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Abstract 

Due to their ecological sensitivity, aquatic-terrestrial life cycles, and porous skin, amphibians 

are more likely than other vertebrates to be polluted by chemicals from farming. the effects that 

pesticides used in farming have on the life cycle of amphibians, especially during the 

metamorphic, embryonic, and larval stages, which are all very important for the species' 

survival. Field observations and controlled laboratory studies show that even small amounts of 

pesticides can stop normal development and growth. They can also delay hatching, lower 

survival rates, change the shape of animals, and stop metamorphosis. Herbicides like atrazine 

mess up the way hormones work, which can cause problems with gonadal development and 

the ratios of males to females. Organophosphates, carbamates, and neonicotinoids also mess 

up the way brain and hormones work. Pesticides raise the risk of death in larval stages by 

making it harder for them to feed, fight off infections, and avoid being eaten. Changes in 

temperature, habitat loss, and the spread of disease are some of the environmental factors that 

make developmental problems worse. The synergistic effects of pesticide combinations are 

another factor. 
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Introduction 

As both predators and prey in both water and land environments, as well as bioindicators of 

environmental health, frogs are one of the most eco-friendly groups of vertebrates. Their 

unusual biological traits, such as skin that is very permeable, biphasic life cycles, and need for 

both aquatic and terrestrial environments, make them especially vulnerable to chemical 

contaminants. In the last few decades, there have been worrying drops in the number of frogs. 

Pesticide use and intensified farming have been blamed as main causes. Pesticides often end 

up in freshwater ecosystems through runoff, drift, and leaching. There, they can stay and hurt 

animals that are not meant to be there, like amphibians, when they are most vulnerable to 

having their development slowed down. The embryonic, larval, and metamorphic stages of an 

amphibian's life are all very important for the species to stay alive and for the population to 

stay stable. Pesticide exposure during these stages may have long-lasting effects on the 

environment, which can mess up normal development, physiology, and behavior. Embryos that 

are exposed to pesticides could have problems with their development, die more quickly, or 

hatch later than expected. Pesticides can be very bad for larvae because they can damage their 

nervous systems and muscles, making it harder for them to eat, move, and avoid being eaten. 
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Pesticides can mess up endocrine pathways, which can cause abnormal or partial 

metamorphosis. Hormones control this process, which is necessary for life to change from 

aquatic to terrestrial. The long-term fitness of people and the resilience of populations to these 

kinds of shocks both get worse. Many things, like direct toxicity, oxidative stress, 

neurotoxicity, and endocrine disruption, can happen when chemicals come into contact with 

amphibians. Organophosphate and carbamate are two pesticides that can harm the nervous 

system by blocking acetylcholinesterase activity. Atrazine, on the other hand, is a herbicide 

that can change the ratio of male to female and cause abnormal gonadal growth by blocking 

hormone signaling. Because different types of pesticides work together to make other 

pesticides less effective, amphibians that live in farming areas are almost never exposed to just 

one type of pesticide. In addition to developmental problems caused by pesticides, 

environmental stresses like the spread of disease, habitat loss, and changes in temperature 

caused by climate change make animals even more vulnerable. It is very important for the 

conservation of biodiversity and sustainable agriculture to know how agricultural pesticides 

affect different stages of development because amphibians are very sensitive to environmental 

pollutants and play such an important role in the ecosystem. This paper's goal is to look at what 

is been written about how pesticides affect the growth of amphibians by putting together data 

from toxicological studies, field studies, and lab investigations. By looking at how vulnerable 

the embryonic, larval, and metamorphic stages are, the study hopes to put light on threats at 

the species level as well as wider ecological effects. The results can help conservation efforts, 

farming methods that are good for amphibians, and the global conversation about stopping 

biodiversity loss caused by chemicals. 

Pathways of Pesticide Exposure in Freshwater Habitats 

Because agricultural pesticides can enter freshwater habitats in a variety of different ways, they 

constitute a hazard to the health of frogs that is both long-term and short-term. Because frogs 

are dependent on aquatic habitats for reproduction and early life cycle stages, these waterways 

are direct conduits of pollution that can have a significant influence on the survival and 

development of amphibians who are dependent on aquatic habitats. 

Agricultural Runoff and Leaching 

One of the most important entrance points for pesticides into aquatic environments is surface 

runoff, which can be caused by irrigation or rainfall. Herbicide, pesticide, and fungicide 

residues that are washed into fields are the environments in which amphibians lay their eggs 

and watch their larvae develop. These environments include ponds, streams, and wetlands. The 

intensity of runoff is affected by a number of factors, including slope, precipitation patterns, 

soil composition, and farming techniques. In addition, pesticides that are sprayed on fields have 

the potential to seep into groundwater after being applied to the soil. This, in turn, can cause 

the pesticides to seep into breeding pools and wetlands. This process causes pulses of pollution 

during rainy seasons and builds up in aquatic habitats over time, which exposes amphibians to 

hazardous levels that fluctuate but remain consistent over time. Therefore, amphibians are put 

in danger of being exposed to toxic levels. 
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Spray Drift and Atmospheric Deposition 

When pesticides are sprayed or misted from above, they have the potential to be carried by the 

wind into neighboring water systems, where they can end up in environments that were not 

intended by the sprayers. This phenomenon is referred to as "spray drift," and it has the 

potential to contribute to the contamination of even protected or remote breeding grounds for 

amphibians. In addition, pesticides that are volatile have the potential to be transported and 

deposited in the atmosphere, where they may eventually find their way onto surface waters as 

a consequence of precipitation or dry fallout. The presence of ephemeral ponds and shallow 

wetlands poses a threat to developing eggs and larvae due to the fact that these bodies of water 

are incapable of diluting the chemical residues. 

Persistence and Bioavailability of Pesticides 

Amphibians are exposed to pesticides for a variety of reasons, including the length of time they 

remain in water and the chemical reactions that occur between them. Some chemicals degrade 

very quickly, whereas others, such as organochlorines, can remain in the environment for a 

very long time and eventually are found in sediments. Amphibians that live in benthic habitats, 

such as those whose larvae feed on periphyton or lay eggs on submerged substrates, are more 

vulnerable to the dangers posed by wastes that are stuck to sediment. There is a possibility that 

pesticides will continue to be hazardous to the environment even after they have decomposed 

into compounds that are less hazardous. This is because amphibians have exceptionally porous 

skin and gills, which allow them to absorb pollutants. However, the bioavailability of pesticides 

is also regulated by factors such as temperature, the content of organic matter, and pH.  

Because of these pathways, frog eggs, larvae, and juveniles that are undergoing metamorphosis 

are subjected to a complex mixture of chemicals in agricultural landscapes. This interaction 

typically takes place during critical developmental windows. Not only are frog populations in 

densely cultivated agricultural areas particularly vulnerable, but they are also particularly at 

risk in regions when pesticide spraying is at its peak, such as during mating seasons. 

Impacts on Developmental Stages 

Pesticides that are used in agriculture have a detrimental effect on the development of 

amphibians at a number of stages throughout their life cycle. These stages include fertilization, 

embryogenesis, larval growth, and metamorphosis. As a result of the rapid cell division, organ 

construction, and endocrine regulation that characterize these phases of development, even at 

modest doses, pollutants have the potential to cause developmental delays. Reduced fitness and 

population resilience are the cumulative results of several impacts, the severity and nature of 

which vary depending on the class of pesticide, the concentration, the amount of time spent 

exposed to the pesticide, and the species' sensitivity (sensitivity). 

Embryonic Development 

Insecticide exposure offers a major risk to frog eggs due to the fact that these eggs are 

dependent on water and have a jelly-like covering that is translucent. There are a number of 

adverse consequences that herbicides, insecticides, and fungicides have on embryos. These 

adverse effects include a slower hatching process, reduced survival rates, and birth 
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malformations such as craniofacial and spinal anomalies caused by the herbicides. Embryos 

typically do not make it to the larval stage because of issues with cell division and oxidative 

stress that occur during the early stages of development. Synergistic effects are what make 

pesticide mixtures, which are common in agricultural runoff, more dangerous than individual 

chemicals. These combinations are a common source of contamination. The overlap that occurs 

between the periods of year when amphibians are breeding and the times of year when 

pesticides are being applied at their highest results in an increased risk of embryonic exposure. 

This is one of the factors that contributes to recruitment failures in agricultural areas. 

Larval Stage 

During the larval period, which is an extremely important time, pesticides hinder development, 

nutrition, and the ability to avoid being eaten by predators in a variety of different ways. This 

is because pesticides that have neurotoxic effects, like as carbamates and organophosphates, 

inhibit the enzyme acetylcholinesterase, which in turn makes swimming and motor abilities 

more difficult. A decline in the larvae's capacity to efficiently forage for food and an increase 

in their susceptibility to being eaten by predators are the consequences of this. There are a 

number of common side effects that make it more difficult to survive in environments where 

pesticides are present. These include impaired immunological function, diminished gill 

efficiency, and stunted growth, among other effects. Herbicides such as atrazine have an effect 

on the feeding behaviors of tadpoles as well as the communities of algae that supply them with 

food. This makes the situation somewhat more difficult. Larvae may linger in ephemeral ponds 

for longer periods of time as a result of sublethal exposure. This makes them more susceptible 

to drying up and being eaten by predators, which in turn diminishes the likelihood of successful 

recruitment. 

Metamorphic Transition 

Because it is a hormonally sensitive stage of development that is primarily controlled by 

thyroid hormones, the metamorphosis of an amphibian is a prime target for the disruption 

caused by pesticides. Because they change hormone synthesis, signaling, and receptor 

activation, herbicides and fungicides that disrupt the endocrine system cause metamorphosis 

to be delayed or not completed at all. This is because they disrupt the mechanism by which 

hormones are produced. When the metamorphosis process is at its pinnacle, these perturbations 

might cause the body to become smaller, the locomotor performance to become worse, and the 

post-metamorphic survival rates to become worse. Atrazine and other pesticides are linked to 

abnormal gonadal differentiation, which can have long-term impacts on the survival of 

populations. This can include feminization of men and skewed sex ratios, among other potential 

side effects. Young animals that emerge from polluted areas typically have physiological 

deficiencies such as compromised immune systems, which makes them more susceptible to 

illnesses and other environmental stresses. In addition, these animals are more likely to be 

exposed to pollution.When the impacts of pesticides on many stages of development are 

examined, it becomes abundantly evident that pesticides constantly reduce the odds of survival, 

growth, and reproduction. These deficiencies put the amphibians' ability to control insect 
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populations and contribute to the cycling of nutrients at risk. As a result, local populations are 

put in jeopardy, and their status as keystone species in freshwater ecosystems is undermined. 

Conclusion 

Amphibians are among the vertebrate species that are most likely to be exposed to pesticides 

used in agricultural production operations. During the embryonic, larval, and metamorphic 

stages of an organism's development, chemical intervention can have long-lasting ecological 

ramifications. These effects can be very detrimental to the environment. When pesticides 

interfere with the regulation of hormones and the differentiation of the testicles, they are known 

to have a negative impact on many stages of development, including embryogenesis (when 

they cause abnormalities or reduce the success of hatching), neurotoxicity (when they hinder 

the eating and movement of larvae), and metamorphosis (when they interfere with the ability 

of the testicles to differentiate). The ability of a population to survive is diminished as a result 

of these repercussions, regardless of whether they are fatal or nonlethal. These consequences 

reduce growth, reproductive potential, and survival. Rather than being exposed to only one or 

two chemicals, frogs who live in agricultural regions are frequently exposed to a variety of 

pesticides. This is an important fact to keep in mind. This is due to the fact that amphibians are 

subject to a variety of environmental pressures, such as temperature changes, the destruction 

of their habitat, and diseases. The result is a multifaceted threat that is hastening the demise of 

frogs and compromising their ecological function as insect predators and essential actors in the 

cycle of nutrients in freshwater environments. This is caused by the complicated nature of the 

situation. It is of the utmost importance to create solutions that integrate agricultural 

productivity with the preservation of biodiversity as quickly as feasible. The use of pesticides 

needs to be tightly regulated, farming practices that are friendly to amphibians, such as buffer 

zones and reduced chemical inputs, need to be introduced, and ecological monitoring programs 

need to be established in order to measure the health of agricultural populations over the course 

of time. To add insult to injury, environmental risk assessments ought to give amphibians the 

attention they deserve as sentinel species due to the fact that they are sensitive and because 

they are a reflection of the overall health of ecosystems. The reduction of the impacts of 

pesticides on the developmental phases of amphibians is essential to the preservation of 

amphibian species as well as the benefits that freshwater environments give. In this day and 

age of rapidly expanding agricultural production and diminishing biodiversity all over the 

world, it is both an ecological requirement and a conservation imperative to lessen the dangers 

that pesticides pose to frogs. 

Bibliography 

• Boone, M. D., & Bridges, C. M. (2003). Effects of pesticides on amphibian populations. 

In R. D. Semlitsch (Ed.), Amphibian conservation (pp. 152–167). Smithsonian 

Institution Press. 

• Hayes, T. B., Collins, A., Lee, M., Mendoza, M., Noriega, N., Stuart, A. A., & Vonk, 

A. (2002). Hermaphroditic, demasculinized frogs after exposure to the herbicide 

https://ceapress.org/


Cadernos de Pós-Graduação em Direito Político e Econômico 

Published by: Centro de Estudos Acadêmicos Press 

ISSN: 1678-2127 

Volume 26 Issue 2, 2026 

Website: https://ceapress.org 

 

274 
 

atrazine at low ecologically relevant doses. Proceedings of the National Academy of 

Sciences, 99(8), 5476–5480. https://doi.org/10.1073/pnas.082121499 

• Mann, R. M., Hyne, R. V., Choung, C. B., & Wilson, S. P. (2009). Amphibians and 

agricultural chemicals: Review of the risks in a complex environment. Environmental 

Pollution, 157(11), 2903–2927. https://doi.org/10.1016/j.envpol.2009.05.015 

• Relyea, R. A. (2005). The impact of insecticides and herbicides on the biodiversity and 

productivity of aquatic communities. Ecological Applications, 15(2), 618–627. 

https://doi.org/10.1890/03-5342 

• Relyea, R. A., & Mills, N. (2001). Predator-induced stress makes the pesticide carbaryl 

more deadly to gray treefrog tadpoles (Hyla versicolor). Proceedings of the National 

Academy of Sciences, 98(5), 2491–2496. https://doi.org/10.1073/pnas.031076198 

• Sparling, D. W., Linder, G., & Bishop, C. A. (Eds.). (2010). Ecotoxicology of 

amphibians and reptiles (2nd ed.). CRC Press. 

• Stebbins, R. C., & Cohen, N. W. (1995). A natural history of amphibians. Princeton 

University Press. 

• Storrs, S. I., & Kiesecker, J. M. (2004). Survivorship patterns of larval amphibians 

exposed to low concentrations of atrazine. Environmental Health Perspectives, 112(10), 

1054–1057. https://doi.org/10.1289/ehp.6821 

• Wake, D. B., & Vredenburg, V. T. (2008). Are we in the midst of the sixth mass 

extinction? A view from the world of amphibians. Proceedings of the National 

Academy of Sciences, 105(Suppl. 1), 11466–11473. 

https://doi.org/10.1073/pnas.0801921105 

 

 

 

https://ceapress.org/

