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Abstract The literature on bird collision with power lines in Hungary is rather limited. We collected published re-
cords and carried out research on birds that collided with overhead wires, and we made a list of species, and the
number of individuals recorded, around Pusztaszer Landscape Protection Area. The quality of data did not allow
us to do robust statistical tests, and a large amount of collected data was not used in this paper, because of uncer-
tainty. Finally, we used the records of 519 individuals of 63 species that got injured or died during collision with
overhead wires. We found evidence, that low-, middle- and high-voltage power lines were all responsible for the
collision accidents of birds. Birds that use wetlands or both wetlands and farmlands are the most threatened to
collide with overhead electric wires. Most victims of collision accidents belong to Gruiformes, Charadriiformes,
Pelecaniformes and Anseriformes orders. Our preliminary results suggest that the bigger the rate of weight and
wingspan (wing-loading proxy) is, the greater the risk of birds colliding with power lines, probably because of
poor manoeuvrability. Birds that move regularly, on a daily basis between their nests/roost sites and foraging are-
as are at higher risk to collide with electric wires. Our preliminary results do not support the hypothesis that birds
which sit on power lines collide more frequently than birds that do not use wires. It seems that foggy weather cir-
cumstances increase the probability of collision events particularly in case of Common Cranes. Some large birds
were found with burnt feathers after collision with middle-voltage power lines. A sizeable part of collided birds
were protected or strictly protected. Bird collision with overhead wires is a serious problem in Hungary. Collision
can be stopped on most dangerous part of overhead wires by converting to underground cabling. It is possible to
reduce the number of collision events in case of high-voltage power lines by increasing their visibility. We al-
ways recommend underground cabling in case of wetlands, if new segments of electric wires would be carried out.
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Osszefoglalas A madarak 1égvezetékkel torténs {itkozésérdl Magyarorszdgon csak minimalis mennyiségii adat-
tal rendelkeztiink. A publikalt adatokbol és sajat felméréseinkbdl dsszeallitottunk egy fajlistat, hogy mely fajokat
érint a légvezetékkel torténd Uitkozés, és hany egyed pusztult el vagy sériilt meg a Pusztaszeri Tajvédelmi Kor-
zetben és kornyékén. Az adatok mindsége miatt megbizhato statisztikai elemzéseket nem tudtunk végezni, és az
eredetileg 6sszegyijtott adatok egy részét a bizonytalansagok miatt nem is hasznaltuk fel ebben a tanulmanyban.
Veégiil 63 faj 519 egyedével dolgoztunk, melyek vezetékkel valo iitkozés kovetkeztében elpusztultak vagy meg-
sériiltek. A kis-, kozép- és nagyfesziiltségli vezetékeknél egyarant tapasztaltunk madarpusztulast. A légvezetékkel
torténd iitkdzés leginkabb olyan madarakat érintett, melyek vizes él6helyeket, illetve vizes él6helyeket és mez6-
gazdasagi teriileteket egyarant hasznaltak. Az iitkdzéses balesetekben leginkabb a daru-, lile-, godény- és ludalka-
ta madarak érintettek. Elozetes adataink szerint minél nagyobb a testtomeg és a szarnyfesztavolsag aranya (nagy
a szarnyterhelést helyettesité érték), annal inkabb hajlamosak a madarak az titkdzésre, valosziniileg a rossz ma-
noverezOképességiik miatt. Azok a madarak, melyek rendszeresen, naponta mozognak a fészkiik/pihenéhelyiik,
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és a taplalkozo-teriiletiik kozott, hajlamosabbak voltak arra, hogy légvezetéknek iitkozzenek. Elézetes eredmé-
nyeink nem tdmasztottak ala azt, hogy a légvezetékeket rendszeresen hasznalé madarakbol tobb pusztul el titko-
z¢és miatt, mint azokbol, amelyek nem hasznaljak ezeket. A darvaknal ugy tiinik, hogy a kod fokozta az iitkozéses
esetek szamat. Az iitkdzés soran kozépfesziiltségli 1égvezetékeknél a nagyobb méretii madarak egy része meg-
égett. Az litkozott madarak nagy része védett vagy fokozottan védett volt. A 1égvezetékkel titkozés Magyarorsza-
gon is komoly probléma. A legveszélyesebb vezetékszakaszok foldkabelbe helyezése megsziinteti az {itkdzést.
A nagyfesziiltségii szakaszokon a lathatosag novelésével mérsékelhet$ a madarak 1égvezetékkel torténd titkdzé-
seinek szama. Javasoljuk, hogy vizes ¢l6helyeken és vizes él6helyek kozott 0 elektromos vezeték csak foldka-
beles megoldassal 1étesiilhessen.

Kulcsszavak: madarak, iitkozési kockazat, iitkozéses baleset, elektromos légvezeték, él6hely-hasznalat, vizimadar
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Introduction

Humans create dozens of infrastructural facilities (e.g. power lines, roads, railways, wind
farms, solar power plants), which have serious, and often fatal impacts on birds due to their
direct or indirect effects (Trombulak & Frissell 2000, Horvath & Demeter 2010, Smith &
Dwyer 2016, Molnar & Andrési 2019). A well-known direct effect of overhead power lines
is that the wires and pylons regularly cause bird collision and electrocution of birds (Be-
vanger 1994, Horvath & Demeter 2010). At the same time, electric cables may dramatically
reduce the available habitat of some species, as a negative indirect effect (Lorant & Vadasz
2014). Besides negative impacts, positive effects are also known: 80% of the Hungarian
Saker Falcon (Falco cherrug) population breeds in artificial nest boxes that are insulated on
high-voltage pylons (Bagyura et al. 2019).

National park directorates and civil associations regularly carry out surveys in Hungary to
look for carcasses of birds that had been electrocuted (Horvath & Demeter 2010, Demeter
et al. 2018). Monitoring surveys indicated that protected and strictly protected species are
often killed by electric shock in Hungary (Horvath & Demeter 2010, Demeter ef al. 2018).
Electrocutions generally happen on middle-voltage power lines and sometimes they occur
on low-voltage power lines as well, however, these were never documented on high-volt-
age power lines (Horvath & Demeter 2010). Collision accidents could occur in all kinds of
overhead power lines (low-, middle- and high-voltage), and also on the electric lines of rail-
ways (Horvath & Demeter 2010, Vadasz & Lorant 2014).

There could be several factors in the background of bird collisions:

(1) Morphological factors which influence the manoeuvrability of birds are probably one
of the most important factors to understand why birds collide with power lines (D’ Amico
et al. 2019). Wing loading is the ratio of weight to wing area, whereas wing aspect ratio is
the ratio of wingspan squared to wing area are the most important metrics to estimate ma-
noeuvrability of an avian species (Bevanger 1994, Bernardino et al. 2018). Birds with high
wing loading and low or average wing aspect ratio (for example in case of Anseriformes,



Cs. Pigniczki, Zs. Bakro-Nagy, G. Bakacsi, Cs. Barkoczi, 223
T. Nagy, J. Puskds & R. Enyedi

Podicipediformes, Gruiformes, Charadriiformes) often collide with overhead wires (Quinn
et al. 2011, Smith & Dwyer 2016, Bernardino et al. 2018).

(2) Visual perception is another essential morphological factor that has impact on bird col-
lision. Birds with binocular vision (e.g. raptors, owls) have better chance to locate obstacles
and avoid collision, while birds with peripheral vision are less suitable for detection of wires
in the air (D’ Amico et al. 2019).

(3) Several behavioural factors also play key role during collision: birds that tend to fly in
flocks are more often found as victims of collision than solitary species (Quinn et al. 2011, Ber-
nardino et al. 2018). Some species (for example raptors and storks) usually move with soar-
ing flight in higher altitudes than the height of power lines, and this behaviour feature prevent
them from collision with power lines (Bernardino et al. 2018, D’ Amico et al. 2019). Birds that
migrate during night and also nocturnal birds are in higher risk to collide with power lines, be-
cause the wires are less visible during night (Bevanger 1994, Bernardino et al. 2018, D’ Amico
etal. 2018, 2019). Birds during their migration usually fly higher above wires and during their
flight they are not expected to collide with power lines (Bernardino ez al. 2018). Collisions
generally happen when birds fly in low altitude from one site to another, and they cross power
lines during their local, daily movements, often between foraging areas and nest (Bernardino
et al. 2018). Display flights may also increase the risk of collision (Bevanger 1994, Bernardi-
no et al. 2018). Juvenile birds collide more frequently with wires because young birds are less
manoeuvrable and they are inexperienced (Bernardino ez al. 2018).

(4) Visual circumstances are also important. We have already mentioned it as a higher risk for
collision with wires during the night (Bevanger 1994, Bernardino et al. 2018) or during fog, be-
cause the detectability of wires in foggy weather or at night is poor (Molnar & Andrési 2019).

(5) Weather circumstances have influence on flight altitude of birds: fog, rainfall and
snowfall also force birds to fly at low altitudes, therefore increase the chance to collide with
power lines (Bernardino ez al. 2018).

(6) Site specific factors also play an important role in these collision incidents. Topo-
graphical leading lines are of great importance to migrating birds, and they may contribute
to defining migratory flyways, like along rivers and topographical depressions, and electric
wires above them would result in frequent collision events (Bevanger 1994, Quinn et al.
2011, Bernardino et al. 2018). Birds generally fly at lower altitudes above open areas, which
means a higher risk for collision, while they tend to fly at higher altitude above forests,
which may reduce collision risk (Bernardino et al. 2018). Electric wires above wetlands are
assumed to be the most hazardous, because huge number of waterbirds can be found there
during breeding season, or during their migration and wintering as well (Bevanger 1994,
Quinn et al. 2011, Bernardino et al. 2018).

(7) The features of power lines are also important: there is a general agreement that the
higher the structure is, the greater risk it becomes for birds (Bernardino et al. 2018).

(8) Anthropogenic disturbance (e.g. hunting) is also known as factor which increases the
risk of collision (Bernardino et al. 2018).

While the mortality of birds caused by electrocution is more or less monitored in Hungary,
the collision events of birds with overhead lines are less so. The goal of this paper is to draw
attention to the serious problem of birds’ collision with overhead power lines in Hungary.
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Material and methods

Data collection

Data used for this paper were collected by rangers and officers of Kiskunsag National Park
Directorate and also by amateur ornithologists. Data were collected from the Great Hun-
garian Plain, from Csongrad County, mainly from Pusztaszer Landscape Protection Area
and the vicinity of this site. The collected data were geographically located between the ar-
ea called “Homokhatsag” and River Tisza (Figure 1). Data were collected without a strict
protocol between 1982 and 2019, but the available dataset contains large gaps within this
time period, with no surveys. This area has a rich avifauna, with huge number of wild-
fowls, herons, spoonbills, cranes, shorebirds and gulls (Maté & Nagy 2015, Végvari 2015,
Pigniczki 2016).

Data were collected from electric wires, which were located in fishpond systems (Lake
Csaj, Fertd at Szeged) or between two fishpond systems (namely Lake Fehér and Fert6 at
Szeged), and some was located above meadows or agricultural fields. Generally, all of the
electric wires were on open areas, and their distance from wetlands (fishponds, soda pans,
marshes) was less than 1.5 kilometres. That is the reason why they have a direct impact
on birds during their foraging trips, or when they move from a pond to another one, with-
in a fishpond system. The low-voltage power lines were 8—10 m high, the middle-voltage
were 10-14 m tall (A. Gerhardt pers. com.). The maximal height of pylons of high-voltage
power lines were 50 m in the study area (Gy. Bir6 pers. com.).

We collected information on the species; the number of individuals (if it was possible);
type of power lines that caused collision accidents; the date (if it was possible) and the lo-
cation of accidents. We noted if a bird had burnt feathers due to electrocution during the
collision accident, and also noted, if a bird survived the collision with other injuries.

Unfortunately, no exact date, number and notes belonged to some of the data: however,
we used some of those records with missing dates as well, especially, when relatively rare
birds [for example Sanderling (Calidris alba) or Whimbrel (Numenius phaeopus)] were
described. If relatively common birds [for example Grey Herons (Ardea cinerea), Great
White Egrets (Ardea alba), Black-headed Gulls (Larus ridibundus), etc.] were mentioned
with no exact background information, the record were excluded from the present study to
avoid risk of double use of the same record. Therefore, the given number in case of most
species means minimum number and can be even much larger in reality.

We used the data of published surveys of Hegediis (1984) and Mészaros (1989) as well;
both authors collected data about high-voltage power lines located between two fishpond
system, namely between Fehér-to and Fertd (the closest settlements are Szeged and San-
dorfalva) during 1982—-1983 and 1985-1986. We also used published data about accidents
of a Kentish Plover (Charadrius alexandrinus) (Pigniczki 2006) and Common Cranes
(Grus grus) (Bakacsi & Puskas 2019).
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Figure 1. Map of study area
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Data analysis

We created a list of species, with detailed information on mortality and injuries as a result
of collision with power lines following the taxonomy available on the webpage of Hand-
book of Birds of the World (www.hbw.com). We collected wingspan, body length and body
weight data (www.hbw.com and www.mme.hu/magyarorszagmadarai) for all the species
that had collision accidents, to calculate wing-loading proxy, and to find measures for burn-
ing events during collision accidents. Wing area data were not available in case of most spe-
cies to calculate wing-loading value (mass of the bird species divided by its wing area), thus,
we used the ratio of weight of a given species (in gram) to its wingspan (in centimetre), and
the result was called wing-loading proxy (D’Amico et al. 2019). If the value of wing-load-
ing, or wing-loading proxy was high for a species, that meant poor manoeuvrability in flight
and high risk of collision (Bernardino et al. 2018, D’ Amico et al. 2019).

We determined the number of individuals and the number of species under the different
type of power lines (high-, middle- and low-voltage), and compared them.

We compared the habitat use of species and the risk of collision during their flights. We
used the following habitat types: wetlands (including rivers, lakes, fishponds, marshes, reed-
beds, wet meadows), farmlands (including agricultural fields, dry grass-areas) and wood-
lands (including forests and bush-areas). We assigned one or two habitat types to each spe-
cies. For example, if a species generally breeds or roosts in lakes or fishponds, but regularly
forages on corn-fields, we assigned both wetland and farmland habitat types to that species
[e.g. Common Crane, Mallard (4nas platyrhynchos), etc.)]. We compared the number of
species and individuals with regard to the use of different habitat types.

We analysed which taxonomic orders and which species have high risk to collide with
wires. We used the number of individuals collided to wires in both cases, and we used the
number of species that belongs to a given taxonomic order to measure the impact of colli-
sion risk for different taxa.

We estimated the effect of power lines on birds that tend to have regular daily trips be-
tween foraging areas and their nests or roosting sites. We created two groups to compare:
one of the groups contained species that had no regular, large-distance daily trips between
areas, while the other group contained species that did have regular, long-distance daily trips
between sites at least during a part of their annual cycle.

D’Amico et al. (2019) treated birds with higher collision risk if they bred on pylons, or
hunt from wires/pylons. Other authors suggested that the use of power lines increases the
chance of electrocutions significantly, but had no significant effect on collision risk (Ber-
nardino et al. 2018, D’ Amico et al. 2018). That is why we also estimated the collision risk,
whether a species tend to use power lines to sit there, or not.

We created four interquartile range-groups based on the value of wing-loading proxy: the
first group contains species between minimum and lower quartile values, the second group
contains species between lower quartile and median value, species that fall between medi-
an and upper quartile are in the third group, and finally, the fourth group contains species,
which fall between upper quartile and maximum values. We compared the number of indi-
viduals in case of the four groups.
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We described the chance of collision accidents, whether bird species tend to cover large
distances regularly during its daily routine or not. These movements were generally for-
aging trips between breeding colonies and foraging areas [e.g. herons, spoonbills, ibises,
gulls etc.], or between roosting areas and foraging sites [e.g. geese, Mallards, cranes, sev-
eral species of shorebirds, like Lapwings (Vanellus vanellus), Eurasian Curlews (Numeni-
us arquata), Whimbrels, gulls, Starling (Sturnus vulgaris), etc.]. Other bird species rare-
ly move from one location to another, and they spend their time in a relatively small area
(e.g. grebes, Aythya ducks, several species of shorebirds: Tringa species, Calidris species,
small songbirds, etc.).

Four groups of conservation status were used in this study. We used the most recent con-
servation status in case of all species to determine, whether the species was a game species,
protected species, strictly protected species, or not protected species (wWww.mme.hu/ma-
gyarorszagmadarai).

Rangers of Kiskunsag National Park Directorate surveyed dead and injured cranes during
foggy weather condition, but at the same time it was not monitored if any accident has hap-
pened in better weather conditions.

Occasionally, it was possible to note the cause of death or injury because of how visible
they were: for example broken wings or broken neck. However, most of the events it was not
possible to determine the cause of death or injury in the field. There were several occasions
when birds that had been burnt during a collision were reported. These are only examples
and probably not all broken-bone or burnt events were reported, therefore, the given num-
ber suggests a minimum number of this phenomenon in the current paper.

We used only descriptive statistical approaches because there was no standard survey in
most cases, therefore, the result of statistical tests would be biased.

Results

519 specimens of 63 species were found dead or injured under overhead wires in the study
area. This includes 3 individuals where species identification was not possible. In case of
a further 7 specimens it was possible to reduce the possibilities to two or three species but
their exact identity remained questionable.

Type of electric cables and collisions of birds

It was possible to clearly determine the type of electric wires, which caused the accidents in
517 cases: 79.7% of individuals were collected from under high-voltage power lines (N =
412), 19.9% of birds died or got injured because of collision with middle-voltage cables (N
= 103) with only 0.4% of the carcasses were found under low-voltage power lines (N = 2).

48 species collided with high-voltage power lines (76.2%), 31 species had accidents with
middle-voltage power lines (49.2%), while only two species were documented to have col-
lisions with low-voltage power lines (3.2%) out of 63 species.
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General habitat use of birds and collisions with power lines

Our results indicate that collision accidents with overhead lines have the largest impact on wet-
land species, together with those species which use both wetlands and farmlands (7able 1).

Taxonomy of collided birds

Most individuals found after collision accidents taxonomically belonged to Gruiformes (39.5%),
Charadriiformes (31.4%), Pelecaniformes (10.5%) and Anseriformes (10.3%) order (Table 2).

Most species that collided with electric wires belonged to Charadriiformes (28.6%), Pas-
seriformes (17.5%), Pelecaniformes (14.3%), Anseriformes (12.7%) and Gruiformes (9.5%)
(Table 2).

Table 1. Number and percentage of collision events of species and individuals regarded to
habitat use

1. tdbldzat Az litkdzéses esetek szama és szazalékos aranya az él6hely-hasznalati kategoridk alapjan
fajokra és egyedekre lebontva

Habitat use Numb.er of Percer-\tage of _Nurp!aer of .Pel:cgntage of
species species (%) individuals individuals (%)
Wetland 39 61.9 115 223
Wetland & farmland 11 15.9 375 72.7
Farmland 8 12.7 13 25
Farmland & forest 2 3.2 10 1.9
Forest 3 4.8 3 0.6

Table 2. Number and percentage of collided species and individuals regarding to taxonomic orders
2. tdbldzat Az Utkdzéssel érintett madarfajok, illetve az litk6zott egyedek szama és szézalékos aranya

madarrendenként

Order Numbgr of Percer'ltage of 'Nur'nper of .Per"cgntage of

species species (%) individuals individuals (%)
Galliformes 1 1.6 2 04
Anseriformes 8 12.7 53 10.3
Podicipediformes 3 4.8 7 14
Columbiformes 3 4.8 4 0.8
Gruiformes 6 9.5 204 39.5
Pelecaniformes 9 143 54 10.5
Suliformes 2 3.2 3 0.6
Charadriiformes 18 28.6 162 314
Strigiformes 1 1.6 1 0.2
Accipitriformes 1 1.6 1 0.2
Passeriformes 11 17.5 25 4.8
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The most common victims of collision accidents were Common Cranes (N = 190; 37.3%)),
Black-headed Gulls (N = 114; 22.4%), Mallards (N = 38; 7.5%), Lapwings (N = 18; 3.5%),
Grey Herons (N = 15; 2.9%) and Great White Egrets (N = 11; 2.2%) (Appendix 1). These
calculations are based on exactly identified individuals (N = 509; 100%).

Wing-loading proxy and collided birds

The calculated wing-loading proxy values of the victim-species ranged between 0.5545
[Sand Martin (Riparia riparia)] and 49.0909 [Mute Swan (Cygnus olor)], with variation re-
garding to species. The median of wing loading proxy in case of collided species is 4.4211,
and the upper quartile value is 7.9491, while the lower quartile value is 2.2909. One species
of Galliformes, six species of Anseriformes, one species of Podicipediformes, two species
of Gruiformes, three species of Pelecaniformes, two species of Suliformes and one species
of Charadriiformes have higher wing-loading proxy value than upper quartile, with 276 in-
dividuals that had an accident. However, six species of Charadriiformes and ten species of
Passeriformes have smaller wing-loading proxy value than lower quartile with 30 individu-
als that had an accident (Table 3, Appendix 1).

Table3.  Interquartile ranges of wing-loading proxies and the number of collided species and
individuals belong to each range

3.tdbldzat A szarnyterhelést helyettesitd érték interkvartilis értékei és az ezekhez tartozd, litk6zéssel
érintett faj- és egyedszamok

Interquartile range of Number Number of

wing-loading proxies of species individuals
Group 1 0.5545 -2.0270 16 30
Group 2 2.5547 - 4.3059 15 158
Group 3 44211 -7.7692 16 45
Group 4 8.1290 - 49.0909 16 276

Regular movement between foraging areas and roosting or nesting sites and collision
accidents

Our results suggest that birds with regular, large distance movement have larger risk to die
or get injured during a collision accident: among the victims 447 individuals (86.6%) of
26 species tend to move between different areas during their daily routine, while 69 spec-
imens (13.4%) of 37 species belong to the group with no regular, large distance move-
ments. Common Cranes have regular movements on a daily basis in the study area, and
they had the most accidents on species level. Our data indicate that species belonging to
Charadriiformes (145 individuals, 8 species), Pelecaniformes (50 specimens, 9 species)
and Anseriformes (40 individuals, 2 species) orders also have higher risk of collision (4p-
pendix 1).
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Collision risk and use of power lines by different species

26 specimens (5.0%) of eleven species, which regularly use power lines and pylons to sit
on, died or got injured due to collision, while 490 individuals (95.0%) of 52 species did not
use wires and pylons (Appendix 1).

Fog during collisions

It was reported that 188 out of the190 individuals (98.9%) of Common Cranes were found
to be the victims of collision with power lines during, or shortly after foggy weather condi-
tions between 20092017, while they were moving to or leaving their roosting sites at Lake
Fehér, near Szeged and Sandorfalva, or Biidos-szék, near Pusztaszer.

Injuries of birds during collisions

It was documented several times (but not always) during surveys if the birds had visible
and obvious injuries: broken wings were documented in case of Grey Heron (1 individual),
Eurasian Spoonbill (Platalea leucorodia) (3 individuals), Common Cranes (2 individuals)
while broken neck were noted in case of Eurasian Spoonbill (1 individual) and Black-head-
ed Gull (1 individual).

Birds that collided with middle-voltage power lines might have suffered electrocution as
well, if their body size were large (body length: > 93.5 cm; wingspan: > 155 c¢m). This phe-
nomenon was documented in case of Mute Swan (1 individual), Great White Egret (1 indi-
vidual), Grey Heron (2 individuals) and Common Cranes (4 individuals).

Birds may have survived their collision accidents but they could have broken their wings
or suffered a concussion. As far as we know, two Spoonbills, 18 Common Cranes, one Lap-
wing, one Ruff (Calidris pugnax) and one Wood Sandpiper (Tringa glareola) were found
alive. Eleven Common Cranes were set free from Szeged Zoo after they recovered from a
collision accident with power lines. At the same time, two young Spoonbills had serious in-
juries such as broken wing bones and it was not possible to set them free.

Conservation status of collided birds

23 strictly protected species (36.5%), 34 protected species (54.0%), one not protected spe-
cies (1.6%) and five game species (7.9%) were found under electric cables due to collision
accidents (Appendix 1).

60 specimens of strictly protected species (11.7%), 406 individuals of protected species
(78.8%), two individuals of not protected species (0.4%) and 47 specimens of game species
(9.1%) were reported from under electric cables as victims of collision accidents.



Cs. Pigniczki, Zs. Bakro-Nagy, G. Bakacsi, Cs. Barkoczi, 231
T. Nagy, J. Puskds & R. Enyedi

Discussion

Our results shed new light on the problem of birds’ collision with overhead power lines in
Hungary. We collected data on 519 individuals of 63 species, which indicates that collision
with power lines have serious impact on bird populations in Hungary.

We demonstrated that the vast majority of birds that collide with wires are protected or
strictly protected. These accidents with overhead electric and railway cables are document-
ed in case of some strictly protected species in Hungary, for example in case of Black Stork
(Ciconia nigra) (B. Kalocsa pers. comm.), Great Bustard (Otis tarda) (Vadasz & Loérant
2014), Eastern Imperial Eagle (Aquila heliaca) (Horvath et al. 2011), Short-toed Snake-
eagle (Circaetus gallicus) (Molnar & Andrési 2019) and Saker Falcon (Bagyura et al. 2018)
as well. Several studies showed that the mortality during collision with power lines may
had a significant impact on population level (Bernardino et al. 2018, D’ Amico et al. 2018),
which is important for conservation efforts to mitigate the effect of overhead wires on pro-
tected and strictly protected species.

We demonstrated that waterbirds suffered remarkable losses due to collision with elec-
tric cables in our study area, including species with unfavourable conservation status and
declining trends worldwide [e.g. Black-tailed Godwits (Limosa limosa), Eurasian Curlews
(Numenius arquata)] (www.iucnredlist.org), and species with dramatic decline in Hun-
gary (e.g. Kentish Plover) (Pigniczki 2006). Waterbirds are one of the most affected spe-
cies-group worldwide especially when these collision accidents are considered. These
birds are regularly found at wetlands in large numbers, and wires overhanging these wet-
lands have a serious impact on their populations (Bevanger 1994, Quinn et a/. 2011, Smith
& Dwyer 2016).

There are several reasons why birds are more susceptible to these accidents, for ex-
ample, bad visual conditions, morphological and behavioural characteristics of species
(Quinn et al. 2011, Smith & Dwyer 2016, D’ Amico et al. 2019, Molnar & Andrési 2019).
Our preliminary results support that wing-loading proxy has large effect on the probabil-
ity of collision accidents, and the most affected species are birds with high wing-loading
proxy-values: species with heavy weight and relatively small wings (e.g. swans, geese,
ducks) or birds with broad wings (e.g. herons, spoonbills, cranes); both biometrical char-
acteristics result poor manoeuvrability, and higher risk for collision accidents (Quinn et
al. 2011, Bernardino et al. 2018, D’ Amico et al. 2019). Based on our preliminary results,
it seems that species, which cover large distances during their everyday-movements be-
tween their foraging areas and breeding/roosting sites have a larger chance to collide with
overhead lines, especially, if the sites are close to each other and birds fly between those
areas in low altitude (Bernardino ef al. 2018). Our preliminary results do not support the
hypothesis that birds using pylons as nesting sites or sitting sites during their hunt may
have a higher risk of collision. Generally, authors treat these kinds of behavioural charac-
teristics as high risk factor for electrocution, rather than risk of collision (Bernardino et al.
2018, D’Amico et al. 2018).

We found evidence, that low-, middle- and high-voltage power lines are all responsible
for the collision accidents of birds. We detected the most collision accidents of birds around
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high-voltage power lines. Most surveys were conducted around high-voltage power lines,
however, it is important to note that those involved in the study did not carry out the same
amount of searches around low-voltage power lines.

The number of birds that had a collision accident in our study area could be much larger
than we have published in this paper. However, data collection was not done regularly and
there were no exact notes on carcasses in many times, that is why we may have missed a
huge amount of information on the number of individuals and species as well. Results are
also influenced by detectability: a large number of individuals would be never detected,
if they fall into water or reedbed, and small species are also difficult to find (Borner et al.
2017). Furthermore, many injured or dead birds could be collected by predators, in which
case carcasses can never be found and never reported (Molnar & Andrési 2019).

It would be possible for the risk of collision to be stopped with underground cabling used
instead of overhead wires (Bevanger 1994, Bernardino et al. 2018); this method should
be applied especially in wetland habitats, because of the high number of victims and high
number of protected and strictly protected species. We always recommend underground ca-
bling in case of wetlands, if authorities give permission to carry out new line segments of
electric wires. It is possible to mitigate the effect of overhead wires on birds using visual
markers (Bevanger 1994, Bernardino et al. 2018), especially in case of high-voltage lines.

It is crucial to have a conflict map about birds’ possible collision risk (Horvath & Deme-
ter 2010, D’ Amico et al. 2019). To create this conflict map, it is essential to collect da-
ta and information about distribution, morphological and behavioural characteristics of
bird species, and about the conservation status of these species as well. This would ena-
ble scientists to create a priority rank of species (Horvath & Demeter 2010, D’ Amico et
al. 2019). We suggest adopting the formula of D’Amico et al. (2019) to create the prior-
ity rank of the species, but with some modifications: we think that the use of power lines
by birds do not mean a larger risk for collision accidents (Bernardino et al. 2018, D’Am-
ico et al. 2018), therefore, we recommend to exclude this from the ranking formula. Spe-
cies that cover large distances regularly during their daily movements are at high risk (Ber-
nardino et al. 2018), which makes it crucial that this behavioural characteristic is used in
the ranking formula.

Our results show that a wide range of species could be found under electric wires. It is es-
sential to understand which habitat characteristics and which type of wires have a large im-
pact on collision accidents. It is also important to have good quality data on when collision
accidents happen and to have information on the exact number of different species affected
by collisions. The only way to have this data is to run a well-designed monitoring program.
Tracking flight altitude of birds with GPS-technologies makes also possible to understand
better the collision risk of birds with overhead wires. Research into this option is currently
running including Spoonbills in Kiskunsag National Park (Cs. Pigniczki unpublished data).

We believe that this paper will motivate professional and amateur ornithologists to scout
for dangerous lines in Hungary and help the staff of national park directorates and electric
companies to solve this problem, or to provide alternative solutions to mitigate the number
of collision accidents of birds with overhead power lines.
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Appendix

Appendix 1. List of collided species with overhead power lines; their conservation status in Hunga-

ry; the number of individuals found under different types of electric wires; the habitat
preferency of species; wingspan (WS) measured in centimetres; weight (W) in grams;
wing-loading proxy (WLP); information on regular, large distance movements of species
(T) (0 - no regular large distance movement, 1 - regular, large distance movement); in-
formation on use of electric cables (U) (0 - no use, 1- use)

1. fiiggelék Légvezetéknek Utkozott fajok listdja, természetvédelmi helyzete Magyarorszagon (not
protected: nem védett; game species: vadaszhato faj; protected: védett; strictly protected:
fokozottan védett), az egyes vezetéktipusok alatt megtalalt egyedek szama, a fajok jellem-
z6 éléhelye, szarnyfesztavolsdga (WS) centiméterben, témege (W) grammban, szarnyter-
helést helyettesité értéke (WLP), a fajok rendszeres, nagy tavolsagu mozgasara vonatkozd
informacié (T) (0 - nincs ilyen mozgas, 1 - van ilyen mozgas), vezetékhasznalatra vonatko-
z6 informacio (U) (0 - nem hasznalja a vezetéket, 1 — haszndlja a vezetéket)

Type of power
Conserva- line
. tion .
Order/Species status in . z g s;: Habitat ws w WLP [T |U
Hungary <3 2|2
218|532
T |8 =
Unknown/ _ 31 ololo B _ _ B L
Ismeretlen

Galliformes

Phasianus game 2| 00| 0| farmland | 80| 1189.5| 14.8688| 0 | 0

colhicus species

Anseriformes

Cygnus olor protected 0| 3|/0]| 0| wetland 220| 10800| 49.0909| 0 | 0

Anser albifrons game o| 1|0 o] Wwetland 1 05] 25875| 17.5424] 1 | 0

species farmland

Ansersp. game 1] oo o] wetland | _ - - 110

species farmland

Aythya ferina protected 2| 1] 0| 0| wetland 77| 845.5|10.9805| 0 | O

strictly

Aythya nyroca protected 2| 0| 0| 0] wetland 65| 597.75| 9.1962| 0| 0

spatula strictly 1 51 0| 0| o wetland | 635| 401.25| 63189| 0|0
querquedula protected
Spatula clypeata | protected 1 0| 0| 0| wetland 77.5 630| 8.1290(0 |0

Anas game | 33| 5| | o| Wetland | g ol 418125] 13.5000] 1 | 0

platyrhynchos species farmland

Anas crecca protected 2| 0| 0| 0| wetland 61 325| 53279|0 |0

Podicipediformes

Tachybaptus protected | 1| 1] 0| 0| wetland | 425| 183| 43059/ 0 |0
ruficollis

Podiceps cristatus | protected 2| 2| 0| 0| wetland 87.5 1043 11.9200| 0 | O
Podiceps stictly 1 o1 11 0| 0| wetland | 505| 357.5| 7.0792| 0|0
nigricollis protected
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Type of power
Conserva- line
Order/Species | _ 1N 3 c| Habitat | WS | W | wp |T|U
statusin 53l s 2
Hungary | < | 5| 2| 2
=2 b ] O | X
LI
Columbiformes
Columbalivia . not 0| 2|0/ 0 farmland | 695| 300| 43165|0 |1
domestica protected
SIS protected | 0| 1| 0| o [Woodland-1 ool 4345l 26900 0| 1
turtur farmland
streptopelia game 11 0o|o| o farmland | 51| 1795| 35190 |1
decaocto species
Gruiformes
Rallus aquaticus | protected 1 11 1] 0| wetland 415| 1225| 29518(0 |0
Crex crex strictly |31 o] 0| 0| wetland | 47.5| 15875 3.3421| 0] 0
protected
Porzana porzana | protected 2| 0| 0| 0| wetland 39.5 102| 2.5823| 0|0
(Gl protected | 3| 1| 0| 0| wetland | 525| 319.25| 6.0810| 00
chloropus
Fulica atra game 41 0|0 0] wetland 75| 892.5|11.9000| 0 | 0
species
Grus grus protected | 159 | 31 | 0 | o | Wetand- 153551 s5400| 23.2258| 1 | 0
farmland
Pelecaniformes
Platalea. stictly 131 41 0| 0| wetland | 125| 1545|123600| 1| 0
leucorodia protected
Plegadis stictly 1 51 1] 0| 0| wetland | 875| 595| 68000| 1|0
falcinellus protected
. strictly
Botaurus stellaris 0 110| 0| wetland 130| 11525 8.8654| 1 |0
protected
Nycticorax strictly
. 1 0[0] O wetland 108.5 689| 6.3502|( 1|0
nycticorax protected
. strictly
Ardeola ralloides 4| 30| 0| wetland 86 300| 3.4884| 1|0
prtotected
Ardea cinerea protected 4 (10| 0| 1| wetland 185| 1546.5| 83595| 1|0
Ardeapurpurea | SN L4l 9| 0| 0| wetland | 135| 873.75| 64722| 1|0
protected
Ardea cinerea/ _ 1 ol ol ol wetland B B _ 110
purpurea
Ardea alba stictly 1 51 61 0| 0| wetland | 155| 1200 7.7419| 1|0
protected
Egrettagarzetta | UW | 51 1| 0] 0| wetland 95| 495| 52105|1 |0
protected
Suliformes
Microcarbo stictly 1 51 11 0| 0 wetland 85| 717.5| 84412| 1|0
pygmaeus protected
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Type of power
Conserva- line
Order/Species | _ 1N 3 c| Habitat | WS | W | wp |T|U
statusin 53l s 2
Hungary | < | 5| 2| 2
2 © o | xX
=|2]7|3
Phalacrocorax | iected | 2| 0] 0| 0| wetland | 145 2310| 1593101 |0
carbo
Charadriiformes
Recurvirostra stictly 1 o1 1] 0| 0| wetland | 735| 296| 4027200
avosetta protected
Charadrius strictly |\ 0| o] 0| 1| wetland | 435| 44| 10115] 00
alexandrinus protected
Vanellus vanellus | protected | 17 1100 vkl 84.5 229( 27101| 1|0
farmland
Numenius protected | 1| 0] 0| o Wetand- 1 o551 43325 s52515[1 [0
phaeopus farmland
Numenius strictly >l ololo wetland- 90| 813.75| 90417110
arquata protected farmland
Limosa limosa strictly | 51 1] 0| 0| wetland 76| 336 44211|0]0
protected
Calidris pugnax protected 1 0| 0| O wetland 53 156| 29434/ 0|0
Calidris alba protected 0 10| 0| wetland 37 75| 2.0270{ 0|0
Gallinago strictly |\ 3| 0| 0| 0| wetland | 455| 1265| 27802| 0 |0
gallinago protected
Tringa erythropus | protected 0| 1|10 0| wetland 64| 163.5| 2.5547| 0|0
Tringa totanus strictly |31 91 0| 0| wetland | 625 120| 1.9200] 0] 0
protected
Tringa glareola protected 41 0| 0| 0| wetland 55.5 66| 1.1892| 0|0
Larus ridibundus | protected | 104 | 10 | o | o | Ye#and- | yo0s1 60| 258711 |0
farmland
Larus michahellis | protected | 0 | 1| 0| o | Ye"and- 1 4351 1010| 776921 |0
farmland
Larus cachinnans | protected 1 110|0 L 141 1090 7.7305| 1|0
farmland
Larus.m/chahell/s/ protected s ololo wetland- B B _ 1lo
cachinnans farmland
e protected | 1| 0| 0| 0| wetland | 1345| 678| 5.0409| 00
caspia
Chlidonias strictly
hybrida protected 0 110| 0| wetland 67 80.5| 1.2015| 1|0
Chiidoniasniger | oty {41 6| o o | wetland 61 73| 1.1967[1 |0
protected
Strigiformes
Tyto alba stictly |41 o1 0| o farmland | 89| 321| 3.6067| 0 |1
protected
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Type of power
Conserva- line
Order/Species | _ 1N 3 c| Habitat | WS | W | wp |T|U
statusin 53l s 2
Hungary | < | 5| 2| 2
=2 b ] O | X
| 2|35
Accipitriformes
Circus protected | 1| 0| 0| o| Wetand- 14351 6s875| s50673|0 |0
aeruginosus farmland
Passeriformes
Corvus frugilegus | protected 3| 1]0]| 0| farmland 90 448 | 497781 | 1
Alauda arvensis protected 1 0| 0| 0| farmland 33| 37.75| 1.1439(0 |0
Galerida cristata | protected 1 0| 0| 0| farmland 33.5 425| 1.2687|0 |0
Acrocephalus protected | 4| 0| 0| 0| wetland 19 13| 06842] 0 |1
schoenobaenus
HETHIEE protected | 1| 0| 0| 0| wetland 19| 13.85| 0.7289|0 |1
scirpaceus
Hirundo rustica protected 1 0| 0| 0| farmland 33 20| 0.6061| 1|1
L wetland-
Riparia riparia protected 1 0[(0]| O farmland 275 1525| 0.5545|1 |1
Sturnus vulgaris | protected | 3| 6| 0| o | A™and= 1 g5t 25l 19620 1| 1
woodland
Muscicapa striata | protected 1] 0| 0| 0| woodland | 245| 16.55| 0.6755(0 | 1
Erithacus protected 1 0| 0| O | woodland 21 19.5| 0.9286|0 |0
rubecula
Luscinialuscinia | ST 1 0| 0| 1| 0|woodland | 25| 255| 1.0200]0 0
protected




