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GENERAL INTRODUCTION 



ROADS AS AN ENVIRONMENTAL PROBLEM 

Roads have long been used by man for the movement by foot and by animal-drawn 
vehicles. The introduction of motorized vehicles in the beginning of this century, 
however, has changed this transport system dramatically. The enormous increase of 
motorized traffic and the greater scale of movements, resulted in a strong expansion of 
networks of main roads with high traffic densities. In The Netherlands, the length of 
highways has extended from 87 km in 1938 to 2600 km in 1991 (CBS 1980; Anonymous 
1993a). At present traffic densities on these roads vary from 10 000 to more than 100 
000 cars per day (Anonymous 1992). 

These developments have caused growing environmental problems. Main roads make 
great demands on the available land area and enlarge the degree of fragmentation of the 
landscape (e.g. Nijland et al. 1982). The dense car traffic is a major source of air and 
noise pollution. It is well known that emitted gases contribute significantly to the 
phenomenon of 'acid rain' (RTVM 1989), which causes a widespread deterioration of 
habitats (Bink et al. 1994). Noise pollution is restricted to zones adjacent to roads. 
However, the total area that has a significantly increased noise level due to car traffic 
can be very large. In The Netherlands, for example, the area that has a noise load of 
more than 50 dB(A), which is used as a threshold for man, covers about 8% of the total 
land area (Anonymous 1991). Furthermore, car traffic kills enormous numbers of 
animals annualy (Jonkers & De Vries 1977; Van den Tempel 1993). As a result, there 
is now much attention on and concern with the effects of traffic and roads on the natural 
environment (Nijland et al. 1982; Leedy & Adams 1982; Bernard et al. 1987; Ellenberg 
et al. 1982; Bennett 1991). 

This study meets the requirements for further research on the fauna near roads. 
Breeding birds were chosen because there are several indications of significant effects. 

ROADS AND BREEDING BDIDS 

To discuss the impact of road systems on breeding birds it is useful to distinguish 

between effects related to habitat transformation caused by imposing roads on the 

landscape and effects related to the human activities upon the road. 

Habitat transformation 
The direct effect of the construction of roads is loss of habitat. In particular, when roads 
have been constructed through areas that are important breeding sites, this may cause a 
major impact on local population size. For example, Ferris (1979) estimated that each 



kilometre of a four-lane section of a highway in Maine, USA, destroyed an area that 
would support 130 pairs of breeding forest birds. Moreover, a reduction of the 
population size may increase the risk of extinction. This effect might be reinforced by 
habitat fragmentation and lead to regional extinctions (Opdam et al. 1993). 

However, because roads change the landscape structure, one can also expect some 
secundary negative as well as positive effects. When woodland is crossed by roads, 
increase of edge habitat will on the one hand cause a decrease of interior species but on 
the other an increase of edge species (Ferris 1979). Furthermore, road side habitat might 
favour movements of species along the direction of the road. If such corridors connect 
different habitat patches or feeding and breeding sites, this could have a positive effect 
on several species. Also, it could lead to local or geographical range expansion. 
Although both corridor effects have been observed in some species (see review of 
Bennett 1991), their dimensions greatly depend on the existence of suitable habitat in the 
road side. In The Netherlands, if one restricts oneself to the system of main roads, these 
effects will not be important in breeding birds. Most of the road sides are rather narrow 
and consist of grassland, which is a habitat type poor in species and which will not likely 
give cues for home range movements and dispersal. However, because of the relative 
large numbers of voles and mice (Van der Reest 1992), the road sides provide suitable 
feeding grounds for predators, such as kestrel Falco tinnunculus L. and owls. 

The road per se can also act as a barrier for animal movements. In breeding birds, 
however, this effect is probably not important, because of the relative mobility and the 
spatial scale of the movements (see e.g. Bennett 1991). 

Road use 
The most eye-catching effect of road use is death of birds due to collisions by cars. 
Owing to the strong increase of the traffic density, this has become an important 
phenomenon. At present, enormous numbers of birds are killed in this way (e.g. Hodson 
& Snow 1965; Bergmann 1974; Adams & Geis 1981; Füllhaas et al. 1989; Van den 
Tempel 1993). A total estimation for The Netherlands points to a number of two millions 
of killed birds annually (Van den Tempel 1993). However, it has been concluded 
repeatedly that road kills do not exert a significant pressure on the population size (e.g. 
Leedy & Adams 1982; Ellenberg et al. 1981; Bennett 1991). Only for some large species 
that frequently contact roads and roadsides, such as the barn owl Tytus alba, road kills 
were claimed to have a significant effect on the population size (Braaksma & De Bruyn 
1976; Illner 1992b; Van den Tempel 1993). 

On the other hand, there are some reports indicating that several breeding bird 
species in woodland as well as in open field habitat can have strongly depressed densities 
in broad zones adjacent to busy roads (Räty 1979; Clark & Karr 1979; Van der Zande 



et al. 1980; Reijnen & Thissen 1987). Disturbance distances appear to range to 500 m 
in woodland and more than 1000 m in open field habitat. Estimated reductions of the 
density over these distances reach to 60%. Since an important role of road mortality is 
not likely over this range, it is assumed that this effect is related to emmissions of matter 
and energy, such as pollution, noise and visual stimuli, called disturbance (Van der 
Zande et al. 1980; Reijnen & Thissen 1987). For woodland it is argued that noise, in 
particular, might play an important role (Reijnen & Thissen 1987). 

For the few species studied, the effects of disturbance appear to be much more 
important than those of habitat transformation. If disturbance would indeed be a common 
phenomenon in breeding birds, this should receive much attention. 

RESEARCH QUESTIONS AND STUDY DESIGN 

This study focusses on the poorly understood but potentially important effect of 
disturbance by car traffic on the density of breeding birds. The main objective was to 
obtain knowledge that can be used in spatial planning procedures related to main roads, 
such as EIA, and in road management practice. To carry out such a study one is 
confronted with the following research questions: 
1. How many and which type of species are affected and what is the quantitative 
relationship between disturbance and breeding density? 
2. Which factors related to car traffic cause the effect? 
3. To which extent is density a good indicator for the decline of the habitat quality? 

An optimal design in impact assessment studies requires that data collection has taken 
place in (Green 1979; James & McCulloch 1985; Kamil 1988): 
- areas before and after the intervention has occurred; 
- areas not subjected to the intervention (control areas). 
Such an approach, also called BACI-design (Before-After-Control-Impact, e.g. Stewart-
Outen 1986), was not practicable in this study. It takes many years to collect data and 
one is dependent on plans for the building of new roads. Therefore, the impact had to 
be inferred from spatial patterns alone. As a consequence, one has to take into account 
other factors that can determine densities of breeding birds and that will vary between 
different areas. In general, this has been achieved through randomization (see e.g. Kamil 
1988). This means that the other factors (secondary variables), are allowed to take 
different values but that these values are random with respect to the levels of the traffic 
related factors (independent variables). A practical advantage of this approach is that the 
number of sampling units can be kept at a rather low level. 
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To investigate the mechanisms causing the effects an experimental approach would 
have been required. Such an approach is very labour-intensive and would take many 
years to carry out. Within the framework of the study this was not possible. To obtain 
an indication for causal factors, it was examined whether there are study sites in which 
an effect on the density can be explained the most likely by one of the potential causal 
factors. 

A reduction of the density in areas adjacent to roads points to a decreased habitat 
quality. This is important because there are many indications that the size and persistence 
of breeding populations mainly depend on areas with a high quality (Wiens & Rotenberry 
1981; Bernstein et al. 1991). On the other hand it is known that density is not always a 
good indicator of habitat quality and might be even misleading (Fretwell 1972; Van 
Home 1983). In several bird species it has been shown that, when overall density is 
high, less-preferred habitat is more strongly occupied than when overall density is low 
(Kluyver & Tinbergen 1953; Glas 1962; O'Connor & Fuller 1985). This means that a 
decrease in density can underestimate the decrease of the habitat quality adjacent to 
roads. It might even be possible that a reduced habitat quality is not reflected at all in 
a reduced density. To account for this phenomenon the effect of car traffic on the density 
of breeding birds was measured during several years in the same study area and related 
to the overall population size in these years. Furthermore, a detailed population study 
was carried out to obtain evidence for a decreased habitat quality close to the road and 
to determine which processes play a role in allocating individuals between habitat 
categories. 

OUTLINE OF THE THESIS 

Chapter 2 deals with the dimensions of the problem: the number of bird species which 
are affected and the degree to which the breeding density is reduced in relation to the 
traffic load and to the distance to the road. For practical reasons the study was restricted 
to woodland (par. 2.1) and moist and wet open agricultural grassland (par. 2.2). The 
study on woodland birds, in particular, suggests that the noise emission by car traffic 
is the causal factor reducing breeding densities. 

In Chapter 3 the disturbance by car traffic is treated as a reduction of the habitat 
quality next to the highway. In the first paragraph (3.1) the assumption was tested 
whether in years with a high overall population size, the use of density as a respons 
variable underestimates the reduction of habitat quality close to roads. Again, this was 
only carried out for woodland birds. The next two paragraphs deal with a study of a 
colour-ringed population of willow warblers Phylloscopus trochilus adjacent to a busy 
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highway. By comparing demographic parameters in habitat close to the road with those 
in similar habitat further away, the effect on the habitat quality was measured (par. 3.2). 
Furthermore, it was examined how the presumed preference for areas further away from 
the road is expressed in the dispersal processes, and how this affects population dynamics 
in relation to the distance to the road (par. 3.3). 

In chapter 4 the results of the previous two chapters are summarized and discussed 
and methods are developed to implement these results in planning and managing road 
systems (a manual for practical use is published elsewhere: Reijnen et al. 1992). An 
example of application explores the dimensions of the problem in The Netherlands. 
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THE EFFECTS ON DENSITY 
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2.1 REDUCTION OF DENSITY OF BREEDING BIRDS IN WOODLAND 

SUMMARY 

1. This study investigated the effect of car traffic on the breeding density of birds in 
deciduous and coniferous woodland and the importance of noise and visibility of cars 
as possible factors affecting density. 
2. Of the 43 species analyzed in both woodland types, 26 species (60%) showed 
evidence of reduced density adjacent to roads (based on analysis with Wilcoxon 
signed-ranks test and regression). 
3. Regression models with noise load as the only independent variable gave the best 
overall results. Calculated 'effect distances' (the distance from the road up to where a 
reduced density was present) based on these regressions varied between species from 
40-1500 m for a road with 10 000 cars/day to 70-2800 m for a road with 60 000 
cars/day (120 km/hour and 70% amount of woodland along the road). For a zone of 
250 m from the road the reduction of the density varied from 20 to 98 %. 
4. When visibility of cars was controlled for, the number of species showing density 
reductions was much higher on plots with a high noise load than on ones with a low 
noise load. When noise conditions were held constant, however, there was no 
difference in bird densities between plots with high and low visibility of cars. 
5. It is argued that noise load is probably the most important cause of the reduced 
densities. Visibility of cars, direct mortality and pollution are considered unimportant. 
6. The results of this study stress the importance of considering the effect of car 
traffic on the breeding density of birds in planning and constructing main roads. 

With Ruud Foppen, Cajo ter Braak and Johan Thissen 
Will be published in Journal of Applied Ecology (1995), 32, 000-000 
Original title: The effects of car traffic on breeding bird populations in woodland. III. 
Reduction of density in relation to the proximity of main roads. 
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INTRODUCTION 

The effect of car traffic on birds has received much attention, but most of the studies 
are focused on road victims (e.g. Hodson & Snow 1965; Bergmann 1974; Füllhaas et 

al. 1989; van den Tempel 1993). However, from a conservation point of view, it is 
much more interesting to know the consequences at the population level. This has 
been poorly investigated. The few available studies (woodland and open field) point 
out that several territorial species show a lower breeding density in areas adjacent to 
roads than in control areas further away (e.g. Clark & Karr 1979; Räty 1979; Ferris 
1979; van der Zande et al. 1980; Adams & Geis 1981; Reijnen & Thissen 1987; 
Diner 1992a). In some species higher densities were found adjacent to roads (Ferris 
1979; Clark & Karr 1979; Adams & Geis 1981), but there is evidence that this was 
due to different conditions of the vegetation structure close to the road. 

Estimated effect distances (the distance from the road up to where a lower density 
can be observed) in open field habitat extend to more than 1000 m (van der Zande et 

al. 1980), in woodland up to several hundred meters (Reijnen & Thissen 1987; Räty 
1979). Since there are indications that the reduction of the density in the disturbed 
zone can be rather large (van der Zande et al. 1980; Räty 1979; Reijnen & Thissen 
1987), this might point to an important effect on breeding bird populations. 

How car traffic causes densities to be reduced, is still unknown. It has been 
generally assumed that the increase of the mortality due to road traffic will be too 
small to cause a significant decrease of the density or the population size (e.g. van 
der Zande et al. 1980; Leedy & Adams 1982; Ellenberg et al. 1981). This implies 
that possible causes are probably more related to emission of matter and energy by 
road traffic, such as pollution, visual stimuli and noise (van der Zande et al. 1980; 
Reijnen & Thissen 1987). For woodland it is assumed that noise load, in particular, 
might play an important role (Reijnen & Thissen 1987; Reijnen & Foppen 1994). 

The objective of this study is to determine which woodland species show lower 
breeding densities next to roads, over which distances such an effect occured and to 
which degree the densities were lower. Furthermore the assumption was tested that 
noise is the most critical cause of the effect. 

METHODS 

Study areas and site selection 
The study was carried out in areas with deciduous woodland and coniferous woodland 
crossed by main roads, scattered over The Netherlands. The traffic density of roads 
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in areas with deciduous woodland was 8000-61 000 (mean 30 334) cars a day and in 
areas with coniferous woodland 29 000-69 000 (mean 45 319) cars a day. In deci
duous woodland 38 paired plots and in coniferous woodland 17 paired plots were 
selected (Fig. 1). One plot of a pair was situated adjacent to the road (road plot) and 
one plot at a distance of on average 400 m (control plot). Within each pair of plots 
habitat differences were controlled for (see section of methods 'Control of other 
factors that influence breeding density'). Because available studies in woodland 
indicate that effect distances can be rather large (Räty 1979; Reijnen & Thissen 
1987), some or part of the control plots might still be influenced by car traffic. For 
practical reasons these control plots were not located farther away from the road. To 
obtain reliable bird densities a minimum plot area of 1.5 ha was taken for deciduous 
woodland and 5 ha for coniferous woodland (based on Hustings et al. 1985, see Table 
1 for mean size of plots). Investigations were carried out in 1987 (deciduous wood
land) and 1988 (coniferous woodland). 

Oak {Querem robur L.) was the dominant tree species in 30 of the 38 paired plots 
of deciduous woodland, poplar (Populus spec.) in five, beech (Fagus sylvatica L.) in 
three, and alder (Alnus glutinosa L.) in two. The development and floristic com
position of shrub and herbaceous layers also varied between the paired plots. In all 
coniferous woodland plots, pine (most Pinus sylvestris L.) was the dominant tree 
species and a shrub layer was almost absent. The herbaceous layer was characterized 
by species of poor soil conditions, of which Deschampsia flexuosa (L.) Trin. was 
most abundant. 

Breeding density 
Breeding bird densities were measured as the number of territories per area unit using 
the mapping method according to Hustings et al. (1985). In the mapping method the 
number of territories of a species in an area is derived from all individual registra
tions of territorial behaviour made on several visits in the field. However, because of 
the rather small size of the plots, for some species that have large territories, the 
number of registrations was used to calculate densities. To calculate the total density 
of all species combined, the densities of species which were based on registrations 
were divided by two. 

Every plot of a pair was visited 12 times from the beginning of March till the end 
of June. The distance of 50 m at which an observer should approach to all parts of 
the plot (Hustings et al. 1985) was reduced to 25 m in order to minimize the masking 
effect of traffic noise on bird song. For territories which overlapped the boundaries of 
a plot, only the proportion of the territory within the plot (based on percentage of 
registrations) was included in the calculation of density. 
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Figure 1. Main roads in The Netherlands (bold lines) and location of paired plots in deciduous 
woodland (open dots) and coniferous woodland (black dots). 
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Traffic load 
To measure the traffic load of plots or part of plots (see analysis) we used parameters 
for the noise load and for the visibility of cars. Other possible causes, such as 
pollution and road mortality, could not be measured quantitatively. 

The noise load was estimated using an existing mathematical model, which 
expresses the noise level in dB(A) as the 24-hour value of the equivalent noise level 
(Moerkerken & Middendorp 1981). Calculated noise levels refer to points and the 
most relevant parameters in our study were: traffic density, speed and type of cars, 
shortest distance from the receiver point to the road and height of road above ground 
level. Other parameters such as road surface and ground surface did not vary and for 
the receiver height, 1 m was taken (other heights were investigated, but the calculated 
values were all strongly correlated with the 1 m data, r= >0.90). 

Because the model does not take into account the noise reducing effect of 
woodland, which can be very important (Huisman 1990; Huisman & Attenborough 
1991), the calculated noise levels were adapted by using a 'woodland effect term' 
according to Huisman (1990). This 'woodland effect term' is a function of woodland 
type, the shortest distance between road and receiver point, the receiver height and 
the proportion of woodland between receiver point and the road (PW). It is specific 
for road traffic noise and ranges from 0 to 12 dB(A) for most woodland types 
(decidous and pine) and from 0 to 16 dB(A) for dense coniferous woodland. The 
maximum reduction is reached at 200 m from the road (see Fig. 2). Because changes 
in noise transmission between the road and the receiver point are most important in a 
sight angle from the reciever point to the road (Moerkerken & Middendorp 1981), 
assessing of PW was restricted to this sight angle (set at 143 degrees). 

To obtain a mean noise level for a plot or part of a plot, the value of one re
presentative point was taken. This point was situated in the middle of the line parallel 
to the road at a distance of lO0"8DLlogDS)/2 (log distance is chosen, because noise levels 
in dB(A) have a logarithmic scale), in which DL is the largest distance and DS the 
smallest distance of the plot from the road. Traffic data were available in reports of 
the Ministry of Traffic, Public Works and Water Management (traffic density, speed 
of cars, type of cars). The distance from the representative point to the road and PW 
were derived from cartographic maps. The height of the road above ground level and 
the woodland type were estimated in the field. 

To measure the visibility of cars of plots or part of plots, a simple method was 
developed. The distance from the road where the traffic could not be seen any more, 
was the basic estimate. This was measured in early spring (leaves absent) and in late 
spring (leaves present). Assuming that the visiblity of cars decreases with the distance 
to the road, the relative value for a plot (between 0 = no visiblity and 1 = visibility 
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in the verge of the road) was calculated as the proportion of the plot influenced by 
visibility multiplicated by the mean level of the visibility in the influenced part of the 
plot (see Fig. 3). Differences in traffic density and type of cars were not considered. 
It was assumed that when traffic is more or less continuous (> 10 000-20 000 cars a 
day), the visual experience of traffic remains constant. 

Noise level (dB(A)) 
80 

70 

60 

50 

40 

30 
200 400 600 

Distance from the road (m) 
800 1000 

Figure 2. Estimation of the noise load of car traffic along a highway with 50 000 cars a day and 
a speed of cars of 120 km/hour based on Moerkerken & Middendorp (1981) and Huisman 
(1990)(see Methods for further explanation). 1 = open field; 2 = proportion of woodland along 
the road 0.5; 3 = proportion of woodland along the road 1.0. 

Control of other factors that influence breeding density 

To identify the effect of road traffic, we chose plots that were as similar as possible 
in other variables that influence breeding density. Because of the paired design, the 
similarity was only required for the plots of one pair. Variables taken into account 
were area of plots, vegetation structure, surrounding landscape and management. 
Only plots along roads used by traffic for more than five years were considered. 

To assess the similarity of vegetation structure between the road and control plots 
of each pair the following measurements were made. The vegetation structure was 
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measured along randomly chosen transects with a length of 100 m. To obtain values 
for the vegetation cover, every 5 m the presence of vegetation was scored at eight 
height classes. Also the distance to the nearest tree from these points and the height 
and circumference of this tree were established. The proportion of the boundary of 
the plot bordering open field was used to characterize the edge. 

Since species were not always present in all the paired plots of a series, additional 
tests were carried out on subsets of paired plots. The results were similar as com
pared with the whole dataset. Significant differences between road and control plots 
were only present in decidous woodland and restricted to the cover of the layer > 20 
m. 

Visibility of cars 
1 

Study plot 

DN-DS 
V = • MV 

DL-DS 

DM DN DL 
Distance from the road 

Figure 3. Estimation of a relative value for the visibility of cars (V) in woodland (see also 
Methods). DS = mean smallest distance of plot to the road, DL = mean largest distance of plot 
to the road, DN = mean distance from the road were traffic can not be seen any more, DM = 
mean distance from the road of the part of the plot that is influenced by visibility of cars, MV = 
mean value for the visibility in the influenced part of the plot (is value at DM). Because DS was 
always very close to the road, differences in the visibility of cars in the zone between the 
roadside and DS were neglected with respect to the visibility parameter. 
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Table 1. Habitat characteristics of road and control plots in deciduous and coniferous woodland 
(mean values). Statistical significance is based on Wilcoxon signed-ranks test. 

Estimate 

Cover of vegetation layers (%) 

<25 cm 

25-50 cm 

50-100 cm 

1-2 m 

2-5 m 

5-10 m 

10-20 m 

>20m 

Tree characteristics 

Circumference (cm) 

In between distance (m) 

Height (m) 

Size and edge 

Size (ha) 

Borderline with open area (%) 

Deciduous woodland 
n = 38 

Road 

59 

31 

30 

19 

42 

55 

49 

14 

87 

3.1 

16.4 

4.04 

53 

Control 

55 

35 

28 

21 

41 

51 

53 

20 

86 

2.8 

17.0 

4.24 

53 

Sign. 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

** 

NS 

NS 

NS 

NS 

NS 

Coniferous woodland 
n=17 

Road 

72 

63 

33 

3 

25 

56 

37 

63 

18.8 

12.5 

7.20 

55 

Control 

75 

65 

33 

8 

27 

49 

33 

63 

20.4 

12.6 

8.20 

46 

Sign. 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS, P>0.10; ** P<0.01 

In deciduous woodland only one characteristic of the vegetation structure, the 
cover of the layer > 20 m, showed a significant difference between road and control 
plots (Table 1). However, it is not likely that this caused significant differences in 
breeding densities between road and control plots. The cover of the layer >20 m was 
of minor importance for the structure of the deciduous woodlands and the difference 
between road and control plots was not supported by a difference in the height of the 
trees. There were no differences of vegetation structure between road and control 
plots in coniferous woodland plots. 
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Analysis 
In accordance with the study design (paired plots), the data were analyzed at first 
with the Wilcoxon signed-ranks test. A non-parametric test was chosen for robust
ness. The basic analysis was a comparison of densities between road and control 
plots. Moreover, to detect possible effects on the density at a very short distance from 
the road, large road plots (at least twice the required minimum size) were divided 
into two parts that were near to and far from the road. This was only done for road 
plots that had a very homogeneous vegetation structure. Because we expected lower 
densities close to the road, differences in density were tested one-sided. Deciduous 
woodland and coniferous woodland were treated as separate series of paired plots and 
an analysis for individual species was carried out if the number of territories was 
> 10 or the number of registrations >20. 

In order to obtain information about the size of the effect on the density and to 
determine the relative importance of noise load and visibility of cars, a supplementary 
analysis was carried out using a regression model with noise load and visibility of 
cars as independent variables. Since both measurements of visibility of cars were 
strongly correlated with each other (r=0.95), only visibility of cars in early spring 
(without leaves) was used in the regression analysis. Although the correlation between 
noise load and visibility of cars was also rather high (r=0.63), using both explanatory 
variables in the regression models was considered acceptable. For a more precise 
measurement of the effect distance, large homogeneous plots were split in two or 
sometimes more subplots (depending on the size). As dependent variable the number 
of territories or registrations was taken and to model densities, the logarithm of the 
area of the (sub)plots was included in the model as an offset. Because counts tend to 
follow a Poisson-like distribution in which the variance is proportional to the mean, 
the numbers of territories were modelled by Poisson regression with correction for 
possible overdispersion (Jongman et al. 1987; see F-test below). Including a factor 
for pairs in the model accounted for differences between pairs of plots (which may be 
due to differences in vegetation structure, etc.). If the level of sensitivity of birds to 
traffic load follows a Gaussian distribution, the relation between numbers and traffic 
load is sigmoidal. However, theoretically the most ideal combination of fitting a sig-
moidal relation with a Poisson regression and a factor for pairs was very difficult to 
compute. Instead, a threshold model was used: below the threshold there is no change 
in bird density; above the threshold an equal percentage of the number of territories 
disappears per unit of noise load. The threshold value and the decrease factor were 
estimated by loglinear Poisson regression with % numerical search procedure for the 
best-fitting threshold value. For the estimation of the decrease factor see Fig. 4. The 
significance of the effect of the noise level was tested with the F-test (Jorgensen 1989) 
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with two degrees of freedom (one for the threshold value and one for the slope) in the 
numerator and, therefore, had to be two-sided. However, in the absence of a 
threshold the test was one-sided. Over-dispersion was indicated if the mean deviance 
was larger than 1. In such cases the mean deviance was used as denominator of the F-

statistic, otherwise the value 1 was used. An approximate 90% confidence interval for 
the threshold value was constructed as a sideproduct of our numerical search proce
dure for the best-fitting threshold value. The interval contains the threshold values 
which yielded deviance values that exceeded the minimum residual deviance by no 
more than sF, where s is the mean deviance (set to 1 if s was smaller than 1) at the 
best-fitting threshold value and F is the 90% point of an F-distribution with one de
gree of freedom in the numerator and the degrees of freedom of the residual in the 
denominator. Because some plots were split into subplots, some dependence between 
data was introduced. As a result, the confidence interval for the threshold value may 
be somewhat too narrow. We did not succeed in obtaining a simultaneous confidence 
region for the threshold and the decrease factor. 

Relative density 

1.0 

Noise load (dB(A)) 

Figure 4. Estimation of the decrease factor of the density based on loglinear Poisson regression 
using a threshold model (see Methods). T = threshold value in dB(A), R = noise load in dB(A) 
in the verge of the road. The decrease factor = area of A/(arèa of A+B). 

To get a further indication of the importance of noise load and visibility of cars, 
subsets of paired plots were created in which the road plots differed in one explana
tory variable but not in the other (see Table 2). This was only possible for deciduous 
woodland. If noise load is the most important cause of reduced densities one would 
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expect that the effect on the density in the subset with a high noise load is much 
larger than in the subset with a low noise load. Between the subsets that differed in 
visibility of cars, differences in the effect on the density should then be much smaller 
or absent. The analysis was done with the Wilcoxon signed-ranks test and regression. 

Because of the small size of the data set, besides a significance level of P< 0.05, 
a significance level of P<0.10 was also considered. We used a comparison-wise 
significance level, to avoid loss of power and thereby accept that we are likely to 
mark too many species as showing a significance change. 

Table 2. Traffic load of road plots for subsets of paired plots in deciduous woodland (mean 
values). Statistical significance is based on Wilcoxon signed ranks test. 

Subset of plots 

Noise load 

High 

Low 

n 

19 

19 

Cars per day 

33 179 

27 488 

Noise load 

58 

48 

*** 

Visibility of cars 

0.46 

0.35 

NS 

Visibility of cars 

High 

Low 

19 

19 

30 562 

30 106 

53 

52 

NS 

0.61 

0.21 

*** 

NS, P>0.10; ***P<0.001 

RESULTS 

Density in deciduous woodland 
Of the 50 species present in the 38 paired plots, 41 (see Table 3) were sufficiently 
numerous to allow analysis. By using the Wilcoxon signed-ranks test, the density of 
12 of the 41 species was reduced close to the road (at P<0.10, 6 species at P<0 .05 , 
Table 3). For three of these 12 species there was only an effect on the density when 
comparing parts of the road plots that were near to and far from the road (at 
P<0.10, 1 species at P<0 .05 , Table 3). Despite the negative effect on several spe
cies, the density of all species combined was not significant reduced close to the road 
(Table 3). 
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Table 3. Density of breeding birds in road (R) and control (C) plots of deciduous woodland. Species for which a 
comparison of densities within road plots was carried out are marked with parentheses and results are only shown 
if they were significant'. 

Species NP NT R C Sign. 

Anas platyrhynchos 

Buteo buteoQ 

Phasanius colchicus 

Cuculus canorus 

Scolopax rusticola 

Columba oenasÇ) 
Columba palumbusQ 

Picus viridus 
Dendrocopus minor 
Dendrocopus majorQ 

Anthus trivialis 

Troglodytus troglodytusQ 
Prunella modularisQ 
Erithacus rubeculaQ 
Phoenicurus phoenicurus 
Tardus merulaQ 
Turdus philomelosQ 

Acrocephalus palustris 
Hippolais icterina 
Sylvia borinQ 
Sylvia atricapillaQ 
Phylloscopus sibilatrix 
Phylloscopus collybitaO 
Phylloscopus trochilusO 
Regulus regulus 
Muscicapa striataQ 
Ficedula hypoleucaQ 

Aegithalos caudataQ 
Parus montanus 
Parus palustrisQ 
Parus caeruleusQ 
Parus majorQ 
Sitta europeaQ 
Certhia brachydactylaQ 

Oriolus oriolus 
Garrulus glandariusQ 
Pica picaQ 
Conus coroneO 
Sturnus vulgaris 

Coccothraustes coccothraustes 
Fringilla coelebsQ 

All species combinedQ 38 4493 14.76 15.53 NS 

'Significant lower density in part of road plots near to the road (N) than in part of road plots further away 
from the road (F). Dendrocopus major ƒ•<().01 (N=0.21, F=0.41), Certhia brachydactyla P<0.\0 (N=0.50, 
F=0.66), Picapica P<0.10 (N=0.33, F=0.56). 

NP, number of paired plots involved; NT, total number of territories or registrations. For species in bold the 
data are based on number of registrations. Statistical significance is based on Wilcoxon signed-ranks test. NS, 
P>0.10; + P<0.10; * /><0.05; ** P<0.0\. 

25 

10 

18 

13 

13 

11 

14 
30 

7 
10 
28 

8 

34 
16 
34 
10 
38 
24 

5 
7 

28 
35 
10 
35 
26 
7 

26 
13 

25 
18 
23 
33 
37 
18 
30 

10 
29 
17 
29 
20 

10 
32 

16 

64 

60 

35 

42 

37 
186 

27 
11 
85 

33 

289 
41 

357 
17 

350 
112 

11 
16 

175 
172 
22 

222 
264 
23 
85 
27 

39 
31 
65 

252 
504 
65 

142 

33 
146 
66 

185 
121 

18 
238 

0.10 

0.16 

0.13 

0.04 

0.11 

0.08 
0.59 

0.05 
0.02 
0.25 

0.09 

0.91 
0.16 
1.09 
0.05 
1.15 
0.29 

0.04 
0.11 
0.70 
0.56 
0.04 
0.87 
0.70 
0.05 
0.27 
0.09 

0.17 
0.09 
0.17 
0.79 
1.63 
0.22 
0.44 

0.04 
0.50 
0.20 
0.83 
0.41 

0.03 
0.72 

0.05 

0.21 

0.22 

0.16 

0.09 

0.12 
0.54 

0.12 
0.05 
0.25 

0.08 

0.96 
0.14 
1.00 
0.06 
1.04 
0.32 

0.15 
0.15 
0.82 
0.62 
0.10 
0.90 
0.98 
0.07 
0.24 
0.06 

0.13 
0.19 
0.20 
0.75 
1.45 
0.17 
0.44 

0.20 
0.40 
0.23 
0.71 
0.45 

0.06 
0.85 

NS 

NS 

* 

* 

NS 

NS 
NS 

NS 
# 
NS' 

NS 

NS 
NS 
NS 
NS 
NS 
NS 

+ 
* 
NS 
NS 
NS 
NS 
** 
+ 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS' 

+ 
NS 
NS' 
NS 
NS 

+ 
NS 



With regression the model with only noise load resulted in a significant reduction 
of the density for seven of the 12 species (at P< 0.10, 5 species at P< 0.05, Table 4) 
which showed an effect with the paired test and also for four additional species (at 
P<0.10, 2 species at P<0.05, Table 4). Moreover, there was an effect on the 
density of all species combined (at P< 0.10, Table 4). Adding visibility of cars to the 
model and assuming interaction between noise load and visibility of cars, did not 
improve these models. If noise load was replaced by visibility of cars, only five spe
cies with significant regressions remained (at P<0.05, Table 4) and the effect on the 
density of all species combined disappeared. So the model with only noise load gives 
the best overall results. For the five species showing an effect with noise load and 
visibility of cars, the fit of the regression models was similar. This means that, in 
these species, the effect can either be explained by noise load or visibility of cars. 

Table 4. Significant regressions of breeding density 
deciduous woodland using a threshold model (see 
based on number of registrations. 

on noise load (N) or visibility of cars (V) in 
Methods). For species in bold the data are 

Species 

Buteo buteo 

Phasanius colchicus 

Scolopax rusticola 

Cuculus canons 

Dendrocopus minor 

Phylloscopus sibilatrix 
Phylloscopus trochilus 

Oriolus oriolus 

Pica pica 

Coccothraustes coccothraustes 

Fringilla coelebs 

All species combined 

N/V 

N 

N 
V 

N 

N 
V 

N 
V 

N 
N 
V 

N 
V 

N 

N 

N 

N 

df 

1/45 

2/28 
1/29 

2/28 

2/31 
1/32 

2/23 
2/23 

1/24 
2/61 
2/61 

1/27 
1/27 

2/43 

1/30 

1/66 

1/81 

F 

2.88 

5.15 
2.92 

2.53 

8.28 
18.60 

2.84 
3.81 

5.41 
4.30 
4.30 

14.00 
13.00 

2.95 

3.30 

2.51 

1.98 

T(CFL) 

£23(?-50) 

53(45-58) 
00-1) 

56(53-62) 

49(40-52) 
0(?-24) 

50(43-56) 
46(33-59) 

<S26(?-62) 
39(?-60) 
62(44-81) 

<23(?-39) 
0(?-57) 

46(40-56) 

<S26(?-56) 

<;23(?-60) 

<23(?-60) 

C 

-0.050 

-0.253 
-0.009 

-2.191 

-1.143 
-0.064 

-3.207 
-1.191 

-0.052 
-0.034 
-0.077 

-0.121 
-0.038 

-0.086 

-0.067 

-0.013 

-0.004 

Sign. 

* 

* 
* 

+ 
** 

+ 
* 

* 
* 
* 

*** 
*** 

+ 
* 

+ 

+ 

df, degrees of freedom; F, change in F-statistic (see Methods) after adding noise load or 
visibility of cars; T(CFL), threshold value in dB(A) and 90% confidence limits (? means that a 
lower limit could not be calculated); C, regression coefficient. NS, P>0.10; + /><0.10; * 
J><0.05; **P<0.01; *** P<0.001. 
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Effect distances (threshold value in m) were estimated for noise load only. Two 
traffic intensities were chosen that covered the whole range of intensities present in 
the data set: 10 000 and 60 000 cars a day. Other variables which influenced the 
effect distance were kept constant, such as car speed (120 km/hour) and amount of 
woodland along the road (70% = mean value for the plots). For 10 000 cars a day 
the effect distances of species varied from 40 to 1500 m, and for 60 000 cars a day 
from 70 to 2800 m (Fig. 5). However, the confidence limits were very large, 
especially for the large effect distances. The density decrease factor in the zone 
between the road and the threshold value was in most species very high (median 0.69) 
(Table 5). Calculated for a fixed zone of 250 m adjacent to the road, the decrease 
factor was still significant (10 000 cars/day, median 0.33; 60 000 cars/day, median 
0.49)(Table 5). 

s+ s-

Scolopax rusticola 

Phasaniu8 colchicus 

Dendrocopus minor 

Cuculus canoru8 

Pica pica 

Phyll. trochilus 

C. coccothraustes 

Phyll. sibilatrix 

Fringilla coelebs 

Buteo buteo 

Oriolus oriolus 

All species combined 
-* 

~1 1 I I M I 

10 100 1000 10000 
Distance from the road (m) 

Figure 5. Effect distances with confidence limits in m in deciduous woodland for 10 000 cars/day 
(—|—) and 60 000 cars/day (—*—). The car speed was fixed at 120 km/hour and the amount of 
woodland along the road at 70%. Effect distances were derived from the regression with noise 
load as explanatory variable and a conversion of noise load to distance in m (see Methods). S = 
mean range of visibility of cars with leaves (+) or without leaves (-). 
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Table 5. Decrease factor (see Methods) of the breeding density for species and all species 
combined in deciduous woodland in the zone between the road and the threshold value and in a 
fixed zone of 250 m from the road. Based on regressions with noise load as explanatory variable. 
For species in bold the data are based on number of registrations. 

Species 

Buteo buteo 

Phasanius colchicus 

Scolopax rusticola 

Cuculus canorus 

Dendrocopus minor 

Phylloscopus sibilatrix 

Phylloscopus trochilus 

Oriolus oriolus 

Pica pica 

Coccothraustes coccothraustes 

Fringilla coelebs 

All species combined 

Decrease factor up 
to threshold 

0.62 

0.77 

0.97 

0.96 

0.98 

0.61 

0.38 

0.82 

0.58 

0.68 

0.25 

0.09 

Decrease factor 

10 000 
cars a day 

0.76 

0.14 

0.14 

0.25 

0.24 

0.73 

0.28 

0.95 

0.20 

0.81 

0.32 

0.11 

up to 250 m 

60 000 
cars a day 

0.81 

0.28 

0.27 

0.52 

0.43 

0.79 

0.45 

0.98 

0.49 

0.86 

0.36 

0.13 

Density in coniferous woodland 
Of the 28 species occurring in the 17 paired plots, 18 species (see Table 6) were 
sufficiently numerous to allow an analysis. By using the Wilcoxon signed-ranks test, 
only four species showed a reduced density close to the road (at P< 0.10, 3 species at 
P<0.05, Table 6), but there was a clear effect on the density of all species combined 
(at P<0 .05 , Table 6). 

Because there was a strong correlation between noise load and visibility of cars 
( r=>0.90) , the regression was carried out with noise load only. Of the five species 
which showed an effect (at P<0.10, 2 species at P<0.05, Table 7), two also had an 
effect with the paired test. Again there was also a clear effect on the density of all 
species combined (at P<0.05, Table 7). 

Effect distances and decrease factors were calculated using the same traffic data 
and amount of woodland along the road as for deciduous woodland. The effect dis
tances of species varied from 50 to 790 m for 10 000 cars a day and from 100 to 
1750 m for 60 000 cars a day (Fig. 6). The decrease factor of the density in the 
disturbed zone value was in most species very high (median 0.61) and remained 
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important if calculated for a fixed zone of 250 m (10 000 cars/day: median 0.23; 60 

000 cars/day: median 0.60) (Table 8). 

Table 6. Density of breeding birds in road (R) and control (C) plots of coniferous woodland. 
Species for which a comparison of densities within road plots was carried out are marked with 
parentheses and results are only shown if they were significant1. 

Species NP NT R C Sign. 

Columba palumbusO 

Anthus trivialisQ 

Troglodytus troglodytusQ 

Erithacus rubeculaQ 
Turdus merula 

Sylvia atricapilla 
Phylloscopus collybitaQ 
Phylloscopus trochilus 
Regulus regulusQ 

Parus montanus 
Parus cristatusO 
Parus aterQ 
Parus caeruleus 
Parus majorÇ) 

Garrulus glandarius 
Pica picaQ 
Corvus coroneO 

Fringilla coelebsQ 

All species combinedO 

'Also significant lower density in part of road plots near to the road (N) than in part of road 
plots further away from the road (F). Regulus regulus P<0.01 (N=0.04, F=0.22). 

NP, number of paired plots involved; NT, total number of territories or registrations. For 
species in bold the data are based on number of registrations. Statistical significance is based on 
Wilcoxon signed-ranks test. NS, P>0.10; + P<0.10; * P<0.05; * *P<0 .01 . 

11 

10 

14 

16 
13 

5 
8 
8 

14 

12 
16 
15 
8 

17 

13 
10 
11 

13 

17 

48 

30 

37 

55 
25 

11 
23 
24 
41 

19 
48 
29 
12 
49 

39 
59 

108 

77 

256 

0.32 

0.13 

0.16 

0.32 
0.09 

0.04 
0.10 
0.11 
0.22 

0.06 
0.29 
0.17 
0.05 
0.26 

0.12 
0.31 
0.42 

0.45 

2.35 

0.63 

0.23 

0.22 

0.26 
0.15 

0.05 
0.11 
0.25 
0.36 

0.11 
0.33 
0.29 
0.09 
0.27 

0.32 
0.26 
0.38 

0.52 

3.39 

* 

NS 

NS 

NS 
NS 

NS 
NS 
* 
* i 

NS 
NS 
+ 
NS 
NS 

NS 
NS 
NS 

NS 

* 
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Table 7. Significant regressions of breeding density on noise load in coniferous woodland using a 
threshold model (see Methods). 

Species 

Anthus trivialis 

Troglodytes troglodytus 

Phylloscopus trochilus 
Regulus regulus 

Parus caeruleus 

All species combined 

df 

2/23 

2/25 

1/17 
2/28 

1/19 

2/30 

F 

4.12 

2.72 

3.00 
3.54 

2.46 

5.84 

T(CFL) 

52(47-58) 

58(46-59) 

229(7-52) 
44(7-56) 

£29(7-59) 

8(38-56) 

C 

-2.618 

-6.846 

-0.043 
-0.080 

-0.057 

-0.042 

Sign. 

* 

+ 
* 
+ 
+ 
** 

df, degrees of freedom; F, change in F-statistic (see Methods) after adding noise load; 
T(CFL), threshold value in dB(A) and 90% confidence limits (7 means that a lower limit could 
not be calculated); C, regression coefficient. + P<0.10; * P<0.05; ** J><0.01. 

T. troglodytus 

Anthus trivialis 

Regulus regulus 

Parus caeruleus 

Phyll. trochilus 

All species combined 

T 1 I I I I I I' 1 1 1 I I I I I I 1 1 1 I I I I I 

10 100 1000 10000 
Distance from the road (m) 

Figure 6. Effect distances with confidence limits in m in coniferous woodland for 10 000 
cars/day (—|—) and 60 000 cars/day (—*—). The car speed was fixed at 120 km/hour and the 
amount of woodland along the road at 70%. Effect distances were derived from the regression 
with noise load as explanatory variable and a conversion of noise load to distance in m (see 
Methods). S = mean range of visibility of cars. 
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Table 8. Decrease factor (see Methods) of the breeding density for species and all species 
combined in coniferous woodland in the zone between the road and the threshold value and in a 
fixed zone of 250 from the road. Based on regressions with noise load as explanatory variable. 

Species 

Anthus trivialis 

Troglodytes troglodytus 

Phylloscopus trochilus 
Regulus regulus 

Parus caeruleus 

All species combined 

Decrease factor 
up to threshold 

0.98 

0.99 

0.53 
0.58 

0.61 

0.35 

Decrease factor 

10 000 
cars a day 

0.20 

0.11 

0.62 
0.61 

0.23 

0.10 

up to 250 m 

60 000 
cars a day 

0.39 

0.23 

0.69 
0.74 

0.78 

0.22 

Comparison of densities in subsets of paired plots differing in noise load or 
visibility of cars 
In the two subsets of paired plots that differed in noise load but not in visibility of 
cars, 28 species could be compared. With the Wilcoxon signed-ranks test nine species 
showed a lower density close to the road in the subset with a high noise load (at 
P<0.10, 4 at P<0.05, Table 9) and only two in the subset with a low noise load (at 
P<0 .05 , Table 9). Moreover, in the subset with a low noise load all species had an 
effect at a very short distance (comparison of densities within road plots), while in the 
subset with a high noise load this was only the case in three of the nine species (Table 
9). With regression, using noise load as the explanatory variable, negative effects on 
the density were only found in the subset of paired plots with a high noise load (7 
species at P<0 .05 , Table 10). This supports the results obtained with the Wilcoxon 
signed-ranks test. Furthermore, for the density of all species combined, there was 
only a negative effect in the subset of paired plots with a high noise load (at P<0.05, 
Tables 9 and 10). 

For the two subsets of paired plots that differed in visibility of cars but not in 
noise load, no clear pattern arose. Here, 26 species could be compared. With the 
Wilcoxon signed-ranks test, only three species showed a lowered density close to the 
road with a high visibility of cars (at 7><0.10, 1 species at P<0 .05 , Table 11) and 
three with a low visibility of cars (at P<0.10, 2 at P<0.05, Table 11). In the regres
sion analysis, with visibility of cars as the explanatory variable, the number of species 
that showed a negative effect on the density was two in plots with high visibility (at 
P<0.10, 1 species at P<0.05, Table 12) and one in low visibility plots (at P<0.10, 
Table 12). In none of these cases was an effect on the density of all species found. 
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Table 9. Density of breeding birds in road (R) and control (C) plots of deciduous woodland with 
high and low noise load. Species for which a comparison of densities within road plots was 
carried out are marked with parentheses and results are only shown if they were significant1. NP, 
number of paired plots involved. For species in bold the data are based on number of registra
tions. Statistical significance is based on Wilcoxon signed-ranks test. 

Species 

Phasanius colchicus 

Buteo buteo 

Scolopax rusticola 

Colomba oenas 
Columba palumbusQ 

Dendrocopus majorQ 

Troglodytus trogl.Q 
Prunella /nodularis 

Erithacus rubeculaQ 
Turdus merulaQ 
Turdus philomelosO 

Sylvia borinQ 
Sylvia atricapillaQ 
Phylloscopus collybitaQ 
Phylloscopus trochilusQ 

Muscicapa striataQ 

Aegithalos caudata 
Parus montanus 
Parus palustris 
Parus caeruleusQ 
Parus majorQ 

Sitta europaea 
Certhia brachydactylaQ 

Garrulus glandariusQ 
Pica picaQ 
Corvus coroneQ 

Sturnus vulgaris 

Fringilla coelebsQ 

All species combinedQ 

Noise load high 

NP 

9 

9 

6 

8 
14 

11 

17 
9 

16 
19 
13 

14 
17 
18 
13 

13 

12 
8 

11 
17 
19 

9 
15 

15 
8 

14 

10 

16 

19 

R 

0.07 

0.15 

0.12 

0.09 
0.53 

0.22 

0.70 
0.19 

1.15 
1.07 
0.40 

0.62 
0.48 
0.78 
0.69 

0.26 

0.14 
0.10 
0.20 
0.78 
1.58 

0.21 
0.42 

0.53 
0.15 
0.82 

0.45 

0.61 

13.30 

C 

0.28 

0.12 

0.07 

0.08 
0.49 

0.25 

0.78 
0.18 

1.11 
0.99 
0.41 

1.13 
0.72 
0.94 
1.12 

0.24 

0.16 
0.14 
0.25 
0.74 
1.54 

0.18 
0.44 

0.42 
0.16 
0.46 

0.59 

0.87 

15.80 

Sign. 

** 

NS 

NS 

NS 
NS 

NS' 

NS 
NS 

NS 
NS 
NS' 

* 
+ 
+ 
** 

NS 

NS 
NS 
+ 
NS 
NS 

NS 
NS1 

NS 
NS 
NS 

NS 

NS 

* 

Noise load low 

NP 

5 

8 

5 

6 
16 

17 

17 
7 

18 
19 
10 

14 
17 
17 
13 

13 

13 
10 
12 
16 
18 

9 
15 

14 
9 

15 

10 

16 

19 

R 

0.19 

0.17 

0.11 

0.06 
0.62 

0.28 

1.11 
0.12 

1.00 
1.24 
0.20 

0.78 
0.65 
0.96 
0.72 

0.28 

0.19 
0.08 
0.14 
0.79 
1.67 

0.23 
0.46 

0.47 
0.24 
0.84 

0.36 

0.82 

14.10 

C 

0.17 

0.29 

0.11 

0.15 
0.55 

0.25 

1.14 
0.10 

0.90 
1.10 
0.25 

0.51 
0.57 
0.86 
0.83 

0.25 

0.10 
0.23 
0.15 
0.75 
1.36 

0.16 
0.44 

0.38 
0.30 
0.97 

0.31 

0.83 

13.30 

Sign. 

NS 

NS 

NS 

NS 
NS 

NS' 

NS 
NS 

NS 
NS 
NS 

NS 
NS 
NS 
NS 

NS 

NS 
NS 
NS 
NS 
NS 

NS 
NS' 

NS 
NS 
NS 

NS 

NS 

NS 

1 Significant lower density in part of road plots near to the road (N) than in part of road plots 
further away from the road (F). Dendrocopus major P<0.05 (noise load high, N=0.10, F=0.25) and 
P<0.01 (noise load low, N=0.17, F=0.45), Turdus philomelos P<0.10 (N=0.49, F=0.79), 
Certhia brachydactyla P<0.10 (noise load high, N=0.44, F=0.64) and P<0.05 (noise load low, 
N=0.57, F=0.83). 

NS, P>0.10; + P<0.10; * P<0.05; ** P<0.01. 

32 



Table 10. Significant regressions of breeding density on noise load in deciduous woodland with 
high noise load using a threshold model (see Methods). For species in bold the data are based on 
number of registrations. 

Species 

Phasanius colchicus 

Scolopax rusticola 

Sylvia borin 

Sylvia atricapilla 

Phylloscopus trochilus 

Pica pica 

Fringilla coelebs 

All species combined 

df 

2/15 

2/11 

1/27 

1/37 

2/29 

2/22 

1/33 

1/38 

F 

5.28 

3.99 

3.24 

4.20 

5.73 

3.45 

3.39 

5.30 

T(CFL) 

40(?-58) 

56(55-61) 

<23(?-54) 

<23(?-48) 

38(?-50) 

46(33-56) 

<;23(?-56) 

<23(?-48) 

C 

-0.099 

-2.515 

-0.024 

-0.036 

-0.046 

-0.092 

-0.019 

-0.008 

Sign. 

* 

* 

* 

* 

** 

* 

* 

* 

df, degrees of freedom; F, change in F-statistic (see methods) after adding noise load; 
T(CFL), threshold value in dB(A) and 90% confidence limits (? means that a lower limit could 
not be calculated); C, regression coefficient. * P<0.05; ** P<0.01. 

DISCUSSION 

Reduction of densities 
Of the 43 species that could be analyzed in the paired plots of deciduous and conife
rous woodland, 26 species (60%) showed evidence of a reduced density (Wilcoxon 
signed-ranks test and regression). Although one can argue that there is some uncer
tainty for species that had a weakly significant effect (only P<0.10), there still 
remain 18 species with a significant effect at P< 0.05 (= 42%). This is considerably 
more than the few available studies indicate (Reijnen & Thissen 1987; Adams & Geis 
1981; Ferris 1979). Nine of the 10 species which showed an effect in the study of 
Reijnen & Thissen (1987), also did so in this study. So, the results indicate that along 
busy roads, car traffic causing reduced densities of breeding birds in woodland, is a 
rather general phenomenon. This is reinforced by the fact that species of very 
different taxonomie groups were affected. 

Of the few available studies that give rough estimates of the effect distance and 
the size of the effect on the density, only the study of Reijnen & Thissen (1987) 
allows an appropriate comparison with our results of deciduous woodland. They 
investigated similar species along a highway with 45 000 cars/day and estimated a 
mean effect distance of about 500 m and a decrease factor of the density for all 
species combined of 0.15. Although the decrease factor for all species combined is 
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Table 11. Density of breeding birds in road (R) and control (C) plots of deciduous woodland 
with high and low visibility of cars. Species for which a comparison of densities within road plots 
was carried out are marked with parentheses and results are only shown if they were significant1. 

Species 

Phasanius colchicus 

Buteo buteo 

Columba palumbusO 

Dendrocopus majorQ 

Troglodytus troglod.0 
Prunella /nodularis 

Erithacus rubeculaO 
Turdus merulaÇ) 
Turdus philomelosQ 

Sylvia borinQ 
Sylvia atricapillaQ 
Phylloscopus collybitaÇ) 
Phylloscopus trochilusQ 

Muscicapa striataQ 

Aegithalos caudata 
Parus palustris 
Parus montanus 
Parus caeruleusO 
Parus majorQ 

Sitta europaea 
Certhia brachydactylaO 

Garrulus glandariusÇ) 
Pica picaQ 
Corvus coroneQ 

Sturnus vulgaris 

Fringilla coelebsQ 

All species combinedQ 

Visibility of cars high 

NP R C 

5 

9 

15 

16 

17 
8 

20 
19 
15 

13 
18 
17 
12 

14 

13 
15 
7 

18 
19 

11 
18 

15 
7 

14 

14 

17 

15 

0.21 

0.18 

0.55 

0.32 

0.92 
0.16 

1.21 
1.36 
0.26 

0.54 
0.50 
0.74 
0.26 

0.35 

0.18 
0.25 
0.08 
0.94 
1.83 

0.35 
0.53 

0.51 
0.16 
0.54 

0.68 

0.82 

13.00 

0.24 

0.25 

0.59 

0.28 

0.96 
0.13 

1.26 
1.10 
0.33 

0.48 
0.61 
0.85 
0.66 

0.28 

0.14 
0.32 
0.13 
0.86 
1.58 

0.22 
0.62 

0.42 
0.15 
0.59 

0.67 

0.97 

13.70 

Sign. 

NS 

NS 

NS 

NS 

NS 
NS 

NS 
NS 
NS 

NS 
+ 1 

NS 

NS 

NS 
NS 
NS 
NS 
NS 

NS 
NS1 

NS 
NS 
NS 

NS 

NS 

NS 

Visibility of cars low 

NP 

8 

8 

15 

12 

17 
8 

15 
19 
9 

15 
16 
18 
14 

13 

12 
8 

11 
15 
19 

7 
12 

14 
10 
15 

6 

15 

16 

R 

0.05 

0.13 

0.63 

0.17 

0.89 
0.15 

0.76 
0.94 
0.33 

0.86 
0.63 
1.00 
1.14 

0.41 

0.15 
0.10 
0.10 
0.63 
1.28 

0.09 
0.35 

0.50 
0.23 
1.07 

0.14 

0.61 

11.70 

C 

0.20 

0.16 

0.49 

0.21 

0.90 
0.16 

0.81 
0.98 
0.32 

1.16 
0.67 
0.96 
1.40 

0.41 

0.12 
0.08 
0.25 
0.64 
1.28 

0.12 
0.26 

0.38 
0.31 
0.83 

0.22 

0.73 

12.50 

Sign. 

** 

NS 

NS 

NS1 

NS 
NS 

NS 
NS 
NS 

NS 
NS 
NS 
+ 

NS 

NS 
NS 
NS 
NS 
NS 

NS 
NS 

NS 
NS 
NS 

NS 

NS 

NS 

1 Significant lower density in part of road plots near to the road (N) than in part of road plots 
further away from the road (F). Dendrocopus major P<0.01 (N=0.18, F=0.45), Sylvia 
atricapilla P<0.10 (N=0.45, F=0.63), Phylloscopus trochilus P<0.05 (N=0.17, F=0.84), 
Certhia brachydactyla P<0.10 (N=0.41, F=0.64). 

NP, number of paired plots involved. For species in bold the data are based on number of 
registrations. Statistical significance is based on Wilcoxon signed-ranks test. NS, P>0.10; + 
P<0.10; *P<0.05; **P<0.01. 
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Table 12. Significant regressions of breeding density on visibility of cars in deciduous woodland 
with high (H) and low (L) visibility of cars using a threshold model (see Methods). 

Species H/L df F T(CFL) C Sign. 

Phasanius colchicus 

Phylloscopus trochilus 

Fringilla coelebs 

H 

H 

L 

111 

1/27 

1/33 

3.38 

12.16 

2.74 

50(11-71) 

0(?-41) 

0(?-57) 

-0.058 

-0.017 

-0.010 

+ 
** 

+ 

df, degrees of freedom; F, change in F-statistic (see methods) after adding visibility of cars; 
T(CFL), threshold value in dB(A) and 90% confidence limits (? means that a lower limit could 
not be calculated); C, regression coefficient. + P<0.10; ** P<0.01. 

somewhat higher than in this study, the effect distance is much lower. These differen
ces could be due to the rough and descriptive method used by Reijnen & Thissen 
(1987)(comparison of densities in plots at different distances from the road). Howe
ver, the difference in the effect distance is not necessarily significant, since the value 
of Reijnen & Thissen (1987) remains within our confidence limits (see Fig. 5). More
over, our largest effect distances might be overestimated, because they were obtained 
from regressions in which a threshold was absent. The absence of a threshold could 
be due to the relative small numbers of sub plots at a greater distance from the road. 

Possible causes of reduced densities 

The fact that significant relations were found between traffic related factors and 
breeding density suggest that car traffic and not the presence of a road per se, is the 
main cause of the observed effects (see also Van der Zande et al. 1980; Illner 1992a). 
This is supported by the relatively small numbers of reduced densities in the subset of 
paired plots with a low noise load. 

This study suggests that the effect of car traffic on breeding bird densities in 
woodland can be largely explained by noise load. For subsets of paired plots which 
differed in noise load but not in visibility of cars, a larger number of species had a 
reduced density with a high noise load than with a low noise load. On the other hand, 
there were no clear differences between subsets of paired plots which differed in 
visibility of cars but not in noise load. Furthermore, the few significant relationships 
with visibility, when noise load is held constant, are all for species in which noise 
levels produce models which are at least as good. Although the absolute numbers of 
species involved are actually not very great, the noise load hypothesis is in particular 
supported by the fact that effects on the density of all species combined were only 
found in the subset of paired plots with a high noise load. Moreover, of all (sub)sets 
of paired plots, the number of species that had reduced densities was highest in this 
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subset. One can point out that the measurement of visibility of cars might give some 
uncertainty, because differences in traffic density were not taken into account. 
However, it is unlikely that this would be very important, since traffic densities were 
rather high and quite similar in all subsets of paired plots in deciduous woodland 
(Table 2). 

Because other possible causes such as collisions and pollution (e.g. van der Zande 
et al. 1980; Reijnen & Thissen 1987) were not considered in our analysis, the noise 
load is not necessarily the only cause of the reduced densities. However, there is 
some evidence that these other factors are not very important. It is assumed that an 
increase of mortality due to road traffic is not very important in causing reduced den
sities near the road (e.g. Leedy & Adams 1982; Ellenberg et al. 1981). This is 
plausible for species which have small territories and that are less likely to fly across 
roads (±60% of the studied species), which is supported by a study of Reijnen & 
Foppen (1994). They observed equal survival rates of male willow warblers Phyllos-

copus trochilus (which showed a clear decreased density near the road in our plot 
series) close to a highway and in areas at a distance of several hundred meters. On 
the other hand, a study by Sargeant (1981) indicates that also in species with large 
territories (ducks), road mortality (0.2% of breeding populations) cannot be very 
important in reducing densities. Only for owls, in particular barn owl Tyto alba, there 
is some indication that road mortality might influence population levels (van den 
Tempel 1993; Diner 1992b). However, owls were not present in our data set. 

Pollution caused by road traffic can affect abundance and size of insects adjacent 
to roads (Przybylski 1979; Bolsinger & Fliickinger 1989) and therefore might have an 
effect on densities of breeding birds by reducing the availability of insects as a food 
source. However, the reported range of the effect is very small (up to 50 m from the 
road in rather open area). Moreover, of the 27 insectivorous species investigated in 
this study, only 16 species showed a reduced density of which 13 had a maximum 
effect distance between 100 and 1500 m. 

Pollution can also cause increased levels of toxic substances in birds. This has 
been shown for lead, but the levels were far below the toxic level (Grue et al. 1986; 
Lowell et al. 1977) and an effect on reproduction and mortality could not be es
tablished (Lowell et al. 1977). 

There is also a more general indication that pollution by car traffic is not very 
important as a cause of reduced densities. P. Kuggeleijn (pers. comm.) estimated that 
in woodland concentrations of exhaust gases and other pollutants reaches background 
levels within 50 m from a highway with dense traffic (40-50 000 cars a day). The 
majority of the species in this study (75%), however, showed maximum effect dis
tances between 100 and 1500 m (see Fig. 5 and 6). 
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Very little is known about how noise load could cause reduced densities of 
breeding birds. An obvious explanation would be disturbance of the communication 
pattern between birds (see also Martens et al. 1985). Reijnen & Foppen (1994) found 
that male willow warblers Phylloscopus trochilus close to a highway experienced dif
ficulties in attracting or keeping a female and moved away from the road in the 
following year. It was argued that distortion of the song might be a possible cause of 
this effect. In the hazelhen Bonasia bonasia it was assumed that the decrease of the 
breeding density in partly urbanized areas was due too a more permanent increase of 
the noise level, which increases prédation by hampering hearing alarm calls (Scher-
zinger 1973). However, there are some indications that disturbance of the com
munication pattern is not a general mechanism in causing reduced densities. Traffic 
noise in woodland has a wide frequency band of at least 100 Hz to about 10 kHz with 
the highest sound pressure levels between 100-200 Hz and 0.5-4 kHz (Huisman & 
Attenborough 1992). So, if disturbance of communication is an important mechanism, 
those species producing song and calls with a frequency band similar to these highest 
sound pressure levels of traffic noise would be expected to be more vulnerable. 
Frequency bands of song and calls of birds were taken from Bergmann & Helb 
(1982). However, there was not a clear pattern (chi-squared test, 2 df, P>0.10, 
Table 13), but the numbers are low and hardly allow statistical testing. Because there 
are indications that noise load due to car traffic can cause stress in birds (Helb & 
Hiippop 1991), an alternative, or more likely, a supplementary explanation could be 
that birds avoid road habitats because of this aspect (cf. Reijnen & Foppen 1994). 

Table 13. Reduction of density of species related to coverage of the frequency spectrum of song 
and calls by the frequency spectrum of traffic noise (see also Discussion). 

Number of species with 
Frequency spectrum of traffic noise, and of song 
and calls of the studied bird species Reduced density No effect on density 

Similar 9 6 

Partly similar 7 7 

Not similar 10 4 
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Population consequences and practical implications 

Because the analysis was based on the hypothesis that there is a negative relationship 
between car traffic and breeding density, possible positive relations could not be 
detected. One might argue that species which are not affected by road traffic can 
reach higher densities if related species are affected (due to competition). The 
presence of road victims could also favour feeding conditions of carrion eaters, such 
as many corvid species (e.g. Ellenberg et al. 1981). This would diminish the overall 
effect on the breeding density. However, such patterns could not be detected in our 
data. One corvid species, the magpie Pica pica, even showed a negative effect on the 
breeding density. Moreover, in both woodland types the total density of all species 
combined was reduced close to the road. The fact that in deciduous woodland only a 
weak significance was found, could be due to the large number of paired plots with a 
low noise load close to the road. For the subset of paired plots with a high noise load 
the density of all species combined was clearly reduced (Tables 9 and 10). 

The available studies also do not indicate positive effects of car traffic. Although 
higher densities close to roads were found in some studies (Ferris 1979; Clark & Karr 
1979; Adams & Geis 1981), in the first two studies this was explained by differences 
in the vegetation structure. For the study of Adams & Geis (1981) this was shown by 
a rough recalculation of the data. They investigated breeding densities of species in 
transects perpendicular to roads and observed lower densities close to the road in 
seven species and higher densities in nine species. Excluding the part of the transects 
close to the road (which had different habitat features), six species had reduced 
densities towards the road and higher densities towards the road were no longer ob
served. 

Since road traffic affects a large proportion of breeding bird species in woodland 
and causes significant reductions of the density up to large distances from the road, 
the effect is probably important in affecting breeding bird populations in larger areas. 
This is reinforced by the assumption that lower densities indicate a lower habitat 
quality (van der Zande et al. 1980; Reijnen & Thissen 1987), which was verified for 
the willow warbler (Reijnen & Foppen 1994). Because differences in density will not 
always equally reflect differences in quality (e.g. Van Home 1983; Bernstein et al. 

1991), the reduction of the habitat quality along roads might be underestimated. 

The results of this study stress the importance of considering the effect of car 
traffic on the breeding density of birds in designing new and modifying existing major 
roads. If noise load is the most important cause of reduced densities, it is possible to 
reduce these effects by constructing noise muffling devices along roads. However, to 
justify such expenditure it is necessary to provide further evidence that noise load is 
the main cause of the reduced densities of many bird species adjacent to busy roads. 
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2.2 REDUCTION OF DENSITY OF BREEDING BIRDS IN AGRICUL

TURAL GRASSLANDS 

ABSTRACT 

The effect of car traffic on the breeding density of grassland birds was studied in 
1989 in 15 transects along main roads in The Netherlands. Out of 12 species that 
could be analyzed, seven showed a reduced density adjacent to the road. There was 
also a strong effect on the summed densities of all species. Disturbance distances 
varied between species, ranging from 20 to 1700 m from the road at 5000 cars a day 
and from 65 to 3530 m at 50 000 cars a day (car speed 120 km per hour). At 5000 
cars a day most species had an estimated population loss of 12-56% within 100 m of 
roads, but beyond 100 m >10% loss only occurred in black-tailed godwit (22% for 
0-500 m zone) and oystercatcher (44% up to 500 m and 36% for 0-1500 m zone). At 
50 000 cars a day all species had estimated losses of 12-52% up to 500 m while 
lapwing, shoveler, skylark, black-tailed godwit and oystercatcher populations were 
reduced by 14-44% up to 1500 m. In The Netherlands, with a dense network of 
extremely crowded motorways, car traffic should be considered a serious threat to 
breeding bird populations in grasslands. Greater care should be taken in planning new 
roads, and it is important to explore how the present effects can be reduced. 
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