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ABSTRACT 
According to Norwegian law, the environmental authorities own all 

protected birds found  dead in Norway and special permission is required if 
private individuals are to keep raptors, owls and the like in order to stuff 
them. Consequently, taxidermists, local wildlife  boards and individuals have 
for  several years been sending birds from  all over the country to the Directorate 
for  Nature Management and the Norwegian Institute for  Nature Research. 
From 1987 to 1994, 2360 individuals of 9 raptor and 8 owl species have 
been received and it has been possible to trace the cause of  death of  over 
60% of  these. This paper discusses the distribution of  various causes of  death 
with respect to species, sex and the time of  year. It has been found  that utility 
structures have been responsible for  deaths among 15 of  the 17 species and 
for  some species they are the main cause of  death. Other mortality factors 
frequently  recorded are collisions with windows and motor vehicles. 

INTRODUCTION 
Wherever the combination of  birds and utility structures exists, the birds 

stand a risk of  being killed, either through electrocution or because of  colliding 
with the earth wires or phase conductors. Overhead wires as a mortality factor  for 
birds has been a concern for  more than one hundred years (e.g. Coues 1876), but 
the problem has only recently attained an elevated position on the environmental 
agenda. An important reason for  this is improved knowledge about the involvement 
of  endangered and vulnerable species in the accidents (e.g. Haas 1980, Ledger & 
Annegarn 1981, Brown et al. 1987, Crivelli et al. 1988, Bevanger 1994a). Not 
surprisingly, several species of  raptors and owls are recorded as victims of 
utility structures. 
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The main objective of  the present paper is to evaluate utility structures 
as a mortality factor  for  raptors and owls in Norway. The relative importance 
of  electrocution and collision, and the significance  of  this mortality at the 
population level, are other topics discussed. 

MATERIAL AND METHODS 
Norwegian law does not permit protected birds like raptors and owls, 

when found  dead, to be retained privately, for  instance to be stuffed,  unless 
special permission is obtained. Consequently, taxidermists, local wildlife 
boards and individuals have for  several years been sending birds from  all 
over the country to the Norwegian environmental authorities, i.e. the Directorate 
for  Nature Management and the Norwegian Institute for  Nature Research. All 
the carcasses discussed here were received during the period 1987-94. 
However, 4.4% of  the birds were killed before 1987 and 1.3% after 1992. 
The majority of  the birds, 88.2%, were killed in the period 1987-1992. The 
year of  death is not known for 6.1% of  the birds. The information 
accompanying the carcasses of  these accidentally killed birds has varied, but 
the finder  generally gave data on the place and time of  the discovery and 
suggested the cause of  death. As the majority of  the birds received had already 
been skinned by a taxidermist, opportunities for  age determination were 
restricted. 

The mortality factors  were divided into 6 categories: (i) utility structure, 
(ii) collision with a window, (iii) hit by a vehicle, (iv) killed/shot, (v) other 
reason, and (vi) unknown. «Utility structure» includes both electrocution and 
collision with overhead wires. Because feathers  were lacking, it was not 
possible to see whether there were signs of  burning (electrocution). Moreover, 
the laboratory personnel who examined the birds had not been instructed to 
look specially for  signs of  electrocution. Category (ii) comprises birds found 
beneath or near a window and where the finder  presumed that the window 
was the cause of  death. Specimens in the «hit by a vehicle» category were 
mainly killed through colliding with a motor vehicle, but some collisions 
with trains have been confirmed.  The «killed/shot» category includes birds 
killed deliberately by people who, for  example, found  a wounded bird, or a 
Goshawk in the henhouse, or when a taxidermist reported conspicuous signs 
of  shotgun wounds. Category (v) covers a variety of  reasons ranging from 
birds caught in fox  traps to those killed by dogs. Category (vi) covers 
specimens for  which information  was lacking or where the person sending 
the bird stated that the cause of  death was unknown, or presumed that it had 
died a «natural death». Thus, the categories suitable for  further  analyses were 
(i)-(iv). It was possible to trace the cause of  death of  about 64% of  the carcasses. 

The time of  death was divided into four  categories, March-May, 
June-August, September-November and December-February, and these data 
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were available for 86.6% of  the specimens. Sex verification  was obtained in 
the laboratory for 95.9% of  the specimens. 

RESULTS 
During the 8-year period from 1987 to 1994, 2360 accidentally killed birds 

belonging to 9 raptor and 8 owl species were received (Table 1). Sparrowhawks, 
Goshawks, Tawny Owls and Hawk Owls accounted for  more than 70% of  all the 
specimens sent in. 

Three of  the raptor species are stationary or nomadic in Norway and the other 
six migrate, although some Sparrowhawks stay in the country during winter. The 
Short-eared and Long-eared Owls are the only regularly migrating owl species, 
although some Long-eared Owls may remain all winter, sometimes roaming. The 
other owl species are stationary and/or roam. 

There were significant  contrasts in the cause of  death for 10 species. Utility 
structures were the chief  cause of  mortality for  the Goshawk, White-tailed Eagle and 
Eagle Owl. However, all the remaining species, except the Honey Buzzard and Snowy 
Owl, were reported killed in connection with utility structures. Utility structures 
accounted for  significantly  more Goshawk victims than collisions with windows, 
which took the second highest toll (x2=12.25, DF=I, P=0.0005). They also killed 
significantly  more Eagle Owls than the second most important mortality factor  for 

Table 1. Accidentally killed raptors and owls received by the Directorate for  Nature Management 
and the Norwegian Institute for  Nature Research in the period 1987-1994, divided according to 
species and cause of  death. 

Species/Cause of  death Utility Window Hit by Killed/ Other Unknown Total 
structure vehicle shot reason 

Honey buzzard Pernis apivorus 0 0 1 0 0 2 3 
White-tailed eagleHaliaëtus albicilla 16 1 3 1 1 7 38 76 
Goshawk Accipiter gentilis 118 70 40 30 23 242 523 
Sparrow hawk Aeeipiter nisus 41 286 39 8 42 168 584 
Roughlegged buzzard Buteo lagopus 8 0 9 2 5 18 42 
Buzzard Buteo buteo 3 0 7 3 2 7 22 
Golden eagle Aquila chrysaetos 5 0 1 2 3 5 16 
Merlin Falco columbarius 6 24 27 0 5 38 100 
Kestrel Falco tinnunculus 5 3 9 1 2 14 34 
Snowy owl Nyctea  scandiaca 0 0 1 0 0 0 1 
Eagle owl Bubo bubo 25 2 5 1 5 20 58 
Long-eared owl Asio otus 7 6 31 3 3 27 77 
Short-eared owl Asio flamme us 8 1 24 5 6 33 77 
Tengmalm's owl Aegolius funereus 4 16 28 0 16 70 134 
Pygmy owl Glaucidium  passerinum 3 32 8 1 1 14 59 
Hawk owl Sumia ulula 24 9 43 19 13 87 195 
Tawny owl Strix  aluco 40 15 189 2 31 82 359 
Total 313 465 465 88 164 865 2360 
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Table 2. Accidentally killed raptors and owls received by the Directorate for  Nature Management 
and the Norwegian Institute for  Nature Research in the period 1987-1994, divided according to 
species and sex. 

Species/Sex Male Female Total 
Honey buzzard Pernis apivorus 3 0 3 
White-tailed eagltHaliaëtus albicilla 37 33 70 
Goshawk Aecipiter gentilis 282 225 507 
Sparrow hawk Accipiter nisus 267 309 576 
Roughlegged buzzaváButeo lagopus 16 21 37 
Buzzard Buteo buteo 10 1 1 21 
Golden eagle Aquila chrysaetos 8 6 14 
Merlin Falco columbarius 53 27 80 
Kestrel Falco tinnunculus 15 18 33 
Snowy owl Nyetea  scandiaca 1 0 1 
Eagle owl Bubo bubo 31 25 56 
Long-eared owl Asia otus 43 34 77 
Short-eared owl Asio flamme  us 37 37 74 
Tengmalm's owl Aegolius funereus 76 51 127 
Pygmy owl Glaucidiiim  passerinum 29 27 56 
Hawk owl Surnia ulula 86 98 184 
Tawny owl Strix  aluco 128 218 346 

them, collisions with motor vehicles (X2=I3.33, DF=I, P=0.0003). Utility structures 
were not a significantly  greater cause of  death for  the White-tailed Eagle than the 
second most important factor,  «killed/shot», but significantly  greater than the «window» 
and «hit by vehicle» categories. 

Colliding with a window was the dominant cause of  death for  the 
Sparrowhawk and Pygmy Owl and the contrast with the second most important 
mortality factor,  «utility structure» and «hit by vehicle», respectively, was 
significant  (x2=183.5, DF=I, P<0.0001, (x2=14.4, DF=I, P=O.0001). 

The remaining owls chiefly  died because of  collisions with motor 
vehicles. Compared with the second most important mortality factor,  which 
was utility structures, collisions with motor vehicles dominated for  the Tawny 
Owl (X2=96.9, DF=I, PcO.OOOl), Hawk Owl (x2=5.3, DF=I, P=O.02), 
Long-eared Owl (x2=15.1, DF=I, P=0.0001) and Short-eared Owl (x2=8.0, 
DF=I, P=0.004). However, for  the Tengmalm's Owl the «hit by vehicle» 
mortality was not significantly  different  from  the «window» category (x2=3.2, 
DF=I, P=0.07). 

Among raptors, there was a significantly  higher proportion of  male 
casualties among Goshawks (x2=6.4, DF=I, P=0.01) and Merlins (x2=8.4, 
DF=I, P=0.003), but the Tawny Owl had a greater proportion of  female 
casualties (x2=23.4, DF=I, PcO.OOOl) (Table 2) when the four  mortality factors 
were pooled. However, equal numbers of  male and female  Goshawks were 
killed in connection with utility structures. 
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The stationary raptors (Sparrowhawks, White-tailed Eagles, Goshawks 
and Golden Eagles) suffered  losses and were sent in throughout the year, 
while migratory species, not surprisingly, were sent in during summer (Table 
3). The seasonal difference  in mortality for  White-tailed Eagles (x2=8.9, DF=3, 
P=O.02) was significant,  the mortality in March-May differing  from  the 
June-November losses (%2=54.3, DF=3, P<0.0001). Goshawk losses peaked 
in September-March (x2>38.1, DF=I, P<0.0001). 

Apart from  the Tengmalm's Owl and Eagle Owl (and the Snowy Owl), 
the owl species showed significant  seasonal differences  in their mortality rates, 

Table 3. Accidentally killed raptors and owls received by the Directorate for  Nature 
Management and the Norwegian Institute for  Nature Research in the period 
1987-1994, divided according to species and season of  death. 

Species and season of  death March June September December Total 
- May - August - November -February 

Honey buzzard Pemis apivorus 0 0 3 0 3 
White-tailed eagle Haliaetus  albicilla 26 10 13 20 69 
Goshawk Accipiter gentilis 65 64 173 157 459 
Sparrow hawk Accipiter nisus 120 108 149 121 498 
Roughlegged buzzard Buteo lagopus 3 19 15 1 38 
Buzzard Buteo buteo 3 5 10 3 21 
Golden eagle Aquila chiysaëtos 1 3 4 6 14 
Merlin Falco  columbarius 8 50 24 7 89 
Kestrel Falco  tinnunculus 2 13 13 1 29 
Snowy owl Nyctea  scaridiaca 0 0 0 I 1 
Eagle owl Bubo bubo 11 9 16 12 48 
Long-eared owl Asio otus 25 9 II 20 65 
Short-eared owl Asio flammeus 13 12 30 11 66 
Tengmalm's owl Aegolius funereus 29 20 35 29 113 
Pygmy owl Glaucidiutn  passerinum 6 7 25 13 51 
Hawk owl Surnia ulula 9 29 102 24 164 
Tawny owl Strix  alueo 65 63 126 63 317 

a maximum being recorded in September-February. The Tawny Owl had a 
peak in September-November when compared with the rest of  the year 
(%2>19.4, DF=I, PcO.OOOl, likewise the Hawk Owl (x2>40.6, DF=I, P<0.0001) 
and Pygmy Owl (3.7, DF=I, P<0.05). 

DISCUSSION 
Qualitative  considerations.  The birds received during these 8 years 

clearly demonstrate that utility structures are a regular cause of  death for 
raptors and owls that commonly occur in Norway. Missing (in addition to the 
Honey Buzzard) are the Osprey Pandion  haliaetus , Hen Harrier Circus 
cyaneus, Gyr Falcon Falco rusticolus  and Peregrine Falco peregrinus. 

However, all these are known to have suffered  losses in Norway due to 
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Utility structures (own unpubl. data). The main reason for  them not appearing 
in the present data is probably their extremely low abundance at present. 

In Norway, the White-tailed Eagle, Goshawk and Eagle Owl, for  which 
we can see that utility structures are the main cause of  death, have experienced 
a dramatic population decline during the last century. However, the 
White-tailed Eagle population has increased significantly  in recent decades 
(Folkestad 1994), and the Eagle Owl population also seems to have increased 
slightly, at least in some areas (Solheim 1994). The Goshawk population still 
seems to be declining in some regions, while being stable in others (Bergo 
1992). 

Electrocution  or collision.  As stressed at the outset, two causes of 
mortality are associated with utility structures - electrocution and collision. 
The body size of  birds is the key to understanding why and how birds become 
electrocuted. The relationship between wings, legs and body size and the 
«electrocuting traps» is, in principle, rather simple and restricts the problem 
to power lines carrying tensions below about 130 kV, and to transformer  and 
substation installations (Bevanger 1994a). Moreover, the behavioural pattern 
of  potential victims should include perching performance.  When raptors and 
owls perch on various types of  elevated utility structures they are able to 
survey the terrain to look for  suitable prey. Unfortunately,  most of  the species 
have a sufficiently  large body and wingspan to short-circuit two conductors 
or one conductor and an earthed device. The Pygmy Owl is the only species 
considered in the present paper that is safe  from  electrocution. 

Theoretically, there should be few  collision victims among aerial 
predators such as swallows, swifts  and several species of  Falconiformes,  as 
these are eminent flyers,  possessing low wing loading and binocular vision. 
However, because they spend most of  their life  in the air, the probability of 
crossing power lines (and colliding with them) is higher compared to 
ground-dwelling species. Moreover, the hunting behaviour of  several raptors 
obviously increases their vulnerability to collision since they attain high speeds 
when following  a prey. For instance, the hunting behaviour of  both the 
Goshawk and the Gyr Falcon involves flying  low above the ground, at 6-20 
m, which is the typical height of  several categories of  power lines. In Iceland, 
10 of 39 seriously wounded Gyr Falcons were found  beneath power lines 
(Gudmundsson & Clausen 1974). Stationary raptor species like the Goshawk 
and the Gyr Falcon, living at high latitudes with poor light conditions in winter, 
also face  an additional collision hazard compared to birds at lower latitudes. 

It is desirable and important to distinguish between wire strikes and 
electrocution accidents because they are fundamentally  different  phenomena, 
for  example with respect to the species affected,  and not least, how to reduce 
the problem. Unfortunately,  the present data offered  no opportunity for 
separating collision from  electrocution, which actually seems to be the most 
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common situation. People in general, and even biologists, frequently  fail  to 
distinguish between electrocution and collision mortality. Data on ringing 
recoveries of  birds are also not specific  with respect to whether the birds were 
killed by striking wires or by electrocution. «Death by electricity» is frequently 
the only information  given and is usually the judgement of  an unqualified 
person. 

In particular, reports of  birds killed by flying  into power lines frequently 
seems to be biased. Close examination of  reported collisions involving Bald 
Eagles in the USA revealed that most of  the birds in fact  were electrocuted 
(Kroodsma 1978). Of 27 juvenile, artificially  reared, radio-tagged Eagle Owls 
in Norway, 22 were reported killed (Larsen & Stensrud 1988). Of  these, 12 
were electrocuted when perching on cross-arms or pole-mounted transformers. 
No deaths by collision were recorded. 

It is also striking that investigations focusing  on the collision hazard 
rarely report raptor or owl deaths. Several investigations involving regular 
patrols along sections of  power line in Norway during the last 10 years, 
amounting to several thousands of  kilometres, revealed only a few  cases of 
raptors and owls being killed by striking wires (Bevanger 1988, 1993b, 1994b, 
Bevanger & Sandaker 1993). In a review of  electrocution of  birds in central 
Europe (Haas 1980), it was, however, found  that raptors and owls were 
dominant groups among electrocution casualties, and this is supported by 
data from  the USA (Olendorff & Lehman 1986). 

Thus, there is mounting evidence that raptors and owls (and other 
species) are mistakenly considered as collision victims when they, in fact, 
have been electrocuted (Bevanger 1993a). However, the picture is not clear. 
Some species suffer  losses because of  both collision and electrocution, but 
that is hardly usual. Of  the 118 Goshawks reported killed in connection with 
utility structures, some were found  to have been killed by electrocution and 
some by collision. Several of  the reports accompanying Goshawks and other 
species specifically  mentioned signs of  burnt feathers. 

The  significance  of  mortality  induced  by utility  structures.  The birds 
received by the Directorate for  Nature Management and the Norwegian 
Institute for  Nature Research obviously represent a tiny fraction  of  the total 
number of  individuals killed in connection with man-made obstacles. Birds 
killed in connection with power lines are particularly rarely found,  partly 
because power lines are located where people normally are not present and 
partly because micro-organisms, invertebrates and vertebrates remove 
carcasses within a short space of  time (cf. Bevanger et al. 1994). Moreover, 
there is no legislation requiring people to report dead raptors or other birds 
which they happen to find - the only illegal act is to pick up the bird and 
retain it privately. It is also well known that several raptors and owls are still 
being shot by hunters of  small game and they are also kept illegally or exported. 
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However, the crucial question remains - can mortality factors  like utility 
structures function  as population regulators? 

Death caused by utility structures is random and more or less stochastic 
(although it occurs regularly) and should be considered together with other, 
seemingly density-independent, mortality factors  like hunting and prédation. 
The fact  that utility structures were the chief  cause of  death for  only three 
species may be regarded as evidence of  their insignificance,  but it may also 
be viewed the opposite way. Under normal circumstances, unusual mortality 
factors  like utility structures or windows are insignificant  problems. «Normal 
circumstances» are, here, analogous to healthy populations. However, mortality 
factors  acting on populations that are «far  down» may contribute to population 
regulation. 

In general, populations with a high annual survival rate have low 
reproductive rates, i.e. poor capability for  raising reproduction, and are less 
able to compensate for  mortality than species with low survival rates. Some 
of  the classical endangered species, like the California  Condor, have a long 
life  span, i.e. a high adult survival rate and a low reproduction rate, and may 
be considered k-selected (cf. Begon et al. 1990). During the late-1980's, the 
last free-living  individuals of  the California  condor were caught and put into 
an artificial  breeding programme to be saved from  extinction. In 1992, eight 
condors were released in part of  their former  distribution area. Four of  these 
birds were reported killed in autumn 1993, one through poisoning and the 
others by electrocution (Mestel 1993). Other typical electrocution and collision 
victims (e.g. the Eagle Owl and White-tailed Eagle) have life-history  patterns 
that in some respects are characteristic of  k-selected species. 

Although national or regional populations may remain more or less 
unaffected  by these types of  mortality factors,  local populations may suffer. 
Electrocution accidents may be regarded as a secondary effect  of  human 
activities having destroyed vast areas of  natural habitats and resources such 
as nesting places and hunting posts of  several species (e.g. the Eagle Owl). 
Species depending heavily on such features  face  a depleted resource for  which 
they must compete, and to perform  their normal activities losers have to use 
suboptimal sites or man-made structures that may be dangerous. As Temple 
(1986) pointed out, human-induced limiting factors  imposed upon a population 
in a certain habitat may usually be considered as decreasing the carrying 
capacity of  the habitat. This is particularly well demonstrated by utility 
structures, such as a pole-mounted transformer  positioned close to an important 
hunting post for  an Eagle Owl in an optimal Eagle Owl habitat. The transformer 
may provide a superior outlook and be preferred  by the owls. Sooner or later, 
the birds will inevitably be electrocuted and the transformer  will eventually 
eliminate the locality for  Eagle Owl reproduction. 

A crucial question when the population effects  of  a mortality factor  are 
being judged is which age classes are affected.  Recent results of  theoretical 
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and empirical studies of  population dynamics confirm  that species whose life 
history is characterized by the longevity and good survival ability of  adult 
individuals will be affected  relatively more by elevated mortality in adult 
than in subadult age classes (Verner 1978, Grier 1980, Croxall et al. 1990). It 
is commonly assumed that most electrocution and collision victims are young 
birds, although some authors have rejected this as a general rule (e.g. Anderson 
1978, Haas 1980, Longridge 1986). Analyses of  recoveries of  ringed birds in 
the UK revealed a significantly  higher power-line related mortality for  first 
year birds for 7 species out of  34 tested (Rose & Baillie 1992). Several surveys 
have also been made during the autumn migration period when young birds 
are numerous in a population. 

In Europe, the Eagle Owl and White Stork are particularly prone to 
electrocution, and this has often  been blamed for  their population decline in 
recent decades (e.g. Haas 1980, Fiedler & Wissner 1980, Fremming 1986, 
Larsen & Stensrud 1988, Oatley & Rammesmayer 1988). Adult Eagle Owls 
seem to be alarmingly common among electrocution victims of  these species 
(Stolt et al. 1986, Larsen & Stensrud 1988). Of  63 ringed Eagle Owls recovered 
in Sweden, 60% were one-year-old birds, 19% 2-year-old birds and the rest 
(i.e. 21%) were three years or older (Stolt et al. 1986). Recoveries of  .ringed 
Eagle Owls killed by utility structures in Germany provided an average age 
that was slightly, although not statistically significant,  above the age of  Eagle 
Owls suffering  other types of  mortality (Haas 1980). 

Because of  circumstances already mentioned, the present data give little 
specific  information  on age distribution. However, the many casualties 
generally reported from  the autumn months may indicate a large number of 
young birds. Not least the many casualties among White-tailed Eagles in winter 
and spring may indicate a large proportion of  young birds, since these are 
known to roam extensively during that period. 

Firm judgement concerning unnatural causes of  mortality is crucial for 
management strategies intended to provide for  sustainable populations. 
However, data on such aspects as survival rates and age structure, as well as 
general knowledge about the population dynamics of  the species involved 
are essential. Unfortunately,  currently available demographic information  does 
not seem appropriate for  predicting the effects  on populations of  this type of 
mortality, and changes in adult survival, in the way Croxall et al. (1990), for 
example, managed to do for  the Wandering Albatross. However, some of  the 
extensive work done on the Eagle Owl may have sufficient  basic data for 
demographic modelling. This is no doubt a challenge for  ecologists in the 
years to come. 

Concluding  remarks.  Existing data strongly indicate that collisions with 
power lines, and particularly electrocution accidents, frequently  involve raptors 
and owls in Norway, and for  some species these are even the dominant 
human-induced mortality factors.  However, so far  there is no unambiguous 
evidence for  saying that they significantly  affect  the population development 
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of  any specific  species. Unfortunately,  currently available demographic 
information  does not seem appropriate for  predicting the effects  on populations 
of  this type of  mortality and changes in adult survival. 

For birds, threats loom at the breeding and wintering grounds and during 
migration - every phase in the cycle of  life - and it becomes increasingly 
difficult  to separate or predict the outcome of  the various detrimental 
components. Moreover, from  an ecological point of  view it should be 
particularly stressed that a single mortality factor  should not be considered in 
isolation. After  all, it is the cumulative effect  of  every destructive factor, 
anthropogenic and natural, that determines the population development of  a 
species. Given this, it is important to remember that the circumstances that 
ultimately cause a species to perish may be entirely unlike the incidents that 
first  caused the population to drop towards an endangered situation (Temple 
1986). 

The dramatic decline in the diversity of  bird life  underlines the 
importance of  carefully  analysing any mortality factor  known to affect 
vulnerable and threatened species. Utility structures as a mortality factor 
deserve serious attention from  environmental management authorities. The 
treatment of  problems or causes of  decline is normally a long process. Power 
lines will be part of  the environment of  birds for  decades to come - even to an 
increasing extent (Bevanger 1994a). 
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