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ABSTRACT

ARTICLE INFO

The spatio-temporal variations of phytoplankton diversity of the ‘de-mineralized’
sacred Thadlaskein Lake of Meghalaya state of northeast India are monitored
based on analyses of the littoral and limnetic assemblages. Our study reveals a
total of 51 species, depicts notable desmid diversity, and records the speciose
constellation of 49 species per sample. Phytoplankton indicates importance vis-a-
vis net plankton abundance and exhibits quantitative dominance of Charophyta;
Chlorophyta > Bacillariophyta > Dinozoa > Chrysophyta are sub-dominant
groups, and Cyanobacteria and Euglenozoa record poor densities. Closterium
spp., Cosmarium spp., Scenedesmus spp. and Staurastrum spp. are noteworthy
taxa, and eleven species contribute notably to phytoplankton abundance. Our
results depict high species diversity, lower dominance and high evenness.
Individual abiotic factors exert the differential spatial influence on phytoplankton,
and register the relative importance of the rainfall, transparency and total
hardness, while the CCA registers the moderate cumulative influence of 10 abiotic
factors on the littoral and limnetic assemblages. The spatial variations of various
aspects of phytoplankton diversity and the influence of abiotic factors are
hypothesized to the habitat heterogeneity amongst the two regions. The present
study is a useful contribution to the phytoplankton diversity of India and that of
the subtropical lacustrine environs of the country.
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Introduction

Thadlaskein or 'Pung Sajar Nangli', a man-made
historical Lake of Meghalaya state of NEI, is named
after the legacy of a young medieval Jaintia rebel
leader named 'Sajar Nangli'. This sacred Lake is
revered by the people of Raid Mukhla and is
worshipped by the Niamtre community of
Meghalaya. Our study on phytoplankton diversity of
the sub-tropical Thadlaskein lake is important in
view of the paucity of works based on the detailed
analyses of the spatio-temporal variations of
phytoplankton assemblages of India, and the sub-
tropical lacustrine systems of north India (NI) in
particular (Sharma and Sharma 2021a). Referring to
NI, certain useful studies from its northwest region
with a variable focus on temporal variations are from
the lakes of Kashmir (Zutshi and Wanganeo 1984;

Wanganeo and Wanganeo 1991; Baba and Pandit
2014; Ganai and Parveen 2014), Himachal Pradesh
(Thakur et al. 2013; Gupta et al. 2018; Jindal et al.
2013, 2014a, 2014b) and Uttarakhand (Sharma and
Singh 2018; Sharma and Tiwari 2018). The notable
studies from lacustrine environs of northeast India
(NEI) are, however, limited to the spatio-temporal
analyses of phytoplankton diversity of the selected
reservoirs of Mizoram (Sharma and Pachuau 2016)
and Meghalaya (Sharma and Sharma 2021a, 2021b)
states, while the works of Sharma (1995), Sharma
and Lyngdoh (2003) and Sharma and Lyngskor
(2003) dealt with the preliminary surveys from
certain reservoirs of Meghalaya.

The present study on phytoplankton diversity of
Thadlaskein Lake, based on analyses of the monthly
littoral and limnetic net plankton collections,
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assumes national and regional limnology interest in
light of the stated lacunae as well as a pioneering
work on algal diversity of a sacred Lake of NEI. This
study monitors the spatio-temporal variations of
species  composition,  richness,  community
similarities, abundance, notable taxa, important
species, species diversity, dominance, evenness, and
the individual and cumulative influence of abiotic
factors on phytoplankton assemblages. We compare
our results with the studies from the Himalayan and
sub-Himalayan sub-tropical lakes of India, and the

floodplain lakes and the sub-tropical reservoirs of
NEI.

Materials and Methods

Study Site

Thadlaskein Lake or 'Pung Sajar Nangli' (Lat.
25.4969° N, Long. 92.1730° E; area ~5 ha; max.
depth 12 m) is located beside National Highway 6 by
the side of Mukhla village and at a distance of about
10 km from the city of Jowai of West Jaintia Hills
district of Meghalaya state of NEI (Figure 1, A-D).
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Figure 1. A-D: A, map of India showing Meghalaya state (red colour); B, District map of Meghalaya showing West

Jaintia Hills district (blue colour); C, part map of West Jaintia Hills district showing the location of Mukhla village; D,
Photograph of Thadlaskein Lake indicating the sampled Littoral and Limnetic regions

This lake is named after the legacy of a medieval
young leader named Sajar Nangli - a rebel
general of the Jaintia king who along with his clan
dug this lake with the ends of their arrows to
commemorate the great exodus of their clan.
Thadlaskein Lake is fed by a perennial spring,
indicates distinct growth of Utricularia vulgaris in
the littoral region, and we categorize it as a small
lake following Downing et al. (2008) and Céréghino
etal. (2014).

Methodology

The present study is based on the limnological
survey of Thadlaskein Lake undertaken during
January—December 2016. Water samples as well as

the qualitative and quantitative net plankton samples
were collected at monthly intervals from the littoral
and limnetic regions.

Physico-chemical Analysis: Water temperature,
pH and specific conductivity were recorded with the
field probes (Whatman), transparency was measured
with a Secchi disc, dissolved oxygen was estimated
by Winkler’s method, and other abiotic factors
namely total alkalinity, total hardness, calcium,
magnesium, chloride, dissolved organic matter, total
dissolved solids, phosphate, nitrate, sulphate and
silicate were analyzed following APHA (1992). The
rainfall data were obtained from the local
meteorological station.
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Sampling Procedure and Analyses: The
gualitative net plankton samples were collected by
towing a nylon bolt plankton net (#40 pum) and
preserved in 5% formalin, and were screened with a
Wild  Stereoscopic  binocular  microscope.
Phytoplankton was observed with a Leica
stereoscopic microscope (DM 1000) and was
identified following the works of Biswas (1949),
Islam and Haroon (1980), Prescott (1982), Fitter and
Manuel (1986), Anand (1998) and John et al. (2002).
The community similarities were calculated to vide
Serensen’s index and the hierarchical cluster analysis
was computed vide SPSS (version 20). The
quantitative net plankton samples were obtained by
filtering 25 L of water each through the plankton net
and were preserved in 5% formalin. The quantitative
enumeration of phytoplankton assemblages was done
by using a Sedgewick-Rafter counting cell and
abundance was indicated as n/l (Woelkerling et al.
1976).

Data Analysis: Species diversity (Shannon-
Weiner’s index), dominance (Berger-Parker’s index)
and evenness (E; index) were calculated vide Ludwig
and Reynolds (1988) and Magurran (1988). Two-
way ANOVA was used to ascertain the significance
of variations of the abiotic factors and phytoplankton.
Pearson correlation coefficients, for the littoral and
limnetic regions (r. and rp, respectively), were
calculated  between  abiotic  factors  and
phytoplankton; p values (two-tailed) were calculated
vide http://vassarstats.net/tabs.html and  their

significance were ascertained after Bonferroni
corrections. The canonical correspondence analysis
(XLSTAT 2015) was done to ascertain the
cumulative influence of 10 abiotic parameters: water
temperature,  rainfall,  transparency, specific
conductivity, total alkalinity, total hardness,
phosphate, nitrate, dissolved organic matter and total
dissolved solids on the littoral and limnetic
phytoplankton assemblages.

Results

The spatio-temporal variations of abiotic factors
of Thadlaskein Lake are indicated in Table 1.
This study records water temperature ranging
between  12.0-24.5°C, transparency  between
47.0-120cm, pH between 6.38-6.95, specific
conductivity between 20.0-29.5 uS/cm, dissolved
oxygen between 6.1-8.6 mg/l, free carbon dioxide
between 4.0-8.0 mg/l, total alkalinity between
19.0-29.0 mg/l, total hardness between 16.0-26.0
mg/l, calcium between 7.4-12.6 mg/l, magnesium
between 3.3-9.8 mg/l, chloride between 20.5-39.0
mg/l, dissolved organic matter between 1.1-4.0 mg/I
and total dissolved solids between 0.02-3.9 mg/I,
while phosphate, nitrate, sulphate and silicate range
between 0.210-0.547 mg/I, 0.007-0.089, 0.059-0.335
and 0.7-10.0 mg/l, respectively. Rainfall ranged
between 12.0-1920.4 mm during the study.
The significance of the spatio-temporal variations
(vide ANOVA) of abiotic factors is indicated in
Table 2.

Table 1. The spatio-temporal variations of abiotic factors

Regions— Littoral Limnetic
Factors | Range Mean = S.D Range Mean = S.D
Water temperature (°C) 12.0-22.5 18.843.6 16.5-24.5 18.743.7
Rainfall (mm) 12.0-1920.4 613.5+£667.9 12.0-1920.4 613.5+667.9
Transparency (cm) 47.0-70.0 57.6+7.1 80-120 62.1+£7.3
pH 6.38-6.85 6.62+0.17 6.40-6.95 6.67+0.15
Specific conductivity (uS/cm) 21.0-27.0 25.1+£3.4 20.0-29.5 24.7+2.6
Dissolved oxygen (mg/l) 6.1-8.6 7.2+0.7 6.2-8.4 7.1+0.9
Free Carbon dioxide (mg/l) 4.0-8.0 6.7£1.2 4.0-9.0 6.0+1.3
Total Alkalinity (mg/l) 19.0-28.0 23.442.4 20.7-29.0 24.0+£2.7
Total Hardness (mg/I) 16.0-25.0 19.5+4.8 16.9-26.0 21.2+2.2
Calcium (mg/1) 7.4-10.5 9.4+1.0 7.4-12.6 9.4+1.7
Magnesium (mg/l) 3.8-9.1 6.4+1.8 3.3-9.8 6.3+2.1
Chloride (mg/l) 20.5-36.5 33.1+5.0 23.0-39.0 32.7+5.1
Phosphate (mg/l) 0.278-0.547 0.413+0.082 0.210-0.478 0.349+0.091
Nitrate (mg/1) 0.010-0.041 0.018+0.008 0.007-0.089 0.021+0.022
Silicate (mg/l) 0.180-0.335 0.263+0.095 0.059-0.280 0.200+0.061
Sulphate (mg/l) 4.3-10.0 7.0£1.9 0.7-9.2 4.1£2.4
Dissolved organic matter (mg/I) 1.2-4.0 2.4+0.9 1.1-34 2.7£1.6
Total dissolved solids (mg/l) 1.0-2.6 1.7+0.5 0.2-3.9 1.3+1.8
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Table 2. ANOVA indicating the spatio-temporal significance of abiotic factors
Parameters Regions Months
Water temperature - F11,23=76.340, P=9.42E-09
Transparency F1,23 = 28.566, P = 0.0003 F11,03 = 24.923, P = 3.48E-06
pH -

Specific conductivity

F11,23=5.133, P= 0.0057

Dissolved oxygen

Free Carbon dioxide

Total Alkalinity

F11,23: 3.783, P =0.018

Total Hardness

Fi1123=7.116, P = 0.0015

Calcium

Magnesium

Fi1123=6.171, P = 0.0027

Chloride

Fi1,23=4.379, P= 0.0107

Phosphate

F123 = 43.466, P = 3.9E-05

Fi123= 27.915, P = 1.94E-06

Sulphate

Nitrate

Silicate

F123 =5.734, P = 0.035

Dissolved organic matter

F11,23.= 6.324, P = 0.0024

Total dissolved solids

(-) insignificant variations
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Figure 2. The spatio-temporal variations of phytoplankton richness
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Figure 3. Hierarchical cluster analysis of phytoplankton assemblage (Littoral region)
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Figure 4. Hierarchical cluster analysis of phytoplankton assemblage (Limnetic region)

Table 3. The spatio-temporal variations of phytoplankton assemblages

Taxa | Regions — | Littoral region | Limnetic region
Richness

Phytoplankton (51 species) 34-44, 38+3 species 37-49, 42+4 species
Community similarity (%) 71.4-94.5 67.5-94.7
Charophyta (27 species) 19-26, 22+2 species 19-25, 2242 species
Abundance (n/l)

Net Plankton 368-652  510+103 315-658 482+116
Phytoplankton 210-421  300+81 159-388  259+79
Percentage of net phytoplankton 50.4-66.1  58.0+4.8 41.8-61.1 53.0+£5.2
Charophyta 94-192 136438 70-190 122439
Percentage of phytoplankton 40.1-55.6  45.4+43 39.2-52.1 46.5+3.3
Chlorophyta 35-97  64+20 24-73  43+15
Percentage of phytoplankton 18.0-29.5 21.443.2 11.9-20.4 16.5+2.1
Bacillariophyta 20-58  40+12 28-45  36+7
Percentage of phytoplankton 9.8-17.4 14.1£2.9 9.5-21.8 14.443.3
Dinozoa 21-41 3149 13-43 27411
Percentage of phytoplankton 7.4-18.3  10.74£2.6 8.7-21.8  14.3+3.7
Chrysophyta 7-44  23+13 8-48 21+12
Percentage of phytoplankton 74-11.3 7.1£2.7 5.0-134 7.5+24
Cynaobacteria 2-7 3+1 3-9 612
Euglenozoa 0-6 242 1-7 4+2
Diversity indices

Species Diversity 2.986-3.366 3.169+0.122 3.045-3.503  3.319+0.138
Dominance 0.073-0.157  0.103+0.020 0.063-0.133  0.092+0.022
Evenness 0.827-0.912  0.870+0.026 0.830-0.950  0.893+0.038
Important taxa (n/l)

Staurastrum spp. 17-64  39+13 12-61 3514
Closterium spp. 17-53 34+14 17-55 33+13
Cosmarium spp. 9-37 2249 7-38 2149
Scenedesmus spp. 9-44  23+11 9-35 19+8
Important species (n/l)

Ulothrix aequalis 10-39 2749 6-29  13+6
Ceratium hirudinella 10-40 26+9 8-42  22+11
Dinobryon sociale 7-44  23+13 8-48 21£12
Navicula radiosa 8-40  23+11 8-27  16£7
Closterium acrosum 5-42 19412 0-32 16+10
Scenedesmus acuminatus 8-41 18+10 6-32  15+8
Cosmarium granatum 3-25 1849 5-35 1619
Staurastrum arctiscon 6-34 16£9 6-36  17+11
Staurastrum freemani 2-24  15+8 4-24 1346
Cosmarium decoratum 4-41 1245 2-20  11+£5
Spirogyra indica 10-21 1343 4-12  8+3




Sharma & Sharma 2022 - LimnoFish 8(1): 1-17

Phytoplankton abundance (Table 3) ranges
between 210-421 and 159-388 n/l; it comprises
50.4-66.1 and 41.8-61.1% of net plankton
abundance at the littoral and limnetic regions and
depicts a bimodal pattern of monthly density
variations  (Figure 5). Charophyta indicate
abundance (Figure 6) varying between 84-192 and

79-190 n/l;  Chlorophyta (Figure 7), and
Bacillariophyta, Dinozoa and  Chrysophyta
abundance vary between 35-97 and 24-73 n/l, 20-58
and 28-45 n/l, 21-41 and 13-43n/1, and 7-44 and 8-48
n/l at the two regions (Figures 8-9). Cyanobacteria
and Euglenozoa record poor abundance in
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Figure 5. The spatio-temporal variations of phytoplankton abundance
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Figure 6. The spatio-temporal variations of Charophyta abundance
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Figure 7. The spatio-temporal variations of Chlorophyta abundance
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Figure 8. The spatio-temporal variations of the abundance of subdominant groups (Littoral)
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Figure 9. The spatio-temporal variations of the abundance of subdominant groups (Limnetic)

Staurastrum spp. (39+13, 3514 n/1), Closterium
spp. (34+14, 33+13 n/l), Cosmarium spp.
(2249, 2149 n/1) and Scenedesmus spp. (23+11, 19+8
n/l) are notable (Table 3) taxa of the littoral and
limnetic phytoplankton. Ceratium hirudinella,
Closterium acrosum, Cosmarium decoratum,
C. granatum, Dinobryon sociale, Navicula radiosa,
Scenedesmus acuminatus, Staurastrum arctiscon,
S. freemani, Spirogyra indica and Ulothrix aequalis
are quantitatively notable species (Table 3).
Phytoplankton species diversity (Figure 10),
dominance and evenness range  between
2.986-3.366 and 3.045-3.503, 0.073-0.157 and
0.063-0.133, and 0.827-0.912 and 0.830-0.950
at the two regions, respectively (Table 3).
The spatio-temporal significance of phytoplankton
assemblages and diversity indices (vide ANOVA)
are indicated in Table 4.

Phytoplankton influence net plankton richness
(r1= 0.805, p = 0.005; r,= 0.761, p = 0.0106) at the
littoral and limnetic regions, respectively
and Charophyta influence phytoplankton richness
(ri= 0.871, p = 0.001) at the littoral region.
Phytoplankton influence net plankton abundance

(ri=0.987, p < 0.0001; r.=0.965, p < 0.0001), and
Charophyta (ri= 0.919, p = 0.0002; r, = 0.985,
p < 0.0001), Chlorophyta (ri= 0.939, p <0.0001;
r.= 0.910, p = 0.0003), Bacillariophyta (r.= 0.693,
p = 0.026; r,= 0.701, p = 0.024) and Chrysophyta
(r.== 0.954, p < 0.0001; r,= 0.914, p = 0.0002)
influences phytoplankton abundance at the littoral
and limnetic regions, while Dinozoa influences
phytoplankton (r2= 0.953, p < 0.0001) at the limnetic
region.

Eleven important ~ species  collectively
influence phytoplankton abundance at the two
regions (ri= 0.981, p < 0.0001; r.= 0.984,
p < 0.0001); Ceratium hirudinella (r. = 0.810,
p =0.004; r,=0.924, p = 0.0001), Dinobryon sociale
(r. = 0.954, p < 0.0001; r, = 0.914, p = 0.0002),
Closterium acrosum (r; = 0.892, p = 0.0005;
r, = 0.926, p = 0.002), Cosmarium granatum
(r. = 0.945, p < 0.0001; r, = 0.834, p < 0.0027),
Scenedesmus acuminatus (r. = 0.869, p = 0.0011,
r, = 0.852, p = 0.0011), Staurastrum arctiscon
(r. = 0.753, p = 0.011; r, = 0.753, p = 0.0027),
S. freemani (r, = 0.793, p = 0.006; r, = 0.709, p =
0.022), and Navicula radiosa (r1 = 0.819, p = 0.004;
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r. = 0.851, p = 0.002) influence phytoplankton
abundance at both the regions.
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Figure 10. The spatio-temporal variations of phytoplankton species diversity

Table 4. ANOVA indicating the spatio-temporal significance of phytoplankton assemblages

Parameters|

Regions

Months

Phytoplankton richness

F1,23 = 18.285, P =0.0013

F11.23 = 8.056, P=0.0008

Chlorophyta richness

F11.23=6.088, P=0.0028

Abundance

Phytoplankton

F1,23 = 18.287, P =0.0013

F11,03 = 48.887, P= 1E-07

Charophyta F123 =9.562, P = 0.0102 F1123= 25.536, P= 2.1E-06
Chlorophyta Fi123 = 76.394, P = 2.8E-06 Fi1,03=17.746, P= 2.0E-05
Bacillariophyta - F1103=2.284, P=0.0486
Dinozoa - -
Chrysophyta - Fi11,23= 23.456, P= 4.8E-06

Staurastrum spp.

F11,23=9.911, P= 0.0003

Closterium spp.

F11,23=9.423, P= 0.0004

Cosmarium spp.

F11,23=12.138, P=0.0001

Scenedesmus spp.

F11,23=22.035, P= 6.5E-06

Ceratium hirudinella

F11,23= 8.989, P= 0.00052

Closterium acrosum

F11,23= 12.586, P=0.0001

Cosmarium decoratum

F11,23= 8.954, P= 0.0005

Cosmarium granatum

Fi123=16.994, P= 2.4E-05

Dinobryon sociale

F11,23= 23.456, P= 4.8E-06

Navicula radiosa

Fi123 =9.702, P = 0.0098

F11,23=5.849, P= 0.0034

Scenedesmus acuminatus

F123 = 6.769, P = 0.0246

F1103=28.317, P= 1.8E-06

Spirogyra indica

F103 =22.118, P = 0.0006

Staurastrum arctiscon

Fi123=19.078, P= 1.4E-05

Staurastrum freemani

F11,23= 8.653, P= 0.0006

Ulothrix aequalis

Fi103 =57.714, P = 1.1E-06

F11,23=5.231, P= 0.0053

Diversity indices

Species Diversity

F123 =71.421, P = 3.9E-06

F1123=18.166, P= 1.7E-05

Dominance

Evenness

Fi2s =12.728, P = 0.0044

F11,23=9.035, P= 0.0005

(-) insignificant variations

Staurastrum spp. > Closterium spp. >
Cosmarium spp. > Scenedesmus spp. collectively
influence phytoplankton (r1= 0.953, p < 0.0001; r=
0.984, p < 0.0001) and Chlorophyta (ri= 0.979,
p < 0.0001; r,= 0.997, p < 0.0001) abundance at the
two regions. Closterium spp. (r:= 0.806, p = 0.005;

r= 0.907, p < 0.0003), Cosmarium spp. (r;= 0.929,
p = 0.0001; r.= 0.840, p = 0.002), Scenedesmus spp.
(ri= 0.914, p = 0.0001; r,= 0.824, p = 0.003) and
Staurastrum spp. (ri= 0.929, p = 0.0001; r,= 0.900,
p = 0.0004), individually influence phytoplankton at
the two regions. Closterium spp. (ri= 0.923,
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p = 0.0001; r,= 0.908, p =0.0003), Cosmarium spp.
(r.= 0.879, p = 0.0008; r.= 0.809, p = 0.0045), and
Staurastrum spp. (ri= 0.951, p < 0.0001; r,= 0.934,
p < 0.00031) influence Charophyta abundance at the
two regions. Scenedesmus spp. (ri= 0.869, p =
0.0011; r= 0.779, p = 0.008) influence Chlorophyta
abundance at the two regions. Closterium acrosum (r:
= 0.874, p = 0.0009; r, = 0.877, p = 0.0009),
Cosmarium granatum (r; = 0.849, p = 0.0019; r, =
0.795, p =0.0060), Staurastrum arctiscon (r1=0.752,
p = 0.0121; r, = 0.810, p = 0.0045) influence
Charophyta abundance at both the regions.
Scenedesmus acuminatus (r1 = 0.856, p = 0.0016; r,=
0.933, p < 0.0001) influence Chlorophyta abundance
at the two regions. Navicula radiosa influences
Bacillariophyta abundance at the littoral (r;=0.935,
p=0.0003) and limnetic (r,=0.883, p=0.0007)
regions. Ceratium hirudinella influences Dinozoa
abundance at the littoral region (ri= 0.849, p <
0.0019) and limnetic regions (r.= 0.960, p < 0.0001).

The species diversity is inversely influenced by
abundance of Scenedesmus acuminatus (r1= -0.736,
p= 0.015) and Ulothrix aequalis (ri= -0.757, p=
0.011) at the littoral region, and by Closterium
acrosum (r= -0.752, p=0.012), Cosmarium
granatum ((r.= -0.844, p= 0.002), Scenedesmus
acuminatus (r.= -0.809, p=0.005), Spirogyra indica
(r2=-0.739, p= 0.015), Ulothrix aequalis (r.=-0.720,
p= 0.019) and Ceratium hirudinella (r.= -0.689, p=
0.025) at the limnetic region. It is inversely
influenced by dominance (r.=-0.731 p = 0.016) at the
limnetic region, and is positively influenced by
evenness (ri= 0.776, p= 0.008; r,= 0.797, p= 0.006)
at the two regions, respectively. Evenness records an
inverse correlation with dominance at the littoral
region (r2=-0.842, p= 0.002); is inversely influenced
by abundance of phytoplankton (r, = -0.832,
p= 0.003), Chlorophyta (r; = -0.768, p= 0.009),
Chrysophyta (r1 = -0.740, p= 0.014), Cosmarium
granatum ((ri.= -0.845, p= 0.002), Scenedesmus
acuminatus (ri= -0.779, p= 0.008), Staurastrum
freemani (ri= -0.728, p= 0.017), Ulothrix aequalis
(r1=-0.945, < 0.0001) and Ceratium hirudinella (r;=
-0.891, p= 0.0005) and Dinobryon sociale (ri=
-0.740, p = 0.014) at the littoral region. Chlorophyta
(r2 = -0.904, p= 0.0003), Dinophyta (r,= -0.882, p=
0.0007), Chrysophyta (r. = -0.919, p= 0.0002),
Closterium acrosum (r.= -0.908, p= 0.0003),
Cosmarium granatum (r.= -0.868, p= 0.001),
Scenedesmus acuminatus (r.= -0.878, p= 0.0008),
Staurastrum arctiscon (r.= -0.735, p= 0.015),
Spirogyra indica (r.= -0.882, p = 0.0007), Ulothrix
aequalis (r= -0.826, p = 0.003), Ceratium
hirudinella (r,= -0.907, p= 0.0003), Dinobryon
sociale (r;= -0.919, p = 0.0002) and Navicula
radiosa (ri= -0.762, p = 0.010) inversely influence

evenness at the limnetic region. The dominance
positively  correlates  with  abundance  of
phytoplankton (r.= 0.690, p= 0.027), Dinophyta (r.=
0.807, p=0.005), Chrysophyta (r.= 0.807, p= 0.005),
Closterium acrosum (r.= 0.694, p= 0.026),
Scenedesmus acuminatus (r.= 0.844, p= 0.002),
Spirogyra indica (r.= 0.707, p= 0.022), Ulothrix
aequalis (r.= 0.685, p=0.029), Ceratium hirudinella
(ro= 0.825, p= 0.003) and Dinobryon sociale (r=
0.807, p=0.005) at the limnetic region.

Water temperature registers inverse influence on
Charophyta richness (r. = -0.758, p= 0.0111) at the
limnetic region, and magnesium registers positive
influence on phytoplankton (r. = 0.778, p = 0.008)
and Charophyta richness at (r. = 0.759, p= 0.011) at
the littoral and limnetic regions, respectively. The
rainfall exerts inverse influence on abundance of
phytoplankton (r, = -0.796, p= 0.006; r, = -0.819, p=
0.004), Charophyta (r.=-0.871, p=0.001; r,=-0.835,
p= 0.003), Chlorophyta (r; = -0.665, p= 0.036; r; =
-0.727, p= 0.003), Chrysophyta (r; = -0.789, p=
0.007; r, = -0.746, p= 0.013), and Cosmarium
granatum (r1 = -0.786, p= 0.007; r, = -0.681, p=
0.030) at the two regions. It exerts inverse influence
on Closterium acrosum (r1=-0.796, p= 0.006) at the
littoral region, and on abundance of Dinozoa (r; =
-0.779, p= 0.008), Ceratium hirudinella (r.= -0.767,
p= 0.009), Navicula radiosa (r.= -0.679, p = 0.031)
Scenedesmus acuminatus (r.= -0.735, p= 0.015),
Spirogyra indica (r.= -0.788, p= 0.007) at the
limnetic region. Transparency records inverse
influence on abundance of phytoplankton (r1 =
-0.804, p= 0.005; r,=-0.749, p= 0.013), Charophyta
(r. = -0.777, p= 0.008; r, = -0.716, p= 0.020),
Chrysophyta (r1 = -0.818, p= 0.004; r, = -0.745, p=
0.013) and Ceratium hirudinella (r1 = -0.725, p=
0.018; r= -0.809, p= 0.004) at the two regions. It
exerts inverse influence on abundance of
Chlorophyta (r1 = -0.714, p= 0.020) and Closterium
acrosum (r; = -0.784, p=0.007) at the littoral region,
and on abundance of Staurastrum freemani (r.=
-0.685, p= 0.029), and Dinozoa (r, = -0.699, p=
0.024) at the limnetic region. Total hardness
positively influences abundance of Closterium
acrosum (ri= 0.697, p= 0.025; r,= 0.786, p= 0.007)
and Cosmarium granatum (r; = 0.686, p=0.028; r, =
0.860, p= 0.0014) at the two regions, and exerts
positive influence on phytoplankton (r.= 0.668, p=
0.034), Chlorophyta (r.= 0.714, p= 0.020),
Chrysophyta (r,= 0.682, p= 0.030), Ceratium
hirudinella (r.= 0.792, p= 0.006), Navicula radiosa
(r.=0.707, p= 0.009), Scenedesmus acuminatus (r,=
0.805, p= 0.005), Spirogyra indica (r.= 0.707, p=
0.009) abundance at the limnetic region. Total
alkalinity positively influences abundance of
Ceratium hirudinella (r,= 0.686, p=0.028; r,= 0.693,
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p= 0.026) at the two regions, and that of Cosmarium
granatum (r. = 0.863, p= 0.0013) Navicula radiosa
(ro= 0.770, p= 0.009), Scenedesmus acuminatus (r,=
0.706 p=0.022), Staurastrum freemani (r.= 0.709, p=
0.022), Spirogyra indica (r.= 0.782, p= 0.007) at the
limnetic  region. Nitrate depicts positive
influence on abundance of phytoplankton (r; =0.734,

Chrysophyta (r. = 0.789, p=  0.007),
Cosmarium granatum (r; = 0.750, p= 0.012),
Dinobryon sociale (i = 0.789, p= 0.0007),

Scenedesmus acuminatus (r1= 0.689, p= 0.027) and
Staurastrum arctiscon (r1= 0.710, p= 0.021). Specific
conductivity exerts inverse influence on Closterium
decorum (r. = -0.808, p= 0.005) abundance at the

p= 0.016), Charophyta (r1 = 0.674, p= 0.033), littoral region.
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Figure 11. CCA coordination biplot of abiotic factors and phytoplankton assemblage (Littoral)
Abbreviations: Abiotic factors: DOM (dissolved organic matter), Po4 (phosphate), No3 (nitrate), Rain (rainfall), Scon
(specific conductivity), TA (Total alkalinity), TDS (Total dissolved solids), TH (Total hardness), Tran (transparency), Wt
(water temperature. Biotic factors: Bac (Bacillariophyta abundance), Cha (Charophyta abundance), Chl (Chlorophyta
abundance), ChR (Charophyta richness), Chr (Chrysophyta), Cl ac (Closterium acrosum). Cl spp (Closterium species),
Cl de (Closterium decoratum), Co gr (Cosmarium granatum), Co spp (Cosmarium species), Cr hr (Ceratium hirudinella),
Din(Dinozoa), PR (phytoplankton richness), Phy (Phytoplankton abundance), Sc ac (Scenedesmus acuminatus), Sc spp
(Scenedesmus species), Sp in (Spirogyra indica), St spp (Staurastrum spp.), St ar (Staurastrum arctiscon), St fr
(Staurastrum freemani), Ul ae (Ulothrix aequalis)

first two axes, on phytoplankton assemblages at the
littoral and limnetic stations, respectively (Figures
11-12).

The canonical  correspondence  analysis
(CCA) registers moderate cumulative influence
(67.39 and 66.83 %) of 10 abiotic factors, along the
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Figure 12: CCA coordination biplot of abiotic factors and phytoplankton assemblage (Limnetic)
Abbreviations: Abiotic factors: DOM (dissolved organic matter), Po4 (phosphate), No3 (nitrate), Rain (rainfall), Scon
(specific conductivity), TA (Total alkalinity), TDS (Total dissolved solids), TH (Total hardness), Tran (transparency), Wt
(water temperature. Biotic factors: Bac (Bacillariophyta abundance), Cha (Charophyta abundance), Chl (Chlorophyta
abundance), ChR (Charophyta richness), Chr (Chrysophyta), Cl ac (Closterium acrosum). CI spp (Closterium species),
Cl de (Closterium decoratum), Co gr (Cosmarium granatum), Co spp (Cosmarium species), Cr hr (Ceratium
hirudinella),Din (Dinozoa), PR (phytoplankton richness), Phy (Phytoplankton abundance), Nv rd (Navicula radiosa), Sc
ac (Scenedesmus acuminatus), Sc spp (Scenedesmus species), Sp in (Spirogyra indica), St spp (Staurastrum spp.), St
ar (Staurastrum arctiscon), St fr (Staurastrum freemani), Ul ae (Ulothrix aequalis)

Discussion

Our results highlight very soft, slightly acidic-
circumneutral, calcium poor, de-mineralized and
oxygenated waters of Thadlaskein Lake with low
transparency, free carbon dioxide, chloride, dissolved
organic matter, total dissolved solids and nutrients.
The low specific conductivity, attributed to the
leached and weathered nature of the rocks and soils
because of high rainfall (Sharma and Sharma 2021a,
2021Db), warrants the inclusion of this lake under the
‘Class I’ category of trophic classification vides
Talling and Talling (1965) and Payne (1986).
ANOVA registers significant  spatio-temporal
variations of transparency and phosphate, and silicate
records significant spatial variations. Water
temperature, specific conductivity, total alkalinity,

total hardness, magnesium, chloride and dissolved
organic matter register significant monthly
variations, while pH, dissolved oxygen, free carbon
dioxide, calcium, sulphate, nitrate and total dissolved
solids record insignificant spatial and temporal
variations.

A total of 51 phytoplankton species examined
from Thadlaskein Lake compares with the reports
from the reservoirs of Meghalaya (Sharma and
Sharma 2021a) and Mizoram (Sharma and Pachuau
2016), and the floodplain lakes of Assam (Sharma
2004, 2015) but depicts the species-rich nature than
the reports from certain other reservoirs of
Meghalaya (Sharma 1995; Sharma and Lyngdoh
2003; Sharma and Sharma 2021b), and the
floodplains of Assam (Devi et al. 2016; Deb et al.
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2019) and Tripura (Bharati et al. 2020) states of NEI.
We report diverse phytoplankton than various lakes
of Kashmir (Jeelani and Kaur 2012; Nissa and Bhat
2016), Uttarakhand (Negi and Rajput 2015; Sharma
and Singh 2018; Goswami et al. 2018), Himachal
Pradesh (Gupta et al. 2018; Jindal and Thakur 2014;
Jindal et al. 2014b) from northwest India. The
comparisons depict the diverse phytoplankton
assemblage of this soft and de-mineralized water
sacred lake. Phytoplankton reveals the speciose
Charophyta concurrent with the reports from
Meghalaya (Sharma and Sharma 2021a, 2021b).

Woelkerling and Gough (1976), Payne (1986)
and Sharma and Sharma (2021a, 2021b)
hypothesized high desmid richness as a notable
feature of phytoplankton assemblages of the soft,
calcium-poor, and de-mineralized waters. The
speciose desmids (26 species) comprise ~51% and
~96% of Phytoplankton and Charophyta species,
respectively observed from Thadlaskein Lake and
thus affirm the stated hypothesis. The desmid flora
includes Closterium (5 species) > Staurastrum (4
species) > 3 species each of Cosmarium,
Micrasterias and Xanthidium, and 2 species each of
Arthrodesmus, Euastrum, Netrium and
Pleurotaenium, while Triploceras is represented by
one species. Total desmid richness noted vide our
study corresponds with the species listed from
Meghalaya (Sharma and Sharma 2021a).
Interestingly, this lake records high diversity of
desmid genera than reported from the lacustrine
environs of Himachal Pradesh (Thakur et al. 2013)
and NEI (Sharma 1995, 2015; Sharma and Lyngdoh
2003; Sharma and Pachuau 2016; Sharma and
Sharma 2021b).

Phytoplankton significantly influences net
plankton richness in the two regions. High richness at
the littoral > the limnetic region, except during July
and October, is hypothesized to the greater habitat
heterogeneity of the former region. Phytoplankton
richness follows oscillating temporal variations at the
two regions and registers significant spatio-temporal
differences (vide ANOVA); the winter peak noticed
at the two regions concurs with the reports from
Manipur (Sharma 2010), Assam (Devi et al. 2016)
and Meghalaya (Sharma and Sharma 2021a). Our
report of the speciose constellation of 49
phytoplankton species at the limnetic region during
December is attributed to the possibility of co-
existence of many species due to the high amount of
niche overlap as hypothesized by MacArthur (1965).
This instance broadly corresponds with the
constellation of 51 species per sample from the
Nongmahir reservoir of Meghalaya (Sharma and
Sharma 2021a). Charophyta, the speciose group,
influences phytoplankton richness at the two regions

and records significant temporal variations (vide
ANOVA). Phytoplankton richness registers 71.4-
94.5 and 67.5-94.7% community similarities (vide
Serensen’s index) at the littoral and limnetic regions,
respectively; peak similarity values are noted
between ~ November-December  and  lowest
similarities between March-June assemblages at the
two regions. Our results record similarity values
ranging between 71-90% in ~92% and ~ 82%
instances at the littoral and limnetic regions,
respectively, and thus affirm the relatively more
temporal heterogeneity  of phytoplankton
composition at the latter region. This generalization
is endorsed by the differential hierarchical cluster
groupings which indicate closer affinity amongst
November-December-October assemblage at the
littoral region, and the limnetic region indicates
closer  affinity amongst January-December-
November while March assemblages record
maximum species divergence at the two regions.

Phytoplankton ~ comprises an  important
guantitative component and influence net plankton
abundance at the littoral and limnetic regions, and
thus differ from the distinct predominance vs. net
plankton reported from Meghalaya (Sharma 1995;
Sharma and Lyngdoh 2003; Sharma and Sharma
2021a, 2021b), Mizoram (Sharma and Pachuau 2016)
and Himachal Pradesh (Jindal and Thakur 2014).
Higher abundance at the littoral > limnetic region,
hypothesized to the greater environmental
heterogeneity of the former region, is affirmed by the
significant temporal variations (vide ANOVA)
between the two regions. This study depicts bimodal
temporal patterns of phytoplankton density variations
at the two regions concurrent with the reports of Baba
and Pandit (2014), Goswami et al. (2018) and Sharma
and Sharma (2021a, 2021b). The littoral region
records spring peak and autumn maxima, while the
limnetic region records autumn peak and winter
maxima. The autumn abundance concurs with the
reports from Kashmir (Baba and Pandit 2014),
Meghalaya (Sharma and Sharma 2021a), Mizoram
(Sharma and Pachuau 2016) and Uttarakhand
(Sharma and Singh 2018); the winter maxima concur
with the results of Wanganeo and Wanganeo (1991),
Sharma (1995, 2004, 2009, 2010), Goswami et al.
(2018), Sharma and Tiwari (2018) and Sharma and
Sharma (2021a, 2021b). The lower abundance
observed from early monsoon till late monsoon
presents a distinct contrast to the mid-monsoon peak
reported from a sub-tropical environment of Bhutan
(Sharma and Bhattarai 2005).

Staurastrum spp. > Closterium spp. >
Cosmarium spp. > Scenedesmus spp. collectively
influence phytoplankton abundance at the two
regions. ANOVA registers significant temporal
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variations of Staurastrum spp., Closterium spp. and
Cosmarium spp. abundance, and Scenedesmus spp.
record significant spatio-temporal variations. The
significance of Staurastrum spp. > Closterium spp. >
Cosmarium spp. highlights the overall importance of
the desmids vis-a-vis phytoplankton abundance
concurrent with the reports of Sharma (2009, 2010),
Hulyal and Kaliwal (2009), Thakur et al. (2013) and
Sharma and Sharma (2021a, 2021b). Our study
indicates the relative quantitative importance of
Ulothrix aequalis > Ceratium hirudinella >
Dinobryon sociale > Navicula radiosa > Closterium
acrosum > Scenedesmus acuminatus > Cosmarium
granatum > Staurastrum arctiscon > S. freemani >
Cosmarium decoratum > Spirogyra indica at the
littoral region. Ceratium hirudinella > Dinobryon
sociale > Staurastrum arctiscon > Closterium
acrosum > Navicula radiosa > Scenedesmus
acuminatus > Cosmarium granatum > Ulothrix
aequalis > Staurastrum freemani > Cosmarium
decoratum indicate importance at the limnetic region,
while Spirogyra indica records limited importance.
These species collectively influence phytoplankton
abundance at the two regions, while Ceratium
hirudinella, Dinobryon sociale, Closterium acrosum,
Cosmarium granatum, Scenedesmus acuminatus,
Staurastrum arctiscon, S. freemani, and Navicula
radiosa individually influence abundance at both the
regions. The rest of phytoplankton species with lower
abundance depict the ‘generalist’ nature. Following
MacArthur (1965), it is thus hypothesized that
Thadlaskein Lake has resources for utilization both
by the selected important species and ‘generalist’
species. ANOVA registers significant spatio-
temporal density variations of Navicula radiosa,
Scenedesmus acuminatus and Ulothrix aequalis;
Spirogyra indica records spatial variations; and
Ceratium  hirudinella,  Closterium  acrosum,
Cosmarium decoratum, C. granatum, Dinobryon
sociale, Staurastrum arctiscon and S. freemani
register temporal variations.

Charophyta depicts the quantitative dominance,
follow bimodal temporal patterns of density
variations identical with that of phytoplankton, and
influence abundance of the latter at the littoral and
limnetic regions concurrent with the report of Sharma
and Sharma (2021b). The Charophyta dominance
compares with reports from the reservoirs of
Meghalaya (Sharma 1995; Sharma and Lyngdoh
2003; Sharma and Sharma 2021a) and Mizoram
(Sharma and Pachuau 2016) and the floodplain lakes
(Sharma 2004, 2009, 2010, 2012, 2015) of NEI
despite the inclusion of species of this group with
Chlorophyta. ANOVA records the significant spatio-
temporal density variations of Charophyta. This
group records peak abundance during spring at the

littoral region, the limnetic region records autumn
peak, and lower abundance is recorded during May-
September. Charophyta abundance is influenced by
Closterium spp., Cosmarium spp. and Scenedesmus
spp., while Closterium acrosum, Cosmarium
granatum, and Staurastrum arctiscon individually
influence abundance at both regions.

Phytoplankton records sub-dominance of
Chlorophyta > Bacillariophyta > Dinozoa >
Chrysophyta; these groups except Dinozoa influence
phytoplankton abundance at the littoral and limnetic
regions, while the latter exerts influence on the
limnetic assemblages. ANOVA registers significant
spatio-temporal quantitative  variations of
Chlorophyta and Bacillariophyta, Chrysophyta
registers significant temporal variations, and Dinozoa
registers insignificant spatio-temporal  density
variations. Amongst the stated groups, Chlorophyta
records higher abundance at the littoral region and
follows bimodal patterns of temporal variations at the
two regions broadly identical with those of
phytoplankton. Peak Chlorophyta abundance during
winter and maxima during autumn at both the regions
differ from the summer peaks recorded from Assam
(Sharma 2012, 2015) and Kashmir (Baba and Pandit
2014) and the spring (Ganai and Parveen 2014) and
the late monsoon (Sharma and Sharma 2021b) peaks.
Scenedesmus acuminatus and Ulothrix aequalis
influence Chlorophyta density at the two regions.

Bacillariophyta sub-dominance corresponds with
the reports from Manipur (Sharma 2009) and
Uttarakhand (Sharma and Singh 2018), while it
differs from the diatom dominance reported from the
lakes of Himachal Pradesh (Jindal et al. 2014b),
Kashmir (Baba and Pandit 2014) and Uttarakhand
(Goswami et al. 2018). Bacillariophyta records the
differential spatial oscillating patterns of density
variations influenced by Navicula radiosa and
depicts autumn peaks at the two regions; the latter
concur with the report of Sharma and Sharma
(2021a). Dinozoa follows the differential spatial
oscillating patterns of density variations with the
relative quantitative importance during February-
April, June-July and October-November at the
littoral region, and during January-March and
October-November at the limnetic region; Ceratium
hirudinella influences its abundance at the two
regions concurrent with the reports of Sharma and
Sharma (2021b). Our results differ from poor
Dinozoa abundance reported by Sharma and
Lyngskor (2003) and Sharma (2010), while the
present study records the relatively lower abundance
than the report from a reservoir of Meghalaya
(Sharma and Sharma 2021a). Thadlaskein Lake
indicates relatively higher Chrysophyta abundance
than the floodplain lakes (Sharma 1995, 2009, 2010,
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2012, 2015) and reservoirs (Sharma and Lyngskor
2003; Sharma and Sharma 2021b) of NEI
Chrysophyta follows broadly bimodal patterns of
monthly density variations with peaks during winter
(February) and maxima during autumn at both
regions. Of the other groups, poor abundance
Cyanobacteria concurs with the report of Sharma and
Sharma (2021a, 2021b), while poor Euglenozoa
abundance corresponds with the reports of Sharma
(2009), Sharma and Pachuau (2016) and Sharma and
Sharma (2021a, 2021b).

Phytoplankton record high species diversity with
H’ values > 3.0 throughout the study at the littoral
region and also at the littoral region except during
February and March; ANOVA registers significant
spatio-temporal diversity variations. Higher diversity
as compared with the reports from reservoirs of NEI
(Sharma 1995; Sharma and Lyngdoh 2003; Sharma
and Lyngskor 2003; Sharma and Pachuau 2016;
Sharma and Sharma 2021a) highlights greater habitat
heterogeneity of Thadlaskein Lake. The species
diversity is inversely influenced by the abundance of
Scenedesmus acuminatus and Ulothrix aequalis at
the littoral region, and it is inversely influenced by
Closterium  acrosum, Cosmarium  granatum,
Scenedesmus acuminatus, Spirogyra indica, Ulothrix
aequalis and Ceratium hirudinella at the limnetic
region. The diversity is inversely influenced by
dominance at the limnetic region, and it is positively
influenced by evenness at the two regions. While
considering the Shannon Weiner diversity index to
assess the trophic status (Wilhm and Dorris 1968;
Masson 1998), we categorize the ‘oligo-mesotrophic’
status of Thadlaskein Lake based on the
phytoplankton species diversity results.

Our study depicts high phytoplankton evenness
and ANOVA registers its significant spatio-temporal
variations. The evenness records inverse correlation
with dominance at the littoral region; it is inversely
influenced by the abundance of phytoplankton,
Charophyta, Chrysophyta, Cosmarium granatum,
Scenedesmus acuminatus, Staurastrum freemani,
Ulothrix aequalis and Ceratium hirudinella and
Dinobryon sociale at the littoral region. Charophyta,
Dinozoa, Chrysophyta, Closterium  acrosum,
Cosmarium granatum, Scenedesmus acuminatus,
Staurastrum arctiscon, Spirogyra indica, Ulothrix
aequalis, Ceratium hirudinella, Dinobryon sociale
and Navicula radiosa inversely influence evenness at
the limnetic region. Our study records low
phytoplankton dominance which depicts
insignificant temporal variations at the two regions.
The dominance is positively influenced by the
abundance of phytoplankton, Dinozoa and
Chrysophyta, and that of Closterium acrosum,
Scenedesmus acuminatus, Spirogyra indica, Ulothrix

aequalis, Ceratium hirudinella and Dinobryon
sociale at the limnetic region. Higher evenness and
lower dominance are attributed to the lower and
equitable abundance of the majority of species and
even the relatively lower abundance of notable
species. The dominance and evenness record
variations concurrent with the reports from the
reservoirs (Sharma and Lyngskor 2003) and the
floodplains (Sharma 2004, 2009, 2010, 2012, 2015)
of NEI but differ from the relatively higher values
reported from a reservoir of Meghalaya (Sharma and
Sharma 2021b).

Referring to the influence of individual abiotic
factors vs. richness, lower Chlorophyta richness
during warmer periods affirms inverse influence of
water temperature at the limnetic region concurrent
with the report of Sharma and Sharma (2021b), while
magnesium registers a positive influence on
phytoplankton richness at the littoral region, and on
Chlorophyta richness at the limnetic region. The
limited and differential spatial influence on richness
concurs with the report of Sharma and Sharma
(2021b) but differs from lack of any influence vides
the reports of Sharma and Lyngskor (2003) and
Sharma (2012). Regarding the influence on
abundance, we record the relative importance of the
rainfall, transparency and total hardness. Lower
abundance  of  phytoplankton,  Charophyta,
Chlorophyta, Chrysophyta, and Cosmarium
granatum during monsoon at the two regions;
Closterium acrosum at the littoral region; and that of
Dinozoa, Ceratium hirudinella, Navicula radiosa,
Scenedesmus acuminatus and Spirogyra indica at the
limnetic region depicts adverse influence of the
rainfall. Low transparency adversely influences the
abundance  of  phytoplankton,  Charophyta,
Chrysophyta and Ceratium hirudinella at the two
regions; it also exerts inverse influence on the
abundance of Closterium acrosum at the littoral
region and Dinozoa at the limnetic region. Total
hardness favors abundance of Closterium acrosum
and Cosmarium granatum at the two regions, and that
of phytoplankton, Ceratium hirudinella, Navicula
radiosa, Scenedesmus acuminatus and Spirogyra
indica abundance at the limnetic region. Among
other factors, this study records the differential
spatial importance of total alkalinity and nitrate. The
former favours abundance of Ceratium hirudinella at
the two regions, and that of Cosmarium granatum,
Navicula radiosa, Scenedesmus acuminatus,
Staurastrum freemani and Spirogyra indica at the
limnetic region. Nitrate favours abundance of
phytoplankton, Charophyta, Chrysophyta,
Cosmarium granatum, Dinobryon  sociale,
Scenedesmus acuminatus and Staurastrum arctiscon
at the littoral region. Specific conductivity inversely
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influences Closterium decorum abundance at the
littoral region. In general, our results indicate a
distinct departure than little insight on the overall
influence of individual abiotic factors on
phytoplankton assemblages vides the reports of
Sharma (1995, 2009. 2010, 2012, 2015), Sharma and
Lyngdoh (2003), Sharma and Lyngskor (2003) and
Sharma and Pachuau (2016). The differential spatial
influence on Charophyta and Chlorophyta and the
notable species concurs with the reports of Sharma
and Sharma (2021a, 2021b); the lack of influence on
Bacillariophyta abundance corresponds with the
reports of Sharma (2009), Sharma and Pachuau
(2016) and Sharma and Sharma (2021a); the limited
influence of specific conductivity differs from lack of
any influence (Sharma and Lyngskor 2003), and the
role of transparency differs from its limited influence
vide the reports of Sharma and Bhattarai (2005) and
Sharma and Sharma (2021a).

The canonical correspondence analysis (CCA)
registers moderate (67.39% and 66.83%) cumulative
influence of 10 abiotic factors, along the first two
axes, on the littoral and limnetic phytoplankton
assemblages, respectively. The CCA co-ordination
biplot indicates the influence of water temperature
and rainfall on Bacillariophyta and Spirogyra indica
abundance; total alkalinity and total hardness on
Cosmarium granatum, Scenedesmus acuminatus
Staurastrum freemani and Navicula radiosa
abundance; nitrate on phytoplankton and Closterium
acrosum abundance; nitrate and dissolved organic
matter on Chrysophyta, Cosmarium spp. and
Scenedesmus spp. and Dinobryon sociale abundance;
specific conductivity on Chlorophyta, Ceratium
hirudinella and Ulothrix aequalis abundance;
phosphate on Dinozoa abundance; and total dissolved
solids on Staurastrum arctiscon abundance at the
littoral region. The CCA biplot depicts influence of
rainfall and phosphate on phytoplankton and
Charophyta richness; water temperature on
Bacillariophyta abundance; total alkalinity and total
hardness on the abundance of phytoplankton,
Ceratium hirudinella, Closterium acrosum and
Scenedesmus acuminatus; total alkalinity on
Scenedesmus spp. abundances; and nitrate and
dissolved organic matter influence the abundance of
Chrysophyta at the limnetic region. Phytoplankton
assemblages of Thadlaskein Lake register lower
cumulative influence of abiotic factors than the
reports from the floodplain lakes of Assam (Sharma
2015; Sharma and Sharma 2021a), while it broadly
concurs with the results of Sharma and Sharma
(2021b).

To conclude, diverse phytoplankton, Charophyta
and desmids, the speciose constellation of 49 species
per sample, lower phytoplankton abundance and

importance of desmids are notable attributes of the
soft, calcium poor and de-mineralized waters of
Thadlaskein Lake. Importance of phytoplankton vis-
a-vis net plankton abundance, the dominance of
Charophyta, sub-dominance of Chlorophyta,
Bacillariophyta, Dinozoa and Chrysophyta, the
bimodal temporal variations of phytoplankton,
Charophyta and Chlorophyta abundance, and the
importance of Staurastrum spp. > Closterium spp. >
Cosmarium spp. > Scenedesmus spp., and 11 species
are noteworthy features. The relative importance of
rainfall, transparency and total hardness vis-a-vis
influence of individual abiotic factors, and moderate
cumulative influence (vide CCA) of 10 abiotic
factors on phytoplankton assemblages deserve
attention. The differential spatial variations of
diversity parameters and that of influence of
individual abiotic factors are hypothesised to habitat
heterogeneity amongst the littoral and limnetic
regions.
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Bakir Siilfatin  (CuS04.5H>0) Farklh Konsantrasyonlariin Gokkusag
Alabaliklar1 (Oncorhynchus mykiss) Uzerine Histopatolojik Etkileri

Cafer BULUTY "', Aysegiil KUBILAY?

1T.C. Tarim ve Orman Bakanlig1 Su Uriinleri Arastirma Enstitiisii Midirlugi, Egirdir-Isparta
’Isparta Uygulamali Bilimler Universitesi, Egirdir Su Uriinleri Fakiiltesi, Isparta

6z MAKALE BiLGIiSi

Bu ¢alismada, bakir siilfatin (CuSO4.5H20) farkli konsantrasyonlarmin gokkusagi ARASTIRMA MAKALESI
alabaliklariin (Oncorhynchus mykiss) solungag, karaciger ve kas dokusu tizerindeki

histolojik etkisi aragtirilmigtir. Caligmada kontrol grubu, 0.5 mg/L (24 saat), 3 mg/L Gelis :05.08.2020
(18 saat), 500 mg/L (1-2 dakika) bakir siilfat konsantrasyon gruplari uygulanmustir. " .
Biyodeneyde ortalama agirligi 150 g olan 40 adet balik kullanilmistir. Histopatolojik buzeltme :05.03.2021
bulgular i¢inde her deney grubundan 5 balik kullanilmistir. Dokular 24 saat boyunca Kabul :07.03.2021
% 10 formalin ¢6zeltisi ile sabitlenmistir. Doku drnekleri, histolojik protokol standard: Yayim - 25.04.2022
kullanilarak parafine gémiilmiis, kesitler 5 pm kalinlikta kesilmis, cam slaytlar {izerine

monte edilmis, hematoksilin ve eozin (H&E) ile boyanmis ve boyanan béliimler 1s1k DOI:10.17216/LimnoFish.777287
mikroskobu altinda incelenmistir. Karacigerde sinuzoidal bosluklar, venalarda

konjesyon, vakuoler ve parankim dejenerasyon, damarlarda hasar ve hepatositlerde * SORUMLU YAZAR
dejenerasyon gorilmistiir. Kas dokularinda dejenerasyon, nekroz (miyofaji),

inflamatuar seliiler infiltrasyon goriilmiis, solunga¢ lamellalarinda, pilar ve epitel caferbulut@gmail.com
hiicrelerde dejenerasyon, interlamellar alanlarda lenfoid ve mononiikleer hiicre Tel :+90 246 313 3460
infiltrasyonu, epitelyum hiicrelerde nekroz goézlenmistir. Caligmada, 3 mg/L bakir Fax : +90 246 313 34 63

siilfat konsantrasyonunun baliklar i¢in ¢ok zararli oldugu belirlenmistir. Zira yiiksek
konsantrasyonlarda bakir siilfatin 6zellikle baliklarin solungag ve dokularini olumsuz
yonde etkiledigi belirlenmistir. Kisa stireli kullanimlarda 500 mg/L ve uzun siireli
banyoda ise 0,5 mg/L tercih edilebilir. Caligmada, bakir siilfatin su {riinleri
yetistiriciliginde bilingli ve ihtiya¢ dahilinde kullanilmasi gerektigi sonucuna
vartlmustir.

Anahtar kelimeler: Su iriinleri yetistiriciligi, gokkusagi alabaligi, Oncorhynchus
mykiss, bakir siilfat, histopatoloji

Histopathological Effects of Different Concentrations of Copper Sulfate (CuSO4. 5H20) on Rainbow Trout
(Oncorhynchus mykiss)

Abstract: In this study, histopathological effects in rainbow trout (Oncorhynchus mykiss) of different concentrations of copper sulphate
(CuS04.5H20) on gill, liver and muscle tissue was investigated. The experiment as 0.5 mg/L (24h), 3 mg/L (18 h), 500 mg/L (1-2 min) of
copper sulphate concentrations groups and the control group were conducted. In the bioassay, 40 fish with an average weight of 150 g were
used. 5 fish from each experimental group were used for histopathological findings. The tissues were fixed 10% formalin solution for 24 h.
Tissue samples were embedded with paraffin using histological protocols standard. Sections were cut at 5 um thickness, mounted onto glass
slides, and stained with hematoxylin and eosin (H&E). Stained sections were examined by light microscopy. As a result sinusoidal cavities,
congestion in vena, vacuolar and parenchymal degeneration, vascular damage and degeneration in hepatocytes were observed in the liver.
Degeneration, necrosis (myophagia), inflammatory cellular infiltration were observed in muscle tissues. Degeneration in gill lamellas, pilar
and epithelial cells, lymphoid and mononuclear cell infiltration in interlamellar areas, necrosis in epithelial cells. In this study, it was
determined that 3 mg/L copper sulphate concentration is very harmful for fish. Because, high concentrations of copper sulphate adversely
affected the gills and tissues of fish, especially. 500 mg/L can be preferred for short-term use and 0.5 mg/L for long-term use. In this study,
it was concluded that copper sulfate should be used consciously and in need in aquaculture.

Keywords: Aquaculture, rainbow trout, Oncorhynchus mykiss, copper sulfate, histopathology

Alintilama
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Giris zarar vermeyecek sekilde saglikli balik tiretiminin
Intensif kiiltir uygulamalar1 yapilan balik  yapilarak tiiketime sunulmasma katkida bulunmak
yetistiriciligi sektoriinde insan saghgma ve gevreye  yetistiriciligin temel hedeflerinden biridir. Bu amagla
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onemli bir kiltlir baligt olan gokkusag
alabaliklarinda paraziter ve mikrobiyal
infeksiyonlarin  tedavisinde ve alet-ekipmanin

dezenfeksiyonunda yogun miktarda dezenfektan ve
kemoterapotik maddeler yaygin olarak
kullanilmaktadir. Ancak yayginlasan bu kullanim,
cevresel olumsuzluklara sebep oldugu gibi uygulama
yapilan baliklarda da olumsuz etkilere neden
olmaktadir. Bu durum kiiltiir balik¢iliginda da 6nemli
bir problem olusturmaktadir (Bjorklund vd. 1991;
Aoki 1992). Bu kapsamda yaygin olarak kullanilan
bu kimyasallarin baligin iizerindeki etkilerinin
histopatolojik olarak bilinmesi 6nemlidir (Oriin
2004).

Bakir siilfat pentahidrat (CuSO4.5H.0); algisit,
fungusit, insektisit, mollusit, nematisit ve su tirtinleri
yetistiriciliginde diinyanin her yerinde ¢ok genis ve
yaygin bir sekilde kullanilan bir pestisit olup
kullanimi ~ 1900°li  yillarin  baglarmma  kadar
dayanmaktadir (Siemering vd. 2005; Y1ldiz vd. 2005;
Lasiene vd. 2016). Bakir siilfatin, kullanildig:
canlilar lizerindeki etki mekanizmasi, bakir iyonlar
ile mantar ve alglerin enzimlerini deaktivite etmesi
ve hiicresel proteinleri denatiire etmesi seklindedir
(Siemering vd. 2005).

Bakar siilfat, suda yiiksek oranda ¢oziinerek bakir
ve siilfat iyonlarina ayrilir. Canlilar {izerinde bakir
siilfatin toksik etkisini agir bir metal olan bakir
iyonlar1 gosterir. Siilfat iyonlar1 ise su ortamlarinda,
toprak, sediment ve kayalarda dogal olarak bulunan
bir iyondur. Siilfat iyonlar1 viicuda alindiginda,
bagirsaktan ¢ok az emilir ve bdbreklerden elimine
edilerek atilir. Yapilan caligmalarda siilfatin, oral
veya inhalasyonla organizmaya alindiginda akut
toksisitesi, kronik ve subpkronik toksisitesi, gelisim
ve iireme tizerine etkileri goriilmemistir (WHO 1984;
US EPA 1987; Trivedi vd. 2012; Atabati vd. 2015;
Demir vd. 2016).

Bakir siilfat, su {rilinleri sektérinde balik
hastaliklarinin ~ kontroliinde dezenfektan olarak
yaygin  bir sekilde kullanilmaktadir. Kiiltiir

balikgiliginda fungal ve paraziter hastaliklarin
tedavisinde, tarim alanlarinda bitkileri tahrip eden
zararlilarla miicadelede, havuzlarda zararli otlarin
yok edilmesinde ve su bitkilerinin biiyiimesinin
kontrol altinda tutulmasinda sik¢a kullanilmaktadir
(Boyd 1982; Arda vd. 2002; Saglam ve Ural 2003).
Bakir siilfat deniz parazitlerinden Cryptocaryon
irritans ve Oodinium spp. ve karides havuzlarindaki
filamentli algler igin etkili bir tedavidir (Chen ve Lin
2001; Timur ve Timur 2003).

Bakir siilfatin suda yasayan organizmalara
yaptig1 toksik etki suyun sicakligi, bulanikligi,
oksijen miktar1 gibi parametrelere baglidir. Bakir ve
kloriir ortamda beraber bulunduklarinda zehirli etkisi
daha da artabilmekte ve bakir siilfat baliklarin ig

organlarinin diizenini bozmakta ve zehir etkisi
yapabilmektedir (Uslu ve Tiirkman 1987; Doyuk ve
Colakoglu 2004).

Cesitli balik tiirleri ile yapilan aragtirmalardan
bakir siilfatin subletal derisimlerinin uzun siireli
etkisinin  dokularda  birikime (Cicik 2003),
solungaglarda yapisal bozukluklara, omurgada
deformasyonlara, immiin sistemin zayiflamasiyla
norolojik bozukluklara (Stagg ve Shuttleworth 1982),
hematolojik ve biyokimyasal parametrelerde
degisimlere neden oldugu (Tort ve Torres 1988)
belirlenmistir.

Bakir siilfatin baliklarda davranis degisiklikleri,
biyokimyasal degisiklikler, beslenme davranis
degisiklikleri, biiylime ve immiinolojik degisiklikler,
olim gibi etkilere sebep oldugu pek ¢ok arastirmaci
tarafindan bildirilmistir (Soucek 1998; Handy 1999;
Shaw vd. 2012; Al-Bairuty vd. 2016; Kirict vd. 2017,
Boyle vd. 2020).

Bu calisgmada bakir siilfatin yetistiricilikte
uygulanan farkli konsantrasyonlarinin
gokkusagr alabaliklart  (Oncorhynchus — mykiss)

iizerindeki histopatolojik etkilerinin arastirilmasi
amaglanmugtir.

Materyal ve Metot
Aragtirma  Ekim-Kasim 2009 tarihleri
arasinda  Egirdir Su Uriinleri Fakiiltesi Balik

Uretim Tesisi ve Kulugkahanesi’nde
gerceklestirilmis olup caligmada yaklasik
150 g agirhginda 40 adet  gokkusag
alabaligr kullanilmistir.  Aragtirmada kullanilan
gokkusagi alabaliklari  Egirdir  Su  Uriinleri
Fakiiltesi Yetistiricilik ~ Unitesinden  temin
edilmistir. Deneme siiresince baliklar  viicut
agirhgmin  %2’si  oraninda ticari pelet yemle
beslenmistir. Arastirmada denemede toplam 6
adet 0,6 m® hacimli, 400 L su bulunan
yuvarlak fiberglas tanklar kullanilmugtir.

Aragtirmada; debisi 12 L/dk, ortalama sicakligi
12 °C, pH: 7,2; ¢6ziinmiis oksijen 7,4 mg/L olan
artezyen suyu kullanilmastir. Tekerriirli
gercgeklestirilen denemede kontrol grubu, 0,5 mg/L
(24 saat), 3 mg/L (18 saat), 500 mg/L (1-2 dakika)
bakir siilfat konsantrasyon gruplar1 uygulanmistir.

Deneme sonunda her gruptan 5 adet balik
histopatolojik incelemeler i¢in kullanilmistir.
Histopatolojik orneklemelerde baliklarin

solungag, karaciger ve kas dokular1 kullanilmugtir.
Dokular zaman kaybedilmeden alinarak % 10'Tuk
formalin  solusyonunda 24  saat boyunca
sabitlenmistir (Sekil 1 ve Sekil 2). Patolojik
incelemeler i¢in rutin preparat hazirlama teknigine
gore parafin bloklar hazirlanip, 5 pm ayarl
mikrotomda kesilmis ve cam slaytlar {izerine monte
edilmistir. Kesitler hematoksilen-eozin (H&E) ile
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boyanarak 151k mikroskobunda incelenmis, bulgular
degerlendirilip 6nemli goriilenler mikroskopta X200

Sekil 1. Denemede kullanilan histopatoloji numuneleri
Figure 1. Histopathology samples used in the
experiment

Bulgular

Gokkusagi alabaliklarina 0,5 mg/L bakir siilfat
uygulanan grupta; karacigerde sinuzoidal bosluklar,
venalarda konjesyon, damarlarda hasar ve
hepatositlerde dejenerasyon goriilmiistiir (Sekil 3).
Bakir siilfatin en diisiik dozunun uygulandigi bu

ve X400 kez biyiitilerek resimlenmistir (Luna
1968).

[

P
1~.$') y \'e
& P 5

Solungag \

Karaciger

Sekil 2. Baliklarda histopatolojik &rneklerin alindigi
bolgeler
Figure 2. Regions where histopathological samples were
taken from fish

grupta kas dokularinda dejenerasyon goriilmiis (Sekil
4), solunga¢ lamellerde, pilar ve epitel hiicrelerde
dejenerasyon, interlamellar alanlarda lenfoid ve
mononiikleer hiicre infiltrasyonu, nekroz ve
dokiilmelerden dolayr lamellerin  biitiinliigiini

kaybettigi gézlenmistir (Sekil 5).

Sekil 3. Bakir siilfat 0,5 mg/L uygulanmis gokkusag: alabaliklarinda karacigerde venalarda konjesyon (H&E) (X200)
K: konjesyon
Figure 3. Congestion in liver veins in rainbow trout treated with copper sulfate 0.5 mg/L (H&E) (X200)
K: congestion
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Sekil 4. Bakir siilfat 0,5 mg/L uygulanmis gokkusag alabaliklarinda kas dokuda dejenerasyon (H&E) (X400) D:
dejenerasyon

Figure 4. Muscle tissue degeneration (H&E) (X400) in rainbow trout treated with copper sulfate 0.5 mg/L
D: degeneration

Sekil 5. Bakir stilfat 0,5 mg/L uygulanmis gékkusagi alabaliklarinda solungag lamellerde pilar ve epitel hiicrelerde

dejenerasyon (H&E) (X200) D: dejenerasyon

Figure 5. Degeneration of pilar and epithelial cells in gill lamellae in rainbow trout treated with copper sulfate 0.5
mg/L (H&E) (X200)
D: degeneration

Gokkusagi alabaliklarma 3,0 mg/L  bakir dokuda dejenerasyon ve nekroz (miyofaji),
siilfat uygulanan grupta; karacigerde  inflamatuar seliller infiltrasyon  gdzlenmistir
hepatositlerde  dejenerasyon, damarlarda kan  (Sekil 7). Solunga¢ lamel epitelyum hiicrelerinde
birikiminde (konjesyon) artis (Sekil 6), kas ise nekroz gozlenmistir (Sekil 8).
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Sekil 6. Bakir siilfat 3,0 mg/L uygulanmis gokkusagi alabaliklarinda karacigerde artan sinuzoidal bosluklar ve
konjesyon (H&E) (X200) S: Sinuzoidal bosluklar K: konjesyon
Figure 6. Increased sinusoidal spaces and congestion in the liver in rainbow trout treated with copper sulfate 3.0
mg/L (H&E) (X200) S: Sinusoidal spaces K: congestion

Sekil 7. Bakir siilfat 3,0 mg/L uygulanmis gokkusagi alabaliklarinda kas dokuda dokuda dejenerasyon ve nekroz
(H&E) (X200) D: dejenerasyon N: nekroz
Figure 7. Degeneration and necrosis of muscle tissue in rainbow trout treated with copper sulfate 3.0 mg/L (H&E)
(X200) D: degeneration N: necrosis
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Sekil 8. Bakur siilfat 3,0 mg/L uygulanmis gokkusag alabaliklarinda solungag lamel epitelyum hiicrelerinde
dejenerasyon ve nekroz (H&E) (X200) D: dejenerasyon N: nekroz
Figure 8. Degeneration and necrosis of gill lamellar epithelial cells in rainbow trout treated with copper sulfate 3.0
mg/L (H&E) (X200) D: degeneration N: necrosis

Gokkusagi alabaliklarina 500 mg/LL bakir  artan sinuzoidal bosluklar (Sekil 9), solungag
siilffat uygulanan grupta; karacigerde vakuoler lamel epitelyum hiicrelerinde ise nekroz
ve parankim dejenerasyon, damarlarda tahribat, gozlenmistir (Sekil 10).

Sekil 9. Bakir siilfat 500 mg/L uygulanmis gokkusagi alabaliklarinda karacigerde venalarda dejenerasyon ve artan
sinuzoidal bosluklar (H&E)(X200) D: dejenerasyon S: sinuzoidal bosluklar

Figure 9. Degeneration of liver veins and increased sinusoidal spaces in rainbow trout treated with copper sulfate
500 mg/L (H&E)(X200) D: degeneration S: sinusoidal spaces
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Sekil 10. Bakir stilfat 500 mg/L uygulanmis gokkusagi alabaliklarinda solungag lamel epitelyum hiicrelerinde nekroz
(H&E) (X200) N: nekroz

Figure 10. Necrosis of gill lamellar epithelial cells in rainbow trout treated with copper sulfate 500 mg/L (H&E)
(X200) N: necrosis

Tartisma ve Sonug¢

Bakir siilfat, Cu*? iyonlar1 ile organizmada
toksik  etkisini  gosterir.  Baliklarin  sudan
bakir iyonlarim alm hizlidir. Baliklar bakir
iyonlarini, ya solungaglariyla ya da bakir igeren
besinleri yiyerek alirlar. Baliklarda solungaglarin iki
onemli fizyolojik fonksiyonu vardir; gazlarin
(oksijen, karbondioksit) taginmasi ve aktif iyonlarin
(sodyum ve kalsiyum) igeri alinmasidir (Wood 1992;
Playle 1997).

Lauren ve McDonald (1986) ile Wilson ve Taylor
(1993) yaptiklar1 ¢alismalarda bakirin etkisi ile
baliklarda iyon regiilasyonunun engellendigini,
Oncorhynchus mykiss’in  solungaglarinda  bakir
etkisinin kalsiyum taginmasina etkisi olmadigini
ancak sodyumun giris c¢ikisii  etkiledigini
bildirmislerdir.

Kirk ve Lewis (1993), bakirin solungaglardaki
etkilerini gozlemledikleri c¢alismada iki saat
icin  bakir  siilfata  esdeger, 500 pg/L
bakir konsantrasyona maruz birakilan
baliklarda; solunga¢ lamellerinde ¢6kme ve
solungaclarin mukoz hiicrelerinin salgisinda artmalar
gordiiklerini, ayrica 1000 pg/L bakira maruz
birakildiklarinda ise solungaglar mukus ile kaplanmig
ve solungaclarda hiicresel dokiintiiler gordiiklerini
bildirmislerdir.

Karan vd. (1998), Cyprinus carpio iizerinde bakir
silfati  kullanarak, bakirin fonksiyonel enzim
aktivitesi ve solungac histolojisine olan etkilerini
arastirmislardir. Bakir siilfata maruz kalan biitiin
gruplarda (AP, AST, ALT) enzim aktivitelerinin

arttigini tespit etmislerdir. Balik solungaglarinda ise
lezyonlar; epitelyal hiperplazya, sekonder lamellerin
kivrilmasi, hiicrelerde kloridin  ve mukusun
degisimini gozlemlediklerini bildirmislerdir.

Svobodova vd. (1994), Cyprinus carpio tiiriinde
bakir etkisi ile deri ve solunga¢ mukus yapiminda
artig, solungaclarda renk yesil kirmizi ve siddetli
kanamalar, karacigerde kanamalar meydana
geldigini bildirmiglerdir.

Saucier vd. (1991), bakir etkisi ile Oncorhynchus
mykiss’de  koklama  organiin  histolojisinde
degisiklik ortaya ¢iktigini, bakirla muamele
gormeyen baliklarla karsilastirildiginda, bakira
maruz kalan bireylerde; goblet hiicrelerinde artma,
mukus salgillayan hiicrelerde artma, duyusal
epitellerdeki vakuollerde artma, duyusal ve duyusal
olmayan epitellerde ise doku degisiklikleri ve
harabiyet goriildiigiinii bildirmislerdir.

Bakir siilfat, bakir iyonlar1 etkisiyle hiicrelerde
cok giliclii ylikseltgen ajandir. Bakir iyonlar
organizmada hiicrelerin mukoz membranlarin
par¢alanmasina sebep olur. Hiicre zarar1 ve hiicre
Olumleri,  hiicrede asir1 miktarda  bakir
toplanmasindan kaynaklanir. Bunun muhtemel
sebebi Cu-metallotiyonein baglanmasi  sonucu,
bakirin hiicredeki gecisinin engellenmesidir (Dash
1989; Steinebach 1994).

Saglam ve Ural (2003), Oncorhynchus mykiss
lizerine bakir siilfatin 1 ppm, 8 ppm, 16 ppm ve
32  ppm'lik  konsantrasyonlarini  kullanarak
makroskobik ve mikroskobik etkilerini inceledikleri
calismada, biitiin konsantrasyonlarda baslangicta
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balik hareketlerinin degismedigini fakat zamanla
baliklarin  sallanarak ylizdliglinii, vitalitelerinin
azaldigini ve ters donerek oldiiklerini bildirmislerdir.
Mikroskobik olarak solungag lamellerde
dejenerasyon, hemoraji, dalakta kanama, kalp
kasinda belirgin hemorajik bdlgeler, bdbreklerde
tubulus epitellerinde  dejeneratif  degisiklikler
gozlediklerini bildirmislerdir.

Bulut vd. (2014), bakirin Oncorhynchus mykiss

iizerine akut toksisitesinin belirlenmesini
amacladiklarini;  ¢aligmada  statik  biyo-deney
yontemi uyguladiklarima, 24-96 LCso
ve LTso degerlerini probit analiziyle

belirledilerini ve 96 saat siireli Cu’nun LCsp
degerini 1,054 mg/L olarak belirlediklerini, diger
baliklarla  yapilan  ¢aligmalarin  sonuglariyla
kiyaslandiginda  gokkusagi  alabaliginin  bakir
toksisitesine bir¢ok baliktan daha dayanikli oldugunu
bildirmislerdir.

Hastaliklarda profilaktif ve tedavi amaciyla
kullanilan  kimyasallarin, yetistiriciligi  yapilan
baliklarda strese sebep oldugu  bir¢ok
arastirmaci tarafindan bildirilmistir (Wedemeyer vd.
1990; Barton ve Iwama 1991; Pickering
1993; Dursun 1997; Ogiit 2005; Yildiz 2006).
Baliklarda olusan stres etkileri ise baliklarin
fizyolojisinde ve histopatolojisinde degisimlere
sebep olabilmektedir.

Bulut vd. (2015), formaldehitin alabalik {izerine
histopatolojisini inceledikleri calismada baliklarin
solungag pilar ve epitel hiicrelerinde dejenerasyon,
interlamellar alanlarda lenfoid ve mononiikleer hiicre
infiltrasyonu, kas dokularinda  dejenerasyon,
karacigerlerinde genlesme, venalarnda konjesyon,
hepatositlerde dejenerasyon belirlediklerini
bildirmislerdir.

Oztiirk ve Aver (2017), Oncorhynchus mykiss
lizerine bakir siilfat pentahidrat ile olusturulan akut
ve kronik bakir toksikasyon sonucu yaptiklar
patolojik incelemelerde hepatositlerde
dejenerasyonlar, solungaglarda 6dem, hiperemi ve
kanamalardan olusan vaskiiler lezyonlar ile birlikte

epitellerde nekrotik degisiklikler saptadiklarini
bildirmislerdir.
Su riinleri yetistiriciliginde gerek tedavi

amaciyla ve gerekse dezenfektan olarak kullanilan
formaldehit ve bakir siilfat kullaniminda ¢ok dikkatli
olunmalidir. Alabalik ¢iftliklerinde 6zellikle tedavi
amaciyla bakir siilfatin su iirlinleri yonetmeliginde
belirtilen alic1 su ortamlar i¢in kabul edilebilir deger
olan 0,15 mg/L’nin iizerinde kullanilmasi
durumunda, soliisyonun tekrar sulara dokiilmemesi
gerektigi belirtilmektedir (Anonim 1995). Aksi
halde; dogal ortamdaki baliklarin ve diger su
canlilarinin doku ve organlarinda hem bakir olarak
birikime ugrayacak, hem de bu ¢aligmada da tespit

edildigi gibi canlida bir takim patolojik bozukluklar
olusturacaktir (Saglam ve Ural 2003).

Bakir siilfat soliisyonlar1 baliklara uygulanirken
doz ve siire ¢ok iyi ayarlanmalidir. Bu ¢alismada, 3,0
mg/LL uygulama konsantrasyonunun baliklar igin
oldukca  zararli  oldugu  tespit  edilmistir.
Ciinkii yiiksek konsantrasyonlarda bakir siilfat,
baliklarin 6zellikle solunga¢ ve diger dokularinda
kisa silirede dejenerasyon ve tahribatta bulunarak
balik sagligini olumsuz yonde etkilemektedir. Onun
yerine uzun siireli banyolarda 0,5 mg/L ve kisa siireli
kullanimlarda da 500 mg/L bakir siilfat dozu tercih
edilmelidir. Bu nedenle, baliklar banyo seklinde
bakir siilfatla tedavi ediliyorken sik sik kontrol
edilmeli, rahatsizlik belirtileri ve anormal hareketler
goriildiiglinde soliisyondan hemen ¢ikarilmalidir.

Sonug¢ olarak, gokkusagi alabaliklarina cesitli
nedenlerle uygulanan bakir siilfat banyosunun
onemli  histopatolojik  etkileri  oldugu ve
konsantrasyon artistyla bu etkilenmenin daha fazla
gergeklestigi  belirlenmigtir.  Bu  tespitlere bagh
olarak bakir siilfat kullaniminda oldukg¢a dikkatli
olunmasi gerektigi kanaatine varilmistir.
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Shiitake Mantar Ekstrakt1 ilaveli Yemlerin Gokkusag Alabahginda (Oncorhynchus myki§s) Biiyiime, Non-
Spesifik Immun Parametreler ve in-vitro Aeromonas hyrophila Enfeksiyonuna Karsi Diren¢ Uzerine Etkileri

Oz: Bu ¢alismada Lentinula edodes (shiitake) tibbi mantar ekstraktinin gokkusag1 alabaligim (Oncorhynchus mykiss) spesifik
olmayan bagisiklik cevabi ve biyometrik performans iizerine etkileri incelenmistir. Bu amagla baliklar (baslangi¢ agirligi 20 g) iki
tekrar olucak sekilde %1 ve %2 shiitake ekstrakti ilaveli yemlerle beslenen deneme gruplar1 ve bir kontrol grubu olmak tizere ii¢
gruba (60 balik/grup) ayrilmistir. Deneme 45 giin sirmiistiir. Beslenme siirecinde baliklardan 1., 2., 3., 4., 5. ve 6. haftalarda
alinan kan ve serum Orneklerinden immiinolojik, biyokimyasal parametreler belirlenmistir. Deneme baglangicinda ve sonunda
baliklardan gerekli dlciimler yapilarak biyometrik analizler degerlendirilmistir. Immiinolojik, biyokimyasal ve biyometrik
parametrelerin sonuglarina gére maksimum etkinin %2 shiitake ekstrakti ile beslenen gokkusag: alabaliginda meydana geldigini
belirlenmistir. Deneme gruplarinda baliklarin  kaninda tespit edilen respiratory burst aktivitesi, kontrol grubuyla
karsilastirildiginda 2. ve 6. haftalarda artig gosterdigi tespit edilmistir. Mantar ekstrakti ilaveli yemlerle beslenen baliklarda toplam
protein miktari, bakterisidal aktivitede 6nemli Olgiide artig gdstermistir. 3. ve 6. haftalarda %2 shiitake ekstrakt: ilaveli yemlerle
beslenen baliklarda kolesterol seviyesinin diistiigii belirlenmistir. Elde edilen sonuglara gore shiitake tibbi mantar ekstrakti ilaveli
yemlerle beslenen gokkusagi alabaliginin spesifik olmayan bagisiklik cevabinin kontrol grubuna kiyasla 6lgiilen parametrelerde
pozitif sonuglar verdigi, ayn1 zamanda gokkusagi alabaliginin genel biiyiime performansini arttig1 belirlenmistir.

Anahtar kelimeler: : Gokkusagi alabalig, shiitake, ekstrakt, stimulate, non-spesifik sistem
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Introduction

Agquaculture is a rapidly developing system of
food production. On the other hand, the diseases
caused by microorganisms in rainbow trout
were becoming serious and resulted in important
mortality ~ (Dalsgaard and  Madsen  2000).
To inhibit the improvement of these bacteria,
antibiotics were applied intensely in the fisheries
industry. However, long-term use of antibiotics
could cause many negative side effects, such as
antibiotic-resistant bacteria, antibiotic residues in
the environment and fish (Cabello 2006). Research
on the usage of dietary supplements in feed has
increased lately (Li and Gatlin 2005; Van Hai 2015;
Hoseinifar et al 2020). The immunostimulants have
been used as feed additives in aquaculture for years
(Galindo-Villegas and Hosokawa 2004; Stratev et
al. 2018). Some immunostimulants have been
exhibited to be effective in fish on the immune
system and growth performance (Awad and Austin
2010; Bilen et al. 2011; Binaii et al. 2014; Zahran et
al. 2014; Tang et al. 2014; Wang et al. 2015;
Hoseinifar et al 2020; Elumalai 2021). Lentinula
edodes commonly known as shiitake mushroom,
belong to the Marasmiaceae family and is widely
distributed in Japan, China, and Korea. Shiitake is
an edible mushroom with medicinal properties and

biotechnological applications. The active
components of mushrooms exhibit
immunomodulatory, antioxidant and antiviral

gualities (Bobek et al. 1991; Mau et al. 2002;
Regula and Siwulski 2007). Shiitake chemical
constituents are composed of ingredients such as
lentinan, L-ergothioneine (Smith et al. 2002; Bernas
et al. 2006), several antioxidants (Mau et al. 2002)
and minerals (Mizuno 1995). Research suggests that
shiitake has high nutritional value. Mushroom raw
fruit bodies include 88 to 92% water, protein, lipids,
carbohydrates, vitamins, and minerals. Dried
shiitake is nutrients, containing 58 to 60%
carbohydrates, 20 to 23% protein, 9 to 10% fibre, 3
to 4% lipids, and 4 to 5% ash. There are several

studies on using mushroom species in aquaculture
such as Inonotus obliquusin kelp grouper
(Harikrishnan et al. 2012a) and in olive flounder
(Harikrishnan et al. 2012b), oyster mushroom
in; rainbow trout (Dobsikova et al. 2012),
schizophyllan in carp and flounder (Kwak et al.
2003), reishi mushroom in tilapia (Yin et al. 2008)
and so on.

The purpose of this study was to assess dietary
supplementation of two doses of a mushroom
extract derived from shiitake, on immunological,
biochemical, and biometrical, observes of rainbow
trout (O. mykiss) in natural environmental
conditions of a rainbow trout fishery.

Materials and Methods

Extraction Of Mushroom

The shiitake was obtained from the
manufacturer and extracted with water according to
the method described by Yap and Ng (2001).
Firstly, 100 grams of dry shiitake pieces were
dissolved in 200 mL of water and kept for 24 hours
under 60-65 °C temperature in a water bath. Then
the extract was filtered with filter papers to remove
unwanted residues. Upon completion of this
process, the solution was lyophilized and kept at
4 °C until use. For this experiment, lyophilized
shiitake extract was added to commercial rainbow
trout feed at concentrations of 1% and 2%.

Experimental Diets

A basal diet was prepared following the
nutritional requirements of rainbow trout. The
composition of the experimental diets is shown
in Table 1. No shiitake extract was added to
the control group. The trial diets were prepared
using the basal diet supplemented with 1% and
2% shiitake extract. The commercial rainbow
trout diet was first mixed; the mushroom extract
was then added with water (100 mL of water/ kg of
diet) to form a paste; then passed through a
meat grinder, and pelleted to produce 2.0 mm
pellets.

Table 1. Composition of the experimental diet.

Name of diets Type of diets

Treatment

Control Basal diet (48% crude protein, 14% crude lipid) Wihout mushrom extract
L. edodes Basal diet (48% crude protein, 14% crude lipid) Shiitake extract (1%)
L. edodes Basal diet (48% crude protein, 14% crude lipid) Shiitake extract (2%)
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Fish And Experimental Design

Rainbow trout with an average weight of 20
grams were obtained from a commercial rainbow
trout farm in 2013. The trial was performed twice
with 360 fish allocated into 2000 L ponds
(60 fish/pond). Each group were fed L. edodes
mushroom extract added diets at 0, 1, and 2% for
6 weeks and the replicates consisted of five
randomly sampled fish from two mushroom extracts
supplemented groups and the control group.
The fish were fed twice a day at a rate of 2% of their
body weight. Throughout the experiment, water
temperature, dissolved oxygen, and pH were
monitored daily and maintained at 15.00+0.32 °C,
8.00+0.22 mg L* and 7.5+0.17, respectively.

Blood Samples And Serum

Five fish were caught randomly from each
group. The 2-phenoxyethanol solution was used as
an anaesthetic agent. Blood samples from the fish
were taken from the caudal vein with a syringe per
week. Some of the blood was taken into the
Eppendorf tube for serum samples, kept at 4°C
overnight. Then the serum portion was removed.
A portion of the blood was taken into heparinized
tubes for other tests.

Respiratory Burst Activity

Respiratory  burst activity was detected
according to the method described by Anderson et
al. 1992. NBT (Sigma-Aldrich, St. Louis, MO,
USA) solution (0.2%) was freshly prepared in sterile
saline solution 0.85% (w/v). Briefly, 50 uL of blood
was dropped onto a coverslip and incubated for 30
min at 25 °C. The coverslip was then gently washed
into 0.067 mM sodium phosphate buffer (pH 6.4) to
remove the red blood cells. A drop of 0.2% NBT
solution was placed onto a slide and
washed coverslip was placed on as cell face
down onto the drop of NBT solution
and incubated again for 30 min at 25 °C. The cells
that showed dark blue colour were counted as NBT
positive under the light microscope. Five slides were
examined for each fish and five random fields were
counted on each slide. For each fish, the 25 fields
were averaged and the mean and standard error of
values per field was calculated.

Bactericidal Activity

A. hydrophila (ATCC, 7966) bacterial fish
pathogen was used as a model to determine
bactericidal activity. The colony count method
was used to determine serum bactericidal activity
(Kajita et al. 1990). A. hydrophila was centrifuged
and the pellet was washed and suspended in PBS.
The bacterial suspension was adjusted to 0.5 Mc
Farland at 546 nm. Then 100 ul of serum sample

and 100 pl of bacterial suspension were mixed and
incubated for 1 hour at 25 °C. 100 pl of serum
bacteria mixture was spread on nutrient agar and
incubated at 25 °C for 24 h before the number of
colonies was counted.

Biochemical Assays

Total protein was detected from serum by
Bradford (1976) assay using bovine serum albumin
(BSA) as the standard in a multiscan
spectrophotometer. Albumin, glucose, globulin,
triglyceride and cholesterol were determined using
Bioanalytic commercial Kits.

Biometrical Parameters

The initial and final weights of each fish were
measured. Biometrical parameters were calculated
according to the following formulae (Laird and
Needham 1988).

Weight gain (%) = 100 (final fish weight —
initial fish weight) / initial fish weight,

Specific growth rate (SGR, %/day) = 100 (In
final fish weight) — (In initial fish weight) /
experimental days,

Feed conversion ratio (FCR) = feed intake /
weight gain,

Diet Analysis

Crude protein, crude lipid, moisture, ash in feed
ingredients and diets were determined following
standard methods (AOAC 2009). Crude protein
was determined by Kjeldahl method and crude lipid
by the ether-extraction method. Moisture was
detected by oven drying at 105 °C until a constant
weight was reached. Ash content was detected
after placing the samples in a muffle furnace at
550 °C for 2 h.

Statistics

The data were expressed as arithmetic means
standard error (SE). Statistical analysis of data
involved one-way analysis of variance (ANOVA)
followed by  Tukey’s pairwise  multiple
comparison test. Different letters in the figures
represent the significant difference at P<0.05.

Results

Respiratory Burst Activity

Results determine that the number of NBT-
positive cells of the 1% concentration trial group
was not as high as the numbers in the
2% concentration trial group but higher than the
control group (P <0.05). It could be shown in
Figure 1 on weeks four, five, and six. The number
of NBT positive cells in the 2% concentration

group reached the highest peak (P<0.05).
This result exhibited that the application
of shiitake extract caused an increase
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in the phagocytic activity of phagocytic
cells starting after the second-week

post-treatment in both trial groups. The highest level

of phagocytic activity was started at the 4th week
then kept a similar level in the trial fish up to
six weeks.

m% 1 Lentinula

MNET Cell Number

3
Weeks

l p.

0% 2 Lemtinula

BControl

4 5 ]

Figure 1. NBT positive cells in the blood of O. mykiss fed with shiitake extracts diet at different concentrations.
Values are expressed as mean +SE (n=10). Mean values at bars with different superscript letters at the same stage

were significantly different (P<0.05) from the control.

Bactericidal Activity
The serum bactericidal activity significantly
increased in fish fed with two concentrations of

supplemented diet against A. hydrophila bacterial
pathogen when compared with the control group
(Figure 2).
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Figure 2. The serum bactericidal activity of O. mykiss fed with mushroom extract supplementation diets against A.
hydrophila. Values are expressed as mean =SE (n=10). Mean values at bars with different superscript letters at the
same stage were significantly different (P<0.05) from the control.

Biochemical Profile Of Serum

The effects of two doses of shiitake extract
supplemented diet on rainbow trout detected
through serum biochemical parameters are shown in
Table 2. Significant increases in serum total protein
value and globulin level were found in 1% and 2%
groups compared to the control from 3nd to 6th
week and mushroom extract supplemental groups at

the end of this experiment. There were no changes
in albumin, glucose, and triglyceride of all treatment
groups compared to the control on weeks 1, 3 and 6.
There were no changes in the cholesterol
level between treatment and control groups on a 1
week, whereas they were significant decreases in
1% and 2% shiitake extract enriched diets on week 6
(Table 2).
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Table 2. Serum biochemical parameters of O. mykiss fed different levels of shiitake extracts supplemented diet

W C Glucose Albumin Globulin Triglycerid Cholesterol Protein (mg/mL)
(mg/L) (mg/L) (mg/L) (mg/dl) (mg/L)
1% 90.61+3.232 0.424+0.010*  4.50+0.37¢  94.78+1.40? 168.92+3.472 34.35+0.90f
1 2% 89.07+3.128 0.40+0.012%  4.12+0.28°  95.71+1.802 173.994+2.262 34.53+1.06f
Control  93.10+1.052 0.41+0.0178  4.45+0.22°  99.53+2.26° 177.00£2.152 35.49+0.84
1% 87.51+2.752 0.41£0.01*  5.19+0.25°  87.78+1.51°  119.44+4.96°  41.75+0.77¢
3 2% 88.46+2.29° 0.41£0.0128  6.85+0.35%  83.91+2.06°  114.29+5.80°  45.85+0.50°
Control  90.30+1.312 0.40£0.040%  4.72+0.14°  86.80+1.61° 172.21+£5.502 37.84+0.84¢
1% 86.57+2.422 0.40+0.07%  5.40+0.34°  81.80+£2.49°  119.21+4.98°  47.50+0.42°
6 2% 84.35+1.57¢ 0.40+0.013°  6.98+0.41%  79.28+1.94%  111.28+2.33°  52.18+0.632
Control  87.01£1.292 0.42+0.015*  4.88+0.17°  84.42+1.54°¢ 176.21+3.152 38.18+0.52¢

Data are represented as mean+SE (n=10).
week, C: concentration).

Biometrical Parameters

The promoting effect of shiitake extract in the
diet on the growth performance of rainbow trout is
shown in Table 3. The average initial body weight

abcdef Different letters represent significant differences at P<0.05. (W:

groups were significantly higher than those in
the control group (P<0.05). The weight gain rate
(WGR) in groups increased compared with that of
the control (P<0.05). The feed conversion ratio

(IW) did not differ among all groups. At the end of  (FCR), especially in the group, 2%, was
the trial, the average final body weight and the significantly lower compared to the control
specific growth rate (SGR) in the experimental (P<0.05).
Table 3. Effects of shiitake extract on the growth performance of O. Mykiss

Group IW (g) FW (g) WGR(%) SGR(%) FCR
1% Shiitake 20.22+0.112 50.85+4.42° 151.48+1.6° 2.04+0.43b¢ 1.24+0.152
2% Shiitake 20.26+0.262 55.03+3.942 168.29+2.9582 2.19+0.282 1.19+0.21°
Control 19.34+0.172 46.88+4.72°¢ 142.39+2.45¢ 1.96+0.42° 1.25+0.242
Data are represented as mean+SE. ¢ Different letters represent significant differences at P<0.05.

Discussion good indicator of the health status or the

Using immunostimulants in farm animals as
well as in aquaculture has been an upcoming area in
recent years. Herbs containing bioactive compounds
health, increase the body’s natural resistance to
infection and facilitate in prevention and treatment
of various diseases (Sivaram et al. 2004; Basha et al.
2013). To develop alternative practices for growth
promotion and disease management in aquaculture,
attention has also been focused on the identification
of novel drugs, especially from natural sources. The
present trial evaluated the effects of the medicinal
shiitake extract on growth performance and non-
specific immune parameters in rainbow trout. Fish
were fed with food, including 1% and 2% shiitake
extract for a total of six weeks. Results showed that
in both concentrations, the shiitake extract was able
to stimulate some parameters on the non-specific
immune system in fish. The NBT reduction product
obtained after reaction with superoxides is a very

immunization effectiveness in fish (Anderson et al.
1992). The present study results detected that the
mushroom extract did significantly enhance the
number of respiratory burst activity of experimental
groups and they were significantly different from
that of the control group. Also, parallel results have
been documented in different fish species such as
Mozambican tilapia (Logambal et al. 2000) rainbow
trout (Diigenci et al. 2003; Bilen et al. 2011), Indian
major carp, (Rao and Chakrabarti 2005), (Kumar et
al. 2013), Oreochromis niloticus (Laith et al. 2017),
and S. aurata (Baba et al. 2014; Guardiola et al.
2018). Serum bactericidal activity is a mechanism
noted for the killing of pathogenic organisms in fish
(Ellis 2001). A. hydrophila was used as a model in
this experiment. The lowest number of bacterial
colonies indicated the efficiency of immune cells in
serum to kill the pathogen. The results of this work
showed significantly higher serum bactericidal
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activity in trial groups. Especially in higher doses
2% of shiitake extract. As our study is shown in
parallel ginger (Nya and Austin 2009a) lupin,
mango and stinging nettle (Awad and Austin 2010)
garlic (Nya and Austin 2011) decaffeinated green
tea (Sheikhzadeh et al. 2011) Saccharomyces
cerevisiae (Sheikhzadeh et al. 2012) and black
cumin seed oil and nettle extract (Awad et al. 2013)
have enhanced serum bactericidal activity in
rainbow trout.

The increase in the levels of serum protein,
albumin, and globulins in fish is thought to be
associated with a stronger non-specific immun
response (Wiegertjes et al. 1996). Plasma proteins
include the humoral factors of the non-specific
immune system (Magnadottir 2006). By examining
previous studies, it was found that the serum has
different total protein amounts depending on the fish
species and environmental factors in which they
lived. The present experiment determined an
enhancement of total protein in groups fed with the
highest doses of mushroom extract that indicated the
highest significant value compared to the control
group. This is in agreement with ginger, mistletoe
and nettle (Diigenci et al. 2003), garlic (Nya and
Austin 2011), tetra (Bilen et al. 2011), black cumin
seed oil, and nettle extract (Awad et al. 2013) have
enhanced serum total protein level in rainbow trout.
Also, Binaii et al. (2014) reported increases in total
protein level in juvenile beluga fed with nettle.
These reports suggested that a high concentration of
total protein in fish serum was likely to be a result
of the enhancement of the non-specific immune
response. The present results show that the albumin
and glucose did not increase while globulin
certainly increased. A similar study was reported to
have an increase of total protein and globulin in
rainbow trout after feeding ginger, garlic (Nya and
Austin 2009a; Nya and Austin 2009b), cumin seed
oil and nettle extract (Awad et al. 2013). High
cholesterol levels in the first week of the
experimental groups in the present study showed a
decrease compared to the control group after six
weeks. In animal studies, oyster mushrooms
significantly enhanced plasma cholesterol turnover
by 50% with a corresponding 25% decrease in liver
cholesterol levels as compared to controls (Bobek et
al. 1995). Other animal studies have documented
significant reductions in serum and liver cholesterol
levels when dried and powdered mushrooms were
included in the animal diets (Bobek et al. 1991). Xu
et al. (2008) detected that the administration of
polysaccharides from shiitake significantly reduced
serum total cholesterol, triglyceride level in high-fat
rats. Similarly, Hwang et al. (2012) showed that
dietary supplementation with shiitake mushroom

cholesterol level reduction of eggs in layer chickens.
In another study, the effect of L. edodes in a mouse
model of hypercholesterolemia was investigated by
Yang et al. (2013). They determined that L. edodes
promotes fat removal in hypercholesterolemic mice
by supplemented fed feeding. Several herbs were
tested for their growth-promoting activity in aquatic
animals. Zahran et al. (2014) showed that
Astragalus polysaccharides could promote the
growth of Nile tilapia. Wang et al. (2015) observed
that dietary supplementation of Rehmannia
glutinosa increased the growth rate in Cyprinus
carpio. By examining specific growth rates, it can
be concluded that the different concentrations
applied to the fish did not bear any negative effect
on any parameters of the non-specific immune
system. They usually have a positive effect on the
growth and improvement of performance
(Dobdikova et al. 2012; Talpur and Ikhwanuddi
2013; Kanani et al. 2014). Also, Guo et al. (2004)
reported several mushroom and herb
polysaccharides, on the growth performance of
broilers, and found shiitake to be a significant
growth performance in broilers. The results are
shown in the present study also indicates that
mushroom extract included in the diet is useful for
improving the growth performance of rainbow trout.

In conclusion, the present study demonstrates
the effect of the mushroom extract on the growth
and non-specific immune parameters of O. mykiss.
Results indicate that shiitake mushroom may be a
potential immunostimulant for enhancing non-
specific immune response and disease resistance in
juvenile rainbow trout.

Acknowledgements

“This study was supported by Mugla Sitki
Kogman University Scientific Research Project
Coordination Unit with 12/76 project number”. We
thank Siileyman BABA for his support during the
trial. We also thank Dr Vikas Kumar for his
valuable comments on the manuscript. This study is
a part of the PhD. dissertation of Esin Baba.

References

Anderson DP, Moritomo T, Grooth RD. 1992.
Neutrophile, glass-adherent, nitroblue tetrazolium
assay gives early indication of immunization
effectiveness in rainbow trout. Vet Immunol
Immunopathol. 30:419-429.
doi: 10.1016/0165-2427(92)90110-c

AOAC. 2009. Official Methods of Analysis of AOAC
International. 17th ed. Assoc. Official Analytical
Chemists, Arlington, VA.

Awad E, Austin B. 2010. Use of lupin, Lupinus perennis,
mango, Mangifera indica, and stinging nettle, Urtica
dioica, as feed additives to prevent Aeromonas


https://doi.org/10.1016/0165-2427(92)90110-c

34

Baba & Ulukdy 2022 - LimnoFish 8(1): 28-36

hydrophila infection in rainbow trout, Oncorhynchus
mykiss (Walbaum). J Fish Dis. 33:413-420.
doi: 10.1111/j.1365-2761.2009.01133.x

Awad E, Austin D, Lyndon AR. 2013. Effect of black
cumin seed oil (Nigella sativa) and nettle extract
(Quercetin) on enhancement of immunity in rainbow
trout, Oncorhynchus mykiss (Walbaum).
Aquaculture. 388-391:193-197.
doi:10.1016/j.aquaculture.2013.01.008

Baba E, Ulukéy G, Mammadov R. 2014. Effects of
Muscari comosum extract on nonspecific immune
parameters in gilthead seabream, Sparus aurata
(L. 1758). J World Aquac Soc. 5(2):173-182.
doi: 10.1016/j.fsi.2013.08.005

Basha KA, Raman RP, Prasad KP, Kumar K, Nilavan E,
Kumar S. 2013. Effect of dietary supplemented
andrographolide on growth, non-specific immune
parameters and resistance against Aeromonas
hydrophila in Labeo rohita (Hamilton). Fish
Shellfish Immunol.35:1433-1441.
doi: 10.1016/j.fsi.2013.08.005

Bernas E, Jaworska G, Lisiewska Z. 2006. Edible
mushrooms as a source of valuable nutritive
constituents. Acta Sci Pol Technol Aliment. 5(1):
5-20.

Bilen S, Bulut M, Bilen AM. 2011. Immunostimulant
effects of Cotinus coggyria on rainbow trout
(Oncorhynchus mykiss). Fish Shellfish Immunol.
30:451-455.
doi: https://doi.org/10.1016/j.fsi.2010.12.013

Binaii M, Ghiasi M, Farabi SV, Pourghola R, Fazli H,
Safari R, Alavi SE, Taghavi MJ, Bankehsaz Z. 2014.
Biochemical and hemato-immunological parameters
in juvenile beluga (Huso huso) following the diet
supplemented with nettle (Urtica dioica). Fish
Shellfish Immunol. 36:46-51.
doi: 10.1016/}.fsi.2013.10.001

Bobek P, Ozdin O, Mikus M. 1995. Dietary oyster
mushroom  (Pleurotus  ostreatus)  accelerates
cholesterol turnover in hypercholesterolaemic rats.
Phys Res. 44(5):287-291.

Bobek P, Ginter E, Kuniak L, Babala J, Jurcovicova M,
Ozdin L, Cerven J. 1991. Effect of mushroom
Pleurotus  ostreatus  and isolated  fungal
polysaccharide on serum and liver lipids in Syrian
hamsters  with  hyperlipoproteinemia.  Nutrition.
7:105-108.

Bradford MM. 1976. A rapid method for the
quantification of microgram quantities of protein
utilizing the principle of protein dye binding. Anal
Biochem. 72:248-254.
doi: 10.1006/abi0.1976.9999

Cabello FC. 2006. Heavy use of prophylactic antibiotics
in aquaculture: a growing problem for human and
animal health and for the environment. Environ
Microbiol. 8:1137-1144.
doi: 10.1111/].1462-2920.2006.01054.x

Dalsgaard 1, Madsen L. 2000. Bacterial pathogens in
rainbow trout, Oncorhynchus mykiss (Walbaum),
reared at danish freshwater farms. J Fish Dis. 23:
199-2009.
doi:https://doi.org/10.1046/j.1365-761.2000.00242.x

Dobsikova R, Blahova J, Fran A, Jakubik J, Mikulikova
I, Modra H, Novotnd K, Svobodova Z. 2012. Effect
of B-1.3/1.6-D-glucan derived from oyster mushroom
Pleurotus ostreatus on biometrical, haematological,
biochemical, and immunological indices in rainbow
trout (Oncorhynchus mykiss). Neuro Endocrinol Lett.
33(3):101-111.

Diigenci SK, Arda N, Candan A. 2003. Some medicinal
plants as  immunostimulant  for  fish. J
Ethnopharmacol.88:99-106.
doi: 10.1016/s0378-8741(03)00182-x

Ellis AE. 2001. Innate host defence mechanism of fish
against viruses and bacteria. Dev Comp Immunol.
25:827-839.
doi: 10.1016/s0145-305x(01)00038-6

Elumalai P, Kurian A, Lakshmi S, faggio C, Esteban MA,
Ringo E. 2021. Herbal Immunomodulators in
Aquaculture. Rev. Fisheries Sci. Aquaculture.
29(1):33-57

Galindo-Villegas J, Hosokawa H. 2004.
Immunostimulants: Towards temporary prevention of
diseases in marine fish. Aquaculture. 16-19.

Guardiola FA, Bah A, Esteban A. 2018. Effects of dietary
administration of fenugreek seeds on metabolic
parameters and immune status of gilthead seabream
(Sparus aurata L.). Fish Shellfish Immunol. 74:
372-379.
doi: 10.1016/}.fsi.2018.01.010

Guo FC, Williams BA, Kwakkel RP, Li HS, Li XP, Luo
JY. 2004. Effects of mushroom and herb
polysaccharides, as alternatives for an antibiotic, on
the cecal microbial ecosystem in broiler chickens.
Poult Sci. 83:175-182.
doi: https://doi.org/10.1093/ps/83.2.175

Hwang JA, Hossain E, Yun DH, Moon ST, Kim M, Yang
CJ. 2012. Effect of shiitake (Lentinula edodes (Berk.)
Pegler) mushroom on laying performance, egg
quality, fatty acid composition and cholesterol
concentration of eggs in layer chickens. J Med
Plants Res.6(1):146-153.
doi: 10.5897/JMPR11.1351

Harikrishnan R, Balasundaram C, Heo MS. 2012a. Effect
of Inonotus obliquus enriched diet on hematology,
immune response, and disease protection in kelp
grouper, Epinephelus bruneus against Vibrio harveyi.
Aquaculture. 344-349:48-53.
doi:https://doi.org/10.1016/j.aquaculture.2012.03.010

Harikrishnan R, Balasundaram C, Heo MS. 2012b.
Inonotus obliquus containing diet enhances the innate
immune mechanism and disease resistance in olive
flounder (Paralichythys olivaceus) against Uronema
marinum. Fish Shellfish Immunol. 32(6):1148-1154.
doi: 10.1016/j.fsi.2012.03.021.

Hoseinifar, SH, Sun YZ, Zhou Z, Doan HV, Davies SJ,
Harikrishnan R. 2020. Boosting Immune Function
and Disease Bio-Control Through Environment-
Friendly and Sustainable Approaches in Finfish
Aquaculture: Herbal Therapy Scenarios. Rev.
Fisheries Sci. Aqua. 28(3):303-321
doi:10.1080/23308249.2020.1731420

Kajita Y, Sakai M, Atsuda S, Kobayashi M. 1990.
The immunonodulatory effect of levamisole on


https://doi.org/10.1016/j.fsi.2013.08.005
https://doi.org/10.1016/j.fsi.2013.08.005
https://doi.org/10.1111/jwas.12100
https://doi.org/10.1016/j.fsi.2013.08.005
https://doi.org/10.1016/j.fsi.2010.12.013
https://doi.org/10.1016/j.fsi.2013.10.001
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1111/j.1462-2920.2006.01054.x
https://doi.org/10.1046/j.1365-2761.2000.00242.x
https://doi.org/10.1016/s0378-8741(03)00182-x
https://doi.org/10.1016/s0145-305x(01)00038-6
https://www.tandfonline.com/author/Lakshmi%2C+Sreeja
https://doi.org/10.1016/j.fsi.2018.01.010
https://doi.org/10.1093/ps/83.2.175
https://doi.org/10.5897/JMPR11.1351
https://doi.org/10.1016/j.aquaculture.2012.03.010
https://doi.org/10.1016/j.fsi.2012.03.021
https://www.tandfonline.com/author/Hoseinifar%2C+Seyed+Hossein
https://www.tandfonline.com/author/Sun%2C+Yun-Zhang
https://www.tandfonline.com/author/Zhou%2C+Zhigzhang
https://www.tandfonline.com/author/van+Doan%2C+Hien
https://www.tandfonline.com/author/Davies%2C+Simon+J
https://www.tandfonline.com/author/Harikrishnan%2C+R
https://doi.org/10.1080/23308249.2020.1731420

Baba & Ulukdy 2022 - LimnoFish 8(1): 28-36

35

rainbow trout Oncorhynchus mykiss. Fish Pathol.
25:93-98.

Kanani HG, Nobahar Z, Kakoolaki S, Jafarian H. 2014.
Effect of ginger and garlic supplemented diet on
growth performance, some hematological parameters
and immune responses in juvenile Huso huso. Fish
Physiol Biochem. 40:481-490.
doi: 10.1007/s10695-013-9859-6

Kumar S, Raman P, Pandey PK, Mohanty S, Kumar A,
Kumar K. 2013. Effect of orally administered
azadirachtin on non-specific immune parameters of
goldfish Carassius auratus (Linn. 1758) and
resistance against Aeromonas hydrophila. Fish
Shellfish Immunol. 34:564-573.
doi: 10.1016/j.fsi.2012.11.038

Kwak JK, Park SW, Koo JG, Cho MG, Buchholz R,
Goetz P. 2003. Enhancement of the non-specific
defence activities in carp (Cyprinus carpio) and
flounder  (Paralichthys  olivcaces) by oral
administration of schizophyllan. Acta Biotechnol.
23(4): 359-371.
doi: https://doi.org/10.1002/abio.200390046

Laird L, Needham T. 1988. Salmon and trout farming,
Harwood, New York.

Laith AA, Mazla AG, Effendy AW, Ambak MA,
Nurhafizah WWI, Ali A, Jabar A, Najiah M. 2017.
Effect of Excoecaria agallocha on non-specific
immune responses and disease resistance of
Oreochromis  niloticus  against ~ Streptococcus
agalactiae. Res Vet Sci. 112:192-200.
doi: 10.1016/j.rvsc.2017.04.020

Li P, Gatlin DM. 2005. Evaluation of the prebiotic
GroBiotic AE and brewer’s yeast as dietary
supplements for sub-adult hybrid striped bass
(Morone chrysopsx x M. saxatilis) challenged in situ
with  (Mycobacterium  marinum).  Aquaculture.
248:197-205.
doi: 10.1016/j.aquaculture.2005.03.005

Logambal SM, Venkatalakshmi S, Dinakaran MR. 2000.
Immunostimulatory effect of Ocimum sanctum Linn.
in Oreochromis mossambicus (Peters).
Hydrobiologia. 430:113-120.

Magnadottir B. 2006. Innate immunity of fish. Fish
Shellfish Immunol. 20:137-151.
doi: https://doi.org/10.1016/}.1si.2004.09.006

Mau J, Lin H, Song S. 2002. Antioxidant properties of
several specialty mushrooms. Food Res Int. 3:
519-526.
doi: https://doi.org/10.1016/S0963-9969(01)00150-8

Mizuno T. 1995. Shiitake, Lentinus edodes: functional
properties for medicinal and food purposes. Food
Rev Int.11:7-21.
doi: https://doi.org/10.1080/87559129509541022

Nya E, Austin B. 2009a. Use of dietary ginger, Zingiber
officinale Roscoe, as an immunostimulant to control
Aeromonas hydrophila infections in rainbow trout,
(Oncorhynchus mykiss). J Fish Dis. 32:971-977.
doi: 10.1111/5.1365-2761.2009.01101.x

Nya E, Austin B. 2009b. Use of garlic, Allium sativum,
to control Aeromonas hydrophila infection in
rainbow trout, Oncorhynchus mykiss (Walbaum). J
Fish Dis. 32:963-970.

doi: 10.1111/j.1365-2761.2009.01100.x

Nya EJ, Austin B. 2011. Development of immunity in
rainbow trout (Oncorhynchus mykiss, Walbaum) to
Aeromonas hydrophila after the dietary application
of garlic. Fish Shellfish Immunol. 30:845-850.
doi: 10.1016/j.fsi.2011.01.008

Rao YV, Chakrabarti R. 2005. Stimulation of immunity
in Indian major carp Catla catla with herbal feed
ingredients. Fish Shellfish Immunol. 18(4):327-334.
https://doi.org/10.1016/j.fsi.2004.08.005

Reguta J, Siwulski M. 2007. Dried shiitake (Lentinulla
edodes) and oyster (Pleurotus ostreatus) mushrooms
as a good source of nutrient. Acta Sci Pol Technol
Aliment. 6(4):135-142.

Sheikhzadeh N, Nofouzi K, Delazar A, Oushani AK.
2011. Immunomodulatory effects of decaffeinated
green tea (Camellia sinensis) on the immune system
of rainbow trout (Oncorhynchus mykiss). Fish
Shellfish Immunol. 31:1268-1269.
doi: 10.1016/}.fsi.2011.09.010

Sheikhzadeh N, Heidarieh M, Pashaki K, Nofouzi K,
Farshbafii MA, Akbar M. 2012. Hilyses, fermented
Saccharomyces cerevisiae, enhances the growth
performance and skin non-specific immune
parameters in rainbow trout (Oncorhynchus mykiss).
Fish Shellfish Immunol. 32:1083-1087.
doi: 10.1016/j.fsi.2012.03.003

Sivaram V, Babu MM, Immanul G, Murugadass S,
Citarasu T, Petermarian M. 2004. Growth and
immunoresponse of juvenile greasy groupers
(Epinephelus tauvina) fed with herbal antibacterial
active principle supplemented diets against Vibrio
harveyi infection. Aquaculture.237:9-20.
doi:https://doi.org/10.1016/j.aquaculture.2004.03.014

Smith J, Rowan N, Sullivan R. 2002. Medicinal
mushrooms: Their therapeutic properties and current
medical usage with special emphasis on cancer
treatments. Univ. Strathclyde, Glasgow, UK.

Stratev D, Zhelyazkov G, Noundou XN, Krause RM.
2018. Beneficial effects of medicinal plants in fish
diseases. Aquacult Int. 26:289-308.
doi: 10.1007/s10499-017-0219-x

Talpur AD, Ikhwanuddi M. 2013. Azadirachta indica
(neem) leaf dietary effects on the immunity response
and disease resistance of Asian seabass, Lates
calcarifer challenged with Vibrio harveyi. Fish
Shellfish Immunol. 34:254-264.
doi: 10.1016/j.fsi.2012.11.003

Tang J, Cai J, LiuR, Wang J, Lu Y, Wu Z, Jian J. 2014.
Immunostimulatory  effects of artificial feed
supplemented with a Chinese herbal mixture on
Oreochromis niloticus against  Aeromonas
hydrophila. Fish Shellfish Immunol. 39:401-406.
doi: 10.1016/j.fsi.2014.05.028

Van Hai N. 2015. The use of medicinal
immunostimulants  in  aquaculture: a
Aquaculture.446:88-96.
doi:10.1016/j.aquaculture.2015.03.014

Wang JL, Meng X, Lu R, Wu C, Luo YT, Yan X, Li XJ,
Kong XH, Nie GX. 2015. Effects of
Rehmannia glutinosa on growth performance,
immunological parameters and disease resistance to

plants as
review.


https://doi.org/10.1007/s10695-013-9859-6
https://doi.org/10.1016/j.fsi.2012.11.038
https://doi.org/10.1002/abio.200390046
https://doi.org/10.1016/j.rvsc.2017.04.020
https://doi.org/10.1016/j.aquaculture.2005.03.005
https://doi.org/10.1016/j.fsi.2004.09.006
https://doi.org/10.1016/S0963-9969(01)00150-8
https://doi.org/10.1080/87559129509541022
https://doi.org/10.1111/j.1365-2761.2009.01101.x
https://doi.org/10.1111/j.1365-2761.2009.01100.x
https://doi.org/10.1016/j.fsi.2011.01.008
https://doi.org/10.1016/j.fsi.2004.08.005
https://doi.org/10.1016/j.fsi.2011.09.010
https://doi.org/10.1016/j.fsi.2012.03.003
https://doi.org/10.1016/j.aquaculture.2004.03.014
https://doi.org/10.1007/s10499-017-0219-x
https://doi.org/10.1016/j.fsi.2012.11.003
https://doi.org/10.1016/j.fsi.2014.05.028
https://doi.org/10.1016/j.aquaculture.2015.03.014

36

Baba & Ulukdy 2022 - LimnoFish 8(1): 28-36

Wiegertjes GF, Stet

Xu

Aeromonas hydrophila in common carp (Cyprinus
carpio L.). Aquaculture.435:293-300.
doi:https://doi.org/10.1016/j.aquaculture.2014.10.004
RJM, Parmentier HK, Van
Muiswinkel WB. 1996. Immunogenetics of disease
resistance in fish; a comparable approach. Dev Comp
Immunol.20:365-381.

doi: 10.1016/s0145-305x(96)00032-8

C, Yan ZH, Hong ZJ, Jing G. 2008. The
pharmacological effect of polysaccharides from
Lentinus edodes on the oxidative status
and expression of VCAM-1mRNA of thoracic
aorta endothelial cell in high-fat-diet rats. Carbohydr
Polym.74:445-450.
https://doi.org/10.1016/j.carbpol.2008.03.018

Yang H, Hwang I, Kim S, Hong EJ, Jeung EB. 2013.

Lentinus edodes promotes fat removal in hyper
cholesterolomic mice. Exp Ther Med. 6(6):
1409-1413.

doi: 10.3892/etm.2013.1333

Yap AT, Ng MLM. 2001. An improved method for the

isolation of lentinan from the edible and medicinal
shiitake mushroom, Lentinus edodes (Berk.) Sing.
(Agaricomycetideae). Int J Med Mushrooms. 3:6-19.

Yin G, Ardo L, Jeney Z, Xu P, Jeney G. 2008. In

Bondad-Reantaso MG, Mohan CV, Crumlish M,
Subasinghe RP. Editors. Chinese herbs (Lonicera
japonica and Ganoderma lucidum) enhance non-
specific immune response of tilapia, Oreochromis
niloticus, and protection against Aeromonas
hydrophila. Diseases in Asian Aquaculture VI. Fish
Health Section, Asian Fisheries Society, Manila,
Philippines 269-282 p.

Zahran E, Risha E, AbdelHamid F, Mahgou HA, Ibrahim

T. 2014. Effects of dietary Astragalus
polysaccharides (APS) on growth performance,
immunological parameters, digestive enzymes, and
intestinal morphology of Nile tilapia (Oreochromis
niloticus). Fish Shellfish Immunol. 38:149-157.
doi:10.1016/}.fsi.2014.03.002


https://doi.org/10.1016/j.aquaculture.2014.10.004
https://doi.org/10.1016/j.carbpol.2008.03.018
https://doi.org/10.1016/j.carbpol.2008.03.018
https://doi.org/10.3892/etm.2013.1333
https://www.sciencedirect.com/science/article/abs/pii/S1050464814000667?via%3Dihub

LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 8(1): 37-43 (2022)

Journal of Limnology and Freshwater Fisheries Research

¢,
@.,/ / http:/ /www.limnofish.org

B ==
Poyrazlar Golii’niin Mikrobiyolojik Kirlilik Seviyesinin Belirlenmesi
Nilay MUSTAFA ™ ' Alican Bahadir SEMERCi!"" | Kenan TUNC!
1 Sakarya Universitesi, Fen-Edebiyat Fakiiltesi, Biyoloji Boliimii 54110 Sakarya- Tiirkiye
0z MAKALE BiLGIiSi
Bu aragtirmada, Sakarya ilinde bulunan Poyrazlar Go6li’niin, toplam koliform ARASTIRMA MAKALESI
bakteri(TK), fekal koliform bakteri(FK), fekal streptokok(FS), Escherichia coli ] -
ve toplam canli(TC) degeri ile fiziksel ve kimyasal parametreler Gelis :03.01.2021 E" "E
iligkilendirilerek ~ g6lin  maruz kaldig1 kirlilik diizeyi belirlenmistir. Diizeltme :13.06.2021
Mikrobiyolojik analizler dokme plak ve membran filtrasyon yontemi Kabul . 01.07.2021

kullanilarak —gergeklestirilmistir. Caligma alaninin  mikrobiyolojik kirliligi
Yiizeysel Su  Kalitesi  Yonetim  Yonetmeligine (YSKYY) gore Yayim :25.04.2022 E .
degerlendirilmistir. Kasim 2018-Eyliil 2019 tarihleri arasinda yapilan ¢aligmada, . .

TC degeri >34,5 ve <2747,5 kob/mL arasinda, E. coli >2,5 ve <13 kob/mL DOI:10.17216/LimnoFish.852815
arasinda, FK bakteri degeri >6,3 ve <23,75 kob/mL arasinda, TK bakteri degeri "

>28,4 ve <287,7 kob/mL arasinda, FS bakteri degeri >1 ve <23,1 kob/mL SORUMLU YAZAR

arasinda oldugu tespit edilmistir. Suyun fiziksel parametreler ve bakteri dagilimi
arasindaki  iligkileri SPSS 20,00  kullanilarak  istatistiksel  olarak
degerlendirilmistir. Elde edilen sonuglarda p<0,05 seviyesinde, FK ile TDS
arasinda 0,829 korelasyon katsayisi ile pozitif, E. coli ile TC miktar1 arasinda
0,886 ile pozitif, EC ile sicaklik arasinda -0,829 negatif korelasyon baglantist
tespit edilmistir. Poyrazlar Golii, YSKYY’ne gore, fekal koliform, toplam
koliform agisindan II. Smif kalitede oldugu; ¢6ziinmiis oksijen agisindan IV.
Smuf kalitede oldugu tespit edilmistir. Arastirmadan elde edilen sonuglara gére
Poyrazlar Golii’niin heniiz mikrobiyolojik kalite yoniinden kirli olmayan, fakat
kirlilik sinirina yakin degerlerde oldugu belirlenmistir.

mustafaa.nilay@gmail.com
Tel :+90 264 295 6808

Anahtar kelimeler: Fekal koliform, toplam canli, Poyrazlar Golii, mikrobiyal
kalite

Determining of Microbiological Pollution Level of Poyrazlar Lake

Abstract: In this study, the pollution level of the Poyrazlar Lake in Sakarya was determined by correlating the total coliform
bacteria, fecal coliform bacteria, fecal streptococci, Escherichia coli and total viable value with physical and chemical parameters.
Microbiological analysis were carried out using the spread plate method and the membrane filtration method. Microbiological
pollution of the study area has been evaluated according to the Surface Water Quality Management Regulation (YSKYY). Total
viable count between> 34.5 and <2747.5cfu/mL, E. coli between> 2.5 and <13 cfu/mL, fecal coliform bacteria count between> 6
and <24 cfu/mL, total coliform bacteria count> 28 and <287.7 cfu/mL and the number of fecal streptococcus bacteria was found to
be between> 1 and <23.1 cfu/mL. The interrelations of the water of the physical parameters and the distribution of bacteria was
evaluated statistically using SPSS 20.00. In the results obtained, a positive correlation coefficient of 0.829 between fecal coliform
and total dissolved solids at p <0.05 level, and a negative correlation of -0.829 between electrical conductivity and temperature
were determined. As a result of the statistical analysis, it was determined that there is a positive correlation with 0.886 between E.
coli and the total living amount at the p <0.05 level. Microbiological pollution of the study area has been evaluated according to
national and international criteria. When Poyrazlar Lake is evaluated according to the standards of Surface Water Quality
Management Regulation, first class in terms of temperature, pH, total dissolved solids, electrical conductivity, fecal coliform was
found to be second class in terms of total coliform and fourth class in terms of dissolved oxygen. According to the results obtained
from the research, it was determined that Poyrazlar Lake is not polluted in terms of microbiological quality but has values close to
the pollution limit.

Keywords: Fecal coliform, total viability, Poyrazlar Lake, microbial quality
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Giris

Su kirliligi, diinyanin son yillarda karsilastigi en
biiyiikk ¢evre sorunlarindandir. Iklim degisikligi,
asir1 su kullammmi ve cevre kirliligi nedeni ile var
olan su kaynaklar1 giderek yok olmaktadir
(Arslangiindogdu 2009; Atici ve Tokath 2014). Su
kaynaklarmin yanhis kullanimi, bu kaynaklarin
evsel, endiistriyel ve tarimsal atiklarla kirletilmesi,
sucul ekosistemi olumsuz etkilenmektedir. Sucul
ekosistemin olumsuz etkilenmesi nedeniyle 6zellikle
farkl1 amaclarla toplumlarin kullanimma sunulan
gollerin su kalitesinin degismesi, halk saglig
acisindan biiylik bir 6neme sahiptir (Bulut vd. 2010;
Tungsiper 2017; Akkan vd. 2019).

Mikroorganizmalar, akuatik ortamda gevresel
faktorlere ve antropojen etkilere bagli olarak
artmaktadir. Avustralya Ulusal Saglik ve Tibbi
Arastirma Konseyi, Avrupa Cevre Ajanst (ACA) ve
Kanada Cevre Bakanlar Konseyi (CCME) akuatik
ortamlarda koliform bakterilerini fekal kirlilik
indikatorii olarak kabul etmektedir (Yardimei 2009;
Wang ve Deng 2019).

Koliform grubu bakteriler, hayvan ve insan
digkisindaki  bakterilerin  biiyilk bir  kismini
olusturmaktadir. G6l suyunda standartlarin iistiinde
koliform bakteri bulunmasi o gol icin kirlilik
belirtisidir (Koloren vd. 2011). Go&l suyu icinde
bulunan bu Kkirleticilerin miktari, sucul canlilarin
fizyolojik durumunu etkilemekte, suyun verimlilik
diizeyini ve kullanim geklini belirlemektedir
(Cetinkaya 2003; Tepe 2009; Turgut ve Ozgiil
2009).

Adapazan ilgesinde yer alan Poyrazlar Goli,
2310 dekarlik alam kapsamaktadir. Poyrazlar Golii,
kus popiilasyonu agisindan zengin olmasinin
yaninda genis bir floraya da sahiptir. Gl ve orman
ekosisteminin beraber olusturdugu dogal ortam su
kuslarma gol ¢evresinde habitat olusturur (Sekil 1).
Ayrica golde birgok balik tiirii de mevcuttur. Piknik,
doga yiiriiylisii, yaban hayat gozlemciligi gibi bircok
etkinligi gerceklestirme imkani sunan Poyrazlar
Goli 2011 yilinda Tabiat Parki olarak kabul
edilmistir

Bu ¢alismada, Poyrazlar Goli'ndeki kirlilik
indikatorii mikroorganizmalar1 tespit edilerek,
Yiizeysel Su Kalitesi Yonetimi YOnetmeligi
(YSKYY 2004) kriterlerine gore goliin hangi sinifta
yer aldiginin belirlenmesi amaglanmustir.

Materyal ve Metot

Bu calismada, onceden belirlenen 20 noktada
Kasim-2018, Ocak, Mart, Mayis, Temmuz, Eyliil-
2019 aylar1 arasinda toplam 120 adet su Ornegi,
numune alma kriterlerine uygun sekilde steril 500
mL’lik koyu renkli, vida kapakli steril cam sise
kullanilarak alimmustir. Aym1 giin i¢inde soguk

zincirde Sakarya  Universitesi ~Mikrobiyoloji

Laboratuvarina getirilmis ve analize edilmistir.

Sekil 1. Poyrazlar Golii (Kanak Google Earth)
Figure 1. Poyrazlar Lake (Source: Google Earth)

Mikrobiyolojik  analizler i¢in  membran
filtrasyon ve dokme ekim yontemi kullanilmstir. Su
ornekleri 0,45 pm gozenekli selilloz asetat membran
(Merck) siiziilerek, toplam koliform, toplam canli
Escherichia coli fekal streptokok ve fekal koliform
bakteriler i¢in uygun besi ortamlarinda inkiibe
edilmistir. Fiziksel ve kimyasal analizler, sicaklik,
pH, elektriksel iletkenlik (EC), ¢oziinmiis oksijen
miktart (DO), ve ¢oziinmiis kat1 madde miktari, cok
fonksiyonlu su kalitesi 6l¢iim cihazi (YSI ProPlus,
YSI) ile oOlciilmiistiir. Suyun fiziksel ve bakteri
dagilimiyla olan iligkisini ortaya koyabilmek igin
SPSS  Windows stirim 20,0 paket programi
kullanilmustir.

Fekal streptokok igin Slanetz-Bartley (Merck
1.05262) kat1 besi yerine alman filtre kagidi
36,54+0,5°C’de 48+2 saat inkiibasyona birakilmistir.
Kirmizimst mor-pembe renkte goriilen koloniler
olas1 fekal streptokok kabul edilerek dogrulama testi
icin Bile-Aesculin—Azide kat1 (Merck 1.00072) besi
yerine alinarak 45+0,2°C’de 2+1 saat inkiibasyona
birakilmigtir. 2 saat sonra sari renkli olan besi
yerinin lireme sonucunda koloni rengi ve etrafinda
koyu kahverengi zon olusmasi pozitif, renk
degisikliginin  goriilmemesi ise negatif olarak
degerlendirilmistir.

Toplam koliform bakteri tespit etmek igin
Chromocult Coliform Agar(CCA)( (Bioneks) besi
yerinde 37+0,5°C’de 24+2 saat inkiibasyona
birakilmistir. Inkiibasyon sonrasinda petri iizerinde
iireyen bakteriler oksidasyon testine (HSGM, 2008)
tabii tutulmustur. Oksidasyon (Merck 1.13300) testi
icin CCA besi yeri lizerinde iireyen kolonilerinden
muhtemel koliform oldugu diisiiniilen rastgele 10
koloni segilip Yeast Ekstrakt (Merck 1.03750)
Agara ekimi yapilarak 37+0,5°C’de 24+2 saat
inkiibasyona birakilmistir. Negatif olan koloniler
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muhtemel koliform grubu bakteri olarak kabul
edilmistir.

Fekal koliform bakterileri tespit etmek igin
ayirict besi yeri olan Membran Fekal Koliform (m-
FC) (Merck 1.11278) Agar kullanilmistir. Petriler
44,5+0,2°C’de 2442 saat inkiibe edilmistir.
Inkiibasyon sonrasinda petri iizerinde gelisen mavi,
pembe, gri kolonilerin sayimi yapilmigtir.

Toplam canlinin belirlenmesi igin g6l suyu
orneginden 1 mL ve 10 mL almnarak steril petri
kutusuna aktarilmig; tlizerine steril edilmis ve
45-4740,2°C de tutulan Yeast Agar’a besi yerinden
12-15 mL kadar dokilmistiir. Petri kutusu diiz
zeminde 888 cizilmesiyle ornek ile besi yeri
karigtirilmigtir. Besi yerinin katilagmasindan sonra
petriler, 37+0,5°C’de inkiibe edilmistir. 2 giin siiren
inkiibasyon sonunda petri iizerinde gelisen
kolonilerin sayimi yapilmistir (APHA, 1992).

Bulgular

Calisgma boyunca Poyrazlar Goli’nden alinan
orneklerin aylara gore, toplam koliform bakteri,
fekal  koliform  bakteri, fekal streptekok,
E. coli ve toplam canli sayis1 dagilimlar1 Tablo 1.

ve Tablo 2’de  verilmistir.  Alman su
orneklerinde mikrobiyolojik kirlilik durumunun
degerlendirildiginde, ortalama E. coli bakteri sayisi
>25 ve <13 kob/mL arasinda tespit edilmistir.
Yapilan calismada en fazla E. coli sayisi Ocak
ayinda <13 kob/mL, en az Eylil ayinda >2.5
kob/mL olarak kaydedilmistir. Fekal koliform
bakteri sayis1 >5 ve <24 kob/mL, arasinda tespit
edilmistir. En fazla fekal koliform sayis1 Mayis
ayinda <24 kob/mL, en az fekal koliform sayisi
Mart aymnda >6 kob/mL olarak kaydedilmistir.
Toplam koliform bakteri sayis1 >28 ve <287,7
kob/mL arasinda oldugu belirlenmistir. En fazla
toplam koliform sayist Eyliil ayinda <287,7kob/mL,
en az toplam koliform sayis1 Mart ayinda >28
kob/mL olarak kaydedilmistir. Genel olarak
orneklerin aylik dagilimlar benzerlik
gostermektedir. Goliin igerisinden alinan 6rneklerde
aylara gore fekal streptokok bakteri sayis1 >1 ve <24
kob/mL  arasinda tespit edilmistir. Yapilan
calismada en fazla fekal streptokok sayis1t Temmuz
ayinda < 23,1 kob/mL, en az Eylil aymda >1
kob/mL olarak kaydedilmistir. Toplam canli degeri
>34 ve <2200 kob/mL arasinda degismektedir.

Tablo 1. Poyrazlar G6lii’'ndeki FK ve TK degerinin aylara dagilimi ve YSKYY’ne gore kalite sinifi (kob/mL).
Table 1. Distribution of FK and TK values in Poyrazlar Lake by months and quality class according to YSKYY (cfu/

Mikroorganizma Kasim Ocak Mart Mayis Temmuz Eyliil Ortalama
FK 18,5 16,9 6,3 23,75 5,25 17 14,6
Kalite Simifi I I I | I 1l
TK 120,55 101,8 28,4 93,5 102,9 287,7 122,5
Kalite Simifi I I | 1 I 1l
FK: Fekal koliform, TK: Toplam koliform.
FK: Fecal coliform, TK: Total coliform.

Tablo 2. Poyrazlar Golii’ndeki FS, TC ve E. coli degerinin aylara dagilimi (kob/mL)

Table 2. Distribution of FS, TC and E. coli values in Poyrazlar Lake by months (cfu / mL)
Mikroorganizma Kasim Ocak Mart Mayis Temmuz Eyliil Ortalama
FS 6,15 4,55 1,45 17,65 23,1 1 8,9
TC 220,25 1563,7 58,05 27475 392,75 34,5 836,1
E. coli 4,5 12,9 3,3 59 3,5 2,5 54

FS: Fekal streptokok, TC: Toplam canli, E. coli: Eschericha coli
FS: Fecal streptococcus, TC: Total viable, E. coli: Escherichia coli

Caligsma boyunca alian Orneklerde aylara gore
ortalama sicaklik degeri 17,2 °C, ortalama doymus
oksijen degeri 2,5 mg/L, ortalama elektriksel
iletkenlik degeri 198,7 pS cm?, toplam ¢dziinmiis

katt madde miktar1 123,4 mg L ve pH 7,5 olarak
hesaplanmistir. Alinan 6rneklerin alindigr aylardaki
fiziksel ve kimyasal parametrelerin ortalama
degerleri Tablo 3.’de verilmistir.



40

Mustafa vd. 2022 - LimnoFish 8(1): 37-43

Tablo 3. Poyrazlar G6lii'niin aylara gore fiziksel ve kimyasal parametrelerinin degerleri ve YSKY'Y 'ne gore kalite
sinifi

Table 3. The values of the physical and chemical parameters of Poyrazlar Lake by months and the quality class
according to YSKYY.

°C DO EC TDS pH
Kasim 13,9+1 0,19+0,1 218,4+1,2 142,1+2 7,97+0,5
Ocak 6,6x1,5 0,2+0,1 207,9+1,2 135,242,5 7,57+0,5
Mart 11,7£1,2 3,41+0,2 203,8+1,3 92,3+1,2 7,784£0,2
Mayis 19,9+1,2 6,7+0,2 201,32 136,7+1,5 8,1+0,5
Temmuz 26,1+1 2,4+0,1 179,1+0,1 116,35+2 7,24+0,3
Eyliil 25+1 2,2+0,2 181,8+0,5 118,3+0,2 6,3+0,5
Ortalama 17,2 2,5 198,7 1234 75
Kalite Sinifi I-11 v | | I-11

°C: Sicaklik; Oksijen Miktar1, DO: Coziinmiis Oksijen Miktari, EC: Elektriksel Iletkenlik, TDS: Toplam Céziinmiis

Kat1 Madde.

°C: Temperature; Oxygen Content, DO: Dissolved Oxygen Content, EC: Electrical Conductivity, TDS: Total Dissolved

Solids.

Bakteriyolojik kirliligin suyun fiziksel ve bakteri
dagilimiyla olan iligkisini ortaya koyabilmek igin
SPSS Windows siirim 20,0 paket programi
kullanilmigtir.  Program  vasitasiyla  veriler
Spearman’s rho Siralama Korelasyon Katsayisi ile
degerlendirilmistir. Elde edilen sonuglar Tablo 4.’te
gosterilmektedir. Elde edilen sonuglarda p<0,05

seviyesinde fekal koliform ile toplam ¢6ziinmiis kati
madde arasinda 0,829 korelasyon katsayisi ile
pozitif, elektriksel iletkenlik ile sicaklik arasinda
-0,829 negatif korelasyon baglantis1  tespit
edilmistir. Istatistiksel analizler sonucu p<0,05
seviyesinde E. coli ile toplam canli miktar1 arasinda
0,886 ile pozitif korelasyon tespit edilmistir.

Tablo 4. SPSS 20,0 Programu ile veri analiz sonuglar1 (Spearman'’s rho)
Table 4. Data analysis results with SPSS 20.0 Program (Spearman'’s rho)

KORELASYON

FK E.coli FS TK pH TC °C TDS DO EC

FK 1,000 ,314 -029 143 ,600 257  -086 ,829° -029 371

E. coli 314 1,000 ,486 -314 543 886" -486 ,600 -143 486

= FS -029 486 1,000 -143 371 714 371 ,257 ,200  -,200
= TK 143 -314 -143 1,000 -543 -429 486 314 -657 -143
“g pH ,600 543 371 -543 1,000 543 -371 543 257 543
E TC 257 886" 714 -429 543 1,000 -143 429 257 ,086
g °C -086 -486 371 486  -371 -143 1,000 -143 257 -829"
& TDS 829" 600 257 314,543 429  -143 1,000 -429 543
DO -029 -143 200 -657 257 ,257 257 -429 1,000 -543

EC 371 486  -200 -143 543 ,086 -829" 543 -543 1,000

*: p<0,5, E. coli: Escherichia coli, DO: Céziilmiis Oksijen Miktar1, EC: Elektriksel Iletkenlik, TDS: Toplam Coziinmiis
Kat1 Madde, FK: Fekal Koliform, TK: Toplam Koliform, FS: Fekal Streptokok, TC: Toplam Canl.

*: p <0.5, E. coli: Escherichia coli, DO: Dissolved Oxygen, EC: Electrical Conductivity, TDS: Total Dissolved Solids,
FK: Fecal Coliform, TK: Total Coliform, FS: Fecal Streptococcus, TC: Total viable.

Tartisma ve Sonug¢

Tath su kaynaklarinda mikrobiyal kirliligin
belirlenmesi mikroorganizmalarca saglanmaktadir.
Bu amagla temel olarak koliform grubu bakterilere
ve E. coli sayisina bakilmaktadir. Koliform grubu

mikroorganizmalarin incelenmesi, su kalitesinin

belirlenmesi acisindan 6nemli bir parametredir
(Tungsiper 2017). Koliform bakterileri, atik
maddelerde  ve  digkilarda  yasadiklarindan

bulunduklar su ortamu i¢in kirletici etkiye sahiptir.
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Kanalizasyon sulari, yeterli sekilde aritilmadan gol
suyuna bosaltilan sivi ve kati1 atiklar, yabani
hayvanlarin diskilar1 g6l sularinda fekal kirlilige
neden olabilmektedir (Kayis vd. 2017). Bu
bakteriler ayni zamanda bulunduklar1 ortamda
yasayan diger canlilar icin hastalik yapici
organizmalar sayilmaktadir (Tungsiper 2017). Fekal
kirlilik olan sularda patojen mikroorganizmalarinin
bulunma olasiligr yiiksektir ve bu durum su
kalitesini olumsuz etkilemektedir (Er 2014).
Sicaklik, pH, ¢6ziinmiis oksijen, koliform bakterileri
poplilasyonu  seviyelerinin  degisimine  etki
etmektedir (Elmaci vd. 2008).

Fizikokimyasal parametrelerin bakteri dagilimi
ile iliskisi Spearman’s rho ile istatistiksel olarak
degerlendirilmistir. Elde edilen sonuglarda fekal
koliform degerleriyle toplam ¢Ozlinmiis madde
miktar1 degerleri arasinda 0,05 seviyesinde pozitif
yonde 0,829 korelasyon Kkatsayisi ile; E. coli
degerleri ile toplam canli degerleri arasinda 0,05
seviyesinde pozitif yonde 0,886 korelasyon katsayisi
ile kuvvetli bir baglantt bulunmustur. Evsel,
hayvansal, sanayi vb. atiklar fekal grubu bakteriler
tarafindan ayristirilirken TDS konsantrasyonu dogru
oranda artig1 diisiiniilmektedir. Elektriksel iletkenlik
ve sicaklik arasinda 0,05 seviyesinde negatif yonde
0,829 korelasyon katsayisi ile kuvvetli bir baglanti
bulunmustur. Sicaklik ile elektriksel iletkenlik dogru
orantili oldugu diisiiniilse de ¢6ziinen maddelerdeki
farkli tuzlar farkli iletkenlik degerlerine sahiptirler.
Bu yiizden artan sicaklik ile ¢6ziinen madde ¢esitleri
elektriksel iletkenlik konsantrasyonunu azalttig
diistiniilmektedir.

Elmact vd. (2008), Uluabat Gdoli’niin
mikrobiyolojik kalite agicisindan aragtirdiklart bir
caligmada, toplam koliform oranini incelemislerdir.
Goliin  ortalama toplam koliform miktar1 203
kob/mL oldugunu tespit edilmis ve goliin toplam
koliform acisindan II. Simuf kalitede oldugu
saptanmistir. Koloren vd. (2011), Gaga Goli
(Ordu)’nde yapmis olduklar1 ¢aligmada, g6l suyunda
toplam koliform bakteri sayisim1 ylizeyde ve 5Sm
derinlikte >100 kob/mL olarak tespit etmislerdir.
Gaga Go6li'niin  Kitaici Su  Kaynaklann Kalite
Kriterleri'ne gore de II. Smmf su kalitesinde
oldugunu bildirmislerdir. Calismamizda Poyrazlar
Goli'niin de toplam koliform bakteri sayist >120
kob/mL oldugu tespit edilmistir. Poyrazlar Goli
koliform bakteri kriteri agisindan II. Simif su
kalitesinde oldugu belirlenmistir. Calismamiz diger
calismalarla koliform bakteri sayist acisindan
benzerlik  gostermektedir. Koliformlarin  aylik
dagilimlart incelendiginde yaz aylarindaki artis,
yiiksek sicaklik, goldeki organik aktivitenin artmasi,
ortamda yeterli besin maddelerinin bulunmas: gibi
nedenlerle agiklanabilir.

Bulut vd. (2010) Egirdir Goli’'nde yaptiklar
calismada, yaz ve sonbahar aylarinda goldeki fekal
koliform seviyesinde artis oldugunu bildirmislerdir.
Koloren vd. (2011), Gaga Goli'nde yapmis
olduklart ¢alismada, fekal koliform bakteri sayisi
>11 ve <26 kob/mL, fekal streptokok bakteri sayisi
>2 ve <20 kob/mL olarak tespit etmisleridir.
Yaptigimiz caligmada, fekal koliform en ¢ok <24
kob/mL ile May1s ay1, en az 5,25 kob/mL ile Mart
ayinda, E. coli en ¢ok <13 kob/mL ile Ocak ayinda,
en az >2 kob/mL ile Eyliil ayinda ol¢iilmiistiir.
Goliin ortalama fekal koliform degeri 14,6 kob/mL,
E. coli degeri ise 5,4 kob/mL oldugu tespit
edilmistir. Goldeki fekal streptokok sayisi en ¢ok
Temmuz ayinda 23,1 kob/mL, en az Eyliil ayinda
1 kob/mL olarak Ool¢iilmiistiir (Tablo 1). Golde
ilkbahar ve kis donemindeki fekal koliform
sayisinin, yaz ve sonbahar déonemlerine gore daha az
seviyede oldugu gorilmistiir. Poyrazlar Goli
bakteriyolojik kalite kriterleri ile karsilastirildiginda,
II. Smuf su kalitesine sahip oldugu belirlenmistir.
Calismamiz literatiirdeki diger ¢aligmalarla ile
farklilik gostermistir. Poyrazlar Golii diger gollere
gore nispeten daha az fekal kirlilige maruz kalmistir.
Sicaklikla birlikte Mayis ayindaki yagis oram fekal
koliform artig1 i¢in Onemli bir faktér oldugu
goriilmiistiir.  Ayrica golde koliform  grubu
bakterilere rastlanmasi, gole digki kokenli atiklarin
ve atik sulariin karistiginin gostergesidir.

GOl sularinin kirlenmesine neden olan patojen
indikatorler, koliform grubu bakterilerin diginda,
mantar, alg, patojenik protozoa gibi
organizmalardir. Yapmis oldugumuz caligmamizda
Poyrazlar Golii'ndeki toplam canli sayist en ¢ok
Mayis aymda 2747,5 kob/mL, en az Eylill ayinda
34,5 kob/mL Ol¢lilmiigtiir. Goliin ortalama canl
sayist ise 836,1 kob/mL oldugu tespit edilmistir.
Ocak ayindaki ortalama toplam canli miktar1 1270
kob/mL’dir. Ocak ay1, hava ve gol suyu sicakliginin
diisiik oldugu bir aydir. Buna ragmen toplam canl
miktarinda artis oldugu belirlenmistir. Bu donemde
yagiglara bagli olarak gdle giren insan ve hayvan
diskis1 kokenli organik madde miktarmin yiiksek
olmasindan kaynaklanabilir. Mayis ayindaki toplam
canli miktarinin sicakliga bagli olarak dogru oranti
gostermistir. Toplam canli sayis1 sicaklik ile ocak
ay1 disinda dogru orant1 gosterdigi belirlenmistir.

Yiizeysel sularda pH degeri; sicaklik, tuzluluk
ve CO; oranina bagli olarak degismektedir.
Herhangi bir sekilde kirletilmemis olan sularin pH
diizeyleri ulusal ve uluslararasi standartlarda 6-9
arasinda degistigi belirtilmistir (Mutlu vd. 2013;
Mutlu ve Tepe 2014; Varol 2015). Elmaci vd.
(2008), yaptig1 bir calismada Uluabat Goli’niin
yillik ortalama pH 8§,69+0,16 olarak III. simf
kaliteye sahip oldugunu tespit etmislerdir.
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Ozakkoyunlu’nun ~ (2007) Corum  Goéliinyazi
Goli’'nde yaptig1 calismada, goliin pH degerlerinin
7,5 ile 7,7 arasinda oldugunu tespit etmistir. Olgiilen
degerlere bakilarak Goliinyazi1 Goli’niin 1. kalite su
sinifinda oldugunu tespit etmistir. Unlii vd. (2008),
Hazar Goli’niin yililk pH degerini 8,90 olarak
Olemiisler ve goliin bazik karakterde olup III. siif
su kalitesi grubuna girdigini bildirmislerdir. Yapmus
oldugumuz c¢alismada Poyrazlar Goli'niin pH
degerinin, 6,37 ile 8,11 arasinda degisiklik
gosterdigi  belirlenmis ve Ylizeysel Su Kalitesi
Yonetimi Yonetmeligi'ndeki su kalitesi siniflarina
gore ortalama pH degeri agisindan 1. simf su
kategorisine girdigi tespit edilmistir. Kasim ayinda
7,97 olan pH, Mayis aymna kadar diisme egilimi
gostermistir. Mayis aymnda en yiiksek pH degeri
Olciilmiistiir. Tespit edilen pH aralig1 goliin alkali bir
yapiya sahip oldugunu, sucul canlilar ve baliklar

icin  uygun bir yasam ortami olabilecegi
sOylenebilir. Gol icerisindeki bulunan
mikroorganizmalar zamanla pH degerini

degistirmektedir (Sengdriir vd. 2002).

Tablo 3’te goriildiigii izere arastirma siiresince
tim istasyonlarda oOlgiilen en yiiksek su sicakligi
26,1 °C olarak Temmuz ayinda, en diisik su
sicakligi ise 4,6 °C olarak Ocak ayindadir.. Temmuz
ayinda, buharlagma oranini artirmasiyla gél suyunun
sicakligr da artmustir. Sicaklik degerleri agisindan
istasyonlar mevsim normallerinde oldugu tespit
edilmistir. Poyrazlar Goli’niin I. sinif yani yiiksek
kaliteli sular smifina girdigi  belirlenmistir.
Gollerdeki  sicaklik, golin  bulundugu yere,
mevsime, derinligine, su i¢inde bulunan ¢6ziinmiis
madde  miktarma  bagli  olarak  degisiklik
gostermektedir.  Sicaklik  biyolojik, kimyasal
olaylardan etkiledigi i¢in goldeki bircok degerin
konsantrasyonu degismektedir (Unlii vd. 2008).

Yaptigimiz ¢alismada Poyrazlar Goli’niin TDS
degeri >92 mg L ve 92 mg L™, en yiiksek deger ise
Kasim ayinda < 143 mg/L olgtlmiistiir (Tablo 3).
Zeybek (2006), Akgol’tiniin (Karaman-Konya) TDS
degerini su kalitesi standartlari ile kargilastirdiginda
goliin, IV. smf su kalitesine sahip oldugunu
bildirmistir. Orak (2019), Suat Ugurlu Baraj
Goli'niin ortalama TDS degerini 221,91 mg/L*
oldugunu bildirmistir. Toplam ¢6ziinmiis kati
maddeler, inorganik tuzlardan, magnezyum,
manganez, sodyum, potasyum ve diger katyonlardan
olusmaktadir. TDS artisi, suda renk degisimine ve
bulanikliga neden olmasmin yani sira ozmotik
basinci arttirdiginda sudaki canli yasamini olumsuz
etkilemektedir.

Calisgma alaninda kirlilik  parametrelerinin
mevsimsel degisim gosterdigi  sonuglarimzda
gOriilmiistiir. Aragtirmamizdan elde edilen sonuglara

gore Poyrazlar Goli’niin  mikrobiyolojik kalite
acisindan kirli olmayan, fakat kirlilik sinira yakin
degerlere sahip oldugu belirlenmistir.
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ABSTRACT ARTICLE INFO

In this study, the length at first maturity and growth characteristics of the big scale
sand smelt (Atherina boyeri Risso 1810) were investigated in Iznik Lake.
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Catching trials were conducted on a monthly basis at 4 different stations of the Received  :27.01.2021 EI

lake between March 2014 and February 2015 and beach seine net with 6 mm of Revised - 20.04.2021

codend mesh size was used in the samplings. The overall sex ratio of the ) )
subsample was founded as 1:1.46 (F:M; 1180 females, 1729 males). The fork Accepted  :25.04.2021 "
length range were 3.3-11.2 cm for females and 2.9-9.7 cm for males. The growth Published  :25.04.2022 EFI:

equations were found as TW=0.005FL3% and TW=0.006FL3%7 for female and

male respectively. Allometric (+) growth has been shown in both sex groups. DOI:10.17216/LimnoFish.869342

According to the logistic regression model results, length at first maturity (Lso)
was estimated as 4.62 and 4.25 cm fork length for female and male respectively.
While the growth properties of the species shown similarity with other habitats of
populations, the values of length at first maturity (Lso) shown some differences.
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iznik Gélii’ndeki Giimiis Bahg (Atherina boyeri Risso, 1810)’nin Baz: Biiyiime Ozellikleri ve ilk Ureme Boyu

Oz: Bu calismada, iznik Golii’ndeki istilact Giimiis Balig1 (Atherina boyeri Risso, 1810)’nm ilk iireme boyu ve bazi biiyiime
ozellikleri aragtirilmigtir. Avcilik ¢aligmalart goliin 4 farkli istasyonunda Mart-2014 ve Subat-2015 doneminde aylik olarak 6 mm
ortii g6z agikligina sahip 18rip kullanilarak yiiriitilmiistiir. Alt 6rnekleme bireylerinin esey orani 1:1,46 (Disi:Erkek, 1180 disi, 1729
erkek) olarak belirlenmistir. Orneklerin gatal boy aralig1 disilerde 3,3-11,2 cm ve erkeklerde de 2,9-9,7 cm olarak bulunmustur.
Biiyiime denklemi disi ve erkek bireyler igin sirastyla TW=0,005FL36° ve TW=0,006FL3%" olarak hesaplanmistir. Her iki esey
grubu da allometrik (+) bilylime gdstermistir. Lojistik regresyon modele gore ilk iireme boyu (Lso) disiler i¢in 4,62 cm ve erkekler
icinde 4,25 cm olarak tahmin edilmistir. Tiiriin biiylime 6zellikleri, diger habitatlarin popiilasyonlari ile benzer 6zellik gosterirken,
ilk tireme boyu baz1 farkliliklar gostermistir.

Anahtar kelimeler: Biiyiime tipi, boy-agirlik iliskisi, asilanms tiir, LWR
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Introduction time (Gaygusuz 2006). Annual production first

Atherina boyeri is an euryhaline species that can
also live in the seas, downstream of rivers, river
mouths and lagoons. It has increased its spread in
the inland waters of Turkey creating crowded
populations recently (Ekmekgi et al. 2013). The Lake
Iznik is a typical example of this spreading. After
its first seen in 1988, A. boyeri became one of
the economic species of the lake in a short period of
time and its production has shown a steady upward
trend over the years (Dogan 2009). Altun (1991)
reported of A. boyeri in Iznik Lake at first

started with 60 t (Dogan 2009) and then increased to
1150 t in 2018 (TurkStat 2020). There are some
regulations such as minimum landing size, close
season and etc. being in practice for managing
of other local species, but these regulations do not
apply for the fishing of these species due
to considered as harmful species (Anonymous,
2020). Nevertheless, A. boyeri has succeeded in
increasing of population in the lake significantly.
According to Ekmekgi et al. (2013), this is caused by
life cycle characteristics of A. boyeri such as short life
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span, early sexual maturation and long reproductive
period.

In the previously studies about the A. boyeri,
growth properties (Leonardos and Sinis 2000;
Bartulovi¢ et al. 2004; Patimar et al. 2009; Cetinkaya
et al. 2011; Lorenzoni et al. 2015; Boudinar et al.
2016; Gengoglu and Ekmekgi 2016); reproductive
properties (Bartulovic et al. 2006; Kiigiik et al. 2012;
Bouriga et al. 2014; Yagci et al. 2015; Gengoglu and
Ekmekg¢i 2016); feeding properties (Chrisafi et al.

2007; Apaydin Yagc1t et al. 2018; Aydin
Uncumusaoglu et al. 2018); embryonic
development (Dul¢i¢ et al. 2008); genetic

properties (Francisco etal. 2006; Milana et al. 2012;
Isiklikaya 2017); gear selectivity (Rodriguez-
Climent et al. 2012; Cilbiz et al. 2020) and
migrations (Rosecchi and Crivelli 1995) were
investigated. Present study acceptable as original in
terms of used current method in evaluating of the data
and used much greater number of examples, by
comparing of the previously studies.

This study was carried out for estimating of
length at first maturity and some growth properties of
A. boyeri which is an introduced fish species of
Turkey’s inland waters. It is hopefully that gained
results are contribute to understanding of growth and
reproduction strategies of species and managing of
natural stocks.

Materials and Methods

The study was conducted in iznik Lake where is
one of the most important A. boyeri producer (Figure

1) of Turkey. As a tectonic origin, Iznik Lake locates
southeastern part of the Marmara region in Turkey.
Altitude is 85 m and maximum depth was determined
as a little bit more than 70 m at near south coast.
Lake’s surface area is 285 km? and length is 32 km
(Ceribasi 2018). Lake located between 40°23' -
40°30'N latitudes and 29°20" - 29°42" E longitudes
(Yagci and Ustaoglu 2012)

Fishing trials were carried out at 4 different
stations of the lake between March-2014 and
February-2015 with monthly period. For obtaining
of maximum length distribution, we used a special
rigged beach seine with 6 mm codend mesh size in
the sampling process.

Entry size of trial beach seine was almost
20 m? (width and height were 10 m and 2 m
respectively). Further information about the
geometry and characteristics of the used beach seine
can be found Cilbiz et al. (2020). The fork lengths of
the fish were determined by measuring board with
mm precision and total weights were determined by
using A&D EJ-410 model portable balance with g
precision. The sex was determined by
macroscopically (Ozeren 2009; Gengoglu and
Ekmekei 2016). The length-weight relationship was
explained by the formula W=alL" according to Froese
(2006) and in the calculations only individuals whose
sexes could be determine were used (W: Total body
weight in g; L: Fork length in cm). ‘basicTrendline’
R package was used for gaining of model parameters
and length-weight graph of A.  boyeri
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Figure 1. iznik Lake and sampling stations
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The growth type was identified by using t-test,
relevant procedure explained by Pauly (1984) in
scope of an equation that given below.

_ SdlogFL |b-3| /

t= SdiogTw V1-12 n 2

Where Sdiogr is the standard deviation of the
logFL values, and Sdiogrw the standard deviation of
the logTW values, n being the number of fishes used
in the calculation. To make a decision for the growth
type (isometric or allometric), obtained t value was
compared with respective tabled critical value.
Estimating of size at gonad maturity (Lso), the logistic
approach was adopted. In the calculations, sizeMat R

package (Torrejon-Magallanes 2019) by way of
RStudio v1.2.5001 program (RStudioTeam 2015)
was used.

Results

1180 females (3.3-11.2 cm length range),
1729 males (2.9-9.7 cm length range) and a total
of 2938 specimen include in juveniles were used
for determine of the length-weight relationship.
Quite wide length range was gained specific to this
species. The model parameters of the length-weight
relationship are given in Table 1. It was found that
growth in all sex groups showed allometry (+).

Table 1. Length—weight relationship model parameters of A. boyeri

Sex n Length range Parameters of the relationship ts
(FL, cm) a b 95% Cl of b r2 p

Female 1180 3.3-11.2 0.005 3.160 3.137-3.182 0.97 <0.001 14.882

Male 1729 2.9-9.7 0.006 3.067 3.035-3.099 0.96 <0.001 5.89P

Both sex 2938 2.6-11.2 0.005 3.159 3.137-3.182 0.96 <0.001 15.04°

a(t>t0_05, 1211:164), b(t>to_05, 1727:164), C(t>t0_()5, 2938:164)

Length-weight relationship graph of A. boyeri is
given in Figure 2 for different sex groups. In general,
different sexes show similar growth type up to 6-7 cm

fork length (by overlapped regression lines). It can be
seen that after 7-8 cm, females of the same length
class gain more weight compared to males.

12
9 TW= 0.005 FL3'¢ r2=0.97 N=1180
8 TW= 0.006 FL>%7 r2=0.96 N=1729
10
8 -

Total weight (g)
o
|

Fork length (cm)

Figure 2. Length-weight relationship of A. boyeri for both sex group

903 females and 1366 males A. boyeri, whose sex
and gonad development status could be determined,

in the 2.6-11.2 cm fork length range were used to
estimate the length at first maturity. Parameters
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related to the Lso reproduction length are given in
Table 2. Estimated Lso lengths according to both
Bayesian and Frequentist approaches were found
very close to each other. The Lso lengths were found

as 4.62 cm (FL) for female and 4.25 cm (FL) for
male. From this point of view, it could be said that
the Lso length of male was shorter than females
(Figure 3).

Table 2. Mean size at first maturity and relevant parameters of A. boyeri

Parameters Female Male
Frequentist reg. Bayesian reg. Frequentist reg. Bayesian reg.
Original Bootstrap Bootstrap Original Bootstrap Bootstrap

A -13.93 -14.01 -13.79 -17.74 -17.73 -17.57

B 3.01 3.03 2.99 4.17 4.19 4.14

Lso 4.62 4.62 4.60 4.25 4.25 4.24

R? 0.77 0.77 0.77 0.83 0.83 0.83

S ©
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Figure 3. Maturity ogives of A. boyeri sampled from Iznik Lake (A: Lso value and it’s confidence intervals (A") for
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Discussion

Despite routine monthly fishing trial during
March to September, any fish could not be caught
between from October to February. According
to Isiklikaya (2017), the reason for this is the water
temperature:  the  species can adapt to
difficult conditions, however, if the water
temperature drops below 8 °C, the species almost
stops feeding; temperature below 4 °C causes life-
threatening conditions for the species. Therefore, in
the winter months, the species migrates from the
freshwater systems connected to the sea towards the
sea, and in lakes not connected to the sea, it gathers
in warmer, deeper regions. In this circumstance,
beach seines are extremely ineffective for fishing of
the A. boyeri.

There are very limited study towards to determine
of length at first maturity of A. boyeri (Table 3). In
this studies, Bartulovic et al. (2006) reported Lso
maturation as 7.752 cm (TL) for female individuals
in Mala Neretva River (Algeria); Gaygusuz (2006)
studied Lso maturation length of A. boyeri in iznik
Lake according to Avsar (1988), Lso lengths were
reported by author as 4.0-4.4 cm (TL) for male and
3.5-3.9 (TL); Lso maturation was found as 4.6 cm (TL)
for female individuals in the study that carried out by
Kiiciik et al. (2012) according to King (1995) in Lake
Egirdir. When compare of our results with previous
studies, they shown similarities with Kiiciik et al.
(2012), but shown serious differences others. This
could be due to (I) differences in habitat, (II)
differences in used methods for evaluating of data,
(1) the number of samples examined and the
different ranges of length. According to Saborido-
Rey (2016), maturity ogive is often described using a
logistic function, in short-lived species with a relative
high mortality. After maturation all individuals
become sexually mature within a short size interval.
Our results also support this idea. Maturation is
completed in approximately 2 cm length range both
in male and female individuals (3.5-5.5 cm FL,
Figure 3).

Correct estimates of size at first maturity (Lso -
length at which 50% of the fish are mature) are useful
for fish stock management (Fontoura et al. 2009).
The length at first maturation (Lso) provides a
scientific basis for the Minimum Landing Size
application, which is effectively used by the fishery
management authorities, especially giving each
individual a chance to reproduce at least once in order

to sustainability of the stock. However, it is not very
clear what will be the purpose of using the data in
A. boyeri specific. On one hand, it is reported to have
the potential to cause serious damage to the
ecosystem due to being invasive (Ekmek¢i et al.
2013) but on the other hand it has become a serious
source of income for the country and fishermen in the
region. So, should the stock of A. boyeri be accepted
and sustained as a commercial fish species of the
lake? Or should it be fought against as an enemy?
These questions need to be answered clearly. There
are contradictory practices of the Ministry of
Agriculture and Forestry. Implementations such as
closed season and minimum landing size for other
commercial inland water fish species are not
available for the A. boyeri. On the other hand, there
is a quota application for A. boyeri and in the fishing
not allowed above the specified quota. The only
obstacle to over-proliferation and complete invasion
of the lake by A. boyeri not having any natural
enemies in the Lake Iznik is the commercial
fishermen of Lake Iznik. In any case, it is necessary
to ensure or even encourage fishermen to continue
catching of this species.

Y4 of total Turkey’s A. boyeri production has been
provided from Iznik Lake. Almost all individuals are
proceeding as a frozen and export to some European
county such as Italy, England, France and Spain. This
species is consumed crisps or finger fish. Due to
hardening of scale and spine of larger individuals
(larger than 6-7 cm total length) not preferred for
crisps  production, this circumstance is causes
abnormal fishing pressure on young individuals.
When the process continues in this way for years, it
could lead to an increase in the proportion of
individuals with higher egg productivity in the
population.

In conclusion, it has been determined that
A. boyeri living in Lake Iznik show similar growth
characteristics (+ Allometry) with other populations
living in different habitats. It was found that the
initial breeding length showed some differences with
respect to habitats. The length at first maturity
presented in this study was considered to be useful in
stock management of the species. The spread of
species between aquatic environments has continued
for many years, either naturally or by human factor.
The significant issue is to develop and accomplish
implementation of national policies regarding stock
management of invasive or introduced species.
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Table 3. Summary results of present and previously studies (FL, cm)
References Locality Sex Length-weight relationship parameters Lso
N Length a b R?  Growth  Mat.
range type
Bartulovic Mala Neretva ) 1200 - - - - - 7.752*
et al. 2006 River, HR
Gaygusuz 2006  iznik Lake, TR (&) 278 3.0-10.0 0.0036 3.2780 097 A(+) 4.0-
4.4*
(?) 839 4.7-11.9* 0.0036 3.2679 0.99 35
3.9*
(24) 1138 3.0-11.9* 0.0032 3.3366 0.99 -
Ozeren 2009 iznik Lake, TR (@) 233 3.0-11.0~ 0004 3.062 093 A(+) -
(9) 402 4.2-115* 0002 3485 091 A(+) -
(2d) 922 0.8-115* 0.004 3.209 098 A(+) -
Patimar et al. Caspian Sea, IR (& 980 3.7-12.0* 0.0053 3.0181 0.96 A(+) -
2009 (@) 1278 4.4-12.8* 0.0050 3.0628 0.96 A(+) -
Cetinkaya Iznik Lake, TR (& NA NA 0.0080 2.9819 0.99 NA -
et al. 2011 (@) NA NA 0.0074 3.0508 0.99 NA -
(23) 237 2.1-10.6 NA NA NA NA -
Kiiciik et al. Egirdir Lake, TR (9) 1433 - - - - - 4.6%
2012
Yagci et al. Egirdir Lake, TR (&) NA 1698 00071 3.065 096 A(+) -
2015 () NA 0.0055 3.269 096 A(+) 3.2
(?d) 1681 0.0059 3.202 096 A(+) -
Gencoglu and Hirfanli Dam (@) 264  3.4-11.6* 2x10° 3231 098 A(+) -
Ekmekci 2016  Lake, TR (3) 288  2.9-89* 2x10° 3292 098 A(+) -
Benzer and Hirfanli Dam (& 504 2.9-95*  0.0174 2.624 0.93 - -
Benzer 2017 Lake, TR ) 945 0.0130 2772 0.93 - -
(RD) 1449 0.0113 2738 093 -A -
Ilhan and Ilhan Marmara Lake, (23) 185 5.6-8.2* 0.0059 3.118 0.92 A(+) -A
2018 TR
Homa Lagoon, (23) 172 3.7-9.9*  0.0077 2925 0.93 | -
TR
Kutsyn and Southwest (A 501 5.3-10.8  0.0090 281 - - -
Samotoy 2020  Crimea, Black () 687  5.4-12.3 0.0070 2.95 - - -
Sea (?4) 1188 5.3-12.3  0.0080 2.89 - - -
Present study Iznik Lake, TR (A 1729 2.9-9.7 0.006 3.067 096 A(+) 4.25
(9) 1180 3.3-11.2 0.005 3160 097 A(+) 4.62
(?4) 2938 26-11.2 0.005 3.159 096 A(+) -

*: Total Length, TR: Turkey, DC: Algeria, HR: Croatia, IR: Iran, A: Allometric, I: Isometric



50

Cilbiz & Uysal 2022- LimnoFish 8(1): 44-51

Acknowledgements

This study was supported by Republic of Turkey
Ministry of Agriculture and Forestry General
Directorate of Agricultural Research and Policies
with  TAGEM/HAYSUD/2015/A11/ P-02/1 project
number. Also, some parts of this study’s were
presented in 2" International Limnology and
Freshwater ~ Fisheries  Research ~ Symposium
(Limnofish 2019).

References

Altun O. 1991. Kiiciikgekmece Golii’nde yasayan giimiis
balig1 (Atherina boyeri Risso, 1810)’nin morfolojisi.
Doga - Turk J Zool.15: 64-75.

Anonymous. 2020. 5/2 Numarali Amatér Amacli Su
Uriinleri Aveiliginin Diizenlenmesi Hakkinda Teblig
(2020/21). Official paper No: 31221 - 22.08.2020
[cited 2021 Feb 08]. Available  from
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=3
4822&MevzuatTur=9&MevzuatTertip=5

Apaydin Yager M, Alp A, Yager A, Uysal R, Yegen V.
2018. Feeding ecology and prey selection of sand
smelt, Atherina boyeri Risso, 1810 in Egirdir Lake
(southern  Anatolia, Turkey). JAppl Ichthyol.
34(4):815-824.
doi: 10.1111/jai.13676

Avsar D. 1998. Balik¢ilik biyolojisi ve populasyon
dinamigi. Adana: Baki Kitabevi 303 p. [in Turkish]

Aydin Uncumusaoglu A, Gurkan S, Taskavak E. 2018.
Seasonal variation in the diet of Big-Scale Sand Smelt
Atherina boyeri from the coast of Candarli Bay (North
Aegean Sea, Turkey). Cah Biol Mar. 59(2):131-135.
doi: 10.21411/cbm.A.530f9bfa

Bartulovi¢ V, Glamuzina B, Conides A, Dul¢i¢ J, Luci¢ D,
Njire J, Kozul V. 2004. Age, growth, mortality and sex
ratio of sand smelt, Atherina boyeri Risso, 1810
(Pisces: Atherinidae) in the estuary of the Mala
Neretva River (middle-eastern Adriatic, Croatia). J
Appl Ichthyol. 20(5):427-430.
doi: 10.1111/j.1439-0426.2004.00560.x

Bartulovic V, Glamuzina B, Conides A, Gavrilovic
A, Jakov D. 2006. Maturation, reproduction and
recruitment of the sand smelt, Atherina boyeri
Risso, 1810 (Pisces: Atherinidae) in the
estuary of Mala Neretva River
(southeastern Adriatic, Croatia). Acta Adriat. 47(1):
5-11.

Benzer S, Benzer R. 2017. Comparative growth models
of big-scale sand smelt (Atherina boyeri Risso, 1810)
sampled from Hirfanli Dam Lake, Kirsehir,
Ankara, Turkey. Computational Ecology Software.
7(2): 82.

Boudinar AS, Chaoui L, Kara MH. 2016. Age, growth and
reproduction of the sand smelt Atherina boyeri Risso,
1810 in Mellah Lagoon (Eastern Algeria). J Appl
Ichthyol. 32(2):302-309.
doi: 10.1111/jai.12992

Bouriga N, Mili S, Ennouri R, Quignard JP, Trabelsi M,
Faure E. 2014. Reproductive parameters and seasonal
variation in fatty acid composition of Atherina boyeri

s. str. and A. lagunae populations from open sea,
lagoon and island coasts of Tunisia. Cah Biol Mar.
55(2):201-212.

doi: 10.21411/CBM.A.CC1BAO0O7D

Ceribasi G. 2018. Analysis of meteorological and
hydrological data of Iznik lake basin by using
innovative sen method. J Environ Prot Ecol. 19(1):
15-24.

Chrisafi E, Kaspiris P, Katselis G. 2007. Feeding habits of
sand smelt (Atherina boyeri, Risso 1810) in Trichonis
Lake (Western Greece). J Appl Ichthyol. 23(3):
209-214.
doi: 10.1111/j.1439-0426.2006.00824.x

Cilbiz M, Uysal R, Tosunoglu Z, Aydin C, Alp A, Bilgin
F. 2020. New approach for codend selectivity: A case
study of coastal beach seine for Big-Scale Sand Smelt
(Atherina boyeri) fishery in iznik Lake. Turk J Fish
Aquat Sc. 20(9):681-692.
doi: 10.4194/1303-2712-v20_9 03

Cetinkaya S, Uysal R, Yegen V, Cesur M, Bostan H. 2011.
The growth characteristics of sand smelt (Atherina
boyeri, Risso 1810) in Lake Iznik (Tiirkiye). Turk J
Fish Aquat Sc. 11(4):641-648.

Dogan K. 2009. iznik Gélii (Bursa) Giimiis Balig1 aveiligi
yapan tekne sahibi balikgilarin sosyoekonomik
analizi. Journal of FisheriesSciences.com. 3(1):58-67.
doi: 10.3153/jfscom.2009009

Dul¢i¢ J, Grubisi¢ L, Pallaoro A, Glamuzina B. 2008.
Embryonic and larval development of big-scale sand
smelt Atherina boyeri (Atherinidae). Cybium. 32(1):
27-32.
doi: 10.26028/cyhium/2008-321-003

Ekmekgi FG, Kirankaya SG, Gengoglu L, Yogurtguoglu
B. 2013. Present status of invasive fishes in inland
waters of Turkey and assessment of the effects of
invasion [in Turkish]. Journal of Fisheries & Aquatic
Sciences. 28:105-140.

Fontoura NF, Braun AS, Milani PCC. 2009. Estimating
size at first maturity (Lso) from Gonadossomatic Index
(GSI) data. Neotrop Ichthyol. 7(2):217-222.
doi: 10.1590/S1679-62252009000200013

Francisco SM, Cabral H, Vieira MN, Almada VC. 2006.
Contrasts in genetic structure and historical
demography of marine and riverine populations of
Atherina at similar geographical scales. Estuarine,
Coastal and Shelf Science. 69(3-4): 655-661.
doi: 10.1016/j.ecss.2006.05.017

Froese R. 2006. Cube law, condition factor and weight—
length relationships: history, meta-analysis and
recommendations. J Appl Ichthyol. 22(4):241-253.
doi: 10.1111/j.1439-0426.2006.00805.x

Gaygusuz O. 2006. Reproduction and growth biology of
the Sandsmelt (Atherina boyeri Risso, 1810) living in
the Iznik Lake [Master’s Thesis]. Istanbul University.
56 p. [inTurkish]

Gengoglu L, Ekmekgi FG. 2016. Growth and reproduction
of a marine fish, Atherina boyeri (Risso 1810), in a
freshwater ecosystem. Turk J Zool. 40(4):534-542.

Ilhan A, Ilhan D. 2018. Marmara Golii (Manisa) ve Homa
Lagiinii (izmir)’nden yakalanan Giimiis Balig1
(Atherina boyeri Risso, 1810)’nin boy-agirlik iligkisi


https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=34822&MevzuatTur=9&MevzuatTertip=5
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=34822&MevzuatTur=9&MevzuatTertip=5
https://doi.org/10.1111/jai.13676
https://doi.org/10.21411/cbm.A.530f9bfa
https://doi.org/10.1111/j.1439-0426.2004.00560.x
https://doi.org/10.1111/jai.12992
https://doi.org/10.21411/CBM.A.CC1BA07D
https://doi.org/10.1111/j.1439-0426.2006.00824.x
https://doi.org/10.4194/1303-2712-v20_9_03
https://doi.org/10.3153/jfscom.2009009
https://doi.org/10.26028/cybium/2008-321-003
https://doi.org/10.1590/S1679-62252009000200013
https://doi.org/10.1016/j.ecss.2006.05.017
https://doi.org/10.1111/j.1439-0426.2006.00805.x

Cilbiz & Uysal 2022 - LimnoFish 8(1): 44-51

51

ve kondisyonu. Karadeniz Fen Bilimleri Dergisi. 8:
25-34.
doi:10.31466/kfbd.403014

Isiklikaya HE. 2017. Genetic examination of Atherina
boyeri (Sand Smelt) population which lives in Iznik
Lake [Master’s Thesis]. Hali¢ University. 53 p.

[in Turkish]

King M. 1995. Fisheries biology, assessment and
management. London, UK: Fishing News Books,
341 p.

Kutsyn DN, Samotoy YV. 2020. Age and growth ofTab
Atherina  Atherina boyeri (Atherinidag) from
Southwestern Crimea (Black Sea). Journal of
Ichthyology, 60(3), 433-440.
d0i:10.1134/S003294522003008X

Kiiciik F, Giiglii, SS, Giille 1, Giiglii Z, Cigek NL, Diken
G. 2012. Reproductive features of big Scale-sand
Smelt, Atherina boyeri (Risso, 1810), an exotic fish in
Lake Egirdir (Isparta, Turkey). Turk J Fish Aquat Sc.
12(3):729-733.
doi: 10.4194/1303-2712-v12 3 22

Leonardos I, Sinis A. 2000. Age, growth and mortality of
Atherina boyeri Risso, 1810 (Pisces: Atherinidae) in
the Mesolongi and Etolikon lagoons (W. Greece). Fish
Res. 45(1):81-91.
doi: 10.1016/S0165-7836(99)00097-1

Lorenzoni M, Giannetto D, Carosi A, Dolciami R, Ghetti
L, Pompei L. 2015. Age, growth and body condition
of big-scale sand smelt Atherina boyeri Risso, 1810
inhabiting a freshwater environment: Lake Trasimeno
(Italy).). Knowl Manag Aquat Ec. 416:9.
doi: 10.1051/kmae/2015005

Mei W, Yu G, Lai J, Rao Q, Umezawa Y. 2018.
basicTrendline: Add trendline and confidence interval
of basic regression models to plot. R package version
2.0.3.
http://CRAN.R-project.org/package=basicTrendline.

Milana V, Franchini P, Sola L, Angiulli E, Rossi AR.
2012. Genetic structure in lagoons: the effects of
habitat discontinuity and low dispersal ability on
populations of Atherina boyeri. Mar Biol. 159(2):
399-411.
doi: 10.1007/s00227-011-1817-1

Ozeren SC. 2009. Age, growth and reproductive biology
of the sand smelt Atherina boyeri, Risso 1810 (Pisces:

Atherinidae) in Lake Iznik, Turkey. Journal of
Fisheries International. 4(2): 34-39.
Patimar R, Yousefi M, Hosieni SM. 2009. Age, growth

and reproduction  of the sand  smelt
Atherina boyeri Risso, 1810 in the Gomishan
wetland - southeast Caspian Sea. Estuarine,
Coastal and Shelf Science. 81(4): 457-462.
doi: 10.1016/j.ecss.2008.12.007

Pauly D. 1984. Fish population dynamics in
tropical waters: a manual for use with

programmable calculators. ICLARM Studies and
Reviews 8. International Center for
Living Aquatic Resources Management, Manila,
Philippines, 325

Rodriguez-Climent S, Alcaraz C, Caiola N, Ibanez C,
Nebra A, Mufoz-Camarillo G, Casals F,
Vinyoles D, de Sostoa A. 2012. Gillnet
selectivity in the Ebro Delta coastal lagoons and its
implication for the fishery management of the sand
smelt, Atherina boyeri (Actinopterygii: Atherinidae).
Estuarine, Coastal and Shelf Science. 114:41-49.
doi: 10.1016/j.ecss.2011.09.008

Rosecchi E, Crivelli AJ. 1995. Sand smelt (Atherina
boyeri) migration within the water system of the
Camargue, southern France. Hydrobiologia. 300-
301(1): 289-298.
doi: 10.1007/BF00024469

RStudioTeam. 2015. RStudio: Integrated development for
R. RStudio, Inc., Boston, MA
URL http://www.rstudio.com/.

Saborido-Rey F. 2016. Fish reproduction. In Cochran JK,
Bokuniewicz HJ, Yager PL, editors. Encyclopedia of
ocean sciences (Third Edition. Oxford: Academic
Press. p. 232-245.

Torrejon-Magallanes J. 2019. sizeMat: An R package to
estimate size at sexual maturity.

TurkStat. 2020. Fishery statistics; [cited: 2020 March 02].
http://www.turkstat.gov.tr/PreTablo.do?alt_id=1005

Yagci MA, Alp A, Yagci A, Cesur M, Bilgin F. 2015.
Growth and reproduction of sandsmelt Atherina
boyeri Risso, 1810 in Lake Egirdir, Isparta, Turkey.
Indian J Fish. 62(1):1-5.

Yagei MA, Ustaoglu MR. 2012. Zooplankton fauna of
Lake Iznik (Bursa, Turkey). Turk J Zool. 36(3):
341-350.


https://doi.org/10.31466/kfbd.403014
https://doi.org/10.1134/S003294522003008X
https://doi.org/10.4194/1303-2712-v12_3_22
https://doi.org/10.1016/S0165-7836(99)00097-1
https://doi.org/10.1051/kmae/2015005
http://cran.r-project.org/package=basicTrendline.
https://doi.org/10.1007/s00227-011-1817-1
https://doi.org/10.1016/j.ecss.2008.12.007
https://doi.org/10.1016/j.ecss.2011.09.008
https://doi.org/10.1007/BF00024469
http://www.rstudio.com/
http://www.turkstat.gov.tr/PreTablo.do?alt_id=1005

LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 8(1): 52-58 (2022)

Journal of Limnology and Freshwater Fisheries Research

http:/ /www.limnofish.org -

%?/ y

Ceyhan Havzasrnda Endemik Alburnus kotschyi (Steindachner, 1863)’nin
Dagilimi ve Boy-Agirhk Iliskisi
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Bu calismada, Nisan 2014 ve Haziran 2016 tarihleri arasinda orta ve yukari
Ceyhan Havzasi’'nda Alburnus kotschyi’nin dagilim ve boy-agirhik iliskisi

ARASTIRMA MAKALESI

belirlenmistir. Balik Ornekleme ¢alismalar1 elektrosoker ve g¢esitli aglar Gelis :14.03.2021
kullamilarak 35 farkli noktada gergeklestirilmistir. Alburnus kotschyi; Savrun, Diizeltme :15.04.2021
Sabun, Hemite, Aksu, Firniz, Kérsulu, Torbiizek, Tekir, Sogiitlii ve Hurman Kabul - 91.04.2021
caylarindaki noktalar ile Menzelet Baraj Golii olmak tizere toplam 20 farkli e

noktadan tespit edilmistir. Elde edilen orneklerden A. kotschyi’nin line lateral Yayim :25.04.2022

pul sayist 50-56, solunga¢ diken sayisi ise 14-18 arasinda degisim gosterdigi
belirlenmis, ayrica boy-agirlik iligkisinden elde edilen b degeri 3,15 olarak tespit
edilmistir.
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Nehir Havzasi cemilkara67 @gmail.com

Tel :+90462 377 3717

Distribution and Length-Weight Relationship of Endemic Alburnus kotschyi (Steindachner, 1863) in Ceyhan
River Basin

Abstract: In this study, distribution and length-weight relationship of Alburnus kotschyi in upper and middle Ceyhan River Basin
has been investigated from April 2014 to June 2016. The fish specimens were sampled by electrofishing and various gill nets from
35 different stations. A. kotschyi specimens have been sampled from 20 stations including; Savrun, Sabun, Hemite, Aksu, Firniz,
Korsulu, Torbiizek, Tekir, Sogiitlii and Hurman streams and also Menzelet Reservoir. In the investigated specimens, line lateral
scales and gill rakers varied from 50-56 and 14-18, respectively. The value of the exponent b of the length—weight relationships
was determined as 3.15.

Keywords: Alburnus kotschyi, distribution, length-weight relationship, Ceyhan River Basin
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Kara C, Alp A. 2022. Ceyhan Havzasi’'nda Endemik Alburnus kotschyi Steindachner, 1863’nin Dagilimi ve Boy-Agirlik Iliskisi.
LimnoFish. 8(1): 52-58. doi: 10.17216/LimnoFish.896602

Giris Bu c¢alisma kapsaminda, orta ve yukari

Tiirkiye’de Alburnus cinsinin 18’i endemik, 27  Ceyhan Havzasi’'ndan yakalanan A. Kkotschyi
tiiri bulunmaktadir (Mangit ve Yerli 2018; Cigek  bireylerinin ~ dagihmi  ve  boy  agirlik
vd. 2018; Baycelebi 2020), ayrica Tiirkiye bu cins  iliskisi belirlenmistir. ~A. kotschyi bireylerinin

icin tiirlesme merkezidir (Ozulug ve Freyhof 2007).
Alburnus kotschyi Steindachner (1863) tarafindan
Arsuz’dan tamimlanmig, gilincel revizyonu ise
Freyhof vd. (2018) tarafindan yapilmistir. Bugiin
A. kotschyi, Arsuz, Ceyhan ve Seyhan havzalarinda
dagilim gostermekte ve ayrica bu havzalar igin
endemiktir (Freyhof vd. 2018; Girlek vd. 2010;
Cigek vd. 2018; Baygelebi 2020).

gozleri iri ve agiz yukariya dogru yonelmistir. Alt
cene iist ¢eneden daha uzundur, dorsal ve anal
yiizgeglerin  serbest kenarlar1  diizdir, kuyruk
ylizgeci derin ¢atalli ve loblarinin ucu sivridir.
Viicut renklenmesi mevsim ve  bulundugu
habitatlara bagli olarak degisiklik gostermekle
beraber, sirtta gri-yesil, karin tarafi ise glimiisi
beyazdir (Sekil 1). Ayrica, viicut boyunca
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goriilebilen celik mavisi renklenmeler
bulunmaktadir. Bolgede A. kotschyi bireyleri yerel

halk ve balikgilar tarafindan “giimiis balig1” ve
agca” olarak adlandirilmaktadir.

Sekil 1. S6giitlii Cayi’nda yakalanan A. kotschyi 6rnegi
Figure 1. A. kotschyi sample from the Sogiitlii Stream

Ceyhan Havzasi’nda Geldiay ve Balik (2009),
Freyhof vd. (2018), Mangit ve Yerli (2018) ve
Baycelebi (2020) tarafindan ¢esitli noktalardan
A.  kotschyi  bildirimleri  bulunmaktadir. Bu
caligmalar genel olarak havzadaki birka¢ noktadan

ve anlik bildirimlerden  olusmaktadir.  A.
kotschyi’nin ~ kapsamli  dagilim  alanlarimin
belirlendigi  herhangi bir c¢alisma literatiirde

bulunmamaktadir. Bu ¢aligmada orta ve yukari
Ceyhan Havzasi’nda A/burnus kotschyi nin bolgesel
dagilimi ve bazi meristik 6zellikleri ile boy-agirlik
iliskisinin tespit edilmesi amaglanmustir.

Materyal ve Metot

Tiirkiye’nin Dogu Akdeniz Bolgesi’nde yer alan
Ceyhan Havzasimi olusturan Ceyhan Nehri;
Kahramanmarag, = Osmaniye ve Adana il
sinirlarindan  gecerek Akdeniz’e dokiilmektedir.
Ceyhan Havzasi yaklasik 20670 km? ve yillik akist
ise 7,18 milyar m®tiir (Argin 1999; Kara vd. 2010).
Ceyhan Nehri’'nin 6nemli kollarim1  Sogiitld,
Hurman, Nergele, Komiir, Terbiizek, Tekir, Firniz,
Andirin, Aksu, Zeytin, Korsulu, Sabun, Hamus,
Hemite, Yarpuz, Karasu ve Savrun c¢aylari
olusturmaktadir. Ayrica Ceyhan Nehri Tiirkiye'nin
en biiyiik delta ovasi olusturarak Iskenderun
Korfezi’ne dokiilmektedir.

Bu calisma, orta ve yukann Ceyhan
Havzasi’'ndaki akarsu ve gollerde Nisan 2014-

Haziran 2016 tarihleri arasinda gerceklestirilmistir.
Bu kapsamda 35 farkli lokaliteden &rnekleme
yapilmig ve bunlardan Andirin Cayi, Delicay,
Homzan Deresi, Kesis Cay1r ve Sir Baraji ile
Kumasir ve Gavur gollerinde A. kotschyi
bireylerine rastlanilmamistir. Balik orneklemeleri

neticesinde, A. kotschyi bireyleri elde edilen
lokaliteler Sekil 2.’de harita  iizerinde
gosterilmistir. Balik  Orneklerinin  yakalanmasi
akarsularda elektrosoker, serpme ve

germe aglar, gdl ve barajlarda ise 18x18 mm

g0z acikligina sahip fanyasiz aglar
kullanilarak gergeklestirilmistir. Yakalanan
A. kotschyi ornekleri %4’likk formol ¢o6zeltisi

igerisinde laboratuvara taginmistir. Baliklarin boy
Ol¢iimleri 0,01 mm hassasiyetli dijital kumpas ile,
agirlik 6lgtimleri ise 0,01 gr hassasiyetli dijital terazi

ile gergeklestirilmistir. Boy-agirlik iligkisinin
incelenmesinde;

W=aTL
denkleminden yararlanilmistir  (Ricker 1975).
Denklemde W; toplam  viicut  agirhigimn,
TL; baligin total viicut uzunlugunu, “a@” ve
“b” katsayilart ise regresyon analizi
sabitlerini ifade etmektedir. Boy-agirlik
iligkisinin “b” parametresinin izometrik

bliyimeden farkliligi t-test’i kullanilarak tespit
edilmistir (Zar 1999).
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L e g i e e
Sekil 2. Ceyhan Nehir Havzasi’nda A. kotschyi’nin dagilim haritasi *
Figure 2. Distribution of A. kotschyi in the Ceyhan River Basin*
*1. Hurman Cay1 1, 2. Hurman Cayi-2, 3.Hurman Cayi-3, 4. Nergele Cayi-1, 5. Nergele Cay1 2, 6. Ceyhan
Nehri, 7. Sogiitli Cayi-1, 8. Sogiitlii Cayi1-2, 9. Sogiitli Cayi-3, 10. Sogiitlii Cay1 4, 11. Firniz Cayi, 12. Tekir
Cayi, 13. Aksu Cayi, 14. Hemite Cayi-1, 15. Hemite Cayi-2, 16. Savrun Cayi, 17. Sabun Cay1, 18. Korsulu

Cay1, 19. Menzelet Baraji, 20. Torbilizek Cay1

Bulgular Sabun Deresi ve Menzelet Baraj Goli'nde
Alburnus kotschyi; Firniz, Tekir, dagilim gosterdigi yapilan alan arastirmalar ile

Torbiizek, Sogiitlii, Nergele, Hurman, Aksu, tespit edilmisti. Orta ve yukarn Ceyhan
Kérsulu, Savrun ve Hemite caylann ile Havzasi’'nda A. kotschyi, 125 m rakimli Hemite
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Cayi’'ndan, 1477 m rakimli So6gitli Cayi’'na  Orneklenen habitatlardan  bazilar1 = Sekil  3’te
kadar genis dagilim gostermektedir. A. kotschyi — gdsterilmistir.

Sekil 3. Ceyhan Nehir Havzasinda 6rneklenen bazi A. kotschyi habitatlar

Figure 3. Some A. kotschyi habitats sampled in the Ceyhan River Basin

Incelenen 72 adet A. kotschyi’nin yiizgeg
1sinlar, line lateral pul sayisi, farinks dis
sayisi, solunga¢ diken sayisi belirlenmistir.
Dorsal, anal, ventral ve pektoral yiizge¢ 1sinlar ve
bazi meristik ozellikler Tablo 1’de
sunulmustur. Taksonomik agidan énemli gostergeler
olan line lateral (yanal c¢izgi) pul sayisi,

farinks dis siras1 ve birinci solungag yay1 iizerindeki
diken  sayilart  belirlenmistir.  Elde  edilen
bulgulara gore A. kotschyi’nin line lateraldeki pul
sayist 50 ila 56 arasinda degisim gosterdigi, farinks
dislerinin 5:2-2:5 seklinde siralandigi ve birinci
solungac yay1 iizerindeki diken sayisinin ise 14-18
arasinda degisim gosterdigi tespit edilmistir.
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Tablo 1. A. kotschyi’nin meristik dzellikleri
Table 1. Meristic properties of A. kotschyi
Isin Tipi Fumz Sogitli  Tekir Aksu  Hemite Sabun Korsulu Savrun Menzelet Torbiizek Hurman
Dorsal Yumusak  8-9 9 8 8 8 9 8 8-9 9 8 9
Sert ] | 1 ] ] ] 1 ] ] I 1|
Anal Yumusak 12 10 12 11 11 11 11 11-12 12 10 11
Sert 1 | 1 ] ] ] 1 ] ] 1 1
Yumusak 8 8 8 8 8 8 8 8 8 8 7
Ventral gt | | | | | | | | | | |
Pektoral Yumusak 15 14 14 14 11-14 14 14 14 14 12-14 13
Sert | | | | | | | | | | |
LL 50-53 52-56 50-52 50-55  50-52  50-56 53 50-52 50-55 52 49-52
SDS 14 16 14-16 14-18 14-16 14 14 15 14 14 14
Farinks Disi 5:2- 5:2- 5:2- 5:2- 5:2- 5:2- 5:2- 5:2- 5:2- 5:2- 5:2-
2:5 2:5 2:5 2:5 2-5 2-5 2-5 2-5 2-5 2-5 2-5

LL: Line lateral pul sayisi; SDS: Solungag diken sayis1

Boy - Agirhik iliskisi

¥y = 5E-06x3-1507
R? = 0.9586

W- Agirlik (gr)

100

120 140

TL - Total Boy (mm)

Sekil 4. A. kotschyi’nin boy-agirlik iliskisi
Figure 4. Length-weight relationship of A. kotschyi

A. kotschyi’nin  boy-agirlik iligkisine  ait
parametreler belirlenmistir (Sekil 4). Yapilan analiz
sonucunda, boy-agirlik iliskilerinden elde edilen b
degeri 3,15 olarak tespit edilmistir. Elde edilen
bulgulara gore tiiriin pozitif allometrik biiylime
gosterdigi belirlenmistir.

Tartisma ve Sonug¢

Alburnus kotschyi, Ceyhan Havzasi’nda yasayan
endemik tiirlerden birisidir (Geldiay ve Balik 2009;
Alp vd. 2020; Baygelebi 2020). Freyhof vd. (2018),
A.  kotschyi  bireylerinin  varligint  Ceyhan
Havzasi’'nda Aksu ve Torblizek caylarindan,
Baycelebi (2020) ise Aksu Cay1 (Pazarcik civari),
Torbiizek Cay1, Sogiitlii Cay1 (Sevdili, Elbistan) ve
Savrun Cayi’ndan bildirmistir. Bu ¢aligmada ise A.
kotschyi; Tekir, Firniz, Torbilizek, Korsulu, Sogiitlii,
Nergele, Hurman, Aksu, Hemite, Savrun Cayi,
Sabun Deresi ve Menzelet Baraj Golii'nden tespit
edilmis ve tiiriin orta ve yukart Ceyhan Havzasi’nda
genis bir dagilima sahip oldugu belirlenmigtir
(Sekil 2).

Alan c¢alismalarinda elde edilen A. kotschyi
bireylerinin standart boylari, 80,2 ile 133,5 mm

arasinda degisim gosterdigi tespit edilmistir.
Freyhof vd. (2018), Seyhan  nehrindeki
A. kotschyi’nin standart boylarmi 58-91 mm,

Ceyhan nehrindeki bireylerin ise 76-139 mm, Alp
vd. (2020) ise, Ceyhan Nehri’ndeki A. kotschyi
bireylerinin total boylarinin 100-160 mm araliginda
dagilim gosterdigini bildirmistir. Baliklarda boy-
agirlik iligkisi denklemindeki “a” degeri, bireylerin
ortalama kondisyonu hakkinda bilgi verirken, “b”
degeri ise baligin dagilim gosterdigi habitatlara gore
biiyiime sekli hakkinda bilgi vermektedir. Farkli
tirlerde “b” degeri, 2,5 ile 3,5 arasinda degisim
gosterir (Avsar 1998). Calisma kapsaminda elde
edilen Orneklerin analizine gore “b” degeri
3,15 olarak tespit edilmis olup, bu bulgulara
gore A. kotschyi’'nin Ceyhan Havzasi’ndaki
populasyonlarinin  pozitif — allometrik  biiylime
gosterdigi ifade edilebilir.

Alp vd. (2020), Ceyhan Havzasi’nda yapilmig
olan 50 adet kiigiik ve 9 adet biiyiik hidroelektrik
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16  hidroelektrik  santralde  balik  gecidinin  desteklenmis olup, ilgili kurumlar ile arazi

bulundugunu, ayrica bu balik gecitlerinin verimlilik
ve performanslarinin bilinmedigini  belirtmistir.
Ureme dénemi boyunca A. kotschyi bireylerinin
akarsuyun yukari kesimlerine dogru gog¢ ettigi
bilinmektedir. Barajlar ve HES’lerin fiziki bariyer
olarak varligi, birgok HES ve barajda balik
gecidinin bulunmayisi, akarsu sisteminde yasayan
balik  tiirleri i¢in  olumsuz bir faktordiir
(Alp vd. 2020; Korkmaz vd. 2015; Zengin vd.
2017). HES ve Dbarajlarda balik gecitlerinin
bulunmayis1 ve var olanlarinda islevsel olmamasi
nedeniyle, go¢ eden A. kotschyi populasyonlarini
olumsuz etkiledigi diisiinlilmektedir. Arastirma
bolgesinde habitatlarin tahribatina sebep olan diger
bir Onemli aktivite ise alabalik ¢iftlikleridir.
Firniz, Terbiizek, Sogitlii ve Hurman caylarinda
setler olusturularak akarsuyun alabalik ciftliklerine
yoneltilmesi nedeniyle akarsu sistemine yeterli
su verilmemekte, ayrica olusturulan bu setler
baliklarin goglerini engellemektedir. Aksu, Firniz,
Torbiizek, Sogiitlii ve Hurman caylarinda evsel,
rekreasyonel ve alabalik ¢iftliklerinden kaynaklanan
kirlilik de s6z konusudur. Ayrica, arastirma
bolgesinde sulama amacgli gdletler, kum-gakil
ocaklar1 ve benzeri balik populasyonlarint olumsuz
etkileyen ¢esitli faaliyetler de mevcuttur. Bu
olumsuz durumlar
A. kotschyi populasyonlarin1 olumsuz etkiledigi
distiniilmektedir.

Bu ¢alisma  sonucunda, A.  kotschyi
populasyonlar orta ve yukar1 Ceyhan Havzasi’ndaki
cesitli akarsular ile Menzelet Baraj Goli’nde
dagilim  gosterdigi  tespit edilmistir.  Ancak
yukarida belirtilen olumsuz faktoérler, orta ve yukari
Ceyhan Havzasi’'nda dagilimi bulunan endemik

A. kotschyi populasyonunu Onemli  dlgilide
etkileyecegi ongorilmektedir. Stirdiiriilebilir
kalkinmanin en onemli bilesenlerinden
biri olan ¢evreye uyumlu bir kalkinmanin
uygulanabilmesi i¢in biyolojik ve ekolojik 6neme
sahip zenginliklerimiz olan endemik tiirlerin
korunmasi1 bir zorunluluktur. Bu kapsamda

A. kotschyi’nin iireme ve beslenme habitat kaybi,
goc yollarindaki engeller gibi bircok etkene
kars1 korunmasi ve tiir koruma eylem planlarinin
yapilmasi, tiiriin koruma faaliyetleri ig¢in oldukca
onemlidir.
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6z MAKALE BiLGIiSi

Bu ¢alisma, Bolkar Daglari'nda (Nigde) yiiksek rakiml1 goller olan Karagol ve Cinili ARASTIRMA MAKALESI
Gol’tin makrobentik omurgasiz faunasini belirlemek amaciyla Haziran-Eylil 2018

tarihleri arasinda gergeklestirilmistir. Toplanan makrobentik omurgasiz 6rneklerin Gelis :31.12.2020 E
sistematik agidan incelenmesi sonucunda; Karagél’de 11 takimdan (Sphaeriida, Diizeltme  :30.05.2021
Coleoptera, Diptera, Hygrophila, Hemiptera, Rhynchobdellida, Odonata,

Haplotaksida, Lumbriculida, Trichoptera, Amphipoda) 14 familyaya ait 30 taksa ve Kabul : 08.06.2021

Ciniligol’de ise 7 takimdan (Sphaeriida, Coleoptera, Diptera, Hemiptera, Yayim - 25.04.2022
Rhynchobdellida, Haplotaksida, Trichoptera) 7 familya ait 11 taksa belirlenmistir.

Tespit edilen taksonlardan Allogamus auricollis, Paranais frici ve Potamothrix DOI:10.17216/LimnoFish.851195
hammoniensis digindakiler bu lokaliteler ig¢in yeni kayit niteligindedir. Habitatlar

arasindaki iliskinin belirlenmesinde tiir ¢esitliligi, dominantlik ve populasyon * SORUMLU YAZAR
yogunluk indeksleri kullanilmigtir. Buna gore habitatlardaki tiir ¢esitliligin ve tiir

zenginliginin hesaplanmasinda kullanilan Shannon-Wiener (H’), Simpson (S) ve seldaozturkk50@gmail.com
Margalef (Dwmg) indeks sonuglarina gore en yiiksek gesitlilik sirastyla 3,07, 0,94 ve 5,54 Tel : +90 553 807 07 69

degerleri ile Karagdl kiy istasyonunda, habitatlardaki dominantligin belirlenmesinde
kullanilan Simpson dominantlik (SD) indeks sonuglarina gore ise en yiiksek deger 0,23
ile Ciniligél dip istasyonunda belirlenmistir. Populasyon yogunluk iliskisinde
kullanilan Shannon (EH) ve Simpson (ES) indeks sonuglarma gore ise sirasiyla en
yiiksek deger 0,87 ve 0,13 ile Karagol dip, en diisiik deger 0,72 ve 0,03 ile Karagol
kiy1 olarak hesaplanmistir. Taksonlarin dagilimlarina gore istasyonlar arasindaki
benzerlikleri belirlemek i¢in Ward’s ve Sorensen metoduna dayali Cluster analizi
uygulanmistir. Buna gore, en yiliksek benzerlik Karagél kiyr ve Ciniligdl kiy
istasyonlar1 arasinda (0,35), en diisiik benzerlik ise Karagol’iin dip ve kiy1 istasyonlar1
arasinda (0,15) gozlenmistir.

Anahtar kelimeler: Makrobentik omurgasiz, yiiksek irtifa golii, Bolkar Daglari,
¢esitlilik indeksi

Benthic Macroinvertebrate Fauna of Karagol and Ciniligél (Bolkar Mountains, Nigde, Turkey)

Abstract: This study was carried out between June and September 2018 to identify the macrobenthic invertebrate fauna of Karagél and
Ciniligol which are high altitude lakes in Bolkar Mountains (Nigde). As a result of the systematic examination of the collected benthic
samples; macrobenthic fauna of Karagél consist of 30 taxa belonging to 14 families out of 11 orders (Sphaeriida, Coleoptera, Diptera,
Hygrophila, Hemiptera, Rhynchobdellida, Odonata, Haplotaksida, Lumbriculida, Trichoptera, Amphipoda) and macrobenthic invertebrate
fauna of Ciniligdl composed of 11 taxa belonging to 7 families out of 7 orders (Sphaeriida, Coleoptera, Diptera, Hemiptera,
Rhynchobdellida, Haplotaksida, Trichoptera). Except for Allogamus auricollis, Paranais frici and Potamothrix hammoniensis species
among the determined taxa, others are new records for these localities. Determining the relationship between diversity of habitats,
dominance and population density index was used. According to the results of the Shannon- Wiener (H'), Simpson (S) and Margalef (Dwmg)
indexes used in the calculation of the species diversity and species richness in habitats, the highest diversity is the Karagol coast station
with values of 3.07, 0.94 and 5.54, respectively. According to the dominance (SD) index results, the highest value was determined as
Cinilig6l bottom station with 0.23. According to the results of the Shannon (EH) and Simpson (ES) indexes used in the population density
relationship, the highest value was calculated as Karag6l bottom with 0.87 and 0.13, and the lowest value as 0.72 and 0.03, respectively.
Cluster analysis based on the Sorensen and Ward’s analysis method was applied to show the similarities of the taxa and their distribution
in the stations. Accordingly, the highest similarity was observed between the Karagdl coast and Ciniligél coast stations (0.35), the lowest
between the bottom and coast stations of Karagdl (0.15).

Keywords: Macrobentic invertebrate, high altitude lake, Bolkar Mountains, biodiversity index
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Giris

Yiiksek dag ve siradaglar canlilarin yayilislarin
smnirlayan  6nemli dogal bariyerler olmalarmin
yant sira ekstrem iklim sartlarina sahip olmalari
nedeniyle cesitli canli gruplar1 i¢in de siginak gorevi
yaparlar (Ustaoglu vd. 2008). Bu nedenle ekstrem
cevre kosullarina adapte olmus endemik tiirleri
ihtiva etmeleri bakimindan Onemlidirler. Ayrica
yiiksek irtifa golleri antropojenik etkilerden uzak tatl
su ekosistemleri olmalar1 nedeniyle ¢evresel
bozulmalarm ekosistem {izerindeki etkilerinin
test edilmesi bakimindan referans alan ozelligi
tagimalari ile de 6nemlidirler (Tasdemir ve Ustaoglu
2016). Bu sebeplerden, yiiksek irtifa gollerinin bentik
fauna ozelliklerinin (tiir listesi, dagilim, mevsimsel
degisim, g¢esitlilik indeks hesaplamalar1 vb. gibi)
belirlenmesi olduk¢a 6nemlidir. Ancak iilkemizde
ulasim agisindan kolaylik saglayan ova golleri
iizerinde  limnolojik  caligmalar  yogunlukla
yiriitiilmiis olmasma karsin, yiiksek irtifada yer
alan buzul veya diger farkli orjinli goller
iizerinde c¢ok az sayida limnolojik ¢alisma
gerceklestirilmistir (Balik vd. 2003; Ustaoglu vd.
2004; Yildiz vd. 2005, 2007; Ustaoglu vd. 2008;
Topkara vd. 2009, 2011).

Sucul ekosistemlerde yasayan makrobentik
omurgasizlar farkli beslenme diizeyinde yer almalari
bakimindan genis bir nig olustururlar. Bu canlilarin
biiyiik bir kismi1 sucul ekosistemde besin piramidinin
alt basamaklarindan {ist basamaklarina madde ve
enerjinin aktarilmast bakimindan kilit bir role
sahiptirler. Bu  oOzellikleri nedeniyle sucul
ekosistemin  temel  biyolojik  verimliliginin
belirlenmesinde de kullanilirlar (Akbaba ve Boyaci
2015). Bir ekosistemin saghkli bir sekilde
isleyebilmesi i¢in, canli cesitliliginin orta veya
yiiksek diizeylerde siirdiiriilmesi 6nemlidir. Ayrica
cesitlilik, sistemin kendi kendini yenileyebilmesi ve
disaridan gelen baskilara karsi koyabilmesi i¢in de
bir gilivencedir. Tiir cesitliligi, bir ekosistemin
stirdiiriilebilirligi agisindan gerekli olan alt yapiy1
olusturur. Bu nedenle tiir cesitliligindeki azalma,
ekosistemdeki nis cesitliliginin de azalmasina yol
acmaktadir (Odum ve Barrett 2008).

Goller ve nehirler giiniimiizde c¢esitli gevresel
baskilar ve antropojenik etkiler sonucu olusan su
kalitesindeki bozulmalar, kirlilik ve G&trofikasyon
sorunlariyla karsi karsiyadir. Buna bagli olarak séz
konusu  ekosistemlerin  ekolojik  yapilarinda
degisiklikler —ortaya c¢ikmaktadir. Makrobentik
omurgasizlar biyolojik kalite bilesenleri kullanilarak
su kalitesinin belirlenmesi ve izlenmesinde onemli
bir indikator canli grubu olarak kullanilmaktadir
(Sozen ve Yigit 1999; Kazanci vd. 1997, 2008; Diigel
ve Kazanc1 2004; Tokséz ve Ustaoglu 2005;
Simsek 2015).

Tiim bu nedenlerden dolay1 sucul ekosistemlerde
makrobentik  omurgasizlar  iizerinde  yapilan
arastirmalar giderek 6nem kazanarak yaygin hale
gelmektedir. Bu caligmada Bolkar Daglarinda
(Nigde) yer alan yiiksek irtifa gollerinden Karagél ve
Ciniligdl’tin baz1 fizikokimyasal 6zelliklerinin ve
makrobentik omurgasiz faunasmin belirlenmesi
amaglanmugtir.

Materyal ve Metot

Toroslar, Akdeniz kiyilarina paralel bir sekilde,
Tiirkiye’nin glineybatisindan gilineydogusuna kadar
uzanan ve irili ufakl bir¢ok yiiksek irtifa goliinii
barindiran bir dag silsilesidir (Ciner 2003). Ig
Anadolu Bolgesi ve Akdeniz Bolgesi arasindaki
dogal simir hattinda yer alan Bolkar Daglari
Toroslar’in en yiiksek zirvelerinin bulundugu 6nemli
dag siralarindan olup burada yer alan goller
cogunlukla karla kaplidir ve sadece yaz aylarinda
karlarin erimesiyle su ile dolmaktadir (Balik vd.
2003). Bu gollerin bir kismi yaz aylarinda kuruyan
gecici gol ozelliginde iken bazilari ise yaz boyunca
su bulunduran daimi gollerdir. Bolkar Daglar
iizerinde yer alan goller arasinda en taninmis olanlari
ise Nigde ili Ulukisla il¢e sinirlari igerisinde yer alan
ve yaklasik 2600 m yiikseklikte bulunan Karagdl ve
Ciniligol’diir.  Orijin bakimindan buzul golleri
grubuna giren ve sirasiyla 9,89 ha ve 3,78 ha yiizey
alanma sahip olan Karagdl ve Ciniligdl alpin gol
ozelligi sergilemekte ve herhangi bir akarsu girdisine
sahip olmayip yagislarla  beslenmektedirler.
Karagol’iin su seviyesi yil boyunca ayni kalirken
Ciniligél su seviyesinde yaz donemi sonunda
yaklasik 3 m’ye varan bir diisis yasanmaktadir.
Gollerin bulundugu alan Dogal Sit Nitelikli Dogal
Koruma Alani olarak tescil edilmistir.

Bu calisma kapsaminda 2018 yili Haziran ve
Eyliil aylarinda olmak iizere Karagol (37° 24" 11" K-
34°33'31" D) ve Ciniligdl (37° 23' 54" K-34° 33" 14"
D)’de arazi ¢aligmasi yapilmustir. Ornekleme her bir
golin kiy1 ve orta kismi olmak {izere 2 farkh
istasyondan yapilmistir (Sekil 1).

GOl  suyunun fizikokimyasal ozelliklerinin
belirlenmesi amaciyla standartlara uygun sekilde su
ornekleri alimmistir (TS 6291). Cozliinmiis oksijen
(WTW Oxi 320), elektriksel iletkenlik ve tuzluluk
(YSI 30 SCT) ve pH (WTW Ph 330-i) yerinde
Olciilerek kayit edilmistir. Makrobentik omurgasiz
ornekleri 500 um gozenek agikligindaki el kepgesi ile
kiyida bulunan kaya, tas, cakil parcalarmin altindan
ve sucul bitkilerin arasindan ve Ekman-Birge grap
(15%15 cm) ile golin orta kismindan alinmustir.
Alman camur Ornekleri daha sonra 500 um goz
acikligindaki elekten gecirilerek arazide bir 6n
elemeye tabi tutularak %4’liikk formaldehit iceren
kaplar igerisinde fikse edilerek Nevsehir Haci Bektas
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Veli  Universitesi ~ Hidrobiyoloji ~ Aragtirma
Laboratuvarina getirilmistir. Laboratuvara getirilen
ornekler formaldehitten arindirilmak {izere bol su
altinda yikandiktan sonra ayiklanarak %70’lik
etil alkol igerisinde muhafaza edilmistir.
Preparasyonu yapilan Ornekler, stereo mikroskop
ve binokiiler mikroskop kullanilarak, ilgili tayin
anahtarlar1 yardimiyla teshis edilmistir. Takimlara
ait tiir tayinleri ve sistematik kategorilerinin
belirlenmesinde Haplotaksida i¢in; Brinkhurst
ve Jamieson 1971, Kathman ve Brinkhurst 1998,
Odonata i¢in; Demirsoy 1982, Trichoptera igin;
Jansson 1986, Rhynchobdellida i¢in; Elliot ve Mann
1979, Diptera icin; Sahin 1984, 1991, Epler 1996,
Coleoptera ic¢in; Nilsson ve Holmen 1995,

Southwood ve Leston 1959, Amphipoda igin;
Karaman ve Pinkster 1987, diger gruplar i¢in; Balvay
1977, Bilgin 1980, Askew 1988’ den yararlanilmistir.

Tir ¢esitliliginin  belirlenmesinde  Shannon
ve Wiener (1949), Simpson (1949), Margalef (1958)
indeksleri, tiirlerin populasyon yogunluk iligkilerinin
belirlenmesinde Shannon Evenness (Shannon ve
Wiener 1949) ve Simpson Evenness (Simpson 1949)
indeksleri uygulanmustir. Tespit edilen tiirlerin
dagilimlarina gore istasyonlar arasi
benzerliklerin belirlenmesinde Ward’s ve Sorensen
metoduna dayali Cluster kiimeleme analizi
kullanilmistr. Indekslerin hesaplanmasinda

Microsoft Office Excel yazilimi ve Past (3.18) paket
programi kullanilmigtir.

Sekil 1. Caligilan bolgenin genel goriiniimii ve drnekleme istasyonlart
Figure 1. General view of the studied area and sampling stations
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Bulgular

Karagol ve Ciniligél’e ait bazi fiziko-kimyasal
parametreler Tablo 1°de verilmistir. Yiizeysel

Su Kalitesi Yonetimi Yonetmeligi'ne gore bu
parametrelerin tamami her iki goliin de oligotrofik
su kalitesi smifinda oldugunu gostermektedir.
Parametreler incelendiginde ¢6ziinmiis oksijen
hari¢ biitiin parametrelerin I. Sinif kalite su oldugu
belirlenmistir (YSKYY 2016). Oligotrofik goller
olusumlart bakimindan genellikle derin, berrak
ve soguk goller olup ¢oziinmis madde miktari
ve organik madde miktar1 diigiiktiir. Ayt edici
ozellikleri diistik besin diizeyi ve sinirl bitki yasami
olan gollerdir (Tanyolag¢ 2009).

istatistiksel anlamda 6nemli bir degisimin s6z konusu
olmadigr saptanmistir (P<0,05). Sadece toplam
azot miktarinda Eyliil ayinda artis oldugu goriilmiis
ancak bu artis kalite smifinda bir degisiklik
yaratmamustir. Toplam azotun artisina sebep olacak
faktorler dogal siirecler sonucu gelisen azot girdisi
ve ¢ok az bir etki de olsa goller etrafindaki hayvan
otlatmasina bagl olarak ekosisteme bir azot girdisine
isaret etmektedir. Ancak s6z konusu artisa ragmen
su kalitesinin hala ¢ok iyi kalitede olmasi sucul
ekosistemin saglikli bir yapiya sahip oldugunu
ortaya  koymaktadir.  Tim  fiziko-kimyasal
parametreler dikkate alindiginda, su kalitesini
tehdit eden herhangi bir unsur bulunmadig1 ve iki

Haziran ve Eylil aylarinda alman su  Ornekleme donemi arasinda goriilen degisimlerin
numunelerinin analizi sonucunda her iki golin  normal sartlar altinda gercgeklesebilecek
su kalitesi kriterleri bakimindan ¢ok iyi kalitede  dogal degisim toleranslar1 igerisinde oldugu
oldugu goriilmiistiir. Gollerde mevsimsel olarak — sOylenebilir.

Tablo 1. Karagol ve Ciniligél gollerine ait bazi fiziko-kimyasal 6zellikler

Table 1. Some physico-chemical properties of Karagdl and Ciniligol lakes

Parametreler Karagol Ciniligol
Haziran Eyliil Haziran Eyliil
pH 7,09 7,53 7,17 7,78
fletkenlik (uS/cm) 160 1858 136,4 115
Coziinmiis oksijen (mg/l) 7,01 7,45 7,02 7,6
KOI (mg/L) <10 <10 <10 <10
BOI (mg/L) <4 <4 <4 <4
Amonyum Azotu (mg/L) 0,06 0,021 0,049 0,071
Nitrat Azotu (mg/L) <01 <0,1 0,282 0,105
Toplam Azot (mg/L) 0,114 0,476 0,287 0,557
Toplam Fosfor (mg/L) <0,01 <0,01 <0,01 <0,01
Floriir (ng/L) <100 <100 <100 <100
Siilfiir (ng/L) <2 <2 <2 <2
Haziran ve Eylil aylarinda alman su  kalitesini tehdit eden herhangi bir unsur bulunmadigi

numunelerinin analizi sonucunda her iki goliin su
kalitesi kriterleri bakimindan ¢ok iyi kalitede oldugu
goriilmistiir. Gollerde mevsimsel olarak istatistiksel
anlamda 6nemli bir degisimin s6z konusu olmadigi
saptanmigtir  (P<0,05). Sadece toplam azot
miktarinda Eyliil ayinda artig oldugu goriilmiis ancak
bu artig kalite sinifinda bir degisiklik yaratmamistir.
Toplam azotun artisina sebep olacak faktdrler dogal
stiregler sonucu gelisen azot girdisi ve ¢ok az bir etki
de olsa goller etrafindaki hayvan otlatmasina bagl
olarak ekosisteme bir azot girdisine isaret etmektedir.
Ancak s6z konusu artisa ragmen su kalitesinin hala
cok iyi kalitede olmasi sucul ekosistemin saglikli bir
yapiya sahip oldugunu ortaya koymaktadir. Tim
fiziko-kimyasal parametreler dikkate alindiginda, su

ve iki Ornekleme donemi arasinda goriilen
degisimlerin normal sartlar altinda gergeklesebilecek
dogal degisim toleranslart igerisinde oldugu
sOylenebilir.

Haziran ve Eylil aylarinda yapilan arazi
calismalar1 sonucunda gollerde tespit edilen taksa
dagilimlar1 Tablo 2’de verilmistir. Buna gore
Karagdl’de 11 takim (Sphaeriida, Coleoptera,
Diptera, Hygrophila, Hemiptera, Rhynchobdellida,
Odonata, Haplotaksida, Lumbriculida, Trichoptera,
Amphipoda) ve 14 familyaya ait 30 taksa,
Ciniligél’de ise 7 takim (Sphaeriida, Coleoptera,
Diptera, Hemiptera, Rhynchobdellida, Haplotaksida,
Trichoptera) ve 7 familyaya mensupll taksa
belirlenmistir.
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Tablo 2. Tespit edilen tiirlerin istasyonlara gore dagilimi
Table 2. Distribution of detected species by stations

Takim

Familya ve Tiirler

Karagol

Ciniligol

Kiyr

Dip

Kiy Dip

Diptera

Chironomidae

Pseudodiamesa nivosa (Goetghebuer, 1928)

+

Pseudodiamesa orientalis (Chernovskij, 1949)

Tanytarsus lugens (Kieffer, 1916)

Tanytarsus gregarius Kieffer, 1909

Paratanytarsus lauterborni (Kieffer, 1916)

Limnophyes sp.

Metriocnemus fuscipes (Meigen, 1818)

Diplocladius sp.

Chironomus javanus Kieffer (1924)

Paramerina sp.

Brillia sp.

Cricotopus flavocinctus (Kieffer, 1924)

I S I o I IS I S IO S oy S

Diptera

Chaoboridae

Chaoborus flavicans (Meigen, 1830)

Lumbriculida

Lumbriculidae

Lumbriculus variegatus (Miiller, 1774)

Haplotaksida

Naididae

Pristinella bilobata (Bretscher, 1903)

Paranais frici (Hrabe, 1941)

Potamothrix hammoniensis (Michaelsen, 1901)

Tubifex tubifex (Miiller, 1774)

Limnodrilus hoffmeisteri (Claparéde, 1862)

Hemiptera

Corixidae

Sigara macrocepsoidea (Hungerford, 1942)

Micronecta sp.

Corixa affinis (Leach, 1817)

Hemiptera

Gerridae

Gerris argenticollis (Parshley, 1916)

Rhynchobdellida

Glossiphoniidae

Helobdella stagnalis (Linnaeus, 1758)

Coleoptera

Dytiscidae

Hoperius planatus (Fall, 1927)

Agabus aeruginosus (Aubé, 1838)

Coleoptera

Gyrinidae

Dineutus assimilis (Kirby, 1837)

Odonata

Coenagrionidae

Coenagrion sp.

Trichoptera

Limnephilidae

Micropterna lateralis (Stephens, 1837)

Drusus annulatus (Stephens, 1837)

Allogamus auricollis (Pictet, 1834)

Hygrophila

Planorbidae

Menetus dilatatus (Gould, 1841)

Sphaeriida

Sphaeriidae

Pisidium sp.

Amphipoda

Gammaridae

Gammarus balcanicus (Schéferna, 1922)

TOPLAM

186

15

92 20
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Karagél kiy1 istasyonunda 11 takim, 14
familyaya ait 30 taksa belirlenmistir. Bunlardan
%43,33’liikk bir oran ile Diptera takimi baskinken

bunu %13,33 ile Haplotaksida, %13,33 ile
Hemiptera, %6,67 ile Coleoptera, %3,33’lik
oranlarla Lumbriculida, Odonata, Hygrophila,

Trichoptera, Amphipoda ve Sphaeriida takimlar
takip etmigtir. Goliin orta kisminda bentik bolgeden
yapilan 6rneklemede ise 2 takim, 2 familyaya ait 6
taksa tespit edilmistir. Bu istasyonda da Diptera
takimmin baskin oldugu (%66,67) ve bunu
Haplotaksida  (%33,33)  takimmin  izledigi
belirlenmistir. Ciniligél kiy1 istasyonunda 5 takim, 5
familyaya ait 11 taksa belirlenmistir. Makrobentik
omurgasiz faunasi i¢inde Diptera (%36,36) takimimin

belirlenmistir. Ciniligél gol ortasi istasyonunda ise 4
takim, 4 familyaya ait 7 taksa tespit edilmistir. Bu
istasyondan ise Haplotaksida (%42,86) takiminin
baskin oldugunu bunu sirasiyla Diptera (%28,57),
Sphaeriida (%14,29) ve Rhynchobdellida (%14,29)
takimlarinin izledigi goriilmiistiir (Tablo 3).
Hesaplanan Shannon-Wiener (H’) ve Simpson
(S) ¢esitlilik indeks sonuglarina goére ¢esitliligin en
fazla oldugu habitatin siras1 ile 3,07 ve 0,94 ve
degerleri ile Karagdl kiy1 istasyonu oldugu,
cesitliligin en az oldugu habitatin ise Ciniligdl dip
istasyonu oldugu saptanmistir (Tablo 3). Benzer
sekilde Margalef Cesitlilik (Dwmg) indeksi sonuglarina
gore; tiir zenginligi en fazla olan habitat 5,54 degeri
ile Karag6l kiy1 istasyonu olarak tespit edilmis olup,

baskin oldugu bunu Haplotaksida (%27,27), bunu sirasiyla 2,21 degeri ile Ciniligdl kiy1, 2,00
Trichoptera (%18,18), Hemiptera (%9,09) ve  degeriile Ciniligol dip ve 1,84 degeri ile Karagél dip
Coleoptera (%9,09) takimlarinin izledigi  istasyonlar1 takip etmistir.
Tablo 3. Istasyonlara ait hesaplanan indeks degerleri
Table 3. Calculated index values of stations
Karagol Ciniligol
Kiy1 Dip Kiy1 Dip

Cesitlilik indeksleri

Shannon-Wiener (H”) 3,07 1,65 2,20 1,63

Simpson c¢esitlilik (S) 0,94 0,79 0,87 0,76

Margalef Cesitlilik (Dmg) 5,54 1,84 2,21 2,00

Simpson Dominanthk (SD) 0,05 0,20 0,12 0,23

Yogunluk indeksi

Shannon Evenness indeksi (EH) 0,72 0,87 0,82 0,73

Simpson Evenness indeksi (SH) 0,03 0,13 0,07 0,10

Cesitlilik indeksi ile ters orantili olarak artan
ya da azalan Simpson dominantlik (SD) indeksi
degeri ise en fazla 0,23 degeri ile Ciniligol dip, en
az ise 0,05 degeri ile Karagol kiy1 istasyonunda
hesaplanmigtir. Simpson baskinlik indeksinde deger
yiiksek olursa o ekosistemde baskinlik yiiksek,
buna karsihk tir ¢esitliligi az  demektir
(Simpson  1949). Bu  sonu¢  Karagél’iin
kiyr istasyonunda tiir zenginliginin fazla iken
Ciniligol dip istasyonunda ise az oldugunu
dogrulamaktadir. Popiilasyonlara ait dengelilik-
esitlilik degerlerinin hesaplandigi Shannon Evenness
(EH) wve Simpson Evenness (SH) indeksleri
degerlendirildiginde ise en dengeli dagilimin sirasi

ile 0,87 ve 0,13 degerleri ile Karag6l dip istasyona ait
oldugu saptanmustir.

Elde edilen bireylerin istasyonlardaki
dagilimlarina gore istasyonlar arast benzerlikler
Sorensen ve Ward’s analiz yOntemine gore
incelenmis, elde edilen sonuglar Sekil 2 ve Tablo 4’te
verilmistir.

En yiiksek benzerlik Karag6l kiyr ve Ciniligdl
kiy1 istasyonlar1 arasinda (0,35), en diisiik benzerlik
ise (0,15) Karagdl’iin dip ve kiy1 istasyonlar1 arasinda
gozlenmistir. Ciniligél’iin dip ve kiy1 istasyonlar
arasindaki benzerlik ile (0,23) Ciniligél dip ve
Karaggl dip istasyonlarn arasindaki benzerlikler esit
bulunmustur (0,23).
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Tablo 4. istasyonlar arasindaki Sorensen benzerlik indeks degerleri
Table 4. Sorensen similarity index values among stations

Istasyonlar Karagél kiyr Karagél dip Ciniligol kiy Ciniligol dip
Karagél kiy1 1
Karagol dip 0,15 1
Ciniligol kiy1 0,35 0,19 1
Ciniligol dip 0,16 0,23 0,23 1
E 2 & =
1 3 a4 @
104
134
20+
3 25-
E
30+
35+
40
30

Sekil 2. Taksonlarin dagilimlarina gore istasyonlarin benzerlik diyagrami (Cluster-Ward’s)

Figure 2. Similarity diagram of stations according to distribution of taxa (Cluster-Ward's)

Tartisma ve Sonug¢

Sulara ait baz1 fiziko-kimyasal ozellikler
gdz Oniine alindiginda her iki golin de
temiz su smnifinda oldugu ortaya c¢ikmaktadir

(YSKYY 2016). Bu durum gollerin
yikksek irtifada yer almasi, antropojenik
etkilerden wuzak ve etki alam1 igerisinde
hicbir tarimsal faaliyetin yiiriitilmemesi ve

dolayisiyla da tarimsal kaynakli zirai ilag ve giibre
kaynakli bir kirlilik etkisinin olmamas1 ile
aciklanabilir.

Hesaplanan Shannon-Wiener cesitlilik indeks
(H’) sonuglarina gore Karagol kiyi, Karagol dip,
Ciniligol kiyr ve Ciniligél dip istasyonlarmda

sirastyla 3,07, 1,65, 2,20 ve 1,63 degerleri elde
edilmistir.

Istasyonlar arasindaki benzerlik diyagrami
degerlendirildiginde ise Karagdl kiyr ve Ciniligdl
kiyr istasyonlar1 0,35’lik oran ile en benzer
istasyonlar olarak hesaplanmistir. Bu istasyonlardaki
benzer taksonlar ayn1 zamanda en fazla bolluga sahip
olan P. lauterborni, Paramerina sp., P. bilobata,
L. hoffmeisteri ve S. macrocepsoidea olarak
goriilmektedir.

Ekosistemlerin  siirekliliginde ve dengede
tutulmasinda anahtar gorevi goren biyogesitlilik
degerlerinin yiiksek olmasi, o ekosistemin ¢evresel
etkilere karsi dayamikli oldugunun gdstergesidir
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(Negiz 2013). Haziran ve Eyliil aylarinda ytiriitiilen
arazi caligmalarina bagli olarak yapilan tiim analizler
sonucunda Karag6l’iin makrobentik faunasinin
Ciniligdl’e gore daha zengin oldugu goriilmiistiir.
Bunun temel sebebi olarak Karagol’de yogun bir su
bitkisi toplulugu bulunurken Ciniligél’de herhangi
bir su Dbitkisinin bulunmamas1 gosterilebilir.
Ayrica sucul bitkilerin Karag6l’de nis genisligi
yaratmast biyocesitlilik iizerine de olumlu etki
yapmustir.

Yiiksek daglarda yer alan buzul golleri yillik
ortalama sicakliklarinin diisiik olmasi, oligotrofik
ozellik gostermeleri ve insan aktivitelerinin ¢ok az
olmasi sebebiyle, su canlilar1 igin 6zel bir yasam
alan1 sunmaktadir. Bu géllerde bulunan Makrobentik
omurgasizlar ¢cogunlukla ekstrem cevresel kosullara
uyum saglamis canlilar olup gelisme donemleri kisith
ve besin kaynaklarinin eldesi de azaltilmis ve
diizensizdir (Mani 1968; Tatosova ve Stuchlik 2006).
Bu sebeplerden dolay1 bir¢ok yiiksek dag gdliinde
yapilan  c¢aligmalar  sonucunda  makrobentik
omurgasiz tirlerinin ¢esitlilik ve yogunlugunun
diisiik oldugu rapor edilmistir (Rieradevall vd. 1999).
Ayn sekilde Tatosova ve Stuchlik (2006) tarafindan
yiiksek dag gollerinin diisiik verimliliginden dolay1
Chironomidae larvalarinin bollugunun da ¢ok yiiksek
degerlere ulagsmadigi bildirilmistir. Diger yandan,
gollerin derin bolgesinde makrobentik omurgasiz
gruplarindan  iki grubun (Chironomidae ve
Oligochaeta) baskin oldugu; oligotrof gollerde,
Chironomidae’nin  golde bulunma yiizdesinin
Oligochaeta'lere gore daha yiiksek iken; Otrof
gollerde ise, tam tersi bir durumun s6z konusu oldugu
bilinmektedir (Wetzel 2001).

Diptera takimi i¢erisinde dzellikle Chironomidae
taksonlar1 kozmopolit bir dagilima sahip olup, temiz
sulardan, ¢ok kirli sulara kadar bir¢cok ortamda genis
bir yayilis gosterirler (Stribling vd. 1998).
Caligmamizda bu familyaya ait 12 takson tespit
edilmis olup bunlardan sadece P. lauterborni her iki
golin kiyt ve dip bolgelerinde siirekli olarak
gozlenmigtir. Bu tilirlin daha oOnce yapilan
calismalarda akarsularin ¢amurlu habitatlarinda
dagilm gdsterdigi  bildirilmistir (Ozkan 1991).
Oligotrofik gollerin karakteristik taksonlari olan
T. lugens’ e Karagdl kiy1, T. gregarius’e ise Karagol
kiyt ve dip istasyonlarinda rastlanmistir. Sucul
ekosistemler igerisinde kii¢iik ve biiyiik akarsularda
ve littoral bolgedeki gollerde bulundugu bilinen
Brillia cinsine ait taksonlarin genellikle suyun
icindeki dal ve yapraklarin arasinda bulundugu
bildirilmistir (Tasdemir 2003). Calismamizda bu
cinse ait Brillia sp. taksonuna vejetasyon yogunlugu

bakimindan  zengin olan Karagol’in  kiy1
istasyonunda rastlanmigtir. Vejetasyonun hakim
oldugu c¢amur substratlar1 iginde bol olarak

bulununan C. flavocinctus taksonu (Sahin 1984) ise
Karagol’e ait kiy1 ve dip istasyonlarinda gozlenirken,
Ciniligdl’de ise yalnizca kiyr istasyonunda tespit
edilmisgtir.

Diptera takimi igerisinde bir diger familya olarak
tespit edilen Chaoboridae’ye ait Karagdl kiyi
istasyonundan sadece C. flavicans taksonu
gozlenmistir. Durgun sularda bol miktarda
bulundugu bilinen bu taksonun daha once yapilan
calismalarda Toros dag silsilesi iizerinde bulunan
Dipsiz  Gol’de tespit edildigi  bildirilmistir
(Tasdemir vd. 2011).

Tath su habitatlarinda bol miktarda bulunan ve
organik kirlilige kars1 diisiik toleranslariyla bilinen
Trichoptera larvalar1 baliklar i¢in Onemli besin
kaynag1 olusturmalari, organik madde teskil etmeleri
ve su Kkalitesi belirleme c¢alismalarinda temiz su
indikatorii olarak kullanilmalart sebebiyle sucul
ekosistemlerin 6nemli bilesenlerindendir (Wiggins
ve Mackay 1978; Bouchard 2004). Bu calismada
genelikle tas ve kayalik biyotoplarin bulundugu
camurlu zeminlerden Limnephilidae familyasina ait
A. auricollis, M. lateralis ve D. annulatus olmak
tizere 3 tiir tespit edilmis olup bunlardan A. auricollis
tiri Topkara vd. (2009) tarafindan daha Once
Ciniligdl’den yeni kayit olarak bildirilmistir.

Olosutean ve Illie (2013), Hemiptera takimi
icerisindeki Gerridae familyasina ait G. lacustris
tiirliniin derinligi az gol, gdlciik ve yavas akan
akarsularin kiy1 kesimlerini tercih ettigini bildirmis
olup calismamizda bu tiire Karagdl’in kiyisal
kesiminde rastlanmistir. Her iki golin kiy
orneklemesinde de Corixidae familyasina ait
S. macrocepsoidea tiirii tespit edilmistir. Bu
familyaya ait bireyler yogun vejetasyon ve camur
substratli alanlarda yiiksek tiir ¢esitliligine sahiptirler
(Tully vd. 2004). Karagdl kiy1 kesimindeki yogun su
bitkisi vejetasyonu ve Ciniligdl kiyr kesimine ait
camur sediment yapisinin bu tiiriin dagilimini olumlu
yonde etkiledigi soylenebilir. Micronecta sp. ve
C. affinis tiirlerine sadece Karag61’iin kiy1 bolgesinde
rastlanmigtir.  Bu  durum  Karagél’in = kiy1
vejetasyonunun zengin olmasi ve ¢camur substratinin
yogun olmasindan kaynaklanmaktadir. Topkara vd.
(2009) tarafindan Ciniligdl’de yiiriitiilen ¢alismada
daha once bu takima ait tespit edilen tiirlere
rastlanmamis olup s6z konusu alanlar i¢in yeni kay1t
niteligi tasimaktadirlar.

Haplotaksida takimu igerisinde Oligochaeta alt
smifinina ait 5 tiir (P. bilobata, P. hammoniensis,
P. frici, T. tubifex, L. hoffmeisteri) tespit edilmis olup
bunlarin hepsi Naididae familyasina aittir. Bu takima
ait taksonlar genellikle kozmopolit tiirler olup
Tiirkiye’deki  baz1  yliksek dag  gollerinden
bildirilmistir (Brinhurst 1969; Geldiay ve Tareen
1972; Milbrink 1980; Ustaoglu 1980; Tasdemir vd.
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2004; Yildiz vd. 2007). Nadidae familyasina ait
bireyler sudaki oksijen eksikligine karsi toleranslari
ve ekolojik hosgoriileri ile birgok arastirici tarafindan
daha farkli bir grup olarak ele alimmaktadir
(Brinkhurt ve Jamieson 1971). Yildiz vd. (2007)
tarafindan P. hammoniensis ve P. frici tiirleri daha
once Karagdl’den bildirilmistir. Bu g¢aligmada ise
daha c¢ok otrofik gollerin profundal bolgesinde
bulundugu bilinen P. hammoniensis tiirii Cinilig61’iin
camur yapisina sahip kiy1 ve dip boélgesinde, P. frici
tiirii ise Karagol’iin kiy1 bolgesinde tespit edilmistir.
P. bilobata tiiriine ise her iki goliin kiyr ve dip
bolgelerinde rastlanmistir. Bu da bu tiiriin ekolojik
toleransinin oldukga yiiksek oldugunu
gostermektedir. Genellikle daha soguk iklimlerde
yaygin oldugu ve organik kirlilige kars1 yiiksek

toleranslariyla  bilinen T. tubifex taksonuna
(Yildiz 2003) Karagdl kiyr ve Ciniligdl dip
istasyonlarinda  rastlanmistir.  Otrofik  sartlarin

indikatorii olarak bilinen ve ¢ok ¢esitli habitatlarda
dagilim gosterebilen L. hoffmeisteri taksonu
(Kathman ve Brinkhurst 1998) ise Karagol’iin kiy1 ve
dip, Cinilig6l’iin ise kiy1 istasyonunda gozlenmistir.
Ayrica yapilan ¢aligmalarda L. hoffmeisteri’nin diger
Tubificid taksonlarina kiyasla T. tubifex ile birlikte
kirli habitatlarda daha sik rastlandigi bildirilmistir
(Timm 1999).

Lumbriculida takimi igerisinde Lumbriculidae
familyasina ait tespit edilen L. variegatus taksonuna
ise sadece Karagol’e ait kiy1 istasyonunda
rastlanmustir. Yildiz (2003)’e gore bu tiiriin nehir ve
gollerin  vejetasyon bakimindan yogun kiy1
kesimlerinde dagilim gosterdigi ve ekolojik
toleranslarinin genis oldugu bildirilmistir.

Rhynchobdellida takimi igerisinde Hirudinae alt
smifina ait H. stagnalis tiiriine her iki istasyonda da
rastlanmigtir. Bu sinifa ait bireyler gollerde,
goletlerde ve yavas akan sularda yaygin olarak
bulunan bentik komunitenin énemli birlesenlerinden
olup kiiciik golciiklerde genellikle besin zincirinin tist
basamak avcist olarak kabul edilmektedir (Davies
1991).

Calismada  Amphipoda takimi igerisinde
kozmopolit bir dagilima sahip olan Gammaridae
familyasina ait G. balcanicus tek tir olarak
Karagol’de tespit edilmistir. Bu cinse ait tiirler temiz
ve serin sularda indikator olarak bulunurlar (Kellogg
1994).

Yiiksek adaptasyon kabiliyetine ve toleransa
sahip olan Hygrophila takimi sucul ekosistemlerin
Oonemli bir parcasidir (Akbaba ve Boyaci 2015).
Bu ¢alismada bu takima mensup M. dilatatus tiiriine
Karagdl kiy1 orneklemesinde vejetasyonun ve
organik maddelerin bol oldugu kisimlarinda
rastlanmustir.

Odonata takimima ait 1 tiir (Coenagrion sp.)
Karagol’in kiyt 6rneklemesinde bitki vejetasyonu
icerisinde tespit edilmistir. Bu takimin iiyelerinin
organik kirlilige kars1 toleranshi olduklar1 ve sucul
ekosistemlerde yavag akintili veya durgun bolgeleri
tercih ettikleri bilinmektedir (Kirkagac ve Koksal
2004).

Coleoptera takimi igerisinde tespit edilen
Dytiscidae ve Gyrinidae iiyeleri genellikle biitiin
sucul habitatlara adapte olmuslardir (Nilsson 1996).
Dytiscidae familyasindan H. planatus Karagoliin kiy1
bolgesinden, A. aeruginosus ise Ciniligdl’in kiy1
bolgesinden; Gyrinidae familyasina ait D. assimilis
taksonu ise Karagdl’iin kiyr bolgesinden tespit
edilmisgtir.

Calismanin  yapildigi  gollerin  makrobentik
faunasiyla ile ilgili 6nceden yapilmis bazi ¢calismalar
mevcut olsa da ayrintili bir galigma bulunmamaktadir
(Topkara vd. 2009; Tagdemir vd. 2011; Yildiz vd.
2005, 2007; Balik vd. 2003; Ustaoglu vd. 2004).
Dolayisiyla, tespit edilen taksa igerisindeki
A. auricollis, P. frici ve P. hammoniensis tiirleri harig
tespit edilen tiirler ilgili goller icin yeni kayit
niteligindedir (Tablo 2).

Ozel ekosistemler olan bu géllerin sahip
olduklar1  biyolojik  zenginliklerin ~ korunmasi
gerektigi ve her ne amagla olursa olsun yapilacak
uygulamalarda, bu gollerdeki mevcut fauna ve flora
iizerinde olusabilecek olumsuz etkilerinin de goz
ontinde bulundurulmasi gerektigi unutulmamalidir.
Tesekkiir

Bu calisma kapsaminda orneklerin
toplanmasinda saha calismalar1 siiresince bizlere
yardimer olan Ummii El¢in Kesir’e ve Aladaglar
Milli Park Sefi Emin Giir’e, TUBITAK 2237-A
tarafindan desteklenen Biyolojik Cesitlilik Olgiim
Siirecleri-Envanter, Veri Transferi ve Hesaplama
Teknikleri Egitimi proje koordinatoérii Prof. Dr.
Kiirsad Ozkan ve galisma ekibine tesekkiir ederiz.
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New Record of Arctodiaptomus (Mesodiaptomus) toni Brehm, 1937 (Copepoda,
Calanoida, Diaptomidae) From Inland Water of Turkey.
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ABSTRACT ARTICLE INFO
In eastern region of Turkey, copepod fauna of 31 localities was investigated and REVIEW

23 species were identified from 4 families. Aygir Lake is the richest with 7 species

in terms of the number of copepod species, followed by the Kuyucuk Lake and Received ~ :01.02.2021
the Akcakale Peninsula with 6 species. No copepods were found at stations 2, 5, Revised - 25.03.2021
8, 9, 10, 19, 20, 22, 23, 24 for reasons of human settlements, water quality A ted  :27.03.2021
parameters and environmental factors. The Calanoid copepod, Arctodiaptomus ccepte CET

(M) toni which was found in two stations (Lavas Lake and Putka Golbasi Lake) Published  :25.04.2022

is new record for the inland waters of Turkey. Both habitats of the species are

similar to each other in terms of altitude and lake structure, and similar to Elburz, DOI:10.17216/LimnoFish.872239

where the species was first found.
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Tiirkiye I¢ Sularindan Arctodiaptomus (Mesodiaptomus) toni Brehm, 1937 (Copepoda, Calanoida,
Diaptomidae)’'nin Yeni Kayd.

Oz: Tiirkiye'nin dogu bolgesinde, 31 lokalitenin kopepod faunasi arastirilmis ve 4 familyadan 23 tiir tespit edilmistir. Aygir Golii,
kopepod tiirii sayis1 bakimindan 7 tiir ile en zengin oldugu belirlenirken, bunu 6 tiirle Kuyucuk Go6li ve Akgakale Yarimadasi
izlemektedir. 2, 5, 8,9, 10, 19, 20, 22, 23, 24 numarali istasyonlarda insan yerlesimleri, su kalitesi parametreleri ve ¢evresel faktorler
nedeniyle kopepoda rastlanmamustir. iki istasyonda (Lavas Gélii ve Putka Golbas1 Golii) bulunan kalanoid kopepod, Arctodiaptomus
(M) toni, Tirkiye i¢ sularinda yeni kayittir. Tartin her iki habitati da rakim ve gol yapisi agisindan birbirine benzer ve tiiriin ilk
bulundugu Elburz'a da benzerdir.

Anahtar kelimeler: Kopepoda, dagilim, yeni kayit, Arctodiaptomus
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Introduction

Zooplankton represents an important community
to transfer matter and energy between producers
and consumers in food webs, thus shaping
the pelagic ecosystem. Copepods make up a
major portion of the biomass and productivity
of the freshwater ecosystems (Williamson and Reid
2001).

Copepods are typically little crustaceans
that show wide geographic distribution in virtually
all aquatic habitats (Boxshall and Halsey 2004).
In point of abundance, copepods are the
dominant group in the ocean and continental
waters of the  zooplankton  community.

Approximately 13.000 species of copepods are
known, and 2.800 of them live in fresh water
(Boxshall and Defaye 2008).

Some free-living copepods feed directly
on phytoplankton, catching cells individually. Some
of the larger species are predators of their smaller
relatives. Many benthic copepods eat organic detritus
or the bacteria that grow in it, and their mouth parts
are adapted for scraping and biting.

Planktonic  copepods are important to
global ecology and the carbon cycle. They are
usually the dominant members of the zooplankton,
and are major food organisms for small fish
and other crustaceans in aquatic environment.
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Some scientists say they form the largest
animal biomass on earth (Diirbaum and Kiinnemann
1997).

Many planktonic copepods feed near the surface
at night, then sink (by changing oils into more dense
fats) into deeper water during the day to avoid visual
predators. Their moulted exoskeletons, faecal pellets,
and respiration at depth all bring carbon to the deep
lake and sea.

In general, adult calanoid copepods are the
largest members of the freshwater Copepoda,
ranging in length from 1 to 5 mm. They
are commonly found in permanent water
bodies where they are primarily planktonic,
although some species are associated with plants
and sediments and others may be found in
temporary ponds and wetlands (Dussart and
Defaye 2001). Calanoids play an important
role in aquatic food webs, particularly in
more oligotrophic systems, as either primary
consumers or predators in aquatic ecosystem. They
are also an important source of food for larval,
juvenile, and many adult fish species and some
crustaceans.

Diaptomid
of  planktonic
to the successful

copepods are a major group
microcrustaceans,  belonging
and widespread freshwater
family of  Diaptomidae, which  contains
over 400 species in about 50 genera
(Dussart and Defaye 1983). Approximately 60
species of the genus Arctodiaptomus live in inland
waters.

The Diaptomids are found in a variety of habitats
ranging from freshwater lakes and ponds, to streams
or rivers, occasionally in ditches, and some
euryhaline species are found in either brackish, salt-
or freshwater (Williamson 1991).

Until today, more than 400 zooplankton
studies have been carried out inland
waters of Turkey and approximately 40 of
them were made in the eastern part of Turkey.
As a result of these studies, approximately
150 copepod taxa were determined
(Ustaoglu 2015) and one species (Arctodiaptomus
burduricus Kiefer, 1939) is endemic to Lake Burdur
in Turkey.

In the Eastern part of Turkey 9 species from
Cyclopoida [Acanthocyclops robustus (Sars, 1863),
Cyclops strenuus Fischer, 1851, C. Vicinus Uljanin,
1875, Diacyclops bicuspidatus (Claus, 1857),
Eucyclops serrulatus (Fischer, 1851), Ergasilus
sieboldi Nordmann 1832), Macrocyclops albidus
(Jurine, 1820), Megacyclops viridis (Jurine, 1820),
Thermocyclops crassus (Fischer, 1853), T. dybowskii
(Lande, 1890)], 5 species from Calanoida
[Acanthodiaptomus denticornis (Wierzejski, 1887),
Arctodiaptomus byzantinus Mann, 1940,
A. osmanus Kiefer, 1974, A. spinosus (Daday, 1891),
Eurytemora velox (Lilljeborg, 1853), Sinodiaptomus
sarsi (Rylov, 1923)], and 1 species from
Harpacticoida  [Nitokra  hibernica  (Brady,
1880)] totally 17 species were reported (Bulut and
Saler 2014; Bekleyen and Tas 2008; Saler and Alis
2014).

In this study we present new record
of Diaptomidae for inland waters of Turkey,
to provide a Dbetter understanding of the
geographical distribution of these organisms,

as well as to offer information for future
biogeographic and evolutionary studies.
Arctodiaptomus (M) toni has been recorded
from only in the Elburz mountains, Iran.

We provided descriptions and illustrations of both
sexes in order to provide a basis for future
comparisons. In the studies to date, there is a lack of
information as male individuals of A. (M) toni have
not been described in detail. In this study, the
deficiencies were corrected. In addition, this species
can be added to the current list of Copepoda fauna of
Turkey.

Materials and Methods

Copepod samplings were made from 31
different freshwater lakes, ponds and
streams  seasonally  between January and
November 2015 (Figure 1, Table 1). Samples

were taken with plankton net of 60 pm
mesh size with vertical and horizontal hauls.
Vertical hauls were made 8-10 times

from the bottom to the surface, and horizontal
hauls were taken from the surface for about 20
minutes.
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Figure 1. Sampling points

Collected specimens were preserved in 4%
buffered formaldehyde in the study area. After
the samples were brought to the laboratory
(during 3-4 days), the formaldehyde water
mixture was filtered from the collector and
the samples were preserved in 90% methyl
alcohol and stored in the plankton laboratory of the

Iskenderun Technical University. Specimens were
examined in a distilled water and glycerol mixture.
Drawings and measurements (with  ocular
micrometer) were made using an Olympus
microscope with drawing-tube. The species were
identified with the aid of Borutsky (1964), Dussart
(1969), Damian-Georgescu (1970), Kiefer and Fryer

Marine  Sciences and Technology Faculty, (1978) and Reddy (1994).
Table 1. Copepod sampling stations and coordinates
. Sampling . depth  surface  Altitude
St. Localities coordinates Sampling date (2015) (m) area (ha) (m) type
Burnaz and Binpinar 0~/ I
1 Village Dams 390 20, 38'26,,N 18 May, 29 Jul., 15 Sep. 7 4.18 1572 pond, permanent
42°01'08.73"E
(Erzurum)
Diyadin Basalt 39°32/17.58/N stream,
2 Canyon (Agn) 43039/59.37/ 26 May, 23 Jul., 13 Sep. ) ) 1890 ermanent,
Girlevik waterfall 39° 34/ 48.69'N .
3 (Erzincan) 39° 43/ 44.03E 20 May, 1 Aug., 13 Sep - - 1390 river, permanent
Putka - Golbas1 Lake  41° 07/ 48.94N marsh,
4 (Ardahan) 42° 46/ 03.46/'E 22 May, 29 Jul., 12 Sep. 1.6 37.09 1921 permanent
o 40° 50/ 54.86"N .
5 Tubulgu trees (Kars) 43° 20/ 53.66/E 21 May, 28 Jul., 16 Sep. - - 1683 river, permanent
. 40° 38/ 40.36N
6 Yedigoller (Erzurum) 40° 53/ 31.48"E 18 May, 30 Jul., 15 Sep. 16.8 10.2 3041 lake, permanent
Dogubeyazit Marshes ~ 39° 39/ 32.43/N marsh,
7 (Agm) 44° 04/ 22 93'E 20 May, 23 Jul., 15 Sep. 0.92 4.42 1523 temporary
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Table 1. Continued

8

Erzurum Swamps

39°59/29.51N

18 May, 23 Jul., 15 Sep.

0.30

74.74

1759

marsh, temporary

(Erzurum) 41°20/59.98"E
9 Ecr)zrtrg:t%rie(oé?ﬂﬁk) Z?Z %25 ggggzg 18 May, 25 Jul., 16 Sep. 4.7 3.37 2714 marsh, temporary
10 éﬁ?ﬂgﬁ?mains gg: ?éj ig?gfﬁg 20 May - - 1494 stream, temporary
11  Aktas Lake (Ardahan) i;: g; ggggzg 21 May, 28 Jul., 16 Sep. 10 5847 1800 lake, permanent
12 Aygrr Lake (Kars) 32: gg; gfggzg 21 May, 28 Jul., 16 Sep. 65 294100 2300 lake, permanent
13 Balik Lake (Agn) pro gij 3‘2‘8;;;2 26 May, 23 Jul., 13 Sep. 37 3000 2254 lake, permanent
14 Cildir Lake (Ardahan) fé: ?ﬁi gﬁg;ﬁg 21 May, 28 Jul., 16 Sep. 42 12300 1963 lake, permanent
15  Deniz Lake (Kars) 2(2)2 22; gzliizg 23 May, 17 Jul., 16 Sep. 25 109.37 1905 lake, permanent
16  Kuyucuk Lake (Kars) jg: 3‘7‘; éj‘llgxg 21 May, 28 Jul., 16 Sep. 13 197 1627 lake, permanent
17 Lavas Lake (Kars) 222 fg; 22?% 21 May, 28 Jul., 15 Sep. 19 104 1979 lake, permanent
18 ?Earl ;Elrlugﬁl)Lake 2?2 Sé; gggé;g 18 May, 29 Jul., 14 Sep. 2 0.029 1822 pond, permanent
o G WASON s e SN
0 e S SRNN s - w9
21 Eﬁ‘%ﬁﬂﬁ)}’m““la 2;2 ?2; gg:zg% 21 May, 28 Jul., 16 Sep. 2 0.021 1977  lake, permanent
R g
n DI RGN s o o e Sende)
w oD SRS s o s S
25  Eksisu (Erzincan) ;g: gz; ggi%g 20 May, 1 Aug., 13 Sep. 15 39544 1152  marsh, permanent
26 ggﬁﬁﬁgrmal ;‘g ;g; %igg;g 26 May, 31 Jul., 16 Sep. - - 1623 Ztgf%?ﬁem
(Bayburt)
27 El)zt:lzjii;bc'zlri])l‘ake ggz gg; Z‘éfzgg 31 Jul., 13 Sep. 18 0.65 1855 lake, permanent
n g WEUMN s - ms S
29 ;I'é)rrztﬂlr’rl]"\rl:)/aterfall j(l)z 431?); gézg;g 18 May, 29 Jul., 15 Sep. - - 1020 river, permanent
30 ﬁ;?: d?si:i;g?iilg 3(3): (3)47‘; 222%5 20 May, 27 Jul., 13 Sep. 1.60 1.56 978 marsh, temporary
gy Hloating Island 38° 57/ 30.19/N 55 May, 24 Jul. 50 0.06 1358 lake, permanent

(Bingol)

40° 56/ 25.57//E
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Results

We identified 23 taxa, of which 15 belonged
to the family Cyclopidae, 4  species
to the Canthocamptidae, 3 species to the
Diaptomidae and one species to the Ameiridae. List

of the species with the locality information are shown
in Table 2.

Eucyclops serrulatus occurred most frequently
(13 sites) followed by Arctodiaptomus acutilobatus
(8 sites) and Cyclops sp. (6 sites).

Table 2. Species and distribution areas

COPEPODA Localities
Cyclopidae
Acanthocyclops robustus (Sars, 1863) 6, 16, 17

Cyclops sp.

Cyclops furcifer Claus, 1857

Cyclops bohater Kozminski, 1933
Cyclops vicinus Uljanin, 1875
Diacyclops bicuspidatus (Claus, 1857)
Diacyclops bisetosus (Rehberg, 1880)
Diacyclops sp.

Eucyclops serrulatus (Fischer, 1851)

11,12, 14,18, 21, 29

12

31

31

16, 17

16

4,16, 26

3,6,7,12,14, 15, 16, 17, 21, 25, 26, 27, 30

Eucyclops sp. 12,25
Macrocyclops albidus (Jurine, 1820) 1,12,25
Megacyclops viridis (Jurine, 1820) 4,7,16, 26, 27
Microcyclops rubellus (Lilljeborg, 1901) 28
Paracyclops fimbriatus (Fischer, 1853) 25
Tropocyclops prasinus (Fischer, 1860) 12,18, 26, 29
Diaptomidae

Acanthodiaptomus denticornis (Wierzejski, 1887) 4,14,21

Arctodiaptomus acutilobatus (Sars, 1903)

6,11, 12, 14, 15, 17, 21, 29

Arctodiaptomus (M.) toni Brehm, 1937 4,17
Canthocamptidae

Attheyella crassa (Sars,1863) 3,15,21,25
Bryocamptus minutus (Claus, 1863) 14,15, 21
Bryocamptus zschokkei (Schmeil, 1893) 13,28
Canthocamptus staphylinus (Jurine, 1820) 12
Ameiridae

Nitokra hibernica (Brady, 1880) 29

On the other hand, Cyclops furcifer, C. bohater,
C. vicinus, Diacyclops bisetosus, Microcyclops
rubellus, Paracyclops fimbriatus, Canthocamptus
staphylinus and Nitokra hibernica were found in only
one location.

The most species were identified in Aygir Lake
(12" station) (8 species), followed by Kuyucuk Lake
(16 station) and Akgakale Peninsula (21" station)
with 6 species, and Cildir Lake (14" station) with 5
species.


http://www.marinespecies.org/aphia.php?p=taxdetails&id=106413
http://www.marinespecies.org/aphia.php?p=taxdetails&id=149688
http://www.marinespecies.org/aphia.php?p=taxdetails&id=115140
http://www.marinespecies.org/aphia.php?p=taxdetails&id=115135
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Copepod species has never been found in
Diyadin Basalt Canyon (2" station), Tubulgu
Trees Stream (5" station), Erzurum Swamps
(8" station), Erzurum Geological Formations
Lakes (9" station), Kesis Mountains Lakes
(10" station), Big Cermik Stream (19" station),
Little Cermik Stream (20" station), Diyadin
Davud Thermal (22" station), Diyadin Bridge
Thermal (23" station) and Diyadin Snaky Thermal
(24" station).

Arctodiaptomus (Mesodiaptomus) toni Brehm,
1937

Putka - Golbas1 Lake (Ardahan), 41° 07’ 48.94"N,
42° 46/ 03.46"E, 1921 m a.s.l., surface area 37.09 ha,
max. depth 1.6 m, sampling dates 22 May 2015, 29
Jul. 2015, 12 Sep. 2015.

Lavas Lake (Kars), 40° 56/ 05.88/N 43° 15
48.11"E, 1980 m a.s.l., surface area 104 ha, max.
depth 19-20 m, sampling dates 28 Jul. 2015, 21 May
2015, 15 Sep. 2015.

Female: Body length (including caudal seta)
was measured in nine specimens and ranged
2.23 mm and 2.74 mm, with an average of 2.57 mm;
Pedigers 4 and 5 (Figs 2A, B) incompletely fused
with suture visible laterally. Lateral wings of fifth
pediger fairly large, only slightly elongate and
asymmetrical (Fig. 2A), left wing longer than right
one, both bearing 2 strong and 2 small spinules (Figs
2B, C, G, J); as that is typical of this species, fourth
pediger with a lobe on right side (Figs. 2H, C).
Rostrum bifid, with paired rostral spines, about 35
um in length (Fig. 2D).

Genital somite asymmetrical and not dilated:;
both lateral spines of the somite minute; left spine
directed distally (Fig. 2H). Second urosomite dilated
at right distal corner. Caudal rami symmetrical,
slender, and almost two times longer than wide,
densely hairy on inner margin and with 3-4 hair-like
setae on outer margin (Fig. 2F). Caudal setae
symmetrical, medium-sized, already in length and
biserially plumose, all plumose and more slender
than rest; anterolateral accessory seta absent (Fig.
2F). Colouration light orange. Second endopodal
article of leg 2 bearing hyaline lappet (Schmeil's
organ).

Antennules reaching the end of caudal rami,
aesthetascs directed postero-laterally. Antennules
symmetrical, each 25-segmented; segmentation
pattern and armature formula as follows: segment 1,
1 seta + aesthetasc (ae); segment 2, 3 seta + ae;
segment 3, 1 seta + ae; segment 4, 1 seta; segment 5,
1 seta + ae; segment 6, 1 seta; segment 7, 1 seta + ae;
segment 8, 2 setae; segment 9, 2 setae + ae; segment
10, 1 seta; segment 11, 2 setae; segment 12, 2 setae +
ae; segment 13, 2 setae; segment 14, 1 seta + ae;
segment 15, 1 seta; segment 16, 1 seta+ ae; segments

17 and 18, 1 seta each; segment 19, 1 setat+ ae;
segments 20 and 21, 1 seta each; segments 22 to 24,
2 setae each; segment 25, 5 setae + ae. Seta of first
segment of antennule about 40 pm long, extending to
midlength of segment 13 (Fig. 2K).

Leg 5: First exopodite-segment elongate, being
approximately 2-3 times as long as wide. Terminal
claw long, slim and slightly folded at its end. Inner
top spine on third exopodite-segment very strong and
reaching beyond mid-inner margin of terminal claw.
Endopodite indistinctly two segmented. Reaching
somewhat beyond mid-inner edge of first exopodite-
segment; apex round and armed apically only with
hairs (Fig. 2E).

Male: Body length (including caudal seta)
was measured in six specimens and ranged 2.05
mm and 2.36 mm, with an average of 2.20 mm;
Lateral wings of fifth pediger narrow and
asymmetrical, left wing shorter than right,
both bearing 2 slight spinules (Figs. 3A, B).
Rostrum slightly longer than in female, bifid
(Fig. 3G), with paired medium-sized rostral
spines, about 40 pum in length. Left antennule
composed of 25 segments, armature as in
female. Right antennule geniculated, consisting
of 22 segments. Geniculation between segments
18 and 19. Segments 8, 10, 11, 12, 13, 14
with spinous each; Spine on segment 14 strong
and long (arrow f); spinous on segments 8, 10 and
11 small (arrow a, b, c¢); spinous on segment 13
very large (Fig. 3D, arrow e). Male right
antenule segmentation pattern and armature
formula as follows: segment 1, 1 seta + aesthetasc
(ae); segment 2, 3 setae +ae; segment 3, 1 seta
+ ae; segment 4, 1 seta; segment 5, 1 setatae;
segment 6, 1 seta; segment 7, 1 seta; segment 8,
1 seta+1 spine; segment 9, 1 seta + ae; segment 10,
1 seta+1 spine; segment 11, 1 seta+1 spine; segment
12, 1 seta+1 spine +ae; segment 13, 1 seta+1 spine +
ae; segment 14, 2 setae+1 spine+ ae; segment 15, 2
setae+1 spine+ae; segment 16, 2 setae+ae; segment
17, 1 seta; segment 18, 0; segment 19, 1 seta+1 spine;
segment 20, 2 seta; segment 21, 2 seta; segment 22,
5 seta+ae. Segments 17 and 18 with hyaline process
on dorsal margin (Fig. 3D). The two setae on the
lateral margin on segment 20 absent (Fig. 3D, arrow
a, b). Genital somite asymmetrical and with
fine sensory seta on right side. Caudal rami

symmetrical, slender, and almost two times
longer than wide, densely hairy on inner
margin and with 2-3 hair-like setae on

outer margin (Fig. 3C). Caudal setae symmetrical and
biserially plumose, anterolateral accessory seta
absent (Fig. 3C). Second endopodal article of leg 2
bearing hyaline lappet such as female (Schmeil's
organ).
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Figure 2. Arctodiaptomus (M.) toni Female. A) Habitus, dorsal; B) habitus, lateral; C) pediger 2-5 and urosome, lateral;
D) rostrum; E) fifth leg; F) caudal rami and anal somite, dorsal; G) wing of pediger 5, left; H) wings of pediger 4 and 5;
I) wing of pediger 5, right; K) antennule. Scale bars: A, B, C, K 1000 um; D 50 um; E, F 200 um; G, H, | 250 pum.

Right leg 5: Coxal spine small. Basipodite long
and thick, hyaline membrane on inner edge small
ear-like, and sensory seta present on outer
distal corner (Fig. 3F). Exopodite 1 narrow and
very short, small hyaline process not close base of
lateral spine shown in Fig 3F outer distal corner
produced into moderate spinous process. Small
hyaline process of right first exopodite segment not
close base of lateral spine. The second exopodite
segment of the right P5 elongate. Lateral spine quite
proximal in position, slender, bent and longer than
the segment. Endopodite short, slender, somewhat
bent and armed apically only with hairs. Terminal

claw long, curved, slender, finely denticulate, with
recurved tip.

Basipodite of left P5 with rounded ear-like
hyaline membrane on inner edge. Exopodite 2-
segmented, with medium-sized first segment, and
short, almost round, second segment, both lined with
hairy cushions on inner side. Second segment ending
in 2 projections of different length (internal longer):
external, blunt, finger-like projection, lined with 1
inner row of small spines and internal, more pointed
projection, lined with 1 rows of small spines, tapering
distally (Fig. 3F). Endopodite 1-segmented, with
minute hyaline membrane at inner distal corner
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slightly tapering, apically ornamented with oblique
hairs.

According to Borutsky et al. (1991), this species
is similar to A. lobulifer in the texture of fourth and
fifth pedigers and the genital double somite and in the
armature of legs 5. The females differ in the delated
right side of urosome somite 2 and in the presence of
a small cuticular outgrowth in the proximal part of

the basis of the right leg 5 and in the undilated
proximal part of the inner apical process of second
exopodite-segment of left leg 5. (Reddy 1994).
Occurrence. Freshwater species, the valley Taler
at an altitude of 2100 m in the Elburz mountains, Iran
and the Lavas Lake (Kars) and Putka - Golbas1 Lake
(Ardahan) at an altitude of 1980 m, 1921 m
respectively in Eastern Turkey (Table 2).

Figure 3. Arctodiaptomus (M.) toni, male. A) Habitus, dorsal; B) habitus, lateral; C) caudal rami and anal somite, dorsal,
D) right antennule; E) rostrum; F), fifth leg, posterior. Scale bars: A, B 1000 um; C, D, F 200 um; E 50 um.
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Discussion

The Turkish copepod fauna is rich in Calanoida,
especially in the genus Arctodiaptomus. Among the
species of the genus Arctodiaptomus, A. belgrati
Mann, 1940, A. byzantinus Mann, 1940, A. osmanus
Kiefer, 1974, A. pectinicornis (Wierzejski, 1887),
A. similis (Baird, 1859), A. spectabilis Mann, 1940,
A. stephanidesi bulgaricus (Kiefer, 1971), A.
wierzejskii (Richard, 1888), A. (Rhabdodiaptomus)
acutilobatus (Sars, 1903), A. (Rh.) alpinus (Imhof,
1885), A. (Rh.) bacillifer (Koelbel, 1885), A. (Rh.)
bacillifer propior Kiefer, 1952, A. (Rh.) burduricus
Kiefer, 1939, A. (Rh.) centetes (Brehm, 1938),
A. (Rh.) niethammeri (Mann, 1940), A. (Rh.) salinus
(Daday, 1885), A. (Rh.) spinosus (Daday, 1891) are
widely spread in Turkey (Ustaoglu 2004, 2015). With
A. toni, the species number of Arctodiaptomus
increased to 18 in Turkey.

Some copepods we found in this study (Cyclops
vicinus, C. furcifer, Diacyclops bicuspidatus, D.
bisetosus, Eucyclops serrulatus, Macrocyclops
albidus, Microcyclops rubellus, Paracyclops
fimbriatus, Tropocyclops prasinus,
Acanthodiaptomus denticornis, Attheyella crassa,
Bryocamptus minutus, B. zschokkei, Canthocamptus
stuphylinus, Nitokra hibernica) are widespread
(Einsle 1963; Strayer 1985; Sarkkd 1987; Maier
1990; Kurashov and Gorichenskiy 1992; Einsle
1996; Karaytug 1999; Ramdani et al. 2001; Lesko et
al. 2003; Alekseev et al. 2006; Dussart and Defaye
2006), and Taxonomic revisions by Mirabdullayev
and Defaye, 2002, 2004 and Hotynska and Dimante-
Deimantovica, 2016 showed that: Cyclops bohater
likely is a boreomontane European species; and
Acanthocyclops robustus is likely restricted to
northern Europe (many previous records of A.
robustus in Europe and Asia in fact refer to A. trajani
Mirabdullayev and Defaye 2002). Megacyclops
viridis lives in water bodies of all sizes, temporary
ponds and in the littoral and sublittoral regions of
lakes. It has a scattered and relatively limited
distribution and occurs from sea level to 1396 ma.s.l.
On the other hand, all species in the study were found
in many studies in Turkey (Ustaoglu 2004, 2015).

In the study, copepod was not found in some
wetlands. Since detailed zooplankton study was not
performed before, we cannot discuss why there is no
copepod. These regions are; Erzurum Marshes (8th
station) are fed by underground seepage water. The
fact that the water is generally dark in color and the
high amount of suspended solids suggest that the
organic matter content is high. Erzurum Geological
Formations Lakes (9™ station) is in a volcanic area,
consisting of temporary ponds, Kesis Mountains
Lakes (10" station) is a small dam, built for irrigation
purposes, and there are small settlements around it

and agricultural activities are carried out. Although
everything seems to be normal for the existence of
copepod, it is quite difficult to interpret why the
copepod does not exist in stations 8, 9, 10. The
domestic wastes of the nearby settlements are
discharged to both of Diyadin Basalt Canyon (2nd
station) and Tubulgu Trees Stream (5th station).
Little Cermik Stream (20" station), Big Cermik
Stream (19 station), Diyadin Davud Thermal (22"
station), Diyadin Bridge Thermal (23" station) and
Diyadin Snaky Thermal (24™ station) consist of hot
spring water (39-45 °C). The content of domestic
wastes and thermal waters are generally not suitable
for the survival of planktonic organisms since they
contain abundant organic matter and high
bicarbonate, chloride, sulphate, calcium, and carbon
dioxide gas. The characteristics of stations 2, 5, 19,
20, 22, 23, 24 partly explain why there were no
copepods here.

Reddy (1994) reported that A. toni was first found
in the swamp fed by rain water in the Elburz
mountains at an altitude of 2100 m in Iran. Where the
species is located in our country; Putka - Golbasi
Lake (1921 m a.s.l) is covered with dense reeds and
dystrophic lake. It is a semi-swamp lake with a small
lake pit and its waters are yellow brown. Lavas Lake
(1980 m a.s.l) is composed of cold and clean water
fed by spring waters and small rivers. Especially in
summer, when the lake waters are low, there are
marshes formed by large meadows around it. The
lake is covered with reeds and plants, and has a
mesotrophic character. It is seen that there are
important similarities between the place where the
species was first found and the places where it was
located in Turkey.

In view of all this, it can be said that
Arctodiaptomus (M) toni prefers high altitude, plant
marsh environments as a habitat.
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Aksehir (Konya) Ovasi Yeraltisuyu Kalitesi ve Kullamlabilirliginin
Belirlenmesi
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6z MAKALE BiLGiSi

Bu ¢alismada Aksehir G6lii havzasinin igerisinde yer alan Aksehir ovasinin en 6nemli
su kaynagi olan ve ayn1 zamanda Aksehir Golii’nii de besleyen yeraltisularinin kalitesi

ARASTIRMA MAKALESI

ve kullanilabilirligi belirlenmeye ¢aligilmistir. Yeraltisularindan alman 31 &rnek Gelis :31.01.2021
tizerinde fizikokimyasal analizler yanisira agir metal ve nitrat analizleri yapilmistir. Diizeltme  :17.04.2021
Calisma alamindaki baskin su tiirleri Ca-Mg-HCOs ve Ca-HCOs'tiir. Schoeller uz e

igilebilirlik diyagrama gore yeraltisular1 EC parametresi acisindan “kétii kalite-cok Kabul :25.04.2021
iyi kaliteli sular” simifi araliginda, diger parametreler agisindan “orta kaliteli-cok iyi Yayim . 25.04.2022

kaliteli sular” smifinda yer almaktadir. Ayrica yeraltisulari agir metal ve nitrat
konsantrasyonlart bakimindan igme suyu olarak kullanima uygun degildir. S24, S25
ve S29 nolu 6rnekler ABD Tuzluluk laboratuvart ve Wilcox diyagramlarina goére
sulama suyu olarak kullanima “uygun degil” seklindedir. PI degerlerine gore ¢aligma
alanindaki Orneklerin  %80,69'u sulama suyuna “uygun’bulunmustur. Sodyum
yiizdesine gére numunelerin %3,22'si (S24) ¢alisma alaninda “Siipheli' sulama suyu” sehnazsener@sdu.edu.tr
siifindadir. MH ve RSC degerlerine gore ise tiim su drneklerinin sulama suyu olarak Tel : +90 2462111324
kullanima “uygun” oldugu belirlenmistir. Sonug¢ olarak boélgede yeraltisularinin Fax : +90 246 237 08 59
kalitesine etki eden en 6nemli faktorler jeojenik oldugu kadar tarimsal faaliyetlere

bagli antropojenik kirlenmedir.
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* SORUMLU YAZAR

Anahtar kelimeler: Yeraltisuyu, yeraltisuyu kalitesi, sulama suyu, igme suyu,
Aksehir ovasi

Determination of Groundwater Quality and Usability of Aksehir (Konya) Plain

Abstract: In this study, the quality and usability of groundwater, which is the most crucial water source in Aksehir Lake basin and also
recharging the Aksehir Lake, were determined. Thirty-one samples were taken from groundwater, and physicochemical, heavy metal and
nitrate analyses were performed. The dominant water types were Ca-Mg-HCOs and Ca-HCOs. According to the Schoeller diagram,
groundwater was in the “poor quality-very good quality waters” class in terms of EC parameters and the “middle quality-very good
quality waters” class in terms of other parameters. In addition, groundwater was not suitable for drinking water in heavy metal and nitrate
concentrations. S24, S25 and S29 samples were found not suitable for use as irrigation water according to the USA Salinity laboratory and
Wilcox diagrams. According to the Pl values, 80.69% of the samples were "suitable" for irrigation water. According to the sodium
percentage, 3.22% (S24) of the samples were in the “Suspicious “irrigation water” class. According to the MH and RSC values, all water
samples were determined to be “suitable” for irrigation water. As a result, the most critical factors affecting the quality of groundwater in
the region were geogenic and anthropogenic pollution due to agricultural activities.

Keywords: Groundwater, groundwater quality, irrigation water, drinking water, Aksehir plain
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Giris

Cevre  kirliligi,  ilkelerin  siirdiiriilebilir
kalkinmasinin Oniindeki en Onemli engellerden
biridir. Tiim diinyada oldugu gibi iilkemizde de su;
son derece degerli, ekonomik ve stratejik bir dogal
kaynaktir. Yeraltisuyu, kirleticilerden etkilenmesi
daha zor oldugu i¢in i¢gme suyu olarak 6zellikle tercih
edilmektedir (Babiker vd. 2007; Arya vd. 2012;
Sener vd. 2019; Varol ve Kose 2020; Sener ve Sener

2020). Bu nedenle, diinyadaki igme suyunun yaklagik
yarisi yeraltisuyu akiferlerinden alinmaktadir (Li vd.
2018). Bununla birlikte, yeraltisuyu kalitesi ve
kimyast hem dogal siireclerle (hava kosullar1 ve
toprak erozyonu) hem de antropojenik girdilerle
(tarimsal faaliyetler, belediye ve endiistriyel atik su
desarji, kat1 atiklar vb.) kontrol edilmektedir (Varol
ve Davraz 2014; Kazi vd. 2009; Mutlu ve Verep
2018).
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Yeraltisuyunun kalitesi, yeraltinin herhangi bir
noktasinda yeraltisuyu akis yolu boyunca bircok
islemin birlesik etkisini yansitmaktadir. Normal
kosullar altinda, yeraltisuyu kimyasinin mevsimsel
ve mekansal degisiklikleri, ¢evredeki jeokimyasal
siiregleri belirlemektedir. Bu jeokimyasal siirecleri
etkileyen faktorleri jeojenik ve antropojenik olmak
iizere ikiye ayirmak miimkiindiir. Jeojenik faktorler
jeolojik, hidrolojik ve hidrojeolojik kosullarla
iligkilidir. Yeraltisularinin kimyasini ve kalitesini
degistiren antropojenik faktorler evsel, sulama ve
endiistriyel kullanimlarin bir sonucudur (Varol ve
Sekerci 2018). Bu nedenle, yeraltisuyu kalitesinin
bozulmasi igme, evsel, tarimsal ve endistriyel
faaliyetlerde kullantmini etkilemekte ve
sinirlandirmaktadir.  Bugiin, diinya genelindeki
hastaliklarin neredeyse %80'i ve gelismekte olan
iilkelerdeki 6limlerin {igte biri kirli veya bozulmus
icme suyundan kaynaklanmaktadir (WHO 2004). Bu

nedenle suyun giivenli kullanim1  agisindan
yeraltisuyu kalitesinin belirlenmesi son derece
onemlidir.

Bu calismada, Aksehir ovasi yeraltisuyunun su
kalitesi ve kullanilabilirligi arastirilmistir. Buna bagl
olarak makalenin temel amaci, calisma alaninda
bulunan yerlesim yerlerinde i¢me, kullanma ve
sulama suyu olarak kullanilan veya kullanilacak
yeraltisuyunun kalitesini belirlemektir. Varol (2021)
tarafindan bolgedeki su kaynaklarinin saglik risk
degerlendirmesi yapilmistir. Arastirma sonuglarina
gore, yeralti sularindaki arsenik seviyeleri hem
yetigkinler hem de g¢ocuklar i¢in kabul edilemez
kanserojen ve kanserojen olmayan saglik riski
olusturmaktadir.  Ancak  diger su  kalite
parametrelerine ait bir aragtirma bulunmamaktadir.
Bu nedenle, ¢alismanin sonuglari, bolgedeki su
kaynaklarimin siirdiiriilebilir yonetimi ile kalitesi ve
kullanilabilirligi agisindan da onemlidir. Kalitesi
bilinen yeraltisularinin dogru kullanim alanlarinda
efektif  kullammmu  ile  c¢alisma  alanindaki
yeraltisuyunun siirdiiriilebilirligi saglanacaktir.

Materyal ve Metot

Cahisma Alam

Aksehir ilgesi, Konya ilinin kuzeybatisinda,
Tiirkiye'nin i¢ Anadolu Bélgesi'nde yer almaktadir
(Sekil 1). Aksehir Golii, Aksehir ilgesinin kuzeyinde
yer alir. Ilgenin yiizdlgiimii 955 km? ve deniz
seviyesinden 1050 m yiiksekliktedir.

Bolgede karasal iklim hakimdir. Ayrica Ig
Anadolu ve I¢ Bati Anadolu iklimleri de goriiliir.
Yazlar sicak ve kurak, kislar soguk ve yagishdir.
Yillik yagis 546 mm ve yillik toplam potansiyel
buharlasma 690,5 mm'dir. Caligma alaninin
giineyinde ve glineybatisinda bulunan Sultan Daglari

ve kuzeyindeki Aksehir Golii bolgenin morfolojik
yapisint olusturur.

Aksehir Go6li maksimum 6000-7000 ha yiizey
alanma ve 1 m derinlige sahiptir. Gol, deniz
seviyesinden 953,50 m yiiksekliktedir. Caligma
alanindaki tiim yiizey sular1 Aksehir Golii'ne desarj
edilmektedir. Aksehir GoOlli, bdlgedeki tarim
alanlarinin sulanmasi i¢in kullanilmaktadir. Blgede
tarim faaliyetleri ¢cok yaygindir ve toplam sulama
alan1 115,8 km?dir. Ayrica galigma alaninda evsel,
endiistriyel ve tarimsal kullamimlar ig¢in ana su
kaynagi yeralt1 suyudur.

Jeoloji Ve Hidrojeoloji

Calisma alani, Tirkiye'nin baglica tektonik
yapilart olan Isparta agisiin kuzeyinde yer
almaktadir. Caligma alaninda farkli yaglara sahip
birkag jeolojik birim haritalanmis ve jeolojik harita
Sekil 2' de verilmistir. Caligma alaninda otokton
konumlu litolojik birimler goriilmektedir. Kambriyen
yaslt Caltepe formasyonu, rekristalize kirectasi,
dolomit ve yumrulu kiregtagindan olusur. Harlak,
Degirmendere, Engilli ve Seydisehir formasyonlari
caligma alanindaki metamorfik birimlerdir. Bu
olusumlar genellikle kuvarsit, sist, metakumtasi,
metasiltasi ve kalker / dolomit gibi litolojik
birimlerden olusur. Deresinek, Hacialabaz, Loras ve
Dervis Formasyonu, Kirectagt {iyesi kirectasi,
dolomit ve rekristalize kirectagt gibi karbonath
kayalardan olusmaktadir. Deresinek formasyonu
Permiyen yash iken, Hacialabaz formasyonunun yasi
Jura-Kretase olarak verilmektedir (Umut 2009a,
2009b). Miyosen yasli Bagkonak ve Bellekler
formasyonlari, konglomera, kumtasi, camurtasi,
kiltasindan olusan neo-otokton ortii kayalaridir.
Dervis formasyonu marn, kiltasi, kalkerden olusur.
Olusumda ince turba katki maddeleri ve tif ara
tabakalar1 goriilmektedir. Dursunlu formasyonu
genel olarak kil, marn, kumtasi ve cakillardan
olugmakta ve yer yer linyit icermektedir. Dervis ve
Dursunlu formasyonlarinin yaslar1 sirastyla Ust
Miyosen-Pliyosen ve Pliyosen-Kuvaterner'dir. Sev
molozu kil, silt, kum, ¢akil ve blok boyutlu
malzemelerden olugmaktadir. Kuvaterner yash
aliivyon genellikle ovada izlenir. Birim kil, silt, kum,
cakil ve blok boyutlu malzemelerden olusmaktadir
(Umut 2009a, 2009b).

Calisma alaninin  hidrojeolojik  6zelliklerini

belirlemek i¢in  her bir litolojik  birim
akifer kapasitesine gore degerlendirilmis ve
gecirimsiz ~ (akifer), yarn1t gecirimli (akitard),

gecirimli-1 (taneli akifer) ve gegirimli-2 (karstik
akifer) olmak ftizere dort grup tanimlanmustir.
Yeraltisuyu agisindan en Onemli akifer birimi,

alivyon ve yamag¢ molozlarindan olusan taneli
akiferdir.
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Figure 2. Study area geology and sampling location map
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Aliivyon alam yaklagik 720,3 km?dir. Bolgede
alivyon birim iizerinde yeraltisuyu kuyular1 agilmis
olup, yeraltisuyu agirlikli olarak aliivyondan
alinmaktadir. Yeraltisuyu potansiyelinin énemli bir
bolimiinii depolayan sedimanlarin kalinligr ovada
300 m'den fazladir.

Ornek Toplama Ve Analiz Y éntemleri

Caligma alanindan Ekim 2018'de 31 yeraltisuyu

Oornegi  toplanmis ve Ornekleme noktasinin
koordinatlar1 Magellan eXplorist 600 Manuel
Kiiresel  Konumlandirma  Sistemine  (GPS)

yiiklenmistir. Anyon ve katyon analizleri igin
numune alma noktalarindan iki farkli su numunesi
almmstir.  Siselenmis sulardan birine katyon
analizi i¢in birka¢ damla %0,5 nitrik asit
(HNO3) eklenmis ve asitligi  distrilmiistiir.
Diger sisedeki su numunesi, anyon analizi
icin  asitlenmemistir.  Yeraltisuyu Orneklerinin
pH, Eh, sicaklik (T; °C), elektriksel iletkenlik
(EC; puS / cm) ve toplam ¢Oziinmis kati
madde (TDS; mg / L) degerleri gibi yerinde

Olciim  parametreleri YSI  Professional Plus
cihaz kullanilarak ol¢tilmiistiir. Ana katyon ve agir
metaller Bureau Veritas Mineral Laboratuvari'nda
(Kanada-1SO 9002 Akredite Sirketi) analiz edilmis,
katyonlar  (kalsiyum,  magnezyum,  sodyum,
potasyum), indiiktif olarak baglanmis bir plazma
kiitle  spektrometresi  (ICP-MS)  kullanilarak
dlglilmiistiir. ~ Siileyman Demirel  Universitesi
(Isparta) Jeotermal Enerji Laboratuvar1 Yeralti Suyu
Maden  Kaynaklar1  Arastirma  Merkezinde
bikarbonat, kloriir, karbonat ve siilfat analizleri
yapilmigtir. CO3, HCO3 ve Cl tayini i¢in titrimetrik
yontemler kullanilmig SO, baryum siilfat bulaniklik
yontemi ile analiz edilmistir (Tablo 1). Kimyasal

verileri degerlendirmek etmek i¢in AquaChem
Yazilimi kullanilmustir. Haritalarmin
hazirlanmasinda Cografi Bilgi Sistemi (CBS)

kullanilmigtir. ArcGIS 9.3 yazilimi, Spatial Analyst
uzantisi ve ters mesafe agirligi (IDW) enterpolasyon
yontemleri kullanilmis ve ¢alisma alani bir UTM
Zone 35, ED50 verisine eslenmisgtir.

Tablo 1. Calisgmada kullamilan analiz yontemleri
Table 1. Analysis methods used in the study

Ornek Tipi Parametreler Yontem Laboratuvar
Sicaklik (T/°C), pH,
TDS ve Elektriksel In situ In situ
Tletkenlik (EC)
ICP Kiitle Bureau Veritas Mineral Laboratory (Canada-1SO
As, B, Fe, Pb . .
Yeraltisuyu spektrometresi 9002 Accredited Co.))
(Toplam 31 Iyon
SO4 -
ornek) kromatografisi
— - Siileyman Demirel Universitesi (Isparta) Jeotermal
CI Titrimetrik
: Enerji Laboratuvari Yeraltt Suyu Maden Kaynaklari
NO3 Iyon Aragtirma Merkezi
kromatografisi
HCOg, CO32 Titrimetrik
Bulgular ve ana iyonlar1 Tablo 2'de istatistiksel 6zetler olarak

Yeraltisularimn Hidrokimyasal Ozellikleri

Yeraltisuyu kalitesi ve kimyasal oOzellikleri,
akifer kayaclarin Ozelliklerine ve antropojenik
girdilere baglidir. Bu nedenle suyun farkli amaglara
uygunlugunu  belirlemek i¢in  hidrokimyasal
Ozellikleri ve su kalitesi bilgilerine ihtiyag
duyulmaktadir (Adimalla 2019). Elde edilen analiz
sonuclarina gore Yeraltisuyu Orneklerinin sicaklik
(°C), pH, EC, Eh, TDS, Ca, Mg, Na, K, HCO3, SO4
ve Cl dahil olmak iizere fizikokimyasal parametreleri

listelenmistir.
Su tiplerinin belirlenmesinde Schoeller (1955)

ve Piper (1944) siiflandirmalarindan
yararlanilmistir.  Schoeller (1955) smiflamasinda
yeraltisulari kloriir simiflamasina gore,

‘Olagan kloriirlii sular’, siilfat sinifflamasina gore,
‘Olagan siilfath sular ve Oligosiilfath Sular’ ve
karbonat-bikarbonat siniflamasina gore 'Olagan
karbonatli ve Hipokarbonatli sular' siniflarina
girmektedir. Caligma alanindaki yeraltisularinin
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hidrojeokimyasal fasiyesi ise, meg/L birimlerinde
ana katyonlar (Ca, Mg, Na ve K) ve anyonlar (HCOs,
SO; ve Cl) kullanilarak Piper (1944) 'e gore
degerlendirilmistir. Piper'e (1944) gore, calisma
alanindaki baskin su tiirleri Ca-Mg-HCO; ve Ca-
HCOs'tiir (Sekil 3).

Yeraltisularimin Kullanim Ozellikleri

Caligma alanindaki yeraltisular1 igme, kullanma
ve sulama suyu gibi farkli amagclar igin
kullanilmaktadir. Bu nedenle bu bdliimde
yeraltisularinin  kullanilabilirligi analiz sonuglari,
ilgili standartlar ve diyagramlar kullanilarak
degerlendirilmistir.

Yeraltisularin I¢ilebilirlik Ozellikleri

Inceleme alanindaki sularin igme suyu olarak
degerlendirilmesinde oncelikle Tiirk Icme Suyu
(TSE266) (2005) ve Diinya Saglik Orgiitii (WHO)
(2011) standartlar1 kullanmilmigtir. Tablo 2'e gore,
yeralt1 suyu 6rneklerinin sicakligi 12,40 (°C) -16,00
(°C) arahigindadir. Yeraltt suyu orneklerinin pH
degerleri 7,15 ile 8,10 arasindadir. Bu da sularin
alkali su oOzelliklerine sahip oldugunu gosterir.

Calisma alanindaki tiim su numuneleri, pH degerleri
icme suyu kilavuzlarinda belirtilen sinirlar ig¢inde
oldugundan pH degerleri acisindan igilebilir
ozelliktedir (WHO 2011; TSE266 2005). Yeraltisuyu
orneklerinin EC degerleri 290,00 (uS/cm) ile
2900,00 (uS/cm) arasinda degismektedir. Su
numunelerindeki yiiksek EC degerleri, g¢aligma
alanindaki tuzlarin zenginlesmesine ve evsel ve
tarimsal faaliyetlerden kaynaklanan antropojenik
etkilerin varligina isaret etmektedir. Ayrica
yeraltisularinin TDS degerleri ise 150,00 ile 1780,00
(mg/L) arasinda degismektedir. Igme suyu
standartlarinda belirtilen TDS smur degeri 500
mg/L'dir (WHO 2011). Buna gore ¢aligma alanindaki
S19, S21, S23, S24, S25, S26, S28, S29, S30 ve S31
numuneleri igcme suyu olarak kullanima uygun
degildir. Calisma alanindaki su ornekleri sertlik
derecelerine gore degerlendirildiginde “az sert sular”
ile “cok sert sular” arasinda olduklar1 belirlenmistir.
Sularin sertlik derecelerindeki degisimin yagislar ve
sularin  kayaglarla etkilesimine bagli oldugu
diisiiniilmektedir.

Tablo 2. Yeraltisuyunun fiziksel ve kimyasal parametrelerinin istatistiksel 6zeti
Table 2. Statistical summary of physical and chemical parameters of groundwater

Su Kalite Standartlar:

Parametreler Birimler  Orn. Min. Mak. Ort. Std. WHO  TSE266
sayisi Sapma (2011) (2005)
Sicakhik (°C) 31 12,40 16,00 14,21 0,87
pH 31 7,15 8,10 7,72 0,22 6,5-85 6,595
EC (uS/cm) 31 290,00 2900,00 811,19 582,10
Eh (mV) 31 260,00 350,00 287,96 22,08
Sertlik (°F) 31 15,80 69,97 28,91 14,28
TDS (mg/L) 31 150,00 1780,00 488,09 361,10 500
Ca (mg/L) 31 40,00 175,50 79,54 32,39 300 200
Mg (mg/L) 31 5,31 82,42 22,40 18,00 30 150
Na (mg/L) 31 2,00 285,90 56,55 77,32 200 200
K (mg/L) 31 0,78 18,51 5,27 4,91 12
HCOs (mg/L) 31 105,60 333,00 189,09 47,25 500
S04 (mg/L) 31 3,98 482,60 99,56 109,71 250 250
Cl (mg/L) 31 8,80 519,80 88,78 113,79 250 250
NOs (mg/L) 31 0,20 232,50 37,88 59,27 50
COs (mg/L) 31 2 2 2 0
Fer (ng/L) 31 100,00 1487,00 374,61 380,28 200
Pbr (ng/L) 31 58,00 697,00 112,51 126,09 10 10
Ast (ng/L) 31 10,60 112,34 43,16 22,05 10 10
B (ng/L) 31 100,00 958,00 321,48 218,93 2400 1000
SAR (meqg/l) 31 0,08 6,02 1,39 1,70
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Sekil 3. Piper Diyagrami (Piper 1944)

Figure 3. Piper Diagram (Piper 1944)

Analiz sonuclarina gore calisma alanindaki su
orneklerinin major iyon konsantrasyonlari da
icilebilirlik igin degerlendirilmistir. WHO (2011)
igme suyu kilavuzlarinda Mg ve Na i¢in izin verilen
igme suyu sinirimi sirasiyla 30 mg/L ve 200 mg/L
olarak belirlemistir. Buna gore S5, S19, S21, S23,
S25, S29 ve S31 Mg i¢in kabul edilebilir limiti ve
S24, S25 ile S29 Na limitini asmaktadir. Ca iyonlari,
herhangi bir su drneginde WHO (2011) ve TSE266
(2005) standartlarinda belirlenen igme suyu sinirini
asmamaktadir.

Caligma alanindaki su 6rneklerinin WHO (2011)
igme suyu kalitesi kilavuzu, igme suyu i¢in kabul
edilebilir HCO3 iyon konsantrasyonu simirinit 500
mg/L olarak belirlemektedir. Caligma alanindaki tim
su, igme suyu yonergelerinde belirlenen sinir degerin
altindadir (WHO 2011). Igme suyu kalitesi icin WHO
(2011) ve TSE266 (2005) standartlar1 igme
suyundaki SOs iyon konsantrasyonu igin kabul
edilebilir smirt 250 mg/L  olarak belirlemistir.
Calisma alaninda, numunelerden S23, S24, S25, S29
ve S31 kabul edilebilir SO4 sinirim1 agmaktadir. Cl,
yeraltisularinda bulunan bagka bir majoér anyondur.
Yiksek kloriir konsantrasyonu (> 250 mg/L) suda
tuzlu bir tat yaratir (WHO 2011). Calisma alaninda
orneklerin %16,12'si (S23, S24, S25, S29 ve S31)
250 mg/L'min iizerinde degerlere sahiptir. Bu,
caligma alanindaki yeraltisularinin insan
faaliyetlerinden (evsel atik su, septik tanklar),

ozellikle tarimsal faaliyetlerden (giibre, pestisitler) ve
ayrica kloriir igeren minerallerin ¢okelmesi gibi
dogal kaynaklardan ©nemli olglide etkilendigini
gostermektedir (Adimalla 2019). Bu durumda
yeraltisuyundaki Cl konsantrasyonlart hem dogal
hem de antropojenik kokene sahiptir.

Bu c¢alismada, su numunelerinin analiz
sonuglarinda iz elementler (Fer, Pbr, Ast ve B) ve
nitrat (NOs) konsantrasyonlari, Kirletici kaynaklar
acisindan igme suyunda istenmeyen iyonlar olarak
nitelendirildikleri i¢in degerlendirilmistir (Tablo 2).
Inceleme alanindaki yeraltisularmin  Fer iyonu
konsantrasyonlar1 100 ile 1487,00 pg/L arasinda
degismektedir. Igme suyunda izin verilen Fer
konsantrasyonu TSE266 (2005) icme suyu
standartlarina gore 200 ug/L olarak belirlenmistir.
Buna gore yeraltisularinda Fer konsantrasyonunun,
tim su Orneklerinde belirlenen siir degeri astigi
tespit edilmistir. Yiiksek Fer konsantrasyonu insan
saghg icin risklidir. Ozellikle bu tiir su &rnekleri
igmek icin kullanildiginda estetik ve
hemokromatozise neden olabilmektedir (Boateng vd.
2019). Calisma alanindaki yeraltisularinin  Pbr
konsantrasyonlart1 58,00 npg/L ile 697,00 ng/L
arasinda degigmektedir. WHO (2011) ve TSE266
(2005) kriterlerine gore, igme suyu i¢in kabul
edilebilir Pbr konsantrasyonu simiri 10 pg/L'dir. Buna
gore ¢alisma alanindaki tiim su 6rnekleri sinir degeri
agmistir. Yilksek Pbr seviyeleri, insan sagligi igin
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onemli bir risk faktoriidiir. Bu, beyin hasarina ve sinir
sistemi bozulmasina neden olabilir (Boateng vd.
2019). Calisma alanindaki yeraltisularinin = Ast
konsantrasyonlar1 ise 10,60 ug/L ile 112,34 pg/L
arasinda degismektedir. WHO (2011) ve TSE266
(2005) standartlarina gore, icme suyundaki Ast
konsantrasyonu i¢in kabul edilebilir sinir 10 pg/L
olarak belirlenmistir. Buna gore ¢aligma alanindaki
tiim su ornekleri sinir degeri asmistir. Arsenik iceren
su tiikketimi yiiksek kanser riski igermektedir (Varol
ve Sekerci 2018). Caligma alani yeraltisularinda
tespit edilen bir diger eser element B'dir. Caligma
alanindaki yeraltisuyu konsantrasyonlar1 100,00
ug/L ile 958,00 pg/L arasindadir. WHO (2011) ve
TSE266 (2005) standartlari, igme suyu icin kabul
edilebilir B konsantrasyonu siirinin sirasiyla 2400
pug/L ve 1000 pg/L oldugunu belirtmektedir. Buna

gore  c¢alisma  alanindaki  su  Orneklerinin
B konsantrasyonu sinir degerlerin altindadir. Ayrica
calisgma  alanindaki  yerali  suyunun  NO3

konsantrasyonlart1 0,20 mg/L ile 232,50 mg/L
arasindadir.  WHO (2011) standartlar1 igme
suyundaki maksimum NOs; degerinin 50 mg/L

oldugunu belirtmektedir. Calisma alaninda, 31
numune arasindan 8 numune (S10, S23, S24, S25,
§28, S29, S30 ve S31) NOs i¢in kabul edilebilir sinirt
agsmaktadir. NOz'in ana kaynagi tarimsal ve
endiistriyel faaliyetlerden kaynaklanan atik sudur.
NOs, diinyadaki yeraltisuyu kirliligine en biiyiik
katkida bulunan etkenlerden biridir.

Ayrica su ornekleri i¢in, Schoeller igilebilirlik
diyagrami hazirlanmistir. Bu diyagrama gore
yeraltisularimin EC parametresi acisindan 'kétii
kalite- ¢ok iyi kaliteli sular' sinifi araliginda, diger
parametreler acisindan ‘orta kaliteli-cok iyi kaliteli
sular’ siifinda yer aldig1 goriilmektedir (Sekil 4).

Yeraltisularnmn  Sulama  Suyu  Olarak
Kullanim Ozellikleri

Su  orneklerinin  sulama  suyu  olarak
kullanilabilirliginin ~ degerlendirilmesi i¢cin ABD

Tuzluluk laboratuvart ve Wilcox diyagramlan ile
Artiksal sodyum karbonat (RSO),
Gegirgenlik indeksi (PI) ve Magnezyum Tehlikesi
(MT) parametreleri kullanilmastir.
Elde edilen sonuglar 3'e  gore
degerlendirilmistir.

Tablo
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Sekil 4. Schoellervigilebilirlik diyagrami

Figure 4. Schoeller drinkability diagram
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Tablo 3. Caligma alanindaki yeraltisuyu 6rneklerinde sulama suyu kalite parametreleri sonuglari
Table 3. The results of irrigation water quality parameters in groundwater samples in the study area
Parametreler Min. Mak. Smiflandirma  Yeraltisuyu sulama  Ornek sayisi
araliklari siniflamalari (n=31)
In (no.) In (%)
SAR (Bouwer 1978) 0,08 6,02 <6 Problem yok 30 96,78
6-9 Problem yaratabilir 1 3,22
>9 Problemli - -
Gegirgenlik Indeksi (PI) 20,19 78,10 <60 Uygun 25 80,64
(Doneen 1964) >60 Uygun degil 6 19,35
Na % (Wilcox 1955) 2,15 60,17 <20 Miikemmel 18 58,08
20-40 Iyi 8 25,80
40-60 Izin verilebilir 4 12,90
60-80 Stipheli 1 3,22
>80 Uygun degil - -
Magnesium Tehlikesi 13,80 46,55 <50 Uygun 31 100
(MH) (Paliwal 1972) >50 Uygun degil - -
Artiksal Sodyum Karbonat 0,1 0,31 <1,25 Uygun 31 100
(RSC) (Lloyd ve Heathcote 1,25-2,50 Sinurls - -
>2,50 Uygun degil - -
ABD  Tuzluluk Laboratuvari  Diyagrami  farklilik gostermektedir. S24 ve S25 6rnekleri C3S2

siniflamalarina gore ¢aligma alanindaki sular genelde
C2S1 (Orta Tuzlulukta ve Az Sodyumlu) ve C3S1
(Yiiksek Tuzlulukta ve Az Sodyumlu) sular

(Fazla Tuzlu ve Orta Sodyumlu) sular sinifinda, S29
no’lu ornek ise C4S2 (Asirn1 Tuzlu ve Orta
Sodyumlu) sular sinifinda yer almaktadir. Bu tig

sinifinda yer almaktadir. Ornekler  Ornegin  sulama suyu olarak kullanilabilirligi
icerisinde sadece S24, S25 ve S29 ornekleri  smurhdir (Sekil 5).
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Sularin sulama suyu olarak kullanilabilirligini
belirlemede kullanilan diger bir diyagram ise Wilcox
diyagramidir. Wilcox diyagramina gore calisma
alaninda S24, S25 no’lu ornekler “Siipheli
Kullanilabilir”, S29 numarali Oornek “Siipheli
Kullanmilamaz” sular sinifinda olarak belirlenmistir.
Bu 6rnekler disindaki diger tiim sular ise “Cok Iyi-
Iyi Kullanilabilir” sular simfinda yer almaktadir
(Sekil 6).

Sodyum Adsorpsiyon Oram (SAR):

Tarimsal alanlarda sulama suyu olarak caligma
alaninda yeralti suyunun kullaniminda en Onemli
parametrelerden biri olan SAR degerleri 0,08 ile 6,02
meq/L arasindadir. SAR degerlerine gore sadece
calisma alanindaki S24 numunesi sulama suyu
acisindan  “sorun yaratabilir’. Diger Ornekler
calisma alanindaki SAR degeri agisindan "Problem
yok" sinifindadir.

Gegirgenlik indeksi (PI):

Calismada  gecirgenlik  indeksi  degerleri
hesaplanmis ve degerlendirmelerde Doneen 1964
siniflandirmast  kullanilmigtir. Calisma alanindaki
yeralt1 sularinin PI degerleri 20,19 ile 78,10 arasinda
degismektedir. PI  degerlerine gore calisma
alanindaki 6rneklerin  %80,69'u sulama suyuna
uygundur (Tablo 3). S14, S24, S25, S26, S28 ve S30

numuneleri sulama suyu i¢in uygun degildir.
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Sekil 6. Wilcox diyagrami
Figure 6. Wilcox diyagram

Sodyum Yiizdesi (%0Na):

Tim dogal sularda, sudaki sodyum yiizdesi,
suyun tarimsal amagclara uygunlugunu
degerlendirmek i¢in yaygm olarak kullanilan bir
parametredir (Wilcox 1955). Karbonat iyonu ile

birlesen sodyum, alkali topraklarin olusumuna neden
olur. Ek olarak, kloriir iyonu ile birlesen sodyum,
yiiksek tuz igerigine sahip topraklar olusturur. Bu
topraklarin her ikisi de bitki biiyiimesini engeller ve
mahsul verimini diigiiriir. Bu nedenle, c¢aligma
alaninda yeralti suyunun sulama suyu olarak
kullanima uygunlugunu belirlemek i¢in ayri ayri
numunelerin sodyum yiizde degerleri hesaplanmistir
(Tablo 3). Numunelerin Sodyum yiizdesine gore
%58,08't  “Miikemmel” sulama suyu sinifinda,
numunelerin %25,80'1 “iyi” sulama suyu sinifinda,
numunelerin %12,901 “Izin Verilebilir’ sulama suyu
sinifinda yer almaktadir. Orneklerin %3,22'si (S24)

calisma alaninda  “Siipheli’ sulama  suyu”
sinifindadir.

Magnezyum Tehlikesi (MH):

Sulama  suyu  kalitesinin  uygunlugunu

degerlendirmek igin gelistirilen bir bagka yontem de
Paliwal (1972) tarafindan gelistirilen "Magnezyum
tehlike" oranidir (MH). Ca ve Mg iyonlar1 genellikle
suda denge durumundadir ve bu denge durumunu
siirdiirme egilimindedir. Sudaki Na iyonlar1 veya
diger tuzlar fazla ise sudaki magnezyum
konsantrasyonu artar ve bu da toprak yapisina zarar
verir. Bu durum mahsul verimini etkilemektedir
(Varol ve Davraz 2016). Buna gore calisma
alanindaki  yeraltt suyunun MH  degerleri
hesaplanmistir. MH degerleri 13,80 ile 46,55
arasinda degismektedir. Buna gore tiim su ornekleri
sulama suyu olarak kullanima “uygun”dur.

Artiksal Sodyum Karbonat (RSC):

RSC, sulama suyu olarak su kullaniminin
degerlendirilmesinde kullanilan bir diger onemli
parametredir (Varol ve Davraz 2016). Magnezyum
ve kalsiyum iyonlar1 yiiksekse, bu iyonlar karbonat
olarak ¢okelme egilimindedir. Diger yandan karbonat
cokelmesi gergeklesirken sodyum konsantrasyonu
artar ve sudaki sodyum topraga sabitlenir. Boylece
toprak gegirgenligi azalir (Varol ve Sekerci 2018).
Lloyd ve Heathcote (1985), sulama suyunu RSC' ye
gore li¢ ana grupta siniflandirmigtir. RSC degerlerine
gbre, tim numuneler "Uygun" sulama suyu
sinifindadir (Tablo 3).

Tartisma ve Sonug

Bu c¢alismada Aksehir Goli havzasindaki
yeraltisularmun  kalitesi ve  kullamilabilirligi
incelenmigtir. Aksehir ilgesi Konya il sinirlari
icerisinde yer almakta ayni zamanda ilge sinirlari
icerisine Aksehir Golii de girmektedir. Caligma
alanindaki tiim litolojik birimler otokton konumlu
olarak bolgede yerlesim gostermektedir. Calisma
alaninin hidrojeolojik 6zelliklerini belirlemek igin
her bir litolojik birim akifer kapasitesine gore
degerlendirilmis ve gecirimsiz (akifer), yar1 gegirimli
(akitard), gecirimli-1 (taneli akifer) ve gecirimli-2
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(karstik akifer) olmak lizere dort grup tanimlanmustir.
Yeraltisuyu agisindan en Onemli akifer birimi,
allivyon ve yama¢ molozlarindan olusan taneli
akiferdir. Bolgede aliivyon birim iizerinde
yeraltisuyu kuyular1 agilmigs olup, yeraltisuyu
agirlikl olarak altivyondan alinmaktadir.

Yeraltisularindan aliman 31 o6rnek {izerinde
fizikokimyasal analizler yan1 sira agir metal ve nitrat
analizleri yapilmistir. Elde edilen analiz sonuglarina
gore yeraltisularinin  su tipleri belirlenmistir.
Schoeller (1955) simiflamasinda yeraltisular1 kloriir
siniflamasina gore, ‘Olagan kloriirlii sular’, siilfat
siniflamasimna gore, ‘Olagan siilfatlh sular ve
Oligosiilfath  Sular’ ve  karbonat-bikarbonat
smiflamasmna gore  'Olagan  karbonatli  ve
Hipokarbonatl sular' simflarina girmektedir. Piper'e
(1944) gore ise, calisma alanindaki baskin su tiirleri
Ca-Mg-HCO; ve Ca-HCOgs'tlir. Yeraltisularinin
kimyasal 6zelliklerinin olusumunda bdlgede genis
yayllim gdsteren kirectaslarinin etkisi biiytiktiir.
Hidrokimyasal 6zellikleri belirlenen yeraltisularinin
kalitesi ve kullanim alanlarint belirlemek i¢in farkli
diyagram ve siniflamalar kullanilmis bunun yaninda
ulusal ve uluslararasi standartlarla karsilastirmalari
da yapilmistir.

Buna gore yeraltisularinin 6ncelikle icme suyu
olarak kalitesi ve kullanilabilirligi belirlenmistir.
Sular pH degerleri bakimindan alkali su 6zelliklerine
sahiptir. Su numunelerindeki yiiksek EC degerleri,
caligma alanindaki tuzlarin zenginlesmesine ve evsel
ve tarimsal faaliyetlerden kaynaklanan antropojenik
etkilerin  varligina isaret etmektedir. Ayrica
yeraltisularinin TDS degerleri ise 150,00 ile 1780,00
(mg/L) arasinda degigmektedir. Buna gore c¢alisma
alanindaki S19, S21, S23, S24, S25, S26, S28, S29,
S30 ve S31 numuneleri igme suyu olarak kullanima
uygun degildir. Calisma alanindaki su Ornekleri
sertlik derecelerine gore degerlendirildiginde “az sert
sular’ ile “cok sert sular” arasinda olduklar
belirlenmistir.  Sularin  sertlik  derecelerindeki
degisimin yagislar ve sularin kayaglarla etkilesimine
bagli oldugu diisiiniilmektedir.

Major iyonlar acisindan icilebilirlik
degerlendirmelerinde S5, S19, S21, S23, S25, S29 ve
S31 Mg i¢in kabul edilebilir limiti ve S24, S25 ile
S29 ise Na icin kabul edilebilir limiti agmaktadir.
Ayrica ¢alisma alaninda, numunelerden S23, S24,
S25, S29 ve S31 kabul edilebilir SOs smnirimi
asmaktadir. Aym sekilde 6rneklerin %16,12'si (S23,
S24, S25, S29 ve S31) 250 mg/L'nin iizerinde Cl
konsantrasyonuna sahiptir. Bu durum, c¢alisma
alanindaki yeraltisularinin insan faaliyetlerinden
(evsel atik su, septik tanklar), ozellikle tarimsal
faaliyetlerden (giibre, pestisitler) ve ayrica kloriir
iceren  minerallerin  ¢Okelmesi  gibi  dogal
kaynaklardan =~ onemli  olgiide  etkilendigini

gostermektedir. Su numunelerinin analiz
sonuglarinda iz elementler (Fer, Pbr, Ast ve B) ve
nitrat (NOs) konsantrasyonlar1 da igme suyu olarak
kullanima uygunlugunu degerlendirmede
kullamlmustir.  Yeraltisularinda Fer, Pbr, Asr
konsantrasyonunun, tiim su orneklerinde belirlenen
sinir degeri astigi tespit edilmistir. Yeraltisularinda
yiiksek miktarlarda Fer, Pbr, Ast iyonlarinin varligi
dogal kayac-su etkilesimi sonucunda gelismektedir.
Bolgede yiizeyleyen litolojik birimler ve bu
birimlerden tiireyerek olusmus olan gakil, kum, kil,
silt gibi sedimanlar ile yeraltisuyunun etkilesimi iyon
artislarina sebep olmaktadir. Ozellikle, silt ve siltli kil
sedimanlar1 ve kil mineralleri yiiksek miktarda AsT
icerir (Anawar vd. 2003). Yiiksek Fer, Pbt ve Asr
konsantrasyonu insan sagligi igin risklidir. Ayrica
calisma  alanindaki  yeraln  suyunun  NOa
konsantrasyonlart1 0,20 mg/L ile 232,50 mg/L
arasindadir. Calisma alaninda, 31 numune arasindan
8 numune (S10, S23, S24, S25, S28, S29, S30 ve
S31) NOs i¢in kabul edilebilir sinir1 agmaktadir.
NOs'm ana kaynagi tarimsal ve endiistriyel
faaliyetlerden kaynaklanan atik sudur. Ek olarak su
ornekleri igin, Schoeller icilebilirlik
diyagrami hazirlanmugtir., Bu diyagrama
gore yeraltisularinin EC parametresi acisindan
'kotii  kalite- c¢cok iyi kaliteli sular' smifi
araliginda, diger parametreler acisindan ‘orta
kaliteli-cok iyi kaliteli sular' smifinda yer aldig
goriilmektedir.

Su  oOrneklerinin  sulama  suyu  olarak
kullanilabilirliginin ~ degerlendirilmesi i¢in ABD
Tuzluluk laboratuvari ve Wilcox diyagramlari ile
Artiksal sodyum karbonat (RSC), Gegirgenlik
indeksi (Pl) ve Magnezyum Tehlikesi (MT)
parametreleri kullanilmistir. ABD Tuzluluk Lab.
Diyagrami siiflamalarina goére calisma alnindaki
sular genel olarak C2S1 (Orta Tuzlulukta ve Az
Sodyumlu) ve C3S1 (Yiiksek Tuzlulukta ve Az
Sodyumlu) sular sinifinda yer alirken, S24 ve S25
ornekleri C3S2 (Fazla Tuzlu ve Orta Sodyumlu)
sular smifinda, S29 no’lu ornek ise C4S2 (Asurt
Tuzlu ve Orta Sodyumlu) sular smmfinda yer
almaktadir. Wilcox diyagramina gore ise S24, S25
no’lu ornekler “Siipheli Kullanilabilir”, S29
numaralt ornek “Siipheli Kullanilamaz” sular
sinifinda olarak belirlenmistir. Bu 6rnekler disgindaki
diger tiim sular ise “Cok Iyi-Iyi Kullanilabilir” sular
siifinda yer almaktadir

SAR degerlerine gore sadece ¢alisma alanindaki
S24 numunesi sulama suyu agisindan ‘“‘sorun
yaratabilir”. PI degerlerine goéregalisma alanindaki
orneklerin %80,69'usulama suyuna uygundur. S14,
S24, S25, 526,528 ve S30 numuneleri sulama suyu
icinuygun degildir. Numunelerin Sodyum yiizdesine
gore ise %58,081 “Miikemmel” sulama suyu
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sinifinda, numunelerin %25,80'i “Iyi” sulama suyu
sinifinda, numunelerin %12,90'1 “Izin Verilebilir’
sulama suyu sinifinda yer almaktadir. Orneklerin
%3,22'si (S24) calisma alaninda “Siipheli’ sulama
suyu” smifindadir. MH ve RSC degerlerine gore ise
tim su Ornekleri sulama suyu olarak kullanima
“uygun” oldugu belirlenmistir.

Sonug olarak bolgede yeraltisuyu
kalitesinin igmesuyu kullanimina uygun olmadig,
sulama suyu kullanimi i¢in ise  birtakim
kisitlamalarin ~ oldugu  belirlenmistir.  Caligma
alanindaki yeraltt suyu kimyasi ve kalitesinde
jeojenik faktorler rol oynasa da bolgedeki en 6nemli
kirletici kaynak tarimsal faaliyetlerdir. Bu nedenle
oncelikle su kalitesini tehdit eden kirleticileri ortadan
kaldiracak onlemler alinmalidir. Ayrica, g¢alisma
alanindaki yeralti suyu kullanim 6ncelikleri
belirlenmelidir. Yeralti suyu kullanimmin onceligi
icme suyu ise, tarimsal, endiistriyel ve / veya evsel
gibi diger sektdrler igin alternatif su kaynaklari
arastirilmalidir.
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MAKALE BiLGiSi

Bu calismada Sar16z Deresi’nden (Beysehir) elektrosokerle avlanan (dort mevsim) 148
adet siraz baligi (Capoeta mauricii) helmint parazitler yoniinden incelenmistir. Gelis
Inceleme sonucunda; 5 farkli gruba ait helminth parazite rastlanilmistir (monogenea:
Paradiplozoon sp. ve Dactylogyrus turcicus, digenea: Allocreadium isoporum,
nematoda: Rhapdochona sp., acanthocephala: Pomphorhynchus spindletruncatus).
Incelenen baliklardan 80 Paradiplozoon sp., 730 Dactylogyrus turcicus, 691
sp. ve 529 Pomphorhynchus
spindletruncatus olmak tizere toplam 2144 adet parazit izole edilmistir. Parazitlerin
mevsim, cinsiyet, boy ve yas degiskenlerine gore yayginlik, ortalama yogunluk ve

Allocreadium isoporum, 114 Rhapdochona

bolluk oranlar1 belirlenmistir.
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A Research on Helminth Parasites of Capoeta mauricii (Kii¢iik, Turan, Sahin&Giille, 2009) from Sari16z Stream

( Beysehir, Konya)

Abstract: In this study, 148 Capoeta mauricii caught by electro-shocker (four seasons) from Sari6z Stream (Beysehir) were examined in
terms of helminth parasites. As a result of the examination; Helminth parasites belonging to 5 different groups were encountered
(Monogenean: Paradiplozoon sp. and Dactylogyrus turcicus, Digenean: Allocreadium isoporum, Nematode: Rhapdochona sp.,
Acanthocephala: Pomphorhynchus spindletruncatus). 80 Paradiplozoon sp., 730 Dactylogyrus turcicus, 691 Allocreadium isoporum, 114
Rhapdochona sp. and 529 Pomphorhynchus spindletruncatus, a total of 2144 parasites were isolated. Prevalence, average density and
abundance values of parasites were determined according to season, gender, length and age variables.

Keywords: Sarioz Stream, Capoeta mauricii, Helminth Parasites
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Giris

Insan yasamu igin 6nemli bir besin kaynagi
olan baliklar gerek tiikketim gerek hobi ve
gerekse  sportif  aktivite  yonleriyle  hep
stratejik O6nemini korumustur. Sayisal
anlamda  hayvanlar  aleminde  Onemli  bir
grubu  olusturmaktadirlar.  Diinyada  toplam
515 familyaya ait 27.977 tir mevcut olup,
tath sularda yasayan tiir sayist ise 11.952
seklinde rapor edilmistir (Nelson 2006). Ulkemiz
ic tarafi denizlerle c¢evrili olup, O6nemli sayida
akarsu, gol, baraj goli ve diger rezervuarlara
sahiptir. Bu su kaynaklarindan denizlerde 512
tir (Bilecenoglu vd. 2014); i¢ sularda ise 409
balik tiirli tespit edilmistir (Cicek vd. 2018). 409
tir tatll su baligi i¢inde 19 tiir-gogu endemik

olmak {izere- Capoeta cinsine ait tiirlerden
olusmaktadir (Kuru vd. 2014; Cicek vd. 2015).
Bu tiirlerden endemik olan bir tiir de Capoeta
mauricii Kiiciik, Turan, Sahin ve Giille, 2009°dr.
S6z konusu konak balik tiiriiniin konu edinildigi
farkli amaclarla birgok calisma yapilmistir (Kiigiik
vd. 2009a; Levin vd. 2012; Ozdemir 2013; Smales
vd. 2015; Aydogdu vd. 2015; Ayyildiz vd. 2015;
Zareian vd. 2016; Giille ve Kiigiik 2016; Bektas vd.
2017; Emre vd. 2019).

Goller Bolgesindeki 6nemli  gollerimizden
biri olan Beysehir Goli  ve  besleyen
kollarinda yasayan bu balik endemik bir

tirdiir (Capoeta mauricii). Gollerimizi adeta tahrip
eden bazi ekzotik tiirlerin olumsuz etkilerinden
korumak adina bu endemik tlr/tiirleri
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mutlaka  korumamuz  gerekmektedir.  Egridir
Goli'nde yapilan tahribat (Kiigiik vd. 2009b),
kismen Beysehir Goli'nde de  yapilmigtir
(Cubuk vd. 2006). Bu nedenle biyogesitlilik adina
endemik tiirlerimizi korumamiz gereckmektedir.
Korumanin en Onemli &gesi baligi tanimak,
gelismesini etkileyecek zararli saglik sorunlar ile
avlanma yoOnetiminin Dbilinmesinin  gereksinimi
oldukca 6nemlidir. Ozellikle saglik problemlerinde
en Onemli Ogeyi parazitler olusturmaktadir.
Caligmamizda Capoeta mauricii’de  bulunan
parazitlerin teshisleri yapilip, baz1 degiskenlere gore
enfekte durumlarinin degerlendirilmesi
amaglanmustir.

Materyal ve Metot

Sari6z Deresi Beysehir Goli’nii  besleyen
kaynaklardan biridir (Sekil 1). Konya ilinin batisinda
bulunan Kiziléren kasabasinin bati taraflarinda
Aladag’dan dogarak Beysehir Goli'ne Eylik
bolgesinde (Gole 3 km uzaklikta) gdlet olusturarak
debisi maksimum seviyede gole karigmaktadir.
Yagislarin fazla oldugu dénemlerde debisi artmakta
ve gole bulanik olarak akmaktadir. Yaptigimiz
calismada derede Capoeta mauricii (Sekil 2) Cobitis
bilseli, Gobio battalgilae, Squalius anatolicus ve
Cyprino carpio tiirleri avlanmis olup, bu tiirler
Baycelebi vd. (2020)’nin belirledigi havza faunasi ile
uyumluluk géstermistir.

Sekil 1.Sar16z Deresi

e,

Figure 1.Sar16z Stream

Sekil 2.Capoeta mauricii (orijinal)
Figure 2.Capoeta mauricii (original)

Baliklar elektrosoker ile avlanmigtir. Mart 2013-
Subat 2014 tarihleri arasinda avlanan baliklarin
oncelikle total boy ve agirliklarn Olglilmiistiir.
Parazitlerden bir kismu hemen ve canli olarak
incelemeye tabii tutulmustur. Digerleri ise daha
sonraki c¢aligmalar igin %70’lik etil alkolde
saklanmistir. Parazitlerin teshisleri Bychovskaya-
Pavlovskaya 1962, Gussev 1985, Gussev vd. 1987,
Markevic 1951’e gore yapilmistir. Parazitlerin
boyama ve tespit islemlerinde Fernando vd.

(1972)’nin gelistirdigi yontemden yararlanilmistir.
Konak balik orneklerinin yas tayinleri igin
otolitlerden faydalanilmistir (Murray 1994; Campana
vd. 2003; Walsh ve Maloy 2008). Ayrica, Parazit
enfeksiyonlarimin mevsimlere ve cinsiyetine gore
degisimleri Quantitative Parasitology 3.0 (Rozsa vd.
2000; Reiczigel vd. 2005) programina gore
smanmistir. Capoeta mauricii’de bulunan bir tiir
parazitin SEM goriintiilenmesi i¢in oncelikle primer
fiksasyon (%4’liikk gluteraldehit), seconder fiksasyon
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(%1°lik Osmium tetraoksit), dehidritasyon (+4 °C),
gerekli alkol serilerinde yikama alkol+aseton
karisimlarinin hazirlanmasi asetona alinma kurutma
siirecleri uygulanmustir. islemler A.U. Tip Fakiiltesi
Elektron Mikroskop Goriintii Analiz  Unitesi
(TEMGA)’nde yapilmis ve ZEISS-LEO 1430 marka
SEM’de goriintiilenmistir (Sekil 3).

Bulgular

Konakta Helmint Taksonlarinin Mevsimsel
Dagilhim

Calisma sonucunda Capoeta mauricii konaginda
mevsimsel olarak bulunan helmint taksonlarina ait
yaymlik oranlar1 ve ortalama yogunluklarina ait
veriler Tablo 1’de sunulmustur.

100um

—

EMT=1500kV  ZoneMag= 313X

10pm

EHT = 15.00kV Zone Mag = 150KX —

Sekil 3.Capoeta mauricii’de bulunan Allocreadium isoporum’un SEM goériintiileri
Figure 3. SEM images of Allocreadium isoporum in Capoeta mauricii

Tablo 1. Capoeta mauricii konaginda mevsimsel olarak bulunan helmint taksonlarina ait veriler
Tablel. Data of helminth taxa found seasonally in Capoeta mauricii host

Mevsimler Tirer e o B Vet Boe s
Paradiplozoon sp (n:37) 12 32,4 5,17 1,68 62
Dactylogyrus turcicus (n:37) 19 51,4 28,21 14,49 536
ilkbahar Allocreadium isoporum (n:37) 26 70,3 12,19 8,57 317
Rhapdochona sp (n:37) 11 29,7 1,55 0,46 17
P. spindletruncatus (n:37) 23 62,2 4,74 2,95 109
Paradiplozoon sp. (n:40) 0 0 0 0 0
Dactylogyrus turcicus (n:40) 19 475 3,05 1,45 58
Yaz Allocreadium isoporum (n:40) 30 75 8,6 6,45 258
Rhapdochona sp. (n:40) 26 65 2,15 14 56
P.spindletruncatus (n:40) 20 50 6,95 3,48 139
Paradiplozoon sp. (n:33) 9 27,27 1 0,27 9
Dactylogyrus turcicus (n:33) 21 63,6 2,62 1,67 55
Sonbahar  Allocreadium isoporum (n:33) 11 33,3 4,09 1,36 45
Rhapdochona sp. (n:33) 5 15,2 2,8 0,42 14
P.spindletruncatus (n:33) 17 51,5 11,29 5,82 192
Paradiplozoon sp. (n:38) 6 15,8 15 0,24 9
Dactylogyrus turcicus (n:38) 29 76,3 2,79 2,13 81
Kis Allocreadium isoporum (n:38) 11 28,9 6,45 1,87 71
Rhapdochona sp. (n:38) 13 34,2 2,08 0,71 27
P.spindletruncatus (n:38) 16 42,1 5,56 2,34 89
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Konak Bahgin Cinsiyetlerine Gore Helmint
parazit Tiirlerinin Mevsimsel Dagilim

Mevsimsel calismalar sonucunda;
Paradiplozooan sp. en fazla ilkbahar mevsiminde
10 disi ve 12 erkek bireyde saptanmistir.
[lkbahar mevsimindeki disilerde yayginlik orani
en yiksek 9%46,2, en diisiik ise sonbahar
mevsiminde (%5,56); erkek bireylerde en yiiksek
ilkbahar (%25) , en disik ise kis mevsiminde
(%17,6) olarak belirlenmistir.  Disi konaklarda
Dactylogrus turcicus’un yayginlik orani en yiiksek
olarak (%66,7) Kis; Allocredium isoporum’un

(%76,9) [lkbahar; Pomphorhynchus
spindletruncatus’un (%60) yaz ve Rhapdochona
sp’nin ise (%73,3) orani ile yine yaz mevsimlerinde
saptanmistir. Erkek konaklarda ise en yiiksek
yaygilik oranlari; Paradiplozoon sp.’de ilkbahar;
Dactylogrus  turcicus’da  kis;  Allocredium
isoporum 'da yaz; Pomphorhynchus
spindletruncatus’da kis ve Rhapdochona sp. ise yaz
mevsimlerinde belirlenmistir. Her iki cinsiyete ait
yayginlik oranlari, ortalama yogunluklari, ortalama
bolluk degerleri ve toplam parazit sayilar1 Tablo 2’de
verilmistir,

Tablo 2. Capoeta mauricii konaginda mevsimlere gore cinsiyetlerde belirlenen helmint taksonlarina ait veriler
Table 2. Data of helminth taxa determined by sexes according to seasons in Capoeta mauricii host

Mevsimler Cinsiyet Tiirler ]i;lcelenen Enfekte - Yaygmbk OrEaIama Ortalama Toplam
ahk Bahk (%) Yogunluk Bolluk Parazit
Sayisi Sayisi Sayis1
Paradiplozoon sp (n:13) 6 46,2 6,33 2,92 38
Dactylogyrus turcicus (n:13) 6 46,2 35 16,15 210
Disi Allocreadium isoporum (n:13) 10 76,9 20,6 15,85 206
Rhapdochona sp. n:13) 46,2 1,67 0,77 10
ilkbahar Pomporhynhus spindletruncatus (n:13) 53,8 4,57 2,46 32
Paradiplozoon sp. (n:24) 25 4 1 24
Dactylogyrus turcicus (n:24) 13 54,2 25,08 13,58 326
Erkek  “Allocreadium isoporum (n:24) 16 66,7 6,94 4,63 111
Rhapdochona sp. (n:24) 5 20,8 1,4 0,29 7
Pomporhynhus spindletruncatus (n:24) 16 66,7 4,81 3,21 77
Paradiplozoon sp. (n:15) 0 0 0 0 0
Dactylogyrus turcicus (n:15) 8 53,3 2,88 1,53 23
Disi Allocreadium isoporum (n:15) 11 73,3 5,64 4,13 62
Rhapdochona sp. (n:15) 11 73,3 2,55 1,87 28
Yaz Pomporhynhus spindletruncatus (n:15) 9 60 10,1 6,07 91
Paradiplozoon sp (n:25) 0 0 0 0
Dactylogyrus turcicus (n:25) 11 44 3,18 1,4 35
Erkek  “Allocreadium isoporum (n:25) 19 76 10,32 7,84 196
Rhapdochona sp. (n:25) 15 60 1,87 1,12 28
Pomporhynhus spindletruncatus (n:25) 11 44 4,36 1,92 48
Paradiplozoon sp. (n:18) 1 5,56 1 0,06 1
Dactylogyrus turcicus (n:18) 10 55,6 2,5 1,39 25
Disi Allocreadium isoporum (n:18) 38,9 4 1,56 28
Rhapdochona sp. (n:18) 11,1 1,5 0,17 3
Sonbahar Pomporhynhus spindletruncatus (n:18) 50 12,4 6,22 112
Paradiplozoon sp. (n:15) 20 2,67 0,53 8
Dactylogyrus turcicus (n:15) 11 73,3 2,73 2 30
Erkek  “Allocreadium isoporum (n:15) 4 26,7 4,25 1,13 17
Rhapdochona sp. (n:15) 3 20 3,67 0,73 11
Pomporhynhus spindletruncatus (n:15) 8 53,33 10 5,33 80
Paradiplozoon sp. (n:21) 3 14,3 1 0,14 3
Dactylogyrus turcicus (n:21) 14 66,7 2,86 1,9 40
Disi Allocreadium isoporum (n:21) 7 333 3,86 1,29 27
Rhapdochona sp. (n:21) 9 42,9 1,89 0,81 17
Kis Pomp(_)rhynhus spindletruncatus (n:21) 3 14,3 4 0,57 12
Paradiplozoon sp (n:17) 3 17,6 2 0,35 6
Dactylogyrus turcicus (n:17) 15 88,24 2,73 2,41 41
Erkek  “Allocreadium isoporum (n:17) 4 235 11 2,59 44
Rhapdochona sp. (n:17) 4 235 2,5 0,59 10
Pomporhynhus spindletruncatus (n:17) 13 76,5 5,92 4,53 77
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Konak Bahginin Farkh Yas Gruplarina Gore
Helmint Taksonlarinin Dagilimi

Incelenen baliklar VIII yas grubu smmrlart
icinde olusmustur. Baliklarin en fazla adedi
IIl yas grubunda (60 birey), en az VIII yas
grubunda (1 birey) incelenmistir. Paradiplozoon sp.
ile enfeste olan baliklar III yas grubunda
(13 birey) ve en yiiksek yayginlik orani II yas
grubunda (%31,03) belirlenmistir. Dactylogrus
turcicus III yas grubunda (40 bireyde), en yiiksek
yaygimlik orani (%100) VII yas grubunda, en diisiik
ise (%44,83) Il yas grubunda saptanmigtir.

Allocreadium isoporum ise en ¢ok III yas grubunda
(28 bireyde) ve yayginlik orani ise en ytiksek %73,68
ile V yas grubunda saptanmistir. Rhapdochona sp. ise
en fazla IIl yas grubunda; en yiiksek yayginlik orani
ise (%50) VII yas grubunda belirlenmistir.
Pomphorhynchus spindletruncatus ise en ¢ok III yas
grubunda (24 birey), en yiiksek yayginlik orani ise
(%100) VIII grubunda saptanmistir. Bulunan
parazitlerin tiim yas gruplarna gore dagilimlar,
yayginlik oranlari, ortalama yogunluklari, ortalama
bolluk degerleri ve toplam parazit sayilar1 Tablo 3’te
verilmistir,

Tablo 3. Konak baliklarindaki yas gruplarina gére saptanan parazit enfeksiyon verileri
Table 3. Parasite infection data determined by age groups in host fish

Yas | ] i v \Y VI VIl VI
Incelenen Balik Sayis1 3 29 60 28 19 6 2 1
Enfekte Balik Sayisi 0 9 13 0 0 0 0 0
Paradiplozoon sp.

Yayginhk (%) 0 31,03 21,67 0 0 0 0 0
Ortalama Yogunluk 0 5,89 2,08 0 0 0 0 0
Ortalama Bolluk 0 1,83 0,45 0 0 0 0 0
Toplam Parazit Sayisi 0 53 27 0 0 0 0 0
Incelenen Balik Sayisi 3 29 60 28 19 6 2 1
Enfekte Balik Sayisi 2 13 40 13 15 3 2 0
Dactylogyrus turcicus

Yayginlik (%) 66,67 44,83 66,67 46,43 78,95 50,00 100,0 0
Ortalama Yogunluk 1,50 4,92 4,63 15,62 11,73 9,00 36,00 0
Ortalama Bolluk 1,00 2,21 3,08 7,25 9,26 4,50 36,00 0
Toplam Parazit Sayisi 3 64 185 203 176 27 72 0
Incelenen Balik Sayis1 3 26 60 28 19 6 2 1
Enfekte Balik Sayis1 1 12 28 19 14 4 1 0
Allocreadium isoporum

Yayginlik (%) 33,33 46,15 46,67 67,86 73,68 66,67 50,00 0
Ortalama Yogunluk 1,00 3,17 6,54 10,89 9,79 7,00 97,00 0
Ortalama Bolluk 0,33 1,46 3,05 7,39 7,21 4,67 48,50 0
Toplam Parazit Sayisi 1 38 183 207 137 28 97 0
Incelenen Balik Sayis1 3 29 60 28 19 6 2 1
Enfekte Balik Sayisi 1 9 25 12 8 0 1 0
Rhapdochona sp.

Yayginlhik (%) 33,33 31,03 41,67 42,86 42,11 0 50,00 0
Ortalama Yogunluk 1,00 2,56 1,60 2,67 2,00 0 2,00 0
Ortalama Bolluk 0,33 0,79 0,67 1,14 0,84 0 1,00 0
Toplam Parazit Sayisi 1 23 40 32 16 0 2 0
incelenen Bahk Sayisi 3 26 60 28 19 6 1
Enfekte Balik Sayisi 2 9 24 18 16 5 1
Pomporhynhus spindletruncatus

Yayginlik (%) 66,67 34,62 40,00 64,29 84,21 83,33 50,00 100,00
Ortalama Yogunluk 2,50 1,78 4,33 8,06 11,50 10,00 15,00 10,00
Ortalama Bolluk 1,67 0,62 1,73 5,18 9,68 8,33 7,50 10,00
Toplam Parazit Sayis1 5 16 104 145 184 50 15 10
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Konak Baliklarimin Boy Smmflarina Gore
Helmint Taksonlarinin Dagilimi

VIl boy grubu 7-44 cm. arasindaki boy
uzunluklar1 kapsaminda degerlendirilmistir. En
yiksek  yaygmlik oram1  Paradiplozoon  sp.
icin (%37,5) II.; Dactylogrus turcicusi¢in (%75)
VI.;  Allocredium  isoporum  i¢in  (%100)
V.; Pomphorhynchus spindletruncatus icin (%80)
V. 1lle VI; ve Rhapdochona sp. igin ise
%52,63 ile IV. boy grubunda olmustur. Buna

karsihlk en disiik yayginlik oranlart ise:
Paradiplozoon sp.’de %20,97 ile I.; Dactylogrus
turcicus’da %57,14 ile I11.; Allocredium isoporum’da
%38, 71 ile I1.; Pomphorhynchus spindletruncatus’da
%37,10 ile Il. ve Rhapdochona sp.’de ise %20
ile V. boy grubunda saptanmistir.
Bulunan parazitlerin tiim boy gruplarina gore
dagilimlari, yaygilik oranlari, ortalama
yogunluklari, ortalama bolluk degerleri ve toplam
parazit sayilar1 Tablo 4’te verilmistir.

Tablo 4. Konak baliklarindaki boy gruplarma gore saptanan parazit enfeksiyon verileri
Table 4. Parasite infection data determined by size groups in host fish

| ] i v \% VI
Boy grubu (cm)
7,0-12,0 12,1-17,0 17,1-22,0 22,1-27,0 27,1-32,0 32,1-44,0
Incelenen Balik Sayis1 24 62 28 19 10 4
Enfekte Balik Sayisi 9 13 0 0 0 0
Paradiplozoon sp
Yayginhk (%) 375 20,97 0 0 0 0
Ortalama Yogunluk 5,89 2,08 0 0 0 0
Ortalama Bolluk 2,21 0,44 0 0 0 0
Toplam Parazit Sayisi 53 27 0 0 0 0
Incelenen Balik Sayisi 15 62 28 19 10 4
Enfekte Balik Sayisi 10 41 16 11 7 3
Dactylogyrus turcicus
Yayginlik (%) 66,67 66,13 57,14 57,89 70,00 75,00
Ortalama Yogunluk 2,60 4,85 11,38 12,82 13,43 29,33
Ortalama Bolluk 1,73 3,21 6,50 7,42 9,40 22,00
Toplam Parazit Sayisi 26 199 182 141 94 88
Incelenen Balik Sayis1 24 62 28 19 10
Enfekte Balik Sayisi 12 24 20 12 10 2
Allocreadium isoporum
Yayginlik (%) 50,00 38,71 71,43 63,16 100,00 50,00
Ortalama Yogunluk 3,00 5,88 10,95 8,42 8,90 52,50
Ortalama Bolluk 1,50 2,27 7,82 5,32 8,90 26,25
Toplam Parazit Sayisi 36 141 219 101 89 105
Incelenen Balik Sayis1 24 62 28 19 10
Enfekte Balik Sayisi 8 21 13 10 2 1
Rhapdochona sp.
Yayginlik (%) 33,33 33,87 46,43 52,63 20,00 25,00
Ortalama Yogunluk 2,00 1,76 2,62 0,80 1,50 2,00
Ortalama Bolluk 0,67 0,60 1,21 0,42 0,30 0,50
Toplam Parazit Sayisi 16 37 34 8 3 2
incelenen Bahk Sayisi 24 62 28 19 10 5
Enfekte Balik Sayisi 9 23 17 14 8
Pomporhynhus spindletruncatus
Yayginhk (%) 37,50 37,10 60,71 73,68 80,00 80,00
Ortalama Yogunluk 1,89 4,30 5,76 12,79 11,13 6,75
Ortalama Bolluk 0,71 1,60 3,50 9,42 8,90 5,40
Toplam Parazit Sayisi 17 99 98 179 89 27
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Tartisma ve Sonug¢

Dactylogyrus turcicus Aydogdu, Molnar, Emre
& Emre, 2015 tiri Capoeta mauricii’de
tanimlanmustir. Dactylogyrus tiirlerinin yayginliklari
konusunda yapilan calismalarda mevsimsel kosullar,
baligin tiiri, balik bireylerinin boy, agirlik, yas,
cinsiyeti ile parazitin konak seciciligi parazit
yayginlik oranlari arasinda iligkilerin mevcudiyetinin
oldugu konusunda destekleyici calisma
sonuclarindan bahsetmek miimkiindiir (Hanzelova ve
Zitnan 1985; Simkova vd. 2001; Aydogdu 2006;
Oztirk ve Altunel 2006). C. mauricii’de
monogenoidea sinifi, diplozooidae familyasinda yer
alan, ancak kesin teshisi yapilamayan bir parazit
bulunmustur. Bu tiiriin kesin teshisinin yapilmasi
konusunda  ozellikle molekiiller  calismalarin
yapilmasina gereksinim vardir. Teshis i¢in yapilan
morfolojik ¢aligmalar konusunda yasanan zorluklar
nedeniyle Ulkemizde bazi balik tiirlerinde kayd:
verilen Paradiplozoon homoion tiiriinden ayr1 bir tiir
olarak  diistiniildigiinden  Paradiplozoon  sp.
diizeyinde verilmistir.

Zayif bir patojen olarak bilinen ve ozellikle
sazangiller ailesine mensup tiirlerde barsakta bulunan
Allocreadium isoporum, C. mauricii’de yeni kayittir.
C. mauricii’de en yiiksek yayginlik orani disilerde
%76,9’la ilkbaharda; erkeklerde ise %76,0 ile yaz
ormeklemesinde kaydedilmistir. Moravec (1992)
Tuna havzasindaki Rokytna Nehiri’nde Leuciscus
cephalus en yiiksek yayginlik oranini ilkbahar
aylarinda (%100), aylik ortalama yayginlik oranini
ise %73 olarak saptamistir. Koyun (2001), Enne
Baraj Goli’nde Alburnus alburnus’da Mayis ve
Haziran (1988)’da %15 ve %19; Nisan ve Mayis
(1999)’da ise %15 ile %10 yaygmlik oraninda;
Aydogdu vd. (2002), ise Doganca Baraj Goéliindeki
Barbus plebejus’da Mayis ve Haziran aylarinda %75
ve %33,3; Eyliil ve Ekim aylarinda %11,1 ve %20 ve
toplamda ise  %19,1 yaygmlik oranlarinda
bulmuslardir. Raissy ve Ansari (2012) iran’da Arman
Nehri baliklarindan Capoeta aculeata, Capoeta
damascina ve Barbus barbulus’un barsaklarindaki
yaygmlik oranlarmi %2, %0,79 ve %]1,4 seklinde
saptamuslardir. Yazmen ve Oztiirk (2015) Tasoluk
Baraj Goli'nden Squalius cephalus’da  %1,3
seklinde belirlemisledir. Aydogdu vd. (2018), Aksu
(Antalya) Caymdan Capoeta antalyensis’de ise en
yiiksek ilkbahar (%30) mevsiminde goriildigiinii
belirtmiglerdir. Ote yandan Goksu Nehri’nde
Capoeta caelestis’deki yayginlik oranmin yine
ilkbaharda %?21,6, Capoeta angorae’de ise K.
Maras/Firniz Deresi’nde kis mevsiminde %13,8;
Emre ve Kubilay (2019) Caykdy Deresi’ndeki
Capoeta pestai’de en yiiksek yayginlik oranlarini
ilkbahar ve kis drneklemelerinde (%52,5), en diisiik
ise yaz Orneklemelerinde belirlemislerdir (%18,2).

Buna karsilik III yasindaki ilkbahar 6rneklerinde en
fazla enfekte olan baliga rastlanmistir. Nematod
grubuna ait olan Rhabdochona sp., C. mauricii igin
yeni bir kayit olmasina ragmen, tiir bazinda teshisi
icin daha detayli incelemeye  gereksinim
duyulmaktadir. Bugiinkii literatiir bilgilerimize gore
26 familya, 157 cins ve 1298 tiirle temsil edilen
acanthocephalada (Amin, 2013) Capoeta mauricii’de
Pomphorhynchus spindletruncatus tirt
bulunmustur. Pomphorhynchus spindletruncatus
yine Kuzey Irak’ta Aspius vorax ve Barbus
xanthopterus’den tanimlanmistir (Amin vd. 2003).
Tirkiye’deki  yedi tath su  baligindaki
acanthocephala’nin rapor edildigi ¢alismada Capoeta
mauricii’de bu tiirlere igaret edilmektedir (Smales vd.
2015). Calistigtmiz bu  balik  tiiri  stok
zenginlestirmesi ve yetistiricilik potansiyeli olan
tiirdiir. Bu ve benzeri tiirlerin olas1 saglik sorunlarimi
bilmek olduk¢a oOnemlidir. Aynmi1 hassasiyet bu
endemik baliklarin popiilasyonlarinin korunmasi igin
de gecerlidir.
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