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Abstract

In wesicm Europe hedpehogs are frequeatly killed by traffic
One of the reasons u reduction of the number of traffic victins is
desirable is because of possible negative effects on (local)
populations. We discuss four methods which quantify the flects on
populations, using. the hedgehog as an example, Two of these
methods (e seasoning based on available knowledge and
determining the relativg importance of traffic. mortality through
rdio-telemetry or capture-mark-recapture  studics) are not
recommended because they can be unprecise, subjective, do not
sddress the variables that really matier, have no general validity, or
0 methad estimatcs the
& relai 1 d in
voad- nd control plots, while the fourth concerns a future model in
which the effcct of usffic mortality s related to the survival
probability of a (local) population. The third and fourth method do
not have severe drawbacks but can not be conducted without
detailed knowledge on the ecology and population dynamics of the
species concemed, Furthermore & model may provide key factors
which may prove valuable in the process of mitigatign, Finally a
method is presented o investigaie the prospects for the reduction of
hedgebog trafTic victims. The composition of the lndscape in o zone
adjacent 1o a road is related 1 the location of hedgehog traffic
victims. If (strong) elations are found, adaptations of the landscape
combined with wildiife passages may follow,

Introduction
Throughout their range in western Europe hedgehogs
{Erinaceus europaeus) are frequently killed by waffic. Hedgehog
wraffic victims are easily recognized because of their ¢haracteristic
spines and have become a classic example of the animal - car
conflictin this part of the world. Minimum estimaies on the number
of victims per kilometre 10ad per year vary between 0.3 and 2.9
itable 1), In the Netherlands, a country characierized by one of the
highest road densities in Europe (Vos & Zonneweld, 1993),
hedgehog traffic vietims oceur throughout the country (figure 1)
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Teaffic mortaliy is just onc aspect of the impact of ronds and
waflic on animal populations. The Dutch Ministry of Transpor,
Public Works and Water Management distinguishes four major
catcgories for habitat fragmentation eflects (Anonymous, 1995a)

1. Loss of habitat (due 1o the space roads and related objects
take)

2. Reduction of habitat quality (noisc, visual, pollutants)

3. Barier effect (roduction of contact between individuals on
«ither side of a road, diminished dispersal)

4. Wounded and dead animals (wraffic, but also s a result of
meowing of rosd side verges or other activities)

Itis important to be aware of the full spectrum of the effects of
roads and raffic when interpreting the results of studies that address
Just one aspeet. This applies 1o this paper t0o: here we fosus on
wraffic victims,

Animal - car collisions need 10 be prevented or reduced for
many reasons from both the animal and human perspective, The
greatest attention is usually given to (large) species that may be
threat t0 human safety (e.g. ungulates (Groot Bruinderink &
Hazebroek, 1996)), and specics that may suffer negative effects on
populatiens, particularly those that are (already) at risk of local,
regional or absolute extinction (¢.g. badger (Meles me les) (Lankester
etal, 1991)). In case of the hedgehog, the most important reasons
for the relatively great number of studies sddressing its relation to
traffic mortality, seem (o be the intrinsic value of the snimals and the
abundance of the victims, a possible ncgative effect on (local)
populations and a rather subjective but strong public sympathy for
this species ery suitable
since it is relatively common and easy to handle.

Preventing or reducing traffic mortality is not simple (o
achieve. The primary causc, car traffic, is still very much at the
increase {Anonymous, 1995b). A drastic reduction of traffic
intensity seems impossible to realize in the near future. Therefore
mitigation and compensation sccm the only ways through which
waff i i

&flcts of roads and traflic on lindscape and specics arc 30 varied
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and numerous, priorities e set as to which species or what effects
will be mitigated or compensated for

As we have pointed out already, 2 negative effect on animal
populations is considered one of the most imporant parameters on
which such priorities should be set. In this paper we discuss four
methods through which the effect of traffic martality on animal
populations ean be detcrmined, using the hedgehog & an example
Finally we present n method we use 1o investigate the prospects for
mitigation

Effects on Populations

There are several ways in which the effects of raffic mortality
on (hedgehog) populations can be detcrmincd, We will discuss four
methods:

1. Reasoning. Mammal species that seem to suffer most from
habitat fragmentation in general, and waffic und roads in specific,
we those thad have low populution densities, low reproduction
capacity, large home ranges (panticularly when also territorial), low
dispersal rates, & stong preference for elimax ecosystems,
specialized feeding habis, slow movements, and species which are
strongly auracted o rouds and road-side verges for food or othes
reasons (Cuperus & Canters, 1997, Van Apeldoom, 1994, Van
Apeldoorn & Kalkhaven, 1991, Whitcomb et al., 1981), Although
these characteristics e almost never quantified all we can confirm
o the hedgehog is that this species has relatively great home ranges
(several tens of heetares (Keeve, 1994)) and that they may be
antracted 1o road-side verges by the presence of food (mainly
invertebrates). On the other hand, hedgehogs have relatively high
population densities (in small scale sgricultural landscapes 21179
animals 100 ha' have been repartcd), high reproduction capucity
(temales may stant reproducing after their first hibernation with, in
north-westem Europe, one litter per scason and i mean littr size of
45 young), wre non-territorial, usually move several kilometres on
& night during the summer months, oceur in o broad range of
landscapes, have a considerable variety in diel, are capable of
and even up until twice this
speed as o recorded maximunm, and they avoid roads, wt least the
pirved parts of i (Bontading, 1991; Doncasier, 1994; Morris, 1977,
Reeve, 1994, Wroot, 1984). Furthermore, $9-80% of the uaffic
victims are males thai have survived af least one hibernation

i . 1976, Niewold, blished g
1990). Furthermore hedgehogs have u rclatively long mating season
N Sep and ase (Reeve, 1994) Based
on these ficts, one could state that the effect of iraffic mortality on
hedgehog populations is unlikely 1o be severe: the animals that are
Killed are mostly male, and the remaining females are likely 10 get
pregnant anyway. Since no new field work is undertaken this can be

distinguish between technical prodlems with the tansmitier,
violent death of the animal that may have destroyed the transmitier
as well ¢ . wraffic victims), the blocking of transmitter signals (c.g.
rabbit burrows, concrete floors of sheds) or dispersal. Therefore a
broad range in the values for the percentage of total mortality may
occur, especially when the study period is long. Anather point to

ke i ion is that i ane
particular site which is mt best a case swdy duc o specific
characteristics (e.g. traffic intensity, road density, size of sudy ares)
and chance factors {e.g. the number of traflic victims on a short
stretch of road),

Another way 10 determine the relstive impontance of wraffic
montality is by means of & capturc-mark-recapture (CMR)
experiment (Begon, 197%), combined with an intensive check for
waffic victims i the same study area. Apart from relating traffic
‘meortality 10 total losses (mortality and dispersal), s CMR stwdy also
allows for relating the number of waffic victims 1o the estimated
population size (table 2). A CMR study can and shauld last at least
one year ta cover all stages in the life cycle of the individuals,

occur in meeti MR model
that is selected and the fact that . CMR study can be very labour
intensive. Finally, n CMR study suffers from the same limitations in
space {often ane study sitc) and time {one year, maybe s lttk longer)
us & radio telemetry study docs, but is generally based on more
individuals

3. Effect on population size. The number or percentage of
traffic victims may not have a measurable effect on population size
Other factors (c.g. reproduction, immigration, dispersal) may
dominate population fluctuations. $o, it 1s not the percentage of
tuffic mortality, but rather the effeet it has on population size (or
density) which is of inicrest. We addressed this question by
comparing in pairs of rosd

ulso Reljnen f al., 1995). In these plots we determincd relative
hedpehog densities by means of the presence or absence of foat
prints in feeding stations that were located throughout the plots, The
plot pairs were locaied close to one another (0.4-1.4 kilometres
distance) and had similar landscape characteristics. Although ot
statistically significant, we found 30% less tracks in road plots. The
observed reduction in papulation density is likely to be caused by
wraffic mortality, ahthough the possibility remains that snother road
o waffic related factor is involved, This meihod directly measures
the effcts roads andior traffic have on population size. The rcsults
allow for statistical fests, and are founded on numerous sites (equal
tosample size). Depending on the technique and sample size  study,
like this can be conducted in a relatively shor time period (several
months). It is important 1o note that ssmple size can have s great
influence on the outcome of the statistical analysis. This can be

arelatively quick and cheap method. However, it is
essential snformation is available or adequately quantified. The
ill therefore
lead to unprecise answers and conclusions thal are not supported by
statistical analysis.
2. Relative importance of wnaffic monality. The relative
ipor wraffic mortality me hether traffic mortality
isa Tactor or not, The i
expressed in terms of percentage of total mortality or can be related
0 population size, Some studics deiermined ihe relative importance
of hedgehog traffic mortality as a ‘side-product’ of o study that
involved the use of radia telemetry (table 2) This method cnables
‘one to monitor the fate of individuals. The drawbacks of this method
are numerous, The results usually suffer from small sumple sizes
(oflen just several tens of individuals) while loss or failure of the
transmitiers and animals dispersing out of the study arca cause
further reduction. The batieries dictnte & relatively short study
period, ususlly not more than a couple of months. A time period as
short as this may not lead to meaningful results: hedgehogs may
expect 1o reach the age of -6 years (10 a the most) (Reeve, 1994)
f they survive their first winter and have @ small chance of dying
within onc or two manths. Furthesmore it may be impossible 1o

by wpower analysis. In
anulysis showed that our sample size was too small to allaw for the
deection of an effect of 40% o less,

4. Effect on population survival, Again we may not be

i whether roads negative effect on

population size. It could be argued that it is far more relevant to
know whether (local) papulations are at risk of extinction [Van
Apeldoom, 1955). This could be tested using a model in which the
effects of affic intensity and rosd density on population size for
survival probability) are determined. The results of this analysis
should indicate 10 what extend traffic mortality leads 16 the
extinction of (local) populations, and wheiher such waffic intens
and road densities occur in reality or are within the range of
prognoses for the nearby future, We have not yet developed such a
model for the hedgehog, but other studies (e.g on the badger
(Lankester etal., 1991) have demonstrated thal this approach can be
& valuable management tool, The advantages of such a model lie in
o direct insight in the effect on the survival probability of
populations. Problems may accur in selecting &n appropriate model
and inis e values for
IMthe latter i the case, extensive field studics may be required before
the model can be run
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‘What Makes A Good Method?

s we have demonstrated above there are several methods
thiough which the effect of waffic monality on (hedgehog)
populations can be quantified. Each method has its pros end cans,
but some of these characteristics are more imporiant than others.

Direct Measure of Impact

The effect of waffic mortality on an animal population is a
rather gencral concept, One needs 10 be more specific in order lo
‘obtin the results one may or should expect. The results should be
directly related 1o the effect on parameters like population size,
populstion structre or survival probability. The first methed
{reasoning) and the third and fourth (the effect on population size or
survival) allow for this type of results. The second method, the
percentage of taffic victims, produces resulis that may not be
directly related to the population sl all, but rather to mortality factors
themselves. On the othes hand the effect we deiermine may not be
coused by uaffic monality alne bul may (panly) originate from
possible effects of roads and waffic on ¢.g. habitat quality. This
holistic character may not necessasily be a problem. On the contrary,
the habital fragmentation effects of 1oads and waffic were split into
fous roups (see introduction) 1o be able to deal with the complexity
of the problem

Quantitative Criteria
Regardiess of the way one chooses to determine the effect of
are insuflicient |
action should follow 1o reduce the number of iraflic vickims, Criteria
are esscntial since it has 1 be decided whether the effects are severe
enough 1o ustify mitigation or compensation, To prevent subjective
o incons istent interpretation of the results, these criteria should be
set before the actual study is conducted. For all four methods
discussed abave, some sort of criteria can be set, These can be either
qualitative (reasoning) of quantitalive (percentage traffic victims,
effect on population size or survival). However, if u priority
sequence must be given us to which specics should be mitigated or
compensated for, quantitative criterin are betier suited than logi
(yes/no) criteria

Testing Hypotheses and G
Having specific criteria is one thing, but there is often some.
degree of uncertainty in the results. To prevent misinterpretation, a
hypothesis and appropriste statistical tests me necessary, The
‘methods of reasoning and percentage of traffic vietims are o very
suitable for such an analysis, Apart from rejecting or acoepting &
hypothesis, one is also interested in obtaining conclusions that have
peneral validity. Studies that are conducted on one location may be
influcnced by the specific character of thut study arca and chance
factors cour the methods that
effccts on population size and survival probability.

W hink the 1w best ways 0 deermine the ffectof raffic
monality
population size or on survival mnhnblhly nm m:mod.a we m«i
on a dircet effect on the poy the option of seuing
quandisdve ertera, sow fof the n:snmn nfnrpolhmx and their
conclusions have general validity. However, if the effect on
population size is great, and if the population density was high 1o
begin with, many animals may remain after all. Therefore a method

p of 2 population and the
way it is affeeted by traffic mortality or roads and traffic in gencral,
has our preference. Furthermore, if a sensitivity analysis would be
performed for a populstion survival prabability model, key variables
may be identified which could have a direct relevance for mitigation
and compensation.

Prospeets for Mitigation
Our pairwise comparison of relative hedgehog densities in
road- and control plots indicated that soads and/or traflic may lead

10 30% reduction in population size. However, this is not the only
reason why one may wish to reduce the number of (hedgehog) uaflic
victims (see inuoduction). Te achieve s reduction in uaflic
‘moriality, one has several options. Putting up an impermeable fence
on both sides of  road is & very straight forward way to do this
However, this method has severe disadvantages since an increased
bartier effect of the road inevitably follows. T reduce both Uaffic
victims and the barrier effect, fences ¢ often ccompanied by
wildlife passages under or over the raad (Oord, 1995). Since
negative effccts of fences will remain and other species, which may
ot use the passages at all, will also he affected, altematives should
be Jooked for We investigate an alicmative which involvcs &
of adaptations i th th

wildlife passages.

‘The prospects for altematives to fencing become brighter ifthe
wraffic victims occur in high conceniratians on certain olspots’ or
when the location of traffic victims is strongly related 1o lundscape

occur and can be localized, a passage and limited rmcm‘ or other

the direct

sufficient However, we found no. evlﬂtl\nt for hnlspuu in 100 m
units in a preliminary check on three roads which were monitored
for hedgehog taffic victims (figure 2). The traffic victims seem
widely scatiered but their distribulion is not necessarily random
They may be strongly related 1o specific landscape characteristics
1f1his s the case, landscape adaptations on o greater scale may be an
option. The greater pan of o zonc along both sides of & road may be
wansformed into an unatractive habitat, while the animals may be
guided to wildife passages by landscape elements that are attractive
1 them (Figure 3). Although the effect on population parumeters is
still unknown, the use of scveral types of wildlife passages (c.p
culverts, underpasses and overpasses) by hedgehogs has wready
betn eonfimod (Ninwenhulzen & Vi Apebdoors, 1934; Oor
1995), The may play
role in determining the effect of such mm.mm mieasures on the
survival probability of the umn population:

10d polnted out
spe amount of thertme (smm hedgerows or in o five metrc

these habitat ypes posmvcly Forests, grassland, arablc land and
premises were nvoided 10 a certain extend in the small scale
agricultural landscape of the study site, Therefore we expect sites
characterized by the proximity of hedgerows or o forest’s edge o
show most hedgehog traffic victims

Volunteers monitored the presence and location of hedgehog
waffic victi timated 600 km rosd 1995 and
1996, They spotied 4950 hedgehog traffic victims. The location of
the victims was determined in 100 m units corresponding with the
numbered hectometre 31gns along the side of the roads, If these signs
‘were absent maps were used (scale 1:25.000). We described the
landscape along these monitoring routes in the same 100 m road
Tength units which enables us to make & link 10 the observed number
of uaffic victims, Most of the registered variables. concemed
landscape characteristics of a zone adjacent to the roads. The
iables fall within one of three main groups

We expect 10 find a positive effect of hedgerows and forest
edge’son uh:numbaornodgehoguumvmm(u more victims).
4 hypothese for the

ot arisbiag tlso, which mey provide us with additional
jge that can be used in the practice of mitigation.
Unfortunately the data were not yet analyzed when this pager was
written. However, if the results indicate we may expect positive
results of & combination of wildlife passages and adaptations of the
landscape, we still need 1o test this in practice. For instance, we
could expericnce problems when wildlife passages are also used by
badgers since hedgehogs were shown 1o avoid siles tainted with
badger odour for a number of hours (field) up 1o several days
(enclosure) (Ward et al, 1997). Apan from thar landscape
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adptations hould be evaluaied for their efiect on other specics
bicfore they are camied oul an a large scale

Conclusion
The

Hodson, N.L. 1966. A survey of road mortality in mammals (and
including data for the grass sneke and cammon frog), Journal
of Zoalagy Landon 148: 576-579.

Hnus:r MP PUM. Bergers, BLA. Nolet & LT.J. Meuwissen

5 1o quantify the mortalit
itions. The methods and results that can be
Therefore it is imporiant to specify in which
way one wants to hove the effects quanificd, We conclude that

obtained thiough reasoning based on avalable knowledge o studics
conceming the relative importance of traflic mortality, However,
studics on the effect on population size o1 survival probability can
not be conducted unless the ¢cology and population dynemics of o
species are suliciently known. I is through extensive field studies,
which may not always address the heart of the problem in the best
way, that such valuable data can be ohined. If the effects an
survival probability of a population are obtained through & model,
key factors may be identificd which could prove 10 b relevant for
mitigation
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Tab
minimum number of hedgehog traffic victims per kilametre road per year in various parts of westérn Eurape.

No. victims
Source Location ko yrt
Berthoud (1980) W Switzerlnd 0308
Keymer ctal (1991) SE Great-Britain 0521
Reichhol and Esser (1981) SE Germany 0610
Jankers and De Vrics (1977) Cenral Netherlands 08
Meijer and Smit (1995) SW Netherlands [REN]
Goransson et al. (1976) S Sweden 17
Garnica and Robles (1986) N Spain K]
Hodson (1966} S Great-ritain 23
Heinrich (1978) NW Germany 29
Table 2
Relative impartance of traffic mortality. For radio-telemetry studies the range in the percentage traffic mortality of total losses

was calculated according to minimum = (MAM+U)) and mpximum =
unimals, U = no. of animals whose fate Is unknown). Sample size is
mark-recapture studies the percentage traffic mortality of the e

M/M) (M, = no. of ¢

€ umber of animals that carried & transmitter, For capture-
wted total losses was caleulated for yearly periods, s w

percentage traffic moriality of the (mean) of the estimated population size. Sumple size is the number of marked animal

% Traffic 1 % Traffic 1 Sample
of total losses i size
Radio-ielemeiry
Doncaster (1992)" 3349 30
Doncaster (1994)' 172 s
Johansen {1995) 2333 "
Caprure-mark-recapuure
Goransson et al. (1976)° 1 172 2327
Huijser etal. (1997)" 10-13 %12 65
Knstiansson (1990)" 1183 224 20
Reeve (1981)* .18 015 103

! Animals tniroctuced to new enviromment
7 No insight in nature of analysis

” Excluding juvemles

* Combined with radi-telemerry
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Table 3
wcierisics and the way they were measured
(see also Fig. 4).

Main groups of landscape ch

Parsmeter
ype

Procedure

Distance

Percentage

Perpendicular

If the landscape element was presert within the section (<. . 12,65-12.75 (sce fig. 4}, the shories! distance was
measured from the edge of the pavement w the lndscap element with » maximum of 1

If the landscape element was not present within the section, but was present within a radius of 100 m from the
edpe of the section, the shertest distance was measured from the edge of the pavement on the edge of the section
(e.g point location 12.65 or 12.75) 1o the landscape clement with a maximum of 100 m,

Percentage of road length  landscape clement was present within a section (e.g. 12.65-12.75). Fxamples
= nol present within  section
100 = for 100% present an one side of the road, or the sum of both sides is 100%
200 = for L00% present on both sides of the road

I the landscape characteristic is linear by nature, it was noted whether it was (also) siwated perpendicular to
the road o nol (¢ither within the section or in one of the adjacent sections within a 100 m radius from the edge
of the section concermed
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Figure 1.
Preliminary disiribution of hedgehog traffic victims (1995-1996) in the Netberlunds as reported to the VZZ. Most of the white
areas are likely to result from a Iack of observers, and not because of an absence of traffic victims.
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Figure 2.
Frequency distribution of hedgehog traffic vietims on three road stretehes feach 28 ki) dived in 100 m. sections. The rouds were
monitored during (parts) of 1995 and 1996. A. Gieten-Groningen, b. Lelystad-clburg, <. Rilland-Goes.
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Figure 3.

 habitat unattractive to bedgehogs in combination with passeges o
are guided by attractive landscape elements. .

Schematic transformation of a zone on both sides of  roa
which the snim;
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Schemaiic road, the divisic

100 m

inta sections (eg. 12,6512,

12.8

12.7

Figure 4

and the radius (r=100 m) in an adjacent se

determine the shortest distance of a landscape characteristic to the road (see Table 3).
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