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Behavioural changes of an organism are used as an indicator to assess the impact of neurotoxic compounds. Jumping performance of newly 
emerged froglets exposed to malathion at their tadpole stage was studied.

Tadpo le  
groups were exposed to 1226, 

-12453 and 6133 µg l  malathion 
in laboratory mesocosms. 
When they emerged as froglet, 
their jumping performance 
was studied      

As malathion is an 
AChE inhibitor and produces 
negative effect on survival of 
tadpoles, we anticipated 
increased malathion exposure 
could result in reduction of 
j u m p i n g  d i s t a n c e  i n  
metamorphs. However, as 
compared to control, the 
jumping distance increased 
with malathion concentrations 
and showed s igni f icant  
increase in the individuals treated with the highest concentration of malathion (LC ; F ,  = 11.41, p = 0.0001).        25 3 21

Malathion is toxic to tadpoles; however, it could result in concentration dependent jumping performance within the tested concentrations. 
Several other factors like tadpole density, temperature of the media, pesticide tolerance may act as determining factor, which requires further 
investigations.   
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P Dlagiarism etector  

BACKGROUND
Frogs breed in waterbodies of Agro-ecosystem- Water and Soil are chemically contaminated

Tadpoles are naturally exposed to Agro-chemicals. Contaminants affect on growth, development,
behaviour, metamorphosis and overall population. Behavioural changes of tadpoles/froglets or frogs is

an indicator of impact of neurotoxic effects. Malathion a test chemical is an organophosphate
pesticide & AChE inhibitor.

Anticipated result 
as malathion is

neurotoxic,
jumping

performance
decreases with

increased
concentration.Tadpoles were exposed to 0, 1226 µg,

2453 µg, & 6153 µg malathion/L in
different mesocosms.

Froglets treated with different
concentrations of pesticides were

made to jump and jumping
performance was recorded.

Tadpoles
develop &

metamorphose
into froglets.

RESULT — Jumping performance at low
concentrations was comparable to control 

group but at high concentration it increased - Reason 
to be investigaged
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Penn, 2004; Krishnamurthy and Smith, 2010) and disrupt 
endocrine activity (Lal et al., 2013; David and Kartheek, 2015), we 
anticipated that chronic exposure to malathion at larval stage of 
these tadpoles can also affect the performance of locomotion in 
froglets. Therefore, the tadpoles of Fejervarya limnocharis were 
exposed to sub-lethal concentrations of commercial grade 
malathion to investigate their jump performance post 
metamorphosis.

Materials and Methods

Study material: Free feeding tadpoles of F. limnocharis were 
collected from a natural stream (13° 47ʹ 33.05ʺ N, 75° 37ʹ 7.97ʺ E; 
Alt: 662 m) near Kuvempu University campus, Karnataka, India. 
The stream originates and flows through Bhadra Wildlife 
Sanctuary and is devoid of any agricultural activity. The tadpoles 
were collected using dip net and immediately after collection, 
tadpoles were placed in an inert plastic container with habitat 
water. The containers were transferred to laboratory and released 
into small tank (45 l) containing aged tap water (temperature 
24.75 ± 0.26°C) and allowed to acclimatize to the laboratory 
conditions for two days. The developmental stage of tadpoles 
was confirmed according to Gosner (1960) method of 
classification and they were found to be in stage 25. At this stage, 
the tadpoles are free feeding and at the beginning of free-
swimming state. Further, their length and biomass were recorded. 
The total length of tadpoles was measured with a digital callipers 
(Tresna, EC 16, resolution 0.01 mm), while the weight was 
measured on a digital weighing scale (Make: Ohaus pioneer; 
Precision: 0.0001 g). The total length of 25 randomly selected 
tadpoles ranged between 7 and 9 mm and the body mass ranged 
between 2.1 and 12.2mg, respectively.

Treatment schedule : Commercial grade malathion (AI 50%) 
was used as a test chemical. The pesticide concentrations of the 
commercial grade malathion was confirmed by HPLC and was 
found to be between 46 and 51%. Following the method of Finney 
(1971) with modifications according to Gurushankara et al. 
(2003), LC  of malathion on this specie was estimated. The 96-50

hour LC  for F. limnocharis was estimated to be 12267 μg 50
-1malathion l . After estimating LC , the present experiment was 50

conducted two times in a laboratory mesocosm made of inert 
circular polythene containers (height: 18 cm, radius: 24 cm) filled 
with 6.6 l of aged tap water, in which 6 tadpoles were introduced. 
The tadpoles were fed with boiled spinach ad libitum and aerated 
for 30 min every day. Randomly selected tadpoles having Gosner 
25 stage were exposed to three concentrations of malathion 
representing 1/10th, 1/5th and 1/2 of LC  concentrations (i.e. 50

1/10th of LC = 1226 μg malathion , 1/5th of LC =2453 μg 50 50

malathion  and 1/2 of LC = 6133 μg malathion  respectively) 50

with a control in triplicates. The pH and dissolved oxygen in the 
-1experimental media ranged between 6.3 - 7.1 and 7.5 - 9.3 mg l  

respectively. The total experimental duration was 52 days. The 
water level, feeding schedule and other experimental conditions 
were maintained uniformly for all the treatment groups, except for 
the concentration of malathion. To keep an environmentally 

-1l
-1 -1l l

Introduction

Amphibians are sensitive to environmental stress both 
during their larval and adult stages (Venturino et al., 2003). The 
excessive usage of agrochemicals is one among the various 
causes for declining amphibian population (Hegde and 
Krishnamurthy, 2014). In the recent decades, there is an increase 
in application of agrochemicals (Nataraj and Krishnamurthy, 
2012). As a result, the agricultural sites are contaminated 
(Krishnamurthy et al., 2006; Mann et al., 2009). Several studies 
show that these agrochemicals affect the health of various non-
target organisms including amphibians living in the 
agroecosystems (Relyea, 2009). The biological effects of 
agrochemicals are chronic, detrimental and alter the biology of 
amphibians (Mann et al., 2009; Lajmanovich et al., 2019). 
Biomarker studies and other invasive methods dealing with the 
changes in the biology of frogs/tadpoles exposed to 
agrochemicals have revealed chromosomal aberrations, 
changes in the RBC structure etc., (Hegde and Krishnamurthy 
2014; Josende et al., 2015). Since the amphibian larvae are 
under risk due to desiccation of water bodies, chronic exposure 
studies are important (Vasconcelos et al., 2016). 

At chronic exposures to agrochemicals, the effects are 
apparent after a lapse of time and influence on the normal 
behaviour of the survivors (Shuman-Goodier, 2016). Behavioural 
changes in an organism are known to produce indirect effects on 
the entire community structure induced by altering species 
interactions. Therefore, it has been opined that, there is a need to 
integrate behavioural changes with the concept of community 
ecology to the field of toxicology to improve the evaluation of toxic 
effect of pesticides (Söffker and Tyler, 2012). Further, 
understanding the latent effect of exposure to contaminants on 
larval amphibians is important to understand behaviour (Lee-
Jenkins and Robinson, 2018). Further, incorporating the 
measures of behaviour and to link the effect of internal physiology 
to the external environment is considered as a pivotal measure 
(Shuman-Goodier, 2016). Earlier researchers have reported 
altered behaviour like swimming and feeding among the larval 
amphibians (Sievers et al., 2019), however, very few studies have 
been conducted on the latent effect of agro-chemicals on the 
behaviour of adult amphibian populations. Thus, the behavioural 
responses on locomotion of froglets, which were previously 
exposed to malathion (organophosphate insecticide) at 
environmentally realistic concentrations at their tadpole stages 
were assessed to understand the performance changes. 
Malathion has a short half-life in water (0.2-21 weeks) depending 
on the pH (Mulla et al., 1981). 

The concentration of malathion in most of surface water 
and sediment of agro-ecosystems of India range between 0.699 

-1and 2.618 μgl  (Rao and Pillala, 2001; Sankararamakrishnan et 
al., 2005). The larvae and adults of Indian Cricket frog (Fejervarya 
limnocharis) are commonly found in the rice paddy fields across 
South and Southeast Asia. As organophosphate insecticides are 
AChE inhibitors which affect the tadpole behaviour (Zala and 
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the relationship between hind limb of the metamorphs and 
jumping distance. The p < 0.05 was considered as significant.

Results and Discussion

The SVL of metamorphs did not show considerable 
differences among the treatment groups, (F  = 2.53, p = 0.084) 3,21

(Table 1). The wet body mass (mg) of the metamorphs in control 
was low compared to the treatment groups, however the 
differences between them were insignificant (F  = 1.156, p = 3,21

0.354). Like SVL, the hind limb length did not show significant 
difference between them (F  = 2.48, p = 0.089), however, 3,21

jumping distance showed a clear increase with concentration of 
malathion (r = 0.96, p = 0.036) and differences between jumping 
distance at different treatment were significant (F  = 11.41, p = 3,21

0.0001). Further, as the SVL increased, the body mass of the 
metamorphs also increased (r = 0.97, p =0.02). The hind limb 
length and SVL are believed to be determining factor for jumping 
performance of frogs (Rand, 1952). The jumping distance as 
proportional to hind limb length (jumping distance/ hind limb 
length) was 7.650, 7.109, 7.948 and 12.6 for 0 μg, 1226 μg, 2453 

-1μg and 6133 μg malathion l . Similarly, the jumping distance as a 
proportion to SVL (jumping distance/SVL) was 7.47, 7.0, 8.007 
and 12.6 respectively. But neither hind limb length nor SVL 
correlated to their corresponding proportion of jumping distances 
(r= 0.15, p=0.71 and r = 0.16, p= 0.837).The AChE activity in the 
thigh muscle of froglets emerged from control group (0 μg 

-1 -1 -1malathion l ) was found to be 0.0001511 mmol min  g  whereas in 
-1the 1226 μg, 2453 μg and 6133 μg malathion l  treatment groups, 

-1 -1it was 0.0001656, 0.0001616 and 0.0002394 mmol min  g , 
respectively. A similar increase in AChE was observed in tadpoles 
of Odontophrynus americanus exposed to insecticide 
pyriproxyfen (Lajmonovich et al., 2019). The survival of froglets 
with malathion concentration showed a significantly strong 
correlation (r = -0.991, p = 0.009). The results revealed that the 
jumping distance of froglets increased with increasing 
concentration of malathion (r = -0.938, p = 0.062). We suspect this 
to be the result of larval density. Larval density is known to affect 

realistic condition, water was not changed in the container during 
the experimental period. However, water in each container was 
aerated for 30 min per day. The survival rate of tadpoles during 
the experiments in control group ranged between 98 and 100%, 
while it was 93 and 95 %, 88 and 90%, 71 and 75%, respectively, 
for LC , LC  and LC  concentration treated groups. By the time 5 10 25

when all tadpoles of the control group emerged as metamorphs, 
39%, 28% and 14% of the tadpoles of LC , LC  and LC  5 10 25

treatment concentrations had emerged as metamorphs. After 
these tadpoles reached Gosner stage 42, they were taken out 
of the mesocosm and raised separately until stage 45. The 
Snout-Vent-Length (SVL), Hind limb length (HLL) were measured 
with a calliper (Make: Tresna) and body mass (BM) was recorded on 
a electronic Balance (make: Ohaus Pioneer PAG214C, precision: 
0.0001g). Followed by this, each metamorph were subjected to 
jumping performance. The metamorphs were made to jump on 
rough surface by prodding gently at the vent using a smooth 
paint brush. This performance was repeated six times. The 
distance jumped, and time taken for each jump was recorded 
for six consecutive attempts. The jumping performance was 
carried out following the methods of Zug (1985).

Acetylcholinesterase activity : Acetylcholinesterase (AChE) 
activity was estimated in the thigh muscles of metamorphs 
(Gosner stage 46) from each treatment and control group, 
following the method of Ellman et al. (1961) with modifications 
according to Hill (1988).

Statistical analyses : SPSS (ver.20) was used for computation 
of data. For all the statistical analyses, the average values for 
each parameter of the two experiments. Prior to subjecting the 
data for statistical analyses, the data were checked for 
normality. Analyses of Variance (ANOVA) with Tukey-Kramer 
Post hoc test was used to evaluate the significant differences 
between the data of SVL, BM and jumping distances (as 
proportional to their hind limb length) recorded from 
metamorphs emerged from control group and pesticide treated 
group. Karl-Pearson Correlation co-efficient was used to test 

Table 1: Morphometric measurements, AChE content and jumping distance of froglets treated at different concentrations of malathion at their larval stage

                                 Treatment Groups

Parameter Control LC  (1226 μg LC  (2453 μg LC  (6133 μg Significance5 10 25

-1malathion l ) malathion l ) malathion l ) (F and p)

Snout-Vent length (mm) 12.9 ± 1.09 13.9 ± 0.63 13.4 ± 0.55 13.6 ± 0.27 F ,  = 2.533 21

p = 0.084
Wet body mass (mg) 205.2 ± 32.64 251.8 ± 63.00 231.5 ± 41.2 231.5 ± 66.12 F ,  = 1.1563 21

p = 0.354
Hind limb length (mm) 12.6 ± 1.09 13.7 ± 1.03 13.5 ± 0.87 13.6 ± 0.55 F ,  = 2.483 21

p = 0.089
Jumping distance (mm) 96.4 ± 24.39 97.4 ± 33.20 107.3 ± 21.57 171.6 ± 9.47 F ,  = 11.413 21

p = 0.0001
Acetylcholinesterase 0.0001511±0.00 0.0001656±0.00 0.0001616±0.00 0.0002394±0.00 F ,  = 0.413 21

-1(mmol min  g ) 0195 00372 00093 01103 p = 0.7502

-1 -1

-1
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the size at metamorphosis and jump distance (Wilbur, 1987; 
John-Alder and Morin, 1990; Tejedo et al., 2000). Because of the 
reduced larval density due to malathion, the tadpoles in the higher 
treatment groups experienced lesser competition from fellow 
individuals and gained more resources. This is further supported 
by gain in body mass among the malathion treated groups as 
compared to control (Table 1). A similar observation was made by 
Gurushankara et al. (2007) wherein at higher concentrations of 
malathion, the bodymass of tadpoles increased after 1500 μg 

-1malathion l  treatment group. They also attributed the higher value 
of LC  to probable resistance acquired by the species to malathion. 50

Further, malathion degradation is dependent on several factors, 
such as pH, temperature, light and response of tadpoles varies with 
presence of other biological stressor with pesticide like malathion 
(Mulla et al., 1981; Relyea, 2004). Accordingly, the 
acetylcholinesterase activity in the thigh muscle of froglets 
increased in a dose-dependent manner. A significantly strong 
correlation was noted between AChE activity and jumping distance 
(r = 0.981, p = 0.019). Since the experiment lasted for 52 days, it is 
presumed that malathion in the treatment groups degraded with 
time or tadpoles recovered from malathion stress as observed in 
fishes (Ansari and Kumar, 1984) and toads (De Castro et al., 1991). 

Chemical contaminants are known to alter the animal 
behaviour, therefore the effect of contaminants and pesticides on 
animal behaviour is considered important aspect as they 
contribute to determine the status of ecological community (Weis 
et al., 2001; Zala and Penn, 2004). Malathion is the most widely 
used insecticide in India (Gurushankara et al., 2007), however, 
there are only few studies examining the impacts of malathion on 
the behaviour of tadpoles and adults (Fordham et al., 2001), food 
consumption (Gurushankara et al., 2007), swimming behaviour 
(Webb and Crain, 2006), and activity (Mackey and Boone, 2009). 
The frog jump is considered as reliant to hind limb length and 
strength (Rand, 1952; Wilson et al., 2000; Azizi and Roberts, 
2010). Malathion being an acetylcholine inhibitor can cause 
paralyses and inhibit growth (Witter and Gaines, 1963; Ding et al., 
2017). Therefore, we anticipated that increased malathion 
exposure could result in reduction of jumping distance among the 
survival. But the results revealed a consistent increase in jumping 
distance with increased malathion concentrations.

In anurans, jumping performance is considered as an 
indicator of healthy status of the animal (Rand, 1952). Many 
insecticides like endosulfan are known to interfere with foraging 
and locomotion of anurans (Preud’homme et al., 2015). Gray 

-1treefrogs when exposed to 0.1 mg l  carbaryl showed increased 
locomotor activity by 3 % (Relyea and Edwards, 2010). In a 
meta-analysis, Rohr and McCoy (2010) observed that 12 out of 
13 studies showed elevated activity to atrazine among fish and 
amphibians. In rainbow trout, exposure to AChE inhibitor 
showed hyperactivity (Beauvais et al., 2000) and in salamander 
such exposure did not show any significant changes in their 
behaviour (Baker, 1985). In other neurotoxic chemical 
exposure (neonicotinoids), Lee-Jenkins and Robinson (2018) 
found no considerable difference in locomotor performance. On 

the contrary, in the present study the neurotoxic chemical 
(Malathion) had produced clear increase in jumping 
performance at higher concentrations. This could be due to short 
half-life period of malathion, which might have degraded, allowing 
only small quantity to interact with tadpole. Further, exposure to 
sub lethal concentrations of commercial grade malathion appears 
to produce concentration dependent effects on the survival of 
tadpoles. As a result of the toxic action of malathion, the larval 
density decreased with the increasing malathion concentration. 
Lower larval density could have reduced the competition among 
the tadpoles and resulted in  increased size of the metamorphs. 
This increased the availability of space and resources. Since the 
exposure was a static non-renewal type, which lasted for ~50 
days, the concentration of malathion might have decreased over 
the time. With the decreasing larval density and degradation in 
malathion with time, the acetylcholinesterase activity in the larvae 
might have recovered. As a result, the metamorphs showed an 
increased size, increased acetylcholinesterase activity, and 
increased jumping performance. These chain of events however 
warrant a detailed investigation. 
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