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ABSTRACT: In the study, the relationship between some aquatic insect species (Ephemeroptera, Plecoptera,
Trichoptera and Odonata) and some heavy metas (cadmium, lead, copper, zinc, nickel, iron and manganese) and boron
were assessed using data obtained from the Ankara Stream, which flows through Ankara, the capital city of Turkey and
receives high organic and industrial wastes. Sampling was carried out monthly along the Ankara Stream in 1991.
environmental data were used to explain biological variation using multivariate techniques provided by the program
canonical correspondence analysis ordination. The ordination method canonical correspondence analysis was applied
to evaluate the relationships between environmenta variables and distribution of aquatic insect larvae. Data sets were
classified by two way indicator species analysis. In this study, aquatic insecta communities have been shown by
canonical correspondence analysis ordination as related to total hardness, pH, cadmium, lead, copper, zinc, nickel,
iron, manganese and boron. Cadmium, lead, copper and boron exceeded limits of the United States Environmental
Protection Agency criteria for aguatic life. Trichopteran, Dinarthrum iranicum was an indicator of two way indicator
species analysis and was placed close to the arrow representing copper. Odonate, Aeschna juncea was an indicator of
two way indicator species analysis in site 10 and was placed close to the arrows representing manganese, lead, and
nickel. Trichopteran, Cheumatopsyche lepida and odonate, Platycnemis pennipes were indicators of two way indicator
species analysisfor sites 6, 7, 11, 14, 15, 18 and were placed close to the arrows representing cadmium, boron, iron and
total hardness.
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INTRODUCTION

Coastal areas and inland waters are affected
negatively from human impact, agricultural and
industrial activities (Karbass et al., 2007; Nouri et al.,
2008a; b; 2009; Ighinosa and Okoh, 2009). Heavy
metals in surface water systems can originate from
natural or anthropogenic sources. Currently,
anthropogenic inputs of metal sexceed natural inputs.
Excess metal levels in surface water may pose a
negative effect on the environment. Heavy metalsare
widely used in industry and are common water
pollutants. Thus, knowledgeof their toxicity to aquatic
organismsisimportant (Sprague, 1985; Murthy, 1986;
Rattner and Heath, 1995; Beasley and Kneal e, 2003;
Rathoreand Khangarot, 2003; Suthar and Sing, 2008;
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Nakane and Haidary, 2010). Generally, increasing
urbanization and road construction means that heavy
metals derived from non-point sources are likely to
causefurther impairment of stream ecol ogy but current
knowledge of metal contaminationisrelated primarily
to point and downstream measurements from known
sources (Gower et al., 1994, 1995; Garcia-Criadoet al.,
1999; Nelson and Raline, 1999; Babel and Opiso, 2007,
Zvinowanda et al., 2009; Sekabira et al., 2010).
Endangered wetland ecosystems are getting much
attention and the importance of insects in these
environments is being acknowledged. Insects have
proven to be a very useful tool for testing ecological
paradigms (Batzer and Wissinger, 1996). According to
Sabakk et al. (1997), EPT (Ephemerotera, Plecoptera,
Trichoptera) group were the insect orders that were
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generally found to be most abundant among the
bottom fauna in rivers. According to USEPA, (2005),
Ephemeroptera (mayflies), Plecoptera (stoneflies) and
Trichoptera (caddisflies) indicates good quality water,
and a large number of these indicate a biological
community of high integrity. Aquatic insects are among
the most directly affected and vulnerable organisms
with respect to surface water pollution and constitute
an important component of biodiversity in lotic
systems (Verneaux et al., 2003). They are diverse,
sensitive and respond to both natural and man-
induced changes in the environment (Ndaruga et al.,
2004; Uba et al., 2009).

The Ankara Stream running through the capital City,
receives high organic and industrial wastes. Some
physico-chemical variables and biological
characteristics of the Ankara Stream were studied with
several methods (Girgin and Kazanci, 1994; Kazanci
and Girgin, 1998; Girgin et al., 2003; Girgin and Kazanci,
2006). According to Hynes, (1974), heavy metal
pollution causes different effects on aquatic insects.
This research aims to determine the relationship
between some aquatic insect species (EPT group and
Odonata) and some metal (Cd, Pb, Cu, Zn, Ni, Fe, Mn
and B) concentrations using multivariate techniques.
The data obtained from the Ankara Stream (April-
November 1991) is used to determine this relationship.

MATERIALS AND METHODS
Study area

The Ankara Stream is located on the Sakarya Basin
in the Central Anatolia region of Turkey (Fig. 1). The
Ankara Stream has a total catchment area of 7140 km?
and a length of 140 km. The largest city, which lies on
the Ankara Stream, is Ankara itself. Despite its
importance for Ankara, the stream is affected by
industrial and domestic organic pollution. Sampling
sites used in this study are marked in red on the map
(Fig. 1). Samplingsites 1, 2, 14 and 15 were surrounded
by some villages and fields. Sampling sites 6 and 7
were surrounded by settlements, fields, and brick
factories, and were in the close vicinity of Ankara city
center. While sampling site 9 (inlet of Bayindir Dam
Dam) was surrounded by settlements, site 10 (outlet
of Bayyndyr Dam) was surrounded by picnic areas.
Sampling site 11 was surrounded by large settlements.
It was in the close vicinity of Ankara city center.
Sampling site 18 was close to the connection point with
the Ankara Stream. Some geographical and ecological
features of the study area are listed in Table 1.

Water sampling

Sampling was carried out monthly from 20 stations
along the Ankara Stream and its tributaries in 1991.
Only 10 of 20 stations had larvae of Ephemeroptera,
Plecoptera, Trichoptera (EPT group) and Odonata as
major groups of aquatic insects. Therefore, the
physico-chemical properties of only 10 stations are
mentioned in this study. Water samples were taken from
these stations. An atomic absorption spectrophoto-
meter, AAS, (Perkin Elmer, Graphite Furnace HGA 800
Model) was used to measure heavy metal
concentrations (Cd, Pb, Cu, Zn, Ni, Fe, Mn). The AAS
is calibrated with standard stock solution by
professional service staff periodically. Boron
concentration in the water samples was determined
using the colorimetric method (TUtziner et al., 1990).
Total hardness and pH were measured in the laboratory
according to the Standard methods of DSI (state water
and hydraulic works) (DSI, 1981).

Aquatic insecta sampling

The aquatic insecta were sampled with the kicking
method. For a period of fifteen minutes, kick samples
were collected from a section on the stream bed
measuring 20 m using a D-framed kick net (0.5 mm
mesh). Specifically, fast flowing parts of the stream were
selected during the sampling. However, the sampling
was done from different habitats that reflect all the
features of the stations (e.g. slow flowing and stagnant
waters, gravelly, stony, sandy, stream-bank vegetation,
light or shaded areas). Samples were kept in 80 % ethyl
alcohol and were sorted from the detritus in the
laboratory. An Olympus CX21 binocular microscope
and Phywe stereo microscope were used for the
identification of the specimens. Some aquatic insect
larvae (Ephemeroptera, Plecoptera, Trichoptera, and
Odonata) were determined at 10 stations along the
Ankara Stream and its tributaries (stations 1, 2, 6, 7, 9,
10, 11, 14, 15, and 18). Ephemeroptera, Plecoptera,
Trichoptera, and Odonata larvae were determined to
the species level (Girgin and Kazanci, 2008; Kazanci
and Girgin, 2008). Some of the taxa were identified on
genus or family level, such as Rhyacophila sp.,
Hydroptilidae, Limnephilidae, Odontoceridae,
Leptoceridae, Beraeidae from Trichoptera and Perla
spl and Perla sp2 from Plecoptera.

Statistical analysis
Data sets were classified by two way indicator
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Table 1: The geographical and ecological features of the study area

- . . Elevation Structure of Structure of
Sampling sites Latitude Longitude Waste
pling st 't gitu (m) substratum stream bank
tones and
1. Kocagay Stream R o S
(near the source, 40° 23'48.57" N 32°56'53.44"E 1214 stones and rocks gravels domestic and
upstream site) agricultural
2. Outlet of 40° 16' 08.50" N 33°01'41.26"E 1043 stones, gravels stones, gravels,  domestic and
Gubuk Il Dam and vegetation agricultural
?' I;cssuf Stream 39° 50" 59.80" N 32°52'15.16"E 947 marsh, gravel marsh and domestic and
outlet o . .
Eymir Lake) and stone vegetation agricultural
7. Incesu Stream 39°52'37.45" N 32°53'45.09" E 922 marsh, gravels, marsh and agricultural and
(outlet of and stones vegetation waste from
Eymir Lake) brick factories
9. Bayindir Stream stones and )
(inlet of 39°54'17.94" N 33°00' 46.59" E 993 stones and gravels  gravels domestic
Bayindir Dam)
10. Outlet of
Bayindir Dam 39°54'53.25" N 32°59'23.00" E 995 stones and gravels  dense vegetation domestic
. wastes from
11. Hatip Stream 39°56'04.31" N 33°01'07.16"E 985 marsh, stones, dense rush dairies,
and gravels and reed slaughterhouses,
and cleaning
material industry
14. Mera St_r €am 40° 20'00.65" N 32°42'03.56" E 971 pebbles and reed and domestic and
(upstream site, inlet . )
of Kurtbogazi Dam) stones alluvium agricultural
40°19'39.53" N 32°43'20.80" E 965 silts, pebbles, silt, pebbles, domestic,
15. Pazar Stream and stones and stones agricultural, and
(upstream site, inlet waste
of Kurtbogazi Dam) from poultry
yards
18. Zir Stream 39°58'54.15" N 32°31'00.72"E 795 clay and silt clay and silt domestic,

(downstream site)

agricultural and
wastes

from
slaughterhouses
and packaging
industry

in the Sincan
District

species analysis (TWINSPAN) (Hill, 1979; Lep$ and
Smilauer, 1999) at species level. Relationships between
macroinvertebrate assemblages and environmental
variables were explored by canonical correspondence
analysis (CCA) (ter Braak, 1987; Jager and Looman,
1995; Jongman et al., 1995; Lep3 and Smilauer, 1999).
The annual species diversity of each aquatic insect

order was calculated using the Shannon’s index

(Southwood, 1991).

RESULTS AND DISCUSSION
Heavy metal characteristics

Annual mean of pH, hardness, heavy metal and

boron concentrations of the sites are shown in Fig. 2.
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Relationship between aquatic insects and heavy metals
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Fig. 1: The study area (10 sampling sites used in this study are
marked in red)

Water hardness is caused by the polyvalent metallic
ions dissolved in water. In freshwater these are primarily
calcium and magnesium. A commonly used
classification of hardness is as follow (Sawyer, 1960):
0-75 mg CaCO,/L is soft; 75-150 mg CaCO,/L is
moderately hard; 150-300 mg CaCO,/L is hard, and 300
and up mg CaCO,/L is very hard (USEPA, 1986).
According to the above mentioned classification,
sampling sites 1, 2, 14, and 15 were in moderately hard
water (95-147 mg CaCO,/L), samplingssites 9, 10, 11,
and 18 were in hard water (190 and 292 mg CaCO,/L),
and sampling sites 6 and 7 were in very hard water
characteristics (338-354 mg CaCQO,/L) in this study.
Heavy metals, cadmium, lead, and copper
concentrations were high in the stream (Fig. 2). While
annual mean value of cadmium ranged between 0.0048-
0.012 mg/L all the stations, highest mean cadmium
concentration was measured in stations 7 and 18 (0.011
and 0.012 mg/L, respectively) (Fig. 2a). According to
IPCS, (1992) cadmium input to the aquatic environment

is through discharge of industrial waste, surface run-
off, and deposition. The average cadmium content of
freshwaters is < 0.0001 to 0.00006 mg/L in unpolluted
areas (IPCS, 1992). The toxicity of metals to aquatic
organisms is often modified by water hardness (Laws,
1981). The bioavailability of Cd, Cu, Ni, Pband Zn in
freshwater typically decreases with increasing hardness
(USEPA, 1995). According to Beeson et al., (1998) water
hardness can have a major influence on cadmium
toxicity to freshwater organisms. Cadmium is one of
the most toxic heavy metals in the freshwater
environment (IPCS, 1992). According to USEPA, (2005)
the limit values of cadmium for aquatic life range
between 0.00066-0.002 mg/L. According to done
measurements, the cadmium concentration was higher
than the above mentioned values in all the stations.

While annual mean values of lead ranged between
0.02-0.072 mg/L for all the stations, the highest mean
lead concentration was measured as 0.072 mg/L in
station 10 (Fig 2a). According to IPCS, (1989) lead
enters the aquatic environment through surface runoff
and deposition of airborne lead. The toxicity of lead to
aquatic organisms varies considerably depending on
availability, uptake, and species sensitivity; generally,
the earlier life stages are more vulnerable. The toxicity
of inorganic lead is strongly dependent on
environmental conditions such as water hardness, pH,
and salinity. In communities of aquatic invertebrates,
some populations are more sensitive than others and
community structure may be adversely affected by lead
contamination. However, populations of invertebrates
from polluted areas can show more tolerance to lead
than those from non-polluted areas. According to
USEPA, (2005) the limits of lead for aquatic life are
between 0.0013-0.077 mg/L. According to the
measurements, the lead concentration was close to the
upper limit.

According to IPCS (1998a), in the aquatic
environment, the concentration of copper and its
bioavailability depend on factors such as water
hardness. The USEPA water quality criteria for copper
(USEPA, 1984) are adjusted for hardness, based on
regression analysis of studies in which toxicity was
evaluated at various hardness levels. According to
USEPA, (2005), the limit values of copper for aquatic
life range between 0.0065-0.021 mg/L. But protection
of aquatic life in waters with high bioavailability will
require limiting total dissolved copper to some
concentration less than 0.01 mg/L (USEPA, 1984).
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According to measurements, the copper concentration
was higher than the above mentioned values in all the
stations. It ranged between 0.0113 and 0.0235 mg/L.

Annual mean boron concentration was very high in
stations 6 and 7 (1.83 and 2.15 mg/L, respectively) (Fig.
2b). Boron is a relatively inert metalloid that is never
found naturally in its elemental form (IPCS, 1998b).
Boron, in the form of borates, is released into freshwater
environments primarily through the weathering of
sedimentary rocks. Two major commercial deposits, one
in the Mojave Desert, California, USA and the other in
western Turkey supply more than 80 % of the world’s
borate supply (Simon and Smith, 2000). Major natural
inputs of boron to the environment are associated with
these areas (Butterwick et al., 1989; Howe, 1998).
Overall, anthropogenic sources contribute to a lesser
degree to boron releases into the environment. The
latter is valid for the Incesu Stream. In the stream, the
increase in the amount of boron does not occur in a
natural way. It originates from anthropogenic effects.
The concentrations of many elements, including boron,
are increasing in aquatic ecosystems due to
anthropogenic activities (Maier and Knight, 1991). The
Incesu Stream is an outlet of Lake Eymir. In the lathe
leveling atelier, located at the Gélbasi industrial facility
near Lake Eymir, boron was used intensely. For this
reason, the Incesu Stream was affected by high
concentrations of boron. Ambient concentrations of
boron in fresh surface waters are usually 0.1-0.5 mg/L
and rarely exceed 1.0 mg B/L in Europe, South America,
Asia and the United States (Maier and Knight, 1991;
Howe, 1998; IPCS, 1998b). But annual mean boron
concentration in the Incesu Stream ranged from 1.83 to
2.15 mg/L. As it can be observed in Fig. 2b, annual
mean boron concentration exceeded 0.5 mg/L in all
stations, except stations 2 and 15. In addition,
according to Dethloff et al. (2009), the current studies
do suggest that very high hard waters (500 mg/L) might
modify acute boron toxicity. Boron is an essential
nutrient for plants, but can above certain
concentrations be toxic to aquatic and terrestrial
organisms (Butterwick et al., 1989).

Aquatic insects

A total of 48 species belonging to Ephemeroptera
(13), Plecoptera (2), Trichoptera (19) and Odonata (14)
were identified in this period (Table 2). The most species
richness of Ephemeroptera was determined in station 1
(upper part of the stream). It is 11 species. Plecoptera
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has only two species and all of them were determined
from station 1. Six species of Odonata were determined
from station 10 and that is more than the other stations.
The first station does not have any species of Odonata
(Table 2). The number of Trichoptera species identified
in station 1 was 12. According tothe results, station 1,
which is located in the upper part of the stream, has
more species richness than the other stations.

The highest species diversities of Ephemeroptera,
Trichoptera and Plecoptera were calculated in station
1(1.59,1.96 and 0.63, respectively) (Fig. 3). The highest
species diversity of Odonata was calculated from
stations 6 and 10. Itis 1.47 and 1.37, respectively (Fig. 3).

The highest EPT species richness and the highest
diversity were determined in site 1, the upper part of
the stream (Table 2, Fig. 3). In site 1, although heavy
metal concentrations were low except Zn, but Zn did
not exceed the USEPA, (2005) limits (Fig. 2a). This
station had also low organic pollution (Girgin and
Kazanci, 1994; Girgin et al., 2003).

Ordination and classification

Ten environmental variables were used in the
ordination procedure. Fig. 4 shows the result of the
ordination of sites and aquatic insects with respect to
environmental variables. Abbreviation list of the aquatic
insecta species in CCA diagram is shown in Table 3.
The classification technique used was TWINSPAN
(Fig. 5). Asisshown in Fig. 4, stations 1, 9 and 11 were
placed opposite the arrows representing manganese,
lead and nickel. But this station was closely related to
zincand pH (site 1 had annual mean pH 8.11, site 9 had
7.83 and site 11 had 7.9). Site 1 was located near the
source and was affected by local and slight pollution.
There were no industrial facilities in the vicinity of this
station. As a result of the statistical analysis, any
TWINSPAN indicator has not been determined for
these three stations (GROUP 4) (Fig. 5). While many
species of EPT group have a positive correlation with
zinc, odonates did not correlate with it except Sympecma
fusca. All plecoptera species were determined from site
1. Site 1 was alkaline (pH 8.11). According to USEPA
(2005), the limit values of zinc for aquatic life are between
0.18-0.57 mg/L. In addition, according to IPCS, (2001)
chronic effects of zinc on freshwater insects are
detected between 0.05-0.1 mg/L. In the current research,
zinc limits were found lower (0.0083-0.059 mg/L) than
the limits. In USEPA, (2005) metal limits are given
according to water hardness. Site 1 was in moderately
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hard water characteristic (annual mean hardness 132
mg CaCO,/L) (Fig. 2c).

Odonate, Aeschna juncea was the TWINSPAN
indicator for site 10 (GROUP 1) (Fig. 5). Aeschna
juncea and other five odonates species were placed
close to the arrows representing manganese, lead,
and nickel (Fig. 4). But they were placed opposite
the arrows representing zinc and pH. According to
USEPA (2005), the limit values of nickel for aquatic
life are between 0.056-0.16 mg/L. In the present study,
nickel limits were found lower (0.0153-0.0659 mg/L)
than the USEPA limits. According to USEPA (2005),
the limits of lead are between 0.0013-0.077 mg/L. In
this study, the limits of lead were between 0.02-0.072
mg/L (Fig. 2a). These values were close to upper
limit of USEPA for aquatic life. Ephemeropteran,
Baetis fuscatus was placed close to the arrow
representing lead (Fig. 4). It was positively correlated
with lead. According to these results, the indicator
species, Aeschna juncea and other species showing
a positive correlation with lead were able to survive
despite the high lead concentrations.

Trichopteran, Dinarthrum iranicum was the
TWINSPAN indicator for site 2 (GROUP 5) (Fig. 5).
Dinarthrum iranicum and the other three Trichoptera
species, Odontoceridae sp., Limnephilidae sp.,
Micrasema bifoliatim and ephemeropteran, Baetis
rhodani were placed close to the arrow representing
copper (Fig. 4). According to USEPA (2005), the limit
values of copper for aquatic life range between
0.0065-0.021 mg/L. In this study, copper limits ranged
between 0.0113-0.0235 mg/L (Fig. 2a). These values
were close to the upper limit of the USEPA for aquatic
life. According to these results, the indicator species,
Dinarthrum iranicum and other species showing a
positive correlation with copper were able to survive
despite the high copper concentrations.

Platycnemis pennipes was the TWINSPAN
indicator for site 6 (GROUP 2) and sites 7, 14, 15 and
18 (GROUP 3) (Fig. 5). These sites had a positive
correlation with cadmium, boron, iron and total
hardness. Platycnemis pennipes and other six
odonata species, thirteen Trichoptera species and
two Ephemeroptera species, Caenis luctuosa and
Baetis buceratus were closely related to cadmium,
boron, iron and total hardness (Fig. 4). Annual mean
boron concentration in the Incesu Stream (sites 6
and 7) was high as mentioned above (Fig. 2b). This
value exceeded maximum boron amounts of aquatic
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ecosystems in Europe, South America, Asia and the
United States (Howe, 1998; IPCS, 1998; Maier and
Knight, 1991). Cheumatopsyche lepida, one of
thirteen Trichoptera species mentioned-above, was
the indicator species for site 6 (GROUP 2). In
addition, most abundant species was trichopteran,
Hydropsyche bulbifera with an abundance value of
25.57 and was ephemeropteran, Baetis fuscatus with
an abundance value of 16.43 in site 6 (Table 2). For
this reason, it can be said that these species were
not sensitive to high boron concentrations.
Cadmium concentration exceeded limits of USEPA,
(2005) for aquatic life as above mentioned (Fig. 2a).
Twenty two species of aquatic insecta were placed
close to the arrow representing cadmium. In other
words, these species were not sensitive to high
cadmium concentrations.

According to Pasternak (1973), the increase in the
content of zinc, lead and cadmium in the water of
the investigated water courses is mainly connected
with industrial pollution (e.g. the mining and
metallurgic industry). As a result of this study,
cadmium, lead and copper concentrations are found
high in the Ankara Stream according to USEPA,
(2005) criteria (metal limits for aquatic life). In
addition, the high amount of boron originates from
industrial effects in sites 6 and 7. According to
Hynes (1974), aquatic insects have different
responses to heavy metal pollution. For instance,
particularly stoneflies (Plecoptera) and mayflies
(Ephemeroptera) were very resistant to the effects
of lead and of zinc (Jones, 1958). Whereas, it was
examined at species level only one of thirteen
ephemeropteran species was positively correlated
with lead, while any relationship was not found
between both plecopteran species and lead. In this
study, all identified plecopterans, Perla spl, Perla
sp2 and nine of thirteen ephemeropterans, Baetis
lutheri group, Ephemerella ignita, Ephemera
danica, Torleya major, Choroterpes picteti,
Ecdyonurus venosus, Electrogena necatii, Epeorus
sylvicola, Potamanthus luteus were in positive
correlation with zinc. But zinc concentration was
low in the stream according to USEPA (2005) criteria
for aquatic life. In the present study, sampling site
10 had highest lead concentration with 0.0717 mg/L
among the other sites (Fig. 2a). Site 10 and only one
of thirteen ephemeropterans, Baetis fuscatus was
placed close to the arrow representing lead (Fig. 4).
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Fig. 2: Chemical characteristics of the Ankara Stream (annual mean values as mg/L) (a) Ca; Pb;
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Table 2: Mean abundance of Ephemeroptera, Plecoptera, Trichoptera and Odonata species in Ankara Stream in 1991

Relationship between aquatic insects and heavy metals

S. No. Species Stations
1 2 6 7 9 10 11 14 15 18
Ephemeroptera
1  Baetis buceratus 3.86 19.14 371 9.14 114 171
2 Baetis fuscatus 16.43 0.43 1.14
3 Baetis lutheri group 13.57 132.14 3.29
4 Baetis rhodani group 157 1757 0.14
5  Caenis luctuosa 8.71 2 243 0.29 886 9371 0.14
6  Ephemerella ignita 0.29 2.57 0.29 0.14
7  Torleya major 11
8  Ephemera danica 0.29
9  Ecdyonurus venosus 0.57
10  Electrogena necatii 0.14
11  Epeorus sylvicola 0.14
12 Choroterpes picteti 0.14
13 Potamanthus luteus 0.14
Species richness 11 1 2 2 4 1 4 2 4 2
H' (Shannon's diversity index) 1.59 0 034 0.35 0.12 0 0.91 0.69 0.14 0.27
Plecoptera
1  Perlaspl 0.29
2 Perlasp2 0.14
Species richness 2
H' 0.63
Trichoptera
1  Cheumatopsyche lepida 2.57 1
2 Hydropsyche angustipennis 8.71 4,57
3 Hydropsyche bulbifera 10.14 25.57
4 Hydropsyche fulvipes 0.57 0.14 0.43
5  Hydropsyche instabilis 7.57 1.29 3 3 129 257
6  Hydropsyche pellucidula 1.43 2
7  Hydropsyche sp.1 0.29
8  Hydropsyche sp.2 0.14
9  Rhyacophila nubila 0.14 0.14
10  Rhyacophila sp. 1.43
11  Oligoplectrum maculatum 12.57 0.14
12 Micrasema bifoliatum 11.14  0.29
13 Hydroptilidae sp. 471 757 0.14
14 Dinarthrum iranicum 1.71
15  Limnephilidae sp. 0.29
16  Odontoceridae sp. 0.57
17  Phryganeidae sp. 0.43 0.43
18  Leptoceridae sp. 0.29
19 Beraeidae sp. 0.29 0.29
Species richness 12 4 9 4 0 0 0 3 2 3
H' (Shannon's diversity index) 1.96 1.09 1.22 0.8 0 0 0 0.56 0.56  0.39
Odonata
1  Aeschna juncea 0.14
2 Calopteryx splendens 1.71 0.86 2.43
3 Coenagrion mercuriale 0.14
4 Coenagrion ornatum 0.14
5  Enallagma cyathigerum 0.14
6  Onychogomphus forcipatus 0.14 0.14 1.29 0.71 0.14
7  Ophiogomphus serpentinus 0.14
8  Lestes viridis 0.29
9  Sympecma fusca 0.14
10  Sympetrum vulgatum 1.71
11 Orthetrum albistylum 1.86
12 Orthetrum brunneum 0.14 0.14
13 Orthetrum cancellatum 0.29
14 Platycnemis pennipes 0.57 1 4.29 0.71 2
Species richness 0 0 5 2 2 6 0 4 4 2
H' (Shannon's diversity index) 0 0 1.47 0.66 0.69 1.37 0 0.86 0.83 0.24
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Fig. 3: Diversities of the aquatic insects in the Ankara Stream, H’: Shannon’s diversity index

o -
5| Orthalb 10
Symp vul
Enal cya Dina ira
Aesc jun Mn Odon sp
Coen mer Limn sp
@2
Onyc for. o Beat rho
Pb Cu
Ni Micr bif
L
Symp fus  Epeo syl
Hydr ins Baet lut  Chor pic
Hydr bul Lept sp Fe Ephe ign Pota lut
Baet buc  Orth bru Plat pen Elge nec Rhya sp  Perl sp2
Hydr ful ~ Ophi ser Calo spl Ephe dan  Torl maj
Hydr pel Orth can Hydr sp Perl spl  Ecdy ven
Rhya nub Lest vir Caen luc Olig mac
Hydr sp2 Berasp  Phry sp
Hydr spl Hydr ang Cheu lep
Coen orn
<
-

-1.0 +1.0
Axes 1 2 3 4 Total inertia
Eigenvalues: 0.792 0.753 0.659 0498  3.638
Species-environment correlations: ~ 1.000 1.000 1.000 1.000
Cumu lative percentage variance
of speciesdata: 218 425 60.6 74.3
Cumu lative percentage variance
of species-environment relation: 218 425 60.6 74.3

Fig. 4: CCA diagram with metals (heavy metals and boron) and aquatic insecta from
sampling sites (indicator species are marked as bold and red in color)
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Table 3: Abbreviation list of the aquatic insecta species in CCA

diagram
Species Abbreviation
Ephemeroptera
Baetis buceratus Baet buc
Baetis fuscatus Baet fus
Baetis lutheri group Baet lut
Baetis rhodani group Baet rho
Caenis luctuosa Caen luc
Ephemerella ignita Ephe ign
Torleya major Torl maj
Ephemera danica Ephe dan
Ecdyonurus venosus Ecdy ven
Electrogena necatii Elec nec
Epeorus sylvicola Epeo syl
Choroterpes picteti Chor pic
Potamanthus luteus Pota lut
Plecoptera
Perla sp.1 Perl sp1
Perla sp.2 Perl sp2
Trichoptera
Cheumatopsyche lepida Cheu lep
Hydropsyche angustipennis Hydr ang
Hydropsyche bulbifera Hydr bul
Hydropsyche fulvipes Hydr ful
Hydropsyche instabilis Hydr ins
Hydropsyche pellucidula Hydr pel
Hydropsyche sp.1 Hydr spl
Hydropsyche sp.2 Hydr sp2
Rhyacophila nubila Rhya nub
Rhyacophila sp. Rhya sp
Oligoplectrum maculatum Olig mac
Micrasema bifoliatum Micr bif
Hydroptilidae sp. Hydropt sp
Dinarthrum iranicum Dina ira
Limnephilidae sp. Limn sp
Odontoceridae sp. Odon sp
Phryganeidae sp. Phry sp
Leptoceridae sp. Lept sp
Beraeidae sp. Bera sp
Odonata
Aeschna juncea Aesc jun
Calopteryx splendens Calo spl
Coenagrion mercuriale Coen mer
Coenagrion ornatum Coen orn
Enallagma cyathigerum Enal cya
Onychogomphus forcipatus Onyc for
Ophiogomphus serpentinus Ophi ser
Lestes viridis Lest vir
Sympecma fusca Symp fus
Sympetrum vulgatum Symp vul
Orthetrum albistylum Orth alb
Orthetrum brunneum Orth bru
Orthetrum cancellatum Orth can
Platycnemis pennipes Plat pen

CONCLUSION

Although there are many experimental studies or
observations in the natural environment about the
effects of heavy metal toxicity to aquatic invertebrates,
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Dinartrumiranicum (+)

*)

Aeschna juncea (-)

O

Platycnemis pennipes (-)

™

Cheumatopsyche lepida (-)|

Station 10 ~ Station 6
Group 1 Group 2

Station 7, 14, 15, 18  Station 1, 9, 11  Station 2
Group 3 Group 4 Group 5

Ankara Stream TWINSPAN site groups

Fig. 5: Classification of 10 sampling sites of the Ankara Stream
by TWINSPAN

fishes, and aquatic plants, new studies are still needed
about the relationship of aquatic insect species with
different heavy metal concentrations from different
geographic regions. In this study, this relationship has
been shown by CCA analysis. Although high
concentrations of some metals for aquatic life were
determined in the stream system, some aquatic insect
species had positive correlation with them, as
mentioned above. As stated by Hynes (1974), this
situation is due to different responses of aquatic
insects to metal pollution. Indicator species were
identified by taking advantage of this feature. The
distribution of sensitive orders of aquatic insects
reflects the water quality of the streams. TWINSPAN
indicator species resulting from this work can be used
as heavy metal pollution indicators for the stream
system.
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