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Abstract The best-selling book ‘Silent Spring’ (1962, by Rachel Carson) quivered the 
international awareness about the role of pesticides for fatally damaging the avian popu-
lation, but, after more than five decades of such information and advent of various other 
functionally similar chemicals, still there are overwhelming recent reports of toxicity of 
pesticides. Globally, over 5 billion pounds of conventional pesticides are used annually 
for various purposes; these contaminants may act as silent killer of birds. Several studies 
suggest that the different populations of birds such as songbird, peregrine falcons, 
ospreys, and Swainson’s hawks are unwitting victims of pesticide contamination.
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Popular organochlorine pesticides like DDT (dichlorodiphenyltrichloroethane) 
have been replaced by moderately toxic broad-spectrum insecticides, including 
organophosphates and carbamates and synthetic pyrethroids. Unfortunately, expo-
sures to the organophosphates and carbamates still pose major threats to the differ-
ent avian species. Having being important component of the ecosystem and their 
plentitude and sensitivity to direct and indirect effects of environment birds make 
themselves best indicators of early warning of any environmental problems and 
threats. Species of different shore, grassland, farmland, and migratory birds are 
directly exposed to lethal doses of these pesticides or through secondary poisoning.

Both organophosphates and carbamates are anti-cholinesterase chemicals, and 
intoxication emanates through the inhibition of acetyl cholinesterase, resulting in an 
accumulation of acetylcholine at synaptic junction following subsequent activation 
of cholinergic receptors which leads to respiratory damage and eventual death. 
Avian exposure to these pesticides occurs through dermal contact, inhalation, and 
predominantly the ingestion of contaminated foods such as seeds or insects. A num-
ber of factors intensify the likelihood of exposure of birds to pesticides such as 
cultivation practices, pest types, crop types, pesticide form, diet, and habitat prefer-
ences. The sublethal effects of organophosphates and carbamates on birds are mani-
folds, including malformed embryos, smaller broods, decreased parental diligence, 
reduced territorial defence, anorexia and weight loss, subdued immune response, 
lethargic behaviour, greater susceptibility to predation, interference in thermoregu-
lation, endocrine disruption, and inefficiency to orient in the proper direction for 
migration. Thus, pesticide intoxication reduces the chance of survival and success-
ful reproduction that ultimately perturb to flourish a healthy bird population. The 
present review tries to encompass the up-to-date information on the succession of 
the anthropogenic use of pesticide and their consequences on selected bird popula-
tions, emphasizing organophosphates and carbamates in particular.

Keywords Birds · Organophosphate · Carbamate · Lethal effect · Sublethal effect

3.1  Introduction

The human population of the world is predicted to increase approximately 10 billion 
by 2050 (Saravi and Shokrzadeh 2011). With the greater demand for food, intensifi-
cation of agriculture becomes the primary objective for researchers and implement-
ers. To produce more in the finite land mass, soil amendments (like use of fertilizers) 
and application of pesticides (for crop protection, as a whole) are common (Köhler 
and Triebskorn 2013; Gill and Garg 2014). Pesticides become indispensable in agri-
culture and are used for different purposes like crop protection, stored grain, floral 
gardens, and eradication of the pests transmitting infectious diseases in plants. Each 
year throughout the world, nearly 38 billion USD is spent (12.5 billion USD for the 
USA alone) on synthetic pesticides (US EPA 2011; Germany 2012).
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During the early 1950s, organochlorines, the earliest generations of synthetic 
pesticides, were used in huge quantities in farms and forests. Organochlorines like 
dichlorodiphenyltrichloroethane (DDT), cyclodienes, and hexachlorocyclohexanes 
(HCHs) have the property to remain unchanged in the environment for long time. 
Due to their lipophilic nature or high octanol-water (Kow) and octanol-air partition 
(Koa) coefficients, warm-blooded organisms (i.e. birds and mammals) cannot 
excrete easily through, instead getting accumulated in adipose tissue and undergo-
ing biological magnification (Odabasi and Cetin 2012). The book ‘Silent Spring’ 
authored by Rachel Carson (Carson 1962) raised the issue of the environmental 
risks of use of organochlorines especially DDT. The book elucidated publicly for 
the first time how indiscriminate application of pesticides and other chemicals is 
polluting water bodies, impairing birds and animals, and causing health problems in 
humans (Carson 1962). Although most toxic organochlorines (DDT and several 
cyclodiene compounds) were restricted and banned in many countries, gradually 
(since 1980), the second-generation, less persistent pesticides like organophos-
phates and carbamates and synthetic pyrethroids become the popular agriculture 
pesticides replacing DDT and cyclodienes. Both organophosphates and carbamates 
exert their effect to both invertebrates and vertebrates through inhibition of acetyl-
cholinesterase at the cholinergic synapses in the nerve endings (Bishop et al. 1998). 
Accumulation of the neurotransmitter acetylcholine at nerve terminals and neuro-
muscular junctions leads to incessant transmission having consequences like sei-
zures, respiratory failure, and, eventually, death (Pope et  al. 1995; Marrs 1996; 
Testai et  al. 2010) (Fig.  3.1). In human, organophosphate exposure at sublethal 
doses for longer duration can lead to cancer, diabetes, and neuronal disorders like 
Alzheimer’s and Parkinson’s disease (Amani et al. 2016). As organophosphate and 
carbamates are easily metabolised and readily excreted from the body, they were 
once considered safe to nontarget organisms. But unfortunately, a number of reports 
have shown an alarming decline of birds (namely, sparrow-hawk, mallard, and 
brown pelicans) in the last five decades due to pesticide toxicity (Mineau 1993; 
Mineau et al. 1999, 2005; Pain et al. 2004; Mineau and Palmer 2013). The second-
generation pesticides have the potential to cause lethal effect in birds as birds are 
more sensitive to cholinesterase inhibitors than other vertebrates (Table  3.1)  
(predicted LD50 (lethal dose) values in sensitive birds are below 1 mg kg−1 body 
weight, whereas in rat this value is <10 mg kg−1 body weight) (Mineau et al. 2001; 
Health and welfare Canada 1987). The rate of binding of cholinesterase inhibitors 
like organophosphate and carbamates to acetylcholinesterase is more rapid than 
other vertebrates (Westlake et  al. 1983; Hill 1992) because acetylcholinesterase  
has higher activity in the brains of bird. In different species of avian fauna brain 
acetylcholinesterase activity ranges from 7.4 to 19.8 μmol/min/g tissue (Shimshoni 
et  al. 2012). As Mineau (2009) described, the abrupt deactivation of the critical 
cholinesterase in bird’s brain and peripheral nervous system leads to ‘short- 
circuiting’ neural connections having a multitude of fatal consequences.

As birds play a central role in ecosystem functioning, healthy avian populations 
are symbolized for ecological stability because they are highly potential for rapid 
detection of environmental damages (Wayland et al. 2001; Smits and Fernie 2013). 
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Birds accomplish several ecosystem services, like seed dispersal, pollination, con-
trolling pests and bugs (playing a key role as biocontrolling agent), cleaning up 
carrion, and fertilizing plants, and reclamation of fragmented ecosystems 
(Sekercioglu et al. 2004; Alanna 2014, Gill and Garg 2014), therefore synchroniz-
ing ecosystem function. As they are sensitive and are also prone to contamination 
due to their food habits (Parker and Goldstein 2000), they are good indicators to 
assess the quality of the environment and management practices of any ecosystem, 
agricultural fields, wildlife, water bodies, etc. providing an early warning for  
environmental problems (Alanna 2014). Researchers stated that declining avian 
population is a sign of collapsing ecosystem (US FWS 2002; Kendall 2016).

Fig. 3.1 Routes of exposure to cholinesterase inhibitors and their effects on avian fauna
Common routes of exposure of birds to organophosphate and carbamates include inhalation, 
absorption through the skin, consumption of treated seeds, vegetation with pesticide residues,  
contaminated insects, granular formulations as grit, food, carrion killed by a pesticide, food inten-
tionally baited with pesticide, and water contaminated with pesticide from runoff or irrigation. 
Exposure to pesticide resulted in a significant inhibition of brain and plasma acetylcholinesterase 
(AChE) activity which consequences to death (lethal poisoning) and altered behavioural function. 
Exposure to such pesticides also leads to inhibition of serine hydrolase activity in immune system 
and impairment of hypothalamus-pituitary-gonadal axis which results in immunotoxicity and 
endocrine disruption; all these physiological and behavioural changes reduce the survival and 
reproductive fitness of the individual and ultimately lead to population decline
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Mortality of birds due to pesticide exposure may occur through different routes, like 
dermal contact, ingestion of pesticide granules, treated seeds or contaminated water or 
prey (i.e. secondary poisoning), and poison baits (Fishel 2011; Guerrero et al. 2012). 
The familiar second-generation pesticides like carbofuran, monocrotophos, diazinon, 
parathion, and fenthion are also reported to be accountable for avian mortality (Mineau 
2002). As for example, mass mortality of Swainson’s hawks due to monocrotophos 
poisoning, in Argentina during 1995–1996, is a well-known phenomenon, after which 
this organophosphate compound was banned in Argentina (Goldstein et al. 1999). Data 
suggests that carbofuran (most toxic carbamate pesticide) has been the common cause 
of poisoning in birds of prey (Novotny et al. 2011; Vlcek and Pohanka 2012). Mineau 
et al. (2005) reported one of the largest mortality incidents in Canadian prairies with a 
death of nearly 800 horned larks (Eremophila alpestris) and 2000 lapland longspurs 
(Calcarius lapponicus) happened due to application of carbofuran granules in Canadian 
agriculture fields. Similarly, spraying of carbofuran for controlling grasshopper led to 
disappearance of burrowing owls in Canada (Fox et al. 1989). In 2011, DWHC reported 
remarkably high (830 mg kg−1 body weight) aldicarb in the stomach of the carcasses of 
male crow, male lesser-black-backed gull, and juvenile male and female buzzards.

According to a report of BLI, around 50 types of pesticides are involved  
for killing of different species of birds like songbirds, raptors, game birds,  
seabirds, and shorebirds (Birdlife International 2004; http://datazone.birdlife. 

Table 3.1 Acute toxicity of organophosphorus and carbamate pesticides to birds and rat

Pesticide Class

Species LD50 mg Kg−1

Mallard 
duck

Ring-necked 
pheasant

Red-winged 
blackbird

European 
starling Rat

Aldicarb Carbamates 3.4 5.34 1.78 4.22 0.8
Carbaryl Carbamates >2564 >2000 56 – 600
Carbofuran Carbamates 0.480 4.15 0.42 – 11
Methiocarb Carbamates 12.8 270 4.6 13 15–35
Azinphos-
methyl

Organophosphate 136 75 8.5 27 13

Phorate Organophosphate 0.616 7.5 1 7.5 3.7
Temephos Organophosphate 80–100 31.5 42 >100 2000
Chlorpyrifos Organophosphate 75.6 8.41 13 5 145
Parathion Organophosphate 2.2 12.4 2.4 5.6 13
Fenthion Organophosphate 5.9 17.8 1.8 5.3–17.8 235
Methyl-
parathion

Organophosphate 10 8.21 10 7.5 14

Diazinon Organophosphate 3.54 4.33 2.00 110 250
Malathion Organophosphate 1485 167 400 >100 1375
Monocrotophos Organophosphate 4.76 – 1.00 3.30 18
Fenamiphos Organophosphate 1.68 0.5–1 – – 8.1

Adopted from Tucker and Haegele (1971), Berg (1982), Walker (1983), Hudson et  al. (1984), 
Schafer et al. (1983), Smith (1987). LD50 is the single oral dose of pesticide in milligrams per 
kilogram of bodyweight that is required to kill 50 percent of the experimental population
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org/sowb/sowbpubs#SOWB2004). Studies support the activity of cholinesterase 
inhibitors inducing increased death of predatory and granivorous birds (such as 
Neotropical migrants, raptors, passerine, and crane) (Eisler 1985; Agriculture 
Canada 1993; Mineau 1993, 2005; Mineau et al. 1999; Pain et al. 2004; Mineau and 
Palmer 2013). Nonetheless, the study of pesticide-induced death of birds is difficult 
for the authors due to elusive nature of birds, as birds may be exposed and then 
migrate too far from the exposed areas and may die elsewhere or are consumed by 
scavengers (Hussain et al. 2011; Mitra et al. 2011).

Most current problems of avian acute toxicity due to pesticides stem from the 
illegal use of the banned pesticide (Mineau and Whiteside 2006) in many countries. 
The programme organized by  FAO (The United Nations Food and Agriculture 
Organization) made aware the developing countries in the Middle East as well as 
Africa about the risks associated with outdated pesticide stocks and how they can be 
and what they can do about them; additionally, the Prevention and Disposal of 
Obsolete Pesticides programme organized by FAO also supports the states in dis-
charging the stockpiles and hindering the reaccretion of banned pesticides (FAO 
2013). As reported by Mansour (2009), most of the African countries have effec-
tively or partly eradicated enormous quantities of persistent pesticides; still, Ethiopia 
authorizes one of the eminent reserves of banned pesticides (according to a report 
of FAO, 2013). In Yemen, up to 70% of pesticides are illegally imported for applica-
tion on fruit and vegetable crops, specifically the qat tree (Catha edulis) (UN Office 
for the Coordination of Humanitarian Affairs 2007). Indeed, the highest amount of 
pesticides is sprayed in qat cropping areas in comparison to other vegetable crops 
promoting birds toward higher exposure and intoxication. This review aims to com-
prehend the up-to-date information on the succession of the anthropogenic use of 
pesticides and likelihood of the exposure to the avian fauna and their consequences 
on selected bird populations, emphasizing organophosphate and carbamates in 
particular.

3.2  Likelihood of Exposure

Different components like form of cultivation and nature of crop, types of pest, 
nature of pesticide and their forms, and food habits of birds are responsible for prob-
able exposure pathways to pesticides. Probability of exposure to pesticides also 
depends on bird’s ecology related to diet, foraging activities, habitat preferences, 
and migration behaviour (BLI 2013). Rather than the diet preferences or daily intake 
rate, foraging location is more important to influence exposure of birds to pesticides 
(Corson et al. 1998). Birds that search for food near agricultural areas are at higher 
risk for pesticide exposure rather than the birds that rummage more intermittently in 
grassland areas (usually, no insecticide is applied in that area) (BLI 2014).
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3.2.1  Cultivation Practices May Influence Likelihood 
of Exposure

Probability of exposure to pesticides in birds is directly linked with the agricultural 
practices, like timing of pest control in a particular area for a seasonal crop (Narváez 
et al. 2016; Santos et al. 2016). A study by Osten et al. (2005) with black-bellied 
whistling duck (Dendrocygna autumnalis) reported the direct correlation during the 
period between pesticide application for specific agronomic purposes and significant 
inhibition of ChE activity due to exposure to anticholinesterase agents (organophos-
phate and carbamates). Further, secondary poisoning (like mortality of raptors due to 
consumption of contaminated songbird) is also evident due to pesticide application 
(Mineau et al. 1999). Therefore, coordinating time with pesticide applications and 
bird’s annual cycle is necessary to avoid secondary poisoning. Though most of the 
second-generation pesticides are biodegradable, some of them may persist for a few 
months in the environment, water-logged fields, etc. making them available for expo-
sure to birds (Mineau et al. 1999). Pesticide exposure rate to birds also depends upon 
its applications in croplands in different seasons. As for example, in Switzerland 
granular carbofuran was applied for seed protection in every spring which was linked 
to the declining of raptor population in spring (Dietrich et al. 1995). Similar findings 
have been reported by Mineau et al. (2005) in North American canola fields, where 
insecticides were applied from mid-May to early-June when migratory songbirds 
and geese were residing in the canola fields resulting in population reversal in those 
bird species. In some cropland, exposure risk reduces during growth period of the 
crops, because some birds prefer to spend time during seedling period of the crop 
rather than budding stages (Corson et al. 1998).

3.2.2  Types of Pest That Increase Risks of Pesticide 
Intoxication to Birds

Exposure of pesticides to birds depends upon the insect species they feed on, as 
pesticides are linked to pest control; therefore, birds feeding on insect pests of 
agriculture fields are more likely to be exposed to chemicals. Some insect species 
constitute a large fraction of a bird’s aliment, which may be the target of particular 
pesticides. Rapid re-emergence of a pest or relative abundance in a crop field also 
prompts heavy pesticide applications (Cutler 2012; Qu et  al. 2017). Pest resur-
gence may occur due to the application of less degradable and wide-ranging pesti-
cides that terminate the native predators to a particular pest, or due to eradication 
of a primary pest that helps to flourish the secondary pests to emerge and become 
the major pest (Dhaliwal et al. 2006; Gill and Garg 2014). Pest outbreaks allure 
avian species and thereby unravel the strong possibility of vulnerability of birds to 
pesticides. Reports revealed the reappearance of bed bug (Cimex lectularius) 
(Davies et  al. 2012), cotton bollworm (Helicoverpa armigera) (Mironidis et  al. 
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2013), and brown plant hopper (Nilaparvata lugens) (Wang et al. 2010) population 
due to insecticide/pesticide resistance. To control locusts and grasshoppers, pesti-
cides are sprayed on a large scale often in the habitats outside of the croplands; 
therefore, avian fauna that rummages ahead of cultivated land may also be prone 
to the toxicant (Dong et al. 2016). As for example, North American Grasshopper 
hawks (Buteo swainsoni) that prefer insects of Acrididae family (locusts, grass-
hoppers) as their food are more vulnerable to poisoning because of targeting pest 
outbreaks in agricultural crops (Mineau et  al. 1999). Grasshopper control in 
Argentina by organophosphate and monocrotophos exterminated nearly 5000 
grasshopper hawks during the arid summer of 1995–1996 (Goldstein et al. 1999). 
Pesticide application targeting pest outbreaks poses more risk to bird species than 
normal preventive use.

3.2.3  Crop Species Raising the Possibilities of Exposure

Cultivation of some specific crop species may hike the liabilities of pesticide 
exposure to birds (UNEP/CMS/SCC18/Inf.10.9.1, 2014). Pesticides of particular 
forms (granular/liquid form) and frequent or higher quantities of applications 
related to cultivation practices that are required for protection of some crops are 
more vulnerable for birds. Further, some crop types attract birds with higher for-
aging areas, food source, or other resources. Rice is one of the best examples that 
has the highest cumulative risk to birds than other crops. Parsons et  al. (2010) 
reported that in the USA, pesticide treatments for rice cultivation cause death of 
water birds. Again, paddy field provides attractive winter sojourn and migratory 
halt sites for shorebirds, posing a high risk of exposure to organophosphate and 
carbamates. Eventually, the pesticide contamination probability to birds is increas-
ing worldwide due to decrease in natural wetlands and ecosystems (Strum 
et al. 2008).

3.2.4  Formulation of Pesticides Increasing the Risk 
of Exposure

 Particulate Forms

Granular formulations (grit types) of pesticides are more farmers’ friendly (than liq-
uid concentrates or powders) as they are easy to apply, highly concentrated, and tar-
get specific and have higher retention capacity in the fields (Best 1995). Consumption 
of natural grit is common to many bird species (especially for granivores and insec-
tivores), as grit assists in grinding the hard foods such as seeds and hard animal parts 
in gizzard. Granivorous birds like sparrows, finches, and parrots searching for peb-
bles may consume granular pesticides primarily through incorporation along with 
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food (Best 1995). These birds are unable to distinguish granular form of pesticide 
because the carrier medium of pesticide granules is sand (silica) which is the ideal 
natural grit material (Mineau 2009). Therefore, particulate forms of pesticide may 
enter into the body of avian fauna either through intentional or unintentional inges-
tion and/or absorption through exposed area (Best and Fischer 1992). For example, 
waterfowl are exposed to granular insecticides when sieving for crop residues in 
pond and drenched soils or intake of grit (Best and Fischer 1992). Parsons et  al. 
(2010) reported the pesticide contamination in water birds in some submerged crop 
(corn, wheat, and rice) fields in the USA and Canada. Granular forms of the pesticide 
differ in size, colour, shape, surface texture, carrier material composition, pesticide 
load per granule, and activity period in the field after application (Gionfriddo and 
Best 1996; Stafford et al. 1996). Besides primary poisoning, second-generation gran-
ular form of pesticides (such as carbofuran) causes secondary poisoning, for exam-
ple, in raptors, consuming contaminated birds or other wild animals or been 
contaminated to such granules led to regional population declines (Sánchez-Bayo 
et al. 2013).

 Seeds Coated with Insecticide

Seed treatment with organophosphate and carbamates is very common in develop-
ing countries but having been replaced by neonicotinoids (such as imidacloprid) and 
is no longer approved in some developed countries. Conventional seed treatment by 
applying pesticides for crop protection was widely used in the UK during the year 
between 1992 and 2002 (Garthwaite et al. 2003; Prosser and Hart 2005). In Spain, 
among 18 pesticides permitted for coating of seeds of cereals (MAGRAMA 2013), 
thiram and maneb are used as fungicides (among the 14), and the rest four are as 
insecticides. In India, carbofuran-treated seeds have been widely applied, and as a 
consequence, a number of birds are regularly exposed, though not being reported till 
date (Venkataramanan and Sreekumar 2012). These pesticide-coated seeds may 
serve as food source for granivorous birds, which may be fatal to flocks by wilful 
consumption and subsequent death of carnivorous birds for consumption of con-
taminated primary population (secondary poisoning) (Fletcher et al. 1996; Almeida 
et  al. 2010). The incidence of avian poisoning due to seed treatment has been 
reported by Pain et al. (2004) where 15 sarus cranes (Grus antigon) and 3 common 
cranes (Grus grus) were intoxicated by monocrotophos at Bharatpur reserve forest 
in India. Intoxication from treated seeds depends on various factors like sowing 
area, lethality of pesticide and its concentration on the seed, density of the disclosed 
seed, and accessibility of alternative food materials (UNEP/CMS/SCC18/Inf.10.9.1, 
2014). Again, the risk of exposure to the treated seeds will depend on how likely the 
birds are to consume them. Birds can avoid the toxic seeds due to the appearance 
and repugnance of the food or due to feeling of distress due to sublethal toxic effect 
through a mechanism of conditioned antipathy (Lopez-Antia et al. 2014).

3 Toxic Effects of Pesticides on Avian Fauna



64

 Liquid Formulations and Flowable Pesticide

Liquid formulation is generally mixed with water, but sometimes, crop oil, diesel 
fuel, kerosene, or some other light oil may be used as a medium. Liquid formulation 
of pesticide usually contains the active ingredient, the carrier, and one or more other 
ingredients and may combine the features of emulsifiable concentrate and wettable 
powders. Although liquid formulations are easier to apply, they are efficiently 
absorbed through skin of human and other animals. Liquid pesticides lessen the risk 
of exposure to birds in comparison to the granular application because granular 
formulations are more attractive to birds (Mineau and Whiteside 2006). However, 
liquid form of pesticides can contaminate offsite soil, aquatic ecosystem terrestrial 
flora, and insects from drizzling droplet overflow and erosion after application, and 
some pesticides may disperse into the air, either becoming airborne during applica-
tion or volatilizing from treated surfaces (Mackay et  al. 2014). The most likely 
routes of exposure of flowable pesticides to birds are through the ingestion of resi-
dues in food items (contaminated vegetables/prey) and in drinking water (on-field 
puddles or other sources) or through inhalation, dermal contact, and preening 
(Moore et al. 2014). The risk of flowable pesticide will be greater to birds foraging 
on-field than off-field birds as greater exposure occurs in treated field. A study 
reported that mortality rates per day in the flocks of Pennsylvania mourning dove 
(Zenaida macroura) and American robin (Turdus migratorius) were significantly 
higher in the methomyl, oxamyl (carbamate and dimethoate organophosphate),  
and sprayed apple orchards than in non-treated orchards, and exposure of doves  
and robins to these insecticides in a frequent rate significantly lowered the  
reproductive fitness of these species (Fluetsch and Sparling 1994).

3.3  Lethal Effect of Organophosphate/Carbamate Exposure 
on Birds

The birds are subjected to be at risk of lethal or sublethal doses of any broad- 
spectrum pesticide like organophosphate and carbamates, if the time of foraging in 
the adjacent area coincides with the time of application, or shortly after that, or 
come in contiguity with the contaminated prey. According to the report of the United 
States (US) Department of Interior’s National Wildlife Health Centre, organophos-
phate and carbamates are responsible for nearly about 50 percent of the registered 
cases of lethal poisoning of birds (Madison 1993) that occur due to ingestion of 
contaminated seeds or through secondary poisoning with the high concentration of 
insecticide (Prosser and Hart 2005). During the year 1980–2000, about 335 indi-
vidual mortality cases of approximately 9000 birds in the USA happened due to 
organophosphate intoxication (Fleischli et  al. 2004). The worst organophosphate 
monocrotophos has been reported to cause over 100,000 deaths of avifauna through-
out the world (Hooper 2002). Spraying operation of diazinon to backyard, 
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playground, and grassland in the USA has reported to kill thousands of birds 
(Tattersall 1991). Waterfowls like ducks and geese are most sensitive to diazinon 
(LD50 value in Table 3.1), and carbofuran alone is responsible for massive mortality 
of birds in California followed by diazinon (US EPA 1998).

3.4  Sublethal Effect of Organophosphate/Carbamate 
Exposure on Birds

The effects of organophosphate and carbamate pesticides are multitude. Sublethal 
effects of cholinesterase inhibitors include production of smaller broods, changes in 
mobility, feeding and migratory behaviour, endocrine disruption, immunomodula-
tion, and interference in reproduction (Pinkas et al. 2015). Thus, pesticide intoxica-
tion reduces the chance of survival and successful reproduction, ultimately 
perturbing to develop a healthy bird population (Pinkas et al. 2015; Eng et al. 2017). 
However, scanty information is available on the probable consequences of long-
term exposure to organophosphate/carbamates at sublethal level on avian species.

3.4.1  Biochemical Biomarkers 
for Anticholinesterase Contaminants

Potential biomarkers used to monitor anticholinesterase exposure in birds include 
determination of cholinesterase (Santos et al. 2016) and carboxylesterase activity 
(Barr and Needham 2002), assessment of oxidative stress (Henry et  al. 2015), 
and lactate dehydrogenase activity (Barata et al. 2010). However, application of 
suitable biochemical biomarkers depends on prior knowledge of species-specific 
and age-related reference and threshold values to identify stress-mediated 
responses from natural background variation (Domingues et  al. 2015; Santos 
et  al. 2019). A dose-dependent decrease in liver carboxylesterase activity was 
found following exposure to malathion, parathion, and trichlorfon in the range 
0.125–2 mM for 48 hrs in Japanese quail (Abass 2014). Similar findings were 
observed in chlorpyrifos-treated Japanese quail by Narvaez and coworkers 
(2016). In a recent study, Ćupić Miladinović and coworkers (2018) observed that 
following chlorpyrifos (CPF) exposure, there was an increased accumulation of 
ROS in brain cells of Japanese quail (Coturnix japonica), supporting generation 
of oxidative stress. They have also reported the alteration of several oxidative 
stress-related parameters such as increased concentration of malondialdehyde 
(MDA), glutathione (GSH), nitrite (NO2

−), and hydrogen peroxide (H2O2)] and 
increased activity of antioxidative enzymes like superoxide dismutase (SOD)  
and myeloperoxidase (MPO).
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3.4.2  Neurotoxic Effect

As discussed, organophosphates and carbamates are well known for inducing cho-
linergic overstimulation (neurotoxic effect) by inhibiting acetylcholinesterase activ-
ity which leads to collection of acetylcholine at nerve terminals (Fig.  3.2) and 
neuromuscular juncture overstimulating nicotinic and muscarinic receptors (Walker 
and Thompson 1991; Walker 2003; Testai et al. 2010; Ivanović et al. 2016). Brain 
acetylcholinesterase is a potential biomarker for monitoring the degree of exposure 
to anticholinesterase agents and thus assessing the effect of these pesticides on bird 
population (Busby et al. 1983; Smith et al. 1995; Timchalk 2010; Villar et al. 2010). 
The anticholinesterase-degrading enzymes were found in reduced level in birds 
which may be responsible for higher sensitivity of birds to anticholinesterase pesti-
cides than other vertebrates (Parker and Goldstein 2000). However, plasma acetyl-
cholinesterase activity may also be considered as a promising indicator of the 
central nervous cholinergic status (Oropesa et  al. 2013). Studies suggest that in 
brain of birds, greater than 50% inhibition of cholinesterase activity may lead to 
death (Ludke et al. 1975; Mineau et al. 2001; Mohammad et al. 2008). In contrast 
to organophosphate poisoning, post-mortem reactivation of cholinesterase may  
provide false-negative results in cases of carbamate poisoning (Smith et al. 1995). 

Fig. 3.2 Mechanism of inhibition of acetylcholinesterase (AChE) by organophosphates and 
carbamates
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The reactivation of carbamylated cholinesterase is dependent on the duration and 
the temperature at which the carcass remained in the field and would therefore help 
in masking carbamate poisoning (Smith et  al. 1995). Secondary symptoms may 
occur in some organophosphate poisoning called organophosphate-induced delayed  
neuropathy (OPIDN) in which the target enzyme is brain neuropathy target esterase 
(NTE), manifested by limb immobility of exposed individual (Lotti and Moretto 
2005). OPIDN is symbolized by the demyelination of neurons and paralysis which 
can be noticed after 20–25 days following single or recurrent exposure(s) (Grue 
et al. 1997). Neurotoxic effect of organophosphate may also be mediated through 
oxidative damage by producing reactive nitrogen species [such as nitric oxide  
(NO•) and nitrogen dioxide (NO2)]. Excess (NO•) acts as a neurotoxin-promoting  
neurodegenerative disorders (Di Meo et al. 2016).

Impairment of mitochondrial function plays an important role in the progress of 
many neurodegenerative disorders (like Parkinson’s disease, Alzheimer’s disease), 
which is related to the inhibition of complex I (CI) or ubiquinone oxidoreductase, 
member of the oxidative phosphorylation system located at mitochondrial inner 
membrane (Kulic et al. 2011). CI inhibitory effects were found in rats exposed to 
monocrotophos (Masoud et al. 2009) and dichlorvos (Binukumar et al. 2012), which 
include acute cholinergic conflict succeeded by possible intermediate syndrome and 
finally OPIDN. A study reported that hens treated with chlorpyrifos showed sign of 
delayed neuropathy like ataxia and locomotor disturbances with concomitant  
inhibition of NTE, mitochondrial CI, and decreased ATP (adenosine triphosphate) 
production, thereby supporting organophosphate-induced mitochondrial dysfunc-
tion in birds (Salama et  al. 2014) which may be indirectly responsible for the 
changes in behaviour due to neurological complications.

Exposure to pesticide at sublethal dose emanated to a significant hindrance in 
brain cholinesterase activity in reproductively mature adults that can be correlated 
to an extent behavioural alteration such as limited mobility and interrupted incubat-
ing ability; all these changes ultimately lead to considerable lower production of 
fledged young (Busby et al. 1990). Studies have demonstrated that cholinesterase-
inhibiting insecticides exclusively affect almost all physiological and behavioural 
functions (Greaves and Letcher 2017). Behavioural changes in response to toxic 
chemicals provide an insight to the population and ecological repercussion in 
remote future (Raley-Susman 2014). Organophosphate may induce behavioural 
alteration in avifauna by interfering thermoregulation, food consumption, sexual 
behaviour, clutch size, embryonic development, mobility, seasonal behaviour,  
territorial behaviour, and parental care (Grue et al. 1991, 1997). Such switch-over  
in physiological and behavioural pattern has the potential to reduce the survival and 
reproductive fitness of individuals, which ultimately affects the population up to 
local extinction of several bird species (Grue et al. 1997). A perceptible change in a 
population of white-throated sparrows (Zonotrichia albicollis) in Canada took place 
after forestry spraying operations with fenitrothion (an OP) (Busby et  al. 1990). 
Lethargic behaviour of birds due to sublethal exposure of organophosphate and  
carbamates can increase the susceptibility for predation of house sparrows (Passer 
domesticus) and bobwhite quails (Colinus virginianus) (Hunt et al. 1992; Hawkes 
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et  al. 1996). Red-winged blackbirds (Agelaius phoeniceus) exposed to sublethal 
dose of organophosphate for longer duration was found to affect the feeding behav-
iour of the species (Nicolaus and Lee 1999). As sublethal exposure of these pesti-
cides is often associated with anorexia, a common consequence of exposure is 
reduction in the body weight (Grue et al. 1991; Maitra and Mitra 2008; Moye and 
Pritsos 2010). A single dose of dicrotophos leads to 55–77% inhibition of brain 
acetylcholinesterase in European Starlings that can be correlated with weight loss 
(Grue and Shipley 1984). According to Kuenzel (1994), pesticide-induced lesion in 
lateral hypothalamus leads to food avoidance causing significant body weight 
reduction in birds. Pigeons exposed experimentally to sublethal dose of chlorpyrifos 
and aldicarb showed abnormal flight and improper navigation (Moye and Pritsos 
2010). Mc Carty et al. (2009) reported that buff-breasted sandpiper (Tryngites sub-
ruficollis), a species of migratory shorebird that sojourn in spring at the agricultural 
fields near Rainwater Basin area of Nebraska, is subjected to extensive exposure to 
pesticide that led the bird to debilitate social and courtship behaviour (Mc Carty 
et al. 2009).

Organophosphates and carbamates affect thermoregulatory ability in birds caus-
ing inability to withstand in cold seasons (Martin and Solomon 1991). Acute expo-
sure of organophosphate at sublethal level showed pronounced but transient 
hypothermia (Grue et al. 1991). Anticholinesterase-directed hypothermia in birds is 
often coupled with more than 50% inhibition in brain acetylcholinesterase activity 
(Clement 1991). The higher mortality rate in American kestrels (Falco sparverius) 
exposed to cold temperature was due to poor thermoregulatory ability (Rattner and 
Franson 1983).

3.4.3  Effects on Endocrine System and Reproduction

Organophosphates and carbamates are among the endocrine-disrupting chemicals 
(EDCs) that can cause altered patterns of behaviour by mimicking the action of 
hormones. Although effects of exposure to EDCs vary from species to species, the 
bird species at the top of the food chain are particularly vulnerable (Carere et al. 
2010). EDCs can interrupt redox homeostasis causing oxidative stress and imbal-
ance between pro-oxidants and antioxidants. Redox balance shifted toward more 
oxidant condition instigates oxidative damage, anticipating several degenerative 
pathologies (Abdollahi et al. 2004).

Damstra et al. (2002) suggested that some unique characteristics of birds make 
them more vulnerable to potential endocrine-disrupting chemicals including con-
sumption of large amount of food and higher metabolic rates, periods of starvation 
that mobilize lipid reserves, hormone-dependent behaviours, developmental 
scheme, and regulation of sexual differentiation. Physiological and metabolic pro-
cesses of a bird can be considerably affected by very delicate changes in the balance 
of the endocrine system (Damstra et al. 2002; Fernie et al. 2015).
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Although organochlorines (prochloraz, endosulfan, dieldrin) are well known 
for their estrogenic properties, some of organophosphates and carbamates  
(toclofos-methyl, chlorpyrifos, quinalphos) are also reported to have estrogenic 
potential (Andersen et al. 2002; Kitamura et al. 2010). Differentiation of avian 
reproductive system is estrogen dependent; therefore, differentiation of the acces-
sory male and female genital ducts was found to be altered by estrogen exposure 
in a dose-dependent fashion (Fry 1995). Chatterjee et al. (1992) reported estro-
gen-like action of quinalphos exposure of which induces vaginal cornification 
increased uterine wet weight in rat as established by uterotrophic assay. Gonadal 
impairment may occur due to alteration in steroidogenesis in testis or ovaries of 
the birds treated with anticholinesterase agents (Ray et al. 1987). Sublethal expo-
sure of organophosphates (methyl parathion/phosphamidon/quinalphos) to wild 
female of white-throated munia (Lonchura malabarica) showed significant reduc-
tion in the activity of two important steroidogenic enzymes of growing follicle, 
namely, Δ53β-hydroxysteroid dehydrogenase (3βHSD) and 17β-hydroxysteroid 
dehydrogenase (17βHSD) in a dose-dependent manner (Mitra 2006). These two 
steroidogenic enzymes (3βHSD and 17βHSD) are the key player in the production 
of oestrogen and progesterone, respectively (Civinini et al. 2001). Degenerative 
changes at histological level in ovary of the treated birds include reduced thick-
ness of membrane granulosa layer, vacuolation, and exfoliation of granulosa cells 
of mature follicles (Mitra 2006). Arrested developmental process and degenera-
tion of spermatogenic cells are observed in domestic and semi-domestic birds 
after exposure to organophosphates (Mitra et  al. 2011). Increased number of 
degenerated germ cells in the seminiferous tubules was found in the testis of adult 
male white-throated munia (L. malabarica), after exposure to sublethal dose of 
methyl parathion (Maitra and Sarkar 1996). Male rose ringed parakeets (Psittacula 
krameri) when ingested to graded doses of methyl parathion showed subsided 
testicular function which may be caused by an upset circulating context of LH and 
testosterone (Maitra and Mitra 2008). Thus, sublethal exposures of xenobiotics 
adversely effect on reproduction of avian fauna that may not be related to mortal-
ity but through a direct effect on population level. Alternative pathway of organo-
phosphate-induced reproductive impairment in different vertebrates may occur by 
modifying neurotransmitter levels and thus debilitating hypothalamic and/or pitu-
itary monitoring on reproduction (Muller et al. 1977). Possibilities also exist by 
suppressing GnRH release, which may act directly by modifying gonadotropin 
synthesis and secretion or indirectly by changing the pituitary cell sensitiveness to 
GnRH through the mediation of gonadal steroids resulting from adjustment of 
FSH and LH level by feedback mechanism (Stoker et  al. 1993). According to 
Rattner et al. (1984), organophosphorus insecticides depreciate reproductive func-
tion possibly by modulating secretion of luteinizing hormone and progesterone. 
Rattner et al. (1982) also reported that significant decline in plasma titre of LH, 
progesterone, and corticosterone was noted in female bobwhite quail following 
the short-term exposure of parathion.
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3.4.4  Effects on Immune System

The immune system is predisposed to any external insults including xenobiotics 
(Blanco 2011). Impairment of immune system of vertebrates by organophosphate/
carbamates has been evidenced by a number of research works in the past decades 
(Wong et al. 1992; Barnett and Rodgers 1994; Vial et al. 1996; Zhuang et al. 2015). 
Decreased humoral and cell-mediated response and nonspecific immunity, along 
with increment in hypersensitivity and autoimmunity, are some immunotoxic effects 
induced by organophosphate agents (Shahzad et al. 2015). Normal functioning of 
immune system is impeded through anticholinergic as well as non-cholinergic path-
ways by organophosphate (Barnett and Rodgers 1994; Vial et  al. 1996). 
Anticholinesterase-induced oxidative stress and immunomodulation are well estab-
lished in mammalian models (Cabello et  al. 2001; Galloway and Handy 2003; 
Abdollahi et al. 2004; Polláková et al. 2012; Watanabe et al. 2013). Unfortunately, 
very little information is available about organophosphate-/carbamate-induced 
immunotoxicity in non-mammalian models like birds. Cupic Miladinovic et  al. 
(2018) have suggested that chloropyriphos-induced oxidative stress in Japanese 
quail may be responsible for inflammatory responses. Immunosuppressive effects 
like reduced lymphocyte proliferation and reduced functional status of phagocytic 
cells have been found in carbaryl-treated chicken (Singh et al. 2007). Young chicks 
when exposed to sublethal dose of chloropyriphos and methidathion resulted in 
reduction of total count of WBC, neutrophils, and lymphocyte (Obaineh and 
Matthew 2009). In the study of Shahzad et al. (2015), there was increased prolifera-
tion of interfollicular connective tissue, cytoplasmic vacuolation, oedema, and 
appearance of pyknotic and fragmented nuclei (marker for degeneration that 
depleted the frequency of lymphoid follicles in bursa of Fabricius in chlorpyrifos-
treated chicks at sublethal dose). Similar degenerative pathologies were also found 
in spleen and thymus of the treated chickens.

3.5  Pesticides and Birds

In northern Europe and North America, many grassland or farmland bird species are 
known to undergone population declines in the past five decades (Mineau and 
Whiteside 2013). Reports from various survey analyses indicated that grassland 
birds of North America as a group are declining faster than birds from other biomes 
(Dunn et  al. 2000; Sauer et  al. 2000; Bird Life International 2013). During 
1971–1975 after introduction of organophosphate in the UK, a series of incidents 
involving mortality of birds have followed after application of herbicides and insec-
ticides for agricultural intensification in UK, primarily via indirect, food-mediated 
effects (Campbell and Cooke 1997; Potts 1997). Following consumption of coated 
seeds with carbofenothion resulted in mass mortality of greylag geese (Anser anser) 
and pink-footed geese (Anser brachyrhynchus) in the UK, assumed to be around 1% 
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of the world population of this species (Greig-Smith 1994). This upshot in the UK 
led to restrictions of the use of carbofenothion and replacement by chlorfenvinphos; 
however, chlorfenvinphos poses a greater risk to pigeon than to geese. The increased 
mortality of pigeon leads to replacement of chlorfenvinphos by fonofos during the 
middle of 1980s (Greig-Smith 1994).

A study to discover out the prime factors for grassland bird declines in Europe 
and North America based on the data for 23-year period (from 1980 to 2003) was 
organized by the toxicologist Pierre Mineau and others (Mineau and Whiteside 
2013). The study analyses the five potential sources of grassland bird decrement 
besides fatal pesticide menaces. These are change in agricultural farming such as 
hay or alfalfa production, farming intensity, or the percentage of actively cropped 
agricultural pasture, the use of herbicides and insecticide, and change in permanent 
pasture and rangeland. This study recognizes that the foremost cause of the exten-
sive decline in grassland bird numbers in the USA is acutely toxic pesticides and 
focuses on the degree to which lethal pesticides, like organophosphates and carba-
mates, are accountable for the decrement in grassland bird populations. This finding 
challenges the most likely assumption that change in crop pasture, the chief factor 
for habitat loss, was the primary cause of those population declines (Mineau and 
Whiteside 2013).

Pesticides are recognized as one of the cause of the frequent declines of species 
of Neotropical migrants. From a report of American Bird Conservancy (2009), 
among the 341 species of Neotropical migrants (includes plovers, terns, hawks, 
cranes, warblers, and sparrows), 127 bird species were known to decline. Sixty spe-
cies were in severe decline mode (population decrease of 45% or more), of which 
29 were different species of songbird. Due to destruction of natural swampland and 
grasslands (Knopf 1994; Skagen 2006), shorebirds are enforced to inhabit alterna-
tive places like paddy fields and turf grass farms as migratory stopover during their 
annual journey between breeding and non-breeding territory (Twedt et  al. 1998; 
Corder 2005; Blanco et al. 2006; Robbins 2007). Although application of highly 
toxic organophosphate and carbamates is regulated in many countries, less toxic 
organophosphate and carbamate compounds are still recommended to be used in 
agriculture for controlling pest of the crops including rice and turf grass in various 
countries of North and South America (Merchant 2005; Blanco et al. 2006; Way and 
Cockrell 2007). Poisoning of migratory birds in South America has been docu-
mented to potential exposure to cholinesterase arresters while utilizing resources in 
agricultural habitats (Goldstein et al. 1999). Feet of dead birds may be used to moni-
tor the short- and long-term external (dermal) exposure to pesticides beside the 
traditional method using chemical analysis of pesticide present in the gastrointesti-
nal tract, liver, eggs, and muscle (Alharbi et al. 2016). In addition to mortality (Pain 
et al. 2004; Wobeser et al. 2004; Renfrew et al. 2006), sublethal exposure to organo-
phosphate and carbamates can elicit a number of behavioural changes such as loss 
of migratory orientation and slower flight speed due to obstruction in physiological 
process (Vyas et al. 1995; Grue et al. 1997; Brasel et al. 2005).

Migrants belonging to Nearctic-Neotropical shorebird can be categorized into 
upland and wetland shorebirds depending on their habitat requirements. Upland 
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shorebirds like American golden-plover (Pluvialis dominica), upland sandpiper 
(Bartramia longicauda), and buff-breasted sandpiper (Tryngites subruficollis) pre-
fer dry habitats having low vegetation (Myers and Myers 1979; Isacch and Martínez 
2003). The aforesaid species regularly utilize crop pasture migratory sojourn (Strum 
et al. 2008) and devour a variety of agricultural pests, whose emergence time coin-
cide with the migration period of birds and, thereby, may come into direct contact 
with organophosphate and carbamates (Houston and Bowen 2001; Nagoshi and 
Meagher 2004; Isacch et al. 2005). On the other hand, wetland species, such as least 
sandpiper (Calidris minutilla), pectoral sandpiper (C. melanotos), and white-
rumped sandpiper (C. fuscicollis), prefer habitats with standing water and intermit-
tently visit rice fields and other agricultural areas where organophosphate and 
carbamates are widely used (Hands et  al. 1991; Skagen and Knopf 1993; Twedt 
et al. 1998; Skagen et al. 2005; Blanco et al. 2006). Carcasses of few shorebirds 
have been found in rice fields shortly after carbofuran (a potent anticholinesterase) 
application, as reported from a number of field survey (Flickinger et al. 1980, 1986; 
Littrell 1998).

3.6  Conclusion

Application of synthetic pesticides was initially aimed to intensify agricultural 
productivity and food availability; however, their negative effects have over-
weighed their welfares. From the past decades, prevalence of pesticide poisoning 
of birds and the hazardous effect due to direct and indirect poisoning of synthetic 
pesticides cannot be overlooked; second-generation insecticides, organophos-
phates, and carbamates are used in routine agricultural practices, and their effects 
on avian fauna are varied depending on the plausibility of exposure and the degree 
of toxic level exposure of the pesticide. However, the likelihood of exposure and 
related lethal and sublethal effects of the pesticides are formidable to study at the 
field level. Conversely, it can be stated that the broad-spectrum nature of organo-
phosphates and carbamates makes birds more liable to of exposure, when they are 
present in the neighbouring areas at the time of applying pesticide, or immediately 
after that, or getting contact with a pesticide contaminated prey. Migratory birds 
are more prone to sublethal effects of pesticides having cholinesterase inhibitors 
that can have significant effects on migratory behaviour of the birds.

The above discussion tries to encompass the severe consequences of indiscrimi-
nate pesticide application on avian population. To understand the range to which 
birds are exposed to pesticides, the foremost requirement is to find out the factors 
influencing exposure and to figure out preventive measures that might be applied to 
minimize the exposure. Best management practices integrating control in agricul-
tural practices, use of pest resistant cultivars of plants, and rational use of synthetic 
pesticide could reduce hazards of pesticide application. Further, advanced 
approaches in biotechnology and nanotechnology may facilitate the development of 
pesticides with nominal adverse effects. Community development and extension 
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programs that could train and motivate the farmers to take up the contemporary 
integrated pest management (IPM) strategies may reduce the negative impact of 
pesticides to our environment which may lead to discontinuing our anthropogenic 
legacy of silent spring.

Acknowledgements Authors are willing to sincerely acknowledge Principal, Bankura Christian 
College, Director, Defence Research Laboratory, Tezpur, Assam, India. The authors apologize for 
the many colleagues who are not referenced in this work due to space limitations.

Compliance with Ethical Standard

Conflict of Interest: There is no conflict of interest between any authors to publish this review 
article.

Ethical approval: This article does not contain any studies with human participants performed by 
any of the authors.

References

Abass KS (2014) A method for fast assessment of OP/CB exposure in the Japanese quail (Coturnix 
japonica) using combined esterases enzyme activity as biomarkers. Enzyme Res 2014. https://
doi.org/10.1155/2014/812302

Abdollahi MA, Ranjbar A, Shadnia S, Nikfar S, Rezaiee A (2004) Pesticides and oxidative stress: a 
review. Med Sci Monit 10:141–147. http://www.MedSciMonit.com/pub/vol_10/no_6/4163.pdf

Agriculture Canada (1993) Special review of carbofuran insecticide: effects on avian fauna and 
value to agriculture. Plant Industry Directorate, Ottawa

Alanna M (2014) 1,300 Bird species facing extinction signal threats to human health climate 
change and chemicals like pesticides are driving the crisis. Environ Health News. http://news.
nationalgeographic.com/news/2014/08/140825-bird-environment-chemical-contaminant-
climate-change-science-winged-warning/

Alharbi HA, Letcher RJ, Mineau P, Chen D, Chu S (2016) Organophosphate pesticide method 
development and presence of chlorpyrifos in the feet of nearctic-neotropical migratory 
songbirds from Canada that over-winter in Central America agricultural areas. Chemosphere 
144:827–835. https://doi.org/10.1016/j.chemosphere.2015.09.052

Almeida AD, Couto HT, Almeida ÁF (2010) Camouflaging of seeds treated with pesticides miti-
gates the mortality of wild birds in wheat and rice crops. Sci Agric 67:176–182. https://doi.
org/10.1590/S0103-90162010000200008

Amani N, Soodi M, Daraei B, Dashti A (2016) Chlorpyrifos toxicity in mouse cultured cerebel-
lar granule neurons at different stages of development: Additive effect on glutamate-induced 
excitotoxicity. Cell Journal 18(3):464–472. https://doi.org/10.22074/cellj.2016.4575

American Bird Conservancy (2009) 1731 Connecticutavenue, NW, Washington, DC. 20009 
202-234-7181

Andersen HR, Vinggaard AM, Rasmussen TH, Gjermandsen IM, Bonefeld-Jørgensen EC (2002) 
Effects of currently used pesticides in assays for estrogenicity, androgenicity, and aromatase 
activity in vitro. Toxicol Appl Pharmacol 179(1):1–2. https://doi.org/10.1006/taap.2001.9347

Barata C, Fabregat MC, Cotín J, Huertas D, Solé M, Quirós L, Sanpera C, Jover L, Ruiz X, Grimalt 
JO, Piña B (2010) Blood biomarkers and contaminant levels in feathers and eggs to assess envi-
ronmental hazards in heron nestlings from impacted sites in Ebro basin (NE Spain). Environ 
Pollut 158(3):704–710. https://doi.org/10.1016/j.envpol.2009.10.018

Barnett JB, Rodgers KE (1994) Pesticides. In: Dean JH, Luster MI, Munson AE, Kimber I (eds) 
Immunotoxicology and immunopharmacology. Raven Press, New York

3 Toxic Effects of Pesticides on Avian Fauna

https://doi.org/10.1155/2014/812302
https://doi.org/10.1155/2014/812302
http://www.medscimonit.com/pub/vol_10/no_6/4163.pdf
http://news.nationalgeographic.com/news/2014/08/140825-bird-environment-chemical-contaminant-climate-change-science-winged-warning/
http://news.nationalgeographic.com/news/2014/08/140825-bird-environment-chemical-contaminant-climate-change-science-winged-warning/
http://news.nationalgeographic.com/news/2014/08/140825-bird-environment-chemical-contaminant-climate-change-science-winged-warning/
https://doi.org/10.1016/j.chemosphere.2015.09.052
https://doi.org/10.1590/S0103-90162010000200008
https://doi.org/10.1590/S0103-90162010000200008
https://doi.org/10.22074/cellj.2016.4575
https://doi.org/10.1006/taap.2001.9347
https://doi.org/10.1016/j.envpol.2009.10.018


74

Barr DB, Needham LL (2002) Analytical methods for biological monitoring of expo-
sure to pesticides: a review. J Chromatogr B s778(1-2):5–29. https://doi.org/10.1016/
S1570-0232(02)00035-1

Berg GL (1982) Farm chemicals handbook. Farm chemicals Meister Publishing Co., Willoughby 
Ohio, p 580

Best LB (1995) Grit-use behaviour in birds: a review of research to develop safer granular pesti-
cides In: National Wildlife Research Centre Repellents Conference 6. https://digitalcommons.
unl.edu/nwrcrepellants/6

Best LB, Fischer DL (1992) Granular insecticides and birds: factors to be considered in under-
standing exposure and reducing risk. Environ Toxicol Chem 11:1495–1508. https://doi.
org/10.1002/etc.5620111015

Binukumar BK, Gupta N, Sunkaria A (2012) Protective efficacy of coenzyme Q10 against DDVP-
induced cognitive impairments and neurodegeneration in rats. Neurotox Res 21:345–357. 
https://doi.org/10.1007/s12640-011-9289-0

Birdlife International (2004) Preventing the risk to migratory birds from poisoning by agricul-
tural chemicals: guidance for countries on the rift Valley/Red Sea flyway. Regional Flyway 
Facility, Amman

Bishop CA, Van Der Kraak GJ, Ng P, Smits JEG, Hontela A (1998) Health of Tree Swallows 
(Tachycineta bicolor) nesting in pesticide-sprayed apple orchards in Ontario, Canada. II. sex 
and thyroid hormone concentrations and testes development. J Toxicol Environ Health A 
55:561–581. https://doi.org/10.1080/009841098158250

Blanco GA (2011) Immune response to environmental exposure. In: Encyclopedia of environ-
mental health. Elsevier, Amsterdam, pp  141–154. https://doi.org/10.1016/B978-0-444- 
52272-6.00502-X

Blanco DE, López-Lanús B, Dias RA, Azpìroz A, Rilla F (2006) Use of rice fields by migra-
tory shorebirds in Southern South America: implications for conservation and management. 
Wetlands International, Buenos Aires

BLI (Bird Life International) (2013). http://datazone.birdlife.org/ more bird species groups in 
Canada are in decline than are increasing

BLI (Bird Life International) (2014) State of the world’s birds: Birdlife International. http://www.
biodiversityinfo.org

Brasel JM, Collier AC, Pristos CA (2005) Differential toxic effects of carbofuran and diazinon on 
time of flight in pigeons (Columba livia): potential for pesticide effects in migration. Toxicol 
App Pharmacol 219:241–246. https://doi.org/10.1016/j.taap.2006.11.028

Busby DG, Pearce PA, Garrity NR, Reynolds LM (1983) Effect of an organophosphorus insecti-
cide on brain cholinesterase activity in white throated sparrows exposed to aerial forest spray-
ing. J Appl Ecol 20:255–263. https://doi.org/10.2307/2403391

Busby DG, White LM, Pearce PA (1990) Effects of aerial spraying of fenitrothion on breeding 
white-throated sparrows. J Appl Ecol 1:743–755. https://doi.org/10.2307/2404316

Cabello G, Valenzuela M, Vilaxa A, Durán V, Rudolph I, Hrepic N, Calaf G (2001) A rat mammary 
tumour model induced by the organophosphorous pesticides parathion and malathion, possi-
bly through acetylcholinesterase inhibition. Environ Health Perspect 109:471–479. https://doi.
org/10.1289/ehp.01109471

Campbell L, Cooke A (1997) The indirect effects of pesticides on birds. RSPB Conservation 
Review (U.K.)

Carere C, Costantini D, Sorace A, Santucci D, Alleva E (2010) Bird populations as sentinels 
of endocrine disrupting chemicals. Ann Ist Super Sanità 46:81–88. https://doi.org/10.1590/
S0021-25712010000100010

Carson R (1962) Silent Spring. Houghton Mifflin Company. ISBN-10: 0618249060
Chatterjee S, Ray A, Bagchi P, Deb C (1992) Estrogenic effects of aldrin and quinalphos in rats. 

Bulletin of environmental contamination and toxicology 48(1):125–130

A. Mitra et al.

https://doi.org/10.1016/S1570-0232(02)00035-1
https://doi.org/10.1016/S1570-0232(02)00035-1
https://digitalcommons.unl.edu/nwrcrepellants/6
https://digitalcommons.unl.edu/nwrcrepellants/6
https://doi.org/10.1002/etc.5620111015
https://doi.org/10.1002/etc.5620111015
https://doi.org/10.1007/s12640-011-9289-0
https://doi.org/10.1080/009841098158250
https://doi.org/10.1016/B978-0-444-52272-6.00502-X
https://doi.org/10.1016/B978-0-444-52272-6.00502-X
http://datazone.birdlife.org/
http://www.biodiversityinfo.org
http://www.biodiversityinfo.org
https://doi.org/10.1016/j.taap.2006.11.028
https://doi.org/10.2307/2403391
https://doi.org/10.2307/2404316
https://doi.org/10.1289/ehp.01109471
https://doi.org/10.1289/ehp.01109471
https://doi.org/10.1590/S0021-25712010000100010
https://doi.org/10.1590/S0021-25712010000100010


75

Civinini A, Padula D, Gallo VP (2001) Ultrastructural and histochemical study on the interrenal 
cells of the male stickleback (Gasterosteus aculeatus, Teleostea), in relation to the reproduc-
tive annual cycle. J Anat 199:303–316. https://doi.org/10.1046/j.1469-7580.2001.19930303.x

Clement JG (1991) Effect of a single dose of an acetylcholinesterase inhibitor on oxotremorine and 
nicotine-induced hypothermia in mice. Pharmacol Biochem Behavior 39:929–934. https://doi.
org/10.1016/0091-3057(91)90055-7

Corder M (2005) Kansas fall season roundup. Horned Lark 32:7–11
Corson MS, Mora MA, Grant WE (1998) Simulating cholinesterase inhibition in birds caused 

by dietary insecticide exposure. Ecol Model 105:299–323. https://doi.org/10.1016/
S0304-3800(97)00174-9

Ćupić Miladinović D, Borozan S, Ivanović S (2018) Involvement of cholinesterases in oxida-
tive stress induced by chlorpyrifos in the brain of Japanese quail. Poult Sci 97(5):1564–1571. 
https://doi.org/10.3382/ps/pey018

Cutler GC (2012) Insects, insecticides and hormesis: evidence and considerations for study. Dose 
Response 11:154–177

Damstra T, Barlow S, Bergman A, Kavlock R, Van Der Kraak G (2002) Global assessment of the 
State-of-the-Science of endocrine disruptors. International Programme on Chemical Safety. 
WHO/PCS/EDC/0.22

Davies TGE, Field LM, Williamson MS (2012) The re-emergence of the bed bug as a nuisance 
pest: implications of resistance to the pyrethroid insecticides. Med Vet Entomol 26:241–254. 
https://doi.org/10.1111/j.1365-2915.2011.01006.x

Dhaliwal GS, Singh R, Chhillar BS (2006) Essentials of agricultural entomology. Kalyani 
Publishers, New Delhi. ISBN: 9789327264531

Di Meo S, Reed TT, Venditti P, Victor VM (2016) Role of ROS and RNS sources in physi-
ological and pathological conditions. Oxidative Med Cell Longev 2016:1. https://doi.
org/10.1155/2016/1245049

Dietrich DR, Schmid P, Zweifel U, Schlatter C, Jenni-Eiermann S, Bachmann H, Zbinden N (1995) 
Mortality of birds of prey following field application of granular carbofuran a case study. Arch 
Environ Contam Toxicol 29:140–145. https://doi.org/10.1007/BF00213099

Domingues I, Santos CS, Ferreira NG, Machado L, Oliveira R, Ferreira A, Lopes I, Loureiro S, 
Soares AM (2015) Suitability of enzymatic markers to assess the environmental condition of 
natural populations of Gambusia affinis and Daphnia magna—a case study. Environ Monit 
Assess 187(4):208. https://doi.org/10.1007/s10661-015-4429-2

Dong W, Zhang X, Zhang X, Wu H, Zhang M, Ma E, Zhang J (2016) Susceptibility and poten-
tial biochemical mechanism of Oedaleus asiaticus to beta-cypermethrin and deltamethrin 
in the Inner Mongolia, China. Pestic Biochem Physiol 132:47–52. https://doi.org/10.1016/j.
pestbp.2015.11.011

Dunn EH, Collins BT, Downes CM (2000) The Canadian Breeding Bird Survey, 1967–1998. 
Canadian Wildlife Service, Environment Canada. CW69-9-216-eng.pdf (PDF, 1.94 MB)

DWHC: Dutch Wildlife Health Centre. https://www.dwhc.nl/en/2012/
Eisler R (1985) Carbofuran hazards to fish, wildlife and invertebrates: a synoptic review. US Fish 

Wild Serv Biol Rep 85:36
Eng ML, Letcher RJ, Williams TD, Elliott JE (2017) In ovo tris(2-butoxyethyl) phosphate con-

centrations significantly decrease in late incubation after a single exposure via injection, with 
no evidence of effects on hatching success or latent effects on growth or reproduction in Zebra 
finches. Environ Toxicol Chem 36:83–88. https://doi.org/10.1002/etc.3502

FAO (2013) The FAO (The United Nations Food and Agriculture Organization) Programme on the 
Prevention and Disposal of Obsolete Pesticides

Fernie KJ, Palace V, Peters LE, Basu N, Letcher RJ, Karouna-Renier NK, Schultz SL, Lazarus RS, 
Rattner BA (2015) Investigating endocrine and physiological parameters of captive American 
kestrels exposed by diet to selected organophosphate flame retardants. Environ Sci Technol 
49:7448–7455. https://doi.org/10.1021/acs.est.5b00857

3 Toxic Effects of Pesticides on Avian Fauna

https://doi.org/10.1046/j.1469-7580.2001.19930303.x
https://doi.org/10.1016/0091-3057(91)90055-7
https://doi.org/10.1016/0091-3057(91)90055-7
https://doi.org/10.1016/S0304-3800(97)00174-9
https://doi.org/10.1016/S0304-3800(97)00174-9
https://doi.org/10.3382/ps/pey018
https://doi.org/10.1111/j.1365-2915.2011.01006.x
https://doi.org/10.1155/2016/1245049
https://doi.org/10.1155/2016/1245049
https://doi.org/10.1007/BF00213099
https://doi.org/10.1007/s10661-015-4429-2
https://doi.org/10.1016/j.pestbp.2015.11.011
https://doi.org/10.1016/j.pestbp.2015.11.011
https://www.dwhc.nl/en/2012/
https://doi.org/10.1002/etc.3502
https://doi.org/10.1021/acs.est.5b00857


76

Fishel FM (2011) Pesticides effects on non-target organisms. PI-85. Pesticide information office, 
Florida Cooperative Extension Service, IFAS, University of Florida, Gainesville, FL, USA

Fleischli MA, Franson JC, Thomas NJ, Finley DL, Riley W (2004) Avian mortality events 
caused by anticholinesterase pesticides: a retrospective summary of National Wildlife Health 
Center Records from 1980 to 2000. Arch Environ Contam Toxicol 46:542–550. https://doi.
org/10.1007/s00244-003-3065-y

Fletcher MR, Hunter K, Barnett EA, Sharp EA (1996) Report of the environmental panel of the 
advisory committee on pesticides. DEFRA Publications, London

Flickinger EL, King KA, Stout WF, Mohn MM (1980) Wildlife hazards from Furadan 3G applica-
tions to rice in Texas. J Wildl Manage 44:190–197. https://doi.org/10.2307/3808365

Flickinger EL, Mitchell CA, White DH, Kolbe EJ (1986) Bird poisoning from misuse of the car-
bamate furadan in a Texas rice field. Wildl Soc Bull 14:59–62

Fluetsch KM, Sparling DW (1994) Avian nesting success and diversity in conventionally and 
organically managed apple orchards. Environ Toxicol Chem 13:1651–1659. https://doi.
org/10.1002/etc.5620131015

Fox GA, Mineau P, Collins B, James PC (1989) The impact of the insecticide carbofuran (Furadan 
480F) on the burrowing owl in Canada. Environment Canada, Canadian Wildlife Service

Fry DM (1995) Reproductive effects in birds exposed to pesticides and industrial chemicals. 
Environ Health Perspect 103:165–171. https://doi.org/10.2307/3432528

Galloway T, Handy R (2003) Immunotoxicity of organophosphorus pesticides. Ecotoxicology 
12:345–363. https://doi.org/10.1023/A:1022579416322

Garthwaite DG, Thomas MR, Dawson A, Stoddart H (2003) Pesticide usage survey report 
187: Arable Crops in Great Britain 2002. Pesticide Usage Survey Group, Department for 
Environment, Food and Rural Affairs; HMSO, London

Germany PA (2012) Pesticides and health hazards facts and figures. Pestizide und 
Gesundheitsgefahren: Daten und Fakten, Bochum

Gill HK, Garg H (2014) Pesticides: environmental impacts and management strategies. In: 
Larramendy ML, Soloneski S (eds) Pesticides-toxic aspects. In Tech Open Science, pp 187–230

Gionfriddo JP, Best LB (1996) Grit colour selection by house sparrows and northern bobwhites. J 
Wildl Manage 1:836–842. https://doi.org/10.2307/3802384

Goldstein MI, Lacher TE, Woodbridge B, Bechard MJ, Canavelli SB, Zaccagnini ME, Cobb 
GP, Scollon EJ, Tribolet R, Hopper MJ (1999) Monocrotophos-induced mass mortal-
ity of Swainson’s Hawks in Argentina. Ecotoxicology 8:201–214. https://doi.org/10.102
3/A:1026448415467

Greaves AK, Letcher RJ (2017) A review of Organophosphate Esters in the environment from 
biological effects to distribution and fate. Bull Environ Cont Toxicol 98:2–7. https://doi.
org/10.1007/s00128-016-1898-0

Greig-Smith PW (1994) Understanding the impact of pesticides on wild birds by monitoring inci-
dents of poisoning. In: Kendall RJ, Lacher TE (eds) Wildlife toxicology and population model-
ling: integrated studies of agroecosystems. Lewis Publishers, Boca Raton, pp 301–319

Grue CE, Shipley BK (1984) Sensitivity of nestling and adult starlings to dicrotophos and organo-
phosphate pesticide. Environ Res 35:454–465. https://doi.org/10.1016/0013-9351(84)90152-X

Grue CE, Hart ADM, Mineau P (1991) Biological consequences of depressed brain cholinesterase 
activity in wildlife. In: Mineau P (ed) Cholinesterase-inhibiting insecticides-their impact on 
wildlife and the environment. Elsevier Science Publishers BV, Amsterdam

Grue CE, Gibert PL, Seeley ME (1997) Neurophysiological and behavioural changes in non-target 
wildlife exposed to organophosphate and carbamate pesticides: thermoregulation, food con-
sumption, and reproduction. Am Zoo 37:369–388. https://doi.org/10.1093/icb/37.4.369

Guerrero I, Morales MB, Oñate JJ, Geige F, Berendse F, Snoo GD, Tscharntke T (2012) Response 
of ground-nesting farmland birds to agricultural intensification across Europe: landscape 
and field level management factors. Biol Conserv 152:74–80. https://doi.org/10.1016/j.
biocon.2012.04.001

A. Mitra et al.

https://doi.org/10.1007/s00244-003-3065-y
https://doi.org/10.1007/s00244-003-3065-y
https://doi.org/10.2307/3808365
https://doi.org/10.1002/etc.5620131015
https://doi.org/10.1002/etc.5620131015
https://doi.org/10.2307/3432528
https://doi.org/10.1023/A:1022579416322
https://doi.org/10.2307/3802384
https://doi.org/10.1023/A:1026448415467
https://doi.org/10.1023/A:1026448415467
https://doi.org/10.1007/s00128-016-1898-0
https://doi.org/10.1007/s00128-016-1898-0
https://doi.org/10.1016/0013-9351(84)90152-X
https://doi.org/10.1093/icb/37.4.369
https://doi.org/10.1016/j.biocon.2012.04.001
https://doi.org/10.1016/j.biocon.2012.04.001


77

Hands HM, Ryan MR, Smith JW (1991) Migrant shorebird use of marsh, moist-soil, and flooded 
agricultural habitats. Wildl Soc Bull 19:457–464

Hawkes AW, Brewer LW, Hobson JF, Hooper MJ, Kendall RJ (1996) Survival and cover-seeking 
response of Northern Bobwhites and Mourning Doves dosed with aldicarb. Environ Toxicol 
Chem 15:1538–1543. https://doi.org/10.1002/etc.5620150916

Health & Welfare Canada (1987) Pesticide handling: a safety handbook p 20
Henry KA, Cristol DA, Varian-Ramos CW, Bradley EL (2015) Oxidative stress in songbirds 

exposed to dietary methylmercury. Ecotoxicology 24(3):520–526. https://doi.org/10.1007/
s10646-014-1400-x

Hill EF (1992) Avian toxicology of anticholinesterases. In: Ballantyne B, Marrs TC (eds) Clinical 
and experimental toxicology of organophosphates and carbamates. Butterworth-Heinemann, 
Oxford, pp 272–294. https://doi.org/10.1016/B978-0-7506-0271-6.50031-0

Hooper MJ (2002) Swainson’s hawks and monocrotophos, Texas. www.tiehh.ttu.edu/mhooper/
Swainson.htm

Houston CS, Bowen DE (2001) Upland Sandpiper (Bartramia longicauda) In: Poole A, Gill 
F (eds) The Birds of North America, vol 580 Philadelphia, Pennsylvania. https://doi.
org/10.2173/bna.580

Hudson RH, RK Tucker, MA Haegele (1984) Handbook of toxicity of pesticides to wildlife, 2nd 
edn. US Fish Wild Service, Resour Publ 153 p 90

Hunt KA, Bird DM, Mineau P, Shutt L (1992) Selective predation of organophosphate-
exposed prey by American Kestrels. Anim Behav 43:971–976. https://doi.org/10.1016/
S0003-3472(06)80010-2

Hussain R, Mahmood F, Khan MZ (2011) Pathologic and genotoxic effects of atrazine in 
male Japanese quail (Coturnix japonica). Ecotoxicology 20:1–8. https://doi.org/10.1007/
s10646-010-0515-y

Isacch JP, Martínez MM (2003) Habitat use by non-breeding shorebirds in flooding pampas  
grasslands of Argentina. Water Birds 26:494–500. https://doi.org/10.1675/1524-4695(2003)026 
[0494;HUBNSI]2.0.CO;2

Isacch JP, Darrieu CA, Martínez MM (2005) Food abundance and dietary relationships among 
migratory shorebirds using grasslands during the non-breeding season. Waterbeds 28:238–245. 
https://doi.org/10.1675/1524-4695(2005)028[0238:FAADRA]2.0.CO;2

Ivanović SR, Dimitrijević B, Ćupić V, Jezdimirović M, Borozan S, Savić M, Savić D (2016) 
Downregulation of nicotinic and muscarinic receptor function in rats after subchronic exposure 
to diazinon. Toxicol Rep 3:523–530. https://doi.org/10.1016/j.toxrep.2016.06.002

Kendall RJ (2016) Wildlife toxicology: where we have been and where we are going. J Environ 
Anal Toxicol 6:348

Kitamura S, Sugihara K, Fujimoto N, Yamazaki T (2010) Organophosphate as endocrine disrup-
tors. In: Satoh T, Gupta R (eds) Anticholinesterase pesticides: metabolism, neurotoxicity and 
epidemiology. Wiley, Hoboken. https://doi.org/10.1002/9780470640500.ch15

Knopf FL (1994) Avian assemblages on altered grasslands. Stud Avian Biol 15:247–257
Köhler HR, Triebskorn R (2013) Wildlife ecotoxicology of pesticides: can we track effects to the 

population level and beyond? Science 341:759–765. https://doi.org/10.1126/science.1237591
Kuenzel WJ (1994) Central neuroanatomical systems involved in the regulation of food intake 

in birds and mammals. J Nutr 124:355S–1370S. https://doi.org/10.1093/jn/124.suppl_8.1355S
Kulic L, Wollmer MA, Rhein V, Pagani L, Kuehnle K, Cattepoel S, Tracy J, Eckert A, Nitsch RM 

(2011) Combined expression of tau and the Harlequin mouse mutation leads to increased mito-
chondrial dysfunction, tau pathology and neurodegeneration. Neurobiol Aging 32:1827–1838. 
https://doi.org/10.1016/j.neurobiolaging.2009.10.014

Littrell EE (1998) Waterfowl mortality in rice fields treated with the carbamate, carbofuran. Calif 
Fish Game 74:226–231

Lopez-Antia A, Ortiz-Santaliestra ME, Mateo R (2014) Experimental approaches to test pesticide-
treated seed avoidance by birds under a simulated diversification of food sources. Sci Total 
Environ 496:179–187. https://doi.org/10.1016/j.scitotenv.2014.07.031

3 Toxic Effects of Pesticides on Avian Fauna

https://doi.org/10.1002/etc.5620150916
https://doi.org/10.1007/s10646-014-1400-x
https://doi.org/10.1007/s10646-014-1400-x
https://doi.org/10.1016/B978-0-7506-0271-6.50031-0
http://www.tiehh.ttu.edu/mhooper/Swainson.htm
http://www.tiehh.ttu.edu/mhooper/Swainson.htm
https://doi.org/10.2173/bna.580
https://doi.org/10.2173/bna.580
https://doi.org/10.1016/S0003-3472(06)80010-2
https://doi.org/10.1016/S0003-3472(06)80010-2
https://doi.org/10.1007/s10646-010-0515-y
https://doi.org/10.1007/s10646-010-0515-y
https://doi.org/10.1675/1524-4695(2003)026[0494;HUBNSI]2.0.CO;2
https://doi.org/10.1675/1524-4695(2003)026[0494;HUBNSI]2.0.CO;2
https://doi.org/10.1675/1524-4695(2005)028[0238:FAADRA]2.0.CO;2
https://doi.org/10.1016/j.toxrep.2016.06.002
https://doi.org/10.1002/9780470640500.ch15
https://doi.org/10.1126/science.1237591
https://doi.org/10.1093/jn/124.suppl_8.1355S
https://doi.org/10.1016/j.neurobiolaging.2009.10.014
https://doi.org/10.1016/j.scitotenv.2014.07.031


78

Lotti M, Moretto A (2005) Organophosphate-induced delayed polyneuropathy. Toxicol Rev 
24:37–49. https://doi.org/10.2165/00139709-200524010-00003

Ludke JL, Hill EF, Dieter MP (1975) Cholinesterase (ChE) response and related mortality among 
birds fed ChE inhibitors. Arch Environ Contam Toxicol 3:1–21. https://doi.org/10.1007/
BF02221128

Mackay D, Giesy JP, Solomon KR (2014) Fate in the environment and long-range atmospheric 
transport of the organophosphorus insecticide, chlorpyrifos and its oxon. Rev Environ Contam 
Toxicol 231:35–76. https://doi.org/10.1007/978-3-319-03865-0_3

Madison WI (1993) A decade (1980–1990) of organophosphorous and carbamate related mortality 
in migratory birds, US Fish and wildlife services. National Wildlife Health Research Center

MAGRAMA.  Registro de Productos Fitosanitarios. Madrid: Ministerio de Agricultura, 
Alimentación y Medio Ambiente; 2013. http://www.magrama.gob.es/es/agricultura/temas/
sanidad-vegetal/productos-fitosanitarios/registro/menu.asp

Maitra SK, Mitra A (2008) Testicular function and serum titers of LH and testosterone in 
methyl parathion- fed roseringed parakeets. Ecotoxicol Environ Saf 71:236–244. https://doi.
org/10.1016/j.ecoenv.2007.09.002

Maitra SK, Sarkar R (1996) Influence of methyl parathion on gametogenic and acetylcholinestrase 
activity in the testis of white throated munia (Lonchura malabarica). Arch Environ Contam 
Toxicol 30:384–389. https://doi.org/10.1007/BF00212298

Mansour SA (2009) Persistent organic pollutants (POPs) in Africa: Egyptian scenario. Human Exp 
Toxicol 28:531–566. https://doi.org/10.1177/0960327109347048

Marrs TC (1996) Organophosphate anticholinesterase poisoning. Toxic Subst Mech 15:357–388
Martin P, Solomon AKR (1991) Acute carbofuran exposure and cold stress: interactive effects 

in mallard ducklings. Pestic Biochem Physiol 40:117–127. https://doi.org/10.1007/
s10571-009-9420-4

Masoud A, Kiran R, Sandhir R (2009) Impaired mitochondrial functions in organophosphate 
induced delayed neuropathy in rats. Cell Mol Neurobiol 29:1245–1255

Mc Carty JP, Jorgensen JG, Wolfenbarger LL (2009) Behavior of buff-breasted sandpip-
ers (Tryngites subruficollis) during migratory stopover in agricultural fields. PLoS One 
4(11):e8000. https://doi.org/10.1371/journal.pone.0008000

Merchant M (2005) Insects in the city: quick insecticide reference guide for common insect pests 
of lawns and landscapes. House and Landscape Pest Series Texas A&M University, College 
Station. http://citybugs.tamu.edu/FastSheets/Ent-103O.html

Mineau P (1993) The hazard of carbofuran to birds and other vertebrate wildlife. Technical Report 
Series No. 177. Canadian Wildlife Service, Ottawa, Canada

Mineau P (2002) Estimating the probability of bird mortality from pesticide sprays on the basis 
of the field study record. Environ Toxicol Chem 21:1497–1505. https://doi.org/10.1002/
etc.5620210723

Mineau P (2005) Direct losses of birds to pesticides beginnings of a quantification. In: Bird conser-
vation implementation and integration in the Americas: proceedings of the third international 
partners in flight conference. Gen Tech Rep PSW-GTR-191. USDA, Forest Service, Pacific 
Southwest Research Station, pp 1065–1070

Mineau P (2009) Birds and pesticides: is the threat of a silent spring really behind us? Pesticides 
News 86:12–18. https://doi.org/10.2980/i1195-6860-12-2-267.1

Mineau P, Palmer C (2013) The impact of the nation's most widely used insecticides on birds. 
American Bird Conservancy

Mineau P, Whiteside M (2006) Lethal risk to birds from insecticide use in the United States—a 
spatial and temporal analysis. Environ Toxicol and Chem 25:1214–1222. https://doi.
org/10.1897/05-035R.1

Mineau P, Whiteside M (2013) Pesticide acute toxicity is a better correlate of US grassland bird 
declines than agricultural intensification. PLoS One 8:e57457. https://doi.org/10.1371/journal.
pone.0057457

A. Mitra et al.

https://doi.org/10.2165/00139709-200524010-00003
https://doi.org/10.1007/BF02221128
https://doi.org/10.1007/BF02221128
https://doi.org/10.1007/978-3-319-03865-0_3
http://www.magrama.gob.es/es/agricultura/temas/sanidad-vegetal/productos-fitosanitarios/registro/menu.asp
http://www.magrama.gob.es/es/agricultura/temas/sanidad-vegetal/productos-fitosanitarios/registro/menu.asp
https://doi.org/10.1016/j.ecoenv.2007.09.002
https://doi.org/10.1016/j.ecoenv.2007.09.002
https://doi.org/10.1007/BF00212298
https://doi.org/10.1177/0960327109347048
https://doi.org/10.1007/s10571-009-9420-4
https://doi.org/10.1007/s10571-009-9420-4
https://doi.org/10.1371/journal.pone.0008000
http://citybugs.tamu.edu/FastSheets/Ent-103O.html
https://doi.org/10.1002/etc.5620210723
https://doi.org/10.1002/etc.5620210723
https://doi.org/10.2980/i1195-6860-12-2-267.1
https://doi.org/10.1897/05-035R.1
https://doi.org/10.1897/05-035R.1
https://doi.org/10.1371/journal.pone.0057457
https://doi.org/10.1371/journal.pone.0057457


79

Mineau P, Fletcher MR, Glaser LC, Thomas NJ, Brassard CA, Wilson LK, Elliott JE, Lyon LA, 
Henny CJ, Bollinger T, Porter SL (1999) Poisoning of raptors with organophosphorus and car-
bamate pesticides with emphasis on Canada US and UK. J Raptor Res 33:1–37

Mineau P, Baril A, Collins BT, Duffe J, Joerman G, Luttik R (2001) Pesticides acute toxicity refer-
ence values for birds. Rev Environ Contam Toxicol 170:13–74

Mineau P, Downes CM, Kirk DA, Bayne E, Csizy M (2005) Patterns of bird species abundance in 
relation to granular insecticide use in the Canadian prairies. Ecoscience 12:267–278

Mironidis GK, Kapantaidaki D, Bentila M, Morou E, Savopoulou-Soultani M, Vontas J (2013)  
Resurgence of the cotton bollworm Helicoverpa armigera in northern Greece associated with 
insecticide resistance. Insect Sci 20:505–512. https://doi.org/10.1111/j.1744-7917.2012.01528.x

Mitra A (2006) Assessing impact of organophosphate pesticides on the female reproductive 
organs of two wild birds rose-ringed parakeets Psittacula krameri and white throated munia 
Lonchura malabarica. Ph. D. Thesis, University of Burdwan, West Bengal, India. http://www.
buruniv.ac.in/

Mitra A, Chatterjee C, Mandal FB (2011) Synthetic chemical pesticides and their effects on birds. 
Res J Environ Toxicol 5:81–96. https://doi.org/10.3923/rjet.2011.81.96

Mohammad FK, Al-Badrany YM, Al-Jobory MM (2008) Acute toxicity and cholinesterase inhi-
bition in chicks dosed orally with organophosphate insecticides. Arh Hig Rada Toksikol 
59:145–151. https://doi.org/10.2478/10004-1254-59-2008-1873

Moore DRJ, Teed RS, Greer CD, Solomon KR, Giesy JP (2014) Refined avian risk assessment for 
chlorpyrifos in the United States. In: Giesy JP, Solomon KR (eds) Ecological risk assessment 
for chlorpyrifos in terrestrial and aquatic systems in the United States. Springer. https://doi.
org/10.1007/978-3-319-03865-0_6

Moye JK, Pritsos CA (2010) Effects of chlorpyrifos and aldicarb on flight activity and related cho-
linesterase inhibition in homing pigeons, Columba livia: potential for migration effects. Bull 
Environ Contam Toxicol 84:677–681. https://doi.org/10.1007/s00128-010-0020-2

Muller EE, Nistico G, Scapagnini V (1977) Neurotransmitter and anterior pituitary function. 
Academic Press, New York. https://doi.org/10.1016/B978-0-12-510550-7.50008-5

Myers JP, Myers LP (1979) Shorebirds of coastal Buenos Aires Province, Argentina. Ibis 
121:186–200. https://doi.org/10.1111/j.1474-919X.1979.tb04961.x

Nagoshi RN, Meagher RL (2004) Seasonal distribution of fall armyworm (Lepidoptera: Noctuidae) 
host strains in agricultural and turf grass habitats. Environ Entomol 33:881–889. https://doi.
org/10.1603/0046-225X-33.4.881

Narváez C, Ríos JM, Píriz G, Sanchez-Hernandez JC, Sabat P (2016) Subchronic exposure to 
chlorpyrifos affects energy expenditure and detoxification capacity in juvenile Japanese quails. 
Chemosphere 144:775–784. https://doi.org/10.1016/j.chemosphere.2015.09.060

Nicolaus LK, Lee H (1999) Low acute exposure to organophosphate produces long-term  
changes in bird feeding behavior. Ecol Appl 9:1039–1049. https://doi.org/10.1890/ 
1051-0761(1999)009[1039:LAETOP]2.0.CO;2

Novotny L, Misík J, Honzlová A, Ondracek P, Kuca K, Vavra O, Rachac V, Chloupek P (2011) 
Incidental poisoning of animals by carbamates in the Czech Republic. J Appl Biomed 
9:157–161. https://doi.org/10.2478/v10136-009-0035-3

Obaineh M, Matthew O (2009) Toxicological effects of chlorpyrifos and methidathion in young 
chickens. Afr J Biochem Res 3:48–51

Odabasi M, Cetin B (2012) Determination of octanol air partition coefficients of organochlorine 
pesticides (OCPs) as a function of temperature: application to air soil exchange. J Environ 
Manag 113:432–439. https://doi.org/10.1016/j.jenvman.2012.10.010

Oropesa AL, Gravato C, Sánchez S, Soler F (2013) Characterization of plasma cholinesterase from 
the white stork (Ciconia ciconia) and it’s in vitro inhibition by anticholinesterase pesticides. 
Eco Toxicol Environ Saf 97:131–138. https://doi.org/10.1016/j.ecoenv.2013.07.022

Osten JRV, Soares AM, Guilhermino L (2005) Black-bellied whistling duck (Dendrocygna 
autumnalis) brain cholinesterase characterization and diagnosis of anticholinesterase pesticide 

3 Toxic Effects of Pesticides on Avian Fauna

https://doi.org/10.1111/j.1744-7917.2012.01528.x
http://www.buruniv.ac.in/
http://www.buruniv.ac.in/
https://doi.org/10.3923/rjet.2011.81.96
https://doi.org/10.2478/10004-1254-59-2008-1873
https://doi.org/10.1007/978-3-319-03865-0_6
https://doi.org/10.1007/978-3-319-03865-0_6
https://doi.org/10.1007/s00128-010-0020-2
https://doi.org/10.1016/B978-0-12-510550-7.50008-5
https://doi.org/10.1111/j.1474-919X.1979.tb04961.x
https://doi.org/10.1603/0046-225X-33.4.881
https://doi.org/10.1603/0046-225X-33.4.881
https://doi.org/10.1016/j.chemosphere.2015.09.060
https://doi.org/10.1890/1051-0761(1999)009[1039:LAETOP]2.0.CO;2
https://doi.org/10.1890/1051-0761(1999)009[1039:LAETOP]2.0.CO;2
https://doi.org/10.2478/v10136-009-0035-3
https://doi.org/10.1016/j.jenvman.2012.10.010
https://doi.org/10.1016/j.ecoenv.2013.07.022


80

exposure in wild populations from Mexico. Environ Toxicol Chem 24:313–317. https://doi.
org/10.1897/03-646.1

Pain DJ, Gargi R, Cunningham AA, Jones A, Prakash V (2004) Mortality of globally threat-
ened sarus cranes Grusantigon from monocrotophos poisoning in India. Sci Total Environ 
326:55–61. https://doi.org/10.1016/j.scitotenv.2003.12.004

Parker ML, Goldstein MI (2000) Differential toxicities of organophosphate and carbamate psec-
ticides in the nestling European starling (Sturnus vulgaris). Arch Environ Contam Toxicol 
39:233–242. https://doi.org/10.1007/s002440010100

Parsons KC, Mineau P, Renfrew RB (2010) Effects of pesticide use in rice fields on birds. 
Waterbirds 33:193–218. https://doi.org/10.1675/063.033.s115

Pinkas A, Turgeman G, Tayeb S, Yanai J (2015) An avian model for ascertaining the mechanisms 
of organophosphate neuroteratogenicity and its therapy with mesenchymal stem cell transplan-
tation. Neurotoxicol Teratol 50:73–81. https://doi.org/10.1016/j.ntt.2015.06.004

Polláková J, Pistl J, Kovalkovičová N, Csank T, Kočišová A, Legáth J (2012) Use of cultured cells 
of mammal and insect origin to assess cytotoxic effects of the pesticide Chlorpyrifos. Pol J 
Environ Stud 21:4

Pope CN, Chaudhuri J, Chakraborti TK (1995) Organophosphate sensitive cholinergic recep-
tors; in enzymes of the cholinesterase family. Plenum Press, New  York. https://doi.
org/10.1007/978-1-4899-1051-6_63

Potts GR (1997) Cereal farming, pesticides and grey partridges. The common agricultural policy 
and its implications for birds, Farming and Birds in Europe. Academic Press, London

Prosser D, Hart AD (2005) Assessing potential exposure of birds to pesticide-treated seeds. 
Ecotoxicology 14:679–691. https://doi.org/10.1007/s10646-005-0018-4

Qu Y, Xiao D, Liu J, Chen Z, Song L, Desneux N, Benelli G, Gao X, Song D (2017) Sub-lethal and 
hormesis effects of beta-cypermethrin on the biology, life table parameters and reproductive 
potential of soybean aphid Aphis glycines. Ecotoxicology 26:1002. https://doi.org/10.1007/
s10646-017-1828-x

Raley-Susman KM (2014) Like a canary in the coal mine: behavioural change as an early warn-
ing sign of neurotoxicological damage. In: Larramendy L, Soloneski S (eds) Pesticides-toxic 
aspects. InTech Open Science, Rijeka

Rattner BA, Franson JC (1983) Methyl parathion and fenvalerate toxicity in American kestrels: 
acute physiological responses and effects of cold. Canadian J Physiol Pharmacol 62:787–792. 
https://doi.org/10.1139/y84-129

Rattner BA, Sileo L, Scanes CG (1982) Oviposition and the plasma concentrations of LH, pro-
gesterone and corticosterone in bobwhite quail (Colinus virginianus) fed parathion. J Reprod 
Fertil 66:147–155. https://doi.org/10.1530/jrf.0.0660147

Rattner BA, Eroschenko VP, Fox GA, Fry DM, Grosline J (1984) Avian endocrine responses to 
environmental pollutants. J Exp Zool 232:683–689

Ray A, Chatterjee S, Bagchi P, Das TK, Deb C (1987) Effect of quinalphos on testicular steroido-
genesis in rats. Andrologia 19:163–168. https://doi.org/10.1111/j.1439-0272.1988.tb00682.x

Renfrew R, Hooper MJ, Saavedra AM, Mineau P (2006) Wintering Bobolink (Dolichonyx ory-
zivorus) populations and their vulnerability to rice pesticides. North American Ornithological 
Conference, Veracruz, Mexico

Robbins MB (2007) Buff-breasted Sandpiper (Tryngites subruficollis) fall migration at sod farmsin 
Kansas. Kan Ornithol Soci Bull 58:25–28

Salama M, El-Morsy D, El-Gamal M, Shabka O, Mohamed WM (2014) Mitochondrial complex I 
inhibition as a possible mechanism of chlorpyrifos induced neurotoxicity. Ann Neuro Sci 1:21. 
https://doi.org/10.5214/ans.0972.7531.210303

Sánchez-Bayo F, Tennekes HA, Goka K (2013) Impact of systemic insecticides on organisms 
and ecosystems. In: Trdan S (ed) Insecticides-Development of Safer and more Effective 
Technologies InTechOpen Science. https://doi.org/10.5772/52831

Santos CS, Monteiro MS, Soares AM, Loureiro S (2016) Brain cholinesterase reactivation 
as a marker of exposure to anticholinesterase pesticides: a case study in a population of  

A. Mitra et al.

https://doi.org/10.1897/03-646.1
https://doi.org/10.1897/03-646.1
https://doi.org/10.1016/j.scitotenv.2003.12.004
https://doi.org/10.1007/s002440010100
https://doi.org/10.1675/063.033.s115
https://doi.org/10.1016/j.ntt.2015.06.004
https://doi.org/10.1007/978-1-4899-1051-6_63
https://doi.org/10.1007/978-1-4899-1051-6_63
https://doi.org/10.1007/s10646-005-0018-4
https://doi.org/10.1007/s10646-017-1828-x
https://doi.org/10.1007/s10646-017-1828-x
https://doi.org/10.1139/y84-129
https://doi.org/10.1530/jrf.0.0660147
https://doi.org/10.1111/j.1439-0272.1988.tb00682.x
https://doi.org/10.5214/ans.0972.7531.210303
https://doi.org/10.5772/52831


81

yellow-legged gull Larus michahellis (Naumann, 1840) along the northern coast of Portugal. 
Environ Sci Pollut Res Int 23:266–272. https://doi.org/10.1007/s11356-015-5730-x

Santos CS, Loureiro S, Sotillo A, Müller W, Stienen EW, De Neve L, Lens L, Monteiro MS 
(2019) Assay optimisation and age-related baseline variation in biochemical markers in 
Lesser Black-backed gulls. Ecotoxicol Environ Saf 172:246–254. https://doi.org/10.1016/j.
ecoenv.2019.01.084

Saravi SSS, Shokrzadeh M (2011) Role of pesticides in human life in the modern age: a review. 
In: Stoytcheva M (ed) Pesticides in the modern world-risks and benefits. InTech Open Science

Sauer JR, Hines JE, Thomas I, Fallon J, Gough G (2000) The North American breeding bird sur-
vey, results and analysis 1966–1999. Patuxent Wildlife Research Center Laurel

Schafer EW, Bowles WA, Hurlbut J (1983) The acute oral toxicity, repellency, and hazard potential 
of 998 chemicals to one or more species of wild and domestic birds. Arch Environ Contam 
Toxicol 12(3):355–382. https://doi.org/10.1007/BF01059413

Sekercioglu CH, Daily GC, Ehrlich PR (2004) Ecosystem consequences of bird declines. Proc 
Natl Acad Sci USA 101:18042–18047

Shahzad A, Khan A, Khan MZ, Mahmood F, Gul ST, Saleemi MK (2015) Immuno-pathologic 
effects of oral administration of chlorpyrifos in broiler chicks. J Immuno Toxicol 12:16–23. 
https://doi.org/10.3109/1547691X.2013.866706

Shimshoni JA, Evgeny E, Lublin A, Cuneah O, King R, Horowitz I, Shlosberg A (2012) 
Determination of brain cholinesterase activity in normal and pesticide exposed wild birds in 
Israel. Israel J Vet Med 67:214–219

Singh BP, Singhal L, Chauhan RS (2007) Immunotoxicity of carbaryl in chicken. Indian J Exp 
Biol 45:890–895

Skagen SK (2006) Migration stopovers and the conservation of arctic-breeding calidridine sand-
pipers. Auk 123:313–322. https://doi.org/10.1093/auk/123.2.313

Skagen SK, Knopf FL (1993) Toward conservation of mid continental shorebird migrations. 
Conserv Biol 7:533–541. https://doi.org/10.1046/j.1523-1739.1993.07030533.x

Skagen SK, Brown S, Johnson R (2005) Implications of different shorebird migration strategies 
for habitat conservation. USDA For Serv Gen Tech Rep PSWGTR-191. https://www.fs.fed.us/
psw/publications/documents/psw_gtr191/psw_gtr191_0680-0683_skagen.pdf

Smith Gregory J (1987) Pesticide use and toxicology in relation to wildlife: organophosphorus 
and carbamate compounds. All US Government Documents (Utah Regional Depository) 510

Smith MR, Thomas NJ, Hulse C (1995) Application of brain cholinesterase reactivation to differ-
entiate between organophosphorus and carbamate pesticide exposure in wild birds. J Wildl Dis 
31:263–267. https://doi.org/10.7589/0090-3558-31.2.263

Smits JEG, Fernie KJ (2013) Avian wildlife as sentinels of ecosystem health. Comp Immunol 
Microbiol Infect Dis 36:333–342. https://doi.org/10.1016/j.cimid.2012.11.007

Stafford TR, Best LB, Fischer DL (1996) Effects of different formulations of granular pesticides 
on birds. Environ Toxicol Chem 15:1606–1611. https://doi.org/10.1002/etc.5620150926

Stoker TE, Goldman JM, Cooper RL (1993) The dithiocarbamate fungicide thiram disrupts 
the hormonal control of ovulation in the female rat. Reprod Toxicol 7:211–218. https://doi.
org/10.1016/0890-6238(93)90226-W

Strum KM, Alfaro M, Haase B, Hooper MJ, Johnson KA, Lanctot RB, Zaccagnini ME (2008) 
Plasma cholinesterases for monitoring pesticide exposure in Nearctic-Neotropical migratory 
shorebirds. Ornitol Neotrop 19:641–651

Tattersall A (1991) How many dead birds are enough? Cancellation of diazinon uses in Golf 
courses. J Pestic Reform 11:15–16

Testai E, Buratti FM, Consiglio ED (2010) Chlorpyrifos. In: Krieger RI, Doull J, van Hemmen JJ, 
Hodgson E, Maibach HI, Ritter L, Ross J, Slikker W (eds) Handbook of pesticide toxicology, vol 
2. Elsevier, Burlington, pp 1505–1526. https://doi.org/10.1016/B978-0-12-374367-1.00070-7

Timchalk C (2010) Organophosphorus insecticide pharmacokinetics. In: Krieger RI, Doull 
J, van Hemmen JJ, Hodgson E, Maibach HI, Ritter L, Ross J, Slikker W (eds) Handbook 

3 Toxic Effects of Pesticides on Avian Fauna

https://doi.org/10.1007/s11356-015-5730-x
https://doi.org/10.1016/j.ecoenv.2019.01.084
https://doi.org/10.1016/j.ecoenv.2019.01.084
https://doi.org/10.1007/BF01059413
https://doi.org/10.3109/1547691X.2013.866706
https://doi.org/10.1093/auk/123.2.313
https://doi.org/10.1046/j.1523-1739.1993.07030533.x
https://www.fs.fed.us/psw/publications/documents/psw_gtr191/psw_gtr191_0680-0683_skagen.pdf
https://www.fs.fed.us/psw/publications/documents/psw_gtr191/psw_gtr191_0680-0683_skagen.pdf
https://doi.org/10.7589/0090-3558-31.2.263
https://doi.org/10.1016/j.cimid.2012.11.007
https://doi.org/10.1002/etc.5620150926
https://doi.org/10.1016/0890-6238(93)90226-W
https://doi.org/10.1016/0890-6238(93)90226-W
https://doi.org/10.1016/B978-0-12-374367-1.00070-7


82

of pesticide toxicology, vol 2. Elsevier, Burlington, pp  1409–1433. https://doi.org/10.1016/
B978-0-12-374367-1.00066-5

Tucker RK, Haegele MA (1971) Comparative acute oral toxicity of pesticides to six species of 
birds. Toxicol Appl Pharmacol 20:57–65. https://doi.org/10.1016/0041-008X(71)90088-3

Twedt DJ, Nelms CO, Rettig VE, Aycock SR (1998) Shorebird use of managed wet-
lands in the Mississippi Alluvial Valley. Am Midl Nat 140:140–152. https://doi.
org/10.1674/0003-0031(1998)140[0140;SUOMWI]2.0.CO;2

UN Office for the Coordination of Humanitarian Affairs. 2007
UNEP/CMS/ScC18/Inf.10.9.1.(2014) convention on migratory species http://www.cms.int/

sites/default/files/document/Inf_10_9_1_Review_of_Ecologiccal_effects_of_Poisoning_on_
Migratory_Birds_Eonly.pdf

US EPA (US Environmental Protection Agency) (1998) Sethoxydim; pesticide tolerance. Federal 
Register Environmental Documents. FederalRegister. https://www.federalregister.gov/docu-
ments/2002/05/17/02-11742/pesticides-removal-of-duplicative-or-expired-time-limited-toler-
ances-for-emergency-exemptions

US EPA (2011) Pesticide industry sales and usage. http://www.epa.gov/opp00001/
pestsales/07pestsales/market_estimates2007.pdf

US FWS (2002) Birds of conservation concern 2002. Division of Migratory Bird Management 
Arlington, p 99

Venkataramanan R, Sreekumar C (2012) Mitigating human-wildlife conflict and retaliatory poi-
sonings in India to preserve biodiversity and maintain sustainable livelihoods. In: Richards N 
(ed) Carbofuran and wildlife poisoning global perspectives and forensic approaches. Wiley, 
UK. pp 99–128. https://doi.org/10.1002/9781119998532.ch4

Vial TB, Descotes N, Descotes J (1996) Clinical immunotoxicity of pesticides. J Toxicol Environ 
Health 48:215–229. https://doi.org/10.1080/009841096161294

Villar D, Balvin D, Giraldo C, Motas M, Olivera M (2010) Plasma and brain cholinesterase in 
methomyl-intoxicated free-ranging pigeons (Columba livia f. domestica). J Vet Diagn Investig 
22:313–315. https://doi.org/10.1177/104063871002200229

Vlcek V, Pohanka M (2012) Carbamate insecticides in the Czech Republic: health and environ-
mental impacts. Militr Medic Sci Lett 81:2–8. https://doi.org/10.31482/mmsl.2012.001

Vyas NB, Kuenzel WJ, Hill EF, Sauer JR (1995) Acephate affects migratory orientation of the 
White-throated Sparrow (Zonotrichia albicollis). Environ Toxicol Chem 14:1961–1965. 
https://doi.org/10.1897/1552-8618(1995)14[1961:AAMOOT]2.0.CO;2

Walker CH (1983) Pesticides and birds- mechanisms of selective toxicity. Agric Ecosyst Environ 
9:211–226. https://doi.org/10.1016/0167-8809(83)90042-7

Walker CH (2003) Neurotoxic pesticides and behavioural effects upon birds. Ecotoxicology 
12:307–316. https://doi.org/10.1023/A:1022523331343

Walker CH, Thompson HM (1991) Phylogenetic distribution of cholinesterases and related ester-
ases. In: Mineau P (ed) Cholinesterase-inhibiting insecticides, Chemicals in agriculture, vol 2. 
Elsevier, Amsterdam, pp 1–17

Wang LP, Shen J, Ge LQ, Wu JC, Yang GQ, Jahn GC (2010) Insecticide-induced increase in the 
protein content of male accessory glands and its effect on the fecundity of females in the brown 
planthopper Nilaparvata lugens Stål (Hemiptera: Delphacidae). Crop Prot 29:1280–1285. 
https://doi.org/10.1016/j.cropro.2010.07.009

Watanabe W, Yoshida H, Hirose A, Akashi T, Takeshita T, Kuroki N, Shibata A, Hongo S, 
Hashiguchi S, Konno K, Kurokawa M (2013) Perinatal exposure to insecticide methamidophos 
suppressed production of proinflammatory cytokines responding to virus infection in lung tis-
sues in mice. Bio Med Res Int 2013:151807. https://doi.org/10.1155/2013/151807

Way MO, Cockrell J (2007) Texas rice production guidelines. Texas A&M University, Beaumont, 
Texas. Downloaded from: https://oaktrust.library.tamu.edu/bitstream/handle/1969.1/87140/
pdf_162.pdf

A. Mitra et al.

https://doi.org/10.1016/B978-0-12-374367-1.00066-5
https://doi.org/10.1016/B978-0-12-374367-1.00066-5
https://doi.org/10.1016/0041-008X(71)90088-3
https://doi.org/10.1674/0003-0031(1998)140[0140;SUOMWI]2.0.CO;2
https://doi.org/10.1674/0003-0031(1998)140[0140;SUOMWI]2.0.CO;2
http://www.cms.int/sites/default/files/document/Inf_10_9_1_Review_of_Ecologiccal_effects_of_Poisoning_on_Migratory_Birds_Eonly.pdf
http://www.cms.int/sites/default/files/document/Inf_10_9_1_Review_of_Ecologiccal_effects_of_Poisoning_on_Migratory_Birds_Eonly.pdf
http://www.cms.int/sites/default/files/document/Inf_10_9_1_Review_of_Ecologiccal_effects_of_Poisoning_on_Migratory_Birds_Eonly.pdf
https://www.federalregister.gov/documents/2002/05/17/02-11742/pesticides-removal-of-duplicative-or-expired-time-limited-tolerances-for-emergency-exemptions
https://www.federalregister.gov/documents/2002/05/17/02-11742/pesticides-removal-of-duplicative-or-expired-time-limited-tolerances-for-emergency-exemptions
https://www.federalregister.gov/documents/2002/05/17/02-11742/pesticides-removal-of-duplicative-or-expired-time-limited-tolerances-for-emergency-exemptions
http://www.epa.gov/opp00001/pestsales/07pestsales/market_estimates2007.pdf
http://www.epa.gov/opp00001/pestsales/07pestsales/market_estimates2007.pdf
https://doi.org/10.1002/9781119998532.ch4
https://doi.org/10.1080/009841096161294
https://doi.org/10.1177/104063871002200229
https://doi.org/10.31482/mmsl.2012.001
https://doi.org/10.1897/1552-8618(1995)14[1961:AAMOOT]2.0.CO;2
https://doi.org/10.1016/0167-8809(83)90042-7
https://doi.org/10.1023/A:1022523331343
https://doi.org/10.1016/j.cropro.2010.07.009
https://doi.org/10.1155/2013/151807
https://oaktrust.library.tamu.edu/bitstream/handle/1969.1/87140/pdf_162.pdf
https://oaktrust.library.tamu.edu/bitstream/handle/1969.1/87140/pdf_162.pdf


83

Wayland M, García-Fernández AJ, Neugebauer E, Gilchrist HG (2001) Concentrations of cadmium, 
mercury and selenium in in blood, liver and kidney of common eider Ducks from the Canadian 
Arctic. Environ Monit Assess 71:255–267. https://doi.org/10.1023/A:1011850000360

Westlake GE, Martin AD, Stanley PI, Walker CH (1983) Control enzyme levels in the plasma, 
brain and liver from wild birds and mammals in Britain. Comp Biochem Physiol 76:15–24. 
https://doi.org/10.1016/0742-8413(83)90038-5

Wobeser G, Bollinger T, Leighton FA, Blakley B, Mineau P (2004) Secondary poisoning of 
eagles following intentional poisoning of coyotes with anticholinesterase pesticides in Western 
Canada. J Wildl Dis 40:163–172. https://doi.org/10.7589/0090-3558-40.2.163

Wong S, Fournier M, Coderre D, Banska W, Krzystyniak K (1992) Environmental immunotoxicol-
ogy. In: Animal biomarkers as pollution indicators. Springer, Dordrecht, pp 167–189. https://
doi.org/10.1007/978-94-011-2346-4_8

Zhuang S, Zhang Z, Zhang W, Bao L, Xu C, Zhang H (2015) Enantioselective developmental 
toxicity and immunotoxicity of pyraclofos toward Zebra fish (Daniorerio). Aquat Toxicol 
159:119–126. https://doi.org/10.1016/j.aquatox.2014.12.006

3 Toxic Effects of Pesticides on Avian Fauna

https://doi.org/10.1023/A:1011850000360
https://doi.org/10.1016/0742-8413(83)90038-5
https://doi.org/10.7589/0090-3558-40.2.163
https://doi.org/10.1007/978-94-011-2346-4_8
https://doi.org/10.1007/978-94-011-2346-4_8
https://doi.org/10.1016/j.aquatox.2014.12.006

	Chapter 3: Toxic Effects of Pesticides on Avian Fauna
	3.1 Introduction
	3.2 Likelihood of Exposure
	3.2.1 Cultivation Practices May Influence Likelihood of Exposure
	3.2.2 Types of Pest That Increase Risks of Pesticide Intoxication to Birds
	3.2.3 Crop Species Raising the Possibilities of Exposure
	3.2.4 Formulation of Pesticides Increasing the Risk of Exposure
	Particulate Forms
	Seeds Coated with Insecticide
	Liquid Formulations and Flowable Pesticide


	3.3 Lethal Effect of Organophosphate/Carbamate Exposure on Birds
	3.4 Sublethal Effect of Organophosphate/Carbamate Exposure on Birds
	3.4.1 Biochemical Biomarkers for Anticholinesterase Contaminants
	3.4.2 Neurotoxic Effect
	3.4.3 Effects on Endocrine System and Reproduction
	3.4.4 Effects on Immune System

	3.5 Pesticides and Birds
	3.6 Conclusion
	References


