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Abstract

Amphibians are the most important vulnerable non-target vertebrate group that are affected by pesticides. Most previous studies
have confirmed the destructive effects of pesticides. But, so far, no comprehensive studies have been carried out in Iran.
Therefore, to estimate the mortality rate of frogs during the growing season in different cultivating systems, we examined the
presence of pesticides in water and substrate as indicators of habitat quality and in the liver tissue of Marsh frog Pelophylax
ridibundus (Pallas, 1771), enclosed in the prepared cages at five rice paddy fields in Mazandaran province, Iran. The measure-
ment of pollution was done using mass gas chromatography method and statistical analyses by Minitab software. Furthermore,
the probable movement pattern of free frogs was analyzed using capture-mark-recapture method. Thirteen pesticides were
detected both in the habitat and in frogs’ liver tissue. Among them B-Mevinphos, Fenitrothion, Bromofos, and Trifluralin had
the most frequent occurrence in liver tissue, and Diazinon with concentrations up to 517.8 pg/Kg had the highest concentration.
Furthermore, there is a significant correlation (R° > 0.96) between water quality and frogs’ contamination, whereas, no correla-
tion was observed between substrate pollution and frogs’ contamination. Pesticide concentrations were higher in two stations but
lower than lethal doses to frogs, so that no mortality was observed at any of the stations. However, some specimens had a
considerable muscle atrophy. Despite no significant movement pattern was detected, we can expect that if this trend continues, in
a long term, they will face a reduction in the survival rate.

Keywords Chloroacetamide - Dinitroaniline - Ecotoxicity - Marsh frog - Organoclorine - Organophosphate - Paddy field

Introduction

Agricultural land development is one of the major alteration in
nature made by humans over the past century (Matson et al.
1997; Tilman et al. 2002; Green et al. 2005). The conversion
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of natural habitats to permanent fields and pastures has led to a
reduction of 50% of these habitats to be turned into agricul-
tural lands (Green et al. 2005). This habitats destruction is a
threat to biodiversity in the present and in the future (Sala et al.
2000; Dirzo and Raven 2003).

Agricultural intensification has led to increased use of in-
secticides in recent decades (Konstantinou et al. 2006).
Insecticides are known to contaminate surface and groundwa-
ter and are considered a serious environmental concern in
Western Europe (Albanis et al. 1998; Miiller et al. 2003). On
the other hand, direct exposure to pesticides is a serious risk to
health of people who are profoundly exposed to pesticides,
especially farmers and rural populations (Elbaz et al. 2009).

In this regard, the use of organophosphate and carbamate
pesticides has increased in Iran. Hence, monitoring of these
pesticides has increasingly become important as a necessary
challenge to increase food safety (Dehghani et al. 2017,
Sharifzadeh et al. 2018). Studies indicate that about one-third
of agricultural pesticides are consumed in north of Iran,
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resulting in the fact that farmers in Mazandaran Province are
exposed to pesticide hazards 30 times more than other farmers
in other areas (Pishgar-Komleh et al. 2011). Weak management
in planning schedules for spraying and farmers’ lack of aware-
ness about adverse effects of chemical pesticides have led to an
increase in environmental pollution, especially in aquatic eco-
systems and aquatic resources (Coronado et al. 2004).

These pesticides, through mechanisms such as inactivating
cholinesterase enzyme and causing genetic mutations, can
lead to impaired central nervous system function (Dehghani
et al. 2011). So, using organochlorine pesticides is banned in
many countries since they are highly toxic and have adverse
health effects (Rezaeigolestani and Hashemi 2018). In spite of
the many mentioned disadvantages of chemical pesticides, it
is worth noting that using pesticides is a suitable approach to
increase the agricultural and horticultural productivity by min-
imizing the detrimental effects of pests and weeds
(Lichtenberg 2013).

On the other hand, using insecticides to control insect lar-
vae in rice paddy fields can be harmful for non-target verte-
brates and invertebrates (Subrero et al. 2019). Some charac-
teristics of amphibians such as the existence of two stages in
their lives, permeable skin, and their susceptibility to absorb
materials increase the amphibian vulnerability to chemical
compounds in compare to other vertebrates (Stuart et al.
2004; Briihl et al. 2013). The effect of organophosphorus
pesticides on frogs’ hepatocytes has been studied in several
researches (Ezemonye and Tongo 2010; Ghasemzadeh et al.
2015). Hegde and Krishnamurthy (2014) have demonstrated
that in organic rice paddy fields which has no chemical con-
tamination, there is a positive correlation between chemical
pesticides presence in rice paddy fields and frogs’ health. So,
increased contamination of rice paddies is corresponded to a
decrease of frogs’ health and the levels of acetylcholinesterase
enzymes and also deformity of frog (Hegde and
Krishnamurthy 2014). The study by Tongo et al. and col-
leagues showed that the accumulation of Diazinon in
African common toad (Bufo regularis) liver tissue is more
than serum and other tissues of brain, lung, and digestive
system, which results in important changes in the biochemical
indices of various animal tissues (Tongo et al. 2012).
Although the liver plays an essential role in animals’ detoxi-
fication, Diazinon has the ability to damage cells of vital liver
organs, which can disrupt the function of the liver tissue
(Kappers et al. 2001; Sams et al. 2003; Tongo et al. 2012).

The effects of pesticides on the global decline of amphibian
populations has also been remarked (Fellers et al. 2004;
Davidson and Knapp 2007; Collins and Crump 2009).
Pesticides have been shown to increase mortality rates of am-
phibians (Blaustein et al. 2003; Carey and Alexander 2003;
Collins and Storfer 2003; Jensen and Camp 2003; Morehouse
et al. 2003; Knapp 2005). In other studies, several side effects
have been identified during the developmental stages,
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including delaying in metamorphosis, growth disturbance,
and malformation (Sparling et al. 2001; Greulich and
Pflugmacher 2003; Davidson 2004; Fellers et al. 2004;
Davidson and Knapp 2007). Also, in other studies on samples
of adult individuals, behavioral changes and occurrence of
certain diseases have been reported (Taylor et al. 1999).

However, regarding on in situ analyses conducted in agro
ecosystems with their test species, the marsh frog Pelophylax
ridibundus (Pallas, 1771), and proving that despite the dam-
aging impact of the pesticides on their various morpho-
physiological and life history parameters, this frog species
adapts and survives in rice fields (Zhelev et al. 2017, 2018).
Also, this frog species is quite studies in Eurasia, and there is
conclusive evidence that it is very suitable bioindicator spe-
cies for anthropogenic pollution (Zaripova and Fayzulin 2012;
Stakh et al. 2017; Snegin and Barkhatov 2019; Zhelev et al.
2019).

Meanwhile, no comprehensive studies have been carried
out in the paddy fields of Iran. In the present study, the effects
of conventional pesticides on northern rice paddy fields have
been investigated on non-target species, Marsh frog
Pelophylax ridibundus (Pallas, 1771), and its specific objec-
tives include: (1) to determine water and substrate quality and
the relationship between habitat quality and the rate of accu-
mulated pollution in the frogs’ bodies due to different culti-
vating systems; (2) the population census of frogs in two dif-
ferent cultivating systems and their movement pattern; and (3)
to estimate the mortality rate of frog during the growing sea-
son in different cultivating systems.

Material and methods
Study area

This research was carried out in the summer 2018, in the
paddy fields of two districts in cities of Neka and Kiakola in
Mazandaran Province. In Neka (36° 43’ 40.02"N, 53° 19’
9.49"E), four stations were selected, each in different cultivat-
ing system. The stations included Al, A2, A3, and A4 with
approximate area of 5000, 6000, 6000, and 2700 m>, respec-
tively. All four stations were selected in the same region in
adjacent lands, with the same climatic and agronomic condi-
tions, with a minimum distance of approximately 250 m from
each other. The fifth station (K) which was treated as a control
station is located in Kiakola city (36° 31’ 59.85"N, 52° 45'
29.21"E) with an approximate area of 11,000 m* (Fig. 1).
This farm has a certificate of European Union standards of
organic rice production with certificate number of BINT-
3836, which shows that no chemical pesticide or fertilizer
has been used for more than 15 years. At the beginning of
the growing season, two cages of 2 x I m were adjacently
located at each of these stations. The cages were made with
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Fig. 1 Locations of examining sites in the north of Iran

stainless metal frames, and each of the cages’ six sides was
covered with plastic net. The net apertures were large in so far
as the water flow, and entry of insects was possible, while the
entry and exit of any other animal were impossible. In order to
compensate for the decreased of entering insects as food avail-
ability due to the enclosure of cages, a 1.5-V fluorescent lamp
was used in each cage to attract the insects. The thermoregu-
lation for specimens is provided in the enclosed spaces by
setting up an artificial beach in each cage (Dodd 2010)
(Fig. 2).

After placing the cages, transplanting of rice was per-
formed within them. After that, fifteen healthy adult frogs
(Snout-Vent length, SVL > 60 mm) (Bannikov et al. 1977)
were placed in each of these cages. According to different time
of transplanting between two regions, frogs were placed into
A1-A4 and K cages in May 17 and April 30, respectively. In
both regions, frogs were present in the cages for 70 days. Also,
in order to compare the amount of pesticides used in farms
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Fig. 2 Cages designed to hold frogs in natural conditions of paddy fields
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with the measurement results at the end of the agricultural
season, farmers from all five stations were asked to provide
information on the type and dose of pesticides they used.

Sampling

The frogs were transported to the cages from a suitable loca-
tion away from contaminated areas where they were not ex-
posed to agricultural activities. Their sizes and weights were
almost equal to each other. Capturing was done using hand net
mesh and transporting to cages with latex gloves (Vogiatzis
and Loumbourdis 1997; Khan et al. 2003; Christin et al.
2013).

In the end of growing season, specimens of each cage were
transported using latex gloves to separate labeled steel boxes
containing ice and sent to the laboratory. Then, the frogs’ liver
tissues were taken and kept in sterile vials at a temperature of
—20 °C until they were extracted (Kittusamy et al. 2014).
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Subsequently, stomach contents were examined under stereo-
microscope by cutting directly of stomach.

Three different samples (Isworo et al. 2015) were collected
to measure the amount of pesticides in water and substrate at
each station. Mud samples were removed from the depth of
5 cm near the water sampling locations. The samples were put
in separate labeled glass containers and transferred to the lab-
oratory in a case containing ice and maintained at a tempera-
ture of —4 °C until the extraction (Isworo et al. 2015).

Extracting and measuring pesticides
Water samples

pH measured using litmus where necessary was neutralized
using sulfuric acid or sodium hydroxide. The samples were
then transferred in flasks under cold conditions (6 °C) to the
laboratory, and there they were immediately transferred to a
refrigerator with a temperature of 6 °C and stored up to 7 days
before extraction. Extraction of toxic compounds from water
was carried out using liquid-liquid extraction (LLE) approach
and separator funnel, according to EPA 3510 (Edgell and
Wesselman 1989; Vo 1992).

The extracted specimens were then set up to be concentrat-
ed at 15 ml using rotary concentration. Then, it was poured
with sodium sulfate into a graduated cylinder. A gentle flow of
dry nitrogen caused extra solvent to evaporate and the extract-
ed material volume to be reached at 1 ml. The samples were
stored in the refrigerator until performing gas chromatography
(Edgell and Wesselman 1989; Hassan et al. 2010).

Substrate and frogs’ liver tissue samples

The extraction of toxic compounds from substrate samples
and frogs’ liver tissue by hexane/acetone (1/1) was performed
according to EPA 3550 with ultrasonic method. Then, the
extracted samples were concentrated and cleaned. Cleaning
was carried out using the methods 3610B: Alumina and the
3630C: Silica Gel. Until the stage of gas chromatography, the
samples were stored in the (—20 °C) refrigerator (Hollen and
Beugelsdijk 1992; Kittusamy et al. 2014).

Providing standard solutions

Organophosphorus Pesticides Mixture 200 mg/l (Ultra
Scientific) was used to prepare standard solutions. Standard
solutions were prepared in hexane or iso-octane and kept in
the refrigerator away from any source of light. The calibration
curve was drawn using these standards at five different con-
centrations (Pesticides 2007).
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Gas chromatography

The compounds, which were extracted by a 6890 N Agilent
gas chromatograph and paired with a selective mass analyzer
5975C detector, were analyzed. For this purpose, 2 pl of the
sample in splitless mode at 28 °C was injected into a HP-5MS
capillary, with size of 30 m x 0.25 mm X 0.25 um (respective-
ly, length, diameter, and film thickness of the capillary) and
controlled by the MSD Chemstation software (Agilent
Tecnologies, Inc).

The temperature schedule for chromatographic separation
was as follows: first, the column temperature was raised to
60 °C, and the column was held at this temperature for
5 min; then, at every minute, the temperature was increased
by 5 °C until the column reached 280 °C; and it was kept at
this temperature for 6 min. The carrier gas in this operation
was a neutral helium gas (purity greater than 99.99%) that was
used in a constant flow of 1 ml/min. GC peaks were identified
based on retention time relative to the well individual standard
(Pesticides 2007).

Population estimation

Capture-mark-recapture method was used to estimate the pop-
ulation size of free frogs and detect of probably movement
pattern during farming season (Seber and Schwarz 2002;
Amstrup et al. 2010). Two regions were selected with differ-
ent conditions: “Neka” area which is spraying frequently dur-
ing farming season and “Kiakola” paddy field with organic
conditions.

Capture-mark-recapture surveys were carried out by a two-
person team during eight nights between sunset (20:30) and
midnight (24:00). The path was randomly selected, and agri-
cultural boundaries were considered as transects. We searched
for frogs using headlamp light, captured them manually, and
marked them using an individual toe-clipping mark (Donnelly
et al. 1994; Ramalho et al. 2013). The toes were disinfected
with a solution of Bactine (Martin and Hong 1991) and were
released them near to the point of capture.

To avoid of metamorphosis effect on population size esti-
mation, the first capture was done a few weeks after the end of
metamorphosis phase at the beginning of summer 2018.
Additionally, to counteract the effect of cannibalism, the
young individual that may swallow by huge adults was not
counted. In each area population, estimating was done once
before spraying time and once after that. In fact, “Capture 17
was done 2 weeks before spraying time, and “Recapture 17
was done 1 week later (1 week before spraying). On the other
hand, 1 week after spraying time, “Recapture 2 was done in
the “Neka” area, and 2 weeks after the “Recapture 1” in the
unsprayed “Kiakola” area. Eventually, “Recapture 3” was
done 1 week after “Recapture 2” in both areas. In each
recapturing, all of the captured frogs (either marked or
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unmarked) were marked by a new toe-clipping mark, and the
number of observations of each frog was recorded.

Statistical analysis

Pesticide contamination data were analyzed by ANOVA at a
significant level of 95% (P < 0.05). In addition, two post-hoc
tests of Fisher’s least significant differences and Duncan’s
multiple range tests were performed for a more accurate com-
parison. These analyzes were performed using MINITAB®
18.1. Moreover, data from population estimates were ana-
lyzed by the open source programming environment R (R
Development Core Team 2015), using two mentioned
methods (Chapman 1951; Williams et al. 2002).

Results
Farmers’ statements

Six pesticides (one fungicide Tricyclazole; two insecticides
Fipronil and Diazinon; and two herbicides Butachlor and
Bentazone) belong to five substance group were used. The
information of frequency and dozes in each of the five stations
is given in Table 1. Farmers of two stations K and A3 were not
used any pesticides. However, six pesticides were used in
station A1, and all of them except Fipronil were used in both
A2 and A4.

Results of pesticides measurements in water samples

Thirteen pesticides are detected in collected samples from the
five stations with concentrations up to 26.8 ug/L (Table 2).
Among the pesticides, 10 were lower than the limit of quan-
tification (< LOQ), and Diazinon (26.8 pg/L) had the highest
concentration compared to other pesticides. Although in the
two stations K and A3 the values of all pesticides were <

LOQ, in the remaining two stations, B-Mevinphos and
Diazinon, had the most frequent occurrence in water. Based
on the results of water quality analysis, it was determined that
regardless of the stations, the occurrence of pesticide type in
water is significant. Based on the results of Fisher and Duncan
post-hoc tests, Diazinon was in a separate group (group A)
compared to other pesticides (group B). On the other hand, to
understand whether there is a significant difference in overall
pollution levels of water quality among different cultivating
systems, total concentrations of pesticides in each station were
compared. Based on these results, it was found that, regardless
of the type of pesticide, the occurrence of total pollution
among different cultivating systems is significant. Based on
Fisher and Duncan post-hoc tests, the station A4 was catego-
rized separately in group (A), and other stations were placed in
group (B). Finally, to understand whether there is a significant
difference in the water quality of different cultivating systems
based on the type of pesticide, pesticide concentrations in each
sample of each station were compared with each other. The
results showed that due to the type of pesticide, differences in
water quality of different cultivating systems are significant.
According to these results, there was a sever contamination
pertaining to Diazinon in the water of two stations A2 and A4.

Results of pesticides measurement in substrate
samples

Thirteen pesticides are detected in collected samples from the
five stations with concentrations up to 292.8 pug/Kg (Table 2).
Among the pesticides, the levels of Butachlor (herbicide),
Endosulfan, and Fenthion (both insecticides) were < LOQ,
but Chlorpyrifos (292.8 nug/Kg) had the highest concentration
in compare to other pesticides. Insecticides of B-Mevinphos
and Chlorfenvinphos and Trifluralin (herbicide) had the most
frequent occurrence in substrate. Based on the results of sub-
strate quality analysis, it was found that regardless of the sta-
tions, the occurrence of pesticide type in substrate is

Table 1  Information on pesticides used in each of the examined areas

Pesticides (Substance group) K (ghaor Al (g/haorlitha) (date) A2 (g/ha or lit/ha) (date) A3 (g/haor A4 (g/ha or lit/ha) (date)
lit/ha) (date) lit/ha) (date)

Butachlor (chloroacetamide) - 3 lit/ha 5 May 4 lit/ha 5 May - 4 lit/ha 10 May

Diazinon (percent) (organophosphate) —
Jun (5%) 6 Jul

Fenitrothion (organophosphate) -
Tricyclazole (triazolobenzothiazole) — —
Bentazone (benzothiazinona) -

Fipronil (phenylpyrazole) - (0.2%) 26 May

10,000 g/ha (5%) 17

2 lit/ha 21 June, 11 Jul
500 g/ha 17 June, 6 July
100 g/ha 5 May, 23 May

10,000 g/ha (10%) 26 -
May, (10%) 17 June,
(10%) 6 July

2 lit/ha 21 June, 11 Jul -
500 g/ha 17 June, 6 July — 500 g/ha 21 June, 14 July
100 g/ha 5 May, 23 May 100 g/ha 10 May, 30 May

10,000 g/ha (10%) 2 Jun,
(10%) 24 June, (10%)
12 July, (10%) 18 July

1.5 lit/ha 28 June, 18 Jul

K field farm, possessing standard of organic rice production from the EU

AI-A4 studied sites with varying degrees of pesticides and chemical fertilizers usage
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significant. Based on Fisher and Duncan post-hoc tests,
Chlorpyrifos was in a separate group (group A) compared to
other pesticides (group B). On the other hand, to understand
whether there is a significant difference in overall pollution
levels of the substrate quality among different cultivating sys-
tems, total concentrations of pesticides in each station were
compared. Based on these results, it was found that regardless
of the type of pesticide, the occurrence of total pollution
among different cultivating systems is significant. Based on
Fisher and Duncan tests, station A1 was categorized separate-
ly in group (A) and other stations placed in group (B). Finally,
to understand whether there is a significant difference in the
substrate quality of different cultivating systems based on the
type of pesticide, pesticide concentrations in each sample of
each station were compared with each other. The results
showed that the type of pesticide can cause significant differ-
ences in the quality of the substrate in different cultivating
systems. Based on these results, there was a sever contamina-
tion pertaining to Chlorpyrifos in the substrate of station Al.

Results of pesticide measurement in frogs’ liver tissue
samples

Thirteen pesticides are detected in frogs’ liver tissue samples
collected from five stations with concentrations up to
517.8 ng/Kg (Table 2). Among them, the amounts of the three
pesticides of Butachlor, Endosulfan, and Fenitrothion were <

LOQ. Insecticides B-Mevinphos, Fenitrothion, and Bromofos
and Trifluralin (herbicide) had the most frequent occurrence in
frogs’ liver tissue. Meanwhile, Diazinon (517.8 pg/Kg) had
the highest concentration relative to other pesticides. Based on
the results of the analysis related to pesticides occurrence in
the frogs’ liver tissue, it was ascertained that regardless of the
stations, the occurrence of pesticide type in the frog’s liver
tissue is significant. Based on the results of Fisher and
Duncan post-hoc tests, Diazinon was in separate group (group
A) compared to other pesticides (group B). On the other hand,
to understand whether there is a significant difference in over-
all contamination levels of frogs’ liver tissue among different
cultivating systems, total concentrations of pesticides in each
station were compared. The results showed that regardless of
the type of pesticide, the occurrence of total contamination
among different cultivating systems is significant. In order to
categorize the stations, Fisher and Duncan methods were
used. The station A4 with the highest concentration of pollu-
tion was placed in group (A), the stations A1, K, and A3 with
the lowest pollution were placed in group (B). However, the
station A2 was not categorized separately in any of the two
groups. In the end, to understand whether there is a significant
difference in the contamination of frogs’ liver tissue of differ-
ent cultivating systems with regard to the type of pesticide,
pesticide concentrations in each sample of each station were
compared with each other. The results showed that according

to the type of pesticide, the occurrence of pollution among
different cultivating systems is significant. Based on these
results, there was a drastic contamination concerning
Diazinon in the frogs’ liver tissue of the two stations A2 and
A4.

Additional Pearson correlation analysis indicates that there
is a significant correlation (R’ > 0.96) between water quality
and concentration of pesticides in the frogs’ liver tissue,
whereas no significant correlation observes between substrate
pollution and concentrations of pesticides in the frogs’ liver
tissue (Fig. 3).

Detection of illegal used pesticides

The present study showed that 10 types of 13 detected pesti-
cides are not commonly used in rice cultivation: among these
pesticides, Trans-Chlorfenvinphos, cis-Chlorfenvinphos,
Parathion, Fenthion, Endosulfan, and 3-Mevinphos are those
which have been banned by Iran’s Ministry of Agriculture
Jihad mandate for the past 830 years. However, the results
of this study and consultation with some pesticide vendors
revealed that these pesticides are likely to be illegally available
to farmers without them knowing and moreover, being direct-
ly sprayed along with other four pesticides Trifluralin,
Malathion, Chlorpyrifos, and Bromofos, which are commonly
used in fruit and vegetable gardens, can enter the rice fields
through leaching, runoff, and climatic flows (Kreuger 1999).

Population estimation

The results of population size estimate analysis between two
areas are indicated that the size of population increased
(P <0.05) after spraying stage at both areas (Table 3) despite
the fact that no spraying was done at the “Kiakola” organic
paddy field. This results also showed that some frogs have
stayed constantly on the farm and have not abandoned it, even
during or after spraying time (P < 0.05).

Discussion
Relation between habitat quality and affected frogs

Among the six pesticides used by farmers, there was no evi-
dence of three Bentazone herbicide, Tricyclazole fungicide,
and Fipronil insecticide in water, substrate, and frogs’ liver
tissue samples. Since sampling of substrate and water was
done in the latest growing season stage of possible, so that
the spraying act can be included, identification of the afore-
mentioned pesticides was not possible due to their persistence.
According to International Union of Pure and Applied
Chemistry (IUPAC), all three of these pesticides showed high
degree of persistence in European and American ecosystems.
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Fig. 3 Scatter plot of average
concentration of pesticides in
frogs’ liver tissue vs. water
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However, according to Iran Plant Protection Organization, the
persistence of these pesticides in north ecosystems of Iran is
low (less than 30 days and even faster). This difference can be
due to variability in the composition, type, and pH of sub-
strates as well as the presence of microorganisms facilitating
the decomposition process.

Based on the comparison of farmers’ statements to the
observations of the present study, it was discovered that no
chemical pesticide was used in the two farms A3 and K. These
results are consistent with pesticide measurements in the water
samples of these two stations, meanwhile are contradicted by
the observed pollution in samples of substrate and frogs’ liver
tissue. Regarding the isolation of these farms in terms of
accessing to water resources, this can only be done by wind
transferring pesticides from the surrounding farms. Also, pes-
ticide persistence in water is less than in substrate (Akerblom
2004). On the other hand, it has been shown that bioaccumu-
lation occurs in substrate microorganisms (Schéfer et al.
2011). So, detecting the higher values of pesticides in sub-
strate rather than in water is not surprising. As well, the same
pattern of difference in pesticides amounts was observed at
other stations. However, in general, these two stations provide
healthier environments than the others. The results of this
study indicated that station K, which have been managed un-
der an organic cultivation system with no chemical pesticides
for 15 years, showed the lowest amount of pesticides detected
in the frogs’ liver tissue compared to other stations. This indi-
cates that there are significant differences between the usage
of pesticides in organic farms and the accumulation of con-
tamination in the frogs’ liver tissue and is consistent with the
observations of other studies (Hegde and Krishnamurthy
2014).

Among the 6 used pesticides, the concentration and fre-
quency of the three pesticides, Diazinon, Fenitrothion, and
Butachlor, corresponded to the observations from habitat
and the frogs’ liver tissue. Butachlor is used at approximately

@ Springer
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the similar concentration and only in one repeat. But the ob-
served values in the habitat and frogs’ liver tissue were <
LOQ. Considering the sampling time, this can be due to the
speed of biodegrading the pesticide in this environment.
According to [UPAC, Butachlor can be biodegraded in envi-
ronment within 4 to 18 days. Also, Fenitrothion has been used
with the similar repeat rate (twice) and approximately the
same concentration. However, the observed values in the hab-
itat (except station A3) and frogs’ liver tissue were < LOQ.
According to IUPAC, Fenitrothion insecticide can be degrad-
ed in water and water sediment in 1-14 days and in less than
30 days, respectively, which justifies the values < LOQ.

The highest significant concentration in water is related to
Diazinon insecticide, which is agreed with our observation
about frequent usage of it by farmers of non-organic farms.
On the other hand, in agreement with previous studies (e.g.,
Hegde and Krishnamurthy 2014), there is a significant corre-
lation between water quality and concentration of pesticides in
the frogs’ liver tissue. However, no correlation was observed
between substrate pollution and frogs’ contamination. These
results are more consistent with the high permeability of am-
phibian skin to water (Fryday and Thompson 2012; Christin
et al. 2013; Cothran et al. 2013).

Toxicological effects

The effect of insecticides on vertebrates is clearly destructive.
The annual mortality rate of non-target birds and small terres-
trial vertebrates resulted from some pesticides cannot remain
unnoticed, even if such casualties do not reduce the popula-
tions for a long term as a result of compensatory effects
(Forbes et al. 2001). The relationship between individual
and population responses is not clearly obvious, since
population-level impacts may be influenced by density-
dependent compensatory responses (Forbes et al. 2001;
Schmidt 2004). A study demonstrated that pesticides can
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Table 3 Estimation of the

Standard error

Lower confidence interval Upper confidence interval

population size of Pelobates Station Estimated
ridibundus, using two different population size
methods, before and after N o
spraying stage at two sites in the Neka 158
northern Iran 176%
Neka® 308"
352V
Neka® 35¢h
36™
Kiakola® 154"
261V
Kiakola® 691"
745
Kiakola® 34"
38V

44.51 108 306
152 355
110.26 185 720
210 543
17.49 35 74
31 48
57.86 55 1210
185 310
378.44 281 3520
569 1592
11.16 29 86
31 75

b before spraying stage, a after spraying stage, s surviving (or remaining) individuals, Ch estimation using
Chapman method, W estimation using Williams method

interact with key processes within aquatic communities and
affect the quality of living organisms’ survival (Piha 2006;
Benton et al. 2003).

Based on the initial hypotheses, it was expected that a
number of frogs enclosed in the cages would die due to expo-
sure to the pesticides used in the farms. However, no mortality
was observed at any of the stations. Cothran et al. (2013)
found ascertained that survival rates in amphibians near agri-
cultural areas are higher than amphibians far beyond these
areas. According to their results, frogs near the farms had
more resistance to Chlorpyrifos, while they did not show sig-
nificant resistance to roundup herbicide. Yet, studies on car-
baryl insecticides verified that the amphibian resistance to
pesticides was accompanied with a reduction in fitness, and
this resistance was unequal among different species, popula-
tions, and individuals (Bridges and Semlitsch 2000; Semlitsch
et al. 2000; Bridges et al. 2001). More than half of our studied
frogs had varying degrees of muscles atrophy which was more
pronounced in A2 and A4 stations. By examining the stomach

contents of each individual, it was found that feeding was took
place normally. Therefore, this weight loss can be due to ex-
posure to pesticides and not having the possibility of moving
from contaminated habitat during spraying. In a normal con-
dition, the energy reserves are depleted in the end of breeding
season. Amphibian energy reserves and body condition are
connected to their reproductive cycle. Therefore, energy re-
serves are decreased during breeding season in spring and
have the lowest level in early summer (Pider et al. 1992;
Brodeur et al. 2020). Cothran et al. (2013) did not find evi-
dence of functional costs when facing with competitors or
frightening of being hunted in populations adjacent to the
farmland. However, we observe free specimens that they
had a considerable muscle atrophy, as well as enclosed spec-
imens in the cages, and suffer severe physical weakness
(Fig. 4). These frogs when facing with the collector, they tried
to escape, however they were easily caught due to muscle
weakness. Additionally, there were specimens that had defor-
mity in motor organs (Fig. 4). Limb deformation has been

Fig. 4 Malformation, muscle atrophy, and severe physical weakness in the frogs
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seen in amphibians living on agricultural fields, where regen-
eration and growth of frog larvae occur simultaneously with
the peak of pesticide usage (Taylor et al. 2005; Fryday and
Thompson 2012).

Escape from the polluted areas

In order to investigate the relationship between probable
movement pattern of free frogs and spraying, population esti-
mate was made in two regions before and after spraying.
Based on the initial hypothesis, it was assumed that the pop-
ulation at stations A1 and A2 would decrease, and the frogs
were expected to escape while exposing to chemical pesticides
(Dodd 2010). It was also believed that the population size at
the station K would be constant. But the results of population
estimate indicated an increase in population size at both sta-
tions. In a certain distance from the station K, there are rice
fields and fruit gardens under the common cultivation system,
and in terms of water resources, there is no connection be-
tween these fields and gardens and the station K. However,
frogs can move freely between fields and gardens. Hence, it is
possible to imply that the increased population size at station
K was due to the fact that during the spraying period, frogs
took shelter in a safe and non-polluted location, station K,
from the surrounding fields and gardens. In comparison with
station K, stations Al and A2 faced with a slight increase in
population which is probably caused by spray contamination
in Al, A2, and the surrounding fields. Considering the fact
that spraying in adjacent fields at each stage was conducted
almost a week after it was done in the studied farm, the in-
crease in population size at this station could be due to the
movement of frogs from other fields during spraying.
However, owing to contamination resulted from repeated
spraying in the studied field, it cannot be compared with the
station K.

It is known that frogs usually have a small home range and
often move less than 700 m in crops. It has been observed that
large populations of some species are present at the time of
using toxic materials and only carry out short movements
(Seitz et al. 1992; Tramontano 1997; Hachtel et al. 2005;
Kovar et al. 2009). At both stations, a number of frogs did not
leave the farm, which, in contaminated farms, could be a result
of the frogs’ resistance to pollution and in the organic station, be
due to the species preference in staying in a healthier habitat.
Actually, this species is highly tolerant to anthropogenic
stressors, including pesticides. Zhelev et al. (2017, 2018) were
found that the population of P. ridibundus (Pallas, 1771) which
inhabited in polluted area have a different hematological param-
eters of erythrocyte count (RBC), leucocyte count (WBC), he-
moglobin concentration (Hb), and packed cell volume (PVC).
It can be concluded that frogs took refuge in safe or less pol-
luted areas during the operation of spraying, and this movement
leads to a high population density over a short term and a

@ Springer

reduction in food supplies and a need for movement back into
contaminated areas. Because of each frog had a unique mark
(number), we were able to determine the movement pattern of
some of them explained above. In fact, contamination of habitat
cannot prevent the movement of frogs to make use of food
sources. However, it should be noted that population size var-
iation may be related to many complex factors. For instance,
due to fluctuations in available food resources, density-
dependent factors that affect population size may influence ev-
ery stressing element in the population such as toxins and neg-
atively affect the survival of infants, immature, and adolescents.
To uncover all these complexities, it is necessary to estimate the
size of the population in a longer period of time (Gardner 2001;
Mann et al. 2009). In fact, the ecological realism in case of in
situ analyses in amphibian populations inhabiting environments
exposed to anthropogenic stress is often quite different from the
one in a controlled environment (in vitro, ex situ, etc., analyses),
namely because of the synergic (and/or antagonistic) interac-
tions between the toxicants and the abiotic environment factors
(Burraco and Gomez-Mestre 2016; Davis et al. 2017;
Gongalves et al. 2019; Zhelev et al. 2020).

Conclusion

The present study showed that there is a correlation between
the concentration and frequency of spraying and the severity
of contamination in non-target species of Marsh frog.
Therefore, we can expect that if this trend continues in these
areas, we will confront a reduction in the survival rate and
reproduction success of this species in a long term, while
mortality rate is increasing. The results of this study, in con-
sistent with earlier researches, indicate that the survival of
amphibians in the north of Iran is at risk; many species, such
as salamanders, are now endangered; and environmental con-
tamination accelerates this trend (https://www.iucnredlist.
org/). Many Iranian farmers are dependent on excessive use
of toxic and sometimes illegal pesticides, which leads workers
and consumers of the agricultural products being put in
danger.
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