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Abstract 
Among the vertebrates, amphibians are particularly susceptible to chemical contamination 
from farming due to their ecological sensitivity, aquatic-terrestrial life cycles, and porous skin. 
the effects of pesticides used in agriculture on the life cycle of amphibians, particularly during 
the metamorphic, embryonic, and larval stages—all of which are vital for the survival of the 
species. Exposure to pesticides, even at sublethal concentrations, interferes with normal 
development and growth, delaying hatching, reducing survival rates, causing morphological 
abnormalities, and hindering metamorphosis, according to field observations and controlled 
laboratory research. Herbicides like atrazine influence hormone control, leading to aberrant 
gonadal differentiation and skewed sex ratios, while organophosphates, carbamates, and 
neonicotinoids disrupt brain and endocrine functioning. Pesticides cause an increase in 
mortality risk in larval stages by reducing feeding efficiency, immunological responses, and 
predator avoidance behaviors. Furthermore, environmental stresses including temperature 
changes, habitat fragmentation, and disease prevalence, in addition to the synergistic effects of 
pesticide combinations, worsen developmental abnormalities. 
Keywords: Amphibians; Developmental stages; Agricultural pesticides; Embryonic 
development; Larval growth 
 
Introduction 
In their dual functions as predators and prey in both aquatic and terrestrial habitats, as well as 
bioindicators of environmental health, amphibians are exceedingly environmentally sensitive 
vertebrate groups. Particularly susceptible to chemical contaminants are their unusual 
biological features, including as extremely permeable skin, biphasic life cycles, and reliance 
on both aquatic and terrestrial habitats. Worrying decreases in frog populations have been 
observed in recent decades, with pesticide use and agricultural intensification being named as 
key culprits. Runoff, drift, and leaching are common ways for pesticides to get into freshwater 
ecosystems, where they can linger and harm non-target creatures like amphibians when they're 
most susceptible to their developmental phases being affected. The embryonic, larval, and 
metamorphic stages of an amphibian's life cycle are all essential for the species' continued 
existence and population stability. There may be long-term ecological effects from pesticide 
exposure during these phases, which can disrupt normal development, physiology, and 
behavior. Developmental abnormalities, higher mortality, or postponed hatching are all 
possible outcomes of embryos exposed to pesticides. Pesticides can have a devastating effect 
on larvae by lowering their neurological and muscular functions, making it more difficult for 
them to feed, swim, and evade predators. Pesticides have the potential to interfere with 
endocrine pathways, leading to aberrant or incomplete metamorphosis, a process that is crucial 
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for the shift from aquatic to terrestrial life and is regulated by hormones. Both the fitness of 
individuals and the ability of populations to withstand such shocks in the long run are 
diminished. Direct toxicity, oxidative stress, neurotoxicity, and endocrine disruption are some 
of the many ways in which pesticides impact amphibian development. Some pesticides, such 
organophosphate and carbamate, can damage the nervous system by interfering with 
acetylcholinesterase activity, while some herbicides, like atrazine, can cause skewed sex ratios 
and aberrant gonadal development by interfering with hormone signaling. As a result of the 
additive or synergistic effects of pesticide mixtures, amphibians in agricultural settings are 
almost never exposed to just one kind of pesticide. In addition to pesticide-induced 
developmental abnormalities, environmental stresses such as disease abundance, habitat 
fragmentation, and climate-induced temperature shifts add additional layers of vulnerability. 
Because amphibians are so sensitive to environmental pollutants and have such a significant 
ecological role, it is critical for the conservation of biodiversity and sustainable agriculture to 
understand how agricultural pesticides affect developmental phases. The purpose of this work 
is to review the literature on pesticide effects on amphibian growth by combining results from 
toxicological evaluations, field studies, and laboratory investigations. The study aims to shed 
information on hazards at the species level as well as broader ecological repercussions by 
determining the particular vulnerabilities of embryonic, larval, and metamorphic phases. 
Conservation efforts, amphibian-friendly farming methods, and the worldwide conversation 
about reducing biodiversity loss due to chemical contamination can all benefit from the results. 
 
Pathways of Pesticide Exposure in Freshwater Habitats 
Agricultural pesticides pose both long-term and short-term health threats to frogs because of 
the various ways they infiltrate freshwater habitats. These channels are direct routes of 
pollution that can greatly impact the survival and development of amphibians because they 
depend on aquatic habitats for reproduction and early life cycle phases. 

 Agricultural Runoff and Leaching 
Surface runoff from irrigation or rainfall is a major entry point for pesticides into aquatic 
ecosystems. Amphibians lay their eggs and watch their larvae grow in ponds, streams, and 
wetlands that receive herbicide, pesticide, and fungicide residues washed into fields. Soil 
composition, slope, precipitation patterns, and farming techniques all influence runoff 
intensity. Another issue is that pesticides used on fields can seep into groundwater after being 
sprayed to the soil, which in turn can cause them to seep into wetlands and breeding pools. This 
process exposes amphibians to toxic levels that fluctuate but remain constant over time, as it 
creates pulses of pollution during rainy seasons and builds up in aquatic habitats over time. 

 Spray Drift and Atmospheric Deposition 
The wind can carry pesticides sprayed or misted from above into neighboring water systems, 
where they end up in environments unintended by the sprayers. The term for this occurrence is 
"spray drift," and it can pollute even protected or distant breeding grounds for amphibians. 
Additionally, pesticides that are volatile can be carried and deposited in the atmosphere, 
eventually ending up on surface waters as a result of rainfall or dry fallout. Because they can't 
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dilute the pesticide residues, ephemeral ponds and shallow wetlands put developing embryos 
and larvae at risk from these inputs. 

 Persistence and Bioavailability of Pesticides 
How long pesticides remain in water and how they react chemically are other factors that affect 
amphibian exposure levels. While some chemicals break down rapidly, others, like 
organochlorines, can linger for a long time and end up in sediments. Particularly at risk from 
wastes attached to sediment are amphibians that inhabit benthic environments, such as those 
whose larvae feed on periphyton or lay eggs on submerged substrates. Pesticides can continue 
to pose dangers to the environment even after they break down into less harmful byproducts. 
Amphibians are able to absorb pollutants through their extremely porous skin and gills; 
however, the bioavailability of pesticides is also affected by variables like temperature, organic 
matter concentration, and pH.  
Agricultural landscapes expose frog eggs, larvae, and metamorphosing juveniles to a complex 
cocktail of chemicals, typically during crucial developmental windows, thanks to these 
pathways. Particularly at risk in areas when pesticide spraying is at its highest, such as during 
mating seasons, are amphibian populations in heavily farmed agricultural areas. 
 
Impacts on Developmental Stages 
Pesticides used in agriculture have a negative impact on amphibian development at several 
stages of their life cycle, including fertilization, embryogenesis, larval growth, and 
metamorphosis. Even at low doses, pollutants can induce developmental delays since these 
phases are defined by fast cell division, organ construction, and endocrine regulation. Reduced 
fitness and population resilience are the cumulative outcomes of several impacts that vary in 
intensity and kind depending on pesticide class, concentration, exposure time, and species 
sensitivity. 

 Embryonic Development 
Because of their reliance on water and their transparent jelly coverings, insecticide exposure 
poses a significant threat to amphibian eggs. Herbicides, insecticides, and fungicides have a 
number of negative effects on embryos, including a slowed hatching process, lower survival 
rates, and birth defects such craniofacial and spinal anomalies. Embryos frequently do not 
survive to the larval stage due to problems with cell division and oxidative stress that occur 
during early development. Pesticide combinations, which are prevalent in agricultural runoff, 
have synergistic effects that make them more harmful than individual chemicals. A factor that 
contributes to recruitment failures in agricultural environments is the overlap between 
amphibian breeding times and peak pesticide application seasons, which increases the 
likelihood of embryonic exposure. 

 Larval Stage 
Pesticides impede development, nutrition, and predator avoidance in many ways throughout 
the larval period, which is a crucial time. Pesticides with neurotoxic effects, such carbamates 
and organophosphates, hinder swimming and motor skills by blocking the enzyme 
acetylcholinesterase. The result is a decrease in the larvae's foraging efficiency and an increase 
in their vulnerability to predators. In addition to stunted growth, impaired immunological 
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function, and diminished gill efficiency are common side effects that make it harder to survive 
in environments where pesticides are present. To make matters worse, herbicides like atrazine 
have an impact on tadpoles' feeding habits and the communities of algae that provide them with 
food. Due to sublethal exposure, larvae may remain in ephemeral ponds for longer, making 
them more susceptible to drying out and predators, which in turn reduces recruitment success. 

 Metamorphic Transition 
An amphibian's metamorphosis is a prime target for pesticide disruption since it is a hormonally 
sensitive stage of development, mostly controlled by thyroid hormones. Herbicides and 
fungicides that disturb the endocrine system cause metamorphosis to be delayed or not 
completed at all because they alter hormone synthesis, signaling, and receptor activation. At 
the peak of metamorphosis, these disturbances can lead to smaller bodies, worse locomotor 
performance, and worse post-metamorphic survival rates. Abnormal gonadal differentiation, 
such as feminization of males and skewed sex ratios, is connected with pesticides like atrazine 
and can have long-term effects on population viability. In addition, young animals that come 
out of polluted areas usually have physiological deficiencies like compromised immune 
systems, which makes them more vulnerable to illnesses and other environmental stresses.  
When looking at the effects of pesticides on several phases of development, it becomes clear 
that they consistently lower the chances of survival, growth, and reproduction. The amphibians' 
ability to control insect populations and aid in nutrient cycling is compromised by these 
deficiencies, which endangers local populations and undermines their status as keystone 
species in freshwater ecosystems. 
 
Conclusion 
Among the vertebrate taxa most susceptible to exposure to agricultural pesticides are 
amphibians. Chemical interference can have long-lasting ecological implications throughout 
the embryonic, larval, and metamorphic stages of an organism's development. Pesticides 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 
regulation of hormones and the differentiation of the testicles). Whether fatal or nonlethal, these 
consequences diminish growth, reproductive potential, and survival, which weakens the ability 
of a population to endure. It is important to note that frogs in agricultural areas are often 
exposed to a combination of pesticides rather than just one or two chemicals. This is because 
amphibians face a number of environmental stresses, including climate change, habitat loss, 
and disease. The outcome is a complex danger that is hastening the extinction of amphibians 
and undermining their ecological function as insect predators and vital players in the cycle of 
nutrients in freshwater ecosystems. The critical importance of finding solutions that integrate 
agricultural productivity with biodiversity conservation as soon as possible. Pesticide use must 
be strictly regulated, amphibian-friendly farming techniques such buffer zones and reduced 
chemical inputs must be implemented, and ecological monitoring programs must be in place 
to measure the health of agricultural populations over time. In addition, environmental risk 
assessments should give amphibians the attention they deserve as sentinel species because of 
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their sensitivity and the fact that they reflect the health of ecosystems as a whole. Preserving 
amphibian species and the benefits provided by freshwater ecosystems depend on reducing the 
effects of pesticides on amphibian developmental phases. Reducing pesticide risks to frogs is 
an ecological necessity and a conservation imperative in this age of rapid agricultural growth 
and dwindling biodiversity around the world. 
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