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Road mortality in Swedish mammals: results of a drivers’ 
questionnaire

Andreas Seiler, J-O. Helldin & Christiane Seiler

Seiler, S., Helldin, J-O. & Seiler, C. 2004: Road mortality in Swedish mam­
mals: results of a drivers’ questionnaire. - Wildl. Biol. 10: 225-233.

We present new estimates on the national road kill for nine large and medium-sized 
mammals in Sweden. Our estimates are based on 705 drivers’ reports on 

the number of animals accidentally hit during individually chosen reference 
periods. During 1960-2000, a total of 881 animal-vehicle collisions were re­
ported based on 243.6 million driven kilometres, representing 0.37% of the over­
all mileage driven in Sweden during 1992, the mean reference year of all replies. 
The collision frequencies ranged from 0.07 incidents per million kilometres 
for medium-sized mustelids, over 0.42 for badgers Meles meles to 1.11 for hares 
Lepus spp. Our data suggest that during 1992, 7,000-13,500 moose Alces alces, 
43,500-59,000 roe deer Capreolus capreolus, 63,500-81,500 hares, 22,000-33,000 
badgers and 6,500-12,500 red foxes Vulpes vulpes may have been killed on 
Swedish roads. Among these game species, the extrapolated nation-wide road 
kill ranged between 7 and 97% of the average annual harvest, and between 1 
and 12% of the assessed total populations in 1992. Our results are in agreement 
with other independent road kill estimates for Sweden. The data suggested an 
overall increase in the frequency of road kills over the past 40 years, which part­
ly can be attributed to changes in traffic volume and wildlife population sizes 
(game bags). In most species, the estimated levels of nation-wide road mortal­
ity are not alarmingly high, although local impacts may be significant. In bad­
gers and hares, the ratio of the estimated road kill to the annual harvest increased 
two fold, suggesting a steady increase in the relative importance of road mor­
tality. We conclude that interviews with drivers can provide a cheap and use­
ful index of wildlife traffic mortality.

K ey words: ecological impact, infrastructure, mammals, road kills, traffic casu­
alties, wildlife management

Andreas Seiler, J-O. Helldin & Christiane Seiler, Swedish University o f  Agri­
cultural Sciences, Department o f  Conservation Biology, Grimsö Wildlife R e­
search Station, SE-730 91 Riddarhyttan, Sweden - e-mail addresses: andreas.seiler 
@nvb.slu.se (Andreas Seiler); j-o.helldin@nvb.slu.se (J-O. Helldin); christiane.
seiler@nvb.slu.se (Christiane Seiler)

Corresponding author: Andreas Seiler

Received 13 December 2002, accepted 13 October 2003

Associate Editor: Sigur???ur Snorrason

Collisions between motorised vehicles and wild animals 
have attracted public attention for many decades (e.g. 
Stoner 1925, Dickerson 1939, Haugen 1944, M cClure 
1951, U eckerm ann 1964, W ay 1970, Hansen 1982,

Van den Tempel 1993, Caletrio, Fernandez, Lopez & Ro­
viralta 1996). The numbers o f wildlife casualties on 
roads and railways have constantly grown as traffic 
and vehicle speeds have increased and infrastructure net­
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works expanded. Today, road-killed animals are prob­
ably seen by many more people than their living con- 
specifics, and wild animal carcasses have become a com­
mon view  in m odern transportation corridors (e.g. 
Knutson 1987). In their review on ecological effects of 
roads, Form an & A lexander (1998) concluded that 
"sometime during the last three decades, roads with vehi­
cles probably overtook hunting as the leading direct hu­
man cause o f vertebrate mortality on land".

Estimates made by the Humane Society of the United 
States during the 1960s suggested a minimum of one 
million animal road kills per day (Lalo 1987). In Spain, 
extensive surveys revealed a minimum of 107 vertebrate 
traffic kills per year (about 31/km road; Caletrio et al. 
1996). In the Netherlands, Jonkers & De Vries (1977) 
reported an estimate o f 0.6 million bird and 0.2 million 
mammalian road victims annually, but a more recent 
study by Van den Tempel (1993) has suggested that this 
figure may actually be much higher (2 million birds in 
the Netherlands). Field inventories in Belgium were 
extrapolated to a nation-wide road kill o f 4 million 
vertebrates annually (Rodts, Holsbeek & Muyldermons 
1998). Hansen (1982) estimated that as many as 1.5 mil­
lion mammals, 3.7 million birds and more than 3.1 mil­
lion amphibians were killed annually on Danish roads. 
The numbers of road kills are staggering, but are they 
significant from  an ecological point o f view?

For many rare species worldwide, especially amphib­
ians and reptiles, traffic is considered a threat to their 
survival (e.g. Blaustein & Wake 1990, Rodriguez & Deli­
bes 1992, Fahrig, Pedlar, Pope, Taylor & W egner 1995). 
T raffic also im poses a problem  to m any large and 
medium-sized mammals, (e.g. Boscali 1987, Madsen 
1990, Van der Zee, Wiertz, Terbraak & Van Apeldoom 
1992, Clarke, W hite & Harris 1998), and even in com ­
mon game species, road mortality can be o f significance 
to the management or harvest o f local populations (e.g. 
Romin & Bissonette 1996, Putman 1997, Child 1998). 
In small and abundant species, such as rodents, voles, 
rabbits and many birds, traffic mortality is currently con­
sidered of little importance (e.g. Haugen 1944, Bergmann 
1974, Göransson, Karlsson & Lindgren 1978, Bennett 
1991, Caletrio et al. 1996). However, irrespective of 
w hether or not road m ortality is significant to the con­
servation or management o f a species, there is growing 
economical, ethical and political concern, let alone rea­
sons o f traffic safety that demand mitigation against ani­
mal-vehicle collisions (e.g. Knutson 1987, Fehlberg 
1994, Romin & Bissonette 1996, Schwabe & Schuh­
m ann 2002).

Little is known about road mortality in small and medi­
um -sized m am m als in Sweden. Studies on w ildlife

casualties on roads date back to 1962 (Bengtsson 1962) 
and the 1970s (Bolund 1974, Göransson et al. 1978). 
Based on com prehensive field inventories, Göransson 
et al. (1978) estimated an annual minimum o f 1.0 m il­
lion bird casualties and 0.5 million casualties o f m edi­
um-sized mammals (excluding small mammals, ungu­
lates and large carnivores). For most species, they con­
sidered this road mortality to be within tolerable lim ­
its. Since this study was conducted, however, the traf­
fic flow on Swedish roads has increased with about 50%, 
the length of m otorways has doubled (Anon. 2000) 
and the num ber o f police recorded ungulate-vehicle 
collisions has multiplied by 14 (Seiler in press). It seems 
reasonable to believe, that the road mortality has increased 
also in other species. A recent estimate of avian road kills, 
for exam ple, suggested that as many as 8.5 million 
birds were killed on Swedish roads in 1995 (Svensson 
1998).

W e present new estimates of the numbers o f m am ­
malian road kills in Sweden and discuss the im por­
tance o f road mortality from an ecological point of 
view. Our estimates are not based on field inventories 
of road kills, but on drivers’ responses to a questionnaire 
during 2001.

Material and methods

W e collected information on animal-vehicle collisions 
in Sweden based on answers to a standardised ques­
tionnaire to Swedish car drivers. The questionnaire 
was distributed via e-mail lists, the Internet (http://grimso
slu.se/djurotrafik) and was published via radio and 
newspapers during 2001. In the questionnaire, we asked 
drivers to estimate the total mileage they had driven and 
the num ber o f collisions they had had with wild m am ­
mals larger than mice during a time period they were 
free to choose, but for which they were confident that 
they could remember any incident. This reference peri­
od could span from one year to the entire period dur­
ing which a person had possessed a driving licence. In 
order to obtain collision data that were com parable to 
the official hunting statistics covering the years 1960-2000, 

we restricted the analysis to responses with ref­
erence periods of up to a m aximum of 40 years. If col­
lisions were reported, we asked for species, num ber of 
individuals and approxim ate location.

For each species for which we received > 10 collision 
reports, we calculated the mean collision frequency 
(M CF) as the ratio between the num ber o f reported 
collisions and the total reported mileage driven by all 
respondents. Species with < 10 reported incidents were
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grouped with ecologically sim ilar species or were ex­
cluded from  further calculations. M CF-values were 
m ultiplied w ith the total m ileage driven in Sweden 
during the mean reference year (i.e. the average refer­
ence year over all replies was 1992) to obtain esti­
mates for the overall national road kill. W e calculated 
95% confidence limits for the num ber o f reported col­
lisions according to the Poisson distribution (Crow & 
Gardner 1959, in Krebs 1989) as the distribution o f inci­
dent numbers per species was highly skewed towards 
zero.

W e assumed that the frequency o f collisions per dri­
ven kilometre would relate directly to the abundance o f 
a species and to its susceptibility to road traffic. For a 
given species, variations in collision frequencies in 
space or tim e w ere therefore considered to  reflect 
changes in population densities. In lack o f better abun­
dance estimates, we used harvest statistics as indices of 
animal abundances and tested for correlation with M CF 
between counties and reference years. Hunting is not reg­
ulated through a licensing system for any o f the report­
ed mammal species, except moose Alces alces. Variation 
in animal abundance may thus directly affect harvest 
statistics, provided a constant hunting effort. Even in 
moose, however, Seiler (in press) observed strong rela­
tionships between moose harvests on national and coun­
ty levels and the num ber of police reported moose-vehicle 

collisions in Sweden.
MCF-values for individual reference periods were cal­

culated as the number of collisions per million kilometres 
driven averaged for all respondents referring to the 
same period. County M CF-values were obtained from 
replies with specified collision sites and calculated as 
the num ber of reported collisions related to the official 
traffic per counties during the m ean reference year 
1992 (Anon. 2000). Game bag statistics and estimations 
o f wildlife population sizes in Sweden during the ear­
ly 1990s were obtained from The Swedish Association 
for Hunting and W ildlife M anagem ent (Anon. 1992). 
D ata on police reported ungulate-vehicle collisions 
between 1970 and 1999 were obtained from  the Road 
A ccident D atabase o f  the Sw edish N ational Road 
Administration (SNRA; Seiler in press).

Estim ates o f the total annual mileage driven by all 
m otor vehicles on Swedish roads, including private, 
municipal and national roads, during 1950-1999 were 
obtained from  Edwards, Nilsson, Thulin & Vorwerk 
(1999). The average annual mileage driven per m otor 
vehicle was estimated by the Swedish Motor Vehicle In­
spection Com pany (SMVIC; Svensk Bilprovning AB) 
from periodic safety inspections on motor vehicles old­
er than two or three years.

W e expected the responses to our questionnaire to be 
biased towards a higher proportion o f positive answers, 
i.e. answers that reported collisions with animals, than 
would be expected from  a random  sample, because we 
assumed that people who collided with wild mammals 
might feel more encouraged to reply to our question­
naire than people who did not remember or did not expe­
rience such accidents. To control for this possible bias, 
we personally contacted colleagues at the Swedish Agri­
cultural University, the Swedish National Road A d­
m inistration and the Swedish National Road & Trans­
port Research Institute. These controlled replies (N = 
106) were compared to those returned by the public (N = 
599) with respect to driven mileage, length o f reference 
period and ratio of positive to negative answers.

All calculations were perform ed with the statistical 
software package StatView 5 (SAS Institute Inc. 1998). 
For all tests, the significance level was set to P < 0.05. 
Only two-tailed tests were applied. In repeated statis­
tical tests on the same data set, we used the sequential 
Bonferroni correction (Holm 1979) to adjust significance 
levels and reduce the risk o f Type 1 errors.

Results

During 2001, we obtained a total o f 705 useful replies 
to our questionnaire; o f these 48.7%  (N = 343) report­
ed collisions with large and medium-sized mammals, 
amounting to a total o f 594 reported road kills. The indi­
vidual reference periods varied from  the preceding 
year (2000) back to 1960, with 1992 being the mean ref­
erence year o f all replies. On average, each respondent 
referred to 16,462 ± 817 km (± 95% C.I.) per year, 
which, according to the SNRA and the SMVIC, lies close 
to the national average driven per vehicle and year in 
Sweden (ca 16,000 km). All answers combined referred 
to 243.59 million kilometres, representing 0.37% of the 
total mileage driven by all vehicles combined in Sweden 
during the mean reference year 1992 (65.28 billion 
km). Each reported collision from our survey would thus 
represent 268 incidents if extrapolated to the national 
level.

There was no difference in the reported annual or total 
mileage driven between controlled (N = 106) and pub­
lic (N = 599) replies (Table 1). Group status did not affect 
the ratio o f positive (with reported collisions) to nega­
tive (without reported collisions) answers (G2 = 0.306, 
df = 1, P = 0.580). People who reported collisions with 
w ild mam m als, however, referred to a  significantly 
higher annual mileage than those who gave negative 
replies (Table 2). The distribution o f respondents among
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Table 1. Analysis of variance o f the reported annual and total mile­
age and the numbers of reference years comparing replies from a con­
trol group (N = 106) and a public group (N = 583), and positive (N = 
329) and negative (N = 360) answers (Collisions Yes/No). Professional 
drivers that reported an average annual mileage of > 50,000 km (N = 
16) were excluded from this analysis.

counties reflected the number o f inhabitants per coun­
ty in 1992 (R2 = 0.175, F 120 = 5.45, P = 0.0301).

All this indicates that our survey reached a small but 
representative sample of the Swedish drivers, and that 
extrapolation from the reported collisions to a national 
estimate o f road kills should be legitimate.

Most frequent among the reported collisions were acci­
dents with hares Lepus  spp. (30% of all collisions), roe 
deer Capreolus capreolus (21%), badger M eles m eles 
(11%) and red squirrel Sciurus vulgaris (10%), where­
as collisions with red fox Vulpes vulpes, hedgehog Eri­
naceus europaeus and m oose were reported in only 4-5% 

o f the replies (Table 3). No reports were received 
on collisions with large carnivores such as wild boar Sus 
scrofa  or otter Lutra lutra. Due to the small sample 
sizes and the high risk o f erroneous identification, we 
grouped polecat Mustela putorius (N = 6), mink Mustela 
vison  (N = 7) and pine marten Martes martes (N = 4) as 
&lsquo;medium-sized mustelids&rsquo;. Brown hares Lepus europaeus 
and mountain hares Lepus tim idus were grouped as

Table 2. Results of logistic regression analysis on the effects of group 
membership (Control/Public) and reported annual mileage on the like­
lihood of a return to our questionnaire reporting at least one animal-vehicle 

collision. Collisions were reported in 531 of the 705 returns.

&lsquo;hares&rsquo;. Reports on collisions with reindeer Rangifer  
tarandus (N = 5), fallow deer Dama dama (N = 2) and 
red deer Cervus elaphus (N = 1) were excluded from fur­
ther calculations due to their small sample sizes.

Among the nine species or species groups included 
in the analysis, mean collisions frequencies per species 
or group ranged from  0.07 incidents per million kilo­
metres driven in m edium-sized mustelids to 1.11 col­
lisions per million kilom etres in hares (see Table 3). If 
extrapolated to the total road kill during the mean ref­
erence year 1992, these estim ates accounted for 1-12.5% 

of the assessed population sizes. The ratio o f road 
kill to annual gam e bag ranged on average from 7% in 
medium-sized mustelids to 97% in badger.

Mean collision frequencies were not constant over time 
but changed with the length of the reference periods, 
resulting in generally higher estimates o f the national 
road kill as the maximum period length decreased from 
40 to 10 years. In three o f nine species (badger, hares 
and roe deer), the M CF-values increased significantly 
as the number o f reference years decreased (R2 >  0.19, 
F 1,30 >  6.60, P < 0.0156; significant in a sequential 
Bonferroni-test). In badger, red fox, hares and roe deer, 
the changes in the M CF-values correlated w ith the 
changes in the average annual gam e bag for the corre­
sponding reference periods (adjusted R2 > 0.375, F 1,35> 
22.6, P < 0.0001; significant in a sequential Bonferroni­
test). The M CF-values also correlated with moose har­

Table 3. National estimates o f the total number o f animal-vehicle collisions in Sweden in relation to game bags and estimated population 
sizes during 1992. Collision estimates are based on 705 drivers’ reports, referring to a total o f 243.59 million kilometres driven between 
1960 and 2000, with 1992 as the mean reference year. Mean frequencies o f collisions per million kilometres driven (MCF) are extrapolat­
ed to national road kill estimates by multiplication with the total mileage driven in Sweden in 1992 (65.28 billion kilometres). Game bag 
statistics and population estimates derive from The Swedish Association for Hunting and W ildlife Management (Anon. 1992).
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Figure 1. Change in ratio between the estimated road kills in Sweden and the average game 
bag (with 95% C.I.) in relation to the length of the reference periods covering the past 40 years 
(1960-2000). In badger and hares, the ratio increased two-fold as the maximum number of 
reference years decreased from 40 to 10 years.

vest data, but to a lesser degree (adjusted R2= 0.123, 
F  1,35= 6.1816, P < 0.018). In badger and hares, however, 
the increase in the M CF-values was faster than the in­
crease in annual game bags, causing the ratio of estimated 
national road kill to the annual harvest to multiply (Fig. 
1). A lso in the rem aining species, the m ean ratios 
increased, but the changes were not significant.

To test for large-scale spatial correlation between 
collision frequencies and harvest statistics, we compared 
county M CF-values with county game bags per square 
kilom etre during the mean reference year 1992. In roe 
deer (R2 = 0.264, F 1,20 = 7.18, P = 0.0144) and moose 
(R2 = 0.319, F 1,20 = 9.372, P = 0.0062) the correlations 
were significant, but this was not the case in the other 
species. County MCF-values for roe deer also correlated 
with differences in the average number of police report­
ed deer-vehicle collisions per county and kilom etre 
during 1985-1999 (R2 = 0.504, F 1,20 = 20.317, P = 
0.0002). In moose, the trend was similar, but it was not 
significant (R2 = 0.147, F 1,20 = 3.447, P = 0.0781).

Discussion

Extent of collision mortality and effects on 
population dynamics
Seen from an individual driver’s point o f view, vehicle 
collisions with large and m edium -sized m ammals are 
relatively rare events. According to our survey, an

average driver may experience one 
collision with any one o f the eleven 
species o r species groups listed in 
Table 3 during 15 years o f driving. 
The average odds of colliding with a 
m oose in Sweden may be as low as 
one in 357 years o f driving or one per 
6.6 million driven kilometres. Colli­
sion with a hare is more likely, al­
though it may still take one million 
kilom etres o f driving to experience 
such an accident. Seen in a national 
perspective, however, anim al-vehicle 

collisions are rather common. On 
an average day, about 12 moose and 
68 roe deer collisions are officially 
registered by the Swedish police, and 
these collisions make up more than 
60% o f the daily number o f all police 
reported  road accidents (Seiler in 
press). About half o f all respondents 
to our questionnaire reported colli­
sions with large and m edium-sized 

m am m als, yet m any m ore reported collisions with 
smaller mammals, birds and other vertebrates (which 
we did not ask for specifically), or they described &lsquo;near&rsquo; 
accidents. Animal-vehicle collisions, especially those 
involving large mam m als, are often traum atic inci­
dents and are therefore well remembered by the driv­
ers, although they usually produce only m inor damage 
to the vehicles and seldom  cause physical injuries or 
death.

For the animals involved, on the other hand, road acci­
dents are almost always lethal. Earlier Swedish studies 
suggested that road accidents are lethal for >  80% of all 
moose and 94% o f all roe deer (Almkvist, André , Ekblom 

& Rempler 1980). For smaller species, the chance 
o f survival is probably even smaller. Our data indicate 
that 7 ,000-13,500 m oose, 43 ,500-59,000 roe deer, 
63,500-81,500 hares, 22,000-33,000 badgers and 6,500-12,500 

red foxes may have been killed on Swedish 
roads during 1992 (95% C.I.). Furtherm ore, addition­
al collisions with small mammals, birds and other verte­
brates occur. According to Svensson (1998), the road 
traffic in Sweden probably kills one bird per 10,000 vehi­
cle kilom etres which would equal 6.5 million traffic-killed 

birds during 1992. Overall, our data indicate that 
the number of collisions with animals is primarily a func­
tion o f how much a person drives.

O ur study suggests that in several o f the com monly 
occurring m am m al species in Sweden, road traffic 
causes an average loss of 1-12% of the estimated popu­
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lation sizes, approxim ating 10-100% o f the annual 
game bags. W hat does this imply? To evaluate the im­
portance of road mortality to a species, it must be relat­
ed to the population size, growth rate and other sources 
o f mortality. As a rule o f thumb, the larger the propor­
tion o f road kills is of all deaths, the more likely it is that 
traffic is a &lsquo;key factor&rsquo;, unless the road m ortality is 
com pensated for by increased survival or fecundity of 
the remaining individuals, or mainly influences the al­
ready 'doomed surplus' (e.g. Southwood & Henderson 
2000). Thus, in game species such as the moose that are 
mainly regulated through hunting (Sylvén 2003), our esti­
mated proportional road traffic loss of 4-5%  of the 
population is likely not influential at the population 
level, but it may still locally restraint the allowable 
harvest o f the species (e.g. Seiler in press). D eer road 
mortality in Europe is com monly regarded rather as an 
econom ical and traffic-safety issue than an ecological 
problem  (Groot-Bruinderink & Hazebroek 1996).

Species that are especially exposed to road traffic are 
typically wide-ranging habitat generalists, whereas spe­
cies that are sensitive to road mortality are long-lived 
and slow reproducing (Verkaar & Bekker 1991, Forman, 
Sperling, Bissonette, Clevenger, Cutshall, Dale, Fahrig, 
France, Goldman, Heanue, Jones, Swanson, Turrentine 
& W inter 2003). Such behaviour and life history traits 
are com bined in the badger (Anderson & Trewhella 
1985, Seiler, F indström & Stenström 1995) and the 
hedgehog (Huijser 2000). Indeed, road traffic is con­
sidered the largest single cause o f death in British and 
Dutch badgers, charging > 20% of the population and 
being responsible for a decline in several local popu­
lations (Harris, Cresswell, Reason & Cress well 1991, 
Van der Zee, Wiertz, Terbraak & Van Apeldoom 1992, 
Clarke et al. 1998). W e estim ated a com parably lower 
mortality rate due to road traffic (11%) among Swedish 
badgers, but the rate seems to be increasing and, due to 
strong regional differences in badger habitat and dis­
tribution (Bevanger & Lindström  1995), the effect on 
marginal populations may be more pronounced than sug­
gested from the national average (A. Seiler, unpubl. data). 
In hedgehogs, road traffic probably kills up to 26% of 
the Dutch population (Huijser 2000) and up to 19% of 
the Swedish population (Göransson et al. 1978), with 
local impacts substantially affecting both population re­
cruitm ent and survival.

Methodological considerations
O ur data are rough estimates and only give a very sim­
plified picture of the road mortality in Sweden. Our esti­
m ates o f the national road kill in Sweden are based on 
only 0.37%  o f the total m ileage driven by all vehicles

in Sweden during the mean reference year of 1992, which 
means that each collision report must be multiplied by 
factor o f 268 to produce national road kill numbers. As 
our questionnaire was distributed mainly electronical­
ly on the Internet, people without access to the Internet 
may not have had the possibility to participate in the sur­
vey. Also, we primarily addressed people with special 
interest in wildlife or traffic, such as hunters, field biolo­
gists or colleagues from universities and other official 
authorities. Thus our sample is not representative for the 
entire Swedish hum an population. N evertheless, it 
seems unlikely that these groups o f people experienced 
a different risk for animal-vehicle collisions than the 
Swedish average driver. M ore importantly, however, 
people who have experienced collisions with wild ani­
mals may have felt more encouraged to reply to our ques­
tionnaire than those who have not. W e therefore expect­
ed the returns to be biased towards a higher proportion 
of positive answers, but we did not find any differ­
ence in the ratio o f positive to negative answers, nor in 
the driven mileage or the length of the reference peri­
od between public returns and controlled replies. The 
mean annual mileage driven per respondent was sim i­
lar among the groups and close to the national average. 
In addition, the distribution of public replies on coun­
ties reflected the variation in the num ber o f inhabi­
tants per county.

Another potential bias in our data derives from the fact 
that the respondents were free to choose their individual 
reference period. Although we specifically asked for an 
independent definition of the reference time, we can not 
exclude that the onset of this period may still have been 
influenced by the first well remembered accident. If 
this was the case, the individual collision frequencies 
would have been overestim ated. M ore im portantly, 
however, it appears that the risk that people who referred 
to especially long reference periods may have forgot­
ten incidents that occurred a long time ago, especially 
if these collisions involved only small animals. This 
would lead to an underestimation of the collision fre­
quencies and may partly account for the inverse rela­
tionship observed between the M CF-values and the 
length o f the reference period in some species. However, 
the observed correlations between game bags as indices 
o f population trends and M CF-values indicate that the 
increase in MCF-values may actually reflect an increase 
in animal abundance. For example, a strong correlation 
between deer density, deer harvest and deer-vehicle 
collisions has been observed by several authors (e.g. M cCaffery 

1973, Groot-Bruinderink & Hazebroek 1996, 
Seiler in press).

Despite various potential sources of bias our results
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appear reasonable in comparison with other independent 
road kill estimates for Sweden. For example, Göransson 
et al. (1978) conducted intensive field inventories o f road 
kills in southernm ost Sweden during 1973-1976 and 
extrapolated their findings to produce national road 
kill estimates. Since their study, the road traffic has in­
creased by 50%, and it seems reasonable to assume that 
road mortality has also increased in proportion. To ob­
tain comparable road kill estimates for this earlier peri­
od, we extrapolated our MCF-values from 1992 with the 
total m ileage driven in Sweden during 1974 (46.4 bil­
lion km; Edwards et al. (1999)). Provided that the mean 
collision frequencies were similar during Göransson et 
al.’s (1978) study and our survey, our data would sug­
gest a nation-wide road kill o f 14,000-21,000 red squir­
rels, 5,000-9,000 red foxes, 5,000-10,000 hedgehogs, 
15,000-24,000 badgers and 4,000-9,000 rabbits during 
1974. Assuming that the ratio o f road- killed brown hares 
to mountain hares is sim ilar to the ratio in the hunters’ 
harvest (50.2% during 1973-1976), then our survey 
suggests a road kill o f 17,000-22,000 brown hares in 
1974. These figures are in good agreement with Göransson

 et al.’s (1978) estimates o f 24,000 road killed 
brown hares, 21,000 red squirrels, 10,000 red foxes and 
5,000 hedgehogs. Conversely, Göransson et al. (1978) 
estimated that only 7,000 badgers and 41,000 rabbits 
were killed on roads annually. Göransson et al.’s (1978) 
high figure o f rabbit casualties is probably biased by the 
geographical location o f their field study in the south­
ernm ost part o f Sweden; their estimate o f the propor­
tional road traffic loss (2.7-10.3% of the total rabbit popu­
lation) is rem arkably close to ours (3.8-7.9% ). The 
only striking divergence between the results reported 
by G öransson et al. (1978) and our study is the esti­
m ate for badger; our estim ate o f an overall road traf­
fic loss o f 8.7-13.3% of the population is 4-6 times high­
er than the estimate of Göransson and his co-workers.

Another independent road kill estimate derives from 
police reported ungulate-vehicle collisions. Almkvist et 
al. (1980) suggested that police records of collisions with 
m oose and roe deer represented about 39% o f the true 
number of incidents during the late 1970s. If this applies 
to 1992 as well, there were about 55,000 collisions 
with roe deer and 11,500 accidents with moose in Swe­
den (based on 21,534 officially registered incidents 
with roe deer and 4,596 accidents with moose). Our esti­
mates of the nationwide collisions with moose and roe 
deer closely fit these estimates.

Independent road kill estim ates for badger were ob­
tained from mark and recapture studies at Tovetorp 
(Ahnlund 1980) and Grimsö W ildlife Research Station 
(Erik L indström , unpubl. data). In both areas com ­

bined, road traffic was responsible for an average of 34% 
of the known deaths (N = 38), com pared to a 45%  loss 
due to hunting. If these two studies are representative 
at a national level, badger road kills should approximate 
% o f the annual game bag. O ur estimate o f the nation­
wide road kill in badger indeed ranges within 77-118% 
o f the official harvest.

Conclusion

For most species included in our survey, the level of 
nationwide road mortality does not appear to be a threat 
to the survival of the species. Yet, the impact is likely 
to vary between regions and, locally, road mortality can 
probably be a significant problem, if not to the survival 
o f a species then to its management. To what extent road 
density or traffic volume may actually limit population 
growth in wild mammals, and how this may depend on 
circumstances, are matters to be further investigated. For 
this, more accurate estimates o f road kills and popula­
tion sizes are needed.

Our results indicate that drivers’ questionnaires can 
be a practical and inexpensive way of assessing road 
mortality at a large scale. To improve the statistics, re­
ference periods should be standardised and shortened 
(e.g. to one year), and driven mileages should be report­
ed more exactly than what was possible to obtain in our 
study. W e agree with e.g. M cCaffery (1973), Case 
(1978), Göransson & Karlsson (1979), Rolley & Lehman 
(1992) and Loughry & M cDonough (1996), who re­
com m ended using road kill indices for the monitoring 
o f large and medium-sized mammals.
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