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INTRODUCTION

Mortality from road traffic in wild popula-
tions of animals is a serious ecological problem 
in many regions of the world (Underhill &
Angold 2000, Erritzoe et al. 2003). Birds are
among those animals which are most often kil-
led on roads (Lode 2001, Clevenger et al. 2003,
Erritzoe et al. 2003). Notwithstanding the num-
ber of articles about bird mortality on roads 
there is no detailed information about the specif-
ic injuries sustained by road-killed birds (see:
Clevenger 2000, Erritzoe et al. 2003). Quantitative
information about the scale of the problem 
and type of injuries are available from bird 
rehabilitation centres, where typically large 
birds of prey are treated (Wendell et al. 1999). 
In North Carolina, for example, of several thou-
sand injured birds of prey that were treated
between 1998–2002, 39% sustained injuries from
collisions with cars and most had broken wing 
bones (data from North Carolina Raptor Center).
More quantitative data on collision injuries are
available from birds killed at buildings and 
power lines (Clausen & Gudmunson 1981, Klem 
1990, Hebert & Reese 1995, Veltri & Klem 
2005). 

Recently, veterinary practices have increased
their attention to diagnostic and treatment pro-
cedures of bone fractures in wild birds (mainly
birds of prey) injured by collisions with man-made
objects (e.g. Beregi et al. 1999, Wendell et al. 1999).

Bone fractures may be frequent in wild birds
(e.g. Lidauer 1983, Brandwood et al. 1986, Wo-
kac 1990), but not necessarily lethal. Out of 1930
examined skeletons of 173 species of birds, which
were collected throughout Germany, 430 (22%)
had healed fractures and most of these were for-
est birds (Wokac 1990). Brandwood et al. (1986)
reported similar data describing healed fractures
of wings and legs in 0.2 to 0.5% of all birds. They
examined a few hundred skeletons of ducks, gulls
and Rock Pigeons Columba livia from different
habitats (Brandwood et al. 1986).

Our objectives were: 1) to describe skeletal in-
juries in birds killed by cars, and 2) to determine if
bird body mass is associated with the number and
kind of bone injuries caused by these collisions.

MATERIALS AND METHODS

Thirty five passerines belonging to 17 
species were examined radiographically. Most 
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Abstract. Radiographic examination of 35 birds (17 species) killed on roads revealed bone injuries in 17 (47%) cases.
There were 30 different kinds of injuries to the skeletal system. In 29 cases these fractures concerned the long bones of
the wings (n = 15) and the lower extremities (n = 14). One bird had a dislocated spinal column. Wing fractures affect-
ed the humerus (n = 6), radius (n = 6) and ulna (n = 3), while leg fractures affected the femur (n = 5), tibiotarsus (n = 8)
and tarsometatarsus (n = 1). No relationship was found between the body weight and the location and number of bone
injuries. In our opinion, the nature and type of skeletal injuries suggest that they were not the direct cause of death.
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Species No of individuals/ Number of fractures within skeleton elements 
No ind. with skeleton injuries Hum Uln Rad Fem Tib Trs Vbc

Passer montanus 2/2 1 1 1
Passer domesticus 8/6 2 1 2 5 1
Hirundo rustica 9/4 3 1
Carduelis chloris 1/1 2
Acrocephalus palustris 1/1 1 2
Nucifraga caryocatactes 1/1 2 1
Sylvia atricapilla 2/1 1
Motacilla flava 1/1 1 1 1
Total 25/17 6 3 6 5 8 1 1

Table 1. Skeletal injuries (n = 30) of 35 road-killed birds collected in southern Poland in 2001–2003; abbreviations are: humerus
(Hum), ulna (Uln), radius (Rad), femur (Fem), tibiotarsus (Tib),  tarsometatarsus (Trs), vertebral column (Vbc). 

Remaining birds without skeletal injuries (number of individuals):
Oenanthe oenanthe (1), Carduelis cannabina (1), Miliaria calandra (1), Phylloscopus trochilus (1), Sylvia communis (1), Fringilla
coelebs (2), Delichon urbica (1), Lanius collurio (1), Luscinia megarhynchos (1).

specimens were Barn Swallow Hirundo rustica
(n = 9) and House Sparrow Passer domesticus
(n = 8). Most victims were collected as part of
ongoing research program devoted to road 
mortality of vertebrates (Orłowski & Nowak 2004,
G. Orłowski unpubl. data). Data were collected
from June 2001 to August 2003 on 48.8 
km road network located in the agricultural 
landscape in the vicinity of Wrocław city (Lower
Silesia, SW Poland). Birds without clear external
body damages were chosen for examination.
Additionally, three road-kills were collected in 
the neighbourhood of Głogów (SW Poland) 
and one individual — a Nutcracker Nucifraga 
caryocatactes, in the area of the Bieszczady (SE 
Poland). Birds were stored frozen (-25°C). Prior 
to radiographic examination specimens were
thawed at room temperature (ca. 20°C). Radio-
graphs were taken by a Siemens 150kVp, 1000
mA X-ray unit and developed using the AGFA
ADC Solo computer radiography system (CR). To
document more precisely  the skeleton damage,
single large-size radiographs were taken of specif-
ic fracture sites. Because of possible weight loss 
of road-killed birds, caused by being dried up
postmortem (precise data of collision were not
known), body masses of birds were calculated 
on the basis of the mean values of birds’ weight
from central and northern Europe, taken from
Ferens (1971) and Cramp (1998). Data were
analysed using the Mann-Whitney test,  χ2 (2×2)
test, sign tests, and the Spearman rank correlation
coefficient. We used MS Excel 2000 and Statistica
5 for all statistical analyses. We considered 
test results to be statistically significant where 
p ≤ 0.05.

RESULTS

Bone injuries were detected in 17 (49%) of 
the 35 victims (Table 1). Besides that, in one 
radiographically examined road-killed specimen
of Collared Dove Streptopelia decaocto no fractures 
were found (this result was not included in 
further analysis). Thirty bone injuries were detect-
ed: 29 were in long bones, and the spinal column
was dislocated in one victim. Single fractures
were found in eight birds (Fig. 1). In four birds,
two individuals of House Sparrow Passer domesti-
cus, a Marsh Warbler Acrocephalus palustris and a
Yellow Wagtail Motacilla flava, fractures were in
the leg and wing. The number of fractures of wing
and leg was 15 and 14, respectively. Wing frac-
tures were in the humerus (n = 6), radius (n = 6)
and ulna (n = 3) (Fig. 2A and 2B). Leg injuries were
in the femur (n = 5), tibiotarsus (n = 8) and tar-
sometatasus (n = 1). Fractures occurred on both
the left (n = 18) and right (n = 11) side of the body
(χ2 = 3.38, df = 1, p = 0.07). In 27 (93%) cases frac-
tures were found in the midshaft of the bones. In
two cases (7%) fractures were located in the epy-
physis of the bone (Fig. 2B). 

In the group of birds (n = 5) with injuries of 
the forearm, two individuals had both the ulna
and radius fractured, and in the remaining vic-
tims only the radius was fractured (sign test, two-
tailed, p > 0.30). In the group of birds (n = 7) with
injuries within leg, one individual had both the
tibiotarsus and tarsometatarsus fractured, and in
the remaining victims only the tibiotarsus was
fractured (sign test, two-tailed, p = 0.031).

There were no significant differences in aver-
age bodyweight between birds with (n = 17) 
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and without (n = 18) fractures (in the group of all
35 road killed passerines: weight of birds with
fractures 31.8 g vs 22.3 g for birds without frac-
tures, Mann-Whitney test, U = 104.0, Z = 1.62, 
p = 0.10; in the group of 34 birds without a
Nutcracker: weight of birds with fractures 23.9 g
vs 22.3 g for birds without fractures, Mann-
Whitney test, U = 104.0, Z = 1.38, p = 0.17). Also, no
relation was found between body weight of birds
and number of fractures (for all 35 birds: 
rs = -0.28, p = 0.10; in the group of 17 birds with
injuries: rs = 0.16, p = 0.54), number of fractures 
of wing bones (for all 35 birds: rs = 0.19, p = 03; 
for 17 birds with injuries, rs = 0.17, p = 0.50) and
number of fractures of leg bones (for all 35 
birds: rs = 0.12, p = 0.48; for 17 birds with 
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Fig. 1. Distribution of skeletal fractures (n = 30) in 35 road-
killed birds collected in southern Poland in 2001–2003.
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Fig. 2. Triple skeletal fracture of wing of a road-killed Nutcracker from southern Poland. A) general view, B) magnification.
Numbered arrows are: 1 – middle shaft of the radius, 2 – middle shaft of the ulna, 3 – fracture of the lateral epicondyle of the
humerus, R – right side of the body.

injuries, rs = -0.19, p = 0.47). In the birds with
skeletal injuries there was a statistically signifi-
cant negative correlation between the number of 
fractures in the wing and leg (n = 17, rs = -0.66, 
p = 0.004). 

DISCUSSION

The nature of the skeletal injuries sustained 
by the road-killed specimens we studied suggests
that these were not the direct cause of their death.
However, the fractures we found were serious
enough to hamper or prevent flight. In general,
we found road-killed injuries to be similar for 
all casualties. Probably the nature and the number
of injuries depended mainly on the speed of 
a vehicle and the surface area of the bird's body
and not on the bodyweight of the bird. Similarly,
no relationship between body mass and number
of skeletal fractures was found in birds killed after
colliding with towers or windows (Veltri & Klem
2005).

The detected damages correspond to those
described for much heavier large birds of prey
and in Anatidae that were injured because of 
collisions with power lines. Usually, as a result 
of such collisions, birds had fractures in the
humerus, radius and ulna (e.g. Clausen &
Gudmundsson 1981, Wendell 1999). Despite the
small number of examined specimens, our re-
sults reliably show that fractures of radius appear
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more often than those of ulna. A reason for this
may be the location of the radial bone cranially
to ulna and its smaller size. The more frequent
fractures of the tibiotarsus than of the tar-
sometatarsus may be explained by the smaller
robust size of the tarsometatarsus, and the abili-
ty to absorb and thereby lessen the force of impact
by having more flexibility (mobility) associated
with the articulations of the tarsometa tarus with
the proximal tibiotarsus and distal metatarsals.

Multiple fractures of long bones in both wings
and legs, noted in some individuals, as well as
high percentage of House Sparrows with inju-
ries (75%) suggest that they were hit directly by
approaching cars. It cannot be ruled out that some
of the birds without bone injuries could 
be killed as a result of collision with the sides 
of the passing vehicle rather than by a head-on
collision, or because of the strong gust formed
around the car. This seems to be especially true
for swallows (which comprise 40% of the birds
with injuries in this study) which often fly along
roads, near passing cars, searching for food
(Hobson & Sealy 1987).

The results of the present study did not 
show fractures of the skull, jaw and maxilla,
which are the most common bone injuries in
tower and window collision victims (Klem 
1990, Veltri & Klem 2005). In Pennsylvania,
amongst 502 tower- and window-killed birds,
13% sustained skeletal injuries of the head (Vel-
try & Klem 2005).

The most often self-healed, and therefore 
not fatal fractures noticed in wild living birds 
are the fractures of sternum and clavicles. A-
mong passerines, the highest percentage of 
healed fractures was found in the representatives
of Turdidae (up to 48% in urban Blackbirds 
Turdus merula, n = 214 individuals). Fractures of
bones of wings and legs formed only a small per-
centage of all cases of healed bone injuries (Wokac
1990), which may be the proof of the large mortal-
ity of birds with these injuries. Cases of fracture
repair were also recorded in wild large birds 
of prey. In Eastern Africa, in three of 14 examined
vulture specimens (Gyps africanus and G. rueppel-
li), signs of healed ulnar injuries were found
(Houston 1993).
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STRESZCZENIE

[Uszkodzenia układu kostnego ptaków
wróblowych zabitych przez samochody]

Pomimo, że tematyka dotycząca śmiertelności
ptaków na drogach poruszana była wielokrotnie,
w literaturze brak jest szczegółowych informacji
poświęconych uszkodzeniom ptaków na skutek
kolizji z pojazdami. Analiza radiologiczna zabi-
tych przez samochody 35 ptaków (17 gatunków),

wykazała uszkodzenia układu kostnego u 17
(49%) osobników (Fig. 1). Ogółem rozpoznano 30
uszkodzeń układu kostnego (Tab. 1). W 29 przy-
padkach uszkodzenia dotyczyły złamań kości
długich w obrębie skrzydeł (n = 15) i kończyn dol-
nych (n = 14). W jednym przypadku stwierdzono
nadwichnięcie kręgosłupa (Tab. 1). Złamania
skrzydeł dotyczyły kości ramiennej (n = 6), pro-
mieniowej (n = 6) oraz łokciowej (n = 3) (Fig. 2A
i 2B). Uszkodzenia kończyn dolnych to złamania
kości udowej (n = 5), piszczelowo-śródstępowej
(n = 8) oraz stępowo-śródstępowej (n = 1). Nie
stwierdzono związku pomiędzy masą ciała ofiar a
pojawieniem się uszkodzenia układu kostnego,
ani liczbą doznanych złamań. Charakter i rodzaj
opisanych uszkodzeń szkieletu w zdecydowanej
większości przypadków wskazywał, że nie były
one bezpośrednią przyczyną śmierci ptaków.
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