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Abstract

A shallow, eutroph and metal contaminated lake (one of the Ramsar sites in Turkey, Lake Uluabat) was investigated
from August 2004 to July 2005 to determine the defects at some mouthparts (mentum, mandible and epipharyngis) and antenna
of Chironomus (Camptochrinomus) tentans larvae. Although a total of 1800 chironomid larvae belonging twelve taxa were
found in Lake Uluabat, it was dominated by Chironomus (Camptochironomus) tentans Fabricius, 1805. A total of 327 C. (C.)
tentans were examined, 55.04% of which possessed defects. A total of 12 stations were sampled but all samples of C. (C.)
tentans, collected from two stations where water circulation is reduced, demonstrated the highest incidence of deformities during
the study. Defects were found in all mouthparts and antenna in C. (C.) tentans but mentum and epipharyngis defects were the
most frequent.

In each sample station, dissolved oxygen, temperature, pH and depth of the lake water were measured as in situ. In
addition, concentrations of eight metals (Pb, Zn, Cd, Cu, Ag, Cr, Fe and Ni) were measured monthly in lake water (for all
samples at each sampling station, n = 9) and sediment (n) monthly. = 9). Analyses of water and sediment from Lake Uluabat
showed the presence of metal pollutants such as zinc, nickel, lead and copper.

The relationship between defect and water-sediment toxicity relationship was analyzed by Correspondence Analysis.
According to the results, the total rate of defect were largely correlated with high amounts of Ni, Zn, Pb and Cd in sediment and
PO, pH in water. In mouthpart; the mentum defects positively correlated with Ag and Zn in sediment, SO,and COD in water
and negatively correlated with Cd in water and Cu in sediment; epipharyngis defect positively correlated with Zn in water and
with Ag in sediment. Antenna defects showed a statistically correlation with Cr in sediment and COD, NO3s—N, SO, in water.
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Chironomus (Camptochironomus) tentans (Chironomidae) larvalar1 anten ve agiz par¢alarindaki sekil bozukluklar: ve
habitat 6zellikleri ile iliskileri

Ozet

Tiirkiye’deki 6nemli Ramsar alanlarindan biri olan Uluabat Golii s18, 6trof ve metal ile kontamine olmus bir goldiir.
Chironomus (Camptochrinomus) tentans larvalarinin anten ve aguz pargalarindaki (mentum, anten, mandibul ve epifarinks)
sekil bozukluklarini incelemek amaciyla Agustos 2004-Temmuz 2005 tarihleri arasinda drnekler toplanmustir. Arastirmada
toplam 1800 chironomid larvasi incelenmis, Uluabat Goli’niin 12 Chironomid taxonu igerdigi ve Chironomus
(Camptochironomus) tentans Fabricius, 1805 tiiriiniin baskin oldugu tespit edilmistir. Toplamda 327 C. (C.) tentans incelenerek
bunlarin %55.04’iinde anten ve agiz pargalarinda sekil bozukluklarmin oldugu saptanmustir. Su sirkiildsyonunun azaldig iki
istasyondan toplanan tiim C. (C.) tentans 6rnekleri ¢aligma siiresince en yiiksek oranda sekil bozuklugunun tespit edildigi
orneklerdir. C. (C.) tentans larvalari tiim agiz parcalarinda sekil bozukluklar: tespit edilmis olup, bu normalden sapmalarin
mentum ve epifarinkste daha yaygin oldugu belirlenmistir.

Her bir 6rnekleme noktasinda, su 6l¢timleri (derinlik, pH, ¢6ziinmiis oksijen ve sicaklik) in situ olarak yapilmigtir. Ek
olarak, sekiz metalin (Cd, Cr, Pb, Cu, Ni, Fe, Zn ve Ag) gol suyunda (her bir istasyonda biitiin 6rnekler i¢in, n=9) ve sedimentteki
(n=9) konsantrasyonlari aylik olarak analiz edilmistir. Uluabat G6lii’nden sediment ve su analizleri nikel, ¢inko, bakir ve kursun
gibi metal kirleticilerin varlifina isaret etmektedir.

Anten ve ag1z parcalarindaki sekil bozukluklart ile su-sediment toksisitesi arasindaki iliski Correspondence
Analysis (Uyum Analizi) ile incelenmistir. Sonuglarimiza gore anten ve agiz pargalarmdaki toplam sekil bozuklugu orani
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sedimentte nikel, ¢inko, kadmiyum ve kursun, suda ise pH ve fosforun yiiksek icerikleri ile pozitif korelasyon gostermektedir.
Mentumdaki sekil bzukluklar ise sedimentteki Ag ve Zn, suda SO4ve COD ile positif korelasyon gosterirken, sudaki Cd ve
sedimentteki Cu ile negatif korelasyon gostermektedir. Anten sekil bozukluklari sedimentte krom, suda kimyasal oksijen
ihtiyaci, nitrat, siilfat ile pozitif korelasyon gostermektedir. Epifarinks sekil bozukluklari ise suda ¢inko, sedimentte glimiis ile
pozitif korelasyon gostermektedir. Epifarinksteki sekil bozulmalar sudaki Zn ve sedimentteki Ag ile pozitif korelasyon
gosterirken, anten yapisindaki bozulmalarin sedimentteki Cr ve sudaki COD, NO3;—N, SOs igerigi ile pozitif korelasyon
gosterdigi tespit edilmistir.

Anahtar kelimeler: Uluabat Go6lii, Chironomidae larvalarinda sekil bozukluklar
1. Introduction

Chironomidae larvae are approved as bioassay organisms by reason of spending most of their lifetime in the surface
of sediments where these organisms are subject of different toxicants. Given the ecological importance of the Chironomidae in
the dynamics of aquatic ecosystems, they were often used as bioindicators in studies monitoring water quality (Vermeulen,
1995; Warwick, 1985). The existence of deformed individuals among chironomid larvae shows toxic stress (Janssens de
Bisthoven, 1999). Therefore, their inclusion in community assessment adds inferring power to assess ecosystem health (Diggins
& Stewart, 1998). Chironomidae larvae, as apneustic aquatic insects, often represent an important part of the benthic fauna in
polluted aquatic systems. However, difficulties in identification often force the researcher to examine them at the tribe,
subfamily or family level (Armitage & Blackburn, 1985).

In Europe and America, many studies have showed the existence of defect (or deformities) in the larvae of several
chironomid genera (e.g. Procladius, Chironomus and Cryptochironomus spp.), and results strongly indicate that abnormalities
are associated with polluted sediments (Vermeulen, 1995). In Turkey, great efforts have been realized in the last three decades
to testing pollution in many lakes and rivers (including Lake Uluabat) (Dalkiran et al., 2006; Kékmen et al., 2007; Filik-Iscen
et al., 2008; Emiroglu et al., 2010; Camur-Elipek et al., 2010; Arslan et al., 2010a; Arslan et al., 2010b). However, much less
relevance is gave to the using of aquatic organisms for environmental bioassessments. Although determination of trace metals
in benthic invertebrates started several decades ago in Turkey, our knowledge of mouthpart and antenna defects in chironomidae
species is still limited.

The objectives of this paper are: (1) to elucidate and illustrate mouthpart and antenna defects (epipharyngis, antennae,
mentum, and mandibles) in larval C. (C.) tentans for the first time in Turkey, (2) to compare deformation severity in C. (C.)
tentans collected at different sites in the contaminated Lake Uluabat, and (3) to evaluate the effects of pollution on mouthpart
defects.

2. Materials and methods

Cd, Cr, Pb, Cu, Ni, Zn, Fe and Ag concentrations were examined monthly in lake water (for all samples at each
sampling station, (n=9), sediment (n=9)) between August 2004 and July 2005 from 12 sites in Lake Uluabat.

2.1. Study Area

Lake Uluabat (Lake Apolyont) is respected as one of the most important Bird Areas (IBA), both of in Turkey and in
the Palearctic region (Magnin and Yarar, 1997). It is situated between 62° 00" and 65° 00' E longitude and 44° 40" and 44°60' N
latitude in Bursa, Turkey, to the south of the Marmara Sea (Figure 1). The lake is currently evaluated as showing a typical
eutrophication character (Magnin and Yarar, 1997) and protected by the Ramsar Convention, 1998. The Uluabat Lake is a
shallow (maximally 3 m deep), but large freshwater lake, which encompass an area of between 135 and 160 km?, depending on
the water level. An expanding and large delta has been constituted by silt deposition around the mouth of Mustafakemalpasa
River in the southwest part and its single outlet is in the northwest part where it drains into the Kocacay River. Heavy metal
concentrations and water quality in Uluabat Lake were investigated in different studies and levels of metal accumulation were
reported (Turgut, 2005; Kazanci et al, 2010).

2.2. Sampling

C. (C.) tentans larvae were collected monthly (except during the winter season because of extreme weather conditions)
from twelve stations in Lake Uluabat. A variety of defects on the head capsule were observed and the same scoring system as
Lenat, 1993 was used. At each sampling site some parameters of water, dissolved oxygen, pH, depth and temperature were
measured in situ with a DOK-TAO mark portable water quality checker (WQC-22A). At the same time, 1 L in volume of water
samples were taken into plastic bottles at each sampling point and pH was adjusted to 2 by adding HNOj3, kept cool for metal
analysis in the laboratory. Sample bottles were washing with detergent and then keeping them in 50% HCI for 24 hours before
sampling. At the end, the bottles were washed with distilled water. Bottles were soaking in 1% nitric acid before their use. In
addition, at each sampling site sediment was collected from three random sites and mixed. The upper layers of sediment were
collected for metal analysis at all stations by using an Ekman-dredge (surface area 225 ¢cm?), taking small parts from the center
of the dredge by using a polyethylene spoon to beware contamination by metallic parts of the dredge.
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Maximum, minimum and average values of the environmental parameters determined in the lake water and sediment
are given in Table 1. At each sampling site, Chironomid larvae were collected by using an Ekman-dredge and sieving in situ
using a 200-um mesh size. They were fixed in 4% formalin in the field. All collected samples were identified to species level.
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Figure 1. a- Geographical situation of Lake Uluabat; b- Sampling stations; c- Lake Uluabat basin
2.3. Evaluation of metal concentrations

Cr, Cd, Pb, Cu, Ni, Zn, Ag and Fe were analyzed in sediments and the lake water. Bottom sediment which are air-
dried samples were dried for 3 hours at 105°C to use in metal analysis. After whole samples had been sieved by a nylon (0.5
mm), 0.5 g of each sample was sited in pyrex reactors of a CEM Star 2 microwave digestion unit. HCIO4:HNO; acids of 1:3
proportions for samples were placed in the reactors. Samples were mineralized for 30 minutes at 200°C later. The samples were
filtered by means of making their volumes up to 100 ml with ultrapure distilled water. Metals were identified by the flame
atomic absorption spectrophotometric (Varian Spectra A 250 Plus model) method (EPA, 1998; APHA, 1992; ASTM, 1985;
EPA, 2001). The metal analyses in bottom sediment and water were recorded as means triplicate measurements. In the FAAS
analysis, the following wavelength lines were used: Cr 357.9 nm, Pb 217.0/283.3 nm, Cu 324.8 nm, Ni 232.0 nm, Cd 228.8 nm
and Zn 213.9 nm. The analytical quality phase was also controlled by standard reference material NIST-SRM 1573a and certified
reference biological material of NCS DC73350.

2.4. Evaluation of defects in the larvae

The preserved larvae were moved to a petri dish including 10% KOH solution and kept in the solution to digest the
larval muscles for 24-48 hours. After then, the permanent slide mounts of the larvae were prepared following the method of
Epler (2001). The slide mounted larvae were defined to species level using available taxonomic keys (Sahin, 1991; Epler, 2001)
and some mouthparts (epipharyngis, mentum, mandibles) and antennae were examined for defect existence. The percentage of
defect was calculated with the following formula: % defect= (number of deformed larvae/total number of larvae examined)
x100. The severity of deformities was used as a standard to estimate the influences of pollution and was scored using the TSI
of Janssens de Bisthoven et al. (1998); Class 1 (CL.1-individuals without any morphological deformity); Class 2 (CL.2—
individuals with weak deformity): one or two round teeth, one additional or missing tooth, two joined teeth, one bifid tooth,
weak asymmetry,; Class 3 (CL. 3—individuals with strong deformity). Toxic Score = No.of Class | + 2. (No.of Class II) +
3.(No.of Class Il) * 100/ Total Number of Larvae.

2.5. Statistical analyses

The relationship between defect and water-sediment toxicity was analyzed by Correspondence (Greenacre and
Blasiusi, 1994; Ozdamar, 1999; Y1ldiz, 2004). Measurements were performed on samples obtained from Lake Uluabat on which
deformation on the some mouthpart and antenna of C. (C.) tentans was observed. Similarly, the analysis of metals in sediment
and water and the analysis of environmental parameters of water were also carried out. All these variables were normalized by
taking the average station based values; and then, by labeling non-deformed larvae as 1, deformed larvae as 2, and for the other
data, lower than average values as 1 and higher values as 2, they were categorized. The correspondence analysis was performed
with categorical variables. Later, the levels of the variables’ locations were given in a coordinate system. The relationship
between the levels of the variables was interpreted by using the cosine value (Cos(a)) of the angle between the lines that are
drawn from the levels to origin (Uzgoren and Uzgdren, 2007).
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3. Results

3.1. Elemental Analyses

Environmental parameters measured monthly at the sampling sites from August 2004 to July 2005 are given in Table
1. According to the results, the concentrations of copper, lead, zinc and nickel in the water samples were observed higher than
the limits of Regulation on Management of Surface Water Quality (2015). In addition, metals in the sediment of Lake Uluabat
were found at generally 100-200 times higher than in lake water (Table 1). Zinc was found in the highest concentrations in the
lake water at all sampling sites (except sites 5, 7, 8 and 9), while lead was measured in the highest concentrations at sites 5, 7,
and 8 (Fig. 2). These two metal concentrations in lake water were higher than the criteria maximum concentration (CMC) limits
given by the EPA (2006) (0.120 and 0.065 mg L%, respectively) (US EPA, 2006). According to average values, the metal levels
were as follows for the water in Lake Uluabat: Zn > Ag > Cu > Fe > Pb > Ni > Cr > Cd.

The metal concentrations were measured in the upper layer of the sediments of the 12 sampling sites varied
significantly. Except the essential metals (such as nickel and zinc), lead and copper were found in the highest concentrations at
3, 5 and 11 sampling sites. In addition, all the concentrations amounts of the eight investigated metals of the lake’s sediment
were found to be higher than those of lake water.

Table 1: Environmental parameters of Lake Uluabat in the investigated period from August 2004 to July 2005 (WT: water
temperature; BOD: Biological oxygen demand; DO: dissolved oxygen; COD: Chemical oxygen demand; DW; dry weight).

Limnological Parameters

Months DO BOD COD WT pH NOz— NOs-N NHs-N POs3
(mg (mg (mg 0 N (mg L) (mg L) (mg
LY LY LY (mg L LY
1
Aug.04 6.5 16.3 41.2 239 8.5 0.051 0.298 0.623 0.951
Sep. 04 5.4 13 39.1 231 8.2 0.075 0.788 0.153 0.493
Oct. 04 7.4 5.5 274 18.3 8.3 0.018 1.838 0.026 0.477
Nov. 04 9.3 35 27.7 12 8 0.041 1.533 0.138 0.466
Mar.05 6.4 10.8 45.6 13.4 8.8 0.036 1.147 0.128 0.323
Apr. 05 7.5 6.6 73.4 19.1 8.3 0.048 0.833 0.114 0.331
May. 05 7 7.1 70.8 225 8.3 0.028 0.708 0.083 0.148
Jun. 05 7.5 7.6 78.3 23 8.4 0.045 1.167 0.285 0.331
Jul. 05 6.3 18.2 66.4 25.7 8.8 0.044 0.617 0.463 0.302
Stations
1t 8.5 15.4 62.3 20.4 8.5 0.036 0.531 0.400 0.369
2nd 8.6 7.6 48.5 20 8.5 0.046 0.762 0.174 0.302
3rd 9.3 74 47.8 19.5 8.4 0.068 1.077 0.157 0.570
4tn 7.7 7.7 60.6 19.5 8.4 0.027 1.111 0.239 0.378
5t 9.2 7.8 56.3 19.7 8.5 0.052 1.012 0.128 0.281
6t 8.3 7.6 34.6 19.6 8.3 0.053 0.944 0.182 0.527
7th 7.5 8.1 51.6 20 8.3 0.036 1.103 0.202 0.314
gh 7.4 7.1 51.9 19.8 8.4 0.038 1.238 0.302 0.355
gth 7.7 14.6 41.6 21 8.4 0.051 0.749 0.222 0.532
10t 7.4 11.9 63 20.4 8.4 0.039 1.199 0.201 0.475
11 6.1 15.2 47.2 215 8.5 0.040 1.139 0.311 0.574
12th 54 6 73.6 18.8 8.4 0.021 1.074 0.114 0.306
Average concentration of metals (min.-max value+SD) in lake water and sediment
Cd Cr Pb Cu Ni Zn Fe Ag
Water 0.003 0.017 0.105 0.118 0.056 0.284 0.107 0.1375
(mg LY (nd.- (n.d.- (n.d.- (0.007- (n.d.- (0.363- (0.09-1.56) (0.048-
0.018) 0.132) 0.401) 0.337) 0.245) 3.85) 0.059)
Sediment 0.699 57.9 110.7 119.226 209.4 171 65.10 21.6
(DW,mgkg (nd.- (n.d.- (n.d.- (38.6- (75.6- (17.2- (58.6+154.89) (7.35£78.13)
D) 7.4) 132.7) 372.5) 289.8) 303.7) 395.73)

3.2. Defects in Chironomus (Camptochironomus) tentans

A total of 1800 chironomid larvae were examined from the twelve sampling sites. Chironomid larvae were
abundant in the sediments of Lake Uluabat, representing on average 12.3% of the benthic fauna. C. (C.) tentans was the
dominant chironomid species consisting 66.2% of the total chironomid limnofauna. Among the identified chironomid
species the highest frequencies of defects were found in C. (C.) tentans. A total of 327 C. (C.) tentans were examined,
55.04% of which possessed defects (Table 2). 4" instar C. (C.) tentans larvae which were deformed for some mouthparts
(mentum, mandibles, epipharyngis) and antenna are illustrated in Figure 2. Although defects were found in the mentum,
mandibles, epipharyngis and antennae in C. (C.) tentans, mentum and epipharyngis defects were the most frequent (Table
2 and Figure 2).
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Figure 2. Defects in Chironomus (Camptochironomus) tentans larvae collected from Lake Uluabat: Mouthpart
deformities; a-c: mentum deformities, d-e: epipharyngis deformities; and antenna deformities f-g: antenna

3.3. Statistical analyses

The most common type of mentum defect observed was the loss or strong reduction of median teeth, and
asymmetry in the number of lateral teeth and gaps in the mentum were very common. Epipharyngis defects were
characterized into two general types, ranging from the absence of the lateral teeth and asymmetry in the number of lateral
teeth as demonstrated in Figure 2a-c. Existence of extra lateral teeth was another deformity but it was very rare.

Naime ARSLAN et al., Antenna and mouthpart defect in Chironomus (Camptochironomus) tentans larvae (Chironomidae) and their relevance with
habitat characteristics



Biological Diversity and Conservation — 11/ 3 (2018) 185

Table 2. Defect frequencies (%) in larvae (n=327) of C. (C.) tentans collected from Lake Uluabat (Ss: Sampling stations;
TS: Toxic score)

Ss  Total tcéngn)s Class| ClassIl Class Ill Non-defect Defect Mentum defect TS
larvae Larvae  Rate (%) rates (%) (%)
1 172 54 26 27 1 26 16 39.3 48.2
2 202 50 21 27 2 21 14 37.9 40
3 132 42 24 18 - 24 14 55.6 45.4
4 75 3 - 3 - - 4 33.3 8
5 84 2 1 1 - 1 1 0 3,6
6 110 6 2 3 1 2 4 25 10
7 133 7 2 5 - 2 4 20 9,02
8 384 75 32 41 2 32 11 20.9 31.2
9 265 49 22 24 3 22 10 48.1 30
10 168 36 17 18 1 17 11 26.3 33.3
11 14 3 - 3 - - 21 66.7 43
12 61 : ; ; : : . 0 0

Correspondence analysis showed significant correlations between the deformed mouthpart (mentum,
epipharyngis) and antennae of C. (C.) tentans larvae and the environmental parameters of water and sediment. Mouthpart
defect incidence did not equally correspond to the environmental parameters of the water and sediment (Figures 3, 4 and
5). According to our results, the deformity rate showed a significant relation with high contents of Ni, Pb, Cd and Zn in
sediment and pH, PO4in water.
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Figure 3. Correlation coefficients between mouthpart defects and sediment metal concentrations

With regard to Correspondence analysis, Zn in water, Ag in sediment showed a significant positive relationship
with epipharyngis deformities, whereas Cu in sediment showed a significant negative relationship. In addition, it was
found that the relation between NOs—N, PO4, temperature, SO, and epipharyngis deformities were significantly directly
proportional. The mentum deformities positively correlated with Ag and Zn in sediment, SO, and COD in water and
negatively correlated with Cd in water and Cu in sediment. Antenna deformities positively correlated with Cr in sediment
and COD, NO3z-N, SO4 in water.
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Figure 4. Correlation coefficients between mouthpart defects and water metal concentrations
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Figure 5. Correlation coefficients between water parameters and mouthpart defects

4. Conclusions and discussion

It is known that Lake Uluabat is dominated by pollution-tolerant invertebrate taxa, like Nematoda, Oligochaeta,
Chironomidae spp. (Kokmen et al., 2007; Arslan et al., 2010a). Lake Uluabat is most likely contaminated with domestic
and waste agricultural chemicals and it also receives industrial discharges from surrounding areas (Filik-Iscen et al.,
2008). The larvae of the subfamily Chironomini are considered as filter or sediment feeders (Armitage and Blackburn,
1985). C. (C.) tentans belonging to the subfamily Chironominae was the most abundant chironomid in Lake Uluabat,
showing a higher rate of mouthpart defects. All samples of C. (C.) tentans, collected from stations 4" and 11" where
water circulation is reduced (Figure 1a) demonstrated the highest effects of defects throughout the study.

As is known, heavy metal contamination is a main cause of defects in the chironomid larvae (Martinez et al.,
2004; Bhattacharyay et al., 2005; Al-Shami et al., 2010). The metal concentrations were measured in the upper layer of
the sediments in the 12 sampling sites varied significantly. Except the essential metals (nickel and zinc), lead and copper
were measured in the highest concentrations at 3, 5 and 11 sampling sites. In addition, all the concentrations values of the
eight investigated metals of the sediment of the lake proved to be higher than those of lake water. Almost all deformed
C. (C.) tentans samples pertain to instar IV exposed to toxic sediment substances for the longest period. This indicates
that the high frequency of defects is related to high levels of sediment contamination. High lead and copper concentrations
were measured in the Uluabat Lake sediments (Table 1). The relationship between sediment metals (especially Ag, Zn,
Cr, Pb and Cd) and chironomid mouthpart defects was significantly positive. These results were in agreement with others
(Madden et al., 1992 and 1995; Bird, 1994; van Urk et al., 1992; Thornberg, 1995) who recorded an almost linear
relationship between increasing levels of heavy metals and deformity rates. In addition, our results show that the relation
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between deformity rates strongly correlated with pH, PO4, SO, NO3—N and COD in water. Janssens de Bisthoven et al.
(1994) were reported that the relationship between pollutants and defects is not always linear and depends greatly on the
pollutant involved. They found that defects in the mandibles correlated with exposure to heavy metals whereas the menta
and antennae were more sensitive to organic xenobiotic exposure.

The results of the present study are different from the results of Janssens de Bisthoven et al. (1994) because we
found that defects in the antennae and menta also correlated with metals Cr and Ag-Zn in sediment respectively.

As we mentioned before, zinc was found in the highest concentrations in the lake water at all sampling sites
(except sites 5, 7, 8, and 9), while lead was measured in the highest concentrations at sites 5, 7, and 8. Zinc in water
showed a significant positive relationship with epipharyngis defects and, in addition, mentum defects positively correlated
with Zn and Ag in sediment. Furthermore, the present study found a positive correlation between Cd and Pb in deformity
rates and sediments. Although zinc is known as an essential metal and cofactor of many enzyme systems among the
elements analyzed, it is clear that the high concentration of this metal, as well as Pb and Cd in water and sediment (either
alone or in combination), may be the agents inducing the mouthpart deformities.

Many contaminants have been recommended as causal agents for the deformities in chironomid larvae. However,
overview of the literature finds out that heavy metals generally are the only common factor. However, Simkiss and Taylor
(1989) reported that as with other metals, the uptake or toxicity of zinc in aquatic organisms is modified by environmental
conditions such as temperature, salinity and pH. In addition, lead and cadmium are very toxic to aquatic organisms and
pH, temperature, and water hardness are factors that affect its toxicity (Hellawell, 1998). In Lake Uluabat, the temperature
did not diverse along the lake, and a normal seasonal change was observed (Table 2). pH values were high and slightly
alkaline. The present study found a positive relationship between pH and epipharyngis deformity.

Janssens de Bisthoven et al. (1994) reported that a possible relationship between specific defect types and specific
contaminants, supposing that defect type can be used as a potential indication of the responsible contaminant. He showed
that Pb was most likely to be related to mentum defects while there was no certain relationship between Zn and Cu and
specific defects. However, Martinez et al. (2001) found that Pb and Zn set off defects in the mentum at a higher rate than
in the mandibles. They also reported that Zn was associated with higher rates of missing and fused mentum teeth.
Deformities exposed to Pb in chironomids were most likely to be Kohn gaps and missing mentum teeth (Martinez et al.,
2001).

In this study it was found that the percentage of deformation in the mentum is higher that of the other mouthparts.
This reveals that the Zn, Cu and Pb contents in the water and sediment is of very high concentration and that they affect
the mentum more than the mouthparts. However, contrastly to the results of the study by Martinez et al. (2001), the
percentage of deformation in the mandibula is not very high.

Nickel, zinc, copper and lead concentrations in both sediment and water appear to set off defects in the mentum
at a higher proportion than in mandibles, with Kohn gaps and missing or fused mentum teeth the most common deformity
types. As can be seen in Table 2, the metal with the second highest concentration in water is silver (0.137 mg/L). The
average concentration in the sediment was established to be 0.21 mg/kg and the highest concentration to be 78.35 mg/kg.
It is known that concentrations of Ag in sediment from highly industrialised areas range from 1 to 150 mg/kg, whereas
background concentrations in nonurban areas are usually <0.1 mg/kg (Eisler, 1996). There are many industrial plants
located in Lake Uluabat’s catchment area. This shows that silver was carried from the river basin to the lake and that it
was accumulated in the lake water and the sediment.

According to the mean value of lake water parameters, NO2 —N was generally determined at three-fourths quality,
NOs —N was determined at first quality level, and NH3 —N was determined at second quality level and phosphate was
determined at third quality level (Regulation on Management of Surface Water Quality, 2015). The maximum value of
ammonium concentrations were found at stations 1, 4, 6, 8 and 11. All samples of C. (C.) tentans, collected from stations
1%, 81 and 11 showed the highest defect rate throughout the study (16%, 11% and 21% respectively). This result shows
that mouthpart deformities not only correlated with metals but also correlated with water parameters such as NOs—N,
NO2-N, NH3—N and PO..

InC. (C.) tentans (Table 2) defect, analysis of the mentum showed a deformity incidence of 55.04% (CL.2+CL.3;
180 of 327 specimens). CL.2 deformity affected 51.98% of specimens whereas strong deformity (CL.3) affected 3.05%
of specimens. Lenat (1993) suggested that toxic score = 25 should be taken as the threshold value above which a
watercourse should be considered as toxically contaminated. TS values calculated for our C. (C.) tentans samples are
shown in Table 2. Samples in which TS is over 25 were found in sampling sites 1, 2, 3, 8, 9, 10 and 11 (TS>30). In
addition, Lenat (1993) also suggests that the frequency of severe deformities (especially Class Il and Class 111 deformities)
is generally greater than 6% at toxic sites. In most of our samples, the frequency of severe deformities was higher than
6%. In addition, Diggins and Stewart (1998), search the heavily industrialized Buffalo River, reported a 15% deformity
rate for the predator Procladius and a 22—-66% deformity proportion for the deposit-feeder Chironomus. The current study
also found that deformities were most prevalent in C. (C.) tentans, although our highest (21%) deformity proportion was
less than their lowest deformity rate. The results of our study show that the water and sediment of Lake Uluabat, which
is a Ramsar zone, are heavily contaminated. Furthermore, taking the literature data into account, the high proportions of
TS, Class Il and Class 111 deformities show that the effects of past pollution are extreme. Warwick and Tisdale (1988),
and Bird (1994) reported that deformities of the mentum are a common developmental anomaly in Chironomus spp.

Naime ARSLAN et al., Antenna and mouthpart defect in Chironomus (Camptochironomus) tentans larvae (Chironomidae) and their relevance with
habitat characteristics



188 Biological Diversity and Conservation — 11 / 3 (2018)

larvae, and our result supports this knowledge. In addition, Chironomus spp. larvae are known as organisms which are
highly susceptible to morphological deformation. Chironomus spp. are, therefore, one of the important indicators of the
effects of sediment and water bound contaminants (Vermeulen, 1995; Hudson and Ciborowski, 1996). Kosalwat and
Knight (1987) and van de Guchte and Urk (1989) have reported experiments with various Chironomus species that show
direct relationships between deformities and heavy metal levels. Our data are in agreement with the studies mentioned
above. In summary, our results show that not only high metal concentrations (especially Ni, Zn, Pb, Cu and patially Ag)
in water and sediment but also NO3—N, NO,—N, NH3—N and PO, concentrations can set off deformities in chironomid
larvae subjected to these metals during their lifetime. The surveyed deformity induction in the current study supports the
potential for use of chironomid deformity rates for bioassay applications.

Consequantly, larvae of C. (C.) tentans in Lake Uluabat have a high effect of mouthpart defects. C. (C.) tentans
is the best bioindicator because it closely reflects the condition of the sediment influenced by the hydrological regime of
the lake.
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