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1. Abstract 

Releasing cattle (Bos taurus) to graze in outfields during the summer months has been a 

traditional practice in Norway for centuries. While outfields provide a low-cost and efficient 

method of feeding the cattle in summer, it comes with potential risks and drawbacks. With the 

recolonization of large carnivores in Norway, livestock must now share the forested outfields, 

which is an avenue for potential conflict. One modern innovation to the custom of outfield 

grazing is the use of global positioning system (GPS) collars on the cattle. Farmers use the 

collars to create a virtual fence to contain cattle via satellite technology. These GPS collars are 

not only useful tools for containing livestock, but they are also valuable for research purposes, 

such as tracking cattle locations throughout the summer. For this study, entire herds of adult 

cattle were collared in Innlandet county for the summer grazing seasons in 2021 (n = 38) and 

2022 (n = 40). This study utilized generalized linear mixed models to explore the cattleôs 

selection of distance to roads, water, land cover type, vegetation features, and topographical 

features using the resource selection function (RSF) to assess cattle habitat selection.  The first 

research question aimed to identify the most influential habitat variables on cattle selection, 

revealing that distance to roads, land cover type, and elevation substantially impacted their 

preferences. Cattle exhibited a strong preference for areas near roads, lower elevations, and 

regions with high forage availability. The second research question explored if  the presence of 

carnivores altered cattle habitat selection. The findings revealed that in years with carnivore 

observations, there were changes in the cattle's preferences for elevation, aspect, and proximity 

to water sources. The relationship between carnivore presence and the selection of these habitat 

factors exhibited complexity and variability, suggesting that the observed changes in cattle 

preferences may be influenced by multiple factors beyond the presence of carnivores. 
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2. Introduction  

2.1 Background 

Sending cattle (Bos taurus) to graze out in the mountains and forests during the summer 

months has been a traditional practice in Norway dating back to the eleventh century (Reinton, 

Lars, 1955). The short grazing season and limited fertile land in Norway makes efficient cattle 

rearing essential to the survival of cattle and the farmersô way of life. By utilizing the forests in 

the summer for the cattle, farmers are able to use lands to cultivate winter fodder (Strand et al., 

2019). This ñout-field pasturingò is still commonly practiced today, with few changes in the 

methods (Bele et al., 2019; Reinton, Lars, 1955). 

One modern innovation to out-field 

pasturing is the use of virtual fence collars on 

the cattle via satellite technology. These collars 

are primarily used as an alternative to 

traditional physical fences (Fig 1). The collars 

possess a global positioning system (GPS) unit 

which can be utilized as a research tool by 

periodically recording locations of every 

individual in the herd during the grazing period.  

These GPS collars have enhanced the 

ability to study cattle habitat selection. By 

recording the precise locations of every individual in the herd during their summer grazing 

period, these collars offer an opportunity to delve into the intricacies of how cattle navigate their 

environment, enabling a more thorough examination of their habitat choices. Previous habitat 

selection studies have monitored the GPS locations of selected individuals as opposed to the 

whole herd (Tofastrud et al., 2019). The results of those studies show free-ranging beef cattle, 

despite being in forested landscapes as opposed to their traditional grass meadows, exhibit a 

strong preference for clearcuts and summer farm meadows (Spedener et al., 2019; Tofastrud et 

al., 2019). These vegetation types usually provide the best forage due to increased light access 

for grass species and other palatable plants (McLean & Clark, 1980; Rekdal, 2017). Other 

studies have identified roads as significant predictors of free-range cattle habitat use, as roads 

 Figure 1: GPS collars use satellite technology to contain and 
track livestock in designated areas and track their locations. 
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facilitate cattle movement within forested landscapes (Bailey et al., 1996; Roath & Krueger, 

1982; Tofastrud et al., 2019). In addition, outfield cattle in Norway have been shown to maintain 

a typical grazing routine throughout the grazing season, comparable to their in-field grass pasture 

counterparts (Tofastrud et al., 2018). 

While forest grazing provides a low-cost and efficient method of feeding the cattle in the 

summer months, this practice does come with potential risks and drawbacks. Large carnivores 

have been repopulating the forests of Norway (Swenson et al., 1995; Wabakken et al., 2001). 

This means that the livestock in some areas share the outfields with carnivores such as gray 

wolves (Canis lupus) and Eurasian brown bears (Usrus arctos). Historically, when faced with 

large carnivores, farmers would eradicate the threat by exterminating any individuals they 

encountered near their livestock grazing areas. This approach to carnivore management caused 

brown bears to become functionally extinct in Norway around the 1920ôs and wolves in 1966 

(Swenson et al., 1995; Wabakken et al., 2001). 

Modern ecological science has shown that complete carnivore eradication alters the 

trophic balance of ecosystems (Lennox et al., 2018; Ripple et al., 2014). In light of the current 

research, contemporary management practices aim to conserve carnivore populations. In 2011 

the Norwegian government established Carnivore Management Zones (CMZs) to accommodate 

major carnivore species with specific management objectives defined for each of the five 

protected carnivore species within these zones (Representantforslag 163 S, 2011). As a result of 

this bill and the management goals,  Norway has experienced the return of carnivores to the 

forests (Chapron et al., 2014; Kuijper et al., 2016). In 2018 the Norwegian brown bear 

population was estimated between 124 and 162 individuals, including individuals living across 

the border of Sweden (Bischof et al., 2019). Wolf population studies estimate around 66-68 

individuals in Norway and cross-bordering areas of Sweden as of early 2023 (Svensson et al., 

2023).  

However, the return of large carnivores has implications on the agriculture industry in the 

form of depredations on livestock, which has been a struggle for farmers and wildlife managers 

alike (Ciucci, P. & Boitani, L, 1998; Fritts, 1982; Kaczensky, 1999). Nevertheless, it has been 

established that the depredation risk of cattle is hundred times lower compared to sheep in 

Norway (Zimmermann et al., 2003). Despite lower instances of depredation for cattle, farmers 
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still report harmful non-lethal effects from carnivores, such as stress on cattle, which can 

potentially result in low weights, causing loss of income for farmers (Steele et al., 2013; 

Zimmermann et al., 2003). This raises the following question: Does stress caused by carnivore 

presence have an impact on the habitat selection of cattle as an anti-predator response? 

Carnivores have a well-researched influence on wild prey speciesô habitat selection. For 

instance, studies on moose (Alces alces) and roe deer (Capreolus capreolus) have shown that 

these prey species tend to select lower-risk open habitats with enhanced visibility when 

coexisting with predators like wolves (Gervasi et al., 2013; Kauffman et al., 2010). In these 

scenarios, the anti-predator response of selecting lower-risk habitats is often associated with a 

trade-off of reduced forage quality (Brown, 1999, p. 199; Hebblewhite & Merrill, 2009; Laundre 

et al., 2001).  

However, it is difficult to determine if domesticated livestock react to carnivore presence by 

modifying their habitat selection as their wild counterparts do (Muhly et al., 2010; Price, 2002). 

The existing body of literature on whole-herd livestock habitat selection in the presence of 

carnivores remains conspicuously scarce aside from a study performed by Muhly et al. in 2010.  

2.2 Research Questions and Objectives  

The primary objective of this study is to explore cattle habitat selection by examining (1) 

which habitats in the boreal forest are selected by free-grazing beef cattle, and (2) if carnivore 

presence changes the selected habitat variables. I hypothesized that distance to roads, landcover 

type (specifically young forests), and elevation would be factors of greatest importance for 

habitat selection of free-ranging beef cattle. This is based on the expectation that these habitat 

variables are related to the quality and quantity of forage and ease of accessibility, making them 

preferred choices for cattle (Bailey et al., 1996; Roath & Krueger, 1982; Tofastrud et al., 2019). 

If these variables are strong predictors of habitat selection, the results will show a high ratio of 

use to availability for those coefficients. In addition, I predicted the presence of carnivores would 

alter cattle habitat selection, as other prey species have been shown to modify their habitat use 

when carnivores are present (Brown, 1999; Laundre et al., 2001). I predicted the herds exposed 

to carnivores will trade off the higher-quality forage of open areas and young forests and select 

more heavily for established forests as a mechanism for cover.  



7 
 

 

Figure 2: A map of the two pastures in the study area showing the different landcover types (AR50, Hansen et. al) water sources 
(FKB-Vann) and the forest roads (FKB- Veg). 

3. Materials and Methods 

3.1 Study area Description  

This study was conducted in Innlandet County, located in southeastern Norway (61.3° N, 

11.4° E). The study area encompassed two distinct pastures, hereby referred to as Pasture A and 

Pasture B (Fig 2). These pastures served as the primary grazing areas for the herds of this study 

during two consecutive summer seasons, spanning from May 25th to August 30th in 2021 and 

May 19th to August 30th in 2022. Throughout the grazing period, the study area experienced 

relatively consistent weather conditions. In 2021, the average temperature for this period was 

11.4°C, while in 2022, it averaged 11.0°C (Norwegian Meteorological Institute, 2022).  

Pasture A covered an area of 24.7 km², while Pasture B was slightly larger, spanning 37.0 

km².  The two pastures were located only 5km apart but were separated by the GPS collar 

Roads 
Pasture Boundaries 
Established Forest 
Young Forest 
Built-up Area 
Wetland 
Water 
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boundaries and the Glomma River, which also serves as the boundary of the designated 

Carnivore Management Zone east of the river (Ministry of the Environment, 2003) (Fig 2). The 

study area is heavily forested and mainly comprised of established forests and young forests (Tab 

5). 

The pasture boundaries and locations were set by the owner of the cattle used in the study via 

the Nofence app (Nofence, 2023). The cattle wear solar-powered collars which emit a warning 

sound if the cattle approach the fence boundary. If the animal ignores the warning and continues 

towards the boundary, the collar administers a small electric shock (0.02V), lesser than that of a 

traditional electrical fence wire (~3.5 kV)  (Verdon et al., 2021). 

Farmers can draw and redraw the pasture boundaries as many times as desired which resulted 

in many different pasture ñversionsò with minor differences between each pasture. For this study, 

I filtered out and selected ñmaster pasturesò to use as the designated areas for the study. I 

selected the outer boundaries Pasture A and B that were active for the longest period each 

summer. Refer to the supplementary materials for the comprehensive table detailing all pasture 

versions and their respective exclusion reasons from the study. 

Beyond containing the cattle within the study area pastures, the Nofence collars included a 

built-in GPS system that recorded cattle locations at set intervals. These GPS devices played a 

pivotal role in the study. The Nofence GPS collars were placed on two entire herds of lactating 

Hereford beef cattle. Calves still nursing from their mothers were not collared. In 2021, both 

Pasture A and Pasture B supported a population of 19 adult cattle each, totaling n = 38 collared 

individuals. In 2022, Pasture A accommodated 22 individuals, while Pasture B had 18 cattle, 

totaling n = 40 collared adult cattle for that year. Some individuals were grazed in Pasture A one 

year but switched to Pasture B the following year and vice versa. Following the conclusion of the 

grazing season, the GPS collars were removed from each individual. The location data was 

uploaded to a spreadsheet which was then processed using R version 4.2.2 (R Core Team, 

2022a). 

To ensure the consistency and reliability of the GPS location data, several data cleaning steps 

were undertaken. Initially, some of the GPS devices on the cattle were programmed to record 
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locations at 5-minute intervals, while others followed a 15-minute interval. To harmonize the 

dataset, all GPS positions were standardized to a uniform 15-minute interval for all individuals. 

For another study, cattle were filmed by technicians. The human disturbance may have 

influenced their habitat selection. Therefore, all GPS locations for all individuals within that 

pasture for the 24hr period buffering the filming dates were excluded. 

 To enhance data quality, extreme spikes in speed were excluded, as they likely were 

indicative of an error in data collection by the GPS collars (Bjørneraas et al., 2010). The criterion 

for identifying these spikes was the observation of GPS locations taken at more than 20 

kilometers from the previous recorded position within a 15-minute interval. This threshold was 

adapted because it represents an uncharacteristically high speed for cattle, a rate far exceeding 

the typical mobility of cattle. Such anomalies were indicative of potential data inaccuracies and 

thus were omitted from the analysis to ensure the reliability of results. 

Furthermore, to mitigate potential inaccuracies stemming from GPS signal interference and 

satellite-related issues, I implemented a geospatial filter. This filter involved removing GPS 

positions that fell outside the designated borders of the pastures which I employed using QGIS 

version 3.22.2 (QGIS Development Team, n.d.). A 20-meter buffer zone was applied around the 

pasture boundaries to account for GPS errors from satellite-related anomalies. This step helped 

ensure that the remaining GPS data accurately represented the individualsô actual locations 

within the pasture boundaries. Additionally, I removed any locations of cattle that had escaped 

the pastures, as I could not identify their habitat selection outside the pastures. 

In total, the GPS collars recorded a substantial dataset over the course of both 2021 and 2022. 

Following the initial data cleaning and quality control procedures, the dataset was refined to 

consist of n=297 797 positions for 2021, and n=271 764 for 2022. 

Once the GPS location data was filtered and cleaned, I counted the number of GPS locations 

for each individual and year. I then generated the same number of random positions per 

individual per year within the designated pasture utilizing QGIS. The random positions 

represented the available habitat variables within the study area as opposed to the real GPS 

positions which identified the habitat variables used by the cattle. These positions created the 

response variable for the study. In total, the combination of used positions and available 
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positions resulted in n=595 594 positions for 2021, and n=543 528 positions for 2022 totaling 

n=1 139 122 data positions for the entire study 

3.2  Resource Value Compilation and Classification  

Using QGIS, I extracted the following resource values for each position, which enabled me 

to characterize the ratio of used habitat variables to the habitat variables which were available 

(Tab 1). 

Table 1: Description of all habitat covariates and the source from which they were extracted. 

Covariate  Range of Values  Units Type  Data Source 

Aspect Flat, N, S, E, W Azimuth degrees (°) Categorical EU DEM v1.1 

Crown Cover 0 -100 Percentage (%) Continuous NiBio SR16 

Carnivore 

Presence 

Observed or None n/a Categorical RovBase 

Distance to Roads  0 - 4707 Meters Continuous NiBio FKB Veg 

Distance to Water  0 - 6165 Meters Continuous NiBio FKB 

Vann 

Elevation 231 - 678 Meters Continuous EU DEM v1.1 

Landcover Established forest, (forest logged 

>15 years ago), young forest, (forest 

logged <15 years ago) built-up (land 

surrounding small cabins and 

buildings), wetland (bogs, rivers, 

lakes, ponds) 

n/a Categorical NiBio AR50 &  

Global Forest 

Watch 

NDVI Value -0.09 ï 0.59 n/a Continuous Landsat 8 

Satellite  

Slope 0 - 59.13 Degrees (°) Continuous EU DEM v1.1 

Terrain 

Ruggedness Index 

0 - 103.36 n/a Continuous EU DEM v1.1 

 

The distance to roads (including tractor roads and forest roads) and distance to water 

variables were extracted from vector layers at a 0.5m resolution (FKB-Vann, 2014; FKB Veg, 

2016). To facilitate distance calculations, the polygon vector layers were transformed into 

polygon features using the "Lines to Polygons" tool in QGIS. Subsequently, I generated points at 

one-meter intervals along the roads and water body boundaries using the "Points along 

Geometry" tool. These points served as reference locations for computing the distance of each 

GPS location to the nearest road or water point. The Euclidean distance metric was employed for 

these measurements. 
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For the topography-related variables, including the terrain ruggedness index (TRI) , aspect, 

elevation, and slope, I utilized a 25m resolution digital elevation raster dataset obtained from 

EU DEM v1. 1.. Aspect was categorized into cardinal directions (north, east, south, west), and a 

flat designation for slope values of 0°. 

Each position was assigned a category of land cover. This was done by combining two 

datasets in QGIS. The "land type" layer was sourced from the AR50 dataset, encompassing key 

land classes (AR50, 2007). Simultaneously, a "forest stand age" layer, indicating the year of 

forest harvest, was procured from the Hansen dataset from Global Forest Watch, at a pixel size 

of 25x 25 which documents forested areas that have been logged since 2000 (Hansen et al., 

2013). These two layers were amalgamated to create a composite variable named land cover. 

This variable encapsulated land cover categories, including  wetland, built -up , and two forest 

types, young forest stands younger than 15 years, and established forest stands that have not 

been logged in over 15 years (Maser et al., 2008). 

Additionally, I incorporated crown cover data, which quantifies vegetation canopy density 

as a percentage of total cover of the forest floor (Jennings et al., 1999). The extent and 

composition of a tree's crown play a pivotal role in influencing the forest standôs overall 

productivity (Lowman & Rinker, 2004). Defining the percentage of crown cover offers insights 

into the characteristics of tree stands. It helps us understand how trees in a specific area interact 

with their environment and allocate resources(Getzin et al., 2012). This coefficient was extracted 

from the SR16 dataset at a 16x16 pixel resolution (SR16, 2018). These raster values were 

assigned to individual GPS locations to provide a value for canopy cover. 

The next explanatory variable used was remotely sensed Normalized Difference Vegetation 

Index (NDVI)  observations. NDVI is a widely accepted index in remote sensing as it quantifies 

vegetation density, primary productivity, and health based on near-infrared (NIR) and red-light 

reflectance (Gould, 2000; NDVI from First Principles, n.d.; Tucker C.J. & Sellers P.J., 1986) To 

assess vegetation dynamics, I obtained multispectral imagining data from the Landsat 8 satellite 

from the Earth Explorer Landsat 8 database at a 30m resolution (NASA, 2021). Due to variation 

in vegetation cover during the late spring and summer, multiple NDVI dates/values were used to 

account for temporal changes in vegetation instead of averaging NDVI values across the two 
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grazing seasons (Yang et al., 2017). I selected a single representative satellite image for each 

month of the study period on the following dates in 2021: 05-31, 06-25, 07-02, 08-28 and in 

2022: 05-18, 06-20, 07-29, 08-31. To ensure data quality and minimize potential interference, the 

images were selected based on the criterion of least 

cloud cover for each month (Gould, 2000). Cloud cover 

prevents the near-infrared light (NIR) and red-light 

bands from reflecting off the vegetation, which would 

return inaccurate NDVI values.  Selected images were added to QGIS as separate layers. I then 

manually calculated the NDVI values for each month snapshot using Equation 1. 

Following the manual calculation of NDVI for each satellite image, the corresponding NDVI 

values were extracted for each location position. I took the recorded GPS time for each position 

and selected the NDVI raster that was taken closest in time to the GPS record. To assign NDVI 

values to the randomly generated position, which had no time stamps, I grouped and counted 

how many GPS position observations each individual had per NDVI snapshot, and then I 

randomly assigned the same distribution to the random positions.  

The final explanatory variable, carnivore presence, could not be quantified with the 

designated CMZ boundary as reliable metric; as the behavior of carnivores often ignores these 

man-made boundaries (Strand et al., 2019). Dispersing individuals, particularly bears and wolves 

seeking new territories, have been observed straying beyond CMZ borders (Kojola et al., 2006; 

Swenson et al., 1998).  

To compile measures of carnivore presences in the study area, I incorporated data from 

Rovbase. Rovbase is an online platform providing open-access records of carnivore sightings 

and signs across Norway (RovBase, 2023). For this study, I obtained records from May to 

September for both years, specifically focusing on confirmed wolf or bear signs in proximity to 

the study area. The analysis was limited to signs authenticated by employees of the Norwegian 

Environment Agency (SNO), including observations of dead carnivores, traces, analyzed DNA, 

and carnivore damages (Tab 2). To see the locations of each carnivore sign record, see 

supplementary material.   

ὔὈὠὍ            

Equation 1: Calculation of Normalized 
Vegetation Index 
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3.3 Modeling with Resource Selection Function (RSF) 

In this study, I applied the resource selection function (RSF) as a fundamental modeling 

approach to examine and quantify the habitat preferences of the cattle. The RSF allows 

quantifications and evaluations for the importance of factors in shaping the choices made by 

animals when selecting their preferred habitats as outlined by Boyce et. al (2002) and Manly et. 

al (2002).  

This study operated within the third order of spatial scope of habitat selection types 

(Johnson, 1980). The approach involved contrasting ñusedò cattle positions with ñavailableò, 

randomly distributed, positions (response variable) within the allocated pasture of each animal. 

This adhered to the design III framework for resource selection modeling, as outlined by Boyce 

et al., 2002 and Manly et al., 2002. The Nofence collars confined each individual to a to a pre-

determined area by the farmer controlling the pasture boundaries via the Nofence app. 

Traditionally when defining home ranges, Multi Convex Polygons (MCPs) are used to estimate a 

range for individuals (Boyce et al., 2002; Manly et al., 2002). The approach for this study has an 

advantage over the MCP method because the maximum home range of each individual was 

already designated via the Nofence boundary as opposed to an estimated MCP. 

I conducted all data analyses within R (R Core Team, 2022a) using the interface of R 

studio (R Core Team, 2022b) using the glmmTMB package and the ggplot2 package for graph 

creations (Brooks et al., 2023; Wickham, Chang, et al., 2023). For analysis, I employed 

generalized linear mixed models (GLMMs) with a binary response distribution, wherein I 

assigned a value of 1 to positions used by the cattle and 0 to the randomly generated óavailableô 

positions. I implemented a logit link function, enabling the quantification of the relative selection 

probability for each resource, based on their availability within the landscape. (Boyce, 2006). To 

facilitate comparison and enhance model performance, I standardized all continuous covariates 

to a normalized scale based on their z-scores (Borcard et al., 2018). This standardization was 

applied to ensure consistency in the analysis, given the variations in measurement units across 

the covariates, allowing me to gauge the relative strength of selection across covariates 

effectively. 
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To assess collinearity amongst continuous variables, I computed Pearson correlation 

coefficients. I removed predictors with correlations >0.7, ensuring that highly correlated 

variables did not overly influence the model (Dormann et al., 2013). To choose one variable 

from correlated pairs of variables, I ran global models including one of the correlated variables 

each. I used the Akaike Information Criterion (AIC) score to select the global model with the 

lower AIC score (Burnham et al., 2011). 

 To ensure the best model fit, I employed a model selection process that involved 

comparing various candidate models. These models were constructed by considering different 

combinations of predictor variables and model structures. For this purpose, I employed the AIC 

score following the approach outlined in Burnham et al., (2011). I systematically compared the 

AIC values for each candidate model and selected the one with the lowest AIC as the final 

model. This approach allowed me to identify the model that provided the best trade-off between 

goodness of fit and complexity, optimizing the balance between model performance and 

simplicity.  

I initiated the modeling process by constructing global models that included all relevant 

covariates to comprehensively explore the relationships within the dataset. These global models 

aimed to capture the potential influence of all available predictor variables on the response 

variable. To establish a baseline for comparison and to assess the significance of including 

covariates, I also developed a null model with an intercept set at 1. The null model served as a 

reference point, representing the simplest form of the model with no covariates, helping to 

evaluate the improvement in model performance as covariates were added. This approach 

allowed for a systematic exploration of model complexity without employing stepwise selection, 

facilitating the identification of the most informative covariates in explaining the variation in the 

response variable (Tab 3). 

Cow ID, Pasture ID, and Year were added as random effects to comprehensively address 

various sources of variability and dependencies within the dataset. óCow IDô as a random effect 

accounted for individual variability among individuals, capturing unique preferences. óPasture 

IDô as a random effect allowed me to control variability associated with different pastures. 

Additionally, óYearô as a random effect accounted for temporal variability, accommodating 
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potential year-to-year changes in environmental conditions and management practices that might 

affect the outcome. These random effects collectively enabled me to accurately model the 

hierarchical structure and dependencies in the data, enhancing the precision of parameter 

estimates and ensuring a robust analysis. 

To assess the influence of carnivore presence on cattle habitat selection, the dataset was 

stratified into four distinct subsets based on the presence or absence of carnivores in the pastures 

during the study years (Tab 3). Pasture A and Pasture B exhibited notable dissimilarities in key 

habitat characteristics. This is why, in addition to categorizing observations based on carnivore 

presence, the data was stratified into subsets specific to Pasture A and Pasture B. These subsets 

were created to allow for a more nuanced analysis of the data and to examine the impact of 

carnivore presence on cattle habitat selection in differing landscapes. 

Table 2: Regarding carnivore observations, the year 2021 brought no records of carnivore sightings in Pasture A, while Pasture B 
witnessed the presence of both wolves and bears via scat and hair samples verified by SNO employees. In 2022, the situation 
was reversed with all carnivore observations occurring in Pasture A. 

  

 

The first two subsets encompassed all observations collected in the absence of confirmed 

carnivore presence. The initial subset included all location data collected in 2022 within Pasture 

B (n=326 746). The second subset contained all observations from 2021 in Pasture A (n=260 

636). These subsets serve as a baseline for understanding cattle habitat preferences when 

carnivores were not observed (Tab 2). 

Conversely, the remaining two subsets were based on the presence of carnivores used to 

assess any changes in cattle habitat selection. One subset compiled all data positions from 

Pasture A in the year 2022 (n= 268 848) as that year had records of confirmed bear signs within 

the pasture (Tab 2). The final subset included data from Pasture B in 2021 (n=282 892) as both 

wolf and bear signs were confirmed in that pasture for that year (Tab 2). By stratifying the data 

 2021 2022 

Pasture A None observed Bear sign observed 

Pasture B  Wolf and bear sign observed  None observed 
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in this manner, we can explore how different carnivore species, years, and pastures contribute to 

variations in cattle behavior and habitat preferences. 

To account for spatial autocorrelation and individual, óCow IDô was applied as a random 

effect for these models. Using óCow IDô as a random effect accounted for the possible unique 

preferences and behaviors of different individuals. óYearô and óPasture IDô were removed as 

random effects for these models because year and pasture effects were accounted for indirectly 

through the subset separation, making their inclusion as separate random effects unnecessary. 

I then ran the best fitting model from the habitat selection models with all four subsets 

(Tab 3). The investigation prioritized large candidate models to explore ecologically relevant 

variables for the subsets in line with the research goals of this study (Aho et al., 2014).  

I conducted a Weighted Likelihood Ratio Test (WLRT) to assess the models within the 

same pastures for differences in the log-odds of selection when the carnivores were observed in 

one year and not the other.  As the number of observations varied per year and pasture, I 

calculated weighted values for each comparison and applied them to the test. This allowed for a 

balanced comparison while accounting for the unequal sample sizes. This comparison aimed to 

determine whether the presence or absence of carnivores had a measurable impact on the log-

odds of selection. 

To assess the modelsô goodness of fit, I generated a residual versus fitted values plot 

using the "DHARMa" package (Florian Hartig, 2022). The validation process encompassed 

several critical aspects, including assessing the dispersion of residuals, detecting potential zero 

inflation issues, and investigating temporal and spatial correlations within the residuals. These 

steps allowed for a thorough evaluation of the models' performance and the identification of any 

deviations from model assumptions or potential sources of bias (Florian Hartig, 2022).  

4. Results 

The global model consistently exhibited strong AIC performance during the selection 

process, I also observed substantial differences in the ȹAIC values, emphasizing the distinction 

between the best-ranked global model and its closest competitors in all cases (Tab. 3). Moreover, 

the use of all the predictor variables in the global model demonstrated noticeable impacts on the 
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relative likelihood of habitat selection.  Among the various habitat variables studied, only two 

variables exhibited a correlation coefficient >0.7 (TRI and Slope). This was expected since both 

terrain ruggedness and slope are calculated using elevation. The global model with TRI had a 

lower AIC value and was therefore selected as the variable for further analysis. The results of the 

correlation matrix can be found in supplementary material. 

Table 3: Model results of habitat selection for n = 38 GPS-collared cattle in 2021 and n=40 in 2022 on cattle on forest pastures in 
southeastern Norway. Cow ID, year, and pasture ID were set as random intercepts for all models. The global models showed the 
lowest AIC scores. 

4.1 General Habitat Selection 

The analysis revealed that cattle exhibited distinct preferences based on various 

environmental factors. When distance to roads increased, the likelihood of selection decreased 

(log-odds: -4.9, Fig. 3). Landcover type played a substantial role in their selection, cattle 

exhibited a particularly strong aversion to wetland areas (log-odds: -4.1, Fig 3), which emerged 

as one of the most influential predictors of habitat selection (Fig 3). Of the aspect categories, 

north-facing slopes were the most preferred. South-facing slopes were slightly less likely to be 

used by cattle, followed by east-facing slopes, and west-facing slopes. In contrast, when 

available, flat terrains were more favored than south-facing slopes (Fig 3).  

 Distance 

to Roads 

Distance 

to Water 

Elv Slope TRI Landcover Crown 

Cover 

NDVI Aspect AIC 

Null           1579162.4 

 

*TRI 

Global 

x x x  x x x x x 987325.9 

 

Slope 

Global 

x x x x  x x x x 987462.3 

 

H1 x         1061262.3 

 

H2 x     x    1014002.1 

H3 x  x   x    1006164.8 

H4 x     x  x  1042260.3 

H5 x     x x   1043301.1 

H6 x  x   x  x  997021.5 

H7 x  x   x x   1002385.7 

H8 x  x   x x  x 1002425.9 
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Table 4: Distribution of available positions in each pasture for each continuous variable showing the variances in habitat 
variables. Notable differences include Pasture B exhibiting a much farther maximum distance from roads, and Pasture A 
possessing a higher maximum of terrain ruggedness. 

 

Table 5: Distribution of available positions and used positions in each pasture for the categorical variables showing the variances 
in habitat. Notable differences include Pasture A possessing flat areas, which have higher ratio of use, and Pasture B possessing 
built-up areas which have a very high ratio of use.  

Continuous Variables 
 

Pasture A  Pasture B 
 

Minimum Maximum Mean 
Standard 

Deviation 
Minimum Maximum Mean 

Standard 

Deviation 

Crown 
Cover 0 100 59.4 34.2 0 100 56.3 38.7 

Distance to 
Roads 0 4707 1088 1277 0 4653 858 1004 

Distance to 
Water 0 4959 2020 1294 0 6165 1788 1114 

Elevation 230 678 404 94 239 624 341 69 

NDVI Value 
0.04 0.58 0.31 0.08 -0.09 0.59 0.29 0.09 

Slope 0 59 6.0 4.58 0 27.2 3.66 3.45 

Terrain 
Ruggedness 

Index 
0 103 6.7 5.4 0 31.4 4.04 3.79 

Categorical Variables 

 Pasture A Pasture B 

  Percent used Percent available Percent used Percent available 

Land Cover Type 

Built Up 0.00 0.01 3.64 0.19 

Established 
Forest 

79.88 88.53 65.15 78.71 

Young 
Forest 

19.89 8.95 30.51 14.12 

Wetland 0.23 2.51 0.69 6.97 

Aspect Direction 

North 25.51 14.47 17.72 15.99 

East  26.96 14.39 5.94 6.47 

West  6.28 8.54 4.33  8.02 

South  40.72 62.60 69.20 65.60 

Flat 0 0 2.80                 3.92 
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Distance to water sources had a positive relationship (log-odds: 0.2, Fig 3), with cattle 

showing a higher likelihood of selecting habitats farther from water sources (Fig 3.). Elevation 

had a negative influence, with the likelihood of selection decreased as elevation increased (log-

odds:    -0.7, Fig 3). Additionally, areas with higher topographic ruggedness indices (TRI) were 

associated with reduced likelihood of selection (Fig. 3). Cattle favored greener and more 

vegetated areas, as indicated by a positive relationship with NDVI, while higher crown cover 

percentages led to a decrease in selection (Fig 3).  

 

4.2 Habitat Selection Regarding Carnivore Presence 
 

Using year and pasture ID as a proxy for exploring the effect of carnivore presence on 

habitat selection showed variable results between pastures (Fig. 4, Fig 5.). In Pasture A, a 

weighted likelihood ratio test (WLRT) on the difference of overall estimates revealed no 

Figure 3: Log-odds of the coefficient estimates from the top ranked model of cattle habitat selection. The 95% confidence 
intervals of the log-odds were small and therefore only partially visible. 

Landcover: Established Forest 
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significant difference (p=1) between the subsets. Suggesting that proxy for carnivore presence 

may not have a significant impact on habitat selection in that area. However, when the difference 

in estimates for individual variables was performed, there was a statistically significant change in 

parameter log-odds. In Pasture B, the WLRT showed a significant difference in the parameter 

overall estimates (p=0), indicating that the subset for the year with carnivore observations had 

substantial changes in habitat selection compared to the subset without observed carnivores.  

The results indicate that the proxy for presence of carnivores has a varying effect on 

cattle habitat selection concerning specific variables (Fig 4, Fig 5.). Cattle consistently exhibited 

preferences for certain features, irrespective of confirmed carnivore observation years and 

locations. These minimally altered trends include a penchant for less rugged terrain (TRI), a 

preference for areas with higher NDVI values, and a continued affinity for less canopy cover, 

irrespective of the proxy for carnivores (Fig 4, Fig 5). 

There was a trend in the relationship between cattle habitat selection and proximity to the 

nearest water source in the years with observed carnivore presence. In these years, both groups 

exhibited a stronger positive relationship with proximity to water (Fig 4, Fig 5). This change was 

particularly pronounced in Pasture A (log-odds: 3.0, Fig 4). 

When carnivore signs were observed in Pasture B, the cattle were less likely to use young 

forests (log-odds: -1.3, Fig 5) and established forests (log-odds: -1.9, Fig 5) than built-up areas. 

In contrast, during years when carnivores were absent, young (log-odds: 0.9) and established 

forests (log-odds: 0.3) were used over built-up areas (log-odds: 0.0) as illustrated in Fig 5.  

However, the avoidance of wetlands remained when carnivores were both present (log-odds: -

3.8, Fig 5) and absent (log-odds: -2.5, Fig 5). Pasture A revealed a wide range of confidence 

intervals, indicating substantial uncertainty. Specifically, the log odds of the effect of wetlands in 

Pasture A was estimated at 9.4 (95% CI: -532.8 to 551.7), while for established forest it was 13.5 

(95% CI: -528.7 to 555.7), and for young forest it was 14.1 (95% CI: -528.2 to 556.3). These 

results highlight the need for further examination.  
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Figure 5: Log-odds covariate estimates from the top ranked model with carnivore observations present and absent for Pasture B. The 95% confidence 
intervals were small and therefore not visible on at this scale. 

Figure 4:  Log-odds covariate estimates from the top ranked model with carnivore observations present and absent for Pasture A. Landcover category was 
ǊŜƳƻǾŜŘ ŘǳŜ ǘƻ ŀ ƘƛƎƘ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭΦ !ƭƭ ƻǘƘŜǊ ǾŀǊƛŀōƭŜǎΩ фр҈ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭǎ ǿŜǊŜ ǎƳŀƭƭ ŀƴŘ ǘƘŜǊŜŦƻre not visible at this scale. 

Landcover: Established Forest 
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The preferences for aspect directions appeared to shift in year with carnivore 

observations.  Instead, cattle displayed a heightened preference toward south (log-odds for A: 

0.9, log-odds for B: 0.9) and east-facing (log-odds for A: 1.3, log-odds for B:0.3) slopes during 

years with documented carnivore observations (Fig 4, Fig 5.). 

In Pasture A, carnivore observation years slightly increased the preference for lower 

elevations (Fig 4). In Pasture B, a unique finding emerged, as cattle displayed an unusual 

positive relationship with higher elevations in years without carnivore observations (Fig 5). 

However, this positive relationship reverted to the expected negative one in years when 

carnivores were observed (Fig 4, Fig 5). In Pasture A, the years with carnivore observations led 

to a very strong increase in the preference for areas near roads compared to scenarios without 

carnivore observations (Fig 4). Conversely, in Pasture B, the years when carnivores were 

observed showed weakened preference for areas closer to roads (Fig 5).  

5. Discussion 

The study did not extensively explore the impact of temporal factors, such as the time of day 

and time of year, on selection preferences. As mentioned in Boyce (2006), temporal scales can 

play a crucial role in interpreting habitat selection. Seasonal changes. Temperature fluctuations, 

and diurnal variation in both carnivore behavior and cattle habitat selection could potentially 

influence the observed changes.  

The general habitat modeling results appear to be aligned with the findings of other cattle 

habitat selection studies as distance to roads, elevation, aspect, and land cover emerged as robust 

predictors of habitat selection (McLean & Clark, 1980; Roath & Krueger, 1982; Tofastrud et al., 

2019). This study encompasses an additional layer of complexity by exploring differences in 

habitat selection in years and pastures when carnivores were observed as compared to years 

without carnivore observations. This carnivore-proxy adds an extra dimension to the research. It 

recognizes the ecological reality of interactions between free ranging livestock and carnivores, 

shedding light on how these dynamics may influence habitat selection. 

These findings emphasize the importance of considering differences in landscapes when 

evaluating habitat selection. Overall, from the weighted likelihood ratio test Pasture A appeared 



23 
 

to exhibit limited changes in habitat selection between scenarios with and without carnivores, 

suggesting that carnivore presence might not exert a substantial influence on habitat selection in 

that area. In contrast, Pasture B displayed a discernible shift in habitat preferences with the years 

that carnivore presence was detected. These observations underscore the complex interplay 

between pasture compositions and possible carnivore effects, emphasizing the need for nuanced 

and area-specific analyses in understanding the factors influencing cattle habitat selection. 

The ruggedness of the terrain was shown to be a good predictor of general habitat 

selection, with the cattle tending to select areas with lower TRI values. Terrain with high indices 

of ruggedness typically involves steep slopes and cliffs, which demands increased physical effort 

for cattle to traverse (Ganskopp et al., 2000). Cattle naturally prefer areas that require less energy 

for movement (Bailey et al., 1996; Kaufmann et al., 2017).  In the scenarios with carnivore 

observations were compared to years without carnivore observations for TRI; there was no 

essential difference in preferences.  

The findings also revealed that cattle exhibited a preference for areas with less crown 

cover. Locations with higher crown cover percentages led to a decrease in the likelihood of use.  

This may be a reflection on the inclination grazers have for open areas with less crown cover, as 

dense crown cover restricts the amount of sunlight reaching the forest floor, hindering the growth 

and density of desirable forage plants (Vencurik et al., 2020). This reduced forage availability in 

areas with denser crown cover may render them less attractive to cattle when choosing grazing 

locations, resulting in a lower likelihood of selection. 

While the subsets with carnivore observations introduced marked variations from the 

carnivore absent subsets for some habitat variables; there were enduring preferences for higher 

NDVI, lower TRI, and lesser crown cover regardless of carnivore observation years. Suggesting 

a stable preference for open areas with dense ground vegetation attributed to more sunlight at 

ground level due to a lower percentage of crown cover (Fig 3). Cattle displayed a preference for 

areas with higher NDVI values in general, indicative of zones with better primary productivity 

and abundant forage resources (Gould, 2000). The consistent affinity for higher NDVI areas 

suggests that cattle prioritize regions with plentiful forage resources, aligning with their natural 

inclination for rich grazing opportunities (Gordon, 1989). The stability of these selection trends 
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suggest that these habitat features play a static role in cattle habitat selection and remain 

relatively unaffected by the potential disturbance of carnivore presence or other inter-annual 

environmental changes.  

Cattle exhibited a notable preference for areas near roads. This preference is likely driven by 

the practical advantages that roads provide to cattle within pasture environments. Roads offer 

enhanced mobility and access to various grazing areas, making them essential corridors for cattle 

movement (Roath & Krueger, 1982). In Pasture A, the years with carnivore observations had a 

substantial impact on cattle's preference for areas near roads, as a contrast to scenarios without 

carnivore observations. Prior research has shown that cattle travel less when carnivores are 

present (Clark et al., 2017). However, it is difficult to attribute the selection change in this study 

as an effect of carnivore presence. The cattleôs response may not be universal and can vary 

depending on several factors between years. Evidently, in Pasture B, the presence of carnivores 

seemed to weaken the preference for locations near roads. This difference again highlights the 

complex relationship between cattle and their environment, which appears to be influenced by 

multifaceted dynamics extending beyond carnivore presence.  

Drawing conclusions that the differences in habitat selection across various years and 

pastures are purely due to carnivore presence is a complex endeavor. In a related study, 

researchers equipped wolves with GPS collars, which allowed for precise measurement of their 

proximity to cattle (Muhly et al., 2010). This approach provided a means to gauge habitat 

selection with a more accurate temporal exposure to carnivores. Without GPS collars on 

carnivores, it is difficult to draw conclusions that the changes in habitat preference were solely 

based on carnivore presence. The study's accuracy is subject to limitations related to the 

availability of GPS collar data and the certainty of carnivore locations. While the Rovbase data 

was verified by SNO employees, these indirect signs do not provide an exact timestamp of when 

the carnivore was in the area during the study period (RovBase, 2023). Additionally, there may 

have been undetected instances of large carnivores within the pastures. Therefore, the pastures 

without confirmed carnivore signs do not guarantee the absence of carnivores; it simply means 

that their presence was not recorded. Acquiring GPS collar data on large carnivores would 

provide more precise data regarding their proximity to the cattle. Future research should aim to 

incorporate such technology, allowing for a variable that can provide a more nuanced 
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understanding of carnivore-livestock interactions. This would enable more powerful statistical 

analysis, potentially offering deeper insights into the nature of carnivore proximity and presence 

on the selection of habitat by cattle. 

The observed preference for lower elevations by cattle aligns with their natural inclination 

for areas that are easily accessible and less physically demanding (Bailey et al., 1996). In Pasture 

A, cattle exhibited a slight increase in their preference for lower elevations in the presence of 

carnivores. Conversely, in Pasture B, a unique finding emerged as cattle displayed an unusual 

positive relationship with higher elevations in carnivore absent years. However, this positive 

relationship reverted to the expected negative relationship in the years with carnivore 

observations in the pasture. Other studies have found habitat use patterns of cattle to vary when 

the herds are exposed to carnivores (Laporte et al., 2010). The cattle may have preferred lower 

elevations due to the ease of access (Bailey et al., 1996; Ganskopp et al., 2000). The exact 

implications of these shifts in elevation preference warrant deeper exploration to understand the 

underlying mechanisms.  

The results suggest that the years with carnivore presence resulted in a slight shift of cattle's 

top choice of aspect direction. The preference for north-facing slopes was weaker for the 

carnivore subsets. Instead, cattle displayed a heightened inclination toward south and east-facing 

slopes during years with documented carnivore observations. However, the affinity for flat areas 

with no aspect remained. The specific processes behind this observed shift in preference remain 

unclear, perhaps these use patterns emerged due to more favorable microhabitats on certain 

slopes.  

Notably, the study did not delve into herd dynamics or behavior. Wild ungulates exhibit anti-

predator behaviors, such as herd grouping  (Creel et al., 2014; Hunter & Skinner, 1998). It is 

possible that if cattle exhibited anti-predator behavior by congregating in certain areas, this may 

have influenced the selection of habitat variables for the whole herd. Further exploration of how 

cattle herd dynamics respond to the presence of carnivores could offer valuable insights for 

future research and a deeper understanding of these interactions. 
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For general habitat selection patterns, cattle exhibited a strong aversion to wetlands which 

emerged as a compelling predictor of habitat selection (Tab 5. Fig 3). Wetlands tend to have soft, 

waterlogged soil which can make it difficult for cattle to walk and graze. In addition, wetlands 

typically have less desirable forage available for cattle compared to other land cover types 

(Hessle et al., 2008). The likelihood of use for built-up areas and young forests is possibly linked 

to forage preferences (Tofastrud et al., 2019). Young forests typically offer more tender and 

nutritious vegetation, making them an attractive food source (McLean & Clark, 1980; Rekdal, 

2017).  Established forests were the third most preferred land cover type. Established forests 

often feature dense canopies that reduce sunlight penetration, potentially impeding the growth of 

preferred forage species (Feldhake et al., 2010).  

The hypothesis stated that carnivore presence would influence habitat selection and that 

established forests would be preferred over built-up land and young forests. When exploring the 

subsets separated by carnivore observation years; in Pasture, A, the land cover classes were not 

significant predictors in the regression models. These outcomes suggest that, within the context 

of this study, landcover types in Pasture A did not play a substantial role in predicting the cattle's 

habitat selection.  

One possible solution to this issue could lie within the availability of GIS layers used to 

classify land cover types. The GIS layers used in this study were derived from varying databases, 

and it is important to acknowledge that land cover can change over time due to various factors. 

Access to more recent and updated GIS land cover layers would be valuable for ensuring the 

accuracy and relevance of land cover classifications. The utilization of older GIS layers may 

have introduced a potential source of error or bias in the results. Therefore, future research could 

benefit from the incorporation of up-to-date GIS data to enhance the precision of land cover 

classifications and improve the robustness of the analysis. 

However, the results indicate that in the subsets for Pasture B, landcover remained a strong 

predictor within the model. Henceforth, all following discussions pertain to the subsets only 

within Pasture B, where the analysis indicated significant results for the landcover variable. 

Contrary to the hypothesis, which had predicted the observation of carnivores would lead to 

increased utilization of established forests, this category was ranked as the third most favored 
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type of land cover. The year with carnivore observations resulted in a preference for the built-up 

areas, followed by young forests. Despite continued aversion to wetlands, when the carnivore 

subset was examined, that relationship was weakened, and while the results did not indicate that 

cattle were selecting wetland habitats, they were less inclined to avoid them.  

The relationship between cattle habitat selection and the distance to water sources showed 

areas closer to water were more likely to be used. When examining cattle habitat selection with 

the carnivore presence proxy, a distinctive pattern emerged. In years where carnivores were 

observed, both pasture groups showed a positive log-odds for areas closer to water, as opposed to 

a negative log-odds when carnivores were absent. These shifts indicate an increased tendency to 

select areas farther from water sources during the years when carnivore signs were observed. 

Notably, this change was most pronounced in Pasture A.  This preference may be attributed to 

the specific characteristics of Pasture A, which had fewer available water sources than Pasture B. 

This scarcity of water sources in Pasture A could have skewed the data, resulting in an apparent 

preference for habitats farther from water sources. A possible explanation for this inconsistency 

could have been based on seasonal variation in habitat selection. Cattle may have chosen areas 

closer to water on warmer days later in the grazing season as a mechanism to cool off by wading 

in the water (Tomaszewski et al., 2005).  

6. Conclusion 

This study was focused on two primary research questions concerning cattle habitat 

selection. The first research question sought to identify the habitat variables with the most 

substantial influence on cattle habitat selection. The second research question explored the 

potential impact of carnivore presence on cattle habitat selection within the study area. 

My investigation confirmed and expanded upon the findings of previous habitat selection 

studies. Notably, I observed that distance to roads, land cover type and elevation emerged as key 

determinants of cattle habitat selection. Cattle exhibited a pronounced preference for areas close 

to roads and low elevations. Landcover classification also played a key role in selection, with 

cattle very unlikely to select for established forests, and strongly avoided wetlands. Additionally, 

the results revealed that cattle favor regions characterized by higher NDVI values, low 
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ruggedness, and lower crown cover. These findings suggest a clear preference for areas with 

good forage availability and ease of access.  

My second research question examined the influence of carnivore presence on cattle 

habitat selection. While the hypothesis anticipated that carnivore presence in pastures would 

noticeably affect cattle habitat selection, the findings revealed a more complicated relationship, 

as the suspected influence of carnivores on habitat selection varied across different habitat 

factors. The proxy used for carnivore presence stratified the data by years, making it challenging 

to solely attribute changes in habitat use to carnivore presence rather than variations in 

environmental conditions from year to year. 

Nevertheless, the findings indicate that the years and pastures with carnivores observed 

minimally altered the preferences for high NDVI, lower terrain ruggedness indices, and lower 

percentages of crown cover. While these three key variables showed little change in selection, 

numerous other habitat variables exhibited variations in selection likelihood when in years with 

carnivore observations.  

Elevation remained one of the strongest predictors, and the subsets associated with 

carnivore observations intensified the preference for lower elevations. Furthermore, in years with 

carnivore observations, a notable shift in aspect preferences occurred, with a distinct transition 

from a preference for north-facing slopes to a heightened affinity for south-facing slopes. Cattle 

also tended to select areas closer to water sources in years with carnivore observations. 

Regardless of the limitations, these findings highlight the importance of factors such as 

accessibility, vegetation quality, and topography in driving selection patterns. The results align 

with existing research related to cattle resource selection, providing insights into free-ranging 

cattle habitat selection within their environment. The interpretation of these findings stresses the 

interconnectedness of cattle habitat selection, ecological factors, and land management, 

enhancing the coexistence of cattle and carnivores in shared landscapes. 

This research can contribute to more informed decision-making in livestock management and 

carnivore conservation.  The findings of this study not only contribute to the efficient 

management of livestock in carnivore inhabited areas, but also have broader implications for 
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carnivore conservation and agricultural sustainability. The practical applications of this research 

empower farmers to make informed decisions to strategically plan the layout of outfields to 

optimize road networks, access to lower elevation, and the availability of high-quality forage. 

Ultimately resulting in the effective management of livestock that offers economic benefits to the 

agricultural sector. By adding evidence to how cattle may use habitats in the presence of large 

carnivores, farmers can implement proactive measures to reduce potential stress on cattle, which 

is crucial for both livestock and wildlife conservation. 

The results provide some evidence that large carnivores contribute to alteration in habitat 

use by cattle, but this study also accentuates the complexity of habitat selection. It recognizes the 

nuanced nature of selection and the context-specific responses of cattle to environmental factors. 

Additional research is necessary to unravel the dynamics governing these patterns and to develop 

strategies that foster a harmonious coexistence between cattle and wildlife in shared landscapes.  
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10. Supplementary Materials  

 

1. Rovbase data: Link for 2022 Link for 2021 

Species Type Date (m.d.y) N UTM 
33 

E UTM 33 ID Individual DNA ID Notes 

bear hair 
dna 

06.07.2021 6801275 303485 D544111 BI405012 
HE160 

B00070747 
 

bear obs 06.07.2021 6801275 303485 D544112 BI405012 
HE160 

 
hair 

bear scat 
dna 

05.03.2021 6801315 303391 D544178 
 

B00070156 non 
functioning 

wolf scat 
dna 

06.07.2021 6802086 302939 D544113 UI416656 
G202-21 V974 
+ 

U00011733 
 

bear obs  05.06.2021 6801155 302695 D543774 BI414074 
HE223 

 
hair 

bear scat 
dna 

05.03.2021 6800977 303503 D544179 
 

B00070155 unknown 
form 

bear hair 
dna 

05.06.2021 6801155 302695 D543774 BI414074 
HE223 

B00070153 
 

bear hair 
dna 

05.03.2021 6801165 303633 D544176 
 

B00070157 non 
functioning 

wolf scat 
dna 

8.19.2021 6800696 301352 D545022 
 

U00011735 non 
functioning 

wolf scat 
dna 

8.19.2021 6800717 301362 D545023 
 

U00011736 non 
functioning 

wolf scat 
dna 

04.09.2021 6801802 309035 D541381 UI414102 G18-
20 V963 

U00009505 
 

wolf scat 
dna 

04.09.2021 6798590 309948 D541382 UI1414102 
G18-20 V963+ 

U00014532 
 

wolf scat 
obs 

04.04.2021 6798563 312011 D541935 UI406138 
G168-16 V642 

  

bear photo 
obs 

04.29.2021 6785488 303070 R535868 
   

bear scat 
dna 

10.16.2022 6799755 300169 D565919 BI415376 
HE249 + 

B00086508 
 

bear scat 
dna 

10.06.2022 6796042 302374 D565020 BI415376 
HE249 + 

B00086505 
 

bear scat 
dna 

9.24.2022 6796025 302106 D565019 BI415376 
HE249 + 

B00086507 
 

bear scat 
dna 

9.26.2022 6795289 300237 D565018 
 

B00086506 non 
functioning 

 

https://rovbase.no/filter?Carnivore=2,1&CarnivoreDamage=1,2,3,4,5&County=1-34&Evaluation=1,2&FromDate=2022-09-01&Municipality=1-3420&Observation=1,2,3,11&Offspring=false&ToDate=2023-03-03
link:%20https://rovbase.no/filter?Carnivore=2,1&CarnivoreDamage=1,2,3,4,5&County=1-34&Evaluation=1,2&FromDate=2021-04-01&Municipality=1-3420&Observation=1,2,3,11&Offspring=false&ToDate=2021-09-01
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2.  Correlation plot of continuous variable

 

3. R packages used in cleaning, data manipulation, analysis, and visualization: 

tidyverse(Wickham & RStudio, 2023), lubridate(Spinu et al., 2023), data.table (Dowle et al., 

2023), dplyr(Wickham, François, et al., 2023), furrr(Vaughan et al., 2022), 

ggplot2(Wickham, Chang, et al., 2023), lme4 (Bates et al., 2023), MuMIn(BartoŒ, 2023), 

DHARMa (Florian Hartig, 2022), glmmTMB (Brooks et al., 2023), forestmodel (Kennedy, 

2020), broom.mixed (Bolker  [aut et al., 2022), corrplot(An Introduction to Corrplot 

Package, n.d.) 
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Table 6:  Table with all Pasture Versions and reasons for excluding from study. 

Pasture ID Version Start Time End Time Reason for elimination Geometry (WKT)  

2021 

B 1 2021-06-04 

10:16:26.157+0

0 

2021-06-04 

10:19:42.226+0

0 

3min {"type": "Polygon", "coordinates": [[[11.48369986563921, 61.266726230907516], [11.475232802331448, 61.28230475567344], 

[11.457490660250189, 61.292145513003504], [11.446670293807983, 61.31026218315977], [11.42262227833271, 61.30552106212929], 

[11.365574710071087, 61.29556404921709], [11.383197158575058, 61.27036123444989], [11.395356617867947, 61.255261949353816], 

[11.445161551237106, 61.26170867415683], [11.48369986563921, 61.266726230907516]]]} 

B 2 2021-06-04 

10:19:42.226+0

0 

2021-06-04 

12:57:44.655+0

0 

2hr {"type": "Polygon", "coordinates": [[[11.47989347577095, 61.26788733744331], [11.475232802331448, 61.28230475567344], 

[11.455349586904049, 61.291286472343636], [11.446670293807983, 61.31026218315977], [11.422143504023552, 61.31057282438153], 

[11.363212019205095, 61.30282180881629], [11.383197158575058, 61.27036123444989], [11.395356617867947, 61.255261949353816], 

[11.445161551237106, 61.26170867415683], [11.47989347577095, 61.26788733744331]]]} 

B 3 2021-06-04 

12:57:44.655+0

0 

2021-06-05 

05:20:24.75+00 

Replicate of previous 

version 

{"type": "Polygon", "coordinates": [[[11.47989347577095, 61.26788733744331], [11.475232802331448, 61.28230475567344], 

[11.455349586904049, 61.291286472343636], [11.44584584981203, 61.308178554069166], [11.422143504023552, 61.31057282438153], 

[11.363212019205095, 61.30282180881629], [11.383197158575058, 61.27036123444989], [11.395356617867947, 61.255261949353816], 

[11.445161551237106, 61.26170867415683], [11.47989347577095, 61.26788733744331]]]} 

B 4 2021-06-05 

05:20:24.75+00 

2021-09-06 

14:12:29.332+0

0 

selected {"type": "Polygon", "coordinates": [[[11.47989347577095, 61.26788733744331], [11.475232802331448, 61.28230475567344], 

[11.455349586904049, 61.291286472343636], [11.44584584981203, 61.308178554069166], [11.444392427802088, 61.30790458960168], 

[11.44223090261221, 61.30838957912167], [11.44122775644064, 61.3079520748013], [11.440613195300102, 61.30841324088112], 

[11.44331283867359, 61.30978784578158], [11.43675483763218, 61.313374733503316], [11.35847222059965, 61.307082198924576], 

[11.35916456580162, 61.30540708869451], [11.363552659749985, 61.301168689228334], [11.383665874600412, 61.27652820608966], 

[11.383197158575058, 61.27036123444989], [11.395356617867947, 61.255261949353816], [11.434426344931126, 61.26235848067598], 

[11.438569352030754, 61.26141818324388], [11.445161551237106, 61.26170867415683], [11.47989347577095, 61.26788733744331]], 

[[11.43700260668993, 61.26675943360613], [11.437176614999771, 61.26618853571774], [11.436371617019175, 61.265340228698726], 

[11.43480721861124, 61.265702410082156], [11.433605253696442, 61.26640903054193], [11.43468417227268, 61.26741171445609], 

[11.43624857068062, 61.26727938973518], [11.43700260668993, 61.26675943360613]]]} 

B 5 2021-09-06 

14:12:29.332+0

0 

2021-09-07 

05:45:07.838+0

0 

outside of study period {"type": "Polygon", "coordinates": [[[11.439596638083458, 61.26334791465334], [11.442020013928413, 61.26712353274115], 

[11.431472897529604, 61.28888509220845], [11.455349586904049, 61.291286472343636], [11.44584584981203, 61.308178554069166], 

[11.444392427802088, 61.30790458960168], [11.44223090261221, 61.30838957912167], [11.44122775644064, 61.3079520748013], 

[11.440613195300102, 61.30841324088112], [11.44331283867359, 61.30978784578158], [11.43675483763218, 61.313374733503316], 

[11.41548927873373, 61.314144977235834], [11.411387845873833, 61.30509752316479], [11.431574821472166, 61.28906500076328], 

[11.430800333619118, 61.28821843907334], [11.422891840338709, 61.27470595738536], [11.434426344931126, 61.26235848067598], 

[11.439596638083458, 61.26334791465334]], [[11.43700260668993, 61.26675943360613], [11.437176614999771, 61.26618853571774], 

[11.436371617019175, 61.265340228698726], [11.43480721861124, 61.265702410082156], [11.433605253696442, 61.26640903054193], 

[11.43468417227268, 61.26741171445609], [11.43624857068062, 61.26727938973518], [11.43700260668993, 61.26675943360613]]]} 

B 6 2021-09-07 

05:45:07.838+0

0 

 
outside of study period {"type": "Polygon", "coordinates": [[[11.439596638083458, 61.26334791465334], [11.442020013928413, 61.26712353274115], 

[11.432015709578991, 61.28923057370544], [11.42739560455084, 61.29375675475392], [11.44325315952301, 61.295537479215824], 

[11.448284313082695, 61.29753853991681], [11.44584584981203, 61.308178554069166], [11.444392427802088, 61.30790458960168], 

[11.44223090261221, 61.30838957912167], [11.44122775644064, 61.3079520748013], [11.440613195300102, 61.30841324088112], 

[11.44331283867359, 61.30978784578158], [11.43675483763218, 61.313374733503316], [11.41548927873373, 61.314144977235834], 

[11.411387845873833, 61.30509752316479], [11.427422761917114, 61.29361616693935], [11.431574821472166, 61.28906500076328], 

[11.430800333619118, 61.28821843907334], [11.422891840338709, 61.27470595738536], [11.434426344931126, 61.26235848067598], 

[11.439596638083458, 61.26334791465334]], [[11.43700260668993, 61.26675943360613], [11.437176614999771, 61.26618853571774], 

[11.436371617019175, 61.265340228698726], [11.43480721861124, 61.265702410082156], [11.433605253696442, 61.26640903054193], 

[11.43468417227268, 61.26741171445609], [11.43624857068062, 61.26727938973518], [11.43700260668993, 61.26675943360613]]]} 

B 2 2021-05-19 

19:24:04.896+0

0 

2021-06-03 

06:11:25.79+00 

no change {"type": "Polygon", "coordinates": [[[11.435502246022224, 61.31271825718185], [11.438681334257128, 61.319923776542346], 

[11.415650211274624, 61.33161409395657], [11.403740532696247, 61.33756753427612], [11.39270257204771, 61.33303432471778], 

[11.378780566155912, 61.332413323469765], [11.354255452752115, 61.33125138597185], [11.345306262373924, 61.33113927538154], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.358071565628052, 61.30802917773499], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.377552449703218, 61.28393019535804], 

[11.38087470084429, 61.2800064433065], [11.382139697670937, 61.27917478202297], [11.45260702818632, 61.29258452620257], 

[11.449924148619175, 61.29722390504758], [11.448800303041935, 61.3015315844551], [11.44792053848505, 61.303415545344926], 

[11.443869732320309, 61.30797638075701], [11.442367024719713, 61.30937965558149], [11.435502246022224, 61.31271825718185]]]} 



45 
 

B 3 2021-06-03 

06:11:25.79+00 

2021-06-03 

10:07:29.893+0

0 

4hrs {"type": "Polygon", "coordinates": [[[11.440352685749529, 61.31081570182511], [11.433610953390597, 61.31181503659931], 

[11.437322795391081, 61.31874303194248], [11.420574747025967, 61.32833525419678], [11.412588469684126, 61.33049040936421], 

[11.40441007912159, 61.33298896839998], [11.396350041031837, 61.33297063284864], [11.39270257204771, 61.33303432471778], 

[11.378780566155912, 61.332413323469765], [11.348592638969423, 61.33100255460649], [11.345144994556904, 61.329325183405444], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.35727595537901, 61.30805477136], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.374624818563461, 61.286592899297375], 

[11.38087470084429, 61.2800064433065], [11.383749358355999, 61.27567486094444], [11.45260702818632, 61.29258452620257], 

[11.449924148619175, 61.29722390504758], [11.448800303041935, 61.3015315844551], [11.44792053848505, 61.303415545344926], 

[11.44435789436102, 61.30820285984934], [11.442413292825222, 61.3083023362897], [11.442126631736755, 61.30845332096353], 

[11.441151648759844, 61.308011632407656], [11.440554186701775, 61.308370907244495], [11.442367024719713, 61.30937965558149], 

[11.440352685749529, 61.31081570182511]]]} 

B 4 2021-06-03 

10:07:29.893+0

0 

2021-06-03 

15:53:24.839+0

0 

5hrs {"type": "Polygon", "coordinates": [[[11.440352685749529, 61.31081570182511], [11.433610953390597, 61.31181503659931], 

[11.437322795391081, 61.31874303194248], [11.420574747025967, 61.32833525419678], [11.412588469684126, 61.33049040936421], 

[11.40441007912159, 61.33298896839998], [11.396350041031837, 61.33297063284864], [11.39270257204771, 61.33303432471778], 

[11.378780566155912, 61.332413323469765], [11.348592638969423, 61.33100255460649], [11.345144994556904, 61.329325183405444], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.35727595537901, 61.30805477136], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.374624818563461, 61.286592899297375], 

[11.38087470084429, 61.2800064433065], [11.383749358355999, 61.27567486094444], [11.45260702818632, 61.29258452620257], 

[11.449924148619175, 61.29722390504758], [11.448800303041935, 61.3015315844551], [11.44792053848505, 61.303415545344926], 

[11.44435789436102, 61.30820285984934], [11.442413292825222, 61.3083023362897], [11.442126631736755, 61.30845332096353], 

[11.441874168813229, 61.30859207169655], [11.441580802202225, 61.3087958506625], [11.442367024719713, 61.30937965558149], 

[11.440352685749529, 61.31081570182511]]]} 

B 5 2021-06-03 

15:53:24.839+0

0 

2021-06-05 

05:30:13.01+00 

no change from previous 

version 

{"type": "Polygon", "coordinates": [[[11.440352685749529, 61.31081570182511], [11.433610953390597, 61.31181503659931], 

[11.437322795391081, 61.31874303194248], [11.420574747025967, 61.32833525419678], [11.412588469684126, 61.33049040936421], 

[11.40441007912159, 61.33298896839998], [11.396350041031837, 61.33297063284864], [11.39270257204771, 61.33303432471778], 

[11.378780566155912, 61.332413323469765], [11.348592638969423, 61.33100255460649], [11.345144994556904, 61.329325183405444], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.35727595537901, 61.30805477136], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.374624818563461, 61.286592899297375], 

[11.38087470084429, 61.2800064433065], [11.383749358355999, 61.27567486094444], [11.45260702818632, 61.29258452620257], 

[11.449924148619175, 61.29722390504758], [11.448800303041935, 61.3015315844551], [11.44792053848505, 61.303415545344926], 

[11.44435789436102, 61.30820285984934], [11.442413292825222, 61.3083023362897], [11.442126631736755, 61.30845332096353], 

[11.441176794469358, 61.30800535471935], [11.44056089222431, 61.30838040414892], [11.442367024719713, 61.30937965558149], 

[11.440352685749529, 61.31081570182511]]]} 

B 6 2021-06-05 

05:30:13.01+00 

 
selected {"type": "Polygon", "coordinates": [[[11.440352685749529, 61.31081570182511], [11.433610953390597, 61.31181503659931], 

[11.437322795391081, 61.31874303194248], [11.420574747025967, 61.32833525419678], [11.412588469684126, 61.33049040936421], 

[11.404910311102867, 61.33206300964252], [11.348592638969423, 61.33100255460649], [11.345144994556904, 61.329325183405444], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.35727595537901, 61.30805477136], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.374624818563461, 61.286592899297375], 

[11.38087470084429, 61.2800064433065], [11.3870545104146, 61.27562474875443], [11.390171237289906, 61.275316017228235], 

[11.435780189931394, 61.276847882287555], [11.450432427227497, 61.27912725325237], [11.463365033268929, 61.2842694489606], 

[11.45260702818632, 61.29258452620257], [11.449924148619175, 61.29722390504758], [11.448800303041935, 61.3015315844551], 

[11.44792053848505, 61.303415545344926], [11.44435789436102, 61.30820285984934], [11.442413292825222, 61.3083023362897], 

[11.442126631736755, 61.30845332096353], [11.441176794469358, 61.30800535471935], [11.44056089222431, 61.30838040414892], 

[11.442367024719713, 61.30937965558149], [11.440352685749529, 61.31081570182511]]]} 

B 1 2021-05-19 

19:19:53.215+0

0 

2021-05-19 

19:24:04.896+0

0 

30sec {"type": "Polygon", "coordinates": [[[11.435502246022224, 61.31271825718185], [11.438681334257128, 61.319923776542346], 

[11.415650211274624, 61.33161409395657], [11.403740532696247, 61.33756753427612], [11.39270257204771, 61.33303432471778], 

[11.378780566155912, 61.332413323469765], [11.354255452752115, 61.33125138597185], [11.345306262373924, 61.33113927538154], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.358071565628052, 61.30802917773499], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.377552449703218, 61.28393019535804], 

[11.44792053848505, 61.303415545344926], [11.443869732320309, 61.30797638075701], [11.442367024719713, 61.30937965558149], 

[11.435502246022224, 61.31271825718185]]]} 

A 1 2021-05-24 

20:06:35.956+0

0 

2021-05-24 

20:13:42.913+0

0 

3min {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.321099661290646, 61.23481511836995], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.333402283489704, 61.21954878917638], 

[11.333082094788551, 61.217239587746825], [11.331728585064411, 61.21569319170975], [11.329837292432785, 61.21501771938789], 

[11.326443962752817, 61.21362087930775], [11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], 



46 
 

[11.23340282589197, 61.203300230788436], [11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], 

[11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]]]} 

A 2 2021-05-24 

20:13:42.913+0

0 

2021-05-25 

13:07:41.49+00 

one day {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.321099661290646, 61.23481511836995], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.333402283489704, 61.21954878917638], 

[11.333082094788551, 61.217239587746825], [11.331728585064411, 61.21569319170975], [11.329837292432785, 61.21501771938789], 

[11.326443962752817, 61.21362087930775], [11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], 

[11.23340282589197, 61.203300230788436], [11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], 

[11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], 

[[11.312448196113111, 61.23675697012396], [11.312554143369198, 61.23890987181558], [11.303394734859467, 61.23801113999265], 

[11.299792528152464, 61.23762637619116], [11.294472701847555, 61.23122311881182], [11.294369772076607, 61.22987427852725], 

[11.303603276610374, 61.22918361893247], [11.312448196113111, 61.23675697012396]]]}  

A 3 2021-05-25 

13:07:41.49+00 

2021-05-25 

13:54:47.482+0

0 

50min {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.321099661290646, 61.23481511836995], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.333402283489704, 61.21954878917638], 

[11.333082094788551, 61.217239587746825], [11.332693845033646, 61.216541063314686], [11.331728585064411, 61.21569319170975], 

[11.329837292432785, 61.21501771938789], [11.326443962752817, 61.21362087930775], [11.32636047899723, 61.21221025332794], 

[11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], 

[11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], 

[11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.312448196113111, 61.23675697012396], 

[11.312554143369198, 61.23890987181558], [11.303394734859467, 61.23801113999265], [11.299792528152464, 61.23762637619116], 

[11.294472701847555, 61.23122311881182], [11.294369772076607, 61.22987427852725], [11.303603276610374, 61.22918361893247], 

[11.312448196113111, 61.23675697012396]]]} 

A 4 2021-05-25 

13:54:47.482+0

0 

2021-05-26 

14:33:00.506+0

0 

1day {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.321099661290646, 61.23481511836995], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.333402283489704, 61.21954878917638], 

[11.333082094788551, 61.217239587746825], [11.332693845033646, 61.216541063314686], [11.331728585064411, 61.21569319170975], 

[11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], 

[11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], 

[11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], 

[11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.312448196113111, 61.23675697012396], 

[11.312554143369198, 61.23890987181558], [11.303394734859467, 61.23801113999265], [11.299792528152464, 61.23762637619116], 

[11.294472701847555, 61.23122311881182], [11.294369772076607, 61.22987427852725], [11.303603276610374, 61.22918361893247], 

[11.312448196113111, 61.23675697012396]]]} 

A 5 2021-05-26 

14:33:00.506+0

0 

2021-06-07 

07:41:44.726+0

0 

selected {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.321099661290646, 61.23481511836995], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.333402283489704, 61.21954878917638], 

[11.333082094788551, 61.217239587746825], [11.332693845033646, 61.216541063314686], [11.331728585064411, 61.21569319170975], 

[11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], 

[11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], 

[11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], 

[11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 6 2021-06-07 

07:41:44.726+0

0 

2021-07-27 

07:40:31.881+0

0 

no change from previous 

version 

{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.321099661290646, 61.23481511836995], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.333402283489704, 61.21954878917638], 

[11.333082094788551, 61.217239587746825], [11.332693845033646, 61.216541063314686], [11.331728585064411, 61.21569319170975], 

[11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], 

[11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], 

[11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], 

[11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 



47 
 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 7 2021-07-27 

07:40:31.881+0

0 

2021-08-31 

15:32:29.964+0

0 

 
{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.333402283489704, 61.21954878917638], 

[11.333082094788551, 61.217239587746825], [11.332693845033646, 61.216541063314686], [11.331728585064411, 61.21569319170975], 

[11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], 

[11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], 

[11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], 

[11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 8 2021-08-31 

15:32:29.964+0

0 

2021-09-07 

11:01:56.446+0

0 

no change from previous 

version 

{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.331434212625027, 61.22223422335314], [11.330848820507526, 61.21956589971856], 

[11.332693845033646, 61.216541063314686], [11.331728585064411, 61.21569319170975], [11.33019167929888, 61.21492343624756], 

[11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], 

[11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], 

[11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], [11.223480328917505, 61.20407592294284], 

[11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], 

[11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], [11.309580579400063, 61.23321392011235], 

[11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], [11.312998048961163, 61.238186500381616], 

[11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], [11.303394734859467, 61.23801113999265], 

[11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], [11.293726377189158, 61.22871983573279], 

[11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 9 2021-09-07 

11:01:56.446+0

0 

 
outside of study period {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.333128027617931, 61.22263305623741], [11.333625577390194, 61.2207537682983], 

[11.333384849131109, 61.217692724379816], [11.332427971065044, 61.21570271666992], [11.33019167929888, 61.21492343624756], 

[11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], 

[11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], 

[11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], [11.223480328917505, 61.20407592294284], 

[11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], 

[11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], [11.309580579400063, 61.23321392011235], 

[11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], [11.312998048961163, 61.238186500381616], 

[11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], [11.303394734859467, 61.23801113999265], 

[11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], [11.293726377189158, 61.22871983573279], 

[11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

2022 

B 6 2021-06-05 

05:30:13.01+00 

2022-09-03 

06:46:53.457+0

0 

selected {"type": "Polygon", "coordinates": [[[11.440352685749529, 61.31081570182511], [11.433610953390597, 61.31181503659931], 

[11.437322795391081, 61.31874303194248], [11.420574747025967, 61.32833525419678], [11.412588469684126, 61.33049040936421], 

[11.404910311102867, 61.33206300964252], [11.348592638969423, 61.33100255460649], [11.345144994556904, 61.329325183405444], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.35727595537901, 61.30805477136], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.374624818563461, 61.286592899297375], 

[11.38087470084429, 61.2800064433065], [11.3870545104146, 61.27562474875443], [11.390171237289906, 61.275316017228235], 

[11.435780189931394, 61.276847882287555], [11.450432427227497, 61.27912725325237], [11.463365033268929, 61.2842694489606], 

[11.45260702818632, 61.29258452620257], [11.449924148619175, 61.29722390504758], [11.448800303041935, 61.3015315844551], 

[11.44792053848505, 61.303415545344926], [11.44435789436102, 61.30820285984934], [11.442413292825222, 61.3083023362897], 

[11.442126631736755, 61.30845332096353], [11.441176794469358, 61.30800535471935], [11.44056089222431, 61.30838040414892], 

[11.442367024719713, 61.30937965558149], [11.440352685749529, 61.31081570182511]]]} 



48 
 

B 7 2022-09-03 

06:46:53.457+0

0 

 
outside of study period {"type": "Polygon", "coordinates": [[[11.440352685749529, 61.31081570182511], [11.433610953390597, 61.31181503659931], 

[11.437322795391081, 61.31874303194248], [11.420574747025967, 61.32833525419678], [11.412588469684126, 61.33049040936421], 

[11.404910311102867, 61.33206300964252], [11.348592638969423, 61.33100255460649], [11.345144994556904, 61.329325183405444], 

[11.352149248123169, 61.31754245002483], [11.353936269879343, 61.31290527144929], [11.35727595537901, 61.30805477136], 

[11.364501155912876, 61.30103908277273], [11.372734196484087, 61.289868053588926], [11.374624818563461, 61.286592899297375], 

[11.38087470084429, 61.2800064433065], [11.3870545104146, 61.27562474875443], [11.390171237289906, 61.275316017228235], 

[11.435780189931394, 61.276847882287555], [11.450432427227497, 61.27912725325237], [11.463365033268929, 61.2842694489606], 

[11.45260702818632, 61.29258452620257], [11.449924148619175, 61.29722390504758], [11.448800303041935, 61.3015315844551], 

[11.44792053848505, 61.303415545344926], [11.446897946298122, 61.305090600967716], [11.44435789436102, 61.30820285984934], 

[11.442413292825222, 61.3083023362897], [11.442126631736755, 61.30845332096353], [11.441176794469358, 61.30800535471935], 

[11.44056089222431, 61.30838040414892], [11.442367024719713, 61.30937965558149], [11.440352685749529, 61.31081570182511]], 

[[11.438857689499855, 61.30596761507094], [11.43817339092493, 61.305530237938655], [11.438968665897846, 61.30483834218601], 

[11.441226080060005, 61.30416558851972], [11.443667225539684, 61.30399542575803], [11.443754062056541, 61.3047058531938], 

[11.441324986517431, 61.30556436548677], [11.438857689499855, 61.30596761507094]]]} 

B 6 2021-09-07 

05:45:07.838+0

0 

2022-06-21 

05:26:34.35+00 

outside of study period {"type": "Polygon", "coordinates": [[[11.439596638083458, 61.26334791465334], [11.442020013928413, 61.26712353274115], 

[11.432015709578991, 61.28923057370544], [11.42739560455084, 61.29375675475392], [11.44325315952301, 61.295537479215824], 

[11.448284313082695, 61.29753853991681], [11.44584584981203, 61.308178554069166], [11.444392427802088, 61.30790458960168], 

[11.44223090261221, 61.30838957912167], [11.44122775644064, 61.3079520748013], [11.440613195300102, 61.30841324088112], 

[11.44331283867359, 61.30978784578158], [11.43675483763218, 61.313374733503316], [11.41548927873373, 61.314144977235834], 

[11.411387845873833, 61.30509752316479], [11.427422761917114, 61.29361616693935], [11.431574821472166, 61.28906500076328], 

[11.430800333619118, 61.28821843907334], [11.422891840338709, 61.27470595738536], [11.434426344931126, 61.26235848067598], 

[11.439596638083458, 61.26334791465334]], [[11.43700260668993, 61.26675943360613], [11.437176614999771, 61.26618853571774], 

[11.436371617019175, 61.265340228698726], [11.43480721861124, 61.265702410082156], [11.433605253696442, 61.26640903054193], 

[11.43468417227268, 61.26741171445609], [11.43624857068062, 61.26727938973518], [11.43700260668993, 61.26675943360613]]]} 

B 7 2022-06-21 

05:26:34.35+00 

 
selected {"type": "Polygon", "coordinates": [[[11.431991569697857, 61.261997227954005], [11.439534611999989, 61.26209362690016], 

[11.446615643799305, 61.26065921872716], [11.463270820677282, 61.264559759560726], [11.46668728441, 61.265920490583184], 

[11.472005769610407, 61.2665608616044], [11.477820463478567, 61.27181905019139], [11.473868899047375, 61.276148425247506], 

[11.47180125117302, 61.28156530580317], [11.463779769837856, 61.28319642205688], [11.45708967000246, 61.287668870440406], 

[11.453395262360571, 61.291264569237214], [11.451250836253166, 61.29459608149783], [11.449296176433563, 61.297997121833255], 

[11.44584584981203, 61.308178554069166], [11.444392427802088, 61.30790458960168], [11.44223090261221, 61.30838957912167], 

[11.44122775644064, 61.3079520748013], [11.440613195300102, 61.30841324088112], [11.44331283867359, 61.30978784578158], 

[11.436335742473602, 61.31454361036546], [11.41548927873373, 61.314144977235834], [11.358018592000008, 61.30757219119092], 

[11.384831629693508, 61.277100688427666], [11.398738212883472, 61.25635850343604], [11.419929675757883, 61.259270530582064], 

[11.431991569697857, 61.261997227954005]], [[11.43700260668993, 61.26675943360613], [11.437176614999771, 61.26618853571774], 

[11.436371617019175, 61.265340228698726], [11.43480721861124, 61.265702410082156], [11.433605253696442, 61.26640903054193], 

[11.43468417227268, 61.26741171445609], [11.43624857068062, 61.26727938973518], [11.43700260668993, 61.26675943360613]]]} 

A 9 2021-09-07 

11:01:56.446+0

0 

2022-05-20 

07:07:10.442+0

0 

outside of study period {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.333128027617931, 61.22263305623741], [11.333625577390194, 61.2207537682983], 

[11.333384849131109, 61.217692724379816], [11.332427971065044, 61.21570271666992], [11.33019167929888, 61.21492343624756], 

[11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], 

[11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], 

[11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], [11.223480328917505, 61.20407592294284], 

[11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], 

[11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], [11.309580579400063, 61.23321392011235], 

[11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], [11.312998048961163, 61.238186500381616], 

[11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], [11.303394734859467, 61.23801113999265], 

[11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], [11.293726377189158, 61.22871983573279], 

[11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 10 2022-05-20 

07:07:10.442+0

0 

2022-05-20 

14:21:05.45+00 

7 hrs {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.331837549805641, 61.223139216472475], [11.332450099289415, 61.21828645748294], 

[11.332324035465716, 61.21710834317877], [11.332188248634337, 61.216238531398446], [11.332306265830994, 61.21570271666992], 

[11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], [11.32636047899723, 61.21221025332794], 

[11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], 

[11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], [11.23340282589197, 61.203300230788436], 

[11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 
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[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 11 2022-05-20 

14:21:05.45+00 

2022-08-20 

15:42:04.549+0

0 

selected {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.331837549805641, 61.223139216472475], [11.332790069282055, 61.220558940909214], 

[11.332450099289415, 61.21828645748294], [11.332324035465716, 61.21710834317877], [11.332188248634337, 61.216238531398446], 

[11.332306265830994, 61.21570271666992], [11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.271509304642677, 61.209833503480034], 

[11.23340282589197, 61.203300230788436], [11.223480328917505, 61.20407592294284], [11.222711205482483, 61.22326381844481], 

[11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], 

[[11.3058502972126, 61.230105678374244], [11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], 

[11.312679871916773, 61.23799274887405], [11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], 

[11.312760002911089, 61.23904812356099], [11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], 

[11.294380836188793, 61.23451437553903], [11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], 

[11.3058502972126, 61.230105678374244]]]} 

A 12 2022-08-20 

15:42:04.549+0

0 

2022-08-21 

06:58:45.278+0

0 

herding (modifying 

selection) 

{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.331837549805641, 61.223139216472475], [11.332790069282055, 61.220558940909214], 

[11.332450099289415, 61.21828645748294], [11.332324035465716, 61.21710834317877], [11.332188248634337, 61.216238531398446], 

[11.332306265830994, 61.21570271666992], [11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.294313110411167, 61.20974776275149], 

[11.284187771379948, 61.21415446920181], [11.279212608933449, 61.22485906746006], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 13 2022-08-21 

06:58:45.278+0

0 

2022-08-24 

18:43:26.406+0

0 

herding (modifying 

selection) 

{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.323921680450438, 61.23515990422546], 

[11.325395554304125, 61.228553620882884], [11.331837549805641, 61.223139216472475], [11.332790069282055, 61.220558940909214], 

[11.332450099289415, 61.21828645748294], [11.332324035465716, 61.21710834317877], [11.332188248634337, 61.216238531398446], 

[11.332306265830994, 61.21570271666992], [11.33019167929888, 61.21492343624756], [11.3267108425498, 61.21311456598078], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 14 2022-08-24 

18:43:26.406+0

0 

2022-08-25 

07:08:31.225+0

0 

herding (modifying 

selection) 

{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.321786642074585, 61.23488384996518], 

[11.323552541434767, 61.228608972139156], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.330381110310555, 61.22024902244464], [11.331773176789284, 61.21566832993571], [11.3267108425498, 61.21311456598078], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 
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[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 15 2022-08-25 

07:08:31.225+0

0 

2022-08-25 

07:21:38.778+0

0 

10min {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.322629861533642, 61.24074839287401], 

[11.323552541434767, 61.228608972139156], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.330381110310555, 61.22024902244464], [11.331773176789284, 61.21566832993571], [11.3267108425498, 61.21311456598078], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 16 2022-08-25 

07:21:38.778+0

0 

2022-08-25 

07:29:40.776+0

0 

8min {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.322629861533642, 61.24074839287401], 

[11.312885731458664, 61.239058125414], [11.318242102861404, 61.236281682495616], [11.303339414298534, 61.22849246005207], 

[11.323519013822079, 61.22626154152163], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.330381110310555, 61.22024902244464], [11.331773176789284, 61.21566832993571], [11.3267108425498, 61.21311456598078], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 17 2022-08-25 

07:29:40.776+0

0 

2022-08-25 

07:30:42.26+00 

1min {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.31111480295658, 61.24418801144507], 

[11.312885731458664, 61.239058125414], [11.318242102861404, 61.236281682495616], [11.303339414298534, 61.22849246005207], 

[11.323519013822079, 61.22626154152163], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.330381110310555, 61.22024902244464], [11.330055221915245, 61.215673496020244], [11.326312869787216, 61.213669475917534], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 18 2022-08-25 

07:30:42.26+00 

2022-08-26 

09:08:30.803+0

0 

herding (modifying 

selection) 

{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.31111480295658, 61.24418801144507], 

[11.31276436150074, 61.23904909148241], [11.313374899327755, 61.23690846049597], [11.311309933662415, 61.233950797673295], 

[11.30607895553112, 61.23011213301781], [11.303339414298534, 61.22849246005207], [11.323519013822079, 61.22626154152163], 

[11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], [11.330381110310555, 61.22024902244464], 

[11.330055221915245, 61.215673496020244], [11.326312869787216, 61.213669475917534], [11.32636047899723, 61.21221025332794], 

[11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], 

[11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], [11.281982660293579, 61.21445928139699], 

[11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], [11.243013851344585, 61.227573580910324], 

[11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], 

[11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], [11.309580579400063, 61.23321392011235], 

[11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], [11.312998048961163, 61.238186500381616], 

[11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], [11.303394734859467, 61.23801113999265], 
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[11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], [11.293726377189158, 61.22871983573279], 

[11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 19 2022-08-26 

09:08:30.803+0

0 

2022-09-05 

09:10:59.887+0

0 

herding (modifying 

selection) 

{"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.311124190688133, 61.24424027061485], 

[11.294641345739365, 61.23714868175182], [11.312913894653322, 61.23936108325998], [11.313374899327755, 61.23690846049597], 

[11.311309933662415, 61.233950797673295], [11.30607895553112, 61.23011213301781], [11.303339414298534, 61.22849246005207], 

[11.323519013822079, 61.22626154152163], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.330381110310555, 61.22024902244464], [11.330055221915245, 61.215673496020244], [11.326312869787216, 61.213669475917534], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 20 2022-09-05 

09:10:59.887+0

0 

2022-09-05 

09:24:56.031+0

0 

outside of study period {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.311124190688133, 61.24424027061485], 

[11.313485875725748, 61.242136125198904], [11.312913894653322, 61.23936108325998], [11.313374899327755, 61.23690846049597], 

[11.311309933662415, 61.233950797673295], [11.30607895553112, 61.23011213301781], [11.303339414298534, 61.22849246005207], 

[11.323519013822079, 61.22626154152163], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.330381110310555, 61.22024902244464], [11.330055221915245, 61.215673496020244], [11.326312869787216, 61.213669475917534], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 21 2022-09-05 

09:24:56.031+0

0 

2022-09-05 

10:53:24.612+0

0 

outside of study period {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.311124190688133, 61.24424027061485], 

[11.313485875725748, 61.242136125198904], [11.316914074122906, 61.23966694189457], [11.319037713110447, 61.236045649344376], 

[11.318573020398617, 61.232173355703516], [11.320092156529427, 61.23052829336712], [11.320985667407511, 61.22804432020535], 

[11.323519013822079, 61.22626154152163], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.330381110310555, 61.22024902244464], [11.330055221915245, 61.215673496020244], [11.326312869787216, 61.213669475917534], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 22 2022-09-05 

10:53:24.612+0

0 

2022-09-05 

10:57:10.165+0

0 

5min {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.311124190688133, 61.24424027061485], 

[11.313485875725748, 61.242136125198904], [11.316914074122906, 61.23966694189457], [11.319037713110447, 61.236045649344376], 

[11.318573020398617, 61.232173355703516], [11.320092156529427, 61.23052829336712], [11.320985667407511, 61.22804432020535], 

[11.323519013822079, 61.22626154152163], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.33263785392046, 61.21978720598718], [11.33229285478592, 61.21689444403231], [11.326312869787216, 61.213669475917534], 

[11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], [11.31290651857853, 61.206791906175155], 

[11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], [11.289875395596027, 61.21001806323912], 

[11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], [11.268521994352339, 61.22464037916215], 

[11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], [11.229422762989998, 61.246008805196624], 



52 
 

[11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], [[11.3058502972126, 61.230105678374244], 

[11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], [11.312679871916773, 61.23799274887405], 

[11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], [11.312760002911089, 61.23904812356099], 

[11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], [11.294380836188793, 61.23451437553903], 

[11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], [11.3058502972126, 61.230105678374244]]]} 

A 23 2022-09-05 

10:57:10.165+0

0 

 
outside of study period {"type": "Polygon", "coordinates": [[[11.27075795084238, 61.24848265122288], [11.287318915128706, 61.248101402290864], 

[11.300800032913685, 61.24816268627202], [11.308465786278248, 61.248476361620654], [11.311124190688133, 61.24424027061485], 

[11.313485875725748, 61.242136125198904], [11.316914074122906, 61.23966694189457], [11.319037713110447, 61.236045649344376], 

[11.318573020398617, 61.232173355703516], [11.320092156529427, 61.23052829336712], [11.320985667407511, 61.22804432020535], 

[11.323519013822079, 61.22626154152163], [11.328758373856544, 61.223233636406135], [11.331358775496481, 61.22169269995419], 

[11.33263785392046, 61.21978720598718], [11.33300397545099, 61.216820345800336], [11.331498250365255, 61.21538177235642], 

[11.327444091439245, 61.214645589940076], [11.32636047899723, 61.21221025332794], [11.322398856282236, 61.21127733581845], 

[11.31290651857853, 61.206791906175155], [11.296606063842775, 61.199630978675344], [11.286910213530064, 61.20666013358712], 

[11.289875395596027, 61.21001806323912], [11.281982660293579, 61.21445928139699], [11.276939772069454, 61.22154952961731], 

[11.268521994352339, 61.22464037916215], [11.243013851344585, 61.227573580910324], [11.222711205482483, 61.22326381844481], 

[11.229422762989998, 61.246008805196624], [11.257537677884104, 61.2514342710556], [11.27075795084238, 61.24848265122288]], 

[[11.3058502972126, 61.230105678374244], [11.309580579400063, 61.23321392011235], [11.312448196113111, 61.23675697012396], 

[11.312679871916773, 61.23799274887405], [11.312998048961163, 61.238186500381616], [11.312749609351158, 61.238381702608464], 

[11.312760002911089, 61.23904812356099], [11.303394734859467, 61.23801113999265], [11.294676549732687, 61.23713771131135], 

[11.294380836188793, 61.23451437553903], [11.293726377189158, 61.22871983573279], [11.303275041282177, 61.22849778540619], 

[11.3058502972126, 61.230105678374244]]]} 

 


