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Abstract

Human hunters are described as ‘superpredators’ with a unique ecology. Chronic
Wasting Disease among cervids and African swine fever among wild boar are emerging
wildlife diseases in Europe with huge economic and cultural repercussions.
Understanding hunter movements at broad scales has implications for how to control
their spread. Here we show, based on the analysis of the settlement patterns and
movements of reindeer (n = 9,685), red deer (n = 47,845), moose (n = 60,365), and roe
deer (n = 42,530) hunters from across Norway (2001-2017), that hunter density was
more closely linked to human density than prey density, that hunters were largely
migratory, aggregated with increasing regional prey densities and often used dogs.
Hunter movements extended across Europe and to other continents. Our results provide
extensive evidence that the broad-scale movements and residency patterns of post-

industrial hunters relative to their prey differ from those of large carnivores.
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Introduction

Current globalization and the movements of people and goods are significant contributors to
the spatial spread of invasive species, including pathogens?, with huge economic and
environmental costs?. Humans generally follow simple reproducible patterns when travelling?,
enabling the prediction of disease spreading®. The transmission and spatial spread of human
infectious diseases are well studied, at local scales linked to commuting® and at broad scales
linked to air travel®. Human mobility-related factors are also important in the geographic
spread of diseases in livestock’. The human-mediated spread of wildlife diseases is less well
studied but is known to cause surprising outbreaks and long-distance jumps of disease foci®.
A recent example is the emergence of African swine fever (ASF) among wild boar (Sus
scrofa) in Belgium, far from the main epidemic front in eastern Europe®. A significant means
whereby ASF is spread is human mediated through contaminated meat. Another particularly
severe wildlife disease is chronic wasting disease (CWD), which has spread among cervids in
North America. CWD prions are present in deer blood® and skeletal muscles!!, and a potent
means of their spread is the careless treatment of offal and other waste by human hunters.
Recently, CWD was discovered in the Nordfjella reindeer range in Norway2. This represents
the first case of CWD in Europe, and there is concern regarding the human-caused
introduction of CWD from Norway to continental Europe and the UK*3, The European Food
Safety Authority Panel-on Biological Hazards noted that hunters during their activity have
more opportunities than any other segment of the population for direct exposure to infected
material, and they listed this among the risks for CWD spread’*. EFSA identify that hunting
clothes, boots or knives poorly cleaned and used in infected areas could help disseminate
contaminated material (e.g. clods of soil attached to their boots), and that faeces of dogs
accompanying hunters returning from infected areas/countries can serve as vehicles for prions

contributing to the spread of the infectious agent in the environment.
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Due to the emergence of these wildlife diseases, a better understanding of hunter movement
patterns at broad scales is needed as a predictor of the hazard of geographic spreading. Human
hunters exhibit a unique ecology and are considered ‘superpredators’*>, In tropical areas,
hunting has adverse effects on bird and mammal diversity*’. In contrast, human hunters have
played a key role in the regulation of cervid populations after the extermination of large
predators from large parts of Europe and North America. At fine spatial scales within their
hunting territory, studies using GPS technology show how hunters follow prey density8-2°,
similar to large carnivores, but the movement of post-industrial hunters at broader scales has
never been systematically quantified. Optimal foraging theory predicts that predators with
permanent shelter, like a den for large carnivores, should be central place foragers with a
restricted radius of activity?X. However, the superior technology of post-industrial human
hunters, including the possibility of longer-distance movement, suggests that their spatial
ecology at broad scales should be different compared to that of large carnivores even with

permanent housing.

We here analyze unique data on the settlement and movement of 9,685 reindeer (Rangifer
tarandus), 47,845 red deer (Cervus elaphus), 60,365 moose (Alces alces), and 42,530 roe deer
(Capreolus capreolus) hunters in Norway. We compare the distribution and population

density of reindeer, red deer, moose and roe deer relative to that of hunters for each species
and the general human population across Norway. We also quantify hunter movements into

other parts of Europe, and of 5,651 registered foreign hunters coming to Norway.

Results

There was a positive and consistent correlation between human and hunter density for all
species (all positively correlated with principal component 1; Fig. 1; Supplementary Table 1)

at the scale of municipality (mean size = 764 km?, median size = 477 km?). The relationship
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between hunter and human density was stronger than the relationship between the population
densities of reindeer, red deer and moose and the density of their respective hunters (Table 1).
There was no correlation or a low or negative correlation between the density of humans and
the density of reindeer, red deer, and moose (Fig. 1; Supplementary table 2). Roe deer density
was positively associated with human density, and hence it was difficult to tease apart
whether human or roe deer density best predicted density of roe deer hunters (Table 1).
Reindeer hunters exhibited a higher density in the biggest cities (Oslo, Bergen, Trondheim)
relative to the average (ratio 22) compared to the red deer (ratio 7), moose (ratio 10), and roe
deer (ratio 8) hunters (Fig. 1). There was a positive correlation between the incidence of
hunters (proportion of hunters among total human population) and the density of the red deer
and reindeer, while a similar positive correlation for moose and roe deer was only significant
in some regions (west for roe deer, west and north for moose, Table 2). A marked regional
increase in the red deer population along the west coast of Norway led to marked increases in
the numbers of red deer hunters locally, but also in the adjacent inland regions to the north
and in the east on the other side of a continuous mountain range (Table 3). We found no
evidence of prey switching, i.e. when predators change to hunt another main prey as their
abundances change, as an annual increase in moose hunters in the east was positively

correlated with an annual increase in red deer hunters in the same region (Table 3).

Generally, there was a high proportion (~50 %) of migratory hunters among the reindeer,
moose, red deer and roe deer hunters (Table 4). For reindeer in Nordfjella (with CWD), there
were mainly resident hunters (98.6 %) in the four communal hunting areas, while there were
mainly migratory hunters (92.4 %) on the two private estates. Among the migratory hunters in
the survey, moose (mean 177 km) and reindeer (mean 165 km) hunters moved the longest

distances, followed by red deer (mean 133 km) and roe deer (mean 105 km) hunters (Table 4).
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These distances were found to be considerably longer when movement distances were
considered using Google Maps, i.e. the shortest travel distance by car given the road
infrastructure (Table 4). There was extensive use of dogs, especially for hunting moose
(90.4 %) and roe deer (65.9 %), while this practice was slightly less prominent among red
deer (52.8 %) and was least common for reindeer (17.9 %) (Supplementary Table 3). Among
the hunters from Norway hunting abroad (14.9 %), 53.8 % traveled to Sweden, 11.8 % to
Poland, and 7.1 % to United Kingdom, while other countries in Europe were visited less
frequently (Fig. 2, Supplementary Table 4). Fewer of those hunters going abroad travelled to
North America (3.4 %), Africa (4.7 %) and Asia (0.4 %) to hunt. Among the mean 5,651
registered hunters coming from abroad to hunt in Norway (Fig. 2F, Supplementary Table 4),
96.7 % came from Europe, mainly Denmark (39.5 %), Sweden (23.8 %) and Germany

(16.5 %), while 2.6 % were from America, mainly USA and Canada.

Discussion

Understanding the unique ecology of human hunters requires the use of traditional ecological
theory but also knowledge of influences related to social organization and desires regarding
the recreation among modern humans, with technically superior movement possibilities?2. A
feature of most large terrestrial predators is a lack of migratory behavior because they
maintain and protect their territories?®. Contemporary hunter-gatherers in Paraguay with
forced permanent residency fitted expectations of a central place forager with signs of hunters
limited to a maximum of 10 km radius depleting prey close to their settlements?*. Longer
distance mobility of settlements is in anthropology viewed as a “positioning’ strategy?®. Batek
hunter-gatherer residency times in rainforest patches of Malaysia was predicted by the
marginal value theorem, and perceptions of resource depletion sparked collective movements

of moving residency?®. In seasonal environments, residency in summer and winter camps are
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described for hunter-gatherer societies as adaptations to increased access of seasonally
migratory prey. In contrast, despite that post-industrial hunters have permanent residency, we
found widespread migratory behavior among such hunters (Table 4), and the correlation

between prey density and hunter density at broad scales was low.

The proportion of migratory hunters and the distance travelled depended on the particular
cervid species and the population density of prey, but was for reindeer also largely dependent
on the management system (communal versus private estates; Table 4). Reindeer hunting on
private land in Norway is more expensive compared to red deer and moose hunting, but it is
often cheap and exclusively open to local hunters in communal areas. On private estates, there
was a higher relative density of reindeer hunters from the biggest cities of Norway (Oslo,
Bergen and Trondheim), which may be partly due to higher disposable incomes in large cities
than in other parts of the country. Hunting in Norway is mainly conducted to obtain meat and
for recreation, rather than to collect trophies?’. Consistent with this situation, travel distances
were longer for the large-bodied cervids than for the smaller roe deer. The distribution of roe
deer also overlapped more with the human density, contributing to a greater number of local
resident hunters. Many hunters also travelled from Norway across Europe (Fig. 2E) and to

other continents to hunt, and many hunters from abroad came to Norway to hunt (Fig. 2F).

Together, these movements pose a hazard regarding the introduction of wildlife diseases
unless they are wisely managed. Dispersal is generally separated into the processes of
immigration, emigration and colonization. Immigration and emigration of hunters alone is not
sufficient to spread wildlife disease, and successful colonization of disease depend on
contamination by hunters, dogs or equipment resulting in successful establishment in a new
area. We point to the extensive use of dogs among European hunters as a potentially

important difference from the North American CWD situation. CWD prions remain infectious
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in the feces of coyotes (Canis latrans) for up to 3 days postingestion?. While dogs are
occasionally used for white-tailed deer hunting in North America?®, the use of dogs is much
more extensive in Europe. In particular moose and roe deer hunters nearly always use dogs
for hunting, as evidenced in our survey (Supplementary Table 3), and this practice is common
in Scandinavia. Additionally, bones with meat residue are often left in nature in rural areas or
fed to dogs. Elk (Cervus canadensis) carcasses are regarded as hot spots for CWD
transmission®, and experimental studies show that carcasses provide an important
environmental source of prions sparking new CWD epidemics®!. Decaying carcasses provide
nutrients to plants and attract herbivore grazing, which is important for the transmission cycle
of CWD?! and anthrax®2. Urine and feces from dogs may similarly provide nutrients to plants
and may serve as attraction points for grazing animals. In continental Europe, the use of dogs
is important during drive hunts, which often involve hunting in new areas each day. Under
such practices, when dogs eat from carcasses®, dog feces with infected ASF virus may be
eaten by wild boars. Hence, mitigation measures aimed at informing hunters of risks are
crucial. In contrast to carnivores, hunters could be receptive to information and other
incentives about risks associated with wildlife disease and could adjust their behavior

accordingly®*.

The issue of wildlife population regulation is becoming urgent due to the diminishing number
of hunters in many western societies in both Europe and North America. Understanding the
functional and numerical responses is key to understanding the population dynamic impact of
any predator on their prey and depends on whether the predator is a prey generalist or
specialist. Prey switching from low to high abundance of a given prey (a sigmoidal, type 1lI,
functional response) is predicted for generalist predators such as humans. However, we found

a positive correlation in the annual growth of moose and red deer hunters in the east, which is
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a pattern opposite to expectations for a generalist predator switching between prey. The
functional responses of human hunters arise from different limitations, as a greater number of
other game species means more opportunities. Furthermore, the numerical response of
humans is not linked to reproduction as in natural predators but to the recruitment of hunters
from the human population, in addition to aggregation (movements) responses. There was a
clear numerical aggregation response to regionally increasing red deer populations along the
west coast of Norway, involving hunters recruited from eastern inland areas with low red deer
densities. Such rational choices have also been found among willow grouse hunters in
Sweden, who frequently switch hunting areas and return to the same area more often if they
are successful®®. In other cases, socioeconomic aspects restrict the optimal movement of
hunters relative to prey densities. In contrast to natural predators, humans fall into
socioeconomic groups with different motivations, norms and attitudes as well as economic
and time restrictions on hunting that affect their movement choices and resulting offtake?’.
How far and frequently different hunters are willing to travel will affect the ability of hunters

to control wildlife populations and the associated income obtained by rural economies.

The ecological and evolutionary impacts of human hunters differ from those of large
carnivores'®, Here, we provide extensive evidence that the broad-scale movements and
residency patterns of post-industrial hunters relative to their prey differ from those of large
carnivores. These insights into broader-scale hunter movements are important for meeting the
challenge of containing wildlife diseases, the ability to control wildlife populations, and for
economies related to wildlife. The potential adverse effects of an increasingly globalized
hunting tourism industry, often involving urban well-travelled hunters, deserve further

attention.



203
204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

Methods

Study area

Our study area comprised the whole of Norway. We define four regions of Norway: east
(counties 1 = @stfold; 2 = Akershus; 3 = Oslo; 4 = Hedmark; 5 = Oppland; 6 = Buskerud),
west (11 = Rogaland; 12 = Hordaland; 14 = Sogn & Fjordane; 15 = Mgre & Romsdal; 16 =
Sar-Trgndelag), south (7 = Vestfold; 8 = Telemark; 9 = Aust-Agder; 10 = Vest-Agder), and

north (17 = Nord-Trgndelag; 18 = Nordland; 19 = Troms; 20 = Finnmark).

Population density index of cervids

We included data on all four native wild cervid species. From Statistics Norway
(www.ssh.no), we retrieved data on harvest statistics for red deer, moose, and roe deer for all
municipalities in Norway. To calculate an index for population densities, we divided the
harvest numbers by the so-called qualifying area used by management to estimate cervid
habitat, which typically consists mainly of forest and bog areas. This index has been widely
applied and tested with independent data to assess their reliability as indices of population
trends. This population density index correlated with population density estimated from
cohort analysis in red deer®” and moose both within and between regions®. For roe deer,
population density index is used in analysis of population dynamics and regarded a very good
proxy for population size®*#°, The population density index has been used widely in
demographic studies**2, showing clear links to deer performance such as body mass*, age at
first reproduction and timing of ovulation*?, suggesting it reflects density relative to resource
levels and that density levels are strongly affected by management differences®'. The
population density index was also successful in predicting incidence of tick-borne diseases®.
Due to a different scale of management for reindeer, harvest statistics were available at the

scale of 23 management areas. To obtain comparable data, we therefore overlaid the 23 the
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management regions with the map of municipalities in GIS. We calculated the proportion of
each reindeer management region belonging to a set of municipalities, assuming that the
overall harvest in the municipality was proportional to the area of each municipality in the

reindeer management region.

Hunter settlement patterns

From Statistics Norway, we retrieved data on the residency municipalities of all reindeer (n =
9,685), red deer (n = 47,845), moose (n = 60,365), and roe deer (n = 42,530) hunters for the
hunting season of 2017/18. These data come from the annual mandatory reporting scheme for
hunters in Norway, where hunters have to provide data on their harvest to obtain their next
year’s hunting license. Due to privacy concerns, Statistics Norway does not distribute data
from municipalities with between 1 and 5 hunters, and we set the value for these
municipalities at 2.5 in the analysis. In addition, a total of 35 reindeer hunters, 45 red deer
hunters, 85 moose hunters and 40 roe deer hunters lived abroad and were therefore excluded.
To calculate the density of hunters and their incidence in the human population, we also
retrieved human population numbers for each municipality in 2017 from Statistics Norway

(Wwww.ssb.no).

Hunter movements at broad scales

We used the distance between the center Universal Transverse Mercator (UTM) coordinates
of the residency and hunting municipality to calculate the distance travelled for hunting. We
also used Google Maps to calculate the estimated travel distance when travelling by car. We
defined a resident hunter as one who hunts and lives in the same municipality, while a
migratory hunter lives and hunts in different municipalities (mixed hunters do both). We used

different sources for data on broad-scale hunter movements (Table 4).

11
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(1) For roe deer, in the mandatory hunter reporting system, both the municipality of residency
and municipality of successful roe deer hunting were recorded and provided by Statistics
Norway. Due to privacy concerns, we did not obtain information in cases where only 1 or 2
hunters were recorded, and we set those values to 1.5. It should be noted that if people hunt in

several municipalities, they will be double-counted under this particular statistic.

(2) For the Nordfjella reindeer area (where chronic wasting disease occurs; 2000 km?), we
approached the secretaries of all the five communal mountain boards (“Fjellstyrer”) for each
municipality around Nordfjella (Aurland and Lardal in Sogn og Fjordane County; Hemsedal,
Hol and Al in Buskerud County), which are the reindeer areas where CWD has been detected,
and we obtained data from three of them. These mountain boards control the access of hunters
through sales of licenses. We similarly approached the landowners of two of the largest
private estates in Nordfjella (NF522 Sanddalen, NF523 Bjordalen). We asked for the number

of hunters and their residential municipality in 2016.

(3) For the Knutshg reindeer area (1780 km?), we approached all hunters (n = 180) who
accessed the area on roads on 21 selected days during the hunting season (from 20" August to
21% September, 2011). The aim of the study was to collect key demographic information and
visitation characteristics of the hunters, including their residency address. The response rate of

the survey was 88 %.

(4) For all species, we performed a broader survey on CWD and management in Norway in
which we asked respondents in a questionnaire about where they hunt, what they hunt, and if
they use dogs (see Supplementary information). The survey was sent to members of the
Norwegian Association of Hunters and Anglers (NJFF) and distributed through the main
online cervid information portal of Norway (“Hjorteviltportalen”) as well as on the main

Norwegian hunter groups on Facebook (“Reindeer in Nordfjella”, “Red deer and red deer

12
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hunting”, “Red deer and red deer management”, “Moose and moose hunting”, “Roe deer and
roe deer hunting”). The survey was initiated on the 21% of December 2018 and closed on the
4™ of February 2019. Due to this design, it was not possible to calculate response rates, and
online surveys may lead to bias. To assess potential bias, we compared the consistency to
high-quality data for roe deer and reindeer. Furthermore, the main intention of the survey was
to obtain comparable data from all species, and any bias is likely to be consistent across

species.

(5) From Statistics Norway, we also retrieved data on all foreign hunters being registered in
the hunter database for the years 2014-2018 (n = 5,246 — 6,506), as well as all those paying
license a given year, indicating they are actually hunting (n = 1,927 — 2,136). The two metrics
were highly correlated at the country level (r = 0.998), and we used movement network for

registered hunters to increase sample size.
Statistical analysis
Analyses were conducted in R vs. 3.6.0.

Spatial analysis. We applied principal component analysis to the correlation matrix and a
biplot (utilizing library ‘ggfortify” in R) of the two first principal components to explore the
correlation between human density, hunter density and prey densities (municipality level).
The vector of loadings indicates the importance of the variable for the respective principal
components, and the angles between the vectors indicate how the variables correlate with one
another, where the smaller the angle, the stronger the positive correlation is. Cervid, human
and hunter densities were In-transformed to reduce skewness in the data, and the three
northernmost counties were excluded to reduce the amount of zero values. For testing

associations between hunter densities in relation to human densities and prey densities and

13



297  between hunter incidence and prey densities, we used 1) pairwise (Spearman/Pearson)

298  correlations including 95 % confidence intervals, calculated using bootstrapping with library
299  ‘boot’ in R, and 2) Poisson regression models with an offset term (total municipality area or
300 inhabitants in a municipality). Spatial correlations were accounted for by the BYM model
301 (also called the convolution model*#), which uses two sets of random effects: one spatially
302  structured to model spatial autocorrelation and the other spatially unstructured to describe
303  residual unstructured heterogeneity. We applied a variant of the BYM model, where the two
304  random effects are standardized to have variance equal to one (BYM2 model in INLA). The
305  models were fitted using R-INLA*. The INLA method performs approximate Bayesian

306 inference based on an integrated nested Laplace. We used the default vague priors of INLA.

307  Temporal analysis. Time series at the county level were detrended by first-order differencing
308  (At=Yt- Y. We analyzed changes in the numbers of red deer hunters from one year to
309 another via generalized least square regression (‘nlme’ library in R), which allowed us to
310 account for heterogeneous variation between counties. Changes in the numbers of red deer
311  hunters were modeled as a function of the annual changes in the harvest size of red deer in the
312  previous year (harvest size year t-1 - harvest size year t-2). The explanatory variables in the
313  model were the changes in deer harvest numbers in the west region as well as the changes in
314  deer harvest numbers in the respective region of the county. Potential remaining temporal
315 autocorrelation was tested by including an AR1-term. The significance of the explanatory
316 variables was indicated by showing the change in AICc (using ML estimation) when the

317  variable was deleted from the model. The changes in deer harvest numbers in specific

318  counties were tested as an alternative, but this approach resulted in similar or slightly higher
319  AlICc levels. Counties were included as both a fixed effect and a variance-dependent factor.

320  Models were fitted separately for each region. For the east region recruiting red deer hunters

14
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to the west region, we also ran a model to determine whether there was prey switching

(increase in red deer hunters at the expense of moose hunting) or not.

Data availability

Data are available at Dryad, Dataset, https://doi.org/10.5061/dryad.1jwstqgjr9.

Code availability

Analysis code are available at Dryad, Dataset, https://doi.org/10.5061/dryad.1jwstqjr9.
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Figure captions

Figure 1. The population density of hunters, prey and humans. The population density of
humans hunting (A) reindeer, (B) red deer, (C) moose, and (D) roe deer and the (E) overall
human population density of Norway. (F) A principal component analysis of the relationship
between the densities of the four species of cervids, their respective hunters and overall
human density. The first principal component (describing 45 % of variation in the data) show
the stronger correlation between human and hunter density, compared to hunter and deer
density. There was stronger correlation of hunter and human density than between hunter and
prey density. The second principal component (describing 25% of variation in the data) shows

the spatial contrast of moose densities against red deer and red deer hunter densities.

Figure 2. The travel networks of human hunters relative to population density of prey.
Travel networks of (A) reindeer, (B) red deer, (C) moose and (D) roe deer hunters in Norway
with the population density of reindeer, red deer, moose, and roe deer at the scales of
municipality in Norway, in the background. (E) Movement of big game hunters from Norway
into Europe and back (at the scale of municipality in Norway, county in Sweden and the
center point of the country in the rest of Europe). (F) Movement of hunters coming from

abroad to hunt in Norway.

21



Table 1. Relationships between spatial hunter, human and prey density. Spatial regression analysis of hunter density relative to human and

prey density at municipality scale across whole of Norway (n = 424 for moose; n=316 for red deer, roe deer and reindeer, for which region north
485 is excluded due to species being absent or in low population numbers). Density is short for population density and was scaled to zero mean and

variance one. Numbers 0.025, 0.5 and 0.975 refer to quantiles of the posterior distributions. Incidence rate ratios (IRR) show the expected change

in hunter density corresponding to a change of 1 SD in human or cervid population density.

Parameter mean sd 0.025 0.5 0.975 IRR IRR(0.025)  IRR(0.975)
A. Red deer hunters

Intercept -1.387 0.141 -1.666 -1.387 -1.113

log(human density) 1.008 0.031 0.947 1.008 1.069 2.74 2.58 2.91
log(Red deer density + 0.01) 0.365 0.052 0.263 0.365 0.467 1.44 1.30 1.60
Total precision (spatial and unstructured) 3.131 0.476 2.281 3.104 4.145

Proportion of variance explained by spatial effect 0.779 0.062 0.643 0.784  0.886

B. Moose hunters

Intercept -1.872  0.017 -1.906 -1.872 -1.84

log(human density) 0.896 0.034 0.829 0.896 0.962 2.45 2.29 2.62
log(Moose density + 0.01) 0.534 0.051 0.436 0.534  0.635 1.71 1.55 1.89
Total precision (spatial and unstructured) 1.935 0.264 1.458 1.922 2.491

Proportion of variance explained by spatial effect 0.848 0.048 0.739 0.853  0.927

C. Reindeer hunters

Intercept -3.455  0.258 -3.960 -3.457 -2.943

log(human density) 1.182 0.066 1.053 1.182 1.312 3.26 2.87 3.71
log(Reindeer density + 0.01) 0.595 0.063 0.472 0.596 0.718 1.81 1.60 2.05
Total precision (spatial and unstructured) 0995 0.221 0.620 0.976  1.483

Proportion of variance explained by spatial effect 0.710 0.112 0.464 0.721  0.895
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D. Roe deer hunters

Intercept -1.467 0.135 -1.747 -1.462 -1.215
log(human density) 1.012 0.043 0.927 1.011  1.097 2.75 2.53 3.00
log(Roe deer density + 0.01)* 0.243  0.049 0.148 0.242  0.339 1.28 1.16 1.40
Total precision (spatial and unstructured) 1.206 0.151 0.922 1.203 1.511
Proportion of variance explained by spatial effect 0.965 0.020 0.918 0.969 0.992

1 Roe deer density is correlated with human density (Supplementary table 2) and the relationship between roe deer density and roe deer hunters are stronger if excluding
human density from the model.
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Table 2. Relationships between spatial hunter incidence, human and prey density. Spatial analysis of incidence of hunters relative to prey
density at municipality scale across whole of Norway (n = 424 for moose; n=316 for red deer, roe deer and reindeer, for which region north is
excluded due to species being absent or in low population numbers). Density is short for population density and was scaled to zero mean and
variance one. Numbers 0.025, 0.5 and 0.975 refer to quantiles of the posterior distributions. Incidence of hunters refers to proportion of hunters
out of total human population. Incidence rate ratios (IRR) show the expected change in hunter incidence corresponding to a change of 1 SD in

cervid population density.

mean sd 0.025 0.5 0.975 IRR IRR(0.025)  IRR(0.975)
A. Red deer hunters
Intercept -4.822 0.239 -5.275 -4.828 -4.338
log(Red deer density + 0.01) 0.378 0.090 0.202 0.378 0.553 1.46 1.22 1.74
Total precision (spatial and unstructured) 0.756 0.103 0.566 0.753 0.970
Proportion of variance explained by spatial effect 0.918 0.033 0.840 0.923 0.969
B. Moose hunters
Intercept -4.448 0.137 -4.717 -4.448 -4.179
log(Moose density + 0.01) 0.768 0.112 0.550 0.767 0.988 2.16 1.73 2.69
Region south vs west 0.993 0.271 0.460 0.993 1.525
Region east vs west 0.527 0.265 0.005 0.527 1.047
Region north vs west -0.285 0.198 -0.680 -0.283 0.098
log(densMoosel6 + 0.01)):Region south -0.568 0.227 -1.016 -0.567 -0.124 1.22 0.63 2.37
log(densMoosel6 + 0.01)):Region east -0.607 0.278 -1.153 -0.607 -0.063 1.17 0.55 2.52
log(densMoosel6 + 0.01)):Region north 0.116 0.155 -0.184 0.115 0.424 2.42 1.44 4.10
Precision for spatial effect 0.583 0.045 0.498 0.582 0.676

C. Reindeer hunters
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Intercept -6.430 0.300 -7.025 -6.428 -5.844

log(Reindeer density + 0.01) 0.781 0.074 0.634 0.782 0.924 2.18 1.89 2.52
Total precision (spatial and unstructured) 0.682 0.146 0.433 0.670 1.005

Proportion of variance explained by spatial effect 0.748 0.100 0.524 0.759 0.909

D. Roe deer hunters

Intercept -5.014 0.193 -5.389 -5.016 -4.626

log(Roe deer density + 0.01) 0.339 0.088 0.166 0.339 0.513 1.40 1.18 1.67
Region south vs west 1.087 0.237 0.621 1.087 1.552

Region east vs west 0.818 0.198 0.430 0.818 1.208

log(Roe deer density + 0.01):Region south -0.606 0.150 -0.900 -0.606 -0.312 0.77 0.48 1.22
log(Roe deer density + 0.01):Region east -0.573 0.135 -0.838 -0.573 -0.309 0.79 0.51 1.22
Total precision (spatial and unstructured) 0.668 0.087 0.505 0.666 0.845

Proportion of variance explained by spatial effect 0.952 0.025 0.891 0.956 0.987
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Table 3. Temporal variation of hunter numbers. Generalized least squares regression

analysis of annual increases in red deer hunter numbers in different regions of Norway (2001-

2017) as a function of the annual changes (A) in the harvest size of red deer from the previous

year (harvest size year t-1 - harvest size year t-2). We tested whether the annual changes in

deer hunter numbers were associated with changes in deer harvest numbers in the west region

or with changes in the respective region of the county. The west region has shown major

growth in the red deer population. AAICc is the effect of removing the variable in the given

row. County numbers: 1 = @stfold; 2 = Akershus; 3 = Oslo; 4 = Hedmark; 5 = Oppland; 6 =

Buskerud; 7 = Vestfold; 8 = Telemark; 9 = Aust-Agder; 10 = Vest-Agder; 11 = Rogaland; 12

= Hordaland; 14 = Sogn & Fjordane; 15 = Mgre & Romsdal; 16 = Sgr-Trgndelag; 17 = Nord-

Trendelag; 18 = Nordland. Adding an AR-1 term did not improve model fit (AAICc ranged

between -0.4 — 2.9).

Estimate SE P AAICc
West Norway (incl. Sgr-
Trendelag)
Intercept -15.90 19.43 -0.82 0.416
A (Harvest size West) lagl 0.029 0.005 5.97 <0.001 28.8
County (11 vs 14) 80.47 26.98 2.98 0.004
County (12 vs 14) 75.40 26.98 2.80 0.007
County (15 vs 14) 39.40 26.98 1.46 0.149
County (16 vs 14) 112.20 26.98 4.16 <0.001 10.0
East Norway
Intercept 27.11 9.381 2.89 0.005
A (Harvest size West) lagl 0.010 0.002 4.01 <0.001 12.9
A (Harvest size East) lagl -0.143 0.063 -2.29 0.025 2.2
A (Moose hunters) 0.283 0.066 4.26 <0.001 135
County (2 vs 1) 40.60 0.066 4.27 0.001
County (3vs 1) 13.16 11.66 3.48 0.237
County (4 vs 1) 68.46 11.04 1.19 <0.001
County (5vs 1) 80.48 12.22 5.60 <0.001
County (6 vs 1) 56.75 12.25 6.57 0.001 35.4
South Norway
Intercept 56.18 9.587 5.86 <0.001
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A (Harvest size West) lagl 0.004 0.003 1.38 0.174 -1.7
A (Harvest size South) lagl 0.264 0.081 3.26 0.002 6.0
Year-2010 -3.156 1.065 -2.96 0.005 14.9
(Year-2010)"2 -0.939 0.270 -3.47 0.001 9.7
County (8 vs 7) 87.20 21.42 4.07 <0.001

County (9 vs 7) 47.53 17.48 2.72 0.009

County (10 vs 7) 69.87 15.67 4.46 <0.001 24.0
North Norway

Intercept 86.30 12.61 6.84 0.000

A (Harvest size West) lagl 0.007 0.002 2.73 0.011 4.2
A (Harvest size North) lagl -0.075 0.092 -0.82 0.421 -2.3
County (18 vs 17) -73.20 13.08 -5.60 <0.001 15.4
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Table 4. Datasets. An overview of the datasets on the movement of hunters at broad scales for all four cervid species in Norway.

Species Data n Resident Mixed Migratory  Euclidean distance Google Maps driving
hunters (%) hunters (%) travelled distance
(%)
mean km  median km mean km median km
Reindeer  Survey! 380 36.6 5.3 58.2 164.6 139.7
Nordfjella- 216 98.6 1.4
communal
Nordfjella- 66 7.6 924 143.6 149.4 216.9 221.9
private
Knutshg? 180 41.7 58.3 142.9 139.7 209.2 206.9
Red deer  Survey 666 51.9 12.0 36.0 133.3 77.0 204.1 122.3
Moose Survey 599 487 124 38.9 176.8 92.6 252.4 136.6
Roe deer  Statistics 27675 49.8 50.2 143.8 54.2 196.0 83.3
Norway
Survey 480 63.8 5.6 30.6 105.5 49.0 156.3 75.0

! Measured from the midpoint of the reindeer area (rather than the municipality)
2 Mixture of private and communal areas
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