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Abstract 
 

Cervids and their behavior is an important subject in ecology. There is an increasing amount of 

cervids in Europe, and most of them are extensively managed. The red deer (Cervus elaphus) 

together with other cervids, are among the most important game species in Norway, with a 

considerable increase in harvest over the last few decades. Chronic Wasting Disease (CWD) is 

a lethal prion disease affecting cervids. The emergence of CWD among reindeer (Rangifer 

tarandus) in Nordfjella, western part of Norway, in 2016, posed a serious threat to the 

population, and also to other cervids. One common practice in the Nordfjella area is the 

provisioning of supplemental salt licks for livestock. In some areas, these salt licks are also 

used by multiple species of cervids creating aggregation that can potentially increase the risk 

of CWD prion spillover from infected reindeer to red deer. Due to this, the Norwegian Food 

Safety Agency introduced a program of fencing these locations in order to exclude red deer 

from disease hotspots. Nevertheless, there is very little quantitative information regarding the 

temporal and spatial pattern of use of salt licks by red deer in Nordfjella area, and the extent to 

which the mitigation measures are working as intended.  

In this study, the variation in how much red deer use salt licks was investigated, using data from 

camera traps in the Nordfjella area. A total of 377 red deer observations from 16 locations 

representing a variety of elevation in year 2018 and 2019 were analysed. I predicted that salt 

lick use would vary by spatial position, such as elevation, and temporal variation depending on 

seasonal fluctuations in snow depth and time of year due to their seasonal migration patterns. I 

also predicted that red deer visits would be determined by presence of salt and whether gates 

surrounding salt licks where open or not. Locations at lower elevation under tree line were 

selected over locations in higher elevation, and locations over 1200 m a.s.l. were not visited. 

The visitations increased around middle of April and reached a peak in end of May. Red deer 

visits depended on the time of day, with almost all visits present at night-time. Availability of 

salt and open gates had a significant impact on red deer use of salt licks, and year 2019 had 

fewer red deer observations compared to year 2018. This decline may have been a result due to 

more frequent gate closure and lack of salt present as a mitigation measure. increased hunting 

quota and extended hunting season to reduce population size to prevent CWD spillover also 

affects the decline. This study on red deer use of salt licks reminds us that this is a dynamic 

process, and by taking relevant variables into account, the CWD prion disease can easier be 

controlled by a sustainable management of salt lick use by livestock in Nordfjella. 
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1 Introduction 
 

There is an estimate of 2.4 million red deer (Cervus elaphus), 9.6 million roe deer (Capreolus 

capreolus), 30,000 reindeer (Rangifer tarandus) and 437,000 moose (Alces alces) in Europe 

(Apollonio et al., 2010). Most of them are extensively managed. A common practice in northern 

Europe and parts of North America is the provisioning of anthropogenic feeding sites during 

winter, and the provisioning of salt licks mainly during summer (Putman & Staines, 2004). Salt 

licks contain anthropogenically or naturally enhanced concentration of mineral nutrients, 

mainly sodium (Na), that attracts livestock and wildlife to satisfy their physiological nutrient 

requirement and improve rumen function (Klaus & Schmidg, 1998). These management 

practices are becoming widespread, yet highly controversial, because of important implications 

for ecosystems, wildlife, livestock and potentially human health. An often underappreciated 

threat of such management practices is their potential to facilitate intra- and inter-specific 

disease transmission when animals aggregate to these locations (Sorensen et al., 2014). The use 

of anthropogenic supplemental salt licks influences animal movement and aggregation by 

creating a location of attraction, causing them to repeatedly visit these locations instead of 

moving among more dispersed natural feed sources (Thompson et al., 2008; Weeks et al., 

1978). The frequency of behaviors like defecating, urinating, licking at salt lick, and eating of 

soil and grass is concentrated when cervids gather. Therefore, these locations with salt licks are 

regarded as hotspots for disease transmission and with potentially spillover to other species 

(Mejía‐Salazar et al., 2018). These hotspots will therefore become important in the 

epidemiology for diseases that accumulate large quantities of pathogens in the environment.  

One disease known to cause environmental contamination of pathogens is Chronic Wasting 

Disease (CWD). It is a contagious, lethal and uncurable prion disease that affects cervids. CWD 

belongs to a group of neurodegenerative diseases, which include Scrapie in small ruminants, 

Bovine Spongiform Encephalopathy (BSE) in cattle and Creutzfeldt-Jacob disease in humans 

(Benestad et al., 2016). The development of the disease is associated with the misfolding of a 

host-encoded prion protein (PrPC) into resistant conformers PrPres (called PrPCWD in cervids). 

The CWD prions gather and pile up on each other and causes damage in the brain. The prions 

spread widely in nervous, lymphatic, blood and muscle tissues in infected cervids, and later 

accumulates in the central nervous system, and leads to deady neurological and mental 

disorders (Benestad et al., 2016). CWD has resulted in declines in wild populations of mule 

deer (Odocoileus hemionus) (DeVivo et al., 2017) and white-tailed deer (Odocoileus 
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virginianus) (Edmunds et al. 2016) in parts of North America, and it also affects elk (Cervus 

canadensis) (Spraker et al., 1997). The disease infects both free-ranging and farmed cervids 

and was first discovered in USA in 1967 (Williams & Young, 1980). The disease has later been 

reported in Canada, South Korea, and for the first time in Europe among wild alpine reindeer 

in Norway in 2016 (Benestad et al., 2016; Kim et al., 2005; Williams & Miller, 2002). It 

therefore poses a potential serious threat to cervids across the whole of Europe in a long-term 

perspective.  

Infected deer are capable of transmitting the prions directly (animal-to-animal) via body fluid 

to susceptible hosts, and prions can also be deposited in the environment by shedding prions 

through body fluid like saliva (Mathiason et al., 2006), urine (Haley et al., 2009), feces 

(Tamgüney et al., 2009) and through their carcasses (Miller et al., 2004) during an incubation 

period of up to 3 years after becoming infected (Johnson et al., 2011). Frequent visitation of 

salt licks by infected cervids could allow the salt licks and the soil and vegetation around to 

become hotspots for direct- and indirect transmission of CWD (Lavelle et al., 2014). Salt licks 

may serve as reservoirs of CWD that contribute to disease transmission to susceptible animals 

(Plummer et al., 2018), and these places could accumulate large quantities of prions, and 

become important in the epidemiology of CWD.  

When CWD in reindeer was first discovered in Europe in 2016, the Norwegian Food Safety 

Authority and the Norwegian Environment Agency together with ministry of Agriculture and 

Food decided to eradicate the whole population counting 2024 wild reindeer. This came into 

force in November 2017 to February 2018, mainly from hunting and governmental culling to 

prevent further transmission of CWD. Because of the potentially high risk of transmission 

within cervid species and spillover to other cervids, the mitigation measures to combat CWD 

in Norway involves a national wide ban of supplemental feeding of cervids and artificial salt 

licks (Norwegian Food Safety Authority, 2016). Even though it is now prohibited to put out 

salt licks to cervids, they are still used for livestock, mainly sheep, in areas with sympatric 

cervids. Also, in the Nordfjella region, where CWD was first discovered in Norway, anecdotal 

observations suggest these salt licks are frequently used by both livestock and cervids (VKM, 

2018). More than 200 salt licks are registered in the same area where CWD was detected. In 

addition, there are another 500 salt licks placed in other parts of the Nordfjella area (VKM, 

2018). As a preventive measure to exclude cervids from these potential disease transmission 

hotspots, the Norwegian Food Safety Authority implemented a program fencing in all salt lick 

locations in the greater Nordfjella area, only leaving a small gate open for sheep to enter 
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(Norwegian Food Safety Authority, 2017; Mysterud & Rolandsen, 2018). Most gates were 

closed during wintertime 2017/2018 and 2018/2019, and all gates were closed from June 2019 

onwards, perhaps with some delay in practical implementation. However, the efficiency of this 

mitigation is yet unclear. In general, there is very little quantitative information regarding the 

temporal and spatial pattern of salt lick use by cervids (Ayotte et al., 2008).  

Nordfjella area is an important grazing area for sheep, and used by sympatric populations of 

red deer, reindeer, moose and roe deer. 

Red deer migration patterns determine their elevation range through the year (Albon & 

Langvatn, 1992), and migration to higher elevation summer ranges in spring is mainly due to 

nutritious forage following the green-up gradient in plants (Bischof et al., 2012), while snow 

depth and less access to forage are main drivers for migration to lower elevation areas in autumn 

(Brazda et al., 1953; Rivrud et al., 2016). Red deer usually avoid higher elevation range due to 

lack of cover areas (Mysterud & Østbye, 1999). Red deer presence explained by their migration 

patterns overlaps with reindeer range during summertime, and with moose and roe deer during 

wintertime. Observations suggest that moose can spend quite some time in the low alpine areas 

of Nordfjella during summer, but the spatial overlap between moose and red deer is much less 

than for red deer-reindeer. For roe deer, population size around Nordfjella is low due to severe 

winters and predation of lynx, and the spatial overlap with red deer is estimated to be minimal 

and not important, based on roe deer biology and their preference for valleys close to human 

agricultural areas (VKM, 2018). Red deer spatial overlap with sheep and other cervids increases 

the risk for spreading prions from infected areas to areas where other cervids are present, and 

are therefore important in the epidemiology of CWD. 

Obtaining reliable species observations is the key process in the study of animal ecology and 

facilitating wildlife conservation (Hofmeester et al., 2019). Previously, researchers used to rely 

on direct observations of animals, but new technological advances have expanded the toolbox 

which makes it easier to study elusive animal behavior. Currently, there is a rapidly growing 

use of camera traps as a method to study and detect elusive animals and their distribution, 

abundance and behavior (Burton et al., 2015). Camera traps became commercially available in 

the 1980’s, and over the last decades, technological advances have led to inbuilt units including 

sensors and cameras (Rovero et al., 2013). The cameras can be automatically triggered to take 

pictures and/or videos of animals passing in front of them via animal movement and 

temperature. Such methods now allow to non-invasively study salt licks used by cervids, and 

their temporal and spatial patterns in a CWD transmission context.  
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Is it a risk factor for CWD prion disease spillover to other cervids on locations with salt licks 

in Nordfjella? Based on camera trap observations, the aim of this thesis is to provide a 

quantification of how much red deer use artificial salt licks in Nordfjella area, due to risk of 

CWD spillover from reindeer to red deer on salt lick locations. In addition to this, the thesis 

will also look at seasonal patterns in use of salt licks related to migration, snow depth, elevation, 

and fencing as a mitigation measure to prevent CWD spillover. I predict a higher selection for 

salt lick use in lower elevation locations were forage and cover areas is available. Further, I 

predict higher use in spring and summer months where forage is abundant and of high energetic 

quality, and salt lick is available after snow melt and gates are open. For daily pattern, I predict 

higher use of salt licks during night-time due to their general activity pattern (Georgii, 1981; 

Beier & McCullough, 1990; Carranza et al., 1991) (see Table 1 for an overview of hypotheses). 

 

 

Table 1.  An overview of hypotheses (H) and corresponding predictions (a-b) investigated. 

Hypotheses and predictions  

 

H1.  Salt lick use by red deer is determined by elevation. 

 

a. Locations in lower land will be more frequently visited, because of access to high energetic 

forage. 

b. Locations above tree line will not be visited due lack of cover areas.  

 

H2. Salt lick use by red deer is determined by seasonal patterns.  

 

a. Visitations on salt licks is highest in spring and summer months due to migration pattern of red 

deer and physical needs.  

b. Visitations on salt licks decreases in autumn and winter due to deeper snow, closed gates and 

salt lick removal.  

 

H3 Salt lick use by red deer is determined by presence of salt and gate opening. 

 

a. Locations with salt lick present and open gates are more frequently visited than locations 

without salt lick and closed gates. 

b. Locations are predicted to be less visited from year 2018 to 2019 due to a national ban of salt 

licks and closed/removed gates to reduce CWD spillover from reindeer to red deer. 

 

H4 Salt lick use by red deer is determined by time of day. 

  

a. Red deer visits are more frequent at night-time due to their activity pattern 
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2 Materials and methods 
 

2.1 Study area 
 

The study area is located in the western part of Norway, and it is within the Nordfjella reindeer 

management area (Figure 1). The area is about 3000 km2 and is distributed over 7 

municipalities; Hemsedal, Ål and Hol in Viken county and Lærdal, Aurland, Eidfjord and Ulvik 

in Vestland county. The topography in Nordfjella area is characterized by steep hills and 

mountains, valleys, agricultural areas, streams and fjords. Precipitation and temperature 

generally decline from coast to inland, while snow depth and duration of snow cover increase 

from coast to inland (Langvatn et al., 1996). Snow cover is normally present on the coast and 

low elevation in January and February, while it can be present over several months in the inland 

and in high elevation. This is highly variable among years and locations. 

Nordfjella reindeer management area is divided into two areas, Zone 1 and Zone 2. The road 

RV50 (Aurland-Hol) separates the two zones, and creates a strong migration barrier that divides 

the area into a northern and southern population. In Zone 1, where CWD on reindeer was first 

discovered in Europe in 2016, the Norwegian Food Safety Authority and the Norwegian 

Environment Agency together with ministry of Agriculture and Food decided to eradicate the 

whole population counting 2024 wild reindeer, as mentioned above. It is therefore unlikely to 

observe reindeer in locations in Zone 1.  

The Nordfjella area is an important summer pasture for sheep to utilize the grasslands. In 2017, 

an approximate of 60.000 sheep and lambs were released on summer pasture from farms in 

Nordfjella area. Most of them belong in the area close to Nordfjella, while others come from 

far away, on a so-called guest pasture. The overall number of sheep in this area has been 

relatively stable with a 13% decrease since 1989, however with large variations among the 6 

municipalities (VKM, 2018). Salt licks are put out for livestock by local farmers for nutrient 

supplementation in spring, and used systematically to improve and ease herding of sheep on 

grazing areas and limit their dispersal outside grazing areas. Together with sheep, reindeer and 

red deer, also moose and roe deer use Nordfjella area for grazing to a lesser degree. Only a few 

moose are shot annually in the municipalities in Nordfjella, and the population densities are 

unlikely to increase much (VKM, 2018).  
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Figure 1. Map of the study area, Nordfjella reindeer management area, with Zone 1 and 2, camera 

traps and salt lick locations, vegetation types and elevation.  
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2.2 Study design  
 

Between autumn 2017 and spring 2019, Norwegian Institute for Nature Research (NINA) put 

out camera traps on localities in Nordfjella region, where local farmers have placed salt licks 

for their livestock. Data from 16 different salt lick locations was analyzed. The localities are 

distributed over zone 1 and 2 in Nordfjella, and representing a variety of topography, elevation 

and vegetation. The localities vary from 595 m a.s.l. (Locality 4. Engi) to 1462 m a.s.l. (Locality 

28. Saupsengene). Based on information from GPS-tracking of reindeer and red deer, the 

localities with salt licks and camera traps are placed in an elevation where red deer are present, 

including areas where reindeer with CWD have been present. This gives a good representation 

for salt lick locations with a gradient of red deer use, and then catching large variation in 

expected red deer use of salt licks. The localities have data from different periods, and I have 

analyzed data from 1st of January 2018 to 7th of July 2019, including 6272 days in total from 

the 16 locations (see Appendix 1, table A1). Data from 2017 data were observed, but not used 

for further analyses due to few events with red deer observations.  

Animals observed at the locations were registered with several factors that may affect the red 

deer visit on salt lick locations, and variables that can contribute to CWD spillover from 

reindeer to red deer. Camera traps were used to register use of salt licks by red deer and other 

species. Date and time (numeric variable), number of animals observed (numeric variable), 

number of species (numeric variable), red deer inside gate (numeric variable) together with data 

on environmental variation (elevation (categorical variable with 3 levels; low<1000 m a.s.l, 

middle, high>1200 m a.s.l.) and snow depth (numerical variable)), salt lick characteristics (gate 

open/closed (binomial variable) salt present/absent (binomial variable), as well as animal 

behavior (licking on salt lick (binomial variable), licking on surrounding soil/rock (binomial 

variable), eating soil (binomial variable) and grazing (binomial variable)) (Table 2) were 

recorded and analyzed. Binomial variables were recorded as 1= presence or 0= absence, and 

numeric variables with number of total or cm (snow depth).  
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Table 2. An overview of variables recorded from camera traps.  

• Picture characteristics  

o Camera failure, no picture  

o Empty (0= no observation, 1= animal observed) 

o Out of vision (1= cannot see any activity at salt lick) 

o Weather triggered (1= no picture, probably triggered by weather) 

• Site characteristics 

o Snow cover (rough estimation, 5cm interval) 

o Fenced (1= salt lick is fenced in, 0= gate absent) 

o Gate open (1= gate is open, 0= totally closed off) 

o Salt lick present (1= salt lick present, 0= salt lick absent)  

• Animal observations  

o Number of total (number of animals observed, all species) 

o Number of species (number of specific species observed) 

o Number of red deer observed inside gate  

o Licking on salt lick (1= animal observed licking on salt lick)  

o Licking on surrounding rocks/soil  

o Eating soil 

o Grazing 

 

 

2.3 Camera traps 
 

Reconyx Ultrafire XP9 and Browning Strike Force cameras were programmed to take pictures 

and videos triggered by animal movement. In spring, summer and start of autumn, the cameras 

were taking pictures, while in winter, it was programmed to take videos. This was due to the 

expected huge amount of sheep observations in spring and summertime, therefore saving 

memory card capacity by taking pictures, while expectations of less observations in wintertime 

allowed for taking videos. In addition, Reconyx-cameras were programmed to take picture on 

a fixed 24-h schedule (“time-lapse”) usually at midnight. This was to assure operative cameras 

and document camera status, and that periods with no observations was not due to camera 

failure. For the Browning cameras, this function was not available, but experiences with time-

lapse on the Reconyx-cameras (i.e. well-functioning cameras even in long periods with few or 

no observations) lead to higher confidence in the Browning camera data. When the cameras 

were motion-triggered, they took pictures/videos from the observation, with a 3-5. minute break 

before a potential new animal observation. In data from autumn/winter 2017/2018, this break 
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between observations could be up to 10 minutes. Therefore, this longest break with a small 

“buffer” (11 min), was used as a criterion when gathering together subsequent observations into 

contiguous visits (events) on salt licks. In rare events with many animals gathered/clumped 

together at the location, it was difficult to say the exact number of total individuals, and an 

estimated number were recorded. In events with uncertain age and/or sex, it was classified as 

uncertain. If humans were observed, the picture/video was deleted due to privacy concerns and 

eliminated from the dataset. 

 

 

2.4 Statistical analysis  
 

Data from camera traps observations were recorded in Excel, and were sorted into day-blocks 

and hour-blocks, both as presence/absence of deer as number of deer observed (count data). 

This was implemented in the statistical software R (R Development Core Team, 2020). Because 

of few events in 2017, this year was observed, but removed from further analysis. The main 

response variable red deer present was assumed binomially distributed, and modeled by date, 

elevation, snow depth, gate open/closed and salt lick present/absent in the models.  

The analyses were split into seasonal patterns across the whole year (Julian date), and then into 

more detailed analyses during the main season of salt lick use from 1st of May to 1st of 

September. Further analyses looked at variation in the daily cycle of deer visiting salt lick.  

The first part of analyses was visits of red deer across the entire year as a binary response 

variable (presence/absence of red deer a given day). First, I used generalized additive models 

(GAM) (Wood, 2017) to explore potential non-linear patterns using the R-package mgcv. I 

focused on Julian date and elevation for annual pattern in use of salt licks.  

Based on these patterns, I narrowed down the analysis to the main season of salt lick use, from 

1st of May to 1st of September year 2018/2019 due to a majority of observations during this 

period. I used generalized linear mixed-effects models (GLMM) (McCulloch & Neuhaus, 2005) 

with a binomial distribution (i.e. logistic regression) in the R-package lme4 (Bates et al. 2014). 

Location ID was used as a random effect in all models, which tells all models to correct for 

non-observations/sampling variation. Locations were divided in three blocks based on altitude 

(low<1000 m a.s.l, middle, high>1200 m a.s.l.). As there were no use by red deer on locations 

with elevation in the high category, these locations were not considered in further analysis. For 

the main season of use (1st of May to 1st of September), I considered the variables year 
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(2018/2019), gate (open/closed) and salt lick (presence/absence) for low and mid elevation 

locations.  

I used the Akaike Information Criterion (AIC) (Burnham et al., 2011) for model selection to 

determine inclusion of factors and interactions that explains the variation in salt lick use of red 

deer in summer season. AIC estimates the most parsimonious model as a balance between 

variation explained by the model (decreases value) and number of variables included (increases 

value). I used a backwards procedure for model selection, where I first started with full model 

with all variables, and then removed the variables one by one, as long as the AIC value 

decreased. If the AIC value increased, the removed variable went back in the model, and I 

removed another variable. AIC values of all models were then compared (Table 4). Models 

with less variables were favored if two or more models had equal AIC values.  

For analysis of daily pattern of red deer visitation on salt lick, I narrowed down the analysis to 

hour-blocks in summer season from 1st of May to 1st of September year 2018/2019. To analyze 

daily red deer visit on salt lick as a binary response variable (presence/absence of red deer), I 

considered the variables hour (numeric variable), salt present (binomial variable), gate open 

(binomial variable) and the interaction salt present and gate open (binomial variable). I used 

generalized additive models GAM (Wood, 2017) and GLMM (McCulloch & Neuhaus, 2005) 

with logistic regression to explore daily patterns for red deer visit.  
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3 Results 
 

Based on the 16 locations with camera traps in Nordfjella, it was recorded and analyzed a total 

of 6272 days for year 2018 and 2019 with photos or videos. A total of 1595 of these days had 

observation of animals, and 377 days had red deer present. Days with red deer observations 

was distributed with 55% in 2018 and 45% in 2019. A total of 35% of red deer observations 

was when salt lick was present at the locations, 32% in 2018 and only 3% in 2019. When salt 

was present and gates were open, a total of 24% of the observations showed red deer present, 

all in 2018. This confirms hypothesis H3b (Table 1), and less visits in 2019 are probably a result 

of removal of salt licks and gates as a mitigation measure to prevent CWD spillover to other 

cervids. Red deer inside the fences was 17% of total red deer observations, and 8% of total red 

deer observations showed red deer licking at salt lick. All observed days with red deer inside 

fence was in 2018. When snow present, a total of 13% of observations had red deer present at 

locations, but there were no red deer observations when snow depth exceeded 25 cm. A total 

of 68% of total observation days had fence present, 40% in in 2018 and 28% in 2019. In total, 

58% of all red deer observations showed red deer in contact with possible contaminated area 

surrounding salt licks, either by eating soil or grass, or lick on soil or rocks. Days with gate 

present and open was 27% of total observation days, 19% in 2018 and 8% in 2019. Total 

observation days with salt present was 13%, 11% in 2018 and only 2% in 2019. This decline is 

a mitigation measure to prevent CWD spillover initiated in Nordfjella.  

(See Appendix 2, table A2, for descriptive overview).  

 

3.1 Elevation and red deer use of salt licks 
 

The main pattern for red deer visits to salt lick was fewer observations with increasing elevation 

of the locations, confirming hypothesis H1 (Table 1). Almost all red deer observations were in 

4 locations under treeline from 595 m a.s.l. to 950 m a.s.l. These were most visited with 217 

days (57.5%) of red deer present, confirming hypothesis H1a. Locations in middle elevation 

had 159 days (42%) with red deer observations. As predicted from hypothesis H1b, there were 

only one red deer observation above 1200 m a.s.l. Red deer showed a tendency of visitation in 

lowland locations, and number of visits decreased with elevation and in wintertime, as shown 

in Figure 2. Full table of red deer observation days with elevation on the 16 locations is given 

in Appendix 3 (Table A3).  
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3.2 Seasonal pattern of red deer use of salt licks 
 

The main seasonal pattern of red deer visits on salt lick was higher probability of observations 

in spring and summer months, as predicted in hypothesis H2 (Table 1). A total of 67% of red 

deer observations was found during summer season from 1st of May to 1st of September. An 

increase in observations started around the beginning of April, and continued into spring and 

summer. Observations reached a peak in end of May and stayed relatively high during summer, 

before observations started decreasing throughout autumn around October (Figure 2) (See 

Appendix 4, table A4 for monthly red deer visit). A total of 87% of red deer observations was 

observed when snow was absent.  

 

 
 

Figure 2. A GAM-plot showing how red deer use of salt licks vary as a function of elevation and Julian 

date in the Nordfjella region, Norway, 2018-2019. Gaps in figure means not operative camera, e.g. 
covered with snow or camera fell on the ground not showing visual picture or video.  
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3.3 Main pattern for summer season salt lick use  
 

The main season for red deer visitation on salt lick was from 1st of May to 1st of September 

with 67% of all red deer observations, as predicted from hypothesis H2a (Table 1). In total, 

1073 days were recorded from camera traps during this period. A total of 254 days had red deer 

present at locations, 69% of them in 2018 and 31% in 2019. When salt lick was present at 

locations, 113 days (44% of total red deer observations in summer season) had red deer visit, 

and when salt was present and gates were open, there was 92 days with red deer present (36% 

of total red deer observations in summer season). This confirms hypothesis H3. (For descriptive 

overview, see Appendix 5, table A5). 

Summer season was basis for the model with the variables that explains the main variation in 

red deer visiting salt licks (Table 3, with model estimates in table 4). The most parsimonious 

model for red deer visits (presence/absence) had year (2018/2019), salt present/absent and gate 

open/closed as predictor variables. These factors gave significant interactions in summer 

season. Salt lick present and gate open lead to higher probability for visitation of red deer on 

salt licks one given day at one location during summer season, relative to closed gates and 

absence of salt licks, shown in figure 3 based on model estimates in table 4.  

Models with elevation and year as predictor variables lead to less parsimonious models. The 

model with only year as predictor variable was slightly significant, with fewer observations in 

2019 than 2018. However, this effect was not present in the full model, suggesting the effect of 

year alone was due to change in closing of gates and presence of salt lick. 

As a mitigation measure to combat CWD spillover, number of salt licks was reduced, and gates 

were frequently closed or removed in 2019 (Norwegian Food Safety Authority, 2017). A total 

of 42% of observation days in summer season had gate open, with 36% of total days in summer 

2018 and 6% in summer 2019. A total of 75% of observation days in summer season had gate 

present, with 53% in summer 2018 and 22% in summer 2019. Days with salt present in summer 

season was 32%, with 31% in summer 2018 and only 1% in summer 2019. As shown in 

elevation use of saltlick (Figure 2), summer season also showed higher probability of red deer 

visit in lower elevation areas, with location NF.4 Engi (595 m a.s.l), NF.12 Areberg (950 m 

a.s.l) and NF.8 Byrkjastålen (1089 m a.s.l) as the most visited locations with respectively 59, 

51 and 51 days with red deer present in summer season (See Appendix 6, table A6 for 

overview).  
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Figure 3. Average predicted probability of red deer observation one given day at one location when salt 

lick is absent/gate closed, salt lick is present/gate closed, salt lick is absent/gate open and salt lick is 

present/gate open, on salt lick locations in summer season from 1st of May to 1st of September year 

2018/2019 in Nordfjella, Norway. Y-axis is on relative scale. 

 

 

 
Table 3. Generalized linear mixed effect models for red deer salt lick use in Nordfjella, Norway, using 

backwards model selection. x= variables included in model. AIC = Akaike Information Criterion; dAIC 

= difference in AIC value for the model in the row and the most parsimonious model (marked in grey). 

df = number of degrees of freedom in model. The combination of year, salt present and gate open is a 

significant predictor for red deer visit on salt lick in summer season from 1st of May to 1st of September 

year 2018/2019.  
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Table 4. Model estimate for red deer visit at salt licks in summer season.   

 

                                  Estimate       Std. Error  z value  Pr(>|z|)     

(Intercept)                       -1.6280      0.7747   -2.102   0.036 *   

Year 2019                                            -0.7367      0.4564   -1.614   0.107     

Gate open                                 -0.9381     0.4816   -1.948   0.051    

Salt present                -0.8168      0.4578    1.784   0.074    

Gate open:salt present            2.2059     0.6476     3.406   0.001*** 

 

 

3.4 Daily pattern for red deer visit at salt lick locations   
 

Daily pattern for red deer visitation on salt lick showed higher probability for visitation from 

21.00 to 05.00 (Figure 4). A total of 88% of all daily observations were found during this period 

of day, and the probability for red deer visitation during daytime was lower, confirming 

hypothesis H4 (Table 1). Figure 4 shows probability of red deer visitation on salt lick through 

one day in summer period from 1st of May to 1st of September when salt lick was present and 

gate was open. Model estimates for daily red deer visits at salt lick is given in table 5. Proportion 

from dataset of red deer visiting salt licks during day is given in table 6.  

 

 
 
Figure 4. GAM-plot showing probability of red deer visitation on salt lick through on one given day in 

summer period from 1st of May to 1st of September 2018/2019 at one location in Nordfjella area, when 

salt was present and gate was open. The whole line indicates logistic regression line showing how 

probability of red deer vary as a function of hour, and the dotted line shows standard deviation.  
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Table 5. Model estimate for daily red deer visit at salt licks in summer season.  

 

                           Estimate        Std. Error     z value  Pr(>|z|)     

(Intercept)           -7.658080         1.523415      -5.027            < 0.001 *** 

hour                   -0.076008     0.008456      -8.988            < 0.001 *** 

fence open           -0.506485     0.284422      -1.781        0.075    

salt present            -0.279718    0.246047      -1.137        0.256     

gate.open:salt present      2.032383     0.363286             5.594            < 0.001 *** 

 

 

 
Table 6. Red deer visits at salt lick through one day in summer period from 1st of May to 1st of 

September 2018/2019 at one location one given day in Nordfjella area, based on the proportion from 

dataset. 

 

Time of day 

Red deer 

visit during    

day 

  

0-6       66 % 

6-12  4 % 

12-18 2 % 

18-24       28 % 
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4 Discussion  
 

Salt licks and their surroundings, surfaces of rocks, plants and soil can potentially be 

contaminated by saliva, urine and feces from CWD infected cervids, and function as 

transmission hotspots of disease to other cervids in the same overlapping areas (Johnson et al., 

2017; Mejía‐Salazar et al., 2018; Plummer et al., 2018). 

Analysing red deer visit on salt licks in Nordfjella, I found that, in consistency with hypothesis 

H1 and H2, red deer visits at salt licks were determined by elevation and seasonal patterns on 

a large scale. Red deer visit changed through the season and depending on elevation, as 

predicted from hypothesis H2. This is explained by expected migration patterns of red deer 

through the year as red deer migrate to higher elevation summer ranges in spring due to 

nutritious forage (Bischof et al., 2012) and migrate to lower elevation ranges in autumn due to 

less nutritious forage and deeper snow (Brazda et al., 1953; Rivrud et al., 2016). As predicted 

from hypothesis H1b, red deer avoided salt lick locations with elevation ranges over tree line. 

This could be explained by the lack of cover areas in higher elevation ranges (Mysterud & 

Østbye, 1999). Summer season had most red deer visit on salt lick at a broad range of elevation, 

and late autumn and winter had fewer red deer visit over a narrower elevation range due to 

snow depth. Summer season together with presence of salt and gate open were the main factors 

determining red deer visit, which peaked when snow melted in spring and summer, confirming 

hypothesis H2a and H3. Red deer activity pattern, with an active state during dusk and dawn 

and night-time, and an inactive state in day-time, has been shown in several studies (Georgii, 

1981; Catt & Staines, 1987; Beier & McCullough, 1990; Carranza et al., 1991). Consistent with 

this, daily visits on salt lick showed a clear pattern with more red deer visit in dusk and dawn, 

especially night-time, confirming hypothesis H4.  

 

4.1 Seasonal patterns of red deer visit  
  

Migration is thought to have evolved as a strategy to maximize fitness due to seasonal and 

spatial variation in resources (Boyce, 1979; Swingland & Greenwood, 1983). Red deer usually 

move from higher elevation to lower areas in the lowlands during autumn due to snow depth, 

and limited availability of nutritious forage in higher areas (Albon & Langvatn, 1992; Bischof 

et al., 2012). In wintertime, this migration to lower elevation ranges means better access to 

forage, although it may result in higher density of individuals gathering in lowlands. In spring 
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and summertime when snow melts, they follow the green-up gradient in plants towards higher 

elevation, where the intraspecific competition is lower and access to nutritious forage is higher 

(Albon & Langvatn, 1992; Bischof et al., 2012). The main drivers for migrating to higher 

elevation in spring is most commonly explained by the “forage maturation hypothesis”, which 

is based on the observation that plants in early phenological stages have higher quality and are 

more nutritious as forage than plants in more developed stages (Fryxell et al., 1988; Albon & 

Langvatn, 1992; Hebblewhite et al., 2008). Migrant animals take advantage of this by following 

the snowmelt and green-up gradient upwards to eat higher quality plants, and potentially visit 

salt licks on their way. Movement to higher elevation areas in spring and summer can also serve 

as a strategy to avoid intraspecific competition due to high density in wintertime in low-lying 

areas (Mysterud et al., 2011). 

In Lærdal and Aurland municipality, which is part of Nordfjella reindeer management area, 4 

males and 14 females was in 2017 and 2018 GPS-marked to look at seasonal migration patterns: 

when it started/stopped and the duration of migration (Meisingset et al., 2018). It showed 

relatively large individual differences, and on average, they started migrating 16th of May and 

ended 25th of May. This period is consistent with the visitation on salt lick peak in end of May, 

and increased visit on salt licks could therefore be explained by their migration routes from 

lower to higher elevation areas. After about 4 months in summer area, the red deer started the 

migration back to lower winter areas. On average, the autumn migration in Lærdal and Aurland 

started 23th of September. This could explain the smaller peak shown in red deer visit to salt 

licks around October, as they could possibly add their migration route to salt licks on their way 

to lower areas. 

As predicted from hypothesis H2, red deer showed a clear seasonal pattern with high probability 

for increased visit in spring and summer with a total of 67% of all red deer observations. Total 

number of red deer visit reached a peak in May, with 24% of total red deer observations. Red 

deer showed low probability of visiting salt licks in in late autumn and winter, which could 

mainly be explained by winter migration due to less available forage and to deeper snow. Snow 

conditions are the ultimate driving force for cervids to return to lower winter areas (Brazda et 

al., 1953). At some point, snow cover becomes too high to overwinter due to lack of forage 

access, but red deer often leave well in advance of this (Rivrud et al., 2016). In this study, snow 

depth was a significant factor of salt lick use, with only 13% of red deer visit when snow 

present, and no visitations of red deer with snow depth exceeding 25 cm.  
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Overall, seasonal pattern of visit to salt licks were influenced by the red deer migration pattern, 

which determined their presence in different elevation ranges. As predicted from hypothesis H1 

and H2, red deer visit on salt lick was more frequent in summertime and in lower locations, 

following how migration patterns determine their elevation range through the year. Almost all 

red deer visits were present in lowland locations under the tree line, which likely overlap 

elevation ranges of resident red deer. In medium elevation range, visit of summer migrants were 

present. Red deer usually avoided visiting higher elevation ranges typically above the tree line, 

which could be explained by red deer fear of using open areas due to lack of cover and less 

nutritious forage (Albon & Langvatn, 1992; Mysterud & Østbye, 1999) as predicted from H1b. 

GPS-collared reindeer from Nordfjella have shown a spatial presence as low as 4-500 m a.s.l. 

(VKM, 2018). This overlaps with the locations most red deer visited shown in this study. Spatial 

overlap of red deer with the culled reindeer range of Nordfjella Zone 1 increases the risk for 

CWD spillover, and both migratory and resident red deer in Lærdal used the same forested 

areas as the extinct reindeer population during early summer to late fall according to VKM´s 

report in 2018. 

 

4.2 Red deer use of salt lick during growing season 
 

While red deer migration patterns can explain red deer presence at different elevation ranges 

and seasonal patterns through the year, other factors are determining whether red deer actually 

visit a salt lick if they are present at a given elevation. 

Mineral requirements depend on sex, age and physiological status (Ayotte et al., 2006). Sodium 

(Na) is the most important mineral in animal physiology due to the large amounts needed daily, 

and is directly influenced by body weight (Hellgren & Pitts, 1997). Other minerals such as 

calcium (Ca) and phosphorus (P) are critical for growth and development of bones and antlers 

(Robbins, 2012). Cervids are known to seek Na from soil, and salt lick visits are probably a 

consequence of red deer seeking supplemental dietary Na (Lavelle et al., 2014). For females, 

costs of lactation increase mineral requirements, and calcium is the limiting mineral on milk 

production. Extra amounts are therefore needed during lactation (Pletscher, 1987). In strongly 

seasonal environments like northern latitudes, red deer are typically calving in early summer to 

get a long growth season and to hit peak nutrition level in vegetation (Langvatn et al., 2004). 

Spring and summer are therefore important nutrient periods for female red deer due to calving 

and lactation demands. In this study, the red deer visit reached a peak in end of May, which 

could be explained by female lactation demands and their nutritional stress due to calving 
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(Ayotte et al., 2008). Sodium demands in particular, increase by ∼40% during early lactation 

(Staaland et al., 1980), and are much greater than average concentrations of sodium in the diets 

of ungulates (Ayotte et al. 2006). Cervids can consume more than 0.5 kg of soil from salt licks 

monthly in spring and summer periods (Schultz & Johnson, 1992b), but this will vary from 

range to range, age and gender. For males, it is necessary with mineral supplement to gain 

weight and gather energy, and for growing antlers for the rut in the end of September/October. 

This could also explain the high visitation during spring and summer. Salt is generally not 

regarded as limiting resource for cervids in Norway (VKM et al., 2018), however, when 

artificial salt licks are available within their summer home range, they often gather at these 

locations. 

For daily pattern of visitation on salt lick, red deer showed high probability of visiting salt licks 

in dusk and dawn and in night-time in their active state, while in daytime, the probability was 

lower. This confirms hypothesis H4. Cervids are usually in an inactive state during daytime to 

reduce the risk of detection, and seek hiding places (Georgii, 1981; Beier & McCullough, 

1990). In their active state at night, there is full activity and movement, which support the 

visitation time of day.  

 

4.2.1 Soil eating at salt licks 

 

Soil around salt licks are rich in salt, and sheep and cervid visit the salt lick will often lick on 

and eat soil and grass from the surrounding area. Soil samples from selected salt lick locations 

in Nordfjella were collected in 2017-2019, with the aim to elucidate to which degree the use of 

man-made salt licks leads to increased risk of transmission of CWD prions between species 

(VKM et al., 2018). Laboratory research indicates that plants grown in prion-contaminated soil 

can accumulate prions, and plants growing in contaminated soil near salt licks may act as a 

source of prions for foraging animals (Pritzkow et al., 2015). Since it is known that prions can 

bind to clay minerals present in soil in an uncertain time (Johnson et al., 2007; Wiggins, 2009), 

this could lead to prolonged exposure to infectious agents left behind by the extinct reindeer 

population. Prions in soil can dramatically enhance transmission via oral route of exposure 

(Johnson et al., 2007) and recently, oral uptake of soil has been demonstrated as an important 

pathway for CWD prion entry (Hoover et al., 2017). Observations in this study showed 58% of 

total red deer visiting salt licks either ate soil and grass, or were licking on soil or surrounding 

rocks. This provides the first systematic evidence that the risk of exposure to prions by eating 

soil at salt licks is high, likely leading to a high risk of CWD spillover to red deer.   
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4.3 Management measures in Nordfjella  
 

Since CWD prions were first discovered in Nordfjella in 2016, the Norwegian Food Safety 

Authority decided to cull the reindeer population in Nordfjella Zone 1 to prevent further prion 

transmission. In spring 2018, the last wild reindeer was shot, organized by Norwegian Nature 

Inspectorate. Norwegian Scientific Committee for Food and Environment (VKM) wrote in 

2018 a report on factors that can contribute to spread of CWD prions in Nordfjella. (VKM, 

2018). The report determined that number of currently available salt lick sites previously used 

by CWD-infected wild reindeer population in zone 1, have a great importance for the likelihood 

of spreading infection. The likelihood of cervids entering Zone 1 becoming infected would be 

heavily reduced if salt lick sites were not available, as the main risk factor for spillover. Equally, 

the likelihood of sheep transferring the prions as silent carriers would be significantly reduced, 

according to the report. By removal of salt licks and their possible sources of infection and 

transmission, the likelihood of spreading CWD prions would be significantly reduced as an 

important preventive measurement. 

 

4.3.1 Use of salt lick and gates  

 

As a management measure, use of supplemental feeding sites and artificial salt licks for red 

deer was banned in autumn 2016 (Norwegian Food Safety Authority, 2016), and salt licks for 

livestock in Nordfjella were, in summer 2017, decided to be fenced off to prevent red deer salt 

lick use (Norwegian Food Safety Authority, 2017). Fences could be equipped with openings 

that allow access for sheep during the grazing period, and during winter, the openings were 

supposed to be closed off and salt licks removed. Videos and photos from camera traps used in 

this study showed how red deer seemed to get habituated to the fences and learned to go in and 

out, and therefore access to salt licks and possible CWD prions. In March 2020, the Norwegian 

Food Safety Authority announced policy changes in salt lick use for livestock in Nordfjella area 

(Norwegian Food Safety Authority, 2020). This included insurance of salt not leaking out from 

the salt device directly or by runoff, salt device moved several times throughout the period and 

at least so often that vegetation in exposed places was not worn away, and salt device should 

be located at a distance of at least 50 m and a maximum of 500 m from the previously registered 

and fenced salt lick. 

Red deer showed high probability of visit on locations when salt lick was present and gate was 

open in spring and summer, confirming hypothesis H3. In this study, I found that the total 
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number of days salt lick were present and gates were present and open were declining from 

2018 to 2019, together with number of red deer visiting. Red deer observations decreased from 

2018 to 2019 with 77% in summer season, confirming hypothesis H3b, assuming less 

probability of red deer visiting salt licks in 2019 than in 2018. This significant decline in salt 

lick use and gates can be due to management measures in Nordfjella to prevent further spread 

of CWD prions and spillover. 

 

4.3.2 Decreasing red deer population 

 

Higher density of red deer gives higher likelihood for CWD spillover. Due to this, the 

Norwegian Environment Agency stated a goal of decreasing the red deer population with 50% 

compared to 2016 population through regular hunting during 2019 and 2020 in the 15 

municipalities around Nordfjella area (Solberg et al., 2019). One of the measures the Ministry 

of Agriculture and Food together with Norwegian food Safety Authority has implemented to 

reach the goal, is to extend the hunting season from 1st of January to 31th of January and 15th 

of August to 23th of December (Norwegian Environment Agency, 2019). The result from 

hunting in 2019 was lower than recommended, with 63% achievement of the aim on 50% 

reduction (Solberg & Rolandsen, 2020). To achieve the goal, a strategic culling plan and 

comprehensive hunter effort will be required. In case of Lærdal municipality, with high red 

deer density, 50% reduction of population is probably not enough to prevent reduction of CWD, 

even though Lærdal is close to 50% reduction with 472 harvested red deer in 2019/2020 

(Solberg & Rolandsen, 2020). This was 30% more than recommended in the population model 

(362 red deer), and could be the case of less red deer observations from 2018 to 2019.  

The significant decrease in red deer visit to salt licks between 2018 and 2019 may be explained 

by a combination of removal of salt licks and closing gates, but increased hunting quota and 

extended season to reduce population size of red deer as a mitigation measure to prevent CWD 

spillover in Nordfjella may also play a role. Mitigation measures implemented in Nordfjella 

seems to might have an effect on red deer visit shown in this study, and gives important basis 

for further management measures to prevent CWD spillover to other cervids. 
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5 Conclusion  
 

Red deer use of the same salt lick as previously used by CWD infected reindeer increases the 

risk of prion disease spillover. I have in this study shown how the visit of red deer to salt licks 

depend on different processes. Red deer seasonal migration patterns explain red deer presence 

at different elevation ranges. Further, factors related to mineral requirements determine whether 

red deer actually visit a salt lick if they are present at a given elevation. The daily activity 

rhythm determines when they visit, while management actions such as opening and closing of 

gates affect whether they get access to salt licks. Extensive soil eating, shown in this study, 

confirms the importance of gates, and removal of salt licks and their locations as a risk factor 

for spread of CWD prions and spillover would influence red deer presence. Earlier there was 

only anecdotal knowledge on red deer use of salt lick, I have in this study given important and 

solid empirical basis for assessing risk in red deer use of salt licks in a CWD prion disease 

spillover context, for targeting further mitigation measures.  

It is still uncertain if a 50% reduction of the red deer population in Nordfjella is enough to 

reduce transmission of CWD. A significant decrease in red deer visit from 2018 to 2019 was 

shown in this study, which is most likely the outcome of management measures. Based on this 

study, it is difficult to say if the number of red deer visitations on salt licks gives proper 

indications on actual population size in Nordfjella. However, it gives solid basis for results of 

mitigation measures initiated in Nordfjella, and to continue working with preventing spillover 

to reach a sustainable healthy population. An interesting aspect for further studies is to focus 

on quantifying CWD prion concentrations at salt licks where cervids congregate, and 

determining the persistence of prion infectivity to advance the understanding of long-term 

CWD infection dynamics.  
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Appendices  
 

 

Appendix 1 – Data collected from camera traps at locations 
 

 
Table A1. Camera traps data collected from locations with start and stop date used for analysis. 

(Subject to camera not operative constantly in periods) 

Location Start Stop 

   

NF.01 21th of October, 2017 29th of June, 2019 

NF.02 1st of September, 2017 27th of June, 2019 

NF.03 21th of September, 2017 29th of June, 2018 

NF.04 10th of September, 2017 12th of June, 2019 

NF.07 8th of September, 2017 11th of June, 2019 

NF.08 24th of November, 2017 21th of May, 2019 

NF.09 2th of October 2, 2017 20th of June, 2019 

NF.11 20th of October, 2017 12th of July, 2018 

NF.12 7th of October, 2017 5th of October, 2018 

NF.15 24th of October, 2017 24th of June, 2019 

NF.16 3th of July, 2018 13th of June, 2019 

NF.17 7th of July, 2018 10th of July, 2019 

NF.18 27th of July 27, 2018 29th of June, 2019 

NF.27 9th of August, 2018 18th of June, 2019 

NF.28 21th of August, 2018 11th of July, 2019 

NF.34 14th of August, 2018 11th of July, 2019 

 

Sum  6272 observation days 

 

 

 

 

 

 

 

 

 

 

 



  

31 

 

Appendix 2 – Descriptive data for julian date 
 

 
Table A2. Number of days with descriptive data for julian date. 

 

Year 

Days with 

red deer 

present 

Days 

with red 

deer and 

salt 

spresent 

Days 

with red 

deer 

and salt 

present, 

gate 

open 

Days 

with 

red 

deer 

inside 

gate 

Days 

with 

gate 

present 

Days 

with 

gate 

open 

Days 

with 

salt 

present 

        

2018 206 120 92 64 2495 1184 670 

2019 171 12 0 0 1793 527 155 

        

Sum 377 132 92 64 4288 1714 825 
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Appendix 3 – Days with red deer visit  
 

Table A3. Days with red deer visit distributed over locations with elevation.  

 

Location m a.s.l. 

Number of 

red deer 

visits  
    
NF.28 1462 0  
NF.27 1320 0  
NF.18 1291 0  
NF.34 1257 1  
NF.03 1239 0  
NF.17 1234 0  
NF.02 1229 0  
NF.01 1202 0  
NF.16 1174 0  
NF.15 1150 43  
NF.08 1089 97  
NF.09 1036 19  
NF.12 950 59  
NF.11 865 12  
NF.07 621 35  
NF.04 595 111  
    
Sum  377  
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Appendix 4 – Monthly red deer visit 
 

 
Table A4. Monthly red deer visit presented in days and %.  

 

Month 

Days with red deer 

present 

% of red 

deer visit 

    

January 9  2.8 

February 3  0.8 

March 1  0.3 

April 10  2.6 

May 90  23.8 

June 80  21.2 

July 50  13.2 

August 33  8.7 

September 8  2.1 

October 49  12.9 

November 27  7.1 

December 17  4.5 
    

Sum  377   
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Appendix 5 – Descriptive data for summer season 
 

 
Table A5. Number of days with descriptive data for summer season (1st of May to 1st of September). 

 

 

Year 

Days 

with 

red 

deer 

present 

Days 

with 

red 

deer 

and salt 

present 

Days 

with red 

deer 

and salt 

present, 

gate 

open 

Days 

with 

red 

deer 

inside 

gate 

Days 

with 

gate 

present 

Days 

with 

gate 

open 

Days 

with 

salt 

present 

        
2018 176 113 92 64 570 388 334 

2019 78 0 0 0 230 65 6 

        
Sum 254 113 92 64 800 453 340 
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Appendix 6 – Days with red deer visit during summer season 
 

 
Table A6. Days with red der visit distributed over locations with elevation for summer season (1st of 

May to 1st of September). 

 

Location m a.s.l. 

Days with 

red deer 

visit  
    
NF.28 1462 0  
NF.27 1320 0  
NF.18 1291 0  
NF.34 1257 1  
NF.03 1239 0  
NF.17 1234 0  
NF.02 1229 0  
NF.01 1202 0  
NF.16 1174 0  
NF.15 1150 39  
NF.08 1089 51  
NF.09 1036 18  
NF.12 950 51  
NF.11 865 0  
NF.07 621 35  
NF.04 595 59  
    
Sum  254  
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