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Abstract 

Several ixodid tick species are important vectors of a variety of pathogens, such as Borrelia 

burgdorferi sensu lato (s.l.) causing Lyme disease and Anaplasma phagocytophilum causing 

tick-borne fever in livestock. Ticks appear to have increasing densities and distribution range, 

as the climate is changing. However there is limited data about factors that determine tick 

distribution under different climate conditions. The aim of this study was to quantify the 

distribution of the sheep tick (Ixodes ricinus) and selected tick-borne pathogens and to 

explore which factors that affect their distribution in the southeast of Norway. I quantified the 

extent to which covariates at landscape scale (elevation, distance to the coast and distance to 

large inland lake), at habitat scale (type of substrate, soil humidity, canopy cover, vegetation 

height and density) and in relation to large herbivore hosts (feses and deer densities) affect 

the tick abundance. I further quantified prevalence of B. burgdorferi s.l. and of A. 

phagocytophilum in ticks, and tested whether prevalence of B. burgdorferi s.l. was diluted at 

high deer density, as they are non-transmission hosts. Questing ticks were sampled using the 

cloth lure method along predetermined transects in the summer of 2014, and the presence of 

the tick-borne pathogens was determined in lab. Distribution of questing I. ricinus were 

investigated using generalized mixed effects models. This study show significantly decreased 

tick abundance with increased distance to the coast, but the variable was correlated with 

elevation and hence their effects could not be separated. There was a not quite significantly 

trend of increasing tick abundance near large lakes. Types of substrate and ground humidity 

were also significant predictor of tick abundance, with highest tick abundance in grass and 

humid soil. However there were no evidence of a relationship between questing ticks and 

large host density(roe deer and moose). Both B. burgdorferi s.l. (12.5%) and A. 

phagocytophilum (0.9%) were detected in the questing tick, but prevalence of B. burgdorferi 

s.l. showed no relationship with densities of large (non-transmission) host. The present study 

sheds light on the relationship between the distribution of ticks and local habitat predictors 

and landscape variables likely to operate at least partly through climate. Considering future 

climate change, with prediction of warmer and wetter conditions, an expansion of tick 

distribution further inland is likely.  
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1 Introduction 
Ticks can carry and transmit several pathogens causing human and livestock diseases 

(Stuen, 2007, Piesman and Gern, 2004, Randolph, 2009). The recent spread and increased 

abundance of ticks are therefore a major concern for human and animal welfare (Medlock et 

al., 2013, Jaenson and Lindgren, 2011, Ostfeld et al., 2014, Qviller et al., 2013, Mysterud et 

al., 2013). Ticks require a habitat that is warm, and the soil needs to have a certain humidity 

for ticks to thrive. Changes towards a warmer and wetter climate in the northern hemisphere 

are therefore likely to increase the distribution and abundance of ticks (Gray et al., 2009, 

Randolph et al., 1999, Jaenson and Lindgren, 2011, Jore et al., 2011). Yet, the issue of the 

relative role of climate, land use and biodiversity in determining abundance of ticks and 

prevalence of pathogens are causing much controversy (Ostfeld and Keesing, 2013, Wood et 

al., 2014, Wood and Lafferty, 2013). It is therefore urgent to improve our understanding of 

the factors determining the tick distribution in regions differing in climate conditions. 

Variations in the phenology of tick questing activity may be associated with major variations 

in biotic (e.g. host species, host density and behaviour) as well as abiotic factors (e.g. 

landscape and climate) (Perret et al., 2004).  

In Europe, the sheep tick Ixodes ricinus is the main vector of the pathogens Borrelia  

burgdorferi sensu lato (s.l.) causing Lyme borreliosis in humans and Anaplasma 

phagocytophilum causing tick-borne fever in sheep (Woldehiwet, 2010, Franke et al., 2013). 

I. ricinus has a life cycle that includes three active stages: larva, nymph and adult. Typical 

hosts for larva and nymph ticks are birds and small mammals (Randolph, 2004), but these life 

stages use a wide range of hosts also including large mammals (Kiffner et al., 2010, 

Mysterud et al., 2014). For the last blood meal, the tick requires a large host to ensure 

sufficient blood before reproduction, hence ungulates, such as sheep and deer, are more 

important hosts for adult ticks (Randolph, 2004). Therefore the distribution of hosts and the 

distribution of ticks may also be linked (James et al., 2013, Randolph, 2004). 

The ticks need to obtain the pathogen from a host (e.g. a bird or a rodent) to become a vector 

for a potential pathogen. Larvae ticks are uninfected when they hatch, as there is low 

transmission of the pathogen from an infected adult to its eggs (Tappe et al., 2014, Nefedova 

et al., 2004). A pathogen has to be acquired after feeding on an infected reservoir host 

(Radolf et al., 2012). If a pathogen is obtained, the tick will transmit the pathogen to the 

animal that provides the next blood meal, before they moult to the next life stage. For B. 

burgdorferi s.l., there are several genospecies and they are mainly linked to small vertebrate 
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transmission hosts, such as rodents, shrews and birds (Gern et al., 1998, Franke et al., 2013), 

while deer species are regarded to be non-transmission hosts and may cause dilution of the 

pathogen in the tick population (Mysterud et al., 2013, Radolf et al., 2012). For A. 

phagocytophilum, there are also several genovariants, and they have reservoir in rodents, 

birds, as well as roe deer (Capreolus capreolus) and red deer (Cervus elaphus) (Jahfari et al., 

2014, Scharf et al., 2011). The prevalence of pathogens in ticks will therefore be determined 

by the available host community.  

An earlier study along the west coast of Norway documented an effect of temperature 

on tick questing activity, but found no evidence of desiccation stress (Qviller et al., 2014). 

Further, there were noticeably higher abundance of ticks towards the coast and at low 

elevation in these coastal areas (Qviller et al., 2013), but the factors determining tick 

distribution in drier inland climates of eastern Norway have not yet been determined.  

The aim of this Master thesis, being part of a larger project on ticks (#EcoTick), was to 

quantify the abundance of questing ticks and determine prevalence of two selected pathogens 

B. burgdorferi s. l. and A. phagocytophilum, in southeast Norway along climate gradients.  

My first hypothesis (H1) was the landscape-tick distribution hypothesis, suggesting 

that tick distribution is determined by abiotic factors linked to large scale topographic and 

edaphic factors. I predicted that the tick abundance declined with increasing elevation (H1a), 

increasing distance to the coast (H1b), and with increasing distance to large inland lakes 

(H1c). 

My second hypothesis (H2) was the habitat-tick distribution hypothesis. This 

hypothesis suggests that habitat variables such as substrate, canopy cover and vegetation 

height at finer spatial scales affect abiotic factors and in turn the distribution of ticks. I 

predicted that tick abundance is affected by the type of substrate (H2a), wetness of substrate 

(H2b), increasing canopy cover (H2c), vegetation height (H2d) and vegetation density (H2e). 

My third hypothesis (H3) was the tick distribution-host limitation hypothesis, 

suggesting that tick distribution is limited by the availability of large herbivore hosts. I 

predicted an increase in abundance of questing ticks with an increase in deer population 

density (roe deer and moose), as roe deer and moose are the dominating large hosts in the 

area.  
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My fourth hypothesis (H4) was the deer-pathogen dilution hypothesis, suggesting that 

the prevalence of B. burgdorferi s.l. is negatively linked to the density of non-transmission 

hosts such as deer. I therefore predicted that with higher population of deer, the B. 

burgdorferi s.l. prevalence would decrease. No such pattern was expected for A. 

phagocytophilum, as deer may also be transmission hosts for this pathogen.  
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2 Material and methods 
 

2.1 Study area 

The study area is located in the southeast of Norway, in Akershus and Østfold county 

(Fig.1), covering 17 municipalities: Moss, Våler, Vestby, Spydeberg, Eidsberg, Marker, 

Rakkestad, Nesodden, Enebakk, Ski, Fet, Aurskog-Høiland, Råde, Askim, Skiptvet, Frogn 

and Ås. The landscape morphology and topology in the region are characterized by low 

variation in elevation, and the elevation in the study area is ranging from 22 to 221 m.a.s.l. 

The area is mostly situated in the boreonemoral zone, and is a transitional zone between the 

nemoral deciduous forest areas and the boreal coniferous areas (Abrahamsen et al., 1977).  

The study area consists mainly of mixed coniferous stands with Scots pine (Pinus 

sylvestris) and Norway spruce (Picea abies) as dominating tree species. Summergreen 

deciduous trees such as birch (Betula spp.) and alder (Alnus incana) are common tree species. 

Field and shrub layers are dominated by grass, and herbs are found as well. The average 

monthly temperature of 2014 was -2.6°C in January and 20.0°C in July, while the average 

annual temperature was 7.8°C (Norwegian meteorological station no. 17850; Meteorological 

Institute, 2016) The average annual temperature is 2.5°C higher than the normal 

temperatures. The precipitation varies from a maximum of 252 mm in October to a minimum 

25.2 mm in June, with average total value of 735 mm.  
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Figure 1. Map of the study area situated in the southeast of Norway, Akershus and Østfold 

counties. Red dots represent the visited transects. The map of Norway was downloaded and 

edited (Norwegian mapping authority, 2016). The map of the study area was made in ArcGIS. 
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2.2 Sampling design and data collection 

The data was collected the summer of 2014, two weeks in June (12.06 – 25.06) and 

two weeks in late July and early August (28.07-07.08), and is tick counts based on surveys 

from 58 different predetermined transects (Fig.1). The different transects are stratified to get 

a balanced sampling regarding environmental gradients such as coast to inland, increasing 

elevation and distance to large inland lakes. However, more transects were positioned closer 

to the coast with higher expected abundances of ticks in order to obtain an adequate sample 

of ticks for screening of pathogens. Each transect consists of 9 plots (2 x 10 m2) that were 

surveyed for ticks. A distance of 50 m was taken from potential roads to avoid potential bias 

from surveying close to roads. Each transect made up a triangle with 3 plots being surveyed 

before turning 60o to the right, 3 more plots were surveyed before turning again, and then the 

last 3 plots were surveyed. Between each plot a randomized distance between 20-50 m was 

traversed. 

 

2.2.1 Questing ticks 

Questing ticks (I. ricinus) were sampled at every plot using the cloth-lure or flagging 

method (Vassallo et al., 2000b). The method consists of sweeping a white cotton cloth (1 x 

0.5m), attached to a strip of wood, slowly through the vegetation. The movement in the 

vegetation will trigger the tick to react, and it will grab the cloth as if it was a potential host 

(Vassallo et al., 2000b). This was done four times (2 m2) before the cloth was examined for 

ticks, where adult (male/female) and nymph ticks were counted. This was repeated five 

times. Sampling in each plot thus covers an area of approximately 20 m2. The cloth was 

replaced when it became wet or dirty.   

All the ticks were removed by forceps and put in a tube with ethanol, and labelled 

with location number and date. Later the ticks were dried and stored in tubes with silica beads 

at -20oC to avoid degradation of DNA used for screening of pathogens.  
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2.2.2 Covariates 

Every plot was registered with exact GPS-coordinates, using a handheld Garmin 

GPSmap 60CSX. Later, maps in ArcGIS were used to retrieve information about elevation, 

the distance to the coast and distance to inland lakes in relation to each plot within the 

transect, i.e., covariates linked to H1.  

 At each plot, detailed habitat covariates to test H2 were measured or noted. Types of 

substrate were noted to four categories (heather, grass, needles or moss) to test the prediction 

H2a. However, as there were low numbers of moss substrate, I also tested with pooling into 

three categories (heather, grass and other). Ground humidity was categorised into dry, moist 

and very wet soil, to test the prediction H2b. However, as there were low numbers for very 

wet soil, I also tested using two categories dry and moist, with the very wet soil included in 

the latter. Canopy cover (%) was measured using a Lemmon densiometer (Lemmon, 1956), 

linked to prediction H2c. Vegetation height (cm) was measured to nearest 5 cm using 

indicators of 5-70 cm on the pole used for flagging. This was done three times by the start of 

each plot, and mean was calculated and used to investigate prediction H2d. Vegetation 

density was measured as numbers of indication marks that were hidden by the vegetation. 

This was also done three times in each plot, and then the mean was calculated and used for 

investigate prediction H2e.  

I used two indicators for population density of deer (roe deer and moose) to test H3 

and H4. Density of roe deer and moose were calculated by using data of numbers of killed 

deer relative to the qualifying area (km2), i.e. the area that is used to set harvest quotas, at the 

scale of the whole municipality. Feces from deer were noted as present or absent in every 

plot. 

I also used some other covariates not linked to the hypotheses that might affect tick 

questing activity. Julian dates (a continuous variable) were converted from the date of 

sampling. In the beginning of each transect, precipitation, wind and temperature were 

measured using a handheld, small weather station.  

All the covariates are displayed in table 1.  
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2.3 Pathogen determination 

The presence of the tick-borne pathogens B. burgdorferi s.l. and A. phagocytophilum 

were determined at the CEES lab using an established protocol (Mysterud et al., 2013). The 

method is based on Allender et al. (2004), but optimized for use on ticks. By using a 

multiplex real-time PCR assay developed by Courtney et al. (2004) on a Roche Light Cycler 

480 Real-Time PCR instrument and subsequent DNA extraction, detection of A. 

phagocytophilum and B. burgdorferi s.l. were performed.  

 

Table 1. All covariates included in the initial model selection for estimating tick abundances 

in southeast Norway. Cat. = number of categories.  

Covariate Units Range/parameter 

   

Related to H1   

Elevation Meter 22 – 221 m  

Distance to the coast Meter 238 – 47716 m 

Distance to large inland lake Meter 0 – 17707 m 

Related to H2   

Substrate (4 cat.) Categorical Grass (115), heather (287), moss (23) and  

needles (97) 

Substrate (3 cat.) Categorical Grass (115), heather (287), other (120) 

Ground humidity (3 cat.) Categorical Dry (360), humid (144), very wet (18) 

Ground humidity (2 cat.) Categorical Dry (360), humid (162) 

Canopy cover Percentage  0 – 96 % 

Vegetation height  Centimetre  0 – 80 cm 

Vegetation density Density 0 – 11 marks 

Related to H3 and H4   

Density of deer Killed roe deer 

and moose / area 

0.34 – 1.15 deer/km2 

Feces Binary Presence (432), absence (90) 

Other   

Julian date Day number 163 – 219 day number 

Precipitation Binary Yes (513), no (9) 

Wind Meters per second 0 – 5.3 m/s 

Temperature Degrees celsius 16 – 29 ◦C 
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2.4 Statistical analysis 

All statistical analysis was performed in R statistical software (version 3.1.2.). The 

data on tick counts were analysed with generalized mixed effects models (GLMMs) with 

negative binomial distribution using the package glmmADMB (Skaug et al., 2011). Negative 

binomial distribution was chosen because parasite abundance data is often overdispersed 

relative to a normal or Poisson distribution.  

From the field design one would expect similarity between plots within the same 

transect, therefore plot-id was included in the model as a random term to account for 

dependency within each transect. For this reason I chose to use GLMMs for analysing the 

data. Additionally, when analysing parasite count data one will expect a high proportion of 

zeros, therefore the models were tested with zero-inflation in the GLMMs. However, this did 

not improve the models and was excluded.  

My candidate fixed effects for H1 were elevation, distance to the coast and distance 

to lake, for H2 the local habitat variables type and wetness of substrate, canopy cover, 

vegetation height, vegetation density, and for H3 and H4, the density of deer at large scales 

and feces (see. table 1). In addition, I included some other variables that may affect tick 

questing activity (listed in table 1). 

I used model selection with the Akaike Information Criterion (AIC) to determine the 

best model (Burnham and Anderson, 2004), using only nymph data (see appendix table 1), as 

adult ticks were rare. The AIC uses deviance as a measure of model fit, but adding a term to 

penalize more complex models (Bolker et al., 2009). The best model was defined as the 

model with the fewest number of variables, and differing less than ∆2 from the model with 

the overall lowest AIC-value. Before starting the model selection, all the covariates were 

checked for correlation. When two covariates were correlated |>0.5|, both of the covariates 

were tested in individual models. The covariate from the model with the lowest AIC-value 

was used in subsequent model selection. Elevation and distance to the coast were positively 

correlated (rPearson’s=0.57) in the dataset, and the effect of these two variables is difficult to 

separate given the topography in the east of Norway.  

The data on presence of pathogens were analysed using logistic regression with the 

same fixed effects as in the model of tick abundances. This was done using the lme4 package 

in R (Bates et al., 2013). Logistic regression with a binary distribution was chosen since 

prevalence data is presence or absence. Only B. burgdorferi s.l. was analysed, as sample size 

for A. phagocytophilum was judged as too small.  
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3 Results 
 

3.1 Questing ticks 

A total of 199 nymphal and 33 adult (17 females and 19 males) questing ticks were 

gathered from the 58 transects. The density of nymphal ticks was best predicted by a model 

including Julian date, distance to the coast, distance to nearest large lake, canopy cover, type 

of substrate (3 categories) and ground humidity (2 categories). This model did not have the 

lowest AIC value, but it contained fewer parameters than the six other competing models 

(models with ∆AIC<2; appendix table 1). The following covariates did not enter the best 

model; vegetation height, vegetation density, substrate (4 categories), ground humidity (3 

categories), feces and density of large herbivore hosts, precipitation, wind and temperature. 

Since elevation was correlated with distance to the coast, the covariate with the strongest 

effect on the model (lowest AIC-value) was chosen for further model selection (distance to 

the coast).  

As predicted, tick abundance decreased as distance to the coast increased (Fig.1a). 

This pattern was thus consistent with one prediction from the landscape-tick distribution 

hypothesis (H1b), but could not be separated from H1a due to the correlation between 

elevation and distance from the coast. In addition, there was a not quite significant effect of 

distance to large inland lakes, with tendency for a decreasing abundance of ticks with 

increased distance from large lakes, as predicted from H1c.  

Canopy cover was significantly correlated with the tick abundance, and as the cover 

increased the tick density increased (Fig.1b), consistent with prediction H2c. The types of 

substrate (heather, grass or other) and ground humidity (dry or moist) also showed 

significantly effects on the density of tick, which was predicted from the habitat-tick 

distribution hypothesis (H2a and H2b). There were fewer ticks when substrate was heather 

compared to grass, while there was no significant difference between substrates grass and 

“other”. There were significantly more ticks where the soil was moist compared to dry soil 

(Fig 3). Vegetation height and vegetation density did not enter the best model, and there was 

thus no support for H2d and H2e.  

As neither feces nor density of large herbivore entered the best model, there was no 

support for H3. 
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Julian date also showed a significant effect on tick abundance, and as the Julian date 

increased there was a decline in the tick abundance. I found no evidence that the prevailing 

weather in terms of precipitation, temperature and wind speed affect tick abundance, as 

neither of them entered the best model.   

 

Table 2. Parameter estimates from the best model explaining the variation in abundance of 

questing ticks in the study area in Akershus and Østfold counties, Norway, summer 2014. 

Baseline for substrate was grass, while baseline for ground was wet.  

Parameter Estimate SE z P 

Intercept        4.08 1.06  3.86 <0.001* 
Julian date             -0.0217 0.00534 -4.06 <0.001 * 
Distance to the coast     -0.0000931 0.0000147 -6.32 <0.001* 
Distance to large lake -0.0000403 0.0000234 -1.72 0.085 
Canopy cover       0.706 0.0291  2.43 0.015 * 
Substrate (Heather)    -0.602 0.0231 -2.61 0.009 * 
Substrate (Other) -0.392 0.0338 -1.16 0.247 
Ground (Dry)   -0.503 0.0237 -2.12 0.034 * 
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Figure 2. Abundance of questing ticks as a function of (A) distance to the coast and as a function of (B) canopy cover in summer 2014, 

Akershus and Østfold counties, Norway. Estimates are predictions with 95% confidence intervals for baseline variables for substrate (grass) and 

soil (wet). For figure A one of the residual points was excluded from the plot as it was far outside the range of the other points. 
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Figure 3. Abundance of questing tick for three substrate types, in the summer 2014, 

Akershus and Østfold counties, Norway. Estimates are predictions with plus/minus standard 

error (SE) for baseline variables for soil (wet), Julian date (mean), distance to the coast 

(mean) and canopy cover (mean).  
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Figure 4. Abundance of questing tick density for two soil types, in the summer 2014, 

Akershus and Østfold counties, Norway. Estimates are predictions with plus/minus standard 

error (SE) for baseline variables for substrate (grass), Julian date (mean), distance to the coast 

(mean) and canopy cover (mean). 
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3.2 Prevalence of tick-borne pathogens 

In total 232 ticks, both nymphs and adults, were screened for presence of tick-borne 

pathogens. Only 0.9% (1 nymph and 1 adult female) of the ticks were positive for A. 

phagocytophilum, while 12.5% (23 nymphs, 3 adult females and 3 adult males) were positive 

for B. burgdorferi s.l. (Fig.4). The model selection for the spatial distribution of the B. 

burgdorferi s.l. ended up with the model including only the intercept as the best model. There 

were hence no clear spatial patterns in the distribution of this pathogen.  

There was no co-infection between B. burgdorferi s.l. and A. phagocytophilum in 

sampled ticks.  

 

 

Figure 5. Prevalence of B. burgdorferi s.l. (12.5%)and A. phagocytophilum (0.9%) in 

questing ticks (n=234) from summer 2014, Akershus and Østfold counties, Norway.  
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4 Discussion 
 

In this study, I have tested and quantified which factors affected the distribution of 

ticks and tick-borne pathogens in the southeast of Norway. This was done by analysing data 

from surveys of questing ticks and from gathered information about landscape level and more 

small-scale habitat features affecting local abiotic conditions, and large host density that may 

limit tick populations. I found that in consistency with prediction H1b, the tick distribution 

declined with increasing distance to the coast. However, it could not be separated from 

prediction H1a regarding elevation, since the effect of elevation and distance to the coast 

were correlated. I predicted that large inland lakes could create a coast effect on the tick 

distribution (H1c), and from the present study there was a marginally non-significant trend 

towards an increase in tick distribution near large lakes. Local habitat-related features such as 

canopy cover, type of substrate and ground humidity also affected the tick abundance, 

consistent with H2, while vegetation height and density showed no effect (not consistent with 

H2d and H2e). I predicted higher tick abundance with increased density of deer population 

(H3), but I found no clear evidence of this as covariates of deer population density did not 

enter the best model. Lastly, I quantified the prevalence of two important pathogens: B. 

burgdorferi s.l. and A. phagocytophilum. For B. burgdorferi s.l. there was no clear evidence 

that the distribution was linked to deer population density, and hence no support of the deer-

pathogen dilution hypothesis (H4). 

 

4.1 Tick abundance and landscape 

Ticks spend the vast majority of their life cycle off-host in the vegetation, either 

questing for a host, moulting to the next life stage or in diapause (inactivity in the vegetation) 

(Randolph, 2004), and hence the climate conditions are crucial. Ticks are ectotherms, and 

their fitness is strongly temperature dependent (MacLeod, 1932, Jore et al., 2014). The 

degree of relative humidity is also closely linked to their survival and activity (Macleod, 

1936, Perret et al., 2004, Jore et al., 2014). These climate parameters are thought to be the 

main limitations of the distributions of ticks (Medlock et al., 2013). The fact that an oceanic 

climate is favourable for ixodid ticks is widely accepted, because of their temperature and 

humidity requirements (Perret et al., 2004). As the distance to the coast increases the relative 

humidity decreases, and the environment becomes less favourable for ticks. This study found 
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support for such a negative relationship between tick abundance and distance from the coast, 

as has previously been described also along the west coast of Norway (Qviller et al., 2013). 

Several studies also report a correlation between elevation and tick distribution (e.g. Qviller 

et al., 2013, Jore et al., 2011, Vassallo et al., 2000a, Gilbert, 2010). Elevation may in the 

same way as distance to the coast act as a climate proxy (Qviller et al., 2013). With 

increasing elevation the temperature decreases, as temperature has shown to be a strong 

landscape-dependent variable (Gilbert, 2010). In this study, elevation and distance to the 

coast were correlated, and it was not possible to tease apart their relative impact on tick 

distribution due to the topology in the southeast of Norway. However, this does not show that 

elevation has no effect on the distribution of ticks in the southeast of Norway, but due the 

correlation I was not able to estimate their independent effects.  

A new idea in this study was the potential role of inland lakes acting in a similar way 

as a coastline on tick abundance. I found that there was a trend towards higher tick abundance 

near large lakes. Though the result was not quite statistically significant, this may illustrate 

that these lakes provide the surrounding areas with satisfying humid conditions for ticks.  

From this study there was a significant decline in the questing tick distribution 

throughout the summer. This may be linked to the questing season of the tick or that the ticks 

were influenced by the warm conditions in the summer of 2014. The purpose of questing is to 

find a host, have a blood meal to enable survival to the next life stage. Questing and finding a 

host early in the season may benefit all ticks, so they can complete their life cycle more 

quickly (Gilbert et al., 2014). However, the conditions early in the season may not be optimal 

for questing activity as this is dependent on minimum temperature (Gilbert et al., 2014, Gray 

et al., 2009). The summer of 2014 was especially warm and dry, which may have made many 

areas unsuitable for ticks. The warm temperatures may also have been a limitation of the 

questing behaviour of the ticks, as they are extremely exposed for desiccation when questing 

which may have created a decline in the tick distribution as summer goes on. However, I 

found no direct evidence that prevailing weather in terms of precipitation, temperature and 

wind speed affect tick activity, as neither of these variables entered the best model predicting 

questing tick abundances. An suggestion for further studies would be to involve climate 

loggers to record the temperature variation and precipitation in the transects, and compare the 

results with this study where distance to the coast is used as a climate proxy.  
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Earlier studies have shown that the density of I. ricinus questing ticks was reported to 

be variable between years, and to vary from a unimodal (peak in spring) pattern to a bimodal 

(peak in spring and autumn) pattern (Pérez et al., 2012). This variation may indicate that the 

questing behaviour isn’t constant, but be influenced by e.g.: host availability, temperature and 

humidity.  

 

4.2 Tick abundance and local habitat 

In addition to landscape effects tick distribution may be strongly affected by more 

local scale variation in habitat. This is likely operating mainly through the microclimate, 

though also host abundance and space use may play a certain role even at these small scales. 

A relative humidity of at least 80% is required to survive during the off-host periods 

(Medlock et al., 2013). This may limit the areas where ticks are able to survive. Along the 

west coast of Norway humidity was generally so high that it did not impact tick activity 

(Qviller et al., 2014), but this was measured as temporal variation for a given location. From 

this study, I found results consistent with the need of a humid ground at very local spatial 

scales, consistent with prediction H2b. The questing tick abundance was significantly higher 

in areas with humid soil than with dry soil. This may show that the humidity of the soil is a 

limiting factor in southeast of Norway, compared to the west coast. Other studies have shown 

the same patterns at much larger scales (e.g.Piesman and Gern, 2004, Randolph et al., 2000), 

with increasing questing activity in humid conditions.  

I also found that increased canopy cover leads to more questing ticks, consistent with 

H2c. Managers may therefore affect tick abundances through logging of the forest. This may 

be a relevant mitigation measure close to human recreational areas.  

Type of substrate also showed effect on the tick abundance, which was predicted 

from H2a. The highest predicted questing tick density was in grass, followed by “other” and 

heather. The substrate type may be a good indication of the relative humidity and temperature 

(Medlock et al., 2013), limiting the potential distribution of ticks. With climate change, 

distribution of suitable substrate may expand, which again potentially lead to an expansion of 

the distribution of ticks on a long time scale. Somewhat surprising, vegetation height and 

density did not enter the best model, and therefore no support for predictions H2d and H2e. 

This suggests that they play a limited role for tick abundances in the southeast of Norway. 
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4.3 Tick abundance and large host density 

The distribution of potential hosts may influence the distribution of ticks, since the 

presence of hosts means a potential blood meal. For ticks to successfully fulfill their life 

cycle, a large host is needed to get the last large blood meal. On the other hand, the extent to 

which the distribution of large hosts and tick abundance is linked is often debated, and in the 

USA deer seem to play a limited role for tick abundances (Ostfeld et al., 2006, Levi et al., 

2012). However, a link between red deer density and tick distribution was shown at the west 

coast of Norway (Mysterud et al., 2016a), and by Jore et al. (2014) in the south west of 

Norway, as well as other studies elsewhere in Europe (Gilbert et al., 2012). With increasing 

red deer density, higher tick abundance was found, showing the positive relationship between 

those two (Gilbert et al., 2012, Mysterud et al., 2016a).  

In this study area the density of red deer is very low, and therefore the population 

density of roe deer and moose were explored, as they are also important hosts for ticks 

(Handeland et al., 2013). I found no evidence of a relationship between the tick distribution 

and the density of large herbivore hosts (roe deer and moose), and therefore no support for 

prediction H3. This may be due to the low variation in densities of roe deer and moose within 

my study area, and hence a potential pattern would not be picked up if effects were weak.  

A further idea in the southeast coast is to investigate the relationship between small 

mammals and the abundance of larvae and nymphal tick. Other studies have shown a positive 

relationship between the abundance of tick larvae and nymphs and small rodents density 

(Simon et al., 2014, Ostfeld et al., 2014). Host use of ticks differs depending on life stage, 

and hence there is an ontogenetic –niche shift from larval to nymphal and to the adult stage in 

ticks. It is therefore difficult to predict the limitation of ticks to specific hosts. Hence, the 

distribution of small rodents may limit the distributions of larvae and nymphal ticks (Ostfeld 

et al., 2014, Simon et al., 2014), while the distribution of deer may limit the distribution of 

adult ticks (Jore et al., 2014, Mysterud et al., 2016a).  

Deer tend to move towards higher elevation in spring thus acting as a mode of 

expansion for ticks (Medlock et al., 2013, Qviller et al., 2013, Mysterud et al., 2016b). This 

may not lead to a permanent expansion of ticks, but with suitable vegetation, climate and host 

availability the success rate increases. With climate change, temperature increases and is 

expected to increase further by the years. With increased temperatures, also at higher 

elevation, the altitudinal “transport” of ticks may have higher success.  
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4.4 Prevalence of Borrelia burgdorferi s.l. 

Lyme disease is a tick-borne zoonosis, and it is widely distributed throughout the 

temporal zone of the northern hemisphere (Radolf et al., 2012). It is the most common tick-

borne disease in the northern hemisphere with approximately 300 000 estimated cases each 

year in USA (Pritt et al., 2016). In Europe there is reported as many as 85 000 cases each 

year in the distribution areas of I. ricinus, which is the main vector of B. burgdorferi s.l. 

(Lindgren and Jaenson, 2006, Pritt et al., 2016). Whether infected humans can transmit the 

pathogen to feeding larvae is unknown, and therefore humans is thought to be a dead-end 

host (Radolf et al., 2012). Birds and small mammals, such as rodents, work as reservoir hosts 

of B. burgdorferi s.l. (Gern et al., 1998). The pathogen is transmitted to ticks (mainly larvae 

and nymphs) when they feed, and maintained throughout their life cycle. Adult ticks are not 

generally important for maintenance of B. burgdorferi s.l. in the wild, as they feed primarily 

on larger animals such as deer, which are incompetent transmission hosts for B. burgdorferi 

s.l. (Radolf et al., 2012).  

The prevalence of B. burgdorferi s.l. found in this study was 12.5% (n=234), and this 

is within the typically reported range of prevalences. A mean of 13.7% was estimated from 

metaanalysis of 154 studies in Europe, with a range from 1.5 to 49.0% between different 

regions (Rauter and Hartung, 2005, Reye et al., 2010). A study by Tveten (2013) at the 

northwest coast of Norway showed prevalence of B. burgdorferi s.l. from 14.3-18.0%, also 

within the same range of prevalence. Another study by Kjelland et al. (2010) at the south 

coast of Norway found prevalence of B. burgdorferi s.l. from 22.1 -31.3%, showing higher 

prevalence mean than previous European studies. Further, I predicted that the prevalence of 

B. burgdorferi s.l. would decrease with higher density deer (roe deer and moose) (H4), but I 

found no evidence for this prediction. The density of non-transmission hosts, such as deer, is 

expected to be negatively related to infection prevalence in ticks (Rosef et al., 2014). The B. 

burgdorferi s.l. prevalence of 12.5% indicates that the pathogen is well established in the 

southeast of Norway. In this study, the density of deer (roe deer and moose) was measured at 

a municipality level, which is a coarse scale and a potential pattern may not picked up due to 

large variation in population densities of deer within the municipality. By checking the deer 

density on smaller scale, e.g. within a smaller area used by a single hunting team, a pattern 

would perhaps be picked up. 

A study by Mysterud et al. (2013) along the west coast of Norway, showed that the 

prevalence B. burgdorferi s.l. declined with increased red deer density. Other studies have 
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shown the same pattern with decrease in B. burgdorferi s.l. as density of deer increases (e.g. 

Rosef et al., 2014, Ostfeld et al., 2014, James et al., 2013). The density of herbivore hosts in 

this study area is thought to be lower than for instance in the study at west coast of Norway, 

and perhaps for this reason the same pattern was not found. Deer may therefore both lead to 

amplification of the tick population, but also a dilution of the prevalence. It is often then 

debated if deer increase or decrease Lyme disease hazard (Randolph and Dobson, 2012). 

Recently, an increase in Lyme disease incidence in humans was associated with an overall 

increase in deer density in Norway (Mysterud et al., 2016a).  

 

4.5 Prevalence of Anaplasma phagocytophilum 

 The bacterium A. phagocytophilum has been known to cause diseases in domestic 

ruminants and horses for decades (Stuen et al., 2015). The tick-borne pathogen is widely 

distributed across the temperate latitudes of the Northern Hemisphere. Some genetic variants 

of the bacterium causes tick-borne fever in domestic ruminants, and in Norway it is estimated 

that more than 300 000 sheep are infected each year (Stuen et al., 2002). Other genetic 

variants of A. phagocytophilum can cause granulocytic anaplasmosis in humans (Keesing et 

al., 2014).  

In this study the prevalence of A. phagocytophilum were estimated to be 0.9% 

(n=234), which is below the range of earlier estimated prevalences of A. phagocytophilum in 

Norway, being 1.4% to 25.0% (Henningsson et al., 2015, Stuen et al., 2015, Mysterud et al., 

2013, Rosef et al., 2009). The prevalence of the pathogen in ticks varies greatly in different 

areas and between development stages of the ticks (Stuen et al., 2015, Henningsson et al., 

2015).  

A study by Jahfari et al. (2014) show that the distribution of the four ecotypes of A. 

phagocytophilum can be linked to distinct hosts. One genetic variant or ecotype was linked to 

rodents, one to birds and two were linked to cervids. In contrast to infection with B. 

burgdorferi s.l., cervids are important reservoir for A. phagocytophilum (Rosef et al., 2009). 

Many studies have found a positive correlation between population density of a host and its 

reservoir competence (Ostfeld et al., 2014, Rosef et al., 2009), indicating higher prevalence 

of the pathogen with higher density of host. With the low prevalence in my study area, I was 

unable to explore in detail whether there was any spatial structure in the prevalence of A. 

phagocytophilum. 
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5 Conclusion 
 

From this study I found evidence that factors on landscape level (distance to the 

coast) and local habitat level (canopy cover, substrate type and soil humidity) effect the 

distribution of ticks in the southeast of Norway. This confirms that abiotic factors are of 

importance of predicting tick abundance. However, the study found no evidence of a 

relationship between tick distribution and deer density (H3), nor between prevalence of 

pathogens and deer (roe deer and moose) density (H4), as found in earlier studies in other 

parts of Norway (e.g.Mysterud et al., 2013) and Europe (e.g.James et al., 2013). To 

investigate this potential relationship further in southeast of Norway would clearly be of 

interest.  

While the climate is changing, new areas could be reachable for the ticks, as 

temperature and humidity becomes more suitable. Ticks are directly and indirectly influenced 

by temperature and humidity in their habitat, and changes in weather and climate may affect 

seasonality, geographic distribution, and the incidence rates of vector-borne diseases 

(Jaenson and Lindgren, 2011). A projection of Jaenson and Lindgren (2011) suggests that by 

the end of this century the distribution of I. ricinus will encompass the whole of Norway, 

Sweden and Finland except the mountain regions. They further claimed that this corresponds 

to a wider range of vegetation communities and mammals associated with high tick densities 

will increase their geographical range due to a markedly prolonged vegetation period. It 

would clearly be interesting to follow up this study with more years of data to follow such a 

development. 
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Appendix – Model selection 

Appendix Table 1. Selection of models predicting the abundance questing tick (I. ricinus) as 

a function of local habitat variables, landscape variables and host density in the southeast of 

Norway, the summer of 2014. The selected model is indicated with a red frame. Cat. = 

number of categories. 
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