




 







 

 



 









 a 

cultural landscape type subject to regular burning and subsequent grazing by sheep mainly on 

the young heather (Calluna vulgaris). 

only a small area next to Lista Wind Farm now classified as coastal 

heathland. C

 



Materials and methods 

Fieldwork was conducted during summer in 2015 at Lista Wind Farm in Lista, Vest Agder 

county, Farsund municipality (58° 9,5’N 6° 42,6’E). The area is approx. 10 km2 and has 31 

turbines and many km of access roads. The highest top in the area is 346 meter above sea 

level Figure 1. The wind farm area is divided into two sections by a public road. The western 

section is facing the ocean, while the eastern section is closed off to public traffic by a gate 

open only to employees and the landowners.  

 

 

 

The wind park is characterized by nutrient poor heathland, bog and forest. The eastern part of 

the area has few grazing livestock, no sheep grazed there in 2015, only a small area with 

cows. The western part is more accessible to the public, as a county road passes through the 

area. There was also grazing sheep here during summer 2015. There are roe deer, moose and 

red deer in the park.  

 

The vegetation was sampled over 2 periods in 2015; first in the end of June and then again in 

early October. Three transects that were studied in 2013 (Leon, 2013), were re-sampled at the 



same GPS coordinates. The second sampling included 6 new transects, as the first 3 were 

thought to be too little data. Each transect was 20 metres long, and each location had one 

transect 3-5 metres from the road, representing the disturbed area, and one transect 10-15 

metres from the road, representing the undisturbed area (Figure 3). In each transect, four 

1x1m plots were laid, 5 metres apart, giving a total of 72 plots, half from disturbed, and half 

from undisturbed areas. Inside the plots, the percentage of foliar coverage for each species 

was counted.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Cervid space use was sampled by counting faecal pellet groups in June 2015 along 34 

transects, placed in a north/south and east/west grid system (Figure 2), similar to (Colman et 

al. 2013). This was pre-designed by Naturrestaurering AS in 2011 before the construction of 

the Wind farm. Faecal pellet groups were recorded by walking the 34 transects with a 

handheld GPS, counting the droppings that were 1 m to each side of the feet. The transects 

varied in length, and in total, they comprised 15 km long and within varying vegetation types, 

elevations and distances from the planned roads and turbines (Figure 3).

 

 

 

 



 





Vegetation migration in undisturbed area
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Vegetation migration in disturbed area
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 Mean shannon diversity number in disturbed and undisturbed 
transects in 2013, 1 year after construction.

 Mean Shannon diversity number in disturbed and undisturbed 
transects in 2015, 3 years after construction.



 Table 1. Selection of the best model using AIC selection criteria. 

 Alternative models  AIC values 

  Red deer Roe deer Moose 

1 Number~Year*Road+Vegetation, family=binomial 2167,058 1503,297 1519,036 

2 Number ~Year*Road.s+Vegetation, family=binomial 2167,058 1503,297 1519,036 

3 Number~Year*Road.s+Vegetation+(1|Transect) 1965,850 1472,857 1446,308 

4 Number~Year*Road.s+Year*I(Road.s^2)+Vegetation+(1|Transect) 1945,230 1472,077 1438,587 

5 Number~Year*Road.s+I(Road.s^2)+Vegetation+(1|Transect) 1949,681 1467,174 1448,252 

6 Number~Year+Road.s+I(Road.s^2)+Vegetation+(1|Transect) 1995,318 1467,915 1456,544 

7 Number~Year*Road.s+Year*I(Road.s^2)+Vegetation+(1|Transect), weights = 
Population 

347727,585 971061,555 45827,59
5 

8 Number~Year*Road.s+Year*I(Road.s^2)+Vegetation+ offset(log(Population)) 2134,178 1498,166 1510,633 

9 Number~Year*Road.s+I(Road.s^2)+(1|Transect) 1946,896 1467,281 1442,153 



Table 2. Number of red deer pellet groups (response variable) in relation to distance to road and 
turbines before (2011, intercept), under (2012) and after (2013 and 2015) construction of the wind 
farm and to vegetation types analyzed using generalized linear mixed model fit by maximum 
likelihood (Laplace approximation) family = binomial (logit). 

Fixed effects Roads 

 Estimate SE Z value P value 

Intercept −2,853 0,315 −9,057 <0,001 

Open vegetation −0,266 0,152 −1,751A 0,080 

Disturbed vegetation −0,761 0,391 −1,947B 0,052 

Year 2012 −1,405 0,237 −5,925 <0,001 

Year 2013 −1,038 0,213 −4,87 <0,001 

Year 2015 −0,674 0,225 −2,996 0,003 

Distance from Road 0,060 0,184 0,325 0,744 

I(Road2) −0,076 0,088 −0,864 0,387 

Year 2012 : Road 1,530 0,317 4,826 <0,001 

Year 2013 : Road 1,087 0,289 3,758 <0,001 

Year 2015 : Road 0,515 0,277 1,86 0,063 

Year 2012 : I(Road2) −0,269 0,131 −2,051 0,040 

Year 2013 : I(Road2) −0,340 0,152 −2,239 0,025 

Year 2015 : I(Road2) −0,590 0,25 −2,361 0,018 

     



Fig. 8 Visualization of red deer avoidance to the wind farm road before (2011), during 
(2012) and after (2013 and 2015) construction by predicted number of faecal pellet groups 
(mean per plot ±95 % CI) in relation to distance to road for the different years. The 
prediction was based on the models from Table 1 omitting the vegetation variable. 

Fig 9. Red deer population development from before, during 
and after the construction of the wind farm. The square dots 
indicating the general red deer population development in the 
area obtained from hjorteviltregisteret.no and the round dots 
indicating the observed pellet groups.  



Table 3 Number of roe deer pellet groups (response variable) in relation to distance to wind farm 
road and turbines before (2011, intercept), under (2012) and after (2013 and 2015) construction of 
the wind farm and to vegetation types analyzed using generalized linear mixed model fit by 
maximum likelihood (Laplace approximation) family = binomial (logit). 

Fixed effects Roads 

 Estimate SE Z value P value 

Intercept −2,893 0,228 −12,687 <0,001 

Open vegetation 0,194 0,198 0,98 0,327 

Disturbed vegetation −0,511 0,426 −1,199 0,230 

Year 2012 −1,152 0,223 −5,165 <0,001 

Year 2013 −1,977 0,309 −6,404 <0,001 

Year 2015 −0,774 0,192 −4,022 <0,001 

Distance from Road −0,044 0,184 −0,238 0,812 

I(Road2) −0,233 0,089 −2,625 0,009 

Year 2012 : Road 0,496 0,23 2,152 0,031 

Year 2013 : Road 0,524 0,303 1,73 0,084 

Year 2015 : Road 0,011 0,229 0,048 0,962 

 



Fig. 10 Visualization of roe deer avoidance to road before (2011), during (2012) and after 
(2013 and 2015) construction by predicted number of faecal pellet groups (mean per plot 
±95 % CI) in relation to distance to road for the different years. The prediction was based on 



Table 4. Number of moose pellet groups (response variable) in relation to distance to road and turbines before (2011, 
intercept), under (2012) and after (2013 and 2015) construction of the wind farm and to vegetation types analyzed using 
generalized linear mixed model fit by maximum likelihood (Laplace approximation) family = binomial (logit). 

Fixed effects Roads 

 Estimate SE Z value P value 

Intercept −3,608 0,308 −11,713 <0,001 

Open vegetation 0,301 0,285 1,429 0,153 

Disturbed vegetation −0,619 0,428 −1,447 0,148 

Year 2012 −0,906 0,248 −3,657 <0,001 

Year 2013 −2,994 0,495 −6,052 <0,001 

Year 2015 −0,157 0,246 −0,641 0,522 

Distance from Road −0,289 0,196 −1,475 0,140 

I(Road2) 0,135 0,097 1,388 0,165 

Year 2012 : Road 0,553 0,285 1,939 0,053 

Year 2013 : Road 0,701 0,57 1,23 0,218 

Year 2015 : Road 1,112 0,296 3,754 <0,001 

Year 2012 : I(Road2) −0,111 0,146 −0,758 0,448 

Year 2013 : I(Road2) 0,068 0,212 0,321 0,748 

Year 2015 : I(Road2) −0,820 0,257 −3,187 0,001 

 

Fig 11. Roe deer population development from before, during and after the 
construction of the wind farm. The square dots indicating the general red 
deer population development in the area obtained from 
hjorteviltregisteret.no and the round dots indicating the observed pellet. 



Fig 12. Moose population development from before, during and after the 
construction of the wind farm. The square dots indicating the general 
moose population development in the area obtained from 
hjorteviltregisteret.no and the round dots indicating the observed pellet 
groups.  



















  


