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The tadpoles of four amphibian species, namely the Marsh Frog (Pelophylax ridibundus), the 

Iranian Long-Legged Frog (Rana macrocnemis), the Caucasian Parsley Frog (Pelodytes 

caucasicus) and the Variable Green Toad (Bufotes variabilis), were exposed to acute concentrations 

(0 to 500 mg/L) of ammonium nitrate to assess the lethal effects (larval growth, abnormalities, 

mortality, and LC50 values). Eggs of each species were obtained from clean and polluted habitats in 

the same region and the tadpoles for experiments were provided from those eggs in the laboratory 

conditions. Although there was some variability between different populations of the same species 

or between different species in the observed effects, acute levels of ammonium nitrate caused 

decreased growth rate and increased abnormalities and mortality in general. Among the 4 amphibian 

species, the Variable Green Toad was the most damaged one in terms of growth reduction (on 

average 77-83%), and abnormality rates, and the most damaged one in terms of mortality rates was 

the Marsh Frog (on average 61-72%). Additionally, the species with the lowest concentration of 

ammonium nitrate, which killed half of its population, was the Marsh Frog. LC50 values for two 

populations of Marsh Frog were 37 and 59 mg/L. As a result of our research, it was determined that 

the acute fertilizer levels caused by agricultural activities in the region had very important harmful 

effects for all the species we examined. In this context, it can be said that very important 

environmental and biodiversity problems may occur if certain precautions are not taken regarding 

the use of the fertilizers and if the awareness of the farmers using these fertilizers cannot be raised. 
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Introduction 

Nowadays, many species have been going extinct and 

their populations have been declining because of human 

activities and it is thought that there will be any changes 

about these activities in the next century (Pimm et al., 

2014; Pimm and Raven, 2000; Sala et al., 2000). 

Anthropogenic habitat loss is defined as a primary danger 

for 85% of all species, which have been classified as 

threatened by the IUCN Red List (IUCN, 2015). Moreover, 

present extinction rate is 100 and 1000 times higher than 

the extinction rate ever known, which represents the 

biggest extinction rate over the last 65 million years 

(Ceballos et al., 2015). The human-related activities 

decrease diversity of ecosystem and eventually cause 

widely impoverishment of functional ecosystem diversity, 

functioning, and imperiling many ecosystem services 

(Flynn et al., 2009; Jantz et al., 2014; Newbold et al., 

2015).  

Ever-increasing human population and needs for the 

resources cause significant changes on the Earth. 

According to the data, approximately 53% of the Earth 

have been modified by human activities up to now (Hooke 

et al., 2012). In addition, these activities accelerate 

conversion and loss of coastal and continental wetlands 

have globally almost halved (Davidson, 2014). 

Worldwide, particular human activities have particular 

effects on biodiversity. For example, urbanization and 

agriculture represent powerful biotic homogenization 

factors. These factors exhibit negative effects on 

abundance of population and community richness of 

vertebrate species, and thus oversimplify habitats (Gagn´e 

and Fahrig, 2007; Hodgkison et al., 2007; Ordenana ̃  et al., 

2010; Suazo-Ortuno ˜ et al., 2008). In a similar way, 

deforestation performed by human beings, fragmentation 

and isolation of natural habitats originate negative impacts 

on population dynamics and community composition of 

http://creativecommons.org/licenses/by-nc/4.0/
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vertebrate (Kutt et al., 2012; Scott et al., 2006). However, 

the other human-related activities exhibited complicated 

response patterns on vertebrate species. For example, 

certain vertebrate species can be affected in a negative 

manner because of activities such as cattle raising (Badillo-

Saldana ˜ et al., 2016; Popescu et al., 2012).  

It was known that amphibians and reptiles are the most 

susceptible groups to the changes caused by human beings 

among vertebrates (Barrett and Guyer, 2008; Wake and 

Vredenburg, 2008). Practically, amphibians and reptiles 

possess considerably higher of threatened species than 

birds or mammals (IUCN, 2020; Nori et al., 2015). 

Nonetheless, these two groups (amphibians and reptiles) 

exhibit mainly similar responses against environmental 

changes, although there is significant variability among 

species within these two groups against changes. Hereby, 

it can be observed positive or negative effects on richness 

and abundance of herpetofauna species depending on the 

disturbance type (Adum et al., 2013; Cano and Leynaud, 

2010; Guerra and Aráoz, 2015). In recent decades, the 

extinction rate of amphibians worldwide has exceeded the 

historic background extinction rate at least by 200 folds 

(Roelants et al. 2007). Considering all these factors, it 

poses a challenging task to draw an overall conclusion 

about how anthropogenic land-use changes affect 

herpetofaunal communities. Partly, this situation can be 

observed in previous studies about the overall effects of 

land-use changes on the abundance or richness of 

amphibians and reptiles (Gardner et al., 2007; Thompson 

et al., 2016; Scheffers and Paszkowski, 2013).  

Amphibians are the most threatened one among the 

vertebrate classes of the world with rate of 

41% and agriculture is the most important and 

widespread threat among the reasons threaten amphibians 

(IUCN 2021; Harfoot et al., 2021). According to the IUCN 

(2021) data set, approximately 37 amphibian species have 

gone globally extinct and many of them were endemic to 

those particular regions they were found in and 663 species 

are considered “Critically Endangered”, 1060 are 

“Endangered”, 721 are “Vulnerable”, and 421 are “Near 

Threatened” (IUCN 2021). Near the half of the 7215 

observed species are declining in population size, which 

suggests that in the future more species will either become 

extinct or enter higher Red List categories (Beebee and 

Griffiths 2005, Sodhi et al. 2008). Furthermore, among the 

threats to amphibians agriculture is the most widely and the 

most important reason threaten amphibians (IUCN 2021; 

Harfoot et al., 2021).   

Eventually, the most serious activity of humans is 

agricultural expansion resulting in “habitat loss” and 

damaging amphibian populations while considering 

amphibian population decrease (Gallant et al., 2007; 

Cordier et al., 2021). Agriculture and and agricultural 

applications are the main reasons for natural ecosystem 

loss and/or fragmentation (Powell and Lenton, 2013; 

Hanaˇcek and Rodríguez-Labajos, 2018). 

Amphibian populations are frequently endangered by 

barriers to connectivity and alien competitors, pathogens, 

predators, and thermal shifts. (Shuman-Goodier et al., 

2017; Pounds et al., 2006; Falaschi et al., 2020; Alford et 

al., 2007). To be susceptible to contamination because of 

their semi-permeable skins is another disadvantage of 

amphibians (Egea-Serrano et al., 2012; Slaby et al., 2019). 

The other major threating factors on amphibian 

populations are fertilizers and other agrochemicals such as 

nitrogenous compounds (Krishnamurthy and Smith, 

2010;2011; Trudeau et al., 2020; Van Meter et al., 2019; 

Marco and Ortiz-Santaliestra, 2009; Baker et al., 2013). As 

a result, the most extensive human activity is agricultural 

activities that result in 'habitat loss' for amphibian 

populations and contribute to their gradual decline (Gallant 

et al., 2007; Cordier et al., 2021). 

The rapid population growth in the world has brought 

an increasing need for food, and in order to meet this need, 

an increase in agricultural production has begun to be 

needed. In this context, efforts are being made to answer 

the increasing food demand through the use of more 

efficient resources and the adoption of production systems 

in which various fertilizers are applied for various plants 

(Polat, 2018). As is the case in the Eastern Black Sea 

Region, nitrogenous fertilizers have been used at values 

exceeding the need in order to increase the efficiency of 

agricultural products, and in this case, excess fertilizer is 

washed from the soil and seeps into water resources, 

creating nitrogen pollution that causes significant damage 

to aquatic organisms and environmental health 

(Mohsenipour et al., 2014).  

The results obtained from the researches carried out in 

various rivers belonging to the Eastern Black Sea Region 

showed that the pollution values such as nitrite, nitrate, 

ammonia, phosphate and sulfate increased as these rivers 

approach the sea and especially the rivers were polluted or 

very polluted water bodies at a level that threatened health 

in terms of nitrate, nitrite ammonia parameters (Dayı 1996; 

Özdemir 1998; Boran et al., 2001; Bulut 2005; Gültekin et 

al., 2005; Gültekin et al., 2012). 

Since the most intensively applied fertilizers in the 

world (87%) and in Turkey (68%) are nitrogen fertilizers 

such as ammonium nitrate (FAO, 2021) and their lethal 

effects on the species distributed in the region and selected 

for the study are not comprehensively known, the current 

study was planned to contribute to the conservation of 

biodiversity by eliminating this deficiency. The study time 

was not limited to 96 hours like most studies nowadays 

because water analysis showed that high nitrate 

concentrations were seen in the study areas for longer.  

 

Methods 

 

Study Sites and Species 

Physical and water chemistry characteristics of the 

study sites were summarized in Table 1. Also, the 

characteristics of the species studied were summarized in 

Table 2. 

 

Acute Experiment  

For all species, at least 5 egg clutches were collected 

from naturel and polluted habitats that were selected 

according to the results of the water analysis. To obtain the 

tadpoles from eggs hatched to the laboratory, incubation 

containers were used ventilated continuously, kept in 

natural photoperiod, and at 20-21°C temperature. The 

experiments were started by selecting healthy and equal 

sized tadpoles reached 25th developmental stage. 
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Table 1. Physical and water chemistry characteristics of the study sites 

 Marsh  

Frog 
Iranian Long-Legged Frog Caucasian Parsley Frog 

Variable Green  

Frog 

Habitat Değirmendere Söğütlü Uzungöl Adacık Uzungöl Hıdırnebi Seyitler Adacık 

pH 8.31 8.21 7.67 7.1 7.74 8.36 7.52 6.9 

WT 20-21℃ 20-21℃ 15-17℃ 19-20℃ 16-18℃ 14-16℃ 18-20℃ 17-19℃ 

Altitude 14 m 9 m 1138 m 68 m 1100 m 1600 m 550 m 17 m 

Nitrate 0.8 15 1.9 81 1.5 19.9 1.2 84 

Nitrite 0.008 0.09 0.027 0.36 0.015 0.16 0.016 0.39 

Ammonium < 2.6 < 2.6 < 2.6 3.0 < 2.6 < 2.6 < 2.6 3.1 

Coordinate 
40°59'45"N 

39'46'1 8"E 

41°00'1"N 

39'37'46"E 

40°37'04"N. 

40°17'53"E 

41°00'43"N. 

39°33'48" E 

40°57'27.83''N. 

39°26'1.27''E 

40°36'44.33''N 

40°18'42.53''E 

41°11'42''N. 

41°50'44''E 

41°01'13''N. 

39°34'39''E 

DD 0.5×2.7 0.4×2.4 0.26×4.1 0.7×3.6 2×5 1-2×3-5 0.31×2.9 0.7×3.6 

WT: Water Temperature, DD: Max. depth and diameter 

 

Table 2. Characteristics of the species studied 

 
Conversation 

Status 

Population 

Status 
Characteristics Threats Distribution 

Mars Frog Least Concern Increasing Edible 

Over- harvesting 

Agricultural 

Pollution 

Wide 

Iranian Long-

Legged Frog 
Least Concern Decreasing 

It took its Turkish name 

from Uludağ. 

Habitat Loss 

Agricultural 

Pollution 

Medium 

Caucasian 

Parsley Frog 

Near 

Threatened 
Decreasing 

Endemic 

Larval hibernation 

Nocturnal 

Agricultural 

Pollution 
Narrow 

Variable Green 

Toad 
Data Deficient Decreasing Nocturnal 

Agricultural 

Pollution 
Medium 

 

 

For investigating the acute effects of ammonium nitrate 

(NH4N03; Millipore Sigma 6484-52-2, ACS reagent, 

granular purity 98%) on the laboratory-hatched tadpoles of 

all the four species from each pond, four replicates of six 

G25 tadpoles were exposed to each of seven different 

NH4NO3 concentrations (0, 50, 75, 100, 250, 350, 500 

mg/L) for 15 days. 5 L opaque plastic containers having 2 

L aerated RSW (2461°C) were used for every replicate. 

Totally, 28 (7 × 4) containers and 168 (7 × 4 × 6) tadpoles 

were used in the acute experiment for each habitat. To keep 

pH at 7.5, TRIS-buffer (10 mM) was added to all solutions. 

Test solutions were renewed every day. The tadpoles were 

fed daily with boiled lettuce and checked to count dead or 

abnormal tadpoles. Dead tadpoles were removed two times 

a day. The experiments were performed under the same 

conditions for all the species and of all tadpoles were 

measured at the same way (Hecnar 1995; Johansson et al., 

2001)  

 

Statistical analyses 

The nonparametric Kruskal Wallis, Mann-Whitney U, 

and Chi-Square tests included in the SPSS 22.0 (Statistical 

Package for Social Science) package program were used to 

determine whether there was a difference between the 

growth rates, abnormality rates, mortality rates, and 

completion time of metamorphosis in the applied 

experiments. used. Also, Probit analysis (Finney Method 

[Lognormal Distribution]) included in the StatPlus 

package program was used to determine the concentration 

of ammonium nitrate to cause of kill fifty percent of the 

larval population (LC50 15 days). 

 

Results 

 

When the experiments ended, the acute effects of 

ammonium nitrate were growth reduction, some 

abnormalities, and mortalities at a certain degree. Although 

there were fluctuations in harmful effects among different 

species or populations, it was founded that these effects 

reached a greater level for the natural habitat populations 

than for the agricultural one. Throughout the experiments, 

it was determined that no adverse effects did not appear in 

the control groups in spite of, the adverse effects observed 

in the treatment groups occurred at significantly greater 

levels (P<0.05) than the control groups. 

 

Decrease in Growth Rates 

The decrease in weight gain was significantly greater 

for the natural habitat of Marsh Frog population than for 

the polluted one (P<0.05). When compared to the control 

group, it was determined that the decreasing in weight gain 

for the treatment groups ranged between 38-102% (average 

70%) for the agricultural habitat and it was ranged between 

50-114% (average 80%) for the natural one. (Figure 1-A). 

For Iranian Long-Legged Frog, in treatment groups of 

both populations had significantly lower growth rates 

compared to the control group (P<0.05). However, the 

growth rates for the treatment groups of the two 

populations were found quite similar (P>0.05). The 

decreasing in value of growth rates for clean habitat varied 

between 67 - 72% (average 70%) while the values of other 

varied between 74% - 75% (average 75%) similarly 

(P>0.05). (Figure 1-B). 
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Figure 1. Values of Decrease in Growth. 
The red bars represent the values of natural habitat tadpoles and the 

pink bars represent the values of polluted habitat tadpoles. Each bar 

represents the avarage values. A) Pelophylax ridibundus, B) Rana 
macrocnemis, C) Pelodytes caucasicus, D) Bufotes variabilis. 

 

it was determined that Caucasian Parsley Frog tadpoles 

of all the treatment groups in both populations had 

significantly lower growth rate compared to the tadpoles of 

the control group (P<0.001). In addition, it was founded 

that the growth in the both populations the tadpoles belong 

low concentration groups were significantly higher growth 

rates than the tadpoles belong high concentration groups 

(P=0.01-0.05). (Figure 1-C). 

Artvin population of the Variable Green Toad 

belonging to the clean region, it was detected that the 

weight decrease values ranged between 71-90% (average 

83%). and for the Trabzon population, which belongs to the 

agricultural pollution region, the weight decrease values 

were found varying between 71-81% (average 77%). The 

negative effects of ammonium nitrate on growth for the 

both populations were significantly similar, although the 

effects were more severe in the clean region population 

(P>0.05). (Figure 1-D). 

Among the 4 amphibian species examined, the Variable 

Green Toad was the most damaged one in terms of growth 

reduction. 

 

Abnormalities 

Throughout the experiment, any abnormality was not 

detected in the control group tadpoles any species studied. 

But for all exposure group tadpoles of four species there 

were high level abnormalities compared the control groups 

such as decrease in feeding, slowing and disequilibrium in 

swimming, reduction in development, defect in body 

shape, edemas, tumors, loss of pigmentation, skewness of 

tail or body and paralysis. 

For Marsh Frog, although the difference between the 

two populations was not statistically significant, 

abnormality rate for clean habitat tadpoles was higher   than 

for the   polluted one all treatment groups (P>0.05). 

While the abnormalities occurring for the Iranian Long-

Legged Frog tadpoles were similar and high in all 

treatment groups in the clean habitat (P>0.05), high 

concentration groups of polluted habitats had significantly 

higher rates of abnormalities than that of the low 

concentration groups (P<0.05). 

It was determined that, most of the abnormalities were 

occurred for the clean habitat of Caucasian Parsley Frog 

significantly higher rates than for the polluted habitat 

(P<0.05). Abnormality cases for natural habitat of the 

Variable Green Toad occurred at a higher level (P>0.05) 

compared the control groups and the polluted habitat in all 

treatment groups regardless of concentration. Some 

abnormal tadpole samples can be seen in Figure 2 (A-J). 

 

Mortality Rates and LC50 Values 

When the experiments finished, it was defined that 

generally there were no mortalities in any control groups 

while there were mortalities at certain rates in all exposure 

groups of all the species examined. When the mortality 

rates of clean and polluted habitat populations were 

compared, it was observed that mortality rates of clean 

habitat tadpoles were higher than the rates of polluted 

habitat tadpoles for all species examined. 

For Marsh Frog, research results were indicated that the 

mortality rates of the 50, 75 and 100 mg/L groups of the 

Değirmendere population varied between 67-83% (average 

72%), while the mortality rates of the Söğütlü population 

belonged to polluted habitat varied between 50-75% 

(average 61%). According to the results of the Probit 

analysis performed at the end of the 15-day acute 

experiment, NH4NO3 caused to kill fifty percentage of the 

tadpoles (LC50) was 1.56 times higher for the polluted 

habitat (58.9 mg/L) than for the clean habitat (37.0 mg/L). 

(Figure 4-A). 

 

A 

B 

C 

D 
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Figure 2. A) Sample of normal tadpole, B) Sample of tumor, weak development, skewness, C) Sample of lordosis 

and edema, D) Sample of lordosis and loss of pigmentation, E) Sample of tumor, F) Sample of loss of pigmentation, 

deterioration in body shape H) Sample of normal tadpole, I) Sample of edema, loss of pigmentation J) Sample of weak 

development, deterioration in body shape 

 

  
  

  
  

Figure 4. Values of Mortality Rates.  
The red bars represent the values of natural habitat tadpoles and the pink bars represent the values of polluted habitat tadpoles. Each bar represents the 

avarage values. A) Pelophylax ridibundus, B) Rana macrocnemis, C) Pelodytes caucasicus, D) Bufotes variabilis. 
 

Mortality rates of the Iranian Long-Legged Frog were 

found significantly higher for the clean habitat compared 

to the polluted one (P<0.05). It was founded that the 

mortality values for the application groups of the clean 

habitat varied between 17-100% (average 63%), and it 

varied between 0-83% (average 35%) for the polluted 

habitat. (Figure 4-B). 

In the treatment groups of Caucasian Parsley Frog, 

clean habitat mortality rates (except 500 mg/L), occurred 

between 15-75% (average 39%) and it varied between 5-

60% (average 29%) in the polluted habitat (except 500 

mg/L). According to the Probit analysis data made after 15 

days of acute application, ammonium nitrate 

concentrations that will cause the death of half of the 

A 
B 

C 
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population are 170 mg/L for clean habitat. But it was 204 

mg/L for the polluted one. (Figure 4-C). 

Mortality rates in all treatment groups of the Variable 

Green Toad were found significantly higher in the clean 

habitat compared to the polluted one (P<0.001). For the 

population living in the natural habitat, the treatment group 

mortality rates varied between 60-95%, while the polluted 

habitat mortality rates varied between 0-42% (average 

25%). And LC50 value for the clean habitat was 46 mg/L, 

while the value was 155 mg/L for the polluted one. Also, 

the LC50 value of the polluted population was 3,4 times 

higher. (Figure 4-D). 

Among the 4 amphibian species the most damaged one 

in terms of mortality rates was the Marsh Frog (on average 

61-72 %). 

 

Discussion 

 

Acute ammonium nitrate concentrations caused severe 

growth retardation, morphological and physiological 

abnormalities, and high mortality rates in all studied 

species. 

Growth reduction averages were significantly high in 

all species (average 70-80%) and were similar in both 

populations at 14 days. Growth reduction rates for P. 

caucasicus and R. macrocnemis were similar and they 

were more tolerant to ammonium nitrate than that having 

similar growth retardation B. variabilis and P. ridibundus.  

Anaxyrus terestris at G25 developmental stage when 

exposed to 30 mg of N-nitrate for 15 days detected didn’t 

exhibits any mortality (Edwards et.al., 2006). But Litoria 

caerulea exhibit 50% mortality when exposed to 9 mg/L 

N-nitrate for 16 days (Baker and Waights, 1994). On the 

other hand, Garriga et al. (2017) determined that when 

Alytes obstetricans exposed tadpoles to sodium nitrate and 

ammonium nitrite for 14 days, only ammonium 

concentrations above 56 mg/L caused lethal effects at the 

end of the experiment. They detected that tadpole growth 

was significantly reduced at ammonium concentrations 

above 34 mg/L and nitrate concentrations above 80 mg/L. 

Similarly, in the current study for all the populations 

exposed to 50 mg/L ammonium nitrate concentrations, an 

average of 59% reduction in growth was found in 15 days. 

In addition, 50 mg/L ammonium nitrate caused 27% 

mortality in all populations. Only agricultural habitat 

populations of R. macrocnemis and B. variabilis did not 

demonstrate mortality. On the other hand, when Hypsiboas 

faber tadpoles were exposed to 10 mg/L ammonium sulfate 

for 21 days, it was determined that the activity level 

decreased and 21% mortality occurred (Ilha and Schiesari, 

2014). Also; In the study in which 58 mg/L ammonium 

nitrate was applied to Pelobates cultripes and Discoglossus 

galganoi tadpoles for 12 days, mortality rates were 

determined as low as approximately 10% and 20%, 

respectively. (Ortiz-Santaliestra et al, 2006). On the other 

hand, when Lithobates clamitans and L. catesbeianus were 

exposed to different sodium nitrate concentrations, 

tadpoles did not exhibit reducing body mass (Smith et al., 

2005). But in the case of Alytes obstetricans, Garriga et al. 

(2017) detected a growth decreasing for 80 mg/L nitrate at 

14 days of an experiment but the tadpoles didn’t expose 

reduced growth when they applied 2,5 mg /L nitrate. In the 

light of the results, it was understood that nitrate was much 

less toxic than ammonium, while current research results 

showed that there was a difference between species in 

ammonium nitrate resistance, similar to other research 

results. (Karaoglu, 2011; Karaoglu et al., 2010; Mann et al., 

2009; Egea-Serrano et al., 2012).  

Ortiz-Santaliestra et al. (2004; 2006) investigated the 

effects of ammonium nitrate on Epidalea calamita and 

Bufo spinosus that are extinct today. 58 and 145 mg/L 

ammonium nitrate cause 40% and 65% mortality. They 

also studied about the same concentration for 12 days on 

Pelobates cultripes that extinct also. The embryos exposed 

58 mg/L ammonium nitrate exhibit 70% mortality. Similar 

to this data, in the current research mortality rates at 50 and 

150 mg/L ammonium nitrate for all the populations range 

between 27% and 79%. According to the results of water 

pollution analyses, there is extraordinary nitrogen pollution 

in the 3 extinct amphibian’s habitats nowadays with 20 

mg/L nitrate and 40 mg/L ammonium. While there is such 

a high level of ammonium pollution, which is known to 

affect the nervous and muscular systems in particular 

(McKenzie et al., 2009), it has been concluded that there is 

no need to look for any other reason for the extinction of 

these 3 amphibian species.  

In a recent study, observed abnormalities were similar 

to Hecnar (1995), Xu and Oldham (1997), Karaoglu et al. 

(2010), and Karaoglu (2011) (decrease in feeding, slowing 

and disequilibrium in swimming, reduction in 

development, defect in body shape, edemas, tumors, loss 

of pigmentation, skewness of tail or body and paralysis) 

and occurred at high levels in both populations of each 

species studied, since the concentrations of chemical 

pollutant were highly elevated. 

The non-lethal effects of agricultural pollutants impair 

the escape velocity and predator detection ability of 

amphibians, making them more susceptible to predation 

(McKenzie et al., 2009; Ortiz-Santaliestra et al, 2010). 

There are two possible reasons for this: because nitrate 

compounds reduce oxygen-carrying capacity in animals, 

animals exposed to these compounds are often lethargic 

(Gomez Isaza et al., 2018; Monsees et al., 2017). And also, 

ammonium ion affects the nervous and muscular systems 

of vertebrates and therefore restricts mobility (McKenzie 

et al., 2009). Therefore, amphibians exposed to agricultural 

pollution spend less time looking for mates, feeding, and 

protecting their territories. When the foraging tendency 

weakens, development slows down (Werner and Anhold, 

1993). There are also studies proving that tadpoles that are 

faster swimmers: have a higher chance of surviving prey 

attacks by fish, turtles, dragonfly larvae, snakes, and other 

tadpoles (Teplitsky et al., 2005; (Feder, 1983; Chovanec, 

1992; Watkins, 1992). 1996; Arendt, 2009. The possible 

causes of the abnormalities in slowed swimming decreased 

feeding, and decreased growth and development that we 

observed during our experiments are the mechanisms 

described above. 

Egea-Serrano and Tejedo (2014) found that acute 

exposure to ammonium had no effect on swimming 

performance of P. perezi tadpoles from contaminated or 

undisturbed habitats. However, as described above, nitrate-

exposed animals are often lethargic as a possible result of 

reduced oxygen-carrying capacity (Gomez Isaza et al., 

2018; Monsees et al., 2017). Lethargy can also increase 

susceptibility to predation (Scott and Sloman, 2004) 
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According to the findings collected as a result of water 

quality analyzes and field observations, it was determined 

that Dryophytes suweonensis and Pelophylax chosenicus 

species, especially D. suweonensis, which lost its natural 

habitats as a result of the expansion of agricultural lands and 

had to live in these agricultural areas, chose places with low 

ammonium nitrate to live. Considering that ammonium 

nitrate is mainly caused by the application of chemical 

fertilizers in agricultural areas, it can be said that the 

reduction of these two endangered anuran species may be 

related to current agricultural practices (Borze et al., 2018). 

Similarly, when the relationship between water quality 

parameters and amphibian species richness in rivers under 

the effect of urbanization was evaluated with Habitat Model 

Affinity calculations, it was determined that species richness 

was negatively correlated with nitrate and phosphate 

concentrations, and positively correlated with high dissolved 

oxygen and conductivity (Calderon et al., 2019). 

In the current study, mortality rates were especially 

high in the Mars frog and Variable Green toad, particularly 

in natural habitat larvae, while for the other species, the 

Iranian long-legged frog and Caucasian parsley frog, were 

similarly lower. 

LC50 values, which express the concentration that 

causes the mortality of fifty percent of the populations, are 

among the most important parameter to be monitored 

within the scope of this experiment. Because if the lethal 

concentration is not known, it may not be possible to take 

protective measures accurately. 

The upper limit of the nitrate concentration allowed in 

drinking or spring water are based on limited datasets (e.g., 

LC50) and is detected at 50 mg/L NO3 (World Health 

Organization, 2018; TSE, 2005) These guidelines likely 

provide protection to some amphibians or other species but 

not all (Gomez Isaza et al., 2020). Furthermore, the LC50 

values (15 days old) detected for the different populations 

of the species examined were 37, 46, 59, 74, 111, 155, 170, 

204 mg/L, from smallest to largest. As can be seen, there 

are some species with an LC50 value below this limit, and 

50 mg/L is a concentration level that significant weight 

losses (average 59%), abnormalities (average 30%), 

mortalities (average 27%) are seen for all populations and 

current abnormalities and weight lose can increase highly 

mortality risk for small and malformed tadpoles. 

Therefore, current protection measures need to be updated 

rapidly in order to protect biodiversity. Moreover, the 

survival of frogs, which undertake many beneficial tasks 

for the ecosystem in which they live and for human beings, 

is essential for the continuity of their species.  

Consequently, based on all this information, it can be 

deduced that nitrogen compounds are the factors that 

negatively affect biodiversity, animal health, and 

environmental health in many different ways and 

ammonium generally has the most deleterious effects 

among nitrogenous ions on feeding, growth rate and, 

survival of living beings (Egea-Serrano et al., 2009; Ilha 

and Schiesari, 2014; Bellezi et al., 2015; Garriga et al., 

2017). In this context, it is essential for the world's 

biodiversity and health that knowing the harmful and lethal 

concentrations has great importance in order to settle 

protective measures correctly. And furthermore, they must 

be carefully monitored in nature and their use must strictly 

regulate 
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