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i

Anthropogenic-induced mortality of birds has been
widespread for a long time and is a major source of bird
mortality due to road vehicle collisions and electrocution
(Jacobson, 2005; Reijnen & Foppen, 2006; Rioux et al., 2013;
Lossetal., 2015). Power line structures cause both collisions
and electrocution of birds in several countriesand have also
become a large conservation issue in South Africa, North
America, Asia, Oceania and Europe for many years (Avery,
1978; Bevanger, 1994; Salvador & Ibanez, 2006; Lehman et
al., 2007; Loss et al., 2014; Mojica et al., 2018). Increased
bird mortality due to electrocution and collisions has been
also observed and studied in the parts of Asia, Africa and
Latin America due to increasing global energy demand
(Bernardino et al., 2018). Birds mortality due to power lines
hasbeenwidelystudied in several regions of North America
(APLIC, 2006), Europe (Prinsen et al., 2011), Africa (Boshoff
et al., 2011; Angelov et al., 2013), central Asia and India
(Dixonetal., 2013; Harness et al., 2013). Several studies have
also been conducted on the reduction in collisions and
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Electrocutions and road-vehicle collisions significantly
affect birds' survival. During the present study, we observed
that 24 individualswho died due toelectrocutions belonged
to 8 bird species, while 303 individuals who died in road-
vehicle collisions belonged to 30 bird species. The
Accipitridae family had the most electrocuted birds
individuals, followed by Corvidae and so on. During the
study we found that most road-killed species were from the
Columbidae family followed by two families containing
three species each; Sturnidae and Turdidae. Two-two
species of road kill were from five families Cuculidae,
Hirundinidae, Corvidae, Motacillidae, Pycnonotidae and
the remaining family Dicruridae, Accipitridae, Meropidae,
Passeridae, Phasianidae, Leiothrichidae, Timaliidae,
Charadriidae and Strigidae contained only one species of
road-killed in the study area. Columbidae family had the
highest number of road-killed individuals 57 whereas the
minimum road-killed individuals belonged to Strigidae
family. Undergrounding medium and low voltage cables
mightbe reduced therisk of bird electrocution.

electrocutions of avian species with electric power lines
(Lehman, 2001; Manville, 2005; Jenkins et al., 2010). Since
1970, several authorities, researchers, managers and
conservationists have also started research work to
understand various factors that were responsible for bird
electrocutions, including bird behaviour and size, pylon
material and designs and surrounding ecological habitat
characteristics (Lehman et al., 2007; Dwyer et al., 2014).
While well-planned electric power lines can prevent
electrocution, power line-marking also reduces the bird’s
possible collision threat and risk (Lehman et al., 2007;
Barrientos et al., 2011). As a result, electric power line
collision mortality is a worldwide avian conservation
problem and it, along with other threats like habitat loss
and hunting, may be contributing to the decline in species
numbers and populations (Bevanger & Brseth, 2004,
Drewitt & Langston, 2008; Jenkins et al., 2010).
Electrocution due to power lines has been identified as one
of the major leading avian conservation issues and which
causes mortality of several rare and threatened birds,
especially raptors (Bevanger & Overskaug, 1998; Real et al.,
2001). Electrocution and collision death rates are lower in
some species at the population level, but they can cause a
serious impact on threatened and rare species (Faanes,
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1987; Brown & Drewien, 1995). Raptors, waterfowl, herons,
cranes, shorebirds, owls, corvids, tetraonids and passerine
birds were the most common examples of power line
collisions, which have affected up to 245 avian species
(Negro, 1999; Moleon et al., 2007; Lasch et al., 2010). Large-
sized birds have more risk of electrocutions and collisions
with power lines (e.g., Eagle-owl, Sergio et al., 2004;
Vultures, Angelov et al., 2013; Cranes, Shaw et al., 2010;
Condors, Rideout et al., 2012) and electrocutions can also
cause significant changes in the local population of birds
(Sergio et al., 2004). Several studies have been also
documented on the Spanish imperial eagle (Aquila
adalberti) (Ferrer & Hiraldo, 1992; Gonzalez et al., 2007),
Golden Eagle (Aquila chrysaetos) (Manville, 2005; Lasch et
al., 2010), Eagle Owl (Bubo bubo) (Bevanger & Overskaug,
1998; Rubolini et al., 2005), Saker Falcon (Falco cherrug)
(Harness et al., 2008) and Bonelli’s eagle (Aquila fasciata)
(Real et al., 2001) to have asignificant adverse effect on the
populationattheregional level.

Roads play an important role in human life by
providing social, cultural and economic benefits to the
society. The development of roadsand highways are directly
associated with habitat fragmentation and mortality of wild
vertebrates (Prado et al., 2006). Roads and railroads are
listed as threats to certain birds and other wildlife by the
International Union for Conservation of Nature (IUCN;
http://www.iucnredlist.org). Expansion and establishment
of roads cause adverse and significant effects on biodiversity
at local, regional and landscape levels with the greater
impact not being identified at the present time (Findlay &
Bourges, 2000; Burton et al., 2002). Road proximity and
density cause an adverse impact on the breeding success
ranging from small birds like- warblers to larger birds like-
vultures (Catchpole & Phillips, 1992; Donazar et al., 1993;
Reijnen & Foppen, 1994). The main effect and threats of
roads to individual avian mortality or injury from vehicle
collisions and some other impacts such as behavioural
modification, reduction in species abundance, population
and breeding success (Reijnen & Foppen, 1994; Ashley &
Robinson, 1996; Jacobson, 2005; Reijnen & Foppen, 2006).
The presence of roads around a bird's habitat has a
significant impact on its eco-biology. Vehicle noise also
enhances stress levels among birds (van der Zande et al.,
1980; Reijnenetal., 1987; Reijnen & Foppen, 1994; Reijnen et
al.,1995; Ramsden, 2003). Road killing of birds isinfluenced
in several ways, including species composition, abundance,
mobility, seasonal and spatial patterns and also affected by
the landscape patterns of particular geographical areas
(Miller & Cale, 2000; Erritzoe et al., 2003). Several studies
have been conducted in India to assess problems related to
vertebrate animal mortality on roads and highways
(Chhangani, 2004; Baskaran & Boominathan, 2010).

The aim of the present study was to analyse avian
mortality due to electrocutions and road-vehicle collisions

of birds in Mount Abu wildlife sanctuary and its peripheral
surroundingareas of Sirohi district, Rajasthan.

Methodology:

The present study was carried out from January 2020 to
December 2021 in the Mount Abu Wildlife Sanctuary and
its peripheral surrounding areas of Sirohi district,
Rajasthan. Regular observations were conducted using
road transect, pointcountand directvisual methodsalong
the electric power lines, major roads and other associated
roads. The studywascarried outwith the help of abikeand
photographs of electrocuted and road-killed birds were
taken by cameramodel Nikon P1000.

Resultsand Discussion

Electric power line networks enhance mortality of birds
duetostrikewithelectricpower linesand wires (Lossetal.,
2014;Bernardino et al., 2018). But electric power line
networks can also have some significant positive impacts
on some bird species while utilizing, pylons as habitat,
perchingand nestingsites (Infante & Peris, 2003; Hollmen
et al., 2008; Tryjanowski et al., 2014). On the other hand,
electricity networks causes worldwide avian mortality due
to electrocutions and collisions (APLIC, 2006; Prinsen et
al., 2011; Loss et al., 2015). Threatened species, particularly
raptors are more vulnerable to electrocution (Gonzalez et
al., 2007; Lehman et al., 2007; Hernandez Matas et al.,
2015; McClureetal., 2018).

During present study, eight species of birds died due
to electrocution and another 30 species died due to road
vehicle collisions (Table-1). A total of 24 bird individuals
died due to electrocutions and 303 bird individuals died
duetoroadvehiclecollisions. Electrocuted birds belong to
six families and eight species. These birds belong to
families, namely the Accipitridae (Milvus migrans
govinda, Spilornis cheela and Accipiter badius), Corvidae
(Corvus splendens splendes), Phasianidae (Pavo
cristatus), Columbidae (Columba livia intermedia),
Strigidae (Athenebrama indica) and Sturnidae
(Acridotheres tristis). Individuals from the Accipitridae
family were electrocuted the most (9) followed by
Corvidae (6), Columbidae (4), Sturnidae (3), and
Phasianidae (1) and Strigidae (1) (Fig.-1).

Bird abundance was also reduced up to 1-3.5
kilometres away from highways and roads (Forman et al.,
2002; Benitez-Lopez et al., 2010). Habitat fragmentation,
pollution, poisoning, noise and collisions with vehicles
were significant negative impacts of roads on wildlife
communities (Fahrig & Rytwinski, 2009; Francis et al.,
2009; Goodwin & Shriver, 2011; Kociolek et al., 2011,
Summers et al., 2011; Mc Laughlin & Kunc, 2013).
Scavenging raptors like crows and insectivore birds like
white wagtails (Motacilla alba) and red-backed shrike
(Lanius collurio) also share roadside habitats for foraging
and feeding time (Ceresa et al., 2012; Morelli, 2013; Husby
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Table-1: List of Birds observed and recorded as electrocuted and
killed in road accidents and collisions in study area

# Common Zoological name Family IUCN
name STATUS
1 Asian Koel Eudynamys scolopaceus Cuculidae  LC
scolopaceus
2 Asian Pied Gracupica contracontraSturnidae LC
Starling

Dicrurus macrocercus Dicruridae LC
minor

3 Black Drogue

4 Black Kite Milvus migrans govinda Accipitridae LC

5 Brahmin Starling Sturnus pagodarum  Sturnidae LC

6 Brown Rock Chat Cercomela fusca Turdidae LC

7 Common Myna  Acridotheres tristis Sturnidae LC

8 Common Swallow Hirundo rustica Hirundinidae LC

9 Created Serpent  Spilornis cheela Accipitridae LC
Eagle

10 Eurasian Collared Streptopelia decaocto Columbidae LC
Dove decaocto

11 Greater Coucal Centropus sinensis Cuculidae LC

sinensis

12 Green Bee Eater
13 House Crow

Merops orientalis
Corvus splendens

Meropidae LC
Corvidae LC

splendens

14 House Sparrow Passer domesticus Passeridae  LC
indicus

15 Indian Grey Francolinus Phasianidae LC

Francolin
16 Indian Peafowl
17 Indian Robin

pondicerianus

Pavo cristatus

Saxicoloides fulicatus

cambaiensis

18 Jungle Babbler Turdoides striata

19 Large Grey Babbler Turdoides malcolmi

20 Large Pied Wagtail Motacilla

maderaspatensis

Streptopelia Columbidae LC

senegalensis cambayensis

22 Oriental Magpie- Copsychus saularis Turdidae LC
Robin saularis

23 Red Collared Dove Streptopelia

tranquebarica
24 Red Vented Bulbul Pycnonotus cafer
25 Red Wattled Vanellus indicus

Phasianidae LC
Turdidae LC

Leiothrichidae LC
Timaliidae LC
Motacillidae LC

21 Laughing Dove

Columbidae LC

Pycnonotidae LC
Charadriidae LC

Lapwing indicus
26 Rock Pigeon Columba livia Columbidae LC
intermedia
27 Rufous Treepie Dendrocitta vagabunda Corvidae LC

28 Shikra
29 Spotted Dove

Accipiter badius
Streptopelia chinensis
chinensis

30 Spotted Owlet Athenebrama indica
31 White Eared Bulbul Pycnonotus leucotis
32 White Wagtail Motacilla alba

33 Wire Tailed Swallow Hirundo smithii

Accipitridae LC
Columbidae LC

Strigidae LC
Pycnonotidae LC
Motacillidae LC
Hirundinidae LC

& Hushby, 2014).

During the study period maximum road-killed
species (5) were observed from family Columbidae
(Streptopelia decaocto decaocto, Streptopelia senegalensis
cambayensis, Streptopelia tranquebarica, Columba livia
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Figure-1: Family wise representation of number of species and
individualsdied duetoelectrocutionsinstudyarea
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Figure-2: Family-wise representation of the number of speciesand
individuals recorded in the study area. 1-Cuculidae; 2-Sturnidae;
3-Dicruridae; 4-Accipitridae; 5-Turdidae; 6-Hirundinidae; 7-
Columbidae; 8-Meropidae; 9-Corvidae; 10-Passeridae; 11-Phasianidae;
12-Leiothrichidae; 13-Timaliidae; 14-Motacillidae; 15-Pycnonotidae;
16-Charadriidae; 17-Strigidae

intermediaand Streptopelia chinensis chinensis) followed

by three avian species each from two avian families

Sturnidae (Gracupica contra contra, Sturnus pagodarum

and Acridotheres tristis), and Turdidae (Cercomela fusca,

Saxicoloides fulicatus cambaiensis and Copsychus saularis

saularis). Fiveavian families consisteach twoavianspecies

killed in road accidents and collisions which were as

Cuculidae (Eudynamys scolopaceus scolopaceus and

Centropus sinensis sinensis), Hirundinidae (Hirundo

rustica and Hirundo smithii), Corvidae (Corvus splendens

splendens and Dendrocitta vagabunda), Motacillidae

(Motacilla maderaspatensis and Motacilla alba),

Pycnonotidae (Pycnonotus cafer and Pycnonotus

leucotis).

Avian families Dicruridae, Accipitridae, Meropidae,
Passeridae, Phasianidae, Leiothrichidae, Timaliidae,
Charadriidae and Strigidae contained only one species of
killed due to vehicle collision and road traumas in the
study area (Table-1 & Fig.- 2). Maximum road killed
individuals were belonging to the family Columbidae (57)
followed by Pycnonotidae (52), Passeridae (32), Turdidae
(29), Sturnidae (23), Leiothrichidae (22), Corvidae (14),
Accipitridae (13), Hirundinidae (12), Phasianidae (1),
Cuculidae (10), Motacillidae (8) and Charadriidae (8),
Timaliidae (4), Dicruridae (3) and Meropidae (3) with
minimum road-killed individuals belonging to Strigidae
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(2) (Fig.-2). During the study, three species of birds
(Milvus migrans govinda, Spilornis cheela and Pavo
cristatus) were observed to be only electrocuted and were
without a single case of a road accident and collision
mortality.

Conclusion

Underground cables are one of the ways to mitigate avian
mortality due to electrocution and collision with related
structures. Underground medium and low voltage cables
might be helpful for the conservation of avian species
which also reduces the risk of electrocution among avian
taxa. In order to achieve avian conservation and reduction
in avian death due to electrocution, underground
moderate voltage electric power lines had been
successfully installed in various countries including
United site, Norway, Netherland, Belgium and Germany
(Haas et al., 2005; Prinsen et al., 2012). Regular field visits
and monitoring of avian behavioural responses aided by
several technologies such as thermal imaging, camera
traps, videoand radar mightbe helpful fordetermining the
rate of crossing electric power lines by birds. Long-term
studies to assess population trends in local and regional
areas were also beneficial for determining the rate of
mortality due to electrocution and road vehicle collisions
of birds and other wildlife. Types of species, species
abundance, morphological characteristics of species (e.qg.,
body size, wing size, age, gender and behaviour), prey
availability and seasonal and climatic factors were also
responsible for bird’s electrocution in particular areas
(Manosa, 2001; Janss & Ferrer, 2001; APLIC, 2006).
However, significant efforts and investigations have been
made to decrease the bird collisions rate with electric
power lines (Negro, 1999). Several methods were also
developed for the decline in birds' collisions rate with
electrocutions, but their efficiency has yet to be proven
(APLIC, 2006; Lehman et al., 2007).In the United States,
different studies were conducted on the non-conductive
woods pole used as perching guards for birds, but even
then they did not reduce the risk of avian electrocutions
(Garret 1993; Harness & Garret, 1999; Harness, 2000). The
use of insulating materials and modification of electric
pylons seems to be effective and has significantly reduced
bird mortality in several areas (Garret, 1993; Dwyer, 2004).
The speed limit of vehicles particularly on the roads
adjoining the natural avian habitat or forest plays a
significant role in the number of birds that die on the
highways and roads due to collisions (Chambers et al.,
2010). During present study, we observed that speedy
vehicles created confusion amongst the birds during their
initial flight and low-level aerial movements from one
place to another place were significant causal factors for
avian mortality as compared to vehicles with controlled
and slow speeds. It has been observed that birds more
frequently collided with vehicles in open areas as

compared to forestsand protected areas. Large-sized birds
suchas peacocks, kites, eaglesand other raptorswere more
vulnerable to electrocutions than small birds such as
robins, wagtails and sparrows. Food material thrown by
locals and tourists on roads has also been observed to
possible enhancement of road-vehicle collisions of birds.
The establishment of speed limits sign boards and alert
boards for wildlife areas birds rescue centres and
awareness towards avian conservation can significantly
reduce future avian mortality due to road-vehicles
collisions

Acknowledgements

Thanks to University Grant Commission (UGC) for financial
support. Thanks are due to the Department of Forest, Rajasthan
(India) forallowing us to conduct the fieldwork in the study area.
Thanks to Pushkar Kumawat and Pritesh Patel for their
unreserved helpduring thestudy period.

References:

Angeloy, I., Hashim, I. & Oppel, S. (2013). Persistent electrocution
mortality of Egyptan Vultures Neophron percnopterus
over 28yearsin East Africa. Bird Conserv. Int., 23(1):1-6.

APLIC (Avian Power Line Interaction Committee) (2006):
Suggested practices foravian protection on power lines:
The state of the art in 2006. Pub. by: Edison Electric
Institute, Washington D.C., USA.

Ashley, E.P. & Robinson, J.T. (1996): Road mortality of amphibians,
reptiles and other wildlife on the long point causeway, Lake
Erie, Ontario. Can. Field-Nat., 110:403-412.

Avery, M. L. (1978): Impacts of transmission lines on birds in fight.
Proceedings of a workshop. U.S. Fish and Wildlife Service,
FWS/OBS 78/48, 151pp.

Barrientos, R., Alonso, J.C., Ponce, C. & Palacin, C. (2011): Meta-
analysis of the effectiveness of marked wire in reducing avian
collisionswith power lines. Conserv. Biol., 25:893-903.

Baskaran, N. & Boominathan, D. (2010): Roadkill of animal by
highway traffic in the tropical forests of Mudumalai Tiger
Reserve, Southern India. ). Threat. Taxa, 2(3):753-759.

Benitez-Lopez, A., Alkemade, R. & Verweij, P.A. (2010): The impacts
of roads and other infrastructure on mammal and bird
populations: A meta-analysis. Biol. Conserv., 143:1307-1316.

Bernardino, J., Bevanger, K., Barrientos, R., Dwyer, F.F., Marques,
A.T., Martins, R.C., Shaw, .M., Silva, J.P. & Moreira, F. (2018):
Bird collisions with power lines: State of the art and priority
areasforresearch. Biol. Conserv., 222:1-13.

Bevanger, K. (1994): Bird interactions with utility structures:
collision and electrocution, causes and mitigating measures.
Ibis, 136:412-425.

Bevanger, K. & Braseth, H. (2004): Impact of power lines on bird

mortality in a subalpine area. Animal Biodiv. Conserv.,
27:67-717.

Bevanger, K. & Overskraug, K. (1998): Utility Structures as a
mortality factor for Raptorsand Owls in Norway, pp. 381-392.
In: Chancellor RD, Meyburg BU & Ferrero JJ (eds).
Proceedings Holarctic Birds of Prey. Pub. by: ADENEX-
WWGBP, Badajoz, Extremadura, Spain.

Boshoff, A. F., Minnie J. C., Tambling C. J. & Michael, M.D. (2011):
The impact of power line-related mortality on the Cape

Ambient Science (2022)

http://www.caves.res.in/

Vol.-09(2):p. 40



Vulture Gyps coprotheres in a part of its range, with an
emphasisonelectrocution. Bird Conserv. Int., 21:311-327.
Brown, W.M. & Drewien, R.C. (1995): Evaluation of two power line
markers to reduce crane and waterfowl collision mortality.

Wildlife Soc. Bull., 23:217-227.

Burton, N.H.K., Rehfisch, M.M. & Clark, N.A. (2002): Impacts of
disturbance from construction work on the densities and
feeding behavior of water birds using the intertidal mudflats
of Cardiff Bay, UK. Environ. Manag., 30:865-871.

Catchpole, C.K. & Phillips, J.F. (1992): Territory quality and
reproductive success in the Dartford Warbler Sylviaundatain
Dorset England. Biol. Conserv., 61:209-215.

Ceresa, F., Bogliani, G., Pedrini, P. & Brambilla, M. (2012): The
importance of key marginal habitat features for birds in
farmland: an assessment of habitat preferences of Red-
backed Shrikes Lanius collurio in the Italian Alps. Bird Stud.,
59:327-334.

Chambers, B.K., Dawson, R., Wann, J. & Bencini, R. (2010): Speed
limit, verge width and day length: major factors in road-Kkills
of tammarwallabieson Garden Island, Western Australia, pp.
293-300. In: Coulson, G. & Eldridge, M. (eds.) Macropods:
The Biology of Kangaroos, Wallabies and Rat-
Kangaroos. Pub. by: CSIRO Publishing, Melbourne.

Chhangani, A.K. (2004): Frequency of avian road-kills in
Kumbhalgarh Wildlife Sanctuary, Rajasthan, India. Forktail,
20:110-111.

Dixon, A., Maming, R., Gunga, A., Purev-Ochir, G. & Batbayar, N.
(2013): The problem of raptor electrocution in Asia: case
studies from Mongolia and China. Bird Conserv. Int., 23:
520-529.

Donazar, J.A., Hiraldo, F. & Bustamante, J. (1993): Factors
influencing nest site selection, breeding density and
breeding success in the Bearded Vulture Gypaetus barbatus. J.
Appl. Ecol., 30:504-514.

Drewitt, A.L. & Langston, R.H.W. (2008): Collision effects of wind-
power generatorsand other obstacles on birds. Ann. New York
Acad. Sci., 1134:233-266.

Dwyer, JF., Harness, R.E. & Eccleston, D. (2017): Avian
electrocutions on incorrectly retrofitted power poles._J.
Raptor Res., 51:293-304.

Dwyer, J.F., Harness, R.E. & Donohue, K. (2014): Predictive model
of avian electrocution risk on overhead power lines. Conserv.
Biol., 28(1):159-168.

Erritzoe, J., Mazgajski, T.D. & Rejt, L. (2003): Bird casualties on
European roads-areview. Acta Ornithol., 38:77-93.

Faanes, C.A. (1987): Bird Behaviorand Mortality in Relationto
PowerLinesinPrairie Habitats No. TR-7. Pub. by: Fishand
Wildlife Service, Washington D.C.

Fahrig, L. & Rytwinski, T. (2009): Effects of roads on animal
abundance: an empirical review and synthesis. Ecol. Soc.,
14:21.

Ferrer, M. & F. Hiraldo. (1992): Man-induced sex-biased mortality
inthe Spanish imperial eagle. Biol. Conserv., 60:57-60.

Findlay, C.S. & Bourdages, J. (2000): Response time of wetland
biodiversity to road construction on adjacent lands. Conserv.
Biol., 14:86-94.

Forman, R.T.T., Reineking, B. & Hersperger, A.M. (2002): Road
traffic and nearby grassland bird patterns in a suburbanizing
landscape. Environ. Manag., 29:782-800.

Francis, C.D., Ortega, C.P. & Cruz, A. (2009): Noise pollution

Ambient Science, 2022: Vol. 09(2); 37-42
DOI:10.21276/ambi.2022.09.2.aa03

changesaviancommunitiesand species interactions. Current
Biol., 19:1415-1419.

Garret, M.G. (1993): Pacificorp program for managing birds on
power lines; a case study, pp. 18.1-18.5. In: J.W. Huckabee, ed.,
Proceedings: avian interactions with utility structures,
International Workshop. Pub. by: Electric Power Research
Institute, Palo Alto, California, USA.

Gonzalez, L.M., Margalida, A., Manosa, S., Sanchez, R., Oria, R.,
Molina, J.I., Aranda, A., Caldera, J. & Prada, L. (2007): Causes
and spatio-temporal variations of non-natural mortality in
the vulnerable Spanish imperial eagle (Aquila adalberti)
duringarecovery period. Oryx, 41:495-502.

Goodwin, S.E. & Shriver, W.G. (2011): Effects of traffic noise on
occupancy patternsof forest birds. Conserv. Biol., 25:406-411.

Harness, R.E. (2000): Effectively retrofitting power-lines to reduce
mortality, pp. D2.1-D2.8. In: Proceeding of the rural
electric power conference. Pub. by: Institute of Electrical
and Electronics Engineers, New York, New York, USA.

Harness, R.E. & Garret, M.(1999): Effectiveness of perch guards to
prevent raptor electrocutions. J. Colorado Field Ornithol.,
33:215-220.

Harness, R., Gombobaatar, S. & Yosef, R. (2008): Mongolian power
distribution lines and raptor electrocutions. Conference
paper Cl1, Rural Electric Power Conference, 27-30 April
2008, Charleston, South Carolina. Pub. by: Institute of
Electricaland Electronic Engineers.

Harness, R.,Juvvadi, P. & Dwyer, J.F. (2013): Avian electrocutionsin
Western Rajasthan, India. J. Raptor Res., 47:352-364.

Hernandez-Lambrano, R.E., Sanchez-Agudo, J.A. & Carbonell, R.
(2018): Where to start? Development of a spatial tool to
prioritise retrofitting of power line poles that are dangerous
toraptors. J. Appl. Ecol., 55 (6):2685-2697.

Hernandez-Matias, A., Real, J., Pares, F. & Pradel, R. (2015):
Electrocution threatens the viability of populations of the
endangered Bonelli's eagle Aquila fasciata in Southern
Europe. Biol. Conserv., 191:110-116.

Hollmen, A., Valimaki, P., Itamies, J. & Oksanen, J. (2008): The
value of open power line habitat in conservation of ground
beetles Coleoptera: carabidae associated with mires. J. Insect
Conserv., 12(2):163-177.

Husby, A. & Husby, M. (2014): Interspecific analysis of vehicle
avoidance behavior in birds. Behav. Ecol., 25:504-508.

Infante, O. & Peris, S. (2003): Bird nesting on electric power
supportsin north-western Spain. Ecol. Eng., 20(4):321-326.

Jacobson, S. L. (2005): Mitigation measures for highway-caused
impacts to birds, pp. 1043-1050. In: C. J. Ralph and T. D. Rich
(eds.), USDA Forest Service General Technical Report
PSWGTRI191, Volume | and Il. Pub. by: Forest Service, U.S.
Departmentof Agriculture. 1294 pp.

Janss, G.F.E. & Ferrer, M. (2001): Avian electrocution mortality in
relation to pole design and adjacent habitat in Spain. Bird
Conserv. Int., 11:3-12.

Jenkins, A.R., Smallie, J.J. & Diamond, M. (2010): Avian collisions
with power lines: a global review of causes and mitigation
with a South African perspective. Bird Conserv. Int., 20:263-
278.

Kociolek, A.V., Clevenger, A.P., Clair, C.C.S. & Proppe, D.S. (2011):
Effects of road networks on Bird populations. Conserv. Biol.,
25:241-249.

Lasch, U., Zerbe, S. & Lenk, M (2010): Electrocution of raptors at

Ambient Science (2022)

http://www.caves.res.in/

Vol.-09(2):p. 41



Ambient Science, 2022: Vol. 09(2); 37-42
DOI:10.21276/ambi.2022.09.2.aa03

power lines in Central Kazakhstan. Walddkologie Lands
chafts for schung und Naturschutz, 9:95-100.

Lehman, R.N. (2001): Raptorelectrocution on power lines: Current
Issue. Outlook, 29:804-813.

Lehman, R.N., Kennedy, P.L. & Savidge, J. A. (2007): The state of
theart in raptor electrocution research: A global review. Biol.
Conserv., 136:159-174.

Loss, S.R., Will, T. & Marra, P.P. (2015): Direct mortality of birds
from anthropogenic causes. Annu. Rev. Ecol. Evol. Syst.,
46:99-120.

Loss, S.R., Will, T. & Marra, P.P. (2014): Refining Estimates of Bird
Collision and Electrocution Mortality at Power lines in the
United States. PLOS One, 9(7):e101565.

Manosa, S. (2001): Strategies to identify dangerous electricity
pylonsforbirds. Biodivers. Conserv., 10:1997-2012.

Manville, I A.M. (2005): Bird strikes and electrocutions at power
lines, communication towers, and wind turbines: state of the
artand state of the science — next steps toward mitigation, pp
1051-1064. In: Ralph C.J. & Rich T.D. (eds). Bird
Conservation Implementation in the Americas:
Proceedings of the Third International Partners in
Flight Conference, 20-24 March 2002. Pub. by: USDA Forest
Service General Technical Report PSW-GTR-191, Pacific
Southwest Research Station, Albany, CA.

Mc Clure, C.J., Westrip, J. R., Johnson, J.A., Schulwitz, S.E., Virani,
M.Z., Davies, R., Symes, A., Wheatley, H., Thorstrom, R.,
Amar, A., Buij, R.,Jones, V.R., Williams, N. P., Buechley, E.R. &
Butchart, S.H.M. (2018): State of the world’s raptors:
distributions, threats and conservation recommendations.
Biol. Conserv., 227, 390-402.

Mc Laughlin, K.E. & Kunc, H.P. (2013): Experimentally increased
noise levelschange spatial and singing behavior. Biol. Lett., 9:
20120771.

Miller, J.R. & Cale, P. (2000): Behavioral mechanisms and habitat
use by birds in a fragmented agricultural landscape. Ecol.
Applic., 10(6):1732-1748.

Mojica, E.K., Watts, B.D., Paul, J.T., Voss, S.T. & Pottie, J. (2009):
Factors contributing to bald eagle electrocutions and line
collisions on Aberdeen Proving Ground, Maryland. J. Raptor
Res., 43(1):57-61.

Moleon, M., Bautista, J., Garrido, J.R., Martin-Jaramillo, J., Avila,
E. & Madero, A. (2007): Correcting power lines in dispersal
areas of Bonell's eagle: potential positive effects on the raptor
community. Ardeola, 54:319-325.

Morelli, F. (2013): Are the nesting probabilities of the redbacked
shrike related to proximity to roads? Nature Conserv., 5:1-11.

Negro, J.J. (1999): Past and future research on wildlife interactions
with power lines, pp. 21-29.. In: Ferrer, M., Janss, G.F.E. (Eds.),
Birds and Power Lines. Collision, Electrocution and
Breeding. Pub. by: Quercus Editores, Madrid.

Prado, T.R., Ferreira, A.A. & Guimaraes, Z.F.S. (2006): Efeito da
implantac, 8o de rodovias no cerrado brasileiro sobre a fauna
devertebrados. Acta Sci. Biol. Sci., 28(3):237-241.

Prinsen, H.A.M., Boere, G.C., Pires, N. & Smallie, JJ. (2011):
Review of the conflict between migratory birds and
electricity power grids in the African-Eurasian region.
Pub. by: AEWA/CMS Tech. Ser. No. 42 Bonn, Germany.

Prinsen, H.A.M., Smallie, JJ., Boere, G. C. & Pires, N. (2012):
Guidelines on how to avoid or mitigate impact of
electricity powergridson migratory birds in the African-

Eurasian region. Pub. by: AEWA/CMS Tech. Ser. No. 50
Bonn, Germany.

Ramsden, D.J. (2003): Barn owls and major roads: results and
recommendations from a 15-year research project. Pub.
by: Barn Owl Trust, Ashburton, Devon, UK.

Real, J., Grande, J.M., Manosa, S. & Sanchez-Zapata, J.A. (2001):
Causes of death in different areas for Bonelli's Eagle
Hieraaetus fasciatus in Spain. Bird Study, 48:221-228.

Reijnen, M.J.S.M. & Thiessen, J.B.M. (1987): Effects from road
traffic on breeding bird populations in woodland. Annual
Rep., 1986:121-132.

Reijnen, R. & Foppen, R. (1994): The effects of car traffic on
breeding bird populations in woodland. I. Evidence of
reduced habitat quality for Willow Warblers Phylloscopus
trochilus breeding close toahighway. J. Appl. Ecol., 31:85-94.

Reijnen, R. & Foppen, R. (2006): Impact of Road Traffic on
Breeding Bird Populations, pp. 255-274. In: Davenport, J. and
J. L. Davenport (eds.). The ecology of transportation:
managing mobility for the environment. pub. by:
Springer, the Netherlands.

Reijnen, R., Foppen, R., Braak, C.T. & Thissen, J. (1995): The effects
of car traffic on breeding bird populations in woodland. I1I.
Reduction of density in relation to the proximity of main
roads. J. Appl. Ecol., 32:18.

Rideout, B.A., Stalis, I., Papendick, R., Pessier, A., Puschner, B.,
Finkesltein, M., Smith, D.R., Johnson, M., Mace, M., Stroud,
R., Brand, J., Burnet, J., Parish, C., Peterson,J., Wite, C.,
Stringfeld, C., Orr,K., Zuba, J., Wallace, M. & Grantham, .
(2012): Patterns of mortality in free-ranging California
Condors (Gymnogyps californianus). J. Wildlife Dis.,
48(1):95-112.

Rioux, S., Savard, J.P.L. & Gerick, A.A. (2013): Avian mortalitiesdue
to transmission line collisions: a review of current estimates
and field methods with an emphasis on applications to the
Canadianelectric network. Avian Conserv. Ecol., 8(2): 7.

Rubinolini, D., Bassi, E., Bogliani, G., Galeotti, P. & Garavaglia, R.
(2001): Eagle owl (Bubo bubo) and power line interactions in
the Italian Alps. Bird Conserv. Int., 11:319-324.

Salvador, D.J.I. & Ibanez, J.C. (2006): Ecology and conservation of
Philippine Eagles. Ornithol. Sci., 5(2):171-176.

Sergio, F., Marchesi, L., Pedrini, P., Ferrer, M. & Penteriani, V.
(2004): Electrocution alters the distribution and density of a
top predator, the eagle owl Bubo bubo. J. Appl. Ecol.,
41:836-845.

Shaw, J.M., Jenkins, A.R., Smallie, JJ. & Ryan, P.G. (2010):
Modelling power-line collision risk for the Blue Crane
Anthropoides paradiseus in South Africa. Ibis, 152:590-599.

Summers, P.D., Cunnington, G.M. & Fahrig, L. (2011): Are the
negative effects of roads on breeding birds caused by traffic
noise. J. Appl. Ecol., 48:1527-1534.

Tryjanowski, P., Sparks, T.H., Jerzak, L., Rosin, Z.M. & Skorka, P.
(2014): A paradox for conservation: electricity pylons may
benefit avian diversity in intensive farmland. Conserv. Lett.,
7(1):34-40.

Van der Zande, A.N., Ter -Keurs, W.J. & Vander Weijden, W.J.
(1980): The impact of roads on the densities of four bird
species in an open field habitat: evidence of a long distance
effect. Biol. Conserv., 18:299-322.

Ambient Science (2022)

http://www.caves.res.in/

Vol.-09(2):p. 42



