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Abstract: The habitat of the Great Bustard (Otis tarda, Linnaeus, 1758) in our country, due to the change of agricultural land to
the natural and secondary steppe, nowadays constitutes mostly farmland. In addition to the pest control in the field of
agriculture and indirectly to get more products from agricultural areas, wide variety of pesticides (Herbicides, Rodenticides,
Insecticides, etc.) are used. In this study, it has been aimed to identify what agricultural pesticides are used in the living areas
of the species and based on these findings the possible effects on this species are compared with the previous literature. This
study was carried out in Eskişehir Aliken Important Nature Area and Kütahya Altıntaş Wildlife Development Area between
March 2013 and May 2017. During the field survey in the habitat of great bustard, it was determined that 13 different active
ingredients of herbicide, 3 different active ingredients of insecticide, and 2 different active ingredients of fungicide were used
and these pesticides’ photographs were taken and coordinates were noted. Finally, the written articles on the determined
pesticide active ingredients were scanned and potential impacts on these endangered species are discussed
Keywords: ecotoxicology, insecticide, herbicide, vulnerable, great bustard

Eskişehir ve Kütahya’daki Toy Kuşu (Otis tarda, Linnaeus, 1758)’nun Yaşam Alanlarında
Kullanılan Tarımsal İlaçlar
Özet: Ülkemizde Toy Kuşu (Otis tarda, Linnaeus, 1758)’nun yaşam alanları, doğal ve ikincil bozkırların tarım alanlarına
dönüştürülmesinden dolayı, günümüzde çoğunlukla tarım arazileri oluşturmaktadır. Yine günümüzde tarım alanlarındaki
zararlılarla mücadele etmek ve dolaylı olarak tarım alanlarından daha fazla ürün almak için çok çeşitli tarım ilaçları (Herbisit,
Rodentisit, İnsektisit vb.) kullanılmaktadır. Bu çalışmada bu türün yaşam alanları içerisinde kullanılan tarım ilaçlarının neler
olduğu belirlenerek elde edilen bulgularla literatür karşılaştırması da yapılarak bu ilaçların bu tür üzerindeki olası etkilerinin
tartışılması amaçlanmıştır. Bu çalışma, Mart 2013-Mayıs 2017 tarihleri arasında Eskişehir ili Aliken Önemli Doğa Alanı (ÖDA)
ve Kütahya İli Altıntaş Yaban Hayatı Geliştirme Sahası (YHGS) içinde gerçekleştirilmiştir. Yapılan arazi çalışmaları sırasında
Toy kuşunun yaşam alanları içinde kullanılan 13 farklı herbisit aktif maddesi, 3 farklı insektisit aktif maddesi ve 2 farklı
fungisit aktif maddesi belirlenmiş, fotoğraflanmış ve koordinatları alınmıştır. Son olarak belirlenen bu tarımsal ilaçların etken
maddeleri üzerine yapılan makaleler taranmış ve nesli tehlikede olan bu tür üzerine oluşturacağı olası etkileri tartışılmıştır.
Anahtar kelimeler: ekotoksikoloji, insektisit, herbisit, hassas tür, toy kuşu

1. Introduction
The Great Bustard is the biggest species in the Western
Palearctic species of the Otididae and the species is a
steppe bird inhabiting cereal farmland (Alonso et al. 2001,
Lopez-Jamar et al. 2010, Lemus et al. 2011). It is a globally
threatened species classified as ‘Vulnerable’ (Palacin and
Alonso 2008, Bravo et al. 2012, Palacin et al. 2012,
Tanrıverdi Bahar 2015, Avcı et al. 2017, IUCN 2017) and is
listed in the CITES Appendix II with a wide distribution
area ranging from Eastern Asia Westwards to Iberia and
Northern Morocco (Alonso et al. 2003, Barati and Amerifar
2008, Horreo et al. 2013, Karataş et al. 2015, Tanrıverdi
Bahar 2015, Avcı et al. 2017). In the last decades, farmland
birds in Europe and North America have been suffering
population declines at higher rates than birds from other
habitats (Lopez-Jamar et al. 2010, EBCC 2014, Karataş et al.
2015). Farmland is being profoundly altered through
agricultural intensification, posing a major challenge for
biodiversity conservation today in many countries (Krebs
et al.1999, Karataş et al. 2015). Recent studies have pointed
out that a major cause of bird population decline is the use
of pesticides, either because of the indirect effects on
habitat and food supply (Moreby and Sourthway 1999,
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Hallmann et al.2014, Goulson 2014) or because of the direct
toxic effects on the health of birds (Mineau and Whiteside
2013). A greater probability of lethality in birds occurs
when the ratio between the LD50 and the estimated field
exposure dose is low (EFSA 2009). Pesticides with higher
LD50 or lower risk of exposure can produce a range of sublethal effects such as loss of physical condition,
immunosuppression, neurological impairments, or
endocrine disruption (Fry 1995, Karataş et al. 2015). Also
use of fungicides is on the rise and their extensive and
indiscriminate use is a cause for concern as; (i) they may
have a longer half-life, (ii) their residues are also toxic, and
(iii) a major part of fungicides reaches non-target
organisms (Meenakshi et al. 2007). All these effects may
ultimately affect survival or reproduction, and; therefore,
impact population dynamics (Karataş et al. 2015, LopezAntia et al. 2015).
Great Bustards are omnivorous, with the main
dietary components consisting of green plant material,
arthropods, and seeds (Lane et al. 1999), and prey
infrequently and opportunistically on small vertebrates
(Amphibia, lizards, chicks of ground-nesting birds and
rodent such a Voles Microtus sp.) (Lane et al. 1999, Lemus
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et al. 2011). Rodent consumption has not been observed in
Iberian great bustards but has been reported for central
European populations (Lemus et al. 2011). Thus, both
treated seeds (wheat, barley) and poisoned animals
(rodent, lizards) may potentially form part of their diet
(Lemus et al. 2011, Karataş et al. 2015).

was made by walking through each square for finding
used empty boxes. When empty boxes were found, date,
hour, geographical coordinates, habitat type, name, and
the number of boxes were recorded.
Also, by conducting interviews with the officers who
supply agricultural pesticides to local farmers, information
was gathered about which pesticides are sold in the area.
According to finding used empty boxes and sold brand of
pesticides, we identified active ingredients of pesticides
(Karataş et al. 2015).

In this study, it has been aimed to identify what
agricultural pesticides are used in the living areas of the
species and the possible effects on this species are
compared with the previous literature. First, we
determined used pesticides in the habitat of Great Bustard
between March 2013 and May 2017 in Eskişehir Aliken
Important Nature Area and Kütahya Altıntaş Wildlife
Development Area. Finally, we scanned the written
articles on the determined pesticides active ingredients
and we discuss the potential impacts on these endangered
species.

3. Results and Discussions
During the study, we identified 11 different brands of
herbicide, 6 different brands of insecticide and 1 different
brand of fungicide.
Eleven different brands of herbicide have 13 different
active ingredients as Bentazone, Propoxycarbazonesodium,
Mesosulfuron-methyl,
Phenmedipham,
Ethofumesate, Imazamox, Desmedipham, Tribenuronmethyl, Dichloropicolinic acid, 2,4-D, Florasulam,
Trifluralin, and 2,4-D isooctyl ester. Phenmedipham and
Desmedipham are Bis-Carbamate, Ethofumesate is a
Benzofuran, Trifluralin is a Dinitroaniline, 2,4-D and 2,4-D
isooctyl ester are Chlorophenoxy, Florasulam is a
Triazolopyrimidine, Bentazone is a Benzothiazinone,
Imazamox is an Imidazolinone, Propoxycarbazonesodium is a Triazolone, Mesosulfuron-methyl is a
Sulfonylurea compound.

2. Materials and Methods
2.1 Study Area
Kütahya Altıntaş Wildlife Development Area is located in
the South of Kütahya, with coordinates 39 º 04’-39 º 12’ N,
29 º 55’-30º08' E and its total area is 15.040 hectares.
Altitude of the area varies between 1000-1414 meters. The
current status of the area is Wildlife Development Area
and there are approximately 12 villages within the area
with a total population of 5000. Continental climate
dominates the area; thus, summers are hot and dry and
winters are cold and rainy. Average annual temperature is
10,7 º C, the average annual sunshine duration is 69,5 days,
the number of average annual rainy days is 120,5, average
annual rainfall is 547,3 (kg/m2), average annual relative
humidity is 58%. Highest average temperature occurs in
July and August, while lowest average temperatures occur
in January and February. This area is one of the important
population areas of the Great Bustard in western Turkey
as it has the status of Wildlife Development Area.
However, Altıntaş plain isone of the 97 Important Bird
Areas (Yarar and Magnin 1997, Karataş and Özelmas
2013).

Six different brands of insecticide have 3 different
active ingredients as Deltamethrin, Cypermethrin alpha,
and Chlorpyrifos-ethyl. Deltamethrin and Cypermethrin
alpha is a Pyrethroid compound and Chlorpyrifos-ethyl is
an Organophosphorus compound.
One different brand of fungicide has 2 different
active
ingredients
as
Mandipropamid
and
Difenoconozole. Mandipropamid is a Mandelamide and
Difenoconazole is a Triazole compound.
We did not identify any brand of rodenticide,
nematicide, molluscicides, and acaricide.

Aliken important Nature Area (INA) is a semiagricultural region which is located between Çifteler and
Sivrihisar in Eskişehir/Turkey, with coordinates 39 º 11’39 º 24’ N, 31 º 09’-31º 24' E and its total area is 19.665
hectares (Karataş et al. 2015). Altitude of the area varies
between 830-880 meters. It is surrounded by Aliken stream
in the north, and Seydi stream in the south, which are both
the branches of Sakarya river system. There are
uncultivated stony and marsh areas, fallow lands, and
cultivated areas. At the stony areas, animal breeding is
performed, while on the cultivated areas, dry farming of
plants such as graminae, chickpea (Cicer arietinum), and
safflower (Carthamus tinctorius) is performed. However,
within the area, irrigated farming of beet (Beta vulgaris),
potato (Solanum tuberosum), pumpkin (Cucurbita moschata),
and opium poppy (Papaver somniferum) is performed
partly (Karataş et al. 2015). Although there is not an
officially recognized status of the area, it ranks as one of
the important bustard breeding areas in the National
Bustard Action Plan.

Mesosulfuron-methyl belongs to the class of
chemicals called sulfonyl ureas. The chemical works by
inhibiting the enzyme acetolactate synthase (ALS) that
leads to the depletion of key amino acids that are necessary
for protein synthesis and plant growth. A chronic
reproductive effect (reduced number of live embryos to
viable embryos) was observed in mallard duck (USEPA
2004). No chronic reproductive effect was observed in the
other bird species tested (bobwhite quail). It was
practically non-toxic on an acute basis for the bobwhite
quail and mallard duck (LD50 > 2,000 mg/kg), mammals
(LD50 >7000 ppm), honey bee (LD50 > 13 ug/bee), and
estuarine/marine fish (LC50 > 105 ppm). It was practically
non-toxic to the bobwhite quail and mallard on a subacute
basis (LC50 > 4,750 ppm). It was presumably nontoxic on
a chronic basis to estuarine/marine fish based on the high
LC50s. No chronic or reproductive effects were observed
in mammals (NOAEL of 1,000 ppm) (USEPA 2004).
Imazamox is relatively non-toxic by oral and
inhalation routes, slightly toxic by the dermal route, nonto-slightly irritating to the skin, and slightly-to-moderately
irritating to the eye. Imazamox is not a dermal sensitizer.
Imazamox is practically nontoxic to mallard duck and
bobwhite quail (but any information about toxicology for

2.2 Method
In the study area, field surveys were carried out between
March 2013 and May 2017, 132 days in total. The study
area was divided into squares of 1x1 km and field scanning
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other birds), finfish, aquatic invertebrates, and honeybees
(USEPA 1997). However, it was hazardous for the birds,
fish, aquatic invertebrates, bees, earthworms, and soil
microbes, even with the worst case assumptions, .e. direct
overspray, was determined to be insignificant. In acute
oral and dietary toxicity tests on the mallards and
Bobwhite quail conducted to meet USEPA requirements,
there was no treatment-related effects at the maximum
doses used, approximately 2000 mg/kg bw and 5000
mg/kg (in feed) respectively. There were no effects in the
long term reproductive studies at 2000 mg/kg in the feed.
In conclusion, Imazamox is practically non-toxic to birds.
(NRA 2000)

information points to a low toxicity of difenoconazole on
birds, with oral LD50s higher than 2,000 mg/kg in mallard
duck, bobwhite quail, and Japanese quail (Lopez-Antia et
al. 2013). Unlike other pesticides, difenoconazole hardly
caused any effect on body condition or biochemical
parameters; the fungicide only reduced total protein
concentration and phosphorus levels, which in birds has a
poor diagnostic value. Accordingly, the only compound
for which immunotoxic effects were not detected was
difenoconazole. Although, to our knowledge, no study
had related the exposure to this fungicide to egg quality,
difenoconazole both reduced fertile eggs rate and caused
abnormally small eggs, with a narrower and thinner shell
(Lopez-Antia et al. 2013).

The Syngenta fungicide, mandipropamid belonging
to the CAA (Carboxylic Acid Amide) fungicide group was
first registered in the UK in 2007 as ‘Revus’ for the control
of potato late blight (Cooke and Little 2010). It is
specifically active against Oomycete pathogens and has a
high affinity for the wax layer on leaf surfaces (Cooke and
Little 2010, USEPA, 2008). Mandipropamid is practically
nontoxic for birds on an acute oral and acute dietary basis.
Mandipropamid did not cause any significant chronic
effects on reproduction or growth and survival of chicks at
1060 ppm a.i. which was the highest concentration tested
(USEPA 2008).

Most of the carbamate compounds such as
Phenmedipham and Desmedipham are toxic for the most
bird species (Baril et al. 1994). Carbamate-induced acute
and chronic intoxication of non-target wildlife species
result in neurophysiological and behavioral changes in
food consumption, thermoregulation, and reproduction
(Engelman et al. 2012, Jiang et al. 2013, Karatas et al. 2015).
Bentazone is regarded as slightly toxic according to
WHO guideline. According to animal models, its noobserved adverse-effect level (NOAEL) dose of systemic
toxicity is 3600mg/kg. Bentazone has diuretic and
anticoagulant effect as toxicity (WHO 2011). Lethal doses
may cause dispnea, central nervous system depression,
fever, and neuroleptic malign syndrome in animals.
Bentazone intoxication may induce vomiting, fever,
perspiration, muscle rigidity, sinus tachycardia,
somnolence, leukocytosis, rhabdomyolysis, renal and
hepatic damage (Thomas and Ibels 1985, Neuschl et al.
1992, Muller et al. 2003). As a result of bentazone
metabolism, it is thought that unstable OH- radicals occur.
These free radicals form of oxidative stress, bind to cell
proteins and this process result in organ damage. In
addition, Bentazone is a nephrotoxic agent as it includes
benzothiadiazine acting as a diuretic. Benzothiadiazine
increases the blood urea by reducing hepatic glucose
production in rats and benzothiadiazine is an inhibitor of
oxidative mechanisms. Bentazone-induced acute renal
failure may develop as a result of renal hypoperfusion due
to severe vomiting, rhabdomyolysis, and direct
nephrotoxic effect of the agent (Huber and Otto 1994, Wu
et al. 2008, Emre et al. 2011).

The triazole compounds are the largest and most
important group of systemic compounds developed for
fungal disease in plants. Triazole compounds are mainly
used as growth retardants and also as the stress
protectants in many crops. Many of the triazole
compounds have both fungi toxic and plant growth
regulating properties (Jaleel et al. 2008).They tend to be
much more effective than many other plant growth
regulators and generally require blow rate of application
(Pinhero et al. 1997). More recently, it has been found out
that the triazole compounds are able to protect plants from
the environmental stress conditions (Asare-Boamah et al.
1986). The triazole mediated stress protection is often
explained in terms of hormonal changes such as an
increase in cytokinins, a transient rise in ABA, and a
decrease in ethylene (Mackay et al. 1990, Pathak et al. 2009,
Shanmugapriya et al. 2013).
Difenoconazole is a broad-spectrum fungicide used
for disease control in many fruits, vegetables, cereals, and
other field crops (Meenakshi et al. 2007, Shanmugapriya et
al. 2013). It has preventive and curative effect.
Difenoconazole acts by inhibition of demethylation during
ergosterol synthesis; it is a DMI fungicide. This fungicide
is toxic for fish, mammals, and aquatic invertebrates.
Difenoconazole exhibits some evidence of neurotoxicity in
the database but the effects are transient or occur at doses
exceeding the limit dose. It is not mutagenic and it is not a
developmental or reproductive toxicant. Chronic effects in
rats and mice are seen as cumulative decreases in body
weight gains. No evidence of carcinogenicity was seen in
rats. Evidence for carcinogenicity was seen in mice where
liver tumors were induced at doses which were considered
to be excessively high for carcinogenicity testing. (USEPA
2017).

Chlorophenoxy herbicides such as 2,4-D, exhibit a
variety of mechanisms of toxicity, including dosedependent cell membrane damage leading to central
nervous system toxicity, interference with cellular
metabolism involving acetyl-coenzyme A (CoA), and
uncoupling of oxidative phosphorylation due to either the
disrupted CoA activity or cellular membrane damage
(NPİC 2015). For more detailed information, see Karatas et
al. (2015).
Embryotoxicity has been observed in duck eggs
exposed to herbicides via immersion in aqueous emulsions
in the laboratory (Hoffman and Albers 1984) and
Trifluralin was more embryotoxic than some other
herbicides and insecticides (Freemark and Boutin 1995).

Although, Ecotoxicology of difenoconazole is LD50
(9-11 d) >2150 mg/kg and LC50 >4760 ppm in some bird
species (USEPA 2017), to the best of our knowledge, no
major deleterious effects of this active ingredient have
been reported so far on Great Bustard. The available

In birds, many studies have investigated the chronic
toxicity of chlorpyrifos and have noted adverse effects on
fertility, hatchability, embryonic deformities, and
bodyweight (Schom et al. 1973, Gile and Eyers 1986).
Intoxication of chlorpyrifos produced hematobiochemical
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and histopathological alterations in broiler birds (Ahmad
et al. 2015). For more detailed information, see Karatas et
al. (2015).

are also more likely to be poisoned as a result of carbamate
use. Small amounts of these insecticides can cause sublethal effects, such as reduced activity in birds that spend
more time resting or perching than foraging or
reproducing. However, sub-lethal toxicity associated with
exposure to organophosphates and carbamates can also
lead to alteration in migratory behaviour such as a lack of
migratory orientation.

According to Karatas et al. (2015), in vegetable,
tobacco, households, cotton, cereals, and other crops
throughout the world, pyrethroids are widely used as
insecticides. Also they are widely applied for the control of
ectoparasites of domestic animals (Ural and Sağlam 2005,
Chu et al. 2007, Enayati et al. 2010). For pyrethroids, the
primary target sites are the voltage-gated sodium channels
(VGSCs) (Jin et al. 2010, Rinkevich et al. 2012, Rinkevich et
al. 2013, Karatas et al. 2015, Nieradko-Iwanicka and
Borzecki 2016). Pyrethroids exert neurotoxicity by binding
to and delaying the inactivation (closing) of the sodium
channels, resulting in convulsions, prostration, and
ultimately death (Werner and Moran 2008, Yang et al.
2014). Based on the chemical structure, pyrethroids are
divided into type I and type II (US Environmental
Protection Agency (USEPA 2010). Cypermethrin (CP) and
Deltamethrin, a type II pyrethroids, are one of the top five
pyrethroids in use (Oros and Werner 2005, Bhanu et al
2011, Güneş and Yerli 2011, Nieradko-Iwanicka and
Borzecki 2016). For over half a century, it was believed that
pyrethroids acted only via fast disregulation of the
nervous system without any significant cytotoxic effect.
However, there is evidence that exposure to pyrethroids
may produce neuron death in adult animals (AbdelRahman 2001, 2004), inhibition of nervous system
development in rodent newborns (Cantalamessa 1993,
Imamura et al. 2002), and damage to internal organs via
toxic metabolites (Casida et al. 1975, Shono et al. 1979).
Recent studies show that pyrethroids impair kidney
functioning, cause hepatic toxicity, change blood
morphology, disrupt the endocrine system, and lead to
oxidative stress (Nieradko-Iwanicka and Borzecki 2016).
According to Galal et al. 2014, Deltamethrin produces
oxidative stress, as they showed that exposure to
deltamethrin caused a significant increase in lipid
peroxidation, nitric oxide concentration, and DNA
fragmentation percentage, plus a significant reduction of
total antioxidant capacity of deltamethrin-treated groups
of rats. Also according to Yildirim et al. 2006 and Güneş
and Yerli 2011, Deltamethrin causes severe morphological
alterations in the gills and liver and causes toxic effects on
the haemobiotic organs, liver, and gills. Also deltamethrin
has an adverse inhibitory effect on the lipase enzyme
activity in Poecilia reticulata. Because of the widespread use
of deltamethrin that may lead to the exposure in natural
ecosystems is likely to have a negative effect on nutrition
and physiological condition in wild fish (Güneş and Yerli
2011). In conclusion, deltamethrin produces oxidative
stress in the livers and, to a lesser degree, in the kidneys of
exposed animals (Nieradko-Iwanicka and Borzecki 2016).
On the other hand, Cypermethrin is less acutely toxic for
birds (LD50 > 1000) but their broad spectrum toxicity to
invertebrates may cause depletion of important avian food
resources (Boutin et al. 1999, Karatas et al. 2015).

Although during the study period, we did not find
any brand of rodenticide or active ingredient, rodenticides
increase in parasite and pathogen burden of intoxicated
individuals and raise concern about possible effects on the
health or even survival of the birds. High parasite loads
have been shown to affect reproductive rates and survival
of several bird species (Lemus et al. 2011, Karatas et al.
2015). Also, birds that forage in agricultural landscapes can
be exposed to anticoagulant rodenticides (ARs). Especially
many raptor species are likely to be exposed to
rodenticides due to a regular diet of rodents. Scavenging
species may be especially at risk because they feed on
carcasses that could be contaminated with rodenticides.
The red kite, for example, may be particularly susceptible
to secondary poisoning because of the high proportion of
carrion in its diet, including rat carcasses (Birdlife 2015).
As the result of the literature comparison, when we
look at the effects of the pesticides used in the area we see
that (1) herbicides eliminate plants (weeds and nonweeds) whose seeds are important for Great Bustard
(Cotton thistle “Onopordum acanthium”) and reduce
suitable nestling cover in an already depauperate
agricultural landscape (2) these pesticides cause
disturbance and attention loss in the species because of the
retention of some rodenticide and insecticide in tissues
through the nutrition and; therefore, it causes species to
crash electrical transmission lines and leads to the
destruction of species, (3) they decrease the quality of
fertility and sperm of the this species (4) they cause the
intensity of parasits and variation of the species; thus, it
effects the life quality and longevity in a negative way, (5)
insecticides decreased chick survival through direct
toxicity to the insect food preferred by Great Bustard
chicks (direct observation), 6) by decreasing plant
diversity in non-crop habitats, herbicides also reduce
arthropod populations for this species which rely on large
supplies of invertebrates to feed their young, (7) they
caused a reduction in the diversity of nutrients such as
nutritional competition that may lead to adverse effects.
Accordingly, this study suggests that pesticide abuses
could represent a serious threat of intoxication and
mortality in an important threatened bird such as the Great
Bustard. The results also highlight the importance of
considering sub-lethal effects of coated seed ingestion by
farmland birds, even at recommended doses of pesticide
use, in terms of their physiological and reproductive
effects. Thus, these pesticides used should be either
restricted or totally prohibited in the Great Bustard’s -that
are endangered on a global scale- inhabited areas.

According to Birdlife (2015), Bird species that use
arable farmland are at risk of exposure to insecticides.
Granivorous passerines may consume pesticide-treated
seeds (primary poisoning). Scavengers and predators are
poisoned when they consume contaminated prey
(secondary poisoning), e.g., secondary poisoning by
carbamate and organophosphate insecticides has been
attributed as the cause of mortality in barn owls and
kestrels. Also, species that regularly feed on earthworms
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