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Abstract

In this study it was aimed to determine the Trichoptera fauna and water quality of Ulupinar Stream
which is an important tourism destination of Antalya, based on physicochemical parameters. In recent
years, this stream was adversely affected by intensive agriculture, farming and domestic wastes and
was exposed to various pollutants. Seasonal analyses of physicochemical parameters and sampling of
organisms belonging to the order Trichoptera were carried out from six stations selected between
November 2015 and June 2016. 6 families, 10 genera and 21 species belonging to order Trichoptera
were identified. Similarities between the sampling points were clustered by using Unweighted Pair
Group Method with Arithmetic Mean. As a result of the Unweighted Pair Group Method with
Arithmetic Mean. analysis, the 4" and 6 sampling point (85%) were the most similar to each other.
The Principal Component Analysis was used to determine the factors caused the pollution. The
Principal Component Analysis was applied to only physicochemical data sets resulted in three
principal components accounting for a cumulative variance of 80.9% of for Ulupinar Stream.
Keywords: Trichoptera, Ulupinar Stream, water quality, principle component analysis

Oz

Bu ¢alismada Antalya’nin dnemli bir turizm bolgesi olan Ulupinar Cayi'nin Trichoptera faunasi ve su
kalitesinin fizikokimyasal parametrelere gore belirlenmesi amaglanmigtir. Son yillarda bu ¢ay yogun
tarim, ¢iftcilik faaliyetlerinden ve evsel atiklardan olumsuz etkilenmis ve ¢esitli kirletici maddelere
maruz kalmistir. Fizikokimyasal parametrelerin mevsimsel analizleri ve Trichoptera takimina ait
organizmalarin 6rneklenmesi Kasim 2015 ile Haziran 2016 tarihleri arasinda segilen alti istasyondan
gerceklestirildi. Trichoptera takimina ait 6 familya, 10 cins ve 21 tiir tespit edildi. Ornekleme noktalar1
arasindaki benzerlikler Aritmetik Ortalamali Agirliksiz  Cift Grup Yontemi kullanilarak
kiimelenmistir. Aritmetik Ortalamali Agirliksiz Cift Grup Yoéntemi analizinin bir sonucu olarak, 4. ve
6. ornekleme noktalar1 (85%) birbirine en ¢ok benzeyen istasyon olmustur. Kirlilige neden olan
faktorleri belirlemek i¢cin Temel Bilesen Analizi kullanildi. Yalnizea fizikokimyasal veri setlerine
uygulanan Temel Bilesen Analizi, Ulupinar Cayi'nin 80,9%'unun kiimiilatif varyansini olusturan iig
ana bilesene neden olmustur.
Anahtar kelimeler: Trichoptera, Ulupinar Cayi, su kalitesi, temel bilesen analizi
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Introduction

In many countries, the need for water increases while unpolluted water
resources are decreasing as a result of the deterioration of usable water resources
with various factors. Due to this situation, various policies were developed to ensure
the correct use and protection of natural resources both in our country and in other
world states. The EU Water Framework Directive (WFD) implemented by the
member states of the European Union (EU) is one of these directives. According to
WEFD, benthic macroinvertebrates are considered as one of the most important
indicators. Pauls et al. (2008) stated that among the important benthic
macroinvertebrates living in streams, members of order Trichoptera are used as a
biological monitoring tool in determining water quality. When sedimentation,
industrial pollution, mining and agriculture, sewage waste, acid rains accumulate on
the water surface, these organisms are damaged (Graf et al., 2008).

Order Trichoptera are represented approximately with 49 families, 616
genera and 14.548 species in the world (Morse, 2011). Order Trichoptera are
represented by 22 families, 461 species and 39 subspecies in Turkey (Darilmaz &
Salur, 2015; Kiigiikbasmaci & Kiyak, 2017; Sipahiler, 2018a). In Turkey, as well as
various faunistic studies were conducted to uncover the Trichoptera fauna, in
ecological-based studies, the members of this order have been widely investigated
as biological indicators. (Cakin, 1983; Darilmaz & Salur, 2015).

Ulupinar Stream, chosen as a study area, is flowed between Olimpos and
Cirali Bays in Antalya. Since the stream is flowed into the intensive tourism areas,
many places such as pensions and restaurants are encountered on the stream or its
edges.

This study aims to determine species of Trichoptera fauna of Ulupinar
Stream, to determine the water quality used by physicochemical parameters and to
examine the relationships between physicochemical parameters and Trichoptera
species.

Method
Study Area

Ulupar Stream, which has formed the Ciral1 Plain and its coast, is born from
the 900 m high slopes in the northwest of Ulupinar Village. The stream, springs from
the karstic creeks, flows under the name of Hayit Creek up to Kumluca - Antalya
Highway, and then combines with Kuruseki Creek, coming from the east of Antalya
with the branches of Cehennem Creek from the west of Antalya, and flows by name
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of Ulupimnar Stream. The total length of the stream flowing in a tectono-karstic
groove, is about 13 km.

The outfall section, where Ulupinar Stream disombogues into the
Mediterranean Sea, generally turns north and sometimes turns south. Since the
dominant wind on the shore blows from the southeast direction, the outfall of the
stream is mostly shifted to the north. Although plane tree is the dominant vegetation
of the valley floor of Ulupinar Stream, and on the slopes of the valley, the dominant
vegetation is red pine, almost all species of maquis are common. The characteristics
of sampling stations were presented in Table 1.

Collection of Trichoptera Samples

Samples were collected by 20 minutes by kicking and sweeping methods with
kick-net (250 um mesh). The samples were taken from several different sections at
each station in order to include all possible microhabitats. All the samples collected
were immediately fixed in formaldehyde (4%) in the field. Trichoptera individuals
were taken to SDU Hydrobiology Laboratory and stored in 70% alcohol. The
obtained samples were examined under a stereomicroscope and evaluated
qualitatively and quantitatively.

Edington & Hildrew (1995), Pitsch (1993), Pescador et al. (1995), Wallace
et al. (1990), Wiggins (1998), Waringer & Graf (2011) were used in species
diagnoses.

Table 1

Key Characteristics of Sampling Stations across Ulupinar Stream

Sampling Station  Coordinates (N-E) and Altitude (m) Habitat Stream Morphology  Riparian Vegetation
36°27° N 30°26"E

1 245 m Macrolithal ~ Macrophyte present Well-developed on
both sides.
36°27° N 30°26° E
2 246 m Microlithal ~ Macrophyte present Well-developed on
both sides.
36°26° N 30°26° E
3 265 m Macrolithal ~ Macrophyte present ~ Not well- developed
36°27° N 30°26° E
4 201 m Megalithal No Macrophyte Not well- developed
present

36°27°N30°25° E

5 186 m Macrolithal ~ Macrophyte present ~ Not well- developed
36°25° N 30°26° E

6 54 m Microlithal ~ Macrophyte present ~ Not well- developed
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Physicochemical Parameters

1 L polyethylene sample containers were used for water sample collection.
Water samples were taken seasonally between November 2015 and June 2016 from
each of the 6 stations. I paid attention to take the samples concurrently.

Water temperature (°C), pH, electrical conductivity (EC) pS/cm and
dissolved oxygen (DO) mg/L were measured in the field by using a portable
multiparameter (YSI 550A) device. Ammonium nitrogen (NH4-N) mg/L, Nitrite
nitrogen (NO2-N) mg/L, Nitrate nitrogen (NO3-N) mg/L, Ortho-phosphate ion (POas-
P) mg/L, Chloride Ion (CI) mg/L, Biological oxygen demand (BOIs) (mg/L) were
analysed at the University of Siileyman Demirel, Geothermal Energy, Groundwater
and Mineral Resources Research and Application Centre.

In this study, physicochemical water quality was determined according to
Klee (1991) methods and the Turkish Regulation for Water Pollution Control
(WPCR) (2008) of the Ministry of Forestry and Water Management of the Republic
of Turkey.

Data Analysis

The faunal similarities based on Trichoptera fauna between the sampling
stations were assessed by using the Bray-Curtis similarity index (Sommerfield, 2008;
Yoshioka, 2008). UPGMA analysis based on Bray-Curtis similarity index was
applied by using the PAST3 software program. All mathematical and statistical
analyses on the physicochemical and biological data sets were made by using Excel
2019 (Microsoft Office®) (Kazi et al., 2009).

Principal Component Analysis (PCA) is a statistical procedure that uses an
orthogonal transformation to convert the observation set of interrelated variables into
the values of linearly unrelated variables called principal components. In this study,
PCA analysis was used to evaluate the statistical correlation between
physicochemical variables in Ulupinar Stream.

Results

Physicochemical Variables

The physicochemical variables were recorded seasonally. The maximum,
average and minimum recorded values at the stations are given in Table 2.
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Table 2

Minimum, Average and Maximum Values of Physicochemical Parameters at the
Six Stations in Ulupinar Stream

DO pH T°C EC Cl NHs&-N  NO,-N  NO;3;-N  POs-P  BODs

Min. 631 747 109 2695 5.15 <0.05 <0.01 0.09 <0.05 0.10
! Avg. 860 784 164 3556 9.35 <0.05 <0.01 0.22 <0.05 1.69
Max 991 8.11 19.7  451.0 19.95 <0.05 <0.01 0.41 <0.05 3.52
) Min. 6.17  8.03 11.5 272.0 5.87 <0.05 <0.01 0.28 <0.05 0.59
Avg. 8.01 828 16,6  297.1 8.04 <0.05 <0.01 1.20 <0.05 1.88
Max 9.26 8.5 21.9  333.1 10.52 0.06 <0.01 2.98 <0.05 3.24
3 Min. 6.57  17.97 12.5 237.6 5.84 <0.05 <0.01 0.24 <0.05 0.54
Avg. 840 819 150 2584 6.32 <0.05 <0.01 0.34 <0.05 242
Max 924 846 l6.1 286.4 6.96 0,10 <0.01 0.61 <0.05 3.75
4 Min. 6.73 794 121 291.1 6.34 <0.05 <0.01 0.13 <0.05 0.56
Avg. 8.68 8.5 16.3 327.9 7.20 <0.05 <0.01 0.30 <0.05 2.40
Max 9.80 837 19.8 3852 8.54 <0.05 <0.01 0.48 <0.05 4.00
5 Min. 844 777 129  219.0 5.57 <0.05 <0.01 0.15 <0.05 231
Avg. 9.18  8.15 139 2364 7.53 <0.05 <0.01 0.24 <0.05 3.03
Max 9.99 841 146  258.6 12.64 <0.05 <0.01 0.31 <0.05 4.00
6 Min. 6.01 795 122 320.1 14.89 <0.05 <0.01 0.02 <0.05 0.65
Avg. 7.79  8.08 195 4274 16.9 <0.05 <0.01 0.26 <0.05 2.04
Max 9.52 827 243 500.0 19.58 <0.05 <0.01 0.58 <0.05 3.75

When minimum, average and maximum values of physicochemical
parameters were evaluated, it was found that the Dissolved Oxygen (DO) values
varied with the stations and seasons. Its average values were fluctuated between 7.79
mg/L (station 6) and 9.18 mg/L (station 5). Average pH values were close to each
other for 6 stations and all seasons. The lowest average pH value was measured at
1 station with 7.84, and the highest average value was measured at 2" station with
8.28. The average values of the BODs in the station 5 had the highest value with 3.03
mg/L and in the station 1it had the the lowest value with 1.69 mg/L. while the
electrical conductivity (EC) values were varied between 236.4 uS/cm (station 5) -
427.4 puS/cm (station 6). The highest ammonium nitrogen (NH4-N) in Ulupinar
Stream was measured as 0.10 mg/L at the 3™ station. NHa-N value was measured as
<0.05 mg/L at all other stations. It has been determined that nitrite nitrogen (NO2-N)
(<0.01 mg/L) and ortho phosphate (PO4-P) (<0.05 mg/L) values were below the
analysis limits. The measured values of nitrate nitrogen (NO3-N) differed by stations
and seasons. Average values were determined between 0.22 mg/L (station 1) and
0.34 mg/L (station 3). The average chloride (CI') ion values varied between 6.32
mg/L (station 3) - 16.9 mg/L (station 6).
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The result of the correlation matrix of physicochemical components based on
PCA and the biplots, which are the graphical representation of factor loadings in
different components (Component 1, Component 2 and Component 3) are given in
Figure 1. The PCA was applied on 10 physicochemical parameters for Ulupimar
Stream with six sampling stations to determine the variations in water quality. In this
study, the eigenvalues were greater than 1 at Component 1, Component 2 and
Component 3. The PCA analysis led to the explanation of 80.9% variance in case of
Ulupmar Stream. According to Liu et al. (2003), the factor loadings classified as
“strong”, “moderate” and “weak” corresponding to precise loading values of>0.75,
0.75-0.50 and 0.50-0.30, respectively.

Figure 1

Biplots for PCA analysis of physicochemical water quality in Ulupinar Stream
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Figure 1

(Continued)
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According to the data set pertaining from Ulupinar Stream, among three PCs,
the Component 1 explaining 67.7% of the total variance ha strong positive loading
on T°C, and CI', moderate positive loading on DO, BOIs and pH whereas negative
strong loading on NH4-N, NO3-N, NO2-N and PO4-P. The positive loading on T°C,
CI', DO, BOIs and pH have been related to pollution. According to Solanki et al.
(2010), the opposite relationship between T°C and NH4-N, NO3-N, NO2-N and POs-
P are a natural process in freshwaters. According to Component 2, 30.8% of total
variance has strong positive loading on DO, T°C and Ph. The strong negative loading
on CI" in component 2. According to Component 3, 23.1% of total variance has
strong positive loading on Ph, NH4-N, NO2-N and POs-P. PCA analysis is a
statistical analysis that indicates which parameters are more effective in data with
many variables.

Trichoptera Dataset

In this study 10 genera of 6 families belonging to the subgroup of Trichoptera,
Annulipalpia, Integripalpia and Scipipalpia, and 21 taxa related to these species were
determined. A total of 1.367 individuals were examined. Diagnosis of some 7 genus
samples could not be made due to the lack of sufficient resources in the larval
diagnostic keys used or because the samples did not complete their development.
Taxa given in genus level are Hydropsyche sp., Glossosoma sp., Agapetus sp.,
Hydroptila sp., Oxyethira sp., Rhyacophila sp. and Agraylea sp. The taxa of
Trichoptera fauna determined in Ulupinar Stream and their distribution by stations
are given in Table 3.
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Table 3

Distributions of Trichoptera Taxa in the Stations

Station 1 Station 2 Station 3 Station 4 Station 5 Station 6
Phylum: Arthropoda Class: Insecta Order: Trichoptera
Familya: Glossosomatidae

Agapetus sp. 8 21
Glossosoma sp. 1 1 1 4
Familya: Hydropsychidae
Cheumatopsyche lepida 18 1
Hydropsyche fulvipes 9 3 49 140 134 135
Hydropsyche instabilis 2 2 18
Hydropsyche botosaneanui 19 2
Hydropsyche dinarica 6 3
Hydropsyche pellucidula 15 13 12
Hydropsyche sp. 186 7 30 138 98 159
Familya: Hydroptilidae
Agraylea multipunctata 1
Agraylea sp. 7
Hydroptila occulta 2 1
Hydroptila sp. 22 26 1
Oxyethira flavicornis 2 6
Oxyethira sp. 12 3
Familya: Limnephilidae
Limnephilus flavicornis 2
Familya: Rhyacophilidae
Rhyacophila dorsalis 2 14 2
Rhyacophila obliterata 8
Rhyacophila pubescens 7
Rhyacophila sp. 1
Familya: Sericostomatidae
Sericostoma personatum 3 1

The highest number of individuals in Ulupinar Stream was determined at the
4™ station (349). In other stations, the ranking was 6 station (340), 5 station (285),
1%t station (267) and 3" station (101), and 2" station (25) with the lowest number of
individuals.

In the 1% station, 267 individuals belonging to a total of 10 taxa were
examined. The species with the highest number of individuals is Hydropsyche sp.
(186), while this taxon Hydroptila sp. (22), Cheumatopsyche lepida (18),
Hydropsyche pellucidula (15), Oxyethira sp. (12) and Hydropsyche fulvipes (9),
Glossosoma sp. (1), Rhyacophila sp. (1) and Agraylea multipunctata (1) followed
the species.

In the 2" station, 25 individuals were identified and 13 of these individuals
are belonging to Hydropsyche pellucidula, 7 individuals are belonging to
Hydropsyche sp., 3 individuals are belonging to Hydropsyche fulvipes, and lastly 2
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individuals are belonging to Hydropsyche instabilis. At this station, a total of 4 taxa
have been determined and it has the the least taxon among the other stations.
Hydropsyche is the dominant breed both in terms of individual number and taxon
number.

While determining 5 taxa at the 3™ station, the taxon represented by the
highest number of individuals was Hydropsyche fulvipes (49), followed by
Hydropsyche sp. (30), Hydropsyche pellucidula (12), Agapetus sp. (8) and
Limnephilus flavicornis (2).

The highest number of taxa (12) and the highest number of individuals (349)
in Ulupmar Stream were determined in the 4" station. In the 4" station, taxa
according to the number of individuals are Hydropsyche fulvipes (140), Hydropsyche
sp. (138), Hydroptila sp. (26), Hydropsyche botosaneanui (19), Agraylea sp. (7),
Hydropsyche dinarica (6), Oxyethira sp. (3), Sericostoma personatum (3),
Hydroptila occulta (2), Oxyethira flavicornis (2), Rhyacophila dorsalis (2),
Glossosoma sp.(1).

In the 5™ station, a total of 285 individuals belonging to 9 taxa have been
identified and it takes third place in terms of number of individuals. Hydropsyche
fulvipes (134) has the highest number of individuals among the determined taxa,
whereas Hydropsyche sp. (98), Agapetus sp. (21), Rhyacophila dorsalis (14),
Rhyacophila obliterata (8), Rhyacophila pubescens (7), Hydroptila sp. (1),
Glossosoma sp. (1) and Sericostoma personatum (1) follow the taxa.

In the 6" station, 11 taxa and 340 individuals belonging to the Trichoptera
order were determined and ranked second among the stations in terms of the number
of species. While the taxon with the highest number of individuals in this station is
Hydropsyche sp. (159), this taxon is Hydropsyche fulvipes (135), Hydropsyche
instabilis (18), Hydroptila sp. (9), Oxyethira flavicornis (6), Glossosoma sp. (4),
Hydropsyche dinarica (3), Rhyacophila dorsalis (2), Hydropsyche botosaneanui (2)
followed by Hydroptila occulta (1) and Cheumatopsyche lepida (1).

The classification of the stations based on benthic macroinvertebrates
composition was illustrated by using Bray-Curtis UPGMA analysis (Figure 2). As a
result of the UPGMA analysis, the 4th and 6th stations (85%) were the most similar
to each other. The second most similar stations to each other were determined at the
3rd and 5th stations (83%).
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As a result of seasonal studies carried out in Ulupinar Stream between
November 2015 and June 2016, 516 individuals were found in autumn (November),
239 individuals in winter (February), 452 individuals in spring (March) and 160
individuals in summer (June).

Figure 2

Classification of Stations Based on Similarities of in Ulupinar Stream
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Discussion and Conclusion

In fact, water can dissolve certain amounts of oxygen. The ability of water for
dissolving oxygen is related with its temperature. Therefore, the cold water dissolves,
more oxgen and also is better for living organisms (Jens, 1980). The highest water
temperature value was determined at sixth stations with 24.3°C. In this period, the
stream width decreased to 30 cm and depth to about 5 cm. In this study, I found out
that the amount of oxygen in Ulupmar Stream changed in parallel with the
temperature changes and the flow rate in the stream was determined at very low
levels during all sampling periods.

While some of the members of Trichoptera live in mountain streams with high
oxygen content and low temperature, some are found in rivers and in lakes (Edington
& Hildrew, 1995). In this study, 11 species were identified in February, when the
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water temperature was the lowest. Chemical and biochemical reaction rates increase
as the temperature increases. While organisms usually survive between certain
temperature values, temperature changes cause increase and decrease in
development and respiratory rates (Tchobanoglous & Schroeder, 1985).

When the DO value falls below 0.5-1.0 mg/L in water, life in the water stops
and values below 4 mg/L of DO cause negative effects on the development of living
things (Goldwald, 1965; McNelly et al., 1979). Average DO values recorded at the
six stations in Ulupinar Stream vary between 7.49 mg/L and 9.18 mg/L. The highest
DO value was determined as 9.99 mg/L at 5" station, the lowest dissolved oxygen
value was 6.01 mg/L at 6 station. The lowest T°C value and the highest DO values
were determined at the 5™ station. This situation shows that the DO values are
inversely proportional. At the 6™ station, the flow rate is very slow, the amount of
water is very low and the amount of DO is determined at the lowest levels due to the
absence of shading.

In aquatic systems, living organisms have a tolerance to certain pH ranges and
the pH value should vary between 6.5 and 8.5 in unpolluted natural waters (Hem,
1985; Barlas, 1988; Wetzel, 1983) because bicarbonate and carbonic acid work in
buffering among these values (Barlas, 1988). Many natural waters are slightly
alkaline because they contain carbonate and bicarbonate (Barlas, 2002). The pH
value varies between 7.4 (station 1) and 8.5 (station 2) at all stations detected in
Ulupmar Stream. According to the pH values, all stations are within the limits for
living them and are included in the “Class-I” water quality class according to the
WPCR.

Increased pollution in streams causes an increase in the EC values (Kara &
Comlekcioglu, 2004; Verep et al., 2005; Kalyoncu et al., 2005). The highest EC
value at Ulupinar Stream during the study period was measured at the 6 station in
June (500 pS/cm). The lowest EC value was measured at the 5™ station (356 uS/cm)
in March.

Almost all natural waters have a certain amount of CI" and the amount of CI"
in the beds with unchanged rocks may vary between 10-30 mg/L in natural spring
waters (Barlas, 1988; Hiitter, 1984). The average CI" measured at the six stations was
6.32 mg/L at the 3" station, while its highest value was 16.9 mg/L at the 6 station.
These values represent the first class water quality according to the scale of the Klee
and WPCR and it is within the limits for natural spring waters.
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Ammonium content in water increases due to the deterioration of organic
matter, especially organic fertilizer or inorganic fertilization, domestic and industrial
wastewater (Egemen & Sunlu, 1996). Ammonium nitrogen average values were
measured below the analysis limits at all stations.

While NOs3-N and NO2-N in the waters may naturally originate from some
minerals, the main source is organic substances and nitrogen fertilizers. The increase
in organic substances rises the concentration of NO3-N and NO2-N, while decreases
the amount of DO. Normally, NO2-N should not be present in drinking and using
waters (Baltaci, 2000; Barlas, 2002; Egemen, 2006). The presence of NO2-N in
waters is an indicator of pollution (Barlas, 2002). In all measurements made in
Ulupinar Stream, NO2-N was found below the analysis limits. NO3-N, which is seen
as the most common form of nitrogen in rivers, is found in very small amounts in
clean waters and is an important source of nitrogen for plants. As a result of the
rainwater washing the agricultural land, the NOs3-N originating from the fertilizers is
easily dissolved in the water and mixed with the surface waters and streams (Barlas,
2002). The average NOs-N values in the six stations ranged from 0.22 mg/L to 1.2
mg/L.

PO4-P content is around 0.03 mg/L in mountain streams and streams not
polluted. If this amount exceeds 0.1 mg/L, contamination can be suspected (Holl,
1979). Domestic wastes, volcanic rocks and soil are among the sources of
phosphorus (Baltaci, 2000; Tanyolag, 2000; Egemen, 2006; Cirik & Cirik, 2008).
The PO4-P value remained below the analysis limits in all field studies carried out at
six stations.

The amount of BOIs in the oligosaprob region is 1.6 mg/L and it is below in
natural waters. As a result of contamination, the BOIs value increases and the amount
of DO decreases (LAWA, 1980). While BOIs values in streams yield the amount of
organic matter, it provides the opportunity to compare the pollution rate between
streams and stations (LAWA, 1980; Kocatag, 2008). While very high values were
not determined in Ulupinar Stream, the highest BOIs was measured as 4.00 mg/L at
the 4™ and 5™ stations. The existence of facilities and the effect of environmental
pollution are reasons for the increase in values.

As a result of the evaluation made on physicochemical variables, according to
Klee (1991), all stations were determined as the average value in the first quality
class (oligosaprob-uncontaminated), while the first five stations were determined
according to the WPCR in the case of the first quality class according to all
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parameters. According to the average value of DO, the water quality of the stream
was determined as Class II.

Our study conducted on the Trichoptera fauna and water quality in Ulupimar
Stream, is the new and recent study for this region. There is any study on Trichoptera
fauna and water quality for Ulupinar Stream.

As a result of the studies carried out at the stations, Agraylea multipunctata
species were found only at the 1% station. The station has an altitude of 245 m, the
average T°C values varied between 10.9°C and 19.7°C. The taxon found in the first
station has a low flow rate in this study. According to Graf et al. (2008), this taxon
prefers stagnant waters. According to DIN 38410 (2004), this taxon is dispersed in
the betamesosaprob region and was determined in the first quality class in this study.

Cheumatopsyche lepida was found at the 1* and 6" stations. In the Ulupimar
Stream, this species ranged between the lowest 54 m altitude and the highest 245 m
altitude. The temperature values determined by this taxon varied between 10.9°C and
19.7°C. Graf et al. (2008) stated that this taxon is seen in areas higher than 150 m
and prefers high flow areas, and average temperature values are given between 8-
20°C. The results obtained from the heights matched up with the literature.
According to DIN 38410 (2004), this taxon is an organism that spreads in the
betamesosaprob region and it was found in the oligosaprob region in this study.

In the study, most individuals belong to the Hydropsychidae family. It is stated
that the distribution of Hydropsychidae [H. fulvipes (Curtis, 1834), H. instabilis
(Curtis, 1834), H. botosaneanui, H. dinarica, H. pellucidula (Curtis, 1834)]
members, commonly known as a cosmopolitan family, may be different according
to factors such as DO, T°C, flow rate (Wiggins & Mackay, 1978; Williams &
Feltmate, 1992).

Hydroptila occulta was found at the 4™ and 6™ stations and it was determined
the average T°C values varied between 16,3°C and 19,5°C at the stations. In terms of
altitude, it has been distributed in the stations with the altitude from 54 m to 201 m.
According to DIN 38410 (2004), Hydroptila taxa are among the organisms that
spread in betamezosaprob region. Graf et al. (2008) stated that H. occulta is
distributed between 150-1900 m altitudes and shows good development in stagnant
waters with a temperature of 5°C-18°C. Unlike the literature information, there are
elevation and temperature differences in this stream.
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Limnephilus flavicornis was found only at the 3™ station in summer (June).
The average temperature of the station is 15°C and its altitude is 265 m.

Oxyethira flavicornis was found at the 4™ and 6™ stations and it has an altitude
from 54 m to 201 m and was determined at 16,3°C and 19,5°C in terms of average
temperatures. Graf et al. (2008) stated that this taxon is distributed in the epirhitral,
metarhitral and littoral regions of stagnant and slow flow streams at an altitude more
than 150 m.

Rhyacophila dorsalis species was found in the 4, 5™ and 6™ stations and the
altitudes were determined at stations ranging from 54 m to 201 m. The average
temperature values of the stations varied between 13.9°C and 19.5°C. While Akyildiz
& Duran (2008) express this taxon in Class IV, Kesir (2016) determines it in Class I
and Class II quality classes. According to DIN 38410 (2004), these organisms are
belonging to the betamesosaprob region. The results in this study reveal that it is in
Class I quality class. Kalyoncu et al. (2008) stated that they are distributed in Class
I quality class.

Rhyacophila obliterata was detected only at 5™ station and only in February.
The temperature of the station is between 12.5°C and 16.1°C. The altitude was
determined as 186 m. According to DIN 38410 (2004), these organisms are
belonging to the betamesosaprob region.

Rhyacophila pubescens was found only in 5 station and in only November.
The average temperature value of the station is 13.9°C. The altitude value is 186 m.
According to DIN 38410 (2004), these organisms are belonging to the oligosaprob
region.

Sericostoma personatum was found in the 4™ and 5% stations. The temperatures
of the stations varied between 12,1°C and 19,8°C. It altitudes were between 186 m
and 201 m. Zeybek & Sahin (2016) stated that this species spread in Munzur Stream.
According to DIN 38410 (2004), these organisms are belonging to the oligo-
betamesosaprob region.

In the stream, Agapetus sp. was determined at the 3™ and 5™ stations while
Glossosoma sp. was determined at the 1%, 40 5™ and 6™ stations and they show the
distribution in oligosaprob and oligo-betamesosaprob regions according to the

saprobi index (DIN 38410, 2004).




Aynur Kayan / Turkish Journal of Water Science & Management 5 (1) (2021) /59 - 79

Agraylea sp. was determined only at the fourth station, Hydropsyche sp. was
determined at all stations, Hydroptila sp. was determined at the first, fourth, fifth and
sixth stations, Oxyethira sp. was determined at the first and fourth stations,
Rhyacophila sp. was determined only at the first station. Rhyacophyla taxa are
distributed between oligosaprob and betamesosaprob regions, but are generally
organisms of the oligosaprob region (DIN 38410, 2004).

Taxa belonging to Trichoptera determined in this study are the new registration
for this stream. Also, all stations are free from some or any contaminants in this
stream, and according to Klee (1991), all stations are determined at the oligosaprob
level. I can say that the organisms identified in these streams are distributed in clean
or slightly contaminated freshwaters.

Although the majority of the organisms identified in this study distributed in
clean or slightly contaminated river sections, species tolerant to organic pollution
were also encountered. This may indicate that the working area and the organisms
are under pollutant effects. Almost all of the Ulupinar Stream Basin has intense
tourism activities. In addition, animal husbandry is done intensely in the region and
it is known that the residues formed as a result of these activities are mostly poured
into the nearest water environment and streams. Domestic wastes of small villages
in the basin are also left uncontrolled to the streams and their surroundings. All these
adverse conditions cause an increase in the pollution load of the river basin and affect
the biodiversity of the basin as negatively. In this study, it was aimed to determine
the Trichoptera fauna and the water quality of Ulupinar Stream. This and similar
studies will contribute to establish Turkey’s Trichoptera fauna and shed light on
other systematic and ecological studies.
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Extended Turkish Abstract
(Genisletilmis Tiirk¢e Ozet)

Ulupmar Cayr’nin Trichoptera Faunasi ve Su Kalitesi ile Iliskisi

Su canlilarin yasamasi igin gerekli olan temel ihtiyaclardandir. Su kaynaklarinda giinden giine
meydana gelen ¢esitli sorunlar geri doniisii olmayacak sekilde su kitligina neden olmaktadir. Avrupa
Birligi iiyesi iilkeler, su kaynaklarmin kalite ve miktar yoniinden incelenmesi ve korunmasini
hedeflemistir. Ayn1 zamanda yeralti ve yeriisti tim yiizey sularinin korunmasi ve izleme
programlarinin gelistirilmesi, tim sularin iyi kalite su sinifina (iyi durum) yiikseltilmesini, biyolojik,
kimyasal, hidrolojik ve morfolojik agilardan su kalitesinin tanimlanmasi, nehir havzalar1 temelinde
su yonetiminin olusturulmasi, ekonomik enstriimanlarin, ekonomik analizlerin ve suyun kullanimina
dair dogru ekonomik yaklasimlarin gelistirilmesi ve gelistirilen nehir havzasi yonetimi planlarma
vatandaglarin, belediyelerin, sivil toplum orgitlerinin zorunlu kamusal katilimin saglanmasi gibi
bir¢cok hedefleri gergeklestirmeyi amaglayarak Su Cergeve Direktifini (SCD) hazirlamislardir. Su ile
ilgili tim unsurlart bir ¢at1 altinda toplayan SCD sayesinde su kalitesi, su kiitlelerinin ekolojik ve
kimyasal 6zelliklerine gore tespit edilir. Biyolojik kalite unsurlarinin durumu suyun biyolojik kalitesi
hakkinda bizlere bilgi verir.

Daha once iizerinde ¢alisma yapilmamis olan Ulupinar Cay1 (Antalya) inceleme alani olarak
secilmistir. Bu arastirmayr yapma amacimiz Ulupmnar Cayi’nda bulunan Triphoptera faunasini
belirlemek ve belirlenen faunaya gore suyun kirliligini saptamaktir. Ayni1 zamanda yapilan
fizikokimyasal olgiimlere gore bdlgenin kirlilik ile ilgili net sonuglarina ulasilmaktir. Trichoptera
takimi her tip tath su habitatinda yasamalart ve baliklara besin kaynagi olmalarindan dolayr su
ekosisteminin temel canlilar1 arasinda yer almaktadir. Trichoptera takimi hizli akan sularda
bulunmakta, ayni zamanda bulundugu bolgenin ekolojik yapisi hakkinda arastirmacilara bilgi
vermekte ve kirlilige kars1 duyarlilik gostermektedirler.

Ulupinar Cayi’nda Kasim 2015 - Haziran 2016 tarihleri arasinda yapilan caligmada
Trichoptera faunasini ve su kalitesini belirleyebilmek amaciyla arazi sartlarinin uygunluguna gore 6
istasyon secilmistir. Istasyonlar akarsudaki karisimlari ve etkilesimi yansitacak sekilde tespit edilmis
ve siirekli akis gosteren yan kollar dikkate almmustir. Istasyonlarin koordinatlar1 ve rakimlari GPS
yardimt ile Slglilmiistiir. Belirlenen istasyonlarda mevsimsel olarak fizikokimyasal su analizi ve
Trichoptera takimina ait organizmalarin belirlenmesi i¢in 6rnekler alinmis ve incelenmesi yapilmustir.
Su ornekleri i¢in koyu renkli 1 litrelik polietilen 6rnek alma kaplarindan yararlanilmigtir. Yapilan
orneklemelerin yaklasik olarak ayni saatlerde alinmasina dikkat edilmistir. Su sicakligi (°C), pH
degeri, elektrik iletkenligi (uS/cm) ve ¢oziinmiis oksijen (mgO,/1) Olglimleri arazide portatif
multiparametre (Y'SI 550A) cihazi kullanilarak yapilmistir. Amonyum azotu (NH4"-N), Nitrit azotu
(NOy-N), Nitrat azotu (NO3™-N), Orto-fosfat iyonu (PO4-P), Kloriir fyonu (CI), Biyokimyasal
Oksijen Ihtiyac1 (BOIs) analizleri (mgO2/1) Siileyman Demirel Universitesi Jeotermal Enerji, Yeralt:
Suyu ve Mineral Kaynaklar1 Arastirma ve Uygulama Merkezi’'nde yaptirilmistir. Fizikokimyasal
degiskenler tizerinden yapilan degerlendirme sonucunda Klee (1991)’ye gore tiim istasyonlar
ortalama deger olarak I. kalite sinifinda (oligosaprob-Kirlenmemis), Su Kirliligi Kontroli
Yonetmeligi'ne (SKKY, 2008) gore yapilan degerlendirmede ilk 5 istasyon tiim parametrelere gore
I. kalite sinifi durumunda belirlenirken sadece 6. istasyon ¢oziinmiis oksijen ortalama degerine gore
II. kalite sinifinda belirlenmistir.
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Olgiim yapilan fizikokimyasal verilerle tiirler arasindaki iliski belirlenmeye calisiimistir.
Siklik, baskinlik ve benzerlik analizleri incelenerek Ulupinar Cayr’nin su kalitesi hakkinda
degerlendirme yapilmaya calisilmistir. Ulupinar Cayi’nda uygulanan benzerlik indeksi sonuglarina
gore en yiiksek benzerlik IV. ve V1. istasyonlar arasinda (0,78) goriilmiistiir.

Yapilan c¢alismada Trichoptera takimina ait Annulipalpia, Integripalpia ve Scipipalpia
alttakimlarma bagli, 6 familyaya ait 10 cins ve bu cinslere bagl 21 tiir tespit edilmistir. Toplam 1367
birey incelenmistir. 7 cinse ait bazi drnekler teshisi, kullanilan larva teshis anahtarlart igerisinde
yeterli kaynak bulunmamasi ya da oOrneklerin gelisimlerini tamamlamamis olmasi nedeniyle
yapilamamistir. Cins diizeyinde verilen taksonlar Hydropsyche sp., Glossosoma sp., Agapetus sp.,
Hydroptila sp., Oxyethira sp., Rhyacophila sp. ve Agraylea sp.’ dir.

Toplanan drneklerin mevsimsel dagilimina bakildiginda, Kasim ayinda 9 takson, Subat ayinda
11 takson, Mart ayinda 12 takson ve Haziran ayinda 12 takson belirlenmis, en az takson sayis1 Kasim
doneminde tespit edilmistir. Bu taksonlarin istasyonlara gore dagilimlarinda ise 1. istasyonda 10
takson, 2. istasyonda 4 takson, 3. istasyonda 5 takson, 4. istasyonda 12 takson, 5. istasyonda 9 takson,
6. istasyonda 11 taksona rastlanmistir. En fazla takson 4. istasyonda belirlenirken en az takson 2.
istasyonda bulunmustur.

Saprobi Indeks’e (DIN 38410, 2004) gore Trichoptera faunasinin kalite smif araligi
oligosaprob ile Beta-Alfamesosaprob arasinda degisim gdstermektedir. Bu sinirlar saprobi indeksin
kalite smiflandirmasi olarak I. kalite sinifi ile II-III. kalite sinifi arasinda degisim gostermektedir.
Saprobi degeri olarak en yiiksek degere Cyrnus trimaculatus (2,5) sahip olurken ¢ok az Trichoptera
taksonu 2,3 saprobi degeri lizerine ¢ikmaktadir. Hydropsyche cinsinden ise sadece Hydropsyche
contubernalis (2,4) beta-alfamesosaprob yani II-III. kalite simifina dahil olmakta, Trichoptera
takimindan higbir organizma III., III-IV. ve IV. kalite siniflarinda dagilim goéstermemektedir
(DIN38410, 2004). Trichoptera takiminin iiyeleri arasinda tiim indekslere gore Hydropsychidae
familyasi ve familya iiyeleri en toleransli taksonlar durumundadir. Klee (1991)’nin metodu ile fiziksel
ve kimyasal parametreler kullanilarak ortalama su kalitesi degerlendirmesi yapilmistir. Bu
degerlendirme sonucunda tiim istasyonlar 1. kalite seviyesinde (Oligosaprob) oldugu belirlenmisti.
Akarsu lizerinde turizm baskist olmasina ve balik ¢iftliklerinin varligina ragmen akarsu oligosabrob
diizeyde belirlenmistir.

Ulupmmar Cayi’nda belirlenen Trichoptera’ya ait taksonlar bu akarsu i¢in yeni kayit
durumundadir. Bu akarsularda belirlenen organizmalar temiz veya az kirlenmis akarsu boliimlerinde
dagilis gdsteren organizmalar oldugu sdylenebilir.
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