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Abstract: This study was conducted to determine the aquatic/semi-aquatic Heteroptera fauna of Soysallı 

Pond in Sultan Marshes National Park, Türkiye, and to obtain information about the water quality of the 

habitats of these aquatic insects. For this purpose, water and aquatic Heteroptera samples were sampled 

monthly from February to October 2025. Simultaneously with the collection of insect samples, some 

physicochemical parameters of the water (pH, temperature, dissolved oxygen, salinity, electrical conductivity 

and total dissolved solids) were measured in the field. Ten aquatic/semi-aquatic Heteroptera species were 

identified in the research area. The species Hydrometra stagnorum (Linnaeus, 1758) was recorded for the 

first time in Kayseri province. In addition, the current water quality status of the pond was evaluated based 

on the physicochemical parameters measured in the field. 
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Sultan Sazlığı Milli Parkı Soysallı Göleti'nin (Develi: Kayseri) Su Kalitesi ve 

Sucul/Yarı Sucul Heteroptera (Hemiptera) Çeşitliliği 
 

   

 

 

 

Öz: Bu çalışma, Türkiye'deki Sultan Sazlığı Milli Parkı Soysallı Göleti'nin sucul ve yarı sucul Heteroptera 

faunasını belirlemek ve bu su böceklerinin yaşam alanlarının su kalitesi hakkında bilgi edinmek amacıyla 

yapılmıştır. Bu amaçla, Şubat ve Ekim 2025 tarihleri arasında aylık olarak su ve sucul Heteroptera örnekleri 

toplanmıştır. Böcek örneklerinin toplanmasıyla eş zamanlı olarak, arazide suyun bazı fizikokimyasal 

parametreleri (pH, sıcaklık, çözünmüş oksijen, tuzluluk, elektriksel iletkenlik ve toplam çözünmüş katı 

madde) ölçülmüştür. Araştırma alanında toplam on sucul/yarı sucul Heteroptera türü tanımlanmıştır. Kayseri 

ilinde ilk kez Hydrometra stagnorum (Linnaeus, 1758) türü kaydedilmiştir. Ayrıca, gölet suyunun mevcut su 

kalitesi, arazide ölçülen bazı fizikokimyasal parametrelere göre değerlendirilmiştir. 

 

Anahtar kelimeler: Sucul/yarı sucul heteroptera, milli park, soysallı göleti, su analizi. 
 

 

INTRODUCTION 

 

Water is essential for all life on Earth and is the 

most valuable and abundant resource, covering more than 

70% of the planet (Hossain, 2015). The chemical, physical, 

and biological properties of water generally define its quality 

in terms of its suitability for a specific use. Water quality 

analysis is necessary to check whether the existing system 

needs improvement or replacement and to monitor whether 

water quality complies with regulations (Roy, 2019). 

Aquatic insects play an important role as sensitive 

indicators of water quality, and they are also an essential part 

of aquatic food webs, playing a role in nutrient recycling. 

Aquatic insects live in lakes, ponds, streams, rivers, and 

other wetlands, and are vital components of freshwater 

ecosystems. Despite their ecological importance, they face 

threats from climate change, chemical pollution, habitat 

degradation, and human-induced dangers (Sánchez-Bayo & 

Wyckhuys, 2019). Aquatic insects make up approximately 

60% of the total aquatic fauna living in freshwater habitats 

and are therefore considered the most diverse group (Balian 

et al., 2008). 

Aquatic heteropterans are essential to benthic 

macroinvertebrates (Dzavi et al., 2021). Hemiptera may be 

sensitive to water pollution and can be used as bioindicators, 

increasing the accuracy of water quality assessments in 

*Sorumlu yazar: 

Hakan ÖZDAMAR  

Gazi Üniversitesi, Fen Fakültesi, Biyoloji 

Bölümü, Ankara, Türkiye  

: hakanozdamar@gazi.edu.tr  

*Corresponding author’s: 

Hakan ÖZDAMAR  

Gazi University, Faculty of Science, 

Department of Biology, Ankara, Türkiye  

: hakanozdamar@gazi.edu.tr  

https://doi.org/10.35229/jaes.1894294
mailto:hakanozdamar@gazi.edu.tr
https://doi.org/10.35229/jaes.1894294
https://doi.org/10.35229/jaes.1894294
https://orcid.org/0000-0001-7894-3875
hakanozdamar@gazi.edu.tr%20
mailto:hakanozdamar@gazi.edu.tr


  Özdamar, (2026)                                                                                              J. Anatolian Environ. Anim. Sci., Year:11, (1-8) 

   

   

2 

urban degraded streams. Thus, the distribution of most 

aquatic insects is influenced by various biotic and 

physicochemical factors in both stagnant and flowing 

ecosystems. The high distribution of most aquatic insects 

compared to other macroinvertebrates can be used as a tool 

to monitor the impact of human activities on water quality. 

Hemiptera species can improve the accuracy of water quality 

assessments (Tchakonté et al., 2015; Adu et al., 2019). 

The aquatic/semi-aquatic Heteroptera includes the 

infraorders Leptopodomorpha, Gerromorpha, and 

Nepomorpha, and constitutes a major component of the 

world's aquatic insects; there are 4,656 species that live in 

freshwater (Polhemus & Polhemus, 2008). Turkey hosts 99 

aquatic/semi-aquatic Heteroptera species (Fent et al., 2011; 

Küçükbasmacı & Kıyak, 2015; Banbal & Fent, 2016). 

Aquatic/semi-aquatic heteropterans are water-dependent and 

their life cycles are dependent on aquatic parameters and 

water quality (Özdamar & Kıyak, 2025). It is even stated that 

aquatic Heteroptera can serve as excellent biological 

indicators; therefore, their conservation should be monitored 

(De Lima et al., 2026). 

Although some previous studies have been 

conducted on the aquatic invertebrates of Soysallı Pond, 

there is no direct study on the aquatic/semi-aquatic 

Heteroptera diversity and pond water parameters (Kaya et 

al., 2010; Kaya & Altındağ, 2010; Kaya et al., 2012).  

This study aims to determine the water quality of 

Soysallı Pond, located in Kayseri province and one of 

Türkiye's important national parks, which is under pressure 

due to both tourism and industrial activities in the vicinity, 

according to some physicochemical variables, and to 

contribute to the regional fauna by identifying the 

aquatic/semi-aquatic Heteroptera fauna living under the 

current conditions. 
 

MATERIAL AND METHOD 
 

Soysallı Pond is located in Develi district, Kayseri 

province, at coordinates 38°23'26.24" N and 35°21'51.58" E 

and at an altitude of 1077 meters (Figure 1, 2). Sultan Marsh 

is located in the Develi Plain within the borders of Kayseri 

province, in the Upper Kızılırmak Section of the Central 

Anatolia Region. The area covers approximately 1000-1100 

km². 

Sultan Marshes was included in the category of 

Wetlands of International Importance under the Ramsar 

Convention in 1994 and was designated a national park in 

2006. Of the 24,523 hectares of the national park, 17,200 

hectares are within the Ramsar area (Meriç & Çağırankaya, 

2013). Soysallı spring is one of the water sources feeding 

Sultan Marsh (Özesmi & Per, 2007). To the north of the 

Sultan Marshes, surface and groundwater from the Soysallı 

and Çayırözü springs and Mount Erciyes first fill the 

marshes areas in the north, the Kepir Marshes, before 

reaching a different lake (Sönmez & Somuncu, 2016). 

Soysallı Pond is also formed by the waters originating from 

the Soysallı spring. 
 

 

Figure 1. Google Earth view of the research area. 

 

 
Figure 2. A photo from the research area (Photo by Aybüke Özdamar). 

 

Collection and Preparation of Aquatic/Semi-

Aquatic Heteroptera Specimens: In this study, conducted 

monthly between February and October 2025, different 

collection methods and equipment were used to collect 

various aquatic heteropteran specimens from the pond. Some 

aquatic heteropteran specimens were collected by mixing the 

bottom and shore mud layers of the water and sieving them 

from the mud; others were collected from the water surface 

or the visible underwater area using 27-29 cm diameter metal 

sieves. All aquatic insect specimens were collected in 

accordance with the standard (TS EN ISO 10870) published 

by the General Directorate of Water Management of the 

Ministry of Forestry and Water Affairs. 

Aquatic Heteroptera specimens collected from the 

pond were preserved by placing them in 50 mL falcon tubes 

containing 70% ethyl alcohol using forceps, and then 

transported to the laboratory for species identification. The 

collection and preparation procedures were based on Kıyak 

(2000). Morphological and genital characteristics were used 

to identify aquatic heteropteran species. Species 

identification followed Poisson (1957), Heiss & Jansson 

(1985), Andersen (1990; 1993), Jansson (1986), Nieser et al. 

(1994), Linnavuori & Hosseini (2000), Rabitsch (2005), 

Soos et al. (2009), Fent et al. (2011), Ghahari et al. (2013), 

Küçükbasmacı (2020). 
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Measurement and Evaluation of Physicochemical 

Parameters of Pond Water: Water samples were taken using 

sample containers to record some physicochemical values 

(pH, temperature, dissolved oxygen, salinity, electrical 

conductivity and total dissolved solids) of the pond water. 

The collected water samples were recorded in the field using 

a portable, multi-parameter measuring device. Based on the 

recorded parameters, average values were determined, and 

the current water quality class of the pond was determined 

according to the Turkish Inland Surface Water Quality 

Criteria (SWQR, 2021) published in the Official Gazette of 

the Republic of Turkey. Heat maps provide a useful 

graphical representation for determining the interaction of 

biological functions with environmental change variables, 

graphically representing complex multivariate data that 

allows the identification of patterns or correlations between 

variables such as temperature and salinity (Whiting et al., 

2024; Bigham Soostani et al., 2025). Therefore, monthly 

values of parameters obtained from the field were expressed 

using a heat map (GraphPad Software programme version 

10.4.2). 
 

RESULTS  

 

A total of 10 aquatic/semi-aquatic Heteroptera 

species were identified in this study. These species and their 

families are listed in Table 1. According to the identification 

results, one species (H. stagnorum) was recorded for the first 

time in Kayseri province. 

 

Table 1. Aquatic/semi-aquatic Heteroptera species identified in the research 

area (+: Species reported from Kayseri province in previous studies, *: First 

report from Kayseri province). 
Families No Species Current status 

of species 

 Semi-Aquatic Heteroptera Species  

Hydrometridae 1 Hydrometra stagnorum (Linnaeus, 1758) * 

Gerridae 2 Gerris argentatus Schummel, 1832 + 

3 Gerris lacustris (Linnaeus, 1758) + 

4 Gerris thoracicus Schummel, 1832 + 

 Aquatic Heteroptera Species  

Nepidae 5 Nepa cinerea Linnaeus, 1758 + 

Corixidae 6 Corixa punctata (Illiger, 1807) + 

7 Sigara nigrolineata (Fieber, 1848) + 

8 Sigara striata (Linnaeus, 1758) + 

Naucoridae 9 Ilyocoris cimicoides cimicoides (Linnaeus, 1758) + 

Pleidae 10 Plea minutissima minutissima Leach, 1817 + 

 

When the average values determined as a result of 

the analysis of some physicochemical parameters of monthly 

water samples from Soysallı Pond are evaluated according 

to Surface Water Quality Regulation (SWQR), it has been 

determined that the water has a class I (very good) level in 

terms of average pH, class I (very good) level in terms of 

dissolved oxygen and class I (very good) level in terms of 

electrical conductivity. The average values of some 

physicochemical properties determined by field 

measurement from Soysallı Pond and the water quality 

classes according to SWQR (2021) are presented in Table 2. 

 

Table 2. Values of the measured physicochemical parameters (DO: Dissolved Oxygen, EC: Electrical conductivity, Temp: Temperature, Salin: Salinity, TDS: 
Total Dissolved Solids, WQC: Water Quality Class, ±: Standard deviation). 
pH DO (mg/L) EC (µS/cm) Temp.(°C) Salin. (‰) TDS (ppm) 

Value WQC Value WQC Value WQC Value Value Value 

8,03 ± 0,815 I 12,36 ± 1,655 I 131 ± 61 I 20,08 ± 5,789 0,07 ± 0,03 76,17 ± 29,712 

 

 
Figure 3. Graph of physicochemical parameters measured in the research 

area (heat map technique). 

 

DISCUSSION AND CONCLUSION 

 

According to the available literature, twenty-one 

aquatic/semi-aquatic heteropteran species have been 

recorded in Kayseri (Fent et al., 2011; Dursun & Fent, 

2018; Yazıcı, 2020; Özdamar, 2025). Ten aquatic/semi-

aquatic Heteroptera species were identified in the research 

area (Table 1). In this study conducted at the Sultan 

Marshes National Park Soysallı Pond, the species H. 

stagnorum (Hydrometridae) was recorded for the first time 

in Kayseri province. Furthermore, this is also the first time 

this family has been recorded in Kayseri (Table 1). Thus, 

the number of previously known aquatic/semi-aquatic 

Heteroptera species from Kayseri province has been 

increased to twenty-two, contributing to the faunistic 

literature. In addition, this study presents the first faunistic 

insect inventory of the Soysallı National Park pond and 

adds the new information to the literature regarding the 

condition and quality of the pond water. 

Monthly variations in physicochemical 

parameters obtained from the research area were expressed 

as a heat map and line graphs (Figures 3, 4) pH levels 

significantly affect water quality (Dewangan et al., 2023). 

When the pH range is between 3.5 and 4.5, aquatic life can 

be significantly inhibited (Avvannavar & Shrihari, 2008). 

In light of the literature, these results suggest that Soysallı 

Pond is suitable for aquatic life in terms of pH, possessing 

values suitable for the growth and reproduction of aquatic 

organisms. According to the Surface Water Quality 

Regulation (2021), when the average pH value of the water 
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in Soysallı Pond is evaluated, it is seen that the water is of 

very good quality (Table 2). 

 

 

Figure 4. Line graphs of physicochemical parameters measured in the 

research area. In the EC graph, the dashed line indicates the measurement 
limit of the instrument (LOD = 200 µS/cm). Data from months below the 

measurement limit are included in the graph as LOD/2 (100 µS/cm). 

 

Aquatic organisms generally have narrow 

temperature tolerances. Therefore, although water bodies 

act as buffers against atmospheric temperature changes, 

even moderate changes in water temperature can have 

serious effects on aquatic life, including bacteria, algae, 

invertebrates, and fish (Carr & Neary, 2008). Water 

temperature is one of the major factors affecting 

macroinvertebrates. Recording how benthic invertebrates 

respond to changes in water temperature is crucial for 

understanding the impacts of climate change on freshwater 

ecosystems (Jourdan et al., 2018). 

Smith & Collier (2002), in their study on aquatic 

insects, stated that stress caused by high air temperatures 

can affect the ability of female aquatic insects to develop 

mature eggs, potentially reducing their population 

numbers. They noted that mortality increased when the 

water temperature exceeded 30 °C, and that all insects died 

rapidly when the water temperature reached 35 °C. 

Although there are monthly fluctuations depending on the 

seasons, the average temperature of Soysallı Pond has been 

determined to be approximately 20 °C, which meets the 

criteria for aquatic insects (Table 2). 

When the DO (dissolved oxygen) concentration in 

freshwater falls below 5-6 mg/L, it falls below the level 

necessary for aquatic organisms, leading to a hypoxic state 

(Dong et al, 2011). Both monthly and average values 

clearly show that the dissolved oxygen levels in Soysallı 

Pond water are well above the critical levels for aquatic 

life. According to the Surface Water Quality Regulation 

(2021), when the average DO value of the water in Soysallı 

Pond is evaluated, it is seen that the water is of very good 

quality (Table 2). 

Salinity is a critical environmental factor for 

aquatic organisms (Montagna et al., 2018). Salinity stress 

is a significant environmental factor that alters 

biodiversity, shapes aquatic ecosystems, and affects 

species distribution (Dildar et al., 2025). Increased salinity 

has been shown to limit biodiversity, cause shifts in biotic 

communities, exclude less tolerant species, and have acute 

or chronic effects at specific stages of their life cycles 

(Weber-Scannell & Duffy, 2007). Sağlam & Adiloğlu 

(1997) stated that, according to the US Salinity Laboratory 

System, waters are divided into four categories based on 

their electrical conductivity. These are: low salinity (0-250 

μS/cm), medium salinity (250-750 μS/cm), high salinity 

(750-2250 μS/cm), and very high salinity (greater than 

2250 μS/cm). These results suggest that the water of 

Soysallı Pond, which was found to have low salinity, hosts 

aquatic Heteroptera species that thrive in low-salinity 

waters. Based on the literature, it is clear that the salinity 

of Soysallı Pond water is quite low and suitable for aquatic 

life. According to the Surface Water Quality Regulation 

(2021), when the average EC value of the water in Soysallı 

Pond is evaluated, it is seen that the water is of very good 

quality (Table 2, Figure 3, 4). 

TDS (Total Dissolved Solids) indicates the 

amount of mineral salts, metals, anions, or cations 

dissolved in water (Dwicahyo et al., 2021). It represents the 

concentration of dissolved minerals and ions in water, 
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which can affect the water's conductivity, taste, and 

suitability for various applications (Syafiqoh et al., 2018). 

According to the WHO (2003), the TDS values of raw 

water are classified into five categories for drinking and 

other uses. For drinking and other uses, Category-I is 

classified as values below 300 ppm (excellent), Category-

II as 300 to 600 ppm (good), Category-III as 600 to 900 

ppm (moderate), Category-IV as 900 to 1200 ppm (poor), 

and Category-V as values above 1200 ppm (very poor). 

According to this information, it is clear that the water of 

Soysallı Pond is in excellent condition (Table 2, Figure 3, 

4). 

The total dissolved solids (TDS) concentration in 

inland waters is primarily controlled by climatic and 

geological factors. TDS concentrations in natural 

freshwater typically range from approximately 20 to 1000 

mg/L. The main effect of TDS concentration on animals 

and plants is generally related to increased osmotic 

pressure with higher TDS concentrations. Aquatic species 

are adapted to specific TDS ranges, and osmoregulation 

difficulties occur outside this range (Boyd, 2019). In this 

respect, these results suggest that the determined TDS 

values are consistent with expected values in freshwater. 

According to Irfan & Alatawi (2019), there is a 

close relationship between water resources and aquatic 

biodiversity, and both ecological units are interdependent. 

In this study, while investigating the water quality of 

Soysallı Pond, the aquatic heteropteran insect fauna was 

also described, thus revealing both the condition of the 

water and the faunistic composition of aquatic Heteroptera. 

The most important parameter for the 

continuation and density of biodiversity in Sultansazlığı 

National Park is the availability of water (Sönmez & 

Somuncu, 2016). This situation highlights the importance 

of determining the existence and quality of Soysallı Pond, 

an important wetland area within the Sultan Marshes. 

In another recent study, H. stagnorum was 

detected for the first time in a different area, and 

instantaneous water quality data from that area was also 

recorded. According to the results of this study, the species 

was found to live in waters with Class I-II water quality 

(Ozdamar & Kiyak, 2025). 

It has been suggested that area-targeted studies 

will reveal more new records for nearby provinces, 

considering the species previously reported from these 

provinces (Chitadze et al., 2024). In this study, although 

previously reported from nearby provinces, H. stagnorum 

is reported for the first time from Kayseri province.  

When recent studies reporting this species are 

examined (Küçükbasmacı, 2020; Ozdamar & Kiyak, 2024; 

Özdamar & Kıyak, 2025), these results suggest that the 

altitude and coordinate selection is quite wide, indicating 

that there is no particular preference, and it can be 

reiterated that area-targeted studies are needed for the 

detection of the species from different areas. 

A study conducted on a different group of aquatic 

insects also indicated that the group of aquatic insects 

examined was sensitive to water parameters and that these 

insects were related to water quality (Özdamar & Kıyak, 

2017; Özdamar & Kıyak, 2018; Erdoğan et al., 2025). 

Özbek & Mutlu (2026) calculated the water quality of the 

pond they studied as 'excellent' using the Weighted 

Arithmetic Water Quality Index (WAWQI); however, they 

emphasized that although the water quality was generally 

suitable, the negative aspects observed at the individual 

parameter level should be taken into consideration in terms 

of ecological monitoring. In light of all this information, 

when defining aquatic insect faunas, which are inextricably 

linked to their aquatic habitats, it is essential to also present 

the parameters of their habitats. This way, the health status 

of these habitats can be determined, ensuring their 

protection and sustainability. 

Several factories serving various sectors are 

located near Soysallı Pond. To protect water quality, the 

treatment and discharge systems of these factories should 

be inspected and, if necessary, redesigned. Furthermore, 

the pond formed by the accumulation of water from the 

source serves the local population; therefore, facility 

personnel must act meticulously to prevent it from being 

exposed to anthropogenic effects. The area surrounding the 

water source is also quite rich in vegetation, and livestock 

graze extensively in this area. In this regard, the local 

population must be informed about the proper use of the 

water. 
 

Ethical Standards 
 

This research was conducted with the permission 

of the General Directorate of Nature Conservation and 

National Parks of the Ministry of Agriculture and Forestry 

of the Republic of Türkiye (Permit number: 21264211-

288.04-17752416). 

 

 

REFERENCES  
 

Adu, B.W., & Oyeniyi, E.A. (2019). Water Quality 

Parameters and Aquatic Insect Diversity in Aahoo 

Stream, Southwestern Nigeria. Journal of Basic 

and Applied Zoology, 80(15), 1-9. 
https://doi.org/10.1186/s41936-019-0085-3 

Andersen, N.M. (1990). Phylogeny and taxonomy of water 

striders, genus Aquarius Schellen berg (Insecta, 

Hemiptera, Gerridae), with a new species from 

Australia. Steenstrupia, 16, 37-81.  

Andersen, N.M. (1993). Classification, phylogeny, and 

zoogeography of the pond skater genus Gerris 

Fabricius (Hemiptera: Gerridae). Canadian 

Journal of Zoology, 71(12), 2473-2508. 

https://doi.org/10.1139/z93-343 

https://doi.org/10.1186/s41936-019-0085-3
https://doi.org/10.1139/z93-343


  Özdamar, (2026)                                                                                              J. Anatolian Environ. Anim. Sci., Year:11, (1-8) 

   

   

6 

Avvannavar, S.M., & Shrihari, S. (2008). “Evaluation of 

water quality index for drinking purposes for river 

Netravathi, Mangalore, South India,” 

Environmental Monitoring and Assessment, 143, 

279-290. https://doi.org/10.1007/s10661-007-

9977-7 

Balian, E. V., Segers, H., Leveque C., & Martens K. 

(2008). The Freshwater Animal Diversity 

Assessment: an overview of the results, 

Hydrobiologia, 595, 627–637. 

https://doi.org/10.1007/s10750-007-9246-3 

Banbal, T., & Fent, M. (2016). New records of 

gerromorpha and nepomorpha (Hemiptera: 

Heteroptera) Fauna of Turkey. Journal of the 

Entomological Research Society, 18(3), 121-128. 

Bigham Soostani, S., Zarei Darki, B., Usefzadi, M., & 

Sharif Ranjbar, M. (2025). Heatmap Analysis of 

Summer Environmental Physicochemical Factors 

and Their Correlation with Antibacterial Activity 

of Symbiodinium sp. in the Persian Gulf and Gulf 

of Oman. Plant, Algae, and Environment, 9(1), 

49-61. 

https://doi.org/10.48308/pae.2025.238526.1105 

Boyd, C.E. (2019). Dissolved solids. In Water Quality: An 

Introduction (pp. 83-118). Cham: Springer 

International Publishing. 

https://doi.org/10.1007/978-3-030-23335-8_5 

Carr, G.M., & Neary, J.P. (2008). Water quality for 

ecosystem and human health. 2nd Edition 

UNEP/Earthprint.  

Chitadze, B., Bulbulashvili, N., Japaridze, L.G., 

Drogvalenko, A., Moulet, P., & Seropian, A. 

(2024). First record of 15 species of Hemiptera 

(Hexapoda, Insecta) in Georgia. Caucasiana, 3, 

127-143. 
https://doi.org/10.3897/caucasiana.3.e124994 

De Lima, E.S., Ramos, T., Vareira, L., Ortega, J.C.G., de 

Assis Montag, L.F., Michelan, T.S., ..., & Dias-

Silva, K. (2026). Environmental and spatial 

determinants of aquatic and semi-aquatic 

Heteroptera diversity in Amazonian savanna 

streams. Environmental Monitoring and 

Assessment, 198(1), 57. 
https://doi.org/10.1007/s10661-025-14907-5 

Dewangan, S.K., Toppo, D.N., & Kujur, A. (2023). 

Investigating the impact of pH levels on water 

quality: An experimental approach. International 

Journal for Research in Applied Science and 

Engineering Technology, 11(9), 756-759. 

https://doi.org/10.22214/ijraset.2023.55733 

Dildar, T., Cui, W., Ikhwanuddin, M., & Ma, H. (2025). 

Aquatic Organisms in Response to Salinity Stress: 

Ecological Impacts, Adaptive Mechanisms, and 

Resilience Strategies. Biology, 14(6), 667. 

https://doi.org/10.3390/biology14060667 

Dong, X.Y., Qin, J.G., & Zhang, X.M. (2011). Fish 

adaptation to oxygen variations in aquaculture 

from hypoxia to hyperoxia. Journal of Fisheries 

and Aquaculture, 2(2), 23-28. 

https://doi.org/10.9735/0976-9927.2.2.23-28 

Dursun, A., & Fent, M. (2018). Contributions to 

Nepomorpha (Hemiptera: Heteroptera) fauna in 

wetland areas of Amasya, Turkey. Acta Biologica 

Turcica, 31, 193-202. 

Dwicahyo, A., Widodo, H.A., & Nugraha, A.T. (2021). 

Purwarupa Monitoring Fresh Water Tank pada 

Kapal Berbasis Mikrokontroler, Elektriese: 

Jurnal Sains dan Teknologi Elektro, 11(1), 12-19. 

https://doi.org/10.47709/elektriese.v11i01.1623 

Dzavi, J., Menbohan, S.F., Mboye, B.R., Pianta, L.T., 

Tchizé, A.G.N., Nouazi, A.L.T., ..., & Takem, 

G.E. (2021). Preliminary study on water quality 

and heteropterans diversity in a semi-urban stream 

(central region of Cameroon). Indonesian Journal 

of Social and Environmental Issues (IJSEI), 2(2), 

86-97. https://doi.org/10.47540/ijsei.v2i2.191 

Erdoğan, Ö., Karakaş, B., & Yünlü, M.Z. (2025). The 

Trichoptera fauna of the Karpuz Stream and its 

relationships with water quality. Biologia, 80(3), 

641-653. https://doi.org/10.1007/s11756-025-

01870-2 

Fent, M., Kment, P., Elipek-Çamur, B., & Kırgız, T. 

(2011). Annotated catalogue of 

Enicocephalomorpha, Dipsocoromorpha, 

Nepomorpha, Gerromorpha and 

Leptopodomorpha (Hemiptera: Heteroptera) of 

Turkey with new records. Zootaxa, 2856, 1-84. 

https://doi.org/10.11646/zootaxa.2856.1.1 

Ghahari, H., Moulet, P., Ostovan, H., & Linnavuori, R. E. 

(2013). An annotated catalog of the Iranian 

Dipsocoromorpha, Enicocephalomorpha, 

Gerromorpha, Leptopodomorpha and 

Nepomorpha (Hemiptera: Heteroptera). Zootaxa, 

3641(4), 301-342. 
https://doi.org/10.11646/zootaxa.3641.4.1 

Heiss, E., & Jansson, A. (1985). Sigara nigrolineata cretica 

ssp. n. (Heteroptera, Corixidae) from Southern 

Greece. Annales Entomologici Fennici, 51, 111-

112. 

Hossain, M.Z. (2015). Water: The most precious resource 

of our life. Global Journal of Advanced Research, 

2(9), 1436-1445. 

Irfan, S., & Alatawi, A.M.M. (2019). Aquatic ecosystem 

and biodiversity: a review. Open Journal of 

Ecology, 9(1), 1-13. 

https://doi.org/10.4236/oje.2019.91001 

Jansson, A. (1986). The Corixidae (Heteroptera) of Europe 

and some adjacent regions. Entomological Society 

of Finland, Acta Entomologica Fennica, 47, 1-94. 

Jourdan, J., O’Hara, R.B., Bottarin, R., Huttunen, K.L., 

Kuemmerlen, M., Monteith, D., Muotka, T., 

Ozolin¸s, D., Paavola, R., Pilotto, F., Springe, G., 

Skuja, A., Sundermann, A., Tonkin, J.D. & Haase, 

P. (2018). Effects of changing climate on 

European stream invertebrate communities: a 

longterm data analysis. Science of the Total 

Environment, 621, 588-599. 

https://doi.org/10.1016/j.scitotenv.2017.11.242 

Kaya, M., & Altindağ, A. (2010). Ten additions to the 

rotifer fauna of Turkey. Turkish Journal of 

https://doi.org/10.1007/s10661-007-9977-7
https://doi.org/10.1007/s10661-007-9977-7
https://doi.org/10.1007/s10750-007-9246-3
https://doi.org/10.48308/pae.2025.238526.1105
https://doi.org/10.1007/978-3-030-23335-8_5
https://doi.org/10.3897/caucasiana.3.e124994
https://doi.org/10.1007/s10661-025-14907-5
https://doi.org/10.22214/ijraset.2023.55733
https://doi.org/10.3390/biology14060667
https://doi.org/10.9735/0976-9927.2.2.23-28
https://doi.org/10.47709/elektriese.v11i01.1623
https://doi.org/10.47540/ijsei.v2i2.191
https://doi.org/10.1007/s11756-025-01870-2
https://doi.org/10.1007/s11756-025-01870-2
https://doi.org/10.11646/zootaxa.2856.1.1
https://doi.org/10.11646/zootaxa.3641.4.1
https://doi.org/10.4236/oje.2019.91001
https://doi.org/10.1016/j.scitotenv.2017.11.242


  Özdamar, (2026)                                                                                              J. Anatolian Environ. Anim. Sci., Year:11, (1-8) 

   

   

7 

Zoology, 34(2), 195-202. 

https://doi.org/10.3906/zoo-0812-12 

Kaya, M., Altındağ, A., & Sezen, G. (2012). Seasonal 

variation of Cladocera fauna of Sultan Marshes 

and its environment (Central Anatolia, Türkiye). 

Süleyman Demirel University Faculty of Arts and 

Science Journal of Science, 7(2), 86-91. 

Kaya, M., Duman, F., & Altindag, A. (2010). Habitat 

selection, diversity and estimating the species 

richness of rotifers in two ponds located in Central 

Anatolia. Journal of Animal and Veterinary 

Advances, 9(19). 

https://doi.org/10.3923/javaa.2010.2437.2444. 

Kıyak, S. (2000). Entomolojik Müze Metotları. 201. Öğün 

Matbaası. 

Küçükbasmacı, İ. (2020). A new faunistical record from 

Kastamonu (Turkey): Hydrometra stagnorum 

(Linnaeus, 1758) (Hemiptera: Heteroptera: 

Hydrometridae). Journal of the Heteroptera of 

Turkey, 2(1), 34-41. 
https://doi.org/10.5281/zenodo.4297230 

Küçükbasmacı, İ., & Kıyak, S. (2015). A study on the 

fauna of Heteroptera of Ilgaz mountains 

(Kastamonu, Çankırı) with a new record for 

Turkey. Nevşehir Bilim ve Teknoloji Dergisi, 4(1), 

1-33. https://doi.org/10.17100/nevbiltek.210937 

Linnavuori, R.E., & Hosseini, R. (2000). Heteroptera of 

Guilan with remarks on species of the adjacent 

areas. Part I. Nepomorpha, Gerromorpha, 

Leptopodomorpha, Cimicomorpha: Nabidae, 

Anthocoridae, Cimicidae, Microphysidae, Guilan 

University Press, Rasht, pp. 94 

Meriç, T. & Çağırankaya, S. (2013). Sulak Alanlar. Orman 

ve Su İşleri Bakanlığı, Doğa Koruma ve Milli 

Parklar Genel Müdürlüğü, Ankara. 

Montagna, P.A., Hu, X., Palmer, T.A. & Wetz, M. (2018). 

Effect of Hydrological Variability on the 

Biogeochemistry of Estuaries Across a Regional 

Climatic Gradient. Limnology and 

Oceanography, 63, 2465-2478. 

https://doi.org/10.1002/lno.10953 

Nieser, N., Baena, M., Martinez-Aviles, J., & Millan, A. 

(1994). Claves para la identificación de los 

heterópteros acuáticos (nepomorpha & 

gerromorpha [sic!]) de la Península Ibérica - con 

notas sobre las especies de las Islas Azores, 

Baleares, Canarias y Madeira. In: Prat, N. (ed.) 

Claves de identificacion de la flora y fauna de las 

aguas continentales de la Peninsula Iberica, Publ. 

5. Asociacion Española de Limnologia, Madrid, 

pp. 112. 

Ozdamar, H., & Kiyak, S. (2024). Ecofaunistic study and 

egg morphology: Egg laying behavior of 

Hydrometra stagnorum (Linnaeus, 1758) 

(Gerromorpha: Heteroptera) newly recorded from 

the Karabük Province of Western Black Sea 

(Türkiye). Microscopy and Microanalysis, 30(5), 

978-984. https://doi.org/10.1093/mam/ozae073 

Özbek, E. S., & Mutlu, E. (2026). Assessment of water 

quality using water quality index (WQI) and 

statistical methods in Camlipinar Pond (Duzce, 

Türkiye). Journal of Anatolian Environmental 

and Animal Sciences, 11, 1-8. 

https://doi.org/10.35229/jaes.1805545 

Özdamar, H. (2025). Aquatic/semi-aquatic Heteroptera 

(Hemiptera) Diversity of Kızıl Lake (Tomarza: 

Kayseri) and Some Physicochemical Conditions, 

Journal of the Heteroptera of Turkey, 7(2), 259-

264 https://doi.org/10.5281/zenodo.17437761  

Özdamar, H., & Kıyak, S. (2017). An investigation of some 

physicochemical parameters of water quality and 

aquatic Coleoptera diversity at Gölcük Yayla 

Lake and Örenli Lake (Kütahya, Turkey). Munis 

Entomology & Zoology, 12(2), 539-553. 

Özdamar, H., & Kıyak, S. (2018). The investigation of the 

some physicochemical parameters of water 

quality and aquatic Coleoptera diversity in Işıklı 

Lake (Denizli). Munis Entomology & Zoology, 

13(2), 647-654. 

Özdamar, H., & Kıyak, S. (2025). On the Bioindicator Role 

of Aquatic Heteroptera Species in the Western 

Black Sea Region (Türkiye) and Its Surroundings, 

Aquatic Conservation: Marine and Freshwater 

Ecosystems, 35(8), e70209, 2025. 
https://doi.org/10.1002/aqc.70209 

Özesmi, U., & Per, E. (2007). Sultan Sazlığı. Önemli Doğa 

Alanları, Eken G.,Bozdoğan M.,İsfendiyaroğlu 

S.,Kılıç DT.,Lise Y, Editör, Kitap Yayınevi, 

Ankara, ss.110-113, 2007 

Poisson, R. (1957). Faune De France 61 Heteropteres 

Aquatiques, Editions Paul Lechevalier, 12, rue de 

Tournon (Vie). Paris: P. Lechevalier, 261. 

Polhemus, J. T., & Polhemus, D. A. (2008). Global 

diversity of true bugs (Heteroptera; Insecta) in 

freshwater. Hydrobiologia, 595(1), 379-391. 

https://doi.org/10.1007/s10750-007-9033-1 

Rabitsch, W. (2005). Spezialpraktikum Aquatische und 

Semiaquatische Heteroptera, Unveröffentlichtes 

Skriptum, 1-46. 

Roy, R. (2019). An introduction to water quality analysis. 

ESSENCE Int. J. Env. Rehab. Conserv, 9(1), 94-

100. https://doi.org/10.31786/09756272.18.9.2.214 

Sağlam, M. T., & Adiloğlu, A. (1997). Su Kalitesi. Trakya 

Üniversitesi Tekirdağ Ziraat Fakültesi Yayınları, 

Tekirdağ 

Sánchez-Bayo, F., & Wyckhuys, K.A. (2019). Worldwide 

decline of the entomofauna: A review of its 

drivers. Biological Conservation, 232, 8-27. 

https://doi.org/10.1016/j.biocon.2019.01.020 

Smith, B., & Collier, K. (2002). Living on the edge: putting 

the heat on adult aquatic insects, Water & 

Atmosphere 10(3), 16-17 

Soós, N., Boda, P., & Csabai, Z. (2009). First confirmed 

occurrences of Notonecta maculata and N. 

meridionalis (Heteroptera: Notonectidae) in 

Hungary with notes, maps, and a key to the 

Notonecta species of Hungary. Folia 

Entomologica Hungarica, 70, 67- 78. 

Sönmez, M.E., & Somuncu, M. (2016). Sultansazlığı’nın 

alansal değişiminin sürdürülebilirlik açısından 

değerlendirilmesi. Türk Coğrafya Dergisi, 66, 1-

10. https://doi.org/10.17211/tcd.70341 

https://doi.org/10.3906/zoo-0812-12
https://doi.org/10.3923/javaa.2010.2437.2444
https://doi.org/10.5281/zenodo.4297230
https://doi.org/10.17100/nevbiltek.210937
https://doi.org/10.1002/lno.10953
https://doi.org/10.1093/mam/ozae073
https://doi.org/10.35229/jaes.1805545
https://doi.org/10.5281/zenodo.17437761
https://doi.org/10.1002/aqc.70209
https://doi.org/10.1007/s10750-007-9033-1
https://doi.org/10.31786/09756272.18.9.2.214
https://doi.org/10.1016/j.biocon.2019.01.020
https://doi.org/10.17211/tcd.70341


  Özdamar, (2026)                                                                                              J. Anatolian Environ. Anim. Sci., Year:11, (1-8) 

   

   

8 

SWQR. (2021). Regulation on Amendments to Surface 

Water Quality Regulation (2021, June 16). 

Turkish Official Gazette, 31513. 

Syafiqoh, U., Sunardi, S., & Yudhana, A. (2018). 

Pengembangan Wireless Sensor Network 

Berbasis Internet of Things untuk Sistem 

Pemantauan Kualitas Air dan Tanah Pertanian. 

Jurnal Informatika Politeknik Harapan Bersama, 

3(2), 285-289. 

https://doi.org/10.30591/jpit.v3i2.878 

Tchakonté, S., Ajeagah, G.A., Tchatcho, N.L.N., Camara, 

A.I., Diomandé, D., & Ngassam, P. (2015). 

Stream's Water Quality and Description of Some 

Aquatic Species of Coleoptera and Hemiptera 

(Insecta) in Littoral Region of Cameroon. 

Biodiversity Journal, 6(1), 27-40. 

Weber-Scannell, P.K., & Duffy, L.K. (2007). Effects of 

total dissolved solids on aquatic organisms: a 

review of literature and recommendation for 

salmonid species. American Journal of 

Environmental Sciences, 3(1), 1, 1-6. 

https://doi.org/10.3844/ajessp.2007.1.6 

Whiting, J.R., Booker, T.R., Rougeux, C., Lind, B.M., 

Singh, P., Lu, M., ... & Yeaman, S. (2024). The 

genetic architecture of repeated local adaptation to 

climate in distantly related plants. Nature Ecology 

& Evolution, 8(10), 1933-1947. 

https://doi.org/10.1038/s41559-024-02514-5 

W.H.O. (World Health Organization). (2003). Total 

Dissolved Salts in Drinking-water: Background 

document for development of W.H.O. Guidelines 

for Drinking-water Quality. World Health 

Organization, 20 Avenue Appia, 1211 Geneva 27, 

Switzerland. 

Yazıcı, G. (2020). Overview of the Zoogeographical 

Distribution of Aquatic and Semi-Aquatic 

Heteroptera (Hemiptera) in Turkey. Journal of 

Insect Biodiversity and Systematics, 6(2), 135-

155. https://doi.org/10.52547/jibs.6.2.135 

https://doi.org/10.30591/jpit.v3i2.878
https://doi.org/10.3844/ajessp.2007.1.6
https://doi.org/10.1038/s41559-024-02514-5
https://doi.org/10.52547/jibs.6.2.135

