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ABSTRACT 

 

Wildlife crossing structures are important means to mitigate road impacts. While empirical 

studies that examine population-level effects of crossing structures are rare, monitoring the use 

of crossing structures has become a routine in many countries. Our objective is to explore 

whether empirical data on crossing structure use can be used to assess to what extent the impacts 

of roads on population persistence have been mitigated. We investigate whether general 

guidelines can be developed on how many crossings should take place per year to maintain 

viable populations and what this implies for the number and type of crossing structures. We 

analyzed population survival probabilities for three species of different size classes with the 

model METAPOP in a simple landscape: two suitable habitat patches that are separated by a 

road over which a wildlife overpass has been constructed. We varied (1) the maximum size 

(carrying capacity) of the subpopulations on either side of the road, and (2) the percentage of 

mixing, i.e. the percentage of the total number of animals in the population that take part in the 

exchange across the road. We ran analyzes for three model species that represent a small, 

medium-sized and large mammal species. As indicator for population performance, we used the 

percentage of time that one of the habitat patches – hereafter referred to as the target area – was 

occupied by a population. The simulations showed for all model species that mixing, i.e. the 

exchange of animals across the overpass, has a positive effect on population persistence if small 

to medium-sized target areas are linked with medium-sized to large source areas. Only small 

effects of mixing occur when the target area is large, as the population in the target area will be 

large enough to survive on its own. Furthermore, small effects of mixing occur when the source 

area is small, as the population in such areas will be too small to significantly affect population 

persistence. Although models can never be a full substitute of empirical studies into road 

mitigation effectiveness, they provide us with a quick scan of possible bottlenecks and indicative 

predictions whether preset population-level objectives are being met. The model simulations, 

together with data on crossing frequencies acquired in field surveys, help to assess what types of 

wildlife crossing structure, and how many, are needed in any particular situation to facilitate the 

necessary wildlife movements. Although model simulations do not exactly reflect reality due to 

model assumptions and the rather simple model landscape chosen, they do provide a first 

indication whether our road mitigation measures are, in terms of improving population 

persistence, on the right track or not. Consequently, guidelines derived from these simulations 

will allow for better decision making and planning of future crossing structures. 

 

 

INTRODUCTION 

 

Wildlife crossing structures are an important means to mitigate road impacts. Until now only a 

few studies have been carried out that fully evaluate the effectiveness of such road mitigation 

measures, including impacts on population persistence (Fahrig and Rytwinski 2009). The 

difficulty with such studies in practice, is that they are often time-consuming, costly and 

complicated to carry out (Van der Grift et al. 2013a). After all, for proper evaluations of 

population-level effects a BACI study design is preferred. In such study design population 

parameters are measured both before and after the construction of the crossing structures, at both 
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sites where crossing structures are build and sites where they are not (see also Roedenbeck et al. 

2007). While empirical studies that examine population-level effects of crossing structures are 

rare, monitoring the use of wildlife crossing structures has become a routine in many countries. 

Our objective is to explore, through population modeling, whether empirical data on crossing 

structure use can be used to answer the question of to what extent the impacts of the road and 

traffic on population persistence have been mitigated. We investigate whether general guidelines 

can be developed on how many crossings should take place per year to maintain viable 

populations and what this implies for the number and type of crossing structures. 

 

 

METHODS 

 

We analyzed population survival probabilities for three species of different size classes with the 

model METAPOP (Schippers et al. 2009) in a simple landscape: two suitable habitat patches that 

are separated by a road over which a wildlife overpass has been constructed (Fig. 1). We 

assumed that animals which used the crossing structure mix with the subpopulation on the other 

side of the road. All animals in both subpopulations have the same probability to cross the road, 

no matter if they cross for the first time or have crossed before. The model simulates population 

dynamics in space and time with the help of Leslie-matrices. Each year the following lifecycle 

events occur: recruitment, adult mortality, and mixing of animals of all age groups over both 

habitat patches. Population growth was limited by density dependent recruitment that yields zero 

growth at carrying capacity. We ran analyzes for three model species that represent a small, 

medium-sized and large mammal species. Appendix A provides an overview of the parameters 

used in the simulation for each model species. 

 

 

 
 

FIGURE 1 Model landscape in which population survival probabilities were analyzed. 

 

 



Van der Grift and Schippers  4 

 

 

 

We varied (1) the maximum size (carrying capacity) of the subpopulations on either side of the 

road (2, 4, 8, 12, 16, 20, 30, 40, 50, 60, 70, 80, 100, 120, 140, 160, 180, 200, 220, 240 

individuals), and (2) the percentage of mixing (0, 1, 2, 5, 10, 20, 50, 100%), i.e. the percentage of 

the total number of animals in the population that take part in the exchange across the road. A 

mixing percentage of 100% means that all individuals in the population are randomly allocated 

to one of the two subpopulations every year, in proportion with the maximum size of each 

subpopulation. For example, if carrying capacity of the largest subpopulation is 60% of that of 

the total population, all animals will have a probability of 0.6 to be allocated to that 

subpopulation and 0.4 to be allocated to the other subpopulation. In this case the number of 

animals that cross the overpass is such that both subpopulations function as one well mixed 

population. Hence, this scenario can be used as a baseline as it represents – in case of relatively 

small habitat patches – the situation before the road was built. In case of mixing percentages less 

than 100 but not 0, first the individuals that will take part in the mixing will be stochastically 

determined. For example, in case of a mixing percentage of 50%, each animal in both 

subpopulations has a probability of 0.5 to take part in the mixing. The selected animals will then 

again be randomly allocated to one of the two subpopulations in proportion with the maximum 

size of each subpopulation. Note that the percentage of mixing is directly related to the number 

of crossings at the overpass as it can be calculated through: 

 

   [     (
   

              
)]      

 

where: 

Ns = number of crossings of a species per year at the overpass, regardless the direction 

Nt = total number of animals in both subpopulations 

As = area fraction of the smallest subpopulation 

 

Population persistence was measured in only one of the two subpopulations, which we will 

further refer to as the target population. The subpopulation on the other side of the road is 

addressed as the source population. The habitat patches in which these populations occur are 

respectively referred to as target area and source area. As indicator for population performance, 

we used the percentage of time that the target area was occupied by a population. A population is 

here defined as at least one adult male and one adult female. The simulations were initiated at 

75% of carrying capacity and cover 200 years. Occupation of the target area was monitored 

between year 100 and 200. For each scenario, differing in population size of the target area and 

source area and differing in mixing percentage, 100 simulations were run. 

 

 

RESULTS 

 

The simulations showed for all model species that mixing, i.e. the exchange of animals across the 

overpass, has a positive effect on population persistence if small to medium-sized target areas are 

linked with medium-sized to large source areas. No or only small effects of mixing occur when 

the target population is large, as it will be large enough to survive on its own. Furthermore, no or 

only small effects of mixing occur when the source population is small, as it will be too small to 

significantly affect population persistence of the target population. 
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Appendix B provides one example of the 60 model simulation output tables (3 species x 20 

population sizes at carrying capacity in the source area; Van der Grift et al. 2013b). This table 

can be used, together with the above presented formulae for calculating mixing percentage, to 

estimate whether the number of crossings registered at an existing overpass will be enough for 

the survival of the population. For example, if at an overpass 146 red deer crossings are 

registered in a year (Ns), estimated population size is 100 animals (Nt), and the population is 

divided by the road in a ratio of 70-30% (As), mixing percentage is 97% (see equation). Hence, 

measured use of the overpass results in almost full mixing of the population. This calculated 

mixing percentage can be used to explore population persistence. To do so we use the for this 

example relevant table (Appendix B), i.e. the table for large mammal species and a source area 

that provides habitat for 70% of the total population. The table tells us that at 50% and 100% 

mixing – between which 97% occurs – occupation probability of the target area is 100%. Hence, 

the measured crossing frequencies of red deer at the overpass are expected to be high enough for 

the red deer population to survive.  

 

Likewise, the model simulations allow us to calculate the minimum number of crossings needed 

to ensure population persistence at locations where a crossing structure still needs to be build. 

This may help decision-making on what type of crossing structure is needed and/or how many of 

them should be installed, with the use of empirically determined species performance ratios for 

each type of crossing structure. 

  

 

CONCLUSIONS 

 

Although models can never be a full substitute of empirical studies into road mitigation 

effectiveness, they provide us with a quick scan of possible bottlenecks and indicative 

predictions whether preset population-level objectives are being met. Here we developed general 

guidelines - based on model simulations - for the number of movements across an overpass 

needed for population persistence. Hence we linked information on the use of crossing 

structures, i.e. the variable that most monitoring studies focus on, to population persistence. The 

model simulations, together with data on crossing frequencies acquired in field surveys, help to 

assess what type of wildlife crossing structure, and how many, are needed in any particular 

situation to facilitate the necessary wildlife movements. Although the model simulations do not 

exactly reflect reality due to model assumptions and the rather simple model landscape chosen, 

they do provide an indication whether our road mitigation measures are, in terms of improving 

population persistence, on the right track or not. Consequently, guidelines derived from these 

simulations will allow for better decision making and planning of future crossing structures. 
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APPENDIX A: MODEL PARAMETERS 

 

 
TABLE 1  Parameters and Values used in the Simulations with METAPOP for each Model 

Species 

 

Parameter Unit Model species 

  Small 

mammal 

Medium-

sized 

mammal 

Large 

mammal 

Lifetime Year 3.3 5 10 

Survival probability adults Year
-1

 0.7 0.8 0.9 

Recruitment 1 year old 
animals (male+female) 

Malejuv + 
Femalejuv female

-1
 

year
-1

 

0 0 0 

Recruitment 2 year old 
animals (male+female) 
(D=0) 

#
 

Malejuv +Femalejuv 
female

-1
 year

-1
 

2 1 0 

Recruitment ≥3 year old 
animals (male+female) 
(D=0) 

Malejuv + 
Femalejuv female

-1
 

year
-1

 

2 1 0.5 

Recruitment at carrying 
capacity (D=1) * 

Malejuv + 
Femalejuv female

-1
 

year
-1

 

0.86 0.5 0.25 

Recruitment factor at 
carrying capacity, i.e. ratio 
of recruitment at carrying 
capacity and recruitment 
≥3 year old animals 
(male+female) 

- 0.42 0.5 0.5 

Standard deviation Survival Year
-1

 0.18 0.12 0.03 

Standard deviation 
Recruitment 

Year
-1

 1 0.35 0.1 

Sexes - 2 2 2 

Growth D=0, i.e. growth at 
low densities 

Year
-1

 1.256 1.148 1.075 

Growth D=1, i.e. growth at 
carrying capacity 

Year
-1

 0 0 0 

 
# D = relative density, i.e. the number of animals / carrying capacity. 

* The recruitment decreases linearly between D=0 and D=1.  
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APPENDIX B: EXAMPLE MODEL OUTPUT 

 

 
TABLE 2  Occupation Probabilities in the Target Area, i.e. the Percentage of Time the 

Target Area is Populated 

 
Model species: Large mammal 

Carrying capacity source area: 70  

Carrying 

capacity 

target area 

% mixing 

0 1 5 10 20 50 100 

2 0% 18% 51% 70% 78% 85% 88% 

4 0% 33% 82% 92% 96% 98% 98% 

8 12% 65% 98% 100% 100% 100% 100% 

12 43% 88% 100% 100% 100% 100% 100% 

16 70% 97% 100% 100% 100% 100% 100% 

20 79% 98% 100% 100% 100% 100% 100% 

30 94% 100% 100% 100% 100% 100% 100% 

40 99% 100% 100% 100% 100% 100% 100% 

50 100% 100% 100% 100% 100% 100% 100% 

60 100% 100% 100% 100% 100% 100% 100% 

70 100% 100% 100% 100% 100% 100% 100% 

80 100% 100% 100% 100% 100% 100% 100% 

100 100% 100% 100% 100% 100% 100% 100% 

120 100% 100% 100% 100% 100% 100% 100% 

140 100% 100% 100% 100% 100% 100% 100% 

160 100% 100% 100% 100% 100% 100% 100% 

180 100% 100% 100% 100% 100% 100% 100% 

200 100% 100% 100% 100% 100% 100% 100% 

220 100% 100% 100% 100% 100% 100% 100% 

240 100% 100% 100% 100% 100% 100% 100% 

 

 


