistiksel yontemler
kullanilarak analiz edilmistir. Bu analizlerde tutum
Olgegi yontemlerinden dereceli 6lgekler grubunda yer
alan likert dlcegi kullanilmistir (Likert 1967; Turan
ve Simsek 2015). Yargilar igin, bu ¢alismada 5°1i
likert Olgegi kullanmilmistir. Baglantili  olarak
ongoriilen  kesikli  degiskenlerin analizi ig¢in,
uygulanabilme kosullar1 dikkate alinarak khi kare
analizi uygulanirken, degiskenler arasinda ayni
yapiy1 Olcen ¢ok sayida degiskenden, az sayida ve
tanimlanabilir nitelikte anlamli degiskenler elde
etmeyi amaglayan faktor analizinden yararlanilmigtir
(Kalayc1 2005; Kleinbaum vd. 1997).

Faktor analizinde birinci asamada biitiin
degiskenler i¢in bir korelasyon matrisi olusturulur,
ikinci asamada ise faktorler, degiskenler korelasyon
katsayilarina dayanan korelasyon matrisinden
cikarilarak, faktorler ve degiskenler arasindaki
iliskiyi maksimum yapmak i¢in rotasyona tabi tutulur
(Ozdamar 2010).

X1-MI1=LIIFI+LI2F2+................ LIkFk+ el
X2-M2= L2IF1+L22F2+.................. L2kFk+ €2
XP-MP=LPIFI+LPIF2+................ LPkFk+ P

Denklemdeki Lij=Faktorlerin katsayis1 (faktor
yiikil), i:degisken, j:faktor yilikiinii (agirligi) belirtir.
Analizde tiiretilen yeni degiskenler “Faktor” olarak
ifade edilir. Analiz ile gdzlenen ve aralarinda
korelasyon bulunan (X) veri matrisindeki (P)
degiskenden gozlenmeyen fakat degiskenlerin bir
araya gelmesi ile ortaya cikan, siniflamay1 yansitan
rastgele faktorlerin ortaya ¢ikmasi amaglanir.

Bu nedenle aragtirmada, faktor analizi yontemi
ile ¢ok sayida degiskene sahip olan iiretici birligi
ortaklarinin orgiitlenme nedenleri ve drgiitlenme ile
ilgili diisiinceleri, anlamli ve az sayida degiskenler
elde edilerek belirlenmeye ¢aligilmistir.

Faktor analizinde agiklayict degiskenlerin
analizinin uygunluk derecesini belirlemek i¢in Kaiser
Meyer-Oklin (KMO) testi ile 6l¢im yapilmaktadir.
KMO o6rnekleme yeterli 6l¢iitii gbzlenen korelasyon
katsayilarinin  biyiikliigii ile kismi korelasyon
katsayisinin biiyiikliiglini karsilastirmada kullanilan
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bir indekstir. KMO degeri azaldik¢a faktdr analizi
tekniginin uygulanabilirliginin de azaldig1 dikkate
almdiginda KMO degerinin 0,90’larda olmasi ¢ok
miikkemmel 0,80’lerde iyi, 0,70’lerde orta 0,60’ larda
diisiik ve 0,50’nin altinda ise kabul edilemez olarak
degerlendirilmektedir. = Faktdr  sayisina  karar
verilirken dikkate alinan baglica Slgiitler 6z deger
(Eigenvalue) ve varyans Kkriterleridir. Genellikle
uygulamada 6z deger 1’in {izerinde olan faktorler
se¢ilmektedir (Joseph vd. 2009).

Bu arastirmada, Su Uriinleri Uretici Birligi
ortaklarinin iiretici birligine ortak olma nedenleri 29
baslik altinda toplanmis ve likert 6lcegi kullanilarak
elde edilen verilere faktor analizi uygulanmustir.
Faktor analizi sonucunda 3 faktor belirlenmistir. Su
Uriinleri Uretici Birligi ortaklarmin iiretici birligi ile
ilgili diislinceleri ise 45 baglik altinda toplanmis ve
likert 6lgegi kullanilarak elde edilen verilere faktor
analizi uygulanmis olup, analiz sonucunda toplam 7
faktor belirlenmistir.

Bulgular

Aragtirmanin  yapildigt  bolgede, iiretici
birliklerinde pazarlama faaliyetinin yapilamamasi
ortaklarm en Onemli sorunlar arasindadir. Su
Uriinleri Uretici Birligi ortaklarmn, {iriinlerinin
pazarlama yerleri incelendiginde; %77,1’inin
restoranlara, %42,9’unun otellere, %?37,1 nin
perakende ve toptan, %20,0’sinin semt pazarlarina,
%2,9’unun  ise  komisyoncuya  pazarlandigi
belirlenmistir (Tablo 1).

Nitekim su iiriinleri tiretici birligi ortaklarimin
%51.,4’1 Tretici birliginde pazarlama olmamasini,
buna bagli olarak % 80,1’ {riinlerin fiyatinin
disik oldugunu, %17,1°’i talebin yetersiz
oldugunu, %14,3’i bolgede hal olmamasini,
%]11,4’t  depolama imkanlarinin  olmamasini,
%38,5°1 mezat yapilmamasini, %5,7’s1
de pazarlamada karsilagilan diger sorunlarin
sektorlin  gelismesini engelledigini belirtmislerdir
(Tablo 1).

Tablo 1. Gorilisme yapilan su {iriinleri tiretici birligi ortaklarinin tiriinleri pazarlama yerleri ve pazarlamada
karsilastiklar1 sorunlar

Table 1. The problems faced by the interviewed fish farmers regarding market places and marketing

Pazarlama Yeri N %
Lokanta 27 77,1
Otel 15 42,9
Diger* 13 37,1
Pazar 20,0
Kabzimal 29
Uretici Birligi - -
Hal - -
Komisyoncu - -
Pazarlama Sorunlari
Fiyatin diisiik olmasi 28 80,0
Uretici Birliginde pazarlama olmamasi 18 51,4
Pazarlamada sorun yok 9 25,7
Talebin yetersiz olmasi 6 17,1
Hal olmamasi 5 14,3
Buzlama soguk hava deposu olmamasi 4 11,4
Mezat olmamasi 3 8,5
Depolama olanaklarinin yetersiz olmasi 2 5,7

*Diger:8 perakende satis, 5 toptan satis
(Birden fazla isaretleme yapilmustir).

Bu kapsamda arastirmada iretici  birligi
ortaklarinin s6z konusu sorunlarin giderilmesi i¢in
yapilan toplantilara katilim durumu incelenmis,
anketin yapildigi donemde genel olarak katilim
oraninin yiiksek oldugu, ortaklarin %31,4’{iniin ise
genel kurula katilmadigi tespit edilmistir.

Aragtirmada,  {retici  birligi  ortaklarinin
pazarlamada karsilastiklart en biiyiikk sorunlarin

basinda iiretici birliginde satis olmamasinin yani sira,
yonetimin bu duruma ¢oziim getiremedigi de
bildirilmistir. Hatta bu nedenle firsat verilmesi
durumunda iretici birligine daha fazla yardimeci
olabilecegine inanan ortaklarin %20’si yonetimde
olmak istedigini belirtmistir.

Uretici birligi ortaklarindan %25,7’si daha once
birlik yonetiminde yer almis iken %74,3’ii yonetimde
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yer almamistir (Tablo 2). Yonetimde yer almak
isteyenler faydali ve basarili olabilecegini
diisiindiigiinden, sorunlar1 bildiklerinden, bilgisi,
egitimi ve tecriibesi oldugundan, bu isteklerini ifade
etmislerdir. Yonetimde yer almak istemeyenler ise
vakti olmadigindan, islerinin yogun oldugundan,
bilgi ve tecriibesi olmadigindan, emeklilik diisiincesi
oldugundan, dayanigmayi yeterli bulmadigindan
istemediklerini ifade etmislerdir.

Su trtinleri tiretici birligi ortaklarindan %54,3’i
gretici  birligini  basarili  bulurken, %45,7’si
basarisiz  bulmaktadir  (Tablo  2).  Diger

taraftan analiz sonucuna gére ise Su Uriinleri Uretici

Birligi  ortaklarinin  tamami, {iretici  birligini
ortaklarina kars: ilgili olarak degerlendirmistir. Su
Uriinleri ~ Uretici ~ Birligi'ni  basarili  olarak

degerlendirenler, sorunlarin ¢oziilmeye calisilmasi,
birlik beraberlik ve iyi niyetin mevcut olmasi,
imkanlarina gore basarili oldugunu
diisiindiiklerinden ve biirokratik konularda elde
edilen  basarilarindan  (Kanun  maddelerinde
degisiklik yapilmasina katkida bulunma, su
kiralarinda indirim yapilmasi vb.) dolayr olumlu
yanitlamistir.

Tablo 2. Goriigme yapilan su {iriinleri tiretici birligi ortaklarimin tretici birligi yonetiminde yer alma durumu ve
tiretici birligi basarisini degerlendirmesi
Table 2. The interviewed partners' status of taking part in the management of the producer union and their
evaluation of the success of the union

Uretici Birligi yonetiminde yer alma durumu N %

Yonetimde yer aldim. 9 25,7

Yonetimde yer almadim. 26 74,3

Toplam 35 100,0

Uretici birliginin degerlendirilmesi

Basarilt 19 54,3

Basarisiz 16 45,7

Toplam 35 100,0
Su Uriinleri Uretici Birligi’ni basarisiz olarak  yollarla iiretici birligi ile ilgili
degerlendirenler ise caligmalarin yeterli olmamasi,  egitim aldigi, 9%85,7’sinin {retici  birligi ile
imkanlarmin yetersiz olmasi, biirokrasi ile ilgili  ilgili herhangi bir egitim almadig1 tespit
sorunlarin devam etmesi ve mesafenin uzak  edilmistir. Egitim alan ortaklar, diizenlenen

olmasindan  dolayr  caligmalar  ile  ilgili
bilgilendirmenin yetersiz olmasindan dolay1 olumsuz
fikir beyan etmislerdir.

Calismada {irtinlerin su iirtinleri iiretici birlikleri
tarafindan pazarlanmasinin ne gibi yararlar1 olacagi
sorgulandiginda; su riinleri Uretici  birlikleri
ortaklarindan %62,8’1 “iirlinler iizerinde treticilerin
s0z sahibi olacagin1”, %57,1’1 “Uretici fiyatlarmin
artacagini”, %42,8’1 “istihdam imkaninin
artacagin”, %8,5’1 “hem fireticinin hem de birligin
kar edecegini” vurgulamustir.

Bu kapsamda su friinleri dretici birlikleri
ortaklarinin  birlik  bilingleri  incelendiginde,
%60’ min  dretici  birligi  kavramimm = dogru

bildigi, %40’ ise iretici birligi kavramina
hakim olmadigi tespit edilmistir Nitekim s6z

konusu %40’mn, diretici birliklerini  %22,9’u
devletin kurdugu, denetledigi ve yOnetimine
miidahale ettigi kurulus, %]17,1’1 ise

ortaklarca kurulan, devletge yonetilen kurulug
olarak tamimlamiglardir. Aragtirmada, su iiriinleri
dretici birlikleri ortaklarindan %14,3’tinlin farkl

toplantilardan, seminerlerden ve mezun olduklari
okullardan orgiitlenme ile ilgili egitim aldiklarini
bildirmislerdir.

Su driinleri dretici  birlikleri  ortaklarinin
%54,31 orgiite ortakliklarindan dolay1 biirokratik
engellerin  ortadan kalkmasi, %22,8’i hibe,
%38,5’1 kredi , 9%5,7’si mesleki ve teknik
bilgi, %2,8’1 tretim ve hasatta, %2,8’i egitim
ve damigmanlik gibi  konularda kazanglar
oldugunu ifade etmistir. Ancak, ortaklarin
%22,8’si orgiitten faydalanamadigini vurgulamustir.

Yapilan analiz sonucuna gore, su {irlinleri iretici
birligi ortaklarinin destek verilirse iiretici birliginden
beklentilerinde oOncelikli olarak; %57,1’i ‘yem
destegi’, %31,4’1 ‘su kiralarinda indirim’ ve %17,1’1
‘tesvik destegi’ olarak talepte bulunmuslardir. Diger
destek talepleri ise; maddi destek, biirokratik destek,
sorunlarmin ¢oziilmesi, teknolojik cihaz, alet ve
malzeme, devletin yaptigi calismalar ile ilgili
bilgilendirme, yakit destegi, ila¢ destegi, teknik
destek, satis yeri, hal, egitim destegi, KDV destegi,
yavru destegi’ seklindedir (Tablo 3).
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Tablo 3. Goriisme yapilan su {iriinleri tiretici birligi ortaklarinin destek verilirse {iretici birliginden talep edebilecegi
destekler

Table 3. Support requested by the interviewed partners from the producer union

Destek N %
Yem destegi 20 57,1
Su kiralarinda indirim destegi 11 31,4
Tesvik destegi 6 17,1
Maddi destek 5 14,2
Biirokratik destek 5 14,2

Sorunlarin ¢oziilmesi 3 8,5
Teknolojik cihaz, alet ve malzeme destegi 3 8,5
Yapilan ¢alismalar ile ilgili bilgilendirme 3 8,5
Yakit destegi 1 2,8

Ha(; destegi 1 2,8

Teknik destek 1 2,8

Satis yeri, hal 1 2,8

Egitim destegi 1 2,8

KDV destegi 1 2,8

Yavru destegi 1 2,8

*Birden fazla yanit alinmustir.

Caligmada tiim bu taleplerle birlikte su iiriinleri
iretici  birlikleri ortaklar1 agisindan en Onemli
sorunlarin basinda finansman, mevzuat ve yonetim
sorunu geldigi belirlenmistir. Nitekim, analiz
sonucuna gore, birden ¢ok cevabi tercih eden su
driinleri tretici birlikleri ortaklarindan %51,4°1
iiretici birliginin en 6nemli sorunu olarak finansman,
%48,5’1 mevzuat, %17,1’1 {ist orgiitlenme, %5,7’si
yonetim, %5,7’si denetim, %2,8’i egitim sorunu
oldugunu bildirmislerdir.

Su iriinleri {retici birlikleri sorunlarindan
finansman1 6nemli géren ortaklardan %83,3’1i devlet
desteginin az olmasindan dolayi, %16,6’s1 ise
aidatlarin diizenli 6denmemesi nedeniyle yeterli

gelirin saglanamadigin ifade etmislerdir.
Mevzuat1 6nemli goren su {iirlinleri tiretici
birligi ortaklarindan %41,2°si  kurumlar arasi

mevzuattan dolay1 asilamayan biirokratik sorunlari,
%35,2’si  biirokratik islemlerin uzun slirmesini,
%23,5’1 tretici birliginin ihtiyaclarmin karsilanmasi
icin yeterli diizenlemelerin olmamasini neden olarak
bildirmislerdir.

Ortaklarim %33,3’1 tist yonetimin orgiitlenmesi
ile ilgili sorunlardan, %16,6’s1 iist yonetimlerdeki

girisimlerin ~ yeterli  olmamasindan, %16,7’si
bolgedeki oOrgiitlerin - ortak sorunlara ¢&zliim
bulamamasindan, %16,7’si  islemlerin  uzun

sirmesinden, %16,7’si sosyo-kiiltiirel eksiklikler
nedeniyle st orgitlenme ile ilgili problemler
yasadiklarini vurgulamislardir. Ote  yandan  su

iirlinleri tiretici birlikleri ortaklarindan %68,6’1 birlik
yoneticilerinin ¢alismalarindan memnun oldugunu,
%2,9’u ¢cok memnun oldugunu, %22,9’u kismen
memnun oldugunu, %5,7’si memnun olmadigim
belirtmistir. Memnun olmayan su iriinleri iretici
birligi ortaklari, faaliyetler hakkinda yeterince bilgi
alamadigini, istedigi faydayr elde edemedigini
savunmustur.

Su iiriinleri {iretici birligi ortaklarindan denetimi
onemli gorenler denetimin giivenilir olmadigini
bildirmislerdir. Bu kapsamda su iiriinleri {iretici
birlikleri ortaklarinin {iretici birliginin denetimi ile
ilgili diislinceleri de incelenmistir. Buna gore
ortaklarmm  %25,8’1 sadece devlet denetlemeli,
%31,4’1 i¢ denetimi oOrgilit, dis denetimi devlet
yapmali, %31,4’1i denetim kurulu yapmali, %11,5’1
ise sadece bagimsiz kuruluslar denetlemeli
segenegini tercih etmiglerdir.

Ote yandan su iiriinleri {iretici birlikleri
ortaklarindan %11,4’ti  devlet {iretici  birligi
yonetimine hi¢ miidahale etmemeli, %51,4’1 devlet
tesvik saglamali fakat yoOnetime karismamali,
%17,1°1 devlet {iretici birligi yonetimine gerektikce
miidahalede bulunmali, %?20,0’si ise birlikler
devletin birer kurumu olmali ve devletin iiretici
birligi yonetimine miidahale etme hakki olmali
fikrini paylasmislardir.

S6z  konusu  ortaklarin  {retici  birligi
desteklerinden faydalanma durumlari
degerlendirildiginde; ortaklarin %48,5’inin girdi
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temininden yararlandigi, %6,1’inin {iretici birliginin
kredisinden yararlandigi, %45,4’tnlin  dretici
birliginin hibelerinden faydalanma durumu oldugu
tespit edilmigtir. Uretici birligi ortaklar1 tarimsal
krediden 3000 TL-5000 TL arasi yararlanirken,

hibelerden 12000  TL-200000 TL  arast
yararlanmislardir.

Ancak fretici  birligi ortaklart  destekleri
yeterli bulmadiklarindan birden ¢ok Orgiite
iye olduklarini ifade etmislerdir.
Nitekim ortaklardan %8,5’inin ayn1 zamanda
Tarim Kredi Kooperatifine, %77,1’inin
Ziraat Odasina, %54,2’sinin Ticaret
Odasma, %>5,72’sinin  diger Orgiitlere  (Esnaf
ve  Sanatkarlar  Odasma ve  Ihracatcilar
Birligine) iye olduklar1 ancak, su firiinleri

kooperatifine higbir ortagin iiye olmadigi tespit
edilmistir.

Bu nedenle arastirmada su driinleri iretici
birligi  ortaklarna  goére  ortak  olduklan
birligin basarisi icin yapilmasi
gerekenler belirlenmeye caligilmisgtir,
Yapilan analizde ortaklarin birligin  basarili
olma  belirtileri arasinda en fazla 4,03 ile
diirlist calisilmasi secenegini daha sonra ortaklar

ve birlik yoneticileri arasinda  birlik  ve
beraberlik  olmast  (3,94) segenegini tercih
ettikleri  gozlenmistir. Bunun  yaninda, su
iiriinleri tiretici birligi ortaklarindan,
yonetim  kadrosunun giiglii  ve 1iyi olmasi,
yapilan faaliyetlerin geri doniisii, planli ve
bilingli caligilmast, birligin borcunun
olmamasi, sirket ve tliccarlarin  dreticileri
dolandiramamasi, pazarlamanin iyi yapilmasi,

iiriniin buzlanmas: ve soguk depolaniyor olmasi
cevabi alinmistir (Tablo 4).

Tablo 4. Goriisme yapilan su tiriinleri iiretici birligi ortaklarina gére birligin basarisi i¢in yapilmasi gerekenler
Table 4. According to the interviewed partners, the things that need to be done for the success of the union

Basarih Olma Std. 1 2

3 4 5 Toplam

Nedenleri

Ort. sap.

N

%

N %

N

%

N

%

N

%

N

%

Ortaklar ve birlik
yoneticileri
arasinda birlik,
beraberlik olmasi

3,94 0,838

5,7

2,9

27

77,1

14,3

35

100,0

Planl1 ve bilingli
calisilmasi

3,83 0,785

5,7

5,7

29

82,9

5,7

35

100,0

Pazarlamanin iyi
yapilmasi

3,63 1,087

8,6

5,7

23

65,7

114

35

100,0

Uriin isleniyor
olmasi

2,94 1110

8,6

13 371

5,7

17

48,6

35

100,0

Uriiniin
buzlanmasi ve
soguk depolaniyor
olmasi

3,03 1,124

8,6

12 343

2,9

19

54,3

35

100,0

YoOnetim
kadrosunun giiglii
ve iyi olmast

3,91 0,658

2,9

31

88,6

57

35

100,0

Birligin borcunun
olmamasi

3,83 0,747

2,9

2,9

29

82,9

57

35

100,0

Sirket ve
tiiccarlarin
ureticileri
dolandiramamasi

3,83 0,747

2,9

2,9

29

82,9

57

35

100,0

Organizasyon iyi
olmasi

3,89 0,758

2,9

8,6

26

74,3

11,4

35

100,0

Diiriist ¢aligilmasi

4,03 0,664

2,9

2,9

28

80,0

14,3

35

100,0

Yapilan
faaliyetlerin geri
doniisti

391 0,658

2,9

1 2,9

31

88,6

57

35

100,0

Ortaklarin
0demelerinin
diizenli olmasi

3,80 0,759

1

2,9

2 5,7

2

5,7

28

80,0

5,7

35

100,0

* 1. Hi¢ Katilmiyorum 2. Katilmiyorum 3. Kararsiz 4.Katiliyorum 5. Tamamen Katiliyorum
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Buna gore su lriinleri iiretici birligi ortaklarina
gore Tirkiye’de basarili {iretici birligi i¢in Oneriler
yine 5’li likert olgekli sorular ile belirlenmeye
calisilmig ve ortaklardan; Tiirkiye’de basarili iiretici
birligi i¢in Onerilenler arasinda en fazla biirokrasiyi

azaltan (4,31), birlik ve beraberlige sahip (4,29),
devlet destegi olan (4,26), ortaklarin {iretici birligini
benimsedigi, sahip c¢iktig1 (4,23) ve giiclii yonetim
kadrosuna sahip (4,23) birliklerin bagarili olacagini
ya da oldugunu belirtmislerdir (Tablo 5).

Tablo 5. Goriigme yapilan su iiriinleri tiretici birligi ortaklara gore Tiirkiye’de bagarili iiretici birligi i¢in oneriler
Table 5. Recommendations of the interviewed partners for a successful producer union in Turkey

Bagarih Uretici Birligi ort. Std 1 2 3 4 5 Toplam
icin Oneriler oSap. N % N % N % N % N % N %
o omaklnn 450 0406 - - - - - - 28 800 7 200 35 1000
bilinglendirilmesi gerekir
Devlet destegi olmali 426 0505 - - - - 1 29 24 686 10 286 35 1000
Birlik ve beraberlik 429 0458 - - - - - - 25 714 10 28,6 35 100,0
Ortaklarin iiretici birligini
benimsemegivesahip 4,23 0,426 - - - - - - 27 771 8 229 35 100,0
¢ikmasi gerekmektedir
Ortaklar yeni tireticileri 409 0658 1 29 - - - - 28 8,0 6 171 35 1000
) bilin¢lendirilmeli
Ozel scktdre gore rekabet 409 0507 - - - - 3 86 26 743 6 17,1 35 1000
sansiin yikseltilmesi
Denetimin saglikli 423 0426 - - - - - - 27 771 8 229 35 1000
i} yapilmasi
Uretici birligi kapasiteleri 366 0906 - - 7 200 1 29 24 686 3 86 35 1000
biiyik tutulmali
Uretici birliginin kurulus
amagclan dogrultusunda 4,20 0,406 - - - - - - 28 800 7 20,0 35 1000
hareket etmeli
Biirokrasi azaltilmali ve
iist birlikler sorunu 431 0530 - - - - 1 29 22 629 12 343 35 1000
¢Oziilmeli
Uretici Birliklerinin 403 0664 1 29 - - 1 29 28 8,0 5 143 35 1000
birlesmesi saglanmali
Yo6netim kadrosunun
giiclii bir organizasyon 423 0426 - - - - - - 27 771 8 229 35 100,0
yapisina sahip olmasi
Geng giftgiler {iretici
birligi ortakligina 411 0,404 - - - - 1 29 29 89 5 143 35 1000
ozendirilmeli
Projeler
gergeklestirilebilmeli ve 4,20 0,406 - - - - - - 28 80 7 20,0 35 100,0

yeni projeler olusturulmali

*1. Hig Katilmiyorum 2. Katilmiyorum 3. Kararsiz 4. Katiliyorum 5. Tamamen Katiliyorum

Caligmada, su firiinleri {iretici birligi ortaklarinin
anket sonuglarinin degiskenler arasinda
bagimli olabilecegi tespit edilen verileri belirlemek
amactyla ~ khi  kare  (chi-square)  analizi
gergeklestirilmistir.

Analiz sonucuna gore egitim durumu ile iiretici
birligini basarili bulma durumu arasinda istatiksel
olarak anlamhi  bir iliski bulunmamaktadir

(*(p=0,830> 0,05).

Arastirmada analiz sonucuna gore egitim diizeyi
ile iiretici birliginin mevzuat sorunu olduguna karar
verme durumu arasinda da istatiksel olarak anlamli
bir iligki bulunmamaktadir (*(p=0,600> 0,05).

Yine analiz sonucuna gore egitim diizeyi ile
iiretici birliginin finansman sorunu olduguna karar
verme durumu arasinda da istatiksel olarak anlamli
bir iliski  bulunmadigi  ortaya  ¢ikmustir
(*(p=0,404> 0,05) (Tablo 6).
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Tablo 6. Goriigme yapilan su {iriinleri tiretici birligi ortaklarinin egitim durumu ile bazi iretici birligi verileri arasindaki
iligki
Table 6. The relationship between the education level of the interviewed partners and some producer association data

Uretici Birligi Iliskileri Verileri

Egitim Durumu

[kogretim Lise ve Universite Toplam
Evet 10 9 19
.. 0
Uretici Birligini Basarili % 52,6 474 100,0
Hayr 9 7 16
Bulma Durumu
% 56,2 43,8 100,0
Khi Kare=0,046 (p=0,830>0,05)
Evet 10 7 17
Uretici Birliginin Mevzuat % 88 412 1000
Sorunu Olduguna Karar Hayir 9 9 18
Verme Durumu % 50,0 50,0 100,0
Khi Kare=0,274 (p=0,600>0,05)
Evet 11 7 18
Uretici Birliginin Finansman % 611 389 1000
Sorunu Olduguna Karar Hayir 3 9 17
Verme Durumu % 47,1 52,9 100,0

Khi Kare=0,696 (p=0,404>0,05)

Bu nedenle ¢aligmada, iiretici birligi ortaklarinin
anket sonuclarinin degiskenler arasinda ayni yapiy1
Olcen c¢ok sayida degiskenden, az sayida ve
tanimlanabilir nitelikte anlamli degiskenler elde
etmek amaciyla ¢ok degiskenli bir istatistik analizi
olan faktor analizi uygulanmig olup, ortaklarin dahil
olduklan orgiit ile ilgili diisiinceleri ve ortak olma
nedenleri incelenmistir.

Arastirmada gorlisme yapilan su {iriinleri iiretici
birligi ortaklarmin iretici birligine ortak olma
nedenleri 5°1i likert 6lgeginin kullanildigi 29 soru ile
incelenmistir. S6z konusu nedenler ile ilgili etken
faktorler Tablo 7°de verilmistir.

Analiz sonucunda Cronbach alpha degeri 0,65
olarak tespit edilmis olup, uygulanan faktor
analizinde 6z deger kriter olarak alinmis ve 0,40’tan
biliyliik degere sahip 3 faktdr belirlenmistir. Elde
edilen bu 3 faktor varyansin %69,4’ {inii agiklamakta
iken elde edilen 3 faktor {iretici birligi faaliyetleri,
iiretici birliginin ekonomik destegi, iiretici birliginin
teknik destegi faktorii olarak 6zetlenmistir.

Bu sonuca gore, iretici birligi ortaklari, 1.
faktorde oncelikli olarak, birlikte hareket ederek

ekonomik giiclimiizii arttirdigimizdan, demokratik
(esit sO6z hakki) bir yonetim sekli oldugundan,
birlikten gii¢ dogar diisiincesinden seceneklerini
tercih ettiklerinden analiz sonucuna gore, ortak olma
nedeni  “iiretici  birligi  faaliyetleri”  olarak
gruplanmustir.

Uretici birligi ortaklar1 2. faktdrde oOncelikli
olarak, hasat, depolama ve paketleme konularinda
teknik destek verdiginden, {irlinii iyi fiyata
sattigindan (yiiksek kar), i¢ pazara ve ihracata uygun
cesitlerin iiretilmesini sagladigindan ve mevcut
kaynaklar (satis ve depolama alani, isgiicii, girdiler)
en 1iyi sekilde kullanma imkan1 verdiginden
seceneklerini tercih ettiklerinden analiz sonucuna
gore, ortak olma nedeni “liretici birliginin ekonomik
destegi” olarak gruplanmustir.

Faktor 3’te ise tretici birligi ortaklar1 dncelikli
olarak, tamitim faaliyetleri oldugundan, {iretimi
izledigi, kayit tuttugu ve belge diizenlediginden,
sozlesmeli iiretim faaliyetlerini diizenlediginden
seceneklerini tercih ettiklerinden analiz sonucuna
gore, ortak olma nedeni “iretici birliginin teknik
destegi” olarak gruplanmustir (Tablo 7).
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Tablo 7. Goriigme yapilan su firiinleri tiretici birligi ortaklarinin diretici birligine ortak olma nedenlerinin fakt6r analizi
sonucu elde edilen faktor agirliklar:

Table 7. The weights obtained as a result of the factor analysis of the interviewed partners' reasons for being a partner
in the producer union

Ortak olma nedenleri Faktor Agirliklan

1 2 3
Piyasa arastirmasi yaptirildigindan 0,802
Birligin pazar bulmasindan 0,743 0,489
Uriinii iyi fiyata sattigimdan (yiiksek kar) 0,862
Uriin satig1 garanti oldugundan (kolay pazarlanabildiginden, pazarlama 0,765 0,458
Verilen desteklerden (hibelerden) yararlanmak icin
Kredi bulmak kolay oldugundan 0,562 0,626
Uretim icin teknik destek verdiginden 0,689
Hasat, depolama ve paketleme konularinda teknik destek verdiginden 0,874
I¢ pazara ve ihracata uygun cesitlerin iiretilmesini sagladigindan 0,830
Mevcut kaynaklari (Satis ve depolama alani, isgiicii, girdiler) en iyi sekilde 0,824
Acik, seffaf bir yonetime sahip oldugundan 0,795
Birlikte hareket ederek ekonomik giiciimiizii arttirdigimizdan 0,839
Egitim ve danigmanlik hizmetleri verdiginden 0,524
Uretimi izledigi, kayit tuttugu ve belge diizenlediginden 0,816
Tanitim faaliyetleri oldugundan 0,918
Sozlesmeli tiretim faaliyetlerini diizenlediginden 0,548 0,591
Toplumsal sorumluluklara duyarli oldugundan (Kamuoyu olusturmak) 0,737
Demokratik (esit sz hakki) bir yonetim sekli oldugundan 0,830
Bagimsiz bir yap1 oldugundan 0,764
Ortak hareket etmemizi sagladigindan (Ureticiler aras1 dayanisma) 0,741
Kalkinmay1 sagladigindan 0,635 0,423
Balik¢iligin devamliligini sagladigindan 0,740
Bolgede etkisi oldugundan 0,452 0,594
Cevremde itibar sagladigindan 0,758
Yoneticilerin diiriist ve ahlaki degerlere sahip oldugundan 0,799
Birlikten gii¢ dogar diisiincesinden 0,804
Adaletli bir yonetim oldugundan 0,780 0,422
Bana fayda sagladigindan 0,565 0,534
Cok iyi denetim ve kontrol sistemi oldugundan 0,766
Oz degeri 12,753 4,774 2,591
Varyans 29,285 24,125 15,965
Kiimiilatif Varyans 29,285 53,410 69,375

Cronbach a 0,653
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Yine goriisme yapilan su iiriinleri iiretici birligi
ortaklar1 ile 5°li likert olg¢egi kullanilarak ortak
olduklar1 {retici birligi ile ilgili diislinceleri
konusunda elde edilen bilgilerle faktor analizi
uygulanmistir. Cronbach alpha degeri 0,95 olarak
bulunmustur. Uretici birligi ile ilgili diisiincelerle
ilgili faktorler Tablo 8’de verilmistir.

Faktor analizinde 6z degeri kriter olarak alinmig
ve 0,40’tan biiyilk degere sahip 7 faktor
belirlenmistir. Elde edilen bu 7 faktdr varyansin
%76’s11 agiklamaktadir.

Bu sonuca gore, {iretici birligi ortaklari, 1.
faktorde oncelikli olarak, genel kurulda kararlar
demokratik olarak alinir, {retici birligi yonetimi
diirtist, giivenilir kisilerden olusur, tiretici birliginde
gerekli kayitlar (defterler) diizenli olarak tutulur ve
dretici  birligi bagkan1 egitimlidir, bilgilidir
seceneklerini tercih ettiklerinden analiz sonucuna
gore, ortak olduklart iiretici birligi ile ilgili
diisiinceleri “Uretici birligi faaliyetleri ve bagarisi”
olarak gruplanmustir.

Uretici birligi ortaklar1 2. faktorde oncelikli
olarak, iiretici birligi bolgenin alt yap1 ¢alismalarina
destek oluyor, iiretici birligi yorenin kalkinmasina
katkida bulunuyor ve {retici birligi bolgede
balik¢iligr gelistirmektedir segeneklerini tercih
ettiklerinden analiz sonucuna gore, ortak olduklar
iiretici birligi ile ilgili diigiinceleri “iiretici birliginin
ortaklarin refahina etkisi” olarak gruplanmustir.

Uretici birligi ortaklar1 3. faktdrde ise dncelikli
olarak, tretici birligi bagimsiz yapidadir, ortaklar
iiretici birligine giiven duyarlar, {iretici birligini

basarili buluyorum ve iiretici birligi ortaklar1 arasinda
ayrim yapmiyor seceneklerini tercih ettiklerinden
analiz sonucuna gore, ortak olduklari iiretici birligi
ile ilgili diisiinceleri “liretici birligine duyulan giiven”
olarak gruplanmustir.

Uretici birligi ortaklar1 4. faktorde oncelikli
olarak, ftiretici birligi bana 6zgiiven kazandirdi ve
iiretici  birligi sayesinde gelir diizeyim yiikseldi
seceneklerini tercih ettiklerinden analiz sonucuna
gore, ortak olduklart dretici birligi ile ilgili
diistinceleri “liretici birliginin ortaklara etkisi” olarak
gruplanmstir.

Faktor 5°te iiretici birligi ortaklart Oncelikli
olarak, ileride yoOnetime girecegim, ortak olmaya
karar verirken aile {yelerinden ve balik¢ilardan
etkilendim segeneklerini tercih ettiklerinden analiz
sonucuna gore, ortak olduklari iiretici birligi ile ilgili
diistinceleri “iiretici birligine ortak olma etkilesimi”
olarak gruplanmustir.

Faktor 6’da firetici birligi ortaklar1 oncelikli
olarak, Uretici birligine kolayca ortak olunabiliyor ve
istedigim zaman Tretici birligi yoneticileriyle
kolayca  goriisebiliyorum seceneklerini  tercih
ettiklerinden analiz sonucuna gore, ortak olduklari
iiretici birligi ile ilgili diigiinceleri “iiretici birliginin
sagladigi kolayliklar” olarak gruplanmustir.

Faktor 7°de ise {iretici birligi ortaklar1 oncelikli
olarak, ortak is yapmayi severim ve devlet iiretici

birligini desteklemektedir seceneklerini tercih
ettiklerinden analiz sonucuna gore, ortak olduklari
dretici  birligi ile ilgili disiinceleri “birligin

stirdiiriilebilirligi” olarak gruplanmistir (Tablo 8).

Tablo 8. Goriisme yapilan su tiriinleri {iretici birligi ortaklarinin iretici birligi ile ilgili diisiincelerinin faktor analizi
sonucu elde edilen faktor agirliklart

Table 8. The weights of the opinions of the interviewed partners about the producer union obtained as a result of the
factor analysis

Ortak olma nedenleri Faktor Agirhiklar:
1 2 3 4 5 6 7
Gelecekte iiye olmaya devam edecegim -0,538
Cevreme tavsiye ediyorum 0,533 0,410
Ileride yonetime girecegim 0,792
Uretici birligi baskan1 tecriibelidir 0,870
Uretici birligi baskan1 egitimlidir, bilgilidir 0,904
Uretici birligi baskaninin hitabeti iyidir 0,848
Uretici birligi yonetimi diiriist, giivenilir 0,929
kisilerden olusur
Uretici birligini basarili buluyorum 0,461 0,596
Uretici birligi ashinda daha da basarili -0,613
olabilir
Uretici birligi ortaklari arasinda ayrim 0,408 0,593
yapmiyor
Uretici birligi sayesinde gelir diizeyim 0,756
yiikseldi
Uretici birligi bana 6zgiiven kazandird: 0,896
Uretici birligi baskan1 basarilidir 0,917
Yonetim kurulu basarili bir sekilde calistyor 0,735 0,441
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Tablo 8. Devam
Table 8. Continued

Ortak olma nedenleri

Faktor Agirhiklar:

1

3

4 5

Uretici birligi calisanlari isini iyi yapiyor 0,692

Uretici birligi baskam ve yardimcilari 0,704
basarilidir

Uretici birligi yonetiminin ortaklari ile 0,800
iletisimi 1yidir

Uretici birliginin binalar1 yeterlidir

Istedigim zaman iiretici birligi 0,538
yoneticileriyle kolayca goriigebiliyorum

0,412

Uretici birligine giivenirim 0,517

0,563

Bizim ailemizde iiretici birligi iiyeligi
onemlidir

0,580

Uretici birliginde haksiz kazang ve 0,610
yolsuzluk olmaz

Uretici birligi genel kurulu diizenli ve 0,881
zamaninda yapilir

Genel kurul ¢alismasinda kavga ¢ikmaz 0,763

Genel kurul toplant1 zaman1 ve giinii 0,903
duyurulur

Genel kurula katilim yiiksek olur 0,533

0,440

Uretici birligi faaliyet raporunun anlasilir ve 0,856
ayrintil bir sekilde sunulur

Genel kurulda her konunun enine boyuna 0,731
tartigilir

Genel kurulda kararlar demokratik olarak 0,948
alinir

Uretici birliginde gerekli kayitlar (defterler) 0,913
diizenli olarak tutulur

Uretici birligi {iyesi olmaktan memnunum 0,678

0,483

Orgiitlenme konusunda tecriibem var 0,451

0,453

Ortak olmaya karar verirken aile
iiyelerinden etkilendim

0,518

0,567

Ortak olmaya karar verirken diger
balik¢ilardan etkilendim

0,547

0,523

Diger tarimsal kuruluglara da {iye olacagim
(Ziraat Odast, Su Uriinleri Kooperatifi vs)

-0,689

Ortaklar tiretici birligine giiven duyarlar

0,648

Ortak is yapmayi severim

0,733

Uretici birligine kolayca ortak olunabiliyor

0,797

Uretici birligi bolgenin alt yap1
¢alismalarina destek oluyor

0,881

Uretici birligi yorenin kalkinmasina katkida
bulunuyor

0,776

Uretici birligi bagimsiz yapidadir

0,791

Devlet iiretici birligini desteklemektedir

0,577

Uretici birligi bolgede balikgilig
gelistirmektedir

0,699

Uretici birliginin diger benzer iiretici 0,582
orgiitleri ile is ve gii¢ birligi vardir

Uretici birligi ortaklarinin gelirini
arttirmaktadir

0,432

0,477

Oz degeri 19,571

3,963

3,031

2,221 1,896

1,883

1,599

Varyans 32,932

8,953

8,844

8,037 6,178

5,545

5,477

Kiimiilatif Varyans 32,932

41,885

50,729

58,766 64,944

70,490

75,966

Cronbach a

0,952
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Tartisma ve Sonug¢

Antalya ilinde faaliyet gosteren su tirlinleri iiretici
birligi ile ortaklar1 arasindaki iligkileri, Grgiitlenme
egilimleri, orgiitlenme yapilar1 ve oOrgiitlenmelerini
etkileyen faktorleri inceleyen arastirmanin sonuglari
asagida degerlendirilmistir.

Arastirma sonuglarina gore; su riinleri iiretici
birligi ortaklarinin énemli sorunlari bulunmaktadir.
Nitekim yapilan analizde, su {iriinleri tiretici birligi
ortaklarinin balikgilik ile ilgili en 6nemli sorunlar
arasinda {irlin fiyatlarinin diigiik olmasi, yiiksek yem
maliyetleri ve iiretici birliginin s6z konusu konularda
etkin olmamasi1 gelmektedir. Bu sorunlar balik¢ilarin,
meslegin gelecegine olan bakig acisini olumsuz
olarak etkilemekte ve gelecekte c¢ocuklarnin bu
meslegi  yapmalarim1  istememelerine  neden
olmaktadir. Birlik ortaklarmin diger 6nemli sorunlari
arasinda ise devletin yeterli destek vermemesi,
yetersiz egitim ve bilgilendirme yer almaktadir.

Tiim bu yasanan problemlere ek olarak
aragtirmaya katilan iretici birligi ortaklarinin,
bolgede karsilagtiklar1 bazi yerel sorunlar1 da

bulunmaktadir. Nitekim Antalya’nin  turizmin
bagkenti olmasinin yani sira geligsmis tarim sektorii ve
diger sektorlerle su kaynaklarinin paylasiminin su
kirliligine yol agmas1 beraberinde 6nemli sorunlar
getirmistir.

Bu sorunlarin uzun vadede ¢dziimlenebilmesi
icin tretici birliginin, bakanliklar ve {iniversitelerin
ortaklasa, akilci ve sirdiriilebilir ortak caligsmalar
yaparak, Orgiitlenme ile ilgili sorunlara ¢&zim
onerileri getirmelerine ihtiyag vardir. Ozellikle
balikgilarin  orgiitlenmesi  konularinda  yapilan
caligmalarin  yetersiz olmasi, bu ¢aligmalarin
desteklenmesini 6nemli kilmaktadir.

Arastirmada  iriinlerin  hangi  kanallarla
pazarlandig1 ve bir pazarlama stratejisi olup olmadigi
da arastinnlmistir. Bolgede, birlik ortaklarimin biiyiik
kisminin iiretim tesisinin yaninda, balik lokantalari
bulundugu, bu nedenle ortaklarin {iriinlerini 6ncelikle
restoranlar1 yoluyla ya da isletmeden perakende satig
yoluyla pazarlamayi tercih ettikleri ortaya ¢ikmustir.

Nitekim Marmara’da yapilan bir calismada;
iiretilen baliklarin 6ncelikli olarak %37,3 oraninda
perakende olarak, %35,3 oraninda lokantalara,
%17,6 oraninda  toptancilara  pazarlandigi
belirtilmistir. Dogan ve Yildiz (2008) tarafindan
yapilan diger bir ¢alismada ise Antalya’nin turizm
bolgesi olmasindan dolay1 iiretilen baliklarin daha
cok otellere pazarlandig1 ortaya ¢ikmustir.

Gergeklestirilen bagka bir ¢alismada da benzer
sonuclarin yani sira, arastirmanin gergeklestigi
alanda faaliyet gosteren Su Uriinleri Uretici
Birligi’nin sorunlart da vurgulanmistir. Antalya’nin
ilgesi olan Korkuteli’nde yapilmis olan bu ¢aligmada
ortaklarin {iretim ve pazarlamada karsilagilan

sorunlarin ¢dziimiine yonelik olarak, mevcut Su

Uriinleri  Uretici  Birligi’nden yeterli derecede
faydalanamadigi ve Orgiitlenmenin daha ¢ok
pazarlama alaninda etkin olmasi  gerektigi

belirtilmistir (Erman ve Kiigiik 2016). Yapilan
calismalarda da belirtildigi tizere; tiim bu sorunlarin
¢cozlimiine yonelik etkin politikalarin uygulamaya
gecirilmesi i¢in balik¢1 oOrgiitlerini iyi tamimak ve
sorunlarini detaylariyla bilmek gerekmektedir.

Halen, firetici birligi seklinde orgiitlenmeler su
diriinleri  sektdriiniin icinde bulundugu sorunlar
ortadan kaldirmak, bunun yaninda su iiriinleri
stoklarini ve balik¢1 toplumunu siirdiiriilebilir kilmak
icin en uygun araglardan biri olarak goriilmekteyse
de, bolgedeki iiretici birliginin basarisi yeterli olarak
degerlendirilememektedir. Ortaklar tarafindan iiretici
birligi faaliyetlerinin yetersiz olarak
degerlendirilmesine, kosullarinin sinirli olmasina,
beklenen basartyr tam olarak karsilayamamasina
ragmen Tretici birliginin ayakta durma cabalari
calismada dikkat ¢ekici olarak goriilmiis hatta bu
arastirmanin  gergeklesme nedenlerinden  birini
olusturmustur.

Yapilan analizde, su {riinleri iretici birligi
ortaklarinin ortalama giinliik isletme masrafi 300 TL
ile 6000 TL arasinda degismekte olup, ortalamasi
1507 TL, ortalama giinliik isletme geliri ise 500 TL
ile 7000 TL arasinda degismekte iken ortalamasi
2014 TL olarak belirlenmistir. Bu sonuglara gore,
Antalya ilinde su iiriinleri yetistiriciligi yapan
isletmelerin  kiiciik Olgekli isletmeler oldugunu
ispatlamaktadir. Bu nedenle fiiretici birligi ortaklari,
devlet destegine ihtiyag duyduklarini belirtmiglerdir.

Aragtirmada su  riinleri  iretici  birligi
ortaklarinin devletten talep ettikleri destekleri Gnem
diizeyine gore siralayan analiz sonucunda; ortaklarin
en Onemli destek olarak yem destegini (%48,6),
malzeme destegini (%28,6) ve indirimli yakit,
elektrik, su kirasimt (%20)  gordiikleri, sosyal
giivence destegini (%54,3) ise en Onemsiz destek
olarak gordiikleri ortaya c¢ikmistir. Bu kapsamda
yapilan analiz sonucunda bdolgedeki su {riinleri
yetistiricilerinin ¢ogunun baska mesleklerden de
sosyal giivenceleri bulundugu ortaya ¢ikmustir.

Yetistiricilik faaliyetinde bulunan su {irlinleri
iiretici  birligi ortaklarmin masraf kalemlerinden
yemin en yiiksek orana sahip olmasinin nedenleri
arasinda yemin dovizle alinmasi, ilde yem iireten
tesislerin yeterli sayida ve kalitede olmamasindan
kaynaklanmaktadir. Ayrica son yillarda Tarim ve
Orman Bakanligi tarafindan yapilan desteklemeler
arasindan yavru destegi kaldirildigi i¢in yavru balik
da masraf kalemleri igerisine dahil edilmektedir.

Diger taraftan devlet destekleri arastirildiginda
ortaklarin s6z konusu destek taleplerinin Tarim ve
Orman Bakanligi tarafindan her yil imkanlar



Sen Sensoy ve Yilmaz 2021 - LimnoFish 7(3): 285-299

297

Olciisiinde gerceklestirildigi ortaya c¢ikmaktadir.
Buradan da verilen desteklerin yeterli olmadigi,
ortaklarin ihtiyaclarina tam olarak cevap veremedigi
sonucuna varilmistir,

Uretici birligi ortaklart ilin turizm bdlgesi olmasi
nedeniyle iirtinlerini otellere de
pazarlayabilmektedirler. Ancak gerek perakende
satiglarda gerekse otellere satiglarda {iriin fiyatlarini
iireticiler belirleyememektedir. Bu nedenle su
iirtinleri iiretici birligi ortaklarmin kirmizi ette oldugu
gibi balik satiglarinda KDV’nin %8’den %]1’e
indirilmesi talebi bulunmaktadir. Bu konuda Maliye
Bakanligr ile gerekli yazisma ve toplantilar
gergeklestirilse de sonuca heniiz ulagilamamigtir
(Anonim 2019). Maliyetlerin fazla oldugu &zellikle
girdi fiyatlarimin yiiksek oldugu bu sektorde,
cogunlugu kiiciik iiretici olan ortaklar istedigi geliri
elde edememekte, iiretici birlikleri de 6zellikle girdi
tedariki ve pazarlamada karsilasilan sorunlarin
¢Oziimiinde etkin olamamaktadirlar.

Yapilan ¢aligsmada tiretici birligi blinyesinde bu
faaliyetler tam olarak gergeklestirilemediginden,
kiigiik  treticilerin biiylik {reticilere gore bu
durumdan daha olumsuz etkilendigi ortaya ¢ikmustir.
Uretim tesisinin yaninda balik lokantalar1 bulunan
ortaklar ise {iriinlerini 6ncelikle restoranlar1 yoluyla
ya da isletmeden perakende satis yoluyla pazarlamayi
tercih etmektedirler. Ancak, s6z konusu ortaklarin
iiretim tesislerinin yaninda bulunan balik pisirme ve
satig yerleri ile ilgili izinleri bulunmamaktadir. Halen
Tarim ve Orman Bakanligi’nin balik pisirme ve satis
yerlerine izni bulunmadigindan, ortaklar isletme
kurulurken balik iiretim tesisi olarak izin
alabilmektedir.

Su firiinleri {iretici birligi ortaklariin ihracat
konusunda pek sorunlari olmasa da uluslararasi
alanda rekabet sansim1  arttirabilmeleri  igin
GLOBALGAP (Good Agricultural Practices-lyi
Tarim Uygulamalari), yerel iiretimde
siirdiiriilebilirligi saglanmasi i¢in ITU (Iyi Tarim
Uygulamalar) sertifikasyon sistemine dahil olmalari
istenmektedir. ITU, tarimsal iiretim sistemini sosyal
acidan yasanabilir, ekonomik agidan karli ve verimli,
insan sagligini koruyan, hayvan sagligi ve refahi ile
gevreye Onem veren bir hale getirmek igin
uygulanmasi gereken islemler iken, GLOBALGAP,
tarimsal liretim i¢in uluslararasi kabul gormiis bir
standart olup, diinya ¢apinda yogun arastirmalarin,
uzmanlar, ireticiler ve perakendecilerin igbirliginin
bir sonucu olusturulan bir sertifikasyon sistemidir
(Y1lmaz vd. 2009; Sen ve Yilmaz 2017). Ortaklar bu
konularda fretici birliginden egitim ve tesvik
anlaminda 6nemli destekler beklemektedirler.

Nitekim Avrupa Birligi (AB) iilkelerindeki
iiretici Orgiitleri tarimsal gelirleri saglamada %60’
ilizerinde, pazarlama siirecinde ise %50’ nin {lizerinde

etkindirler. AB’de su firiinleri orgiitleri ireticiyi
koruyan, hatta su {irlinleri piyasasina yon veren
niteliktedir. Tiirkiye’de de {ireticiyi ekonomik
anlamda koruma amaciyla iiretici birliklerinin
giiclendirilmesi, yetkilerinin arttirilmasi, pazarlama
stratejilerinin gelistirilmesi yoluyla iireticilere katki
saglanmalidir.

Calismada ortaklarin {iretici birliginin basari
durumunu ve basar1 kriterini degerlendirmeleri de
incelenmistir. Bu kapsamda, su iiriinleri iiretici birligi
ortaklart %54,3 oraninda birligi basarili olarak
degerlendirmistir.  Ortaklar tarafindan  birligin
basarili olma kriterleri puanlandiginda 5 iizerinden,
en fazla 4,03 ile “diiriist ¢alisilmas1” segeneginin,
daha sonra “ortaklar ve birlik yoneticileri arasinda
birlik ve beraberlik olmasi” seceneginin tercih
edildigi gozlenmistir.

Uretici birliginin faaliyetlerini yetersiz olarak
degerlendiren ortaklar ise birligin kosullarinin sinirh
olmasi nedeniyle, iiretici birliginin beklenen basariy1
tam olarak gergeklestiremedigi konusunda genel bir
goriise sahiptir. S6z konusu ortaklara gore, Su
Uriinleri Uretici Birligi’nin basarili olabilmesi icin
oncelikle sorunlarmin ¢Oziimlenmesi ve
ihtiyaglariin karsilanmas1 gerekmektedir. Bunun
icinde “devlet destegi” ile “ortaklarin birlik ve
beraberligi” ve “bilingli olunmasi1” 6ne ¢ikan oneriler
arasindadir.

Egitim, Ogretim ve bilgilendirme konusu da
hem su iiriinleri {iretici birligi ortaklarinin hem
de yoneticilerin en biiyilk sorunlarindandir.
Ortaklarin ve yoneticilerin Oncelikle balikgilik

meslegini  kapsamli  olarak  tanimasi, balik
stoklarinin ~ bilingli  ve  strdiiriilebilir  sekilde
isletilebilmesi,  kullandiklar1 ~ kaynagin  temel

ozelliklerini 6grenmesi, iklim degisikliginin olasi
etkileri, ¢evre, hava ve su kirliginin avcilik ve
yetistiricilik faaliyetlerine dogrudan ve dolayl
etkileri iizerine farkindaliklarinin artmasi egitimle
kazandirilabilir. Ayrica arastirma sonuglarindan da
anlagilmaktadir ki ortaklar, pazarlama faaliyetleri,
destek ve tesvikler, balik¢ilik haklari, orgilitlenme
anlayis1  konularinda da donanimli egitimler
almalidirlar. Bu konular ile ilgili kurumlar tarafindan
(Gniversiteler, bakanliklar, sivil toplum kuruluslari
gibi) daha fazla egitim programlar1 diizenlenerek,
gelismis ve gelismekte olan iilkelerdeki basarili
orgiitlenme Ornekleri anlatilarak biling diizeyi
arttirilmali, Orgitlerin  ortaklara, ortaklarin da
orgiitlere yararli olmasi saglanmalidir. Nitekim son
donemlerde iiretici birliginde de bu tiir ¢aligmalar
oldugu bilinmektedir. Ancak ilgingtir ki, analiz
sonuclarina gore egitim durumu ile iiretici birligini
basarili bulma durumu, iiretici birliginin mevzuat
sorunu olduguna karar verme durumu ve fretici
birliginin finansman sorunu olduguna karar verme
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durumu arasinda istatiksel olarak anlamli bir iligki
bulunamamustir.

Oysa AB iilkelerinde {iretici dOrgiitlerinde
egitimin 0zel bir 6onemi vardir. Ciinkii arastirmada
yer alan ortaklarin istedigi bilingli yetistiricilik ancak
egitimle  mimkiindlir.  Basarili,  {reticilerin
dayanigma igerisinde, yenilikleri takip eden ve
haklarin1  koruyabilmelerini saglayan Orgiitlenme
yapilariin kurulmasi egitim ile saglanabilir.

AB iilkelerinin neredeyse tamaminda drgiitlenme
egitimi veren kurumlar ve aragtirma merkezleri
bulunmaktadir. Ulkemizde de AB’de oldugu gibi,
Orgiitlenme egitimi veren kurumlarin sayisinin
arttirllmasi, Orgiitlenmenin ilkdgretimden itibaren
farkli asamalarda egitim miifredat1 igerisinde yer
almasi, egitimin balik¢1 Orgiitleri ortaklar1 ve
yoneticilerine hatta ortak olmayanlara, cocuklara ve
kadinlara kisacasi tiim halka ulagmasi, 6rgiitlenmenin
kalkinmadaki rolii ve yararlarinin iyi kavranmasi,
orgiitlenmeye verilen Onemin arttirilmast
gerekmektedir. Ciinkii tiim diinyada oldugu gibi,
Tiirkiye’de de su iriinleri iiretimi ile ilgili her
asamada egitim gormiis Ureticilerin ve ¢alisanlarin
daha kaliteli, daha verimli iiretim yapabilecegine
inanilmaktadir. Bu nedenle iilkemizde su {irlinleri
miihendisi istihdami ile ilgili gerekli diizenlemeler
yapilmali ve yetistiricilik isletmelerinde ¢alisan su
griinleri  miihendislerinin ~ sayisinin  arttirilmast
gerekmektedir. Balik {iretim tesisleri, su tiriinleri
iretimi, hastalik takibi, raporlama ve mevzuat
konularinda donanimli olan su {irlinleri mithendisleri
ile AB standartlarina uygun iiretim yapilabilecektir.
Hatta arastirmada yer alan ortaklar, balik yemi
iiretilen fabrikalarda ve isleme tesislerinde de su
iiriinleri mithendisleri calistirilmasi gerektigini, kendi
isletmelerinde calistirmak igin ise devletten tesvik
beklediklerini savunmuslardir.

Yapilan incelemede, orgiitlenme ile ilgili basili
yayinlara ulasilmasi ve bu tiir yayinlarin bilinglenme
siirecine katki saglayabilmesi i¢in okuma aliskanligi
olmasi gerektigi sonucuna varilmistir. Bu tiir yayinlar
ilgili kamu kurumlari, iiniversiteler ve iist orgiitler
tarafindan ~ hazirlanmali, yaymlarda  kolay
anlasilabilecek sade bir dil kullanilmali ve hem
ortaklarin hem de ydneticilerin eline ulagmasi
saglanmalidir. Basili yaymlarin yaninda, kisa
bilgilendirme filmleri, reklamlar hazirlanarak ve
gorsel medya araglart kullanilarak daha fazla kisiye
ulagsmast da saglanabilir. Ancak bu siireglerin
maliyetleri yiiksek oldugundan, diger taraftan 6nemi
de yiiksek oldugundan mali olarak desteklenmesi
sarttir.

Arastirmada kullanilan faktor analizi yontemi ile
ortaklarin iretici birligine ortak olma nedenleri de
incelenmistir. Analiz sonuglara gore, su {riinleri
iiretici birligi ortaklarimin iiretici birligine ortak olma

nedenlerini etkileyen faktorler {iretici birliginin
teknik ve ekonomik destegi, iiretici birliginin
faaliyetlerinden yararlanmak olarak belirlenmistir.
Nitekim arastirma bdlgesindeki iireticilerin {iretici
birligine ortak olmalari ile yerine getirilmesi gereken
bircok prosediirii daha kolay ¢6ziimledigi ortaya
cikmustir,

Aragtirmada faktor analizi ile ortaklarin iiretici
birligi ilgili diisiincelerini ve degerlendirmelerini
etkileyen faktorler de incelenmistir. Analiz
sonuglarina gbre, su {Uriinleri {retici birligi
ortaklarinin iretici birligi ile ilgili diisiince ve
degerlendirmelerini  etkileyen faktorler, iiretici
birligine duyulan giiven, iiretici birliginin ortaklarin
refahina olan etkisi, iiretici birligine ortak olmanin
sagladigi faydalar, firetici birliginin sagladigi
kolayliklar ve iiretici birliginin basarisidir.

Sonu¢ olarak calismada, iilkemizdeki {iretici
orgiitlenmeleri icin AB tipi oOrgiitlenmeler 6rnek
alinsa da s6z konusu faktorlerin birgogu orgiitler
tarafindan kargilanamadigindan ve AB’deki iiretici
orgiitlenmeleri ile yapisal ve iglevsel farkliliklardan
dolay1 istenen basarinin elde edilemedigi ortaya
cikmistir. Avrupa Birligi’nde su {irlinleri orgiitleri;
iireticiyi koruyan ve su iiriinleri piyasasina yon veren
niteliktedir. Ayrica, AB’deki {iretici 6rglitlenmesinde
orgiitlenmeyi  olusturan unsurlar, gorev ve
sorumluluklari ile birbirlerini tamamlayan yapidadir.
Yapisal olarak iilkemizden farkli olan iiretici
orgiitlenmeleri tarimsal politikaya yon verilmesi
amaciyla lobi faaliyetleri de gergeklestirmektedir.
Hatta AB’deki tarimsal Orgiitler, piyasalarn
diizenlemede kullanilan AB fonlarindan yararlanmak
icin bir araya gelerek, yeni iiretici organizasyonlar1
kurabilmektedir. Ulkemizde de AB iilkelerindeki
gibi, ireticileri bir araya getirecek, oOrgiitlenmeyi
kolaylastiracak yasal diizenlemelerin yapilmasi
yararli olacaktir.
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