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Abstract

A general increase in ungulate populations calls for a better understanding of their
habitat use and movement at small spatial scales. This understanding is necessary for
the development of useful management actions to solve possible human-wildlife
conflicts. One proposed management action is to use the indirect effects of hunting.
Hunting activities potentially increase the feeling of risk of being predated perceived
by ungulates, which could decrease their fitness by choosing to move to less risky
areas with a lower quality of food. In this study, | wanted to determine how habitat
use of ungulates changed between seasons in a peninsula in northern Sweden where
four species of ungulates coexist: moose (Alces alces), roe deer (Capreolus
capreolus) red deer (Cervus elaphus) and fallow deer (Dama dama). | hypothesized
that during the hunting period ungulate habitat selection would be driven by hunting
risk perception, which would imply a stronger selection for forest sites with low
visibility (high denseness of understory vegetation), than for forest sites with high
visibility. Outside of the hunting period, | hypothesized that habitat selection would
be driven by food availability and preference, making ungulates choose the most
productive areas. To study this, | used data collected with camera traps, from which
| obtained the passages for the four ungulate species and built models for naive
occupancy, occupancy and passage rates to determine which habitat type was more
visited per season and species. | found different habitat selection patterns for three of
the four studied species. Most notably, passage rates of moose were higher in open
sites outside of the hunting season, while there was no difference between the habitat
types during the hunting period. These differences give an insight in the importance
of developing specific management per species even if they are situated in a
multispecies system. My research confirms that hunting could potentially be used as
a management strategy to change the habitat selection of moose away from open
areas, such as planted clear-cuts.
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Introduction

Populations of ungulates are showing a global tendency to increase,
particularly in Europe (Apollonio, Andersen & Putman 2010; Cromsigt et al.
2013), where large populations of these species can lead to human-wildlife
conflicts (Cromsigt et al. 2013) such as damage to agriculture and forestry
(Kuijper 2011). There is evidence that ungulate spatial distribution is
dependent on food quality, as they select areas from which the highest input
of protein and energy can be obtained (Wilmshurst & Fryxell 1995; Kuijper
et al. 2009). When taking into account forested areas, clear cut systems have
been found to be more preferred as foraging systems than closed forest
patches. Clear cut areas have a higher light level which lead to increased
regeneration and vegetation growth, but this also causes an increase in the
C:N ratio, decreasing food quality of plants (Kuijper et al. 2009). This could
mean that ungulates with a feeding strategy to select for high quality
resources will select young trees in closed forest, and those selecting for food
quantity will make use of clear cuts.

Habitat selection does not only depend on food availability and quality, but
also on the hunting risk perceived by a prey (Cromsigt et al. 2013). Ungulates
feeding in open areas perceived a higher risk, showing an increased vigilance
time, than the ones in closed forested areas (Benhaiem et al. 2008; Bonnot et
al. 2013). This behaviour is linked to the fact that woodlands provide a better
shelter to escape from some predators and hunters (Benhaiem et al. 2008).
Hunting activity is higher in open areas due to an increased visibility from
hunters, which has been found to affect habitat preference towards closed and
dense forested areas in large herbivores (McLoughlin et al. 2011).

There is an increased evidence that human disturbances such as hunting can
lead to direct and indirect modifications on ungulate and other wildlife
populations (Neumann, Ericsson & Dettki 2009). Cromsigt et al. (2013)
examined the possibility of introducing ‘hunting for fear’ as a tool to manage
increasing ungulate populations. This is based on the ‘ecology of fear’
hypothesis (Brown, Laundré & Gurung 1999) which postulates that prey
populations are not only influenced by the number of animals a predator kills,
but also by indirect effects; i.e., the fear of being predated causes prey to
change its behaviour and move from preferred sites to less risky areas.
Ungulate habitat use is determined by the trade-off between foraging needs
and predation avoidance (Proffitt 2009) and resource quality is often
positively correlated with areas with a higher human-related source of risk
(Bonnot et al. 2013). There is evidence that hunting risk indeed changes
habitat use of ungulates on large temporal scales (Bonnot et al. 2013;
Benhaiem et al. 2008; McLoughlin et al. 2011), avoiding open areas with a
higher hunting risk during day in the hunting season. Vegetation cover has



been found to also play an important role in predator avoidance. When
avoiding human predation, habitat with a high vegetation cover offers a safer
environment for ungulates, as they become less visible to hunters (Lone et al.
2014). However, we know very little about the behavioural responses to
hunting on smaller spatial scales, which should not only fit socio-political
entities (as municipality or province) but completely fit the species
occurrence, which are needed for a ‘hunting for fear’ management strategy
(Cromsigt et al. 2013). Also, as ungulate assemblages are becoming more
diverse, studies are needed on how different species react in a multi-species
system (Vabra & Riggs, 2010).

Different hunting practices lead to differences in ungulate behaviour
(Cromsigt et al. 2013). It has been found that when compared to other hunting
practices, hunting with dogs increase the risk perception and stress levels of
ungulates (Ericsson, Neumann & Dettki, 2009). Even though this practise has
been banned in some countries of the European Union, in Scandinavia is
common and largely practised. Ungulates can also be affected during the
training of dogs and when hunting aims other species. Present hunting
practices are highly predictable temporal and spatially, which can sometimes
be a disadvantage as ungulates can avoid it to some extent (Cromsigt et al.
2013).

In this study | aim to analyse the visitation of different forest sites by moose
(Alces alces), roe deer (Capreolus capreolus), red deer (Cervus elaphus) and
fallow deer (Dama dama) during hunting and non-hunting seasons in the
Jarnashalvon peninsula, Sweden. The coexistence of these four ungulate
species is quite rare in Sweden, which makes this peninsula a good case of
study to improve the knowledge on how to manage multi-species systems.
Forest sites were classified in four groups, depending if they were open or
closed forest with low or highly dense understorey, which determines how
the habitat gives high or low visibility respectively. Five different seasons
were tested separately: non-hunting season, hunting season, training of
hunting dogs, rutting during hunting period (only for red deer) and break
during the hunting season period (only for moose). To investigate this, | used
movement pictures from camera traps, analysing the passages of the four
ungulate species by building models for their naive occupancy, occupancy
and passage rates to determine which of the four types of habitat was visited
to a greater extent along the different seasons.

Differences expected among the studied species can be driven by three main
aspects: habitat preference due to food availability, hunting method applied
to each species and the fact that each species differ in extension of hunting
periods.



Moose is the largest of the four ungulate species and is included in the feeding
type of concentrate selectors (Hofmann 1989). This species digestive system
is less efficient in optimizing plant fibre digestion, so they need higher quality
food, with low ratios of C:N. Roe deer is also described as a concentrate
selector, feeding only on the high quality parts of plants, but when compared
to moose body size, this species will need a smaller amount of daily intake
vegetation (Hofmann 1989). As both species are selectors, they are able to
feed on the most nutritious vegetation parts in every habitat type. Red deer is
classified as an intermediate feeder, as it feeds on pasture and grasses during
the periods of juvenile growth, lactation and when they need to create reserves
before winter and rutting period (Hofmann 1989). This type of vegetation
suits these purposes, occurring with higher abundance but with lower quality
(Kuijper et al. 2009). In autumn, this species become browsers and decrease
their metabolism as they are not as efficient as concentrate selectors in
digesting high fibre content food (Hofmann 1989). Lastly, fallow deer is the
ungulate species with the closest diet composition to grazers, and is classified
in between intermediate feeders and grass eaters, meaning that their diet
composition is mainly driven by the quantity of vegetation available
(Hofmann 1989).

In this study | will test how the habitat variables of openness and visibility
play a role in risk perception from human hunting by ungulates. I classified
each of the studied sites into open or closed forest canopy, with high or low
visibility due to denseness of vegetation cover. | hypothesize that during the
no hunting season, ungulates habitat preference will be driven by food
availability, selecting the most productive areas in terms of food quantity,
where even selective feeders are able to choose the most nutritious vegetation
(Hofmann 1989, Bouyer et al. 2015). | expect these species to select open
habitats with low visibility due to dense understorey vegetation the most,
followed by closed forest with low visibility and open with high visibility,
and lastly closed forest with high visibility.

| hypothesize that hunting risk is a major driver in habitat selection, and
ungulates will have to trade-off between selecting habitats that give them a
lower risk perception, and those habitats with a better food availability. There
is evidence of ungulates selecting lower risk areas under human hunting
pressure periods (Bonnot et al. 2013; Benhaiem et al. 2008; McLoughlin et
al. 2011; Lone et al. 2014). In Gehr et al. (2017) they even found that roe deer
reacted strongly to human hunting than to other predators as lynx (Lynx lynx),
avoiding open habitats during day time in the hunting season. During the
hunting period I expect that visibility will play a more important role than the
openness of the canopy, so | hypothesize that ungulates will select closed and
open forests with low visibility to a major extent, followed by open and closed
forest sites with a high visibility.



Dogs that are training or that are being used by hunters but aiming at other
species will also disturb ungulates but to a lower extent when compared to
the hunting period. | hypothesize that this disturbance will also make the
ungulates to choose the sites with lower visibility, so | do not expect to find
differences in habitat selection between this period and the hunting period. In
this study | also considered the rutting period jointly with hunting for red deer.
Rutting has been seen to increase the activity of ungulates (Neumann &
Ericsson 2018). | hypothesize that this species will select open or closed forest
habitats but with low visibility. Hunting will be the driver to select for less
risky habitats, and rutting will increase their activity when compared to other
periods. | will also include the break during the hunting period for moose,
during which dogs that aim for other species will still be in the area. Taking
this into account | expect the same results for this period as during the dog
training period.



Materials and methods

Area of study and experimental design

The study area is situated in the Jarn&shalvon peninsula located in the
Vasterbotten county in northern Sweden (see figure 1.A). This 200 km?
peninsula is surrounded by the Baltic Sea on its southern part, and by a fenced
highway and railway on its northern part, making it a relatively isolated area.
Nordmaling and Hornefors are the main towns in the area, bordering the
peninsula in the north-west and north-east sides. Inside the peninsula there
are also a few smaller urban areas.

For this study | used data from an ongoing research for which eleven tracts
as hollow grids of 1x1 km were randomly placed in non-urbanized areas of
the peninsula with an average of 1.8 km distance between tracts (see figure
1.B). Each hollow grid contained 3 cameras (Reconyx Hyperfire HC 500) at
any time with a separation of 200 m between camera locations (see figure
1.C). Cameras were rotated within the hollow grids every 6-8 weeks forming
rounds (six per year), and resulting in 18 deployments of 6-8 weeks per tract.
Cameras were placed on trees 50cm-1m above ground and facing in a
direction with at least 15 meters open visibility.
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Figure 1: 1.A shows the location of the study area, the Jarnashalvon peninsula in the county
of Vésterbotten in north Sweden. In 1.B we can observe the eleven tracts placed inside the
peninsula, and in 1.C the hollow grid of 1x1 km, with 18 camera sites per tract.

Species of study

Moose (Alces alces), roe deer (Capreolus capreolus), red deer (Cervus
elaphus) and fallow deer (Dama dama) occur in this area and will be the focus
of this study.

Moose has changed from relatively rare to a dominant species in Sweden
during the last 100 years (Lavsund, Nygén & Solberg 2003). Red deer and



roe deer arrived in Sweden after the last ice age via the land bridge that
connects Denmark and Sweden. Red deer have been increasing their range
towards northern Sweden (Apollonio, Andersen & Putman 2010), and were
introduced in the study area in the 1970s when they escaped from enclosures
introduced by T. Gadelius (Pfeffer 2016). Fallow deer is considered an exotic
species introduced in Sweden as early as the seventeenth century (Apollonio,
Andersen & Putman 2010). Jointly with the red deer, 12 to 15 individuals of
fallow deer escaped from the enclosure from T. Gadelius in the Jarndshalvon
peninsula (Pfeffer 2016), and this is the most northern site where they can be
seen in Sweden.

Study period and hunting periods

In this study we selected a subset of the one year data, and analysed the
pictures taken from the 1% of July till the 31% of October. These four months
of data were selected as they coincide with important periods along the year
of the four ungulates (see figure 2). We compared habitat use among four
different periods; the non-hunting season, the hunting season, the season of
training of hunting dogs even if they do not target these species and the rutting
season. The exact timing of these periods differed among species (see figure
2 and appendix 1 for the exact dates).

Mar Apr May Jun Jul Aug

Jan Feb
woos [ L LT T
NRRNRERRERRANY = =
nnnnn
i Bl g}

16 Aug-30 Sep Hunt
antiers

ROE DEER | ‘

RED DEER

FALLOW DEER [ i

GENERAL

Figure 2: Time line of the year events per each study species and a general one that shows
events that could affect all of them. In orange we can observe the hunting periods, in which
the dates and the target (all animals or only males with antlers) are indicated. In green the
periods of training of hunting dogs per species are visualized, and in the general timeline the
training or hunting with dogs that are targeting other species than the ungulates included in
this study. In light yellow I indicate the periods of hunting break for moose and fallow deer
due to rutting, and with the same colour but more transparent, the rutting season without
hunting break for roe and red deer is indicated. It is important to emphasize that not only the
hunting and training of dogs aimed at each species will be the events affecting them, but also
the ones targeting other species. Even though | prioritized the ones targeting a species in
particular as the main driver of disturbance when this overlapped with another event. The time
period analysed in this study is comprised between the two red lines, from the 1% of July until
the 31%t of October of 2017.



| used a four months subset, which allowed me to have a more equal time
periods for each treatment compared to considering the whole year of data.
This period also coincides with the months in which more sequences of these
four ungulates were recorded (see appendix 2).

The hunting breaks due to the rutting season for moose and fallow deer were
not long enough to be considered in my analysis separately. In the case of the
moose the data from the 26" of September until the 8" of October was
excluded from the analysis as it could lead to misinterpretations due to the
influence of the rutting behaviour. For fallow deer this break from the 21
until the 31% of October was included in the analyses as no hunting period.
Only the ten first days of the hunting break coincide with the study period as
these days can be considered as not majorly affected by the rutting. For fallow
deer the first effects of this season start right at the end of October, leading to
a peak point during November (Kindbladh 2015), so | assume that rutting did
not majorly affect during this time period included in the study.

For roe deer the no-hunting period coincides with its rutting season, so these
two seasons were considered together when interpreting the results for this
species. | do not expect that rutting will change the habitat preference of this
species during the no hunting season, but an increase in overall activity,
which is not the focus of this study. Rutting season for roe deer can also
extend later than the start of its hunting season.

To have a better assessment of the hunting pressure in this area for each of
the species, I retrieved in June 2018 the annual hunting bags as kg per 1000Ha
from Viltdata service for Nordmalding area, which can be seen in appendix
3.

Habitat classification: open versus closed forest and
low versus high visibility

Jarnéshalvon is characterized mainly by boreal forest, clear cuts of different
stages and edges of the forest in a lower extent. To determine the contribution
of a habitat to the risk perception of the four ungulates | decided to take into
account the canopy openness and the denseness of understorey as a proxy for
visibility. I divided all sites in which cameras were operable during the study
period based on these two characteristics. | could not include agricultural
fields as open areas in this study, as there are no cameras installed in the few
of this areas in the peninsula.

For the openness variable | divided each site between open and closed forest.
A site was determined as closed if when analysing the pictures taken with the
camera traps on the first day of set up, the canopy would cover around an
80% of the above horizon coverage of the picture. If the camera did not give



a reliable view of the canopy, a quick analysis of the understorey was done to
determine if in overall, the plant species seen would be more characteristic of
high or low light availability.

Regarding the visibility variable | classified the sites as giving low or high
visibility. To determine the denseness of the understorey and how visible a
predator would be in each site, | analysed the pictures used to determine the
effective detection distance for each camera. In each site, poles were placed
at consecutive 5m distance from the camera. | determined a site as low
visibility if the poles from 15m distance were difficultly spotted, and as high
visibility in the contrary case.

By mixing these two habitat characteristics together, | determined four
different habitat types. Closed forest with high visibility sites are mainly those
with older forest and almost full canopy cover, which gives low light
availability for understory growth (see figure 3.A). Closed forest with low
visibility are those sites with less dense canopy that allows dense understorey
to grow (see figure 3.B). Open forest with high visibility are mainly recent
clear cut areas with only few adult trees (normally parental trees for
regeneration purposes) at the first stage of growing vegetation (see figure
3.C). Lastly, those sites that are classified as open with low visibility, which
are mostly old clear cuts in which plant growth is dense and regeneration of
deciduous trees advanced, which makes difficult to see further than 10m from
where the camera stands (see figure 3.D).

Figure 3: Examples of the four types of habitat classification taken into account in the
analysis. Image 3.A represents closed forest with high visibility, 3.B closed forest with
low visibility, 3.C open forest with high visibility and 3.D open forest with low visibility.
These pictures were taken on the first day each camera was set up.



Camera traps

Camera trap images were used to estimate the number of passages of the four
ungulate species in this area. When a camera was triggered it would take a
rapid burst of 10 consecutive pictures with no delay before the camera can be
triggered again.

The camera trap distribution for this study aimed to include all the different
habitats to have a general overview of the whole area, as it is not possible to
obtain data from the complete peninsula. The number of cameras operable
per season and habitat type differed per species. In overall, there were less
cameras located in open areas (see table 1).
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Table 1. Number of camera traps operable per species, habitat type and period considered.

No Dog Hunting Break Hunting +
Hunting training Rutting

Moose Closed + High 11 23 25 11

visibility

Closed + Low 11 14 15 11

visibility

Open + High 6 14 18 6

visibility

Open + Low 3 6 6 3

visibility

TOTAL 31 57 64 31
Roe Closed + High 15 23 25
Deer visibility

Closed + Low 12 14 15

visibility

Open + High 7 14 18

visibility

Open + Low 3 6 6

visibility

TOTAL 37 57 64
Red Closed + High 15 23 25 25
deer visibility

Closed + Low 12 14 15 15

visibility

Open + High 7 14 18 18

visibility

Open + Low 3 6 6 6

visibility

TOTAL 37 57 64 64
Fallow | Closed + High 11 23 25 11
deer visibility

Closed + Low 11 14 15 11

visibility

Open + High 6 14 18 6

visibility

Open + Low 3 6 6 3

visibility

TOTAL 31 57 64 31
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Camera traps with passive infrared sensors are triggered when the difference
in heat and movement between a warm animal and its colder environment
exceeds a threshold (Hofmeester, Rowcliffe & Jansen 2017). This can lead to
some detection issues and it is important to state that in colder regions (as the
one in which this study is conducted) there is a larger difference in
temperature between the animal and its environment, and when studying
animals with a large body size, the detection probability of the cameras is
higher (Rowcliffe et al. 2011). Camera traps have an effective detection
distance (EDD), which means that the sensors cannot detect animals at an
unlimited distance (Hofmeester, Rowcliffe & Jansen 2017).

It is highly important to account for several detection issues that could lead
to biases when working with camera trap images to estimate ecological
patterns in wildlife populations. Camera trap detection depends on three
probabilities. First, the probability of an animal passing in front of the camera
trap, second, the probability that this animal will trigger the camera trap, and
third, the probability that this animal passes in front of the camera trap
triggering it but without being able to identify it.

Data processing

Movement pictures classification and data set

I used TRAPPER (Bubnicki et al, 2016) to classify the movement pictures
obtained. All pictures taken within 5 minutes were aggregated into sequences
or trapping events. This procedure ensured the quantification of independent
individual visits. Each sequence was classified as “Set up/Pick up” if the
pictures showed the moment in which the cameras were installed or retrieved
from the field, “Animal” if an animal was recorded by the camera, “Human”
if a person was recorded, and “Empty” if the pictures did not show any of the
previous. In very few occasions there were blank pictures due to an error
when the camera took that picture or when this picture was stored in the
program, these were classified as “Corrupted file”. When an animal triggered
the camera and the sequence was classified as “Animal” | annotated the
number of individuals, its species, sex, and age (between juvenile, sub-adult
and adult).

From the picture classification | obtained a data set from TRAPPER with
information per each animal recorded picture. To better analyse this data,
pictures from the same sequence were aggregated per number of passages of
individuals, as sometimes one sequence would include passages of more than
one individual. I also included the set up and pick up date of every
deployment.
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After this classification, all calculations and data analyses were performed by
using RStudio (Version 3.3.4 - © 2017 RStudio, Inc.).

Data analysis

In this study | used three different methods to determine the habitat selection
of the four ungulate species during the different hunting periods: naive
occupancy, occupancy models and passage rates analysis.

Naive occupancy

First of all, | calculated the naive occupancy per habitat type, period and
species. This type of occupancy estimation assumes perfect detection,
meaning that not finding a species in a site is because it is not present, without
considering the chance of not detecting the animal when it is present. Naive
occupancy is calculated as,

Number of sites per habitat in which the animal was detected

Naive occupancy = Number of sites available

To statistically compare the differences in naive occupancy between seasons
and habitat type for each species, | built a generalized linear mixed model
(data as probability from 0 to 1) per season including the variables of
openness and visibility and testing its interaction as

Generalized linear model = naive occupancy ~ Openness * Visibility.

Occupancy models

The second method | used is occupancy modelling. These models estimate
two types of probabilities: the probability of detecting an animal when this is
presentin asite, and based on this estimate, its occupancy (or true occurrence)
from detection/non-detection data (MacKenzie et al. 2006). Occupancy
models are often used for camera trapping data to correct for the imperfect
detection of camera traps stated before (Burton et al. 2015). These models use
two types of covariates that can be added. Site covariates are those variables
that are characteristic for a site and do not change over time. Observational
covariates are variables that can change over time and site.

To build the occupancy models, | first used the R package “camtrapR”
(Niedballa et al. 2016). This package provides a workflow to process and
prepare data obtained from camera trap images for further analyses. In this
study, | first created a camera operability matrix, by stating the effort of each
camera as the amount of time that each camera had been recording in the field
based on time lapse and movement triggered images. This matrix has one
column per day considered in the model and a row per deployment, giving a
1 if a camera was working and an NA if it was not operable during that day.
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After this a detection history matrix was built. This matrix gives a value of 1
or 0 if an individual of a species was detected or not at each site per sampling
occasion. Due to the large amount of days without any detection of the study
species, performing a daily occupancy was not the best approach, and | set
the occasion length at seven days. By considering a period of seven days |
increased the detection probability of the models, increasing model
performance. | considered a camera to be active during a week when the
camera was active at least 3 days during that week. The number of days a
camera was active within each week was used as an effort covariate. In this
study, the minimum number of sampling occasions included in a model were
2 (two weeks of camera trapping). This was considered as a good reference
value, as in MacKenzie & Royle (2005) it is indicated that with two sampling
occasions you can obtain a 0.2 detection probability, which is considered
enough for the type of data in this study.

Once | obtained the camera operability and detection history matrices per
species and hunting period, | used the R package “unmarked” (Fiske &
Chandler 2011) to organize the data for a single season and single species
occupancy model and build the model needed to fulfil the aim of this study,

Occupancy model = ~p (Visibility + Effort) ~ ¥ (Visibility * Openness).

Where p is the detection probability and w the occupancy probability. Three
covariates determining these two probabilities are included in this model.
Openness was only used in the occupancy part of the model as it does not
affect the detection of an animal in front of the camera. Visibility was
included in both parts of the model, as contrarily to openness, the amount of
vegetation can affect the de probability of a camera detecting and animal.
This accounts for the fact that maybe animals passing in areas with no dense
vegetation are most likely to be detected than the ones in dense forest habitat.
The third covariate is the observational covariate of effort of the individual
cameras. In this case | want to account for the fact that cameras were operable
a different amount of days. A total number of thirteen models were built one
per species and hunting period. The period of break during the hunting season
for moose had to be excluded from this analysis as it comprised less than two
weeks.

By running a different occupancy model per species and period, | accounted
for differences in detectability between seasons within the same species as
estimates of detection probability were allowed to vary between models.

14



Passage rates

From all the data with the number of passages, | could calculate the passage
rates per species, open and closed habitat and hunting period corrected by the
number of operable cameras as

Number of passages of an animal per week and habitat type
Number of operable cameras during that week per habitat type’

Passage rate =

To statistically compare the differences in passage rate between seasons and
habitat type for each species, I built a linear mixed model per season including
the variables of openness and visibility and testing its interaction as

Linear model = passage rate ~ Openness * Visibility.

15



Results

The overall number of passages recorded by the cameras differs between
ungulate species. Roe deer is the most recorded species with 389 passages,
followed by red deer with 283 passages. Moose and fallow deer have
approximately the same amount, with 122 and 127 respectively. Moose, roe
deer and red deer were photographed in all the 11 tracts of the study area.
Fallow deer was only photographed in the four adjacent tracts situated at the
most south part of the peninsula (tracts 39, 46, 47 and 55, see figure 1 in
methods).

Naive occupancy

Considering a perfect detection from the cameras, | calculated naive
occupancy and found that moose the highest naive occupancy is found during
the dog training period in the open areas with low visibility (see table 2.A).
When testing the linear models for the naive occupancy a tendency for the
same pattern is observed, moose is found more in open forest during the dog
training period (see table 2.B, LM, F=1.45, p=0.08).

Table 2. Tables with the results from the naive occupancy calculations (2.A) and the results of
the linear models applied to the naive occupancy results (2.B) for moose.

2.A

MOOSE No hunting Dog training Hunting Break
Closed + High |, ,, 0.05 0.05 0.12
visibility

Closed + Low |, ;3 0.12 0.07 0.06
visibility

Open + High | ;g 0.21 0.13 0.37
visibility

Open + Low | 499 0.58 0.13 0.33
visibility
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2.B

No hunting Dog training Hunting Break
MOOS
E Estim | Stnd | p- Estim | Stnd | P Estim | SEnd | p- Estim | Stnd | P
ard val ard val ard val ard val
ate ate ate ate
error ue error ue error ue error ue
Interce 0.1 0.0 0.0 0.0
ot -0.98 0.67 4 -1.60 0.63 1 -1.99 0.61 o1 -1.09 0.66 9
Open 0.1 0.0 0.1 0.2
habitat 1.67 1.09 2 1.45 0.84 8 1.29 0.79 0 1.09 0.97 5
Low
visibili | -0.52 1.03 06 1.20 0.90 0.1 0.60 0.98 04 -0.84 | 1.25 05
1 8 9 0
ty
Interac | ogs | 182 | %6 | 033 |154 |98 | 152 | 149 | 0% o015 | 180 |0
tion 3 2 0 3

For roe deer, the highest value of naive occupancy was found in open areas
with low visibility during the hunting season (see table 3.A), but any
significant result was found to this or any other tendency when analysing with
a linear model (see table 3.B).

Table 3. Tables with the results from the naive occupancy calculations (3.A) and the results of
the linear models applied to the naive occupancy results (3.B) for roe deer.

3.A

ROE DEER No hunting Dog training Hunting
Closed -+ High | 49 0.33 0.19
visibility

Closed —+ —Low |5, 0.40 0.25
visibility

Open -+ High | 4 49 0.33 0.26
visibility

Open —+  Low |43 0.33 0.45
visibility
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3.B

No hunting Dog training Hunting

ROE
DEER Estimate Standard | p- Estimate Standard | p- Estimate Standard | p-

error value error value error value
Intercept 0.98 0.67 0.14 -0.35 0.49 0.46 -0.08 0.40 0.84
Open -0.28 1.09 0.79 | -0.20 0.79 079 | 053 0.62 0.39
habitat
L.O\.N. . -0.79 0.90 0.37 0.13 0.83 0.87 0.48 0.66 0.46
visibility
Interaction | 0.79 1.75 0.64 -0.26 1.60 0.86 0.67 1.36 0.62

For red deer, the highest values of naive occupancy were found for open areas
with low visibility during the dog training season, and in open areas with high
visibility during the hunting season (see table 4.A), but any significant result
was found to these or any other tendency when analysing with a linear model
(see table 4.B).

Table 4. Tables with the results from the naive occupancy calculations (4.A) and the results of
the linear models applied to the naive occupancy results (4.B) for red deer.

4.A

. - . Rutting +
RED DEER No hunting Dog training Hunting Hunting
Closed + High |, 0.09 0.16 0.28
visibility
Closed + Low | 4, 0.10 0.12 0.17
visibility
Open + High | ;g 0 0.33 0.20
visibility
Open + LOW | g 0.33 0.04 0.18
visibility
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4B

No hunting Dog training Hunting Rutting and hunting
RED
DEER | Estim | S@Nd | P- Estim | Stnd | P Estim | S@nd | P Estim | Stnd | P
ard val ard val ard val ard val
ate ate ate ate
error ue error ue error ue error ue
Interce 0.7 0.0 0.5 0.1
ot 0.18 0.60 9 -2.01 | 0.75 07 -0.24 | 0.40 4 -0.57 | 0.41 6
Open 08 | - 3242. | 0.9 0.4 0.5
habitat -0.18 1.01 5 1755 | 45 9 0.46 0.62 5 -0.38 | 0.67 7
Low
visibili | -0.74 | 0.87 0.3 -0.06 1.30 0.9 -0.16 | 0.66 08 -0.43 | 0.71 05
9 6 0 4
ty
Interac 2284. | 0.9 3242. | 0.9 0.2 0.5
tion 18.30 10 9 18.93 45 9 -1.66 1.36 2 0.69 1.24 7

For fallow deer, the highest values of naive occupancy were found for closed
areas with high visibility during the periods of no hunting and dog training
(see table 5.A), but any significant result was found to these or any other
tendency when analysing with a linear model (see table 5.B). When including

the interaction, the models for all seasons did not converge.

As fallow deer are highly localized in the peninsula, and they were not
recorded in any of the open forest sites, | did not consider them in any further
analysis. After determining the passage rates and naive occupancy of fallow

deer, | decided to exclude this species from further analysis.

Table 5. Tables with the results from the naive occupancy calculations (5.A) and the results of
the linear models applied to the naive occupancy results (5.B) for fallow deer.

5.A

FALLOW . . .

DEER No hunting Dog training Hunting Break
Closed + High | 19 0.11 0.09 0.08
visibility

Closed + Low | 4 5 0.03 0.02 0
visibility

Open + High |, 0 0 0
visibility

Open + Low | 0 0 0
visibility
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5B

No hunting Dog training Hunting Break
FALL
ow Estim Stand | p- Estim Stand | p- Estim Stand | p- Estim Stand | p-
DEER ard val ard val ard val ard val

ate ate ate ate

error ue error ue error ue error ue

Interce 0.1 0.0 0.0 0.0
ot -0.98 | 0.67 4 -1.60 | 0.63 1 -1.65 | 0.54 02 -1.60 | 0.77 3
Open - 3491. | 09 | - 2522. | 09 | - 2171. | 09 | - 5034. | 0.9
habitat | 18.25 | 26 9 1781 | 75 9 17.71 | 86 9 18.51 | 05 9
Low 0.2 0.6 04 | - 5034. | 0.9
;l):SIblll -1.32 1.24 9 -0.58 1.22 3 -0.98 1.17 0 1851 | 05 9
Interac Model did not | Model did not . Model did not
. Model did not converge
tion converge converge converge

Occupancy models

| built one model per species and hunting period which includes the site
covariate of visibility in the detection and occupancy probabilities, the site
covariate of openness in the occupancy probability, and the observational
covariate of camera effort in the detection probability. The interaction
between the two site covariates was tested, except when the model did not
converge. In table 6 the values for the estimates, standard error and p-value
are shown to reflect the fitness of each model.

Moose were detected significantly more in the low visibility sites during the
hunting period (see table 6.A, F=-0.26, p=0.002). There is a trend for roe deer
to be less detected in the low visibility areas during the no hunting period
(table 6.B, F=-0.90, p=0.06). In the case of roe deer, effort was significantly
positive related to detection (table 6.B, F=0.51, p=0.02). Red deer was
significantly less detected in the low visibility sites during the hunting and
rutting period (table 6.C, F=-1.76, p=0.005).

Table 6. Parameters of the detection and occupancy probability in which the values of the
estimate, standard error and p-value are indicated for every model.
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6.A

MOOSE No Hunting period Dog training period Hunting period
Model:
. Standa | p- . Standa p- . Standa

P (effort + Visibility). f:“ma rd valu tE:“ma rd valu tE:“ma rd P e

w(Openness * Error e Error e Error

Visibility)
Intercept | -0.77 | 0.73 029 | 093 | 078 023 | 0.13 1.02 0.89
Open 1.97 1.48 018 | 1.87 132 015 | 879 0173 | 092
habitat

Occupan

cy Low | g45 | 115 0.69 | 1.55 141 027 | 135 | 1.22 0.26
visibility
(')rr‘:erac“ 100 | 219 061 | 7.03 63.84 | 091 | -005 | 9173 | 092

5.84

Intercept | -2.83 | 3531 | 093 | -1.10 | 0.50 002 | 213 | 039 208

nDEtec“o Effort | 489 | 7144 | 094 | 008 | 025 | 074 | 012 | 026 | 0.64
Low 1 026 | 01 077 | 011 0.66 0.86 | 2.12 0.70 0.002
visibility

6.B
ROE DEER No Hunting period Dog training period No hunting period
Model:
. Standa p- . Standa p- . Standa p-

P (effort + Visibility). Estlma rd valu :E:tlma rd valu tEestlma rd valu

w(Openness * Error e Error e Error e

Visibility)
Intercept | 1.02 0.70 0.14 | 2.68 5.39 0.62 | 0.09 0.44 0.83
Open 020 | 113 079 | 480 4931 | 092 | 059 071 0.40
habitat

Occupan

&y Low | 559 | 101 056 | 209 | 553 0.70 | 0.40 071 0.57
visibility
g:era“' 0.92 2.07 065 | -498 | 4933 | 092 | 0.82 1.70 0.62

0.00

Intercept | 0.28 0.28 032 | 063 | 045 016 | 060 | 021 .

nDeteC"O Effort 051 0.23 002 | 0.68 0.47 015 | 0.45 0.29 011
Low | 590 | 048 0.06 | 0.98 1.28 044 | 035 0.32 0.27
visibility
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6.C

RED DEER No hunting period Dog training period Hunting period pHeurril;:jng and rutting
Model:
Sta
P (effort + Est Stan p- . nda | p- Esti Stan p- Esti Stan p-
. . dard Esti dard dard
Visibility). im ErTo valu mate rd valu | mat Erro valu mat Erro val
w(Openness * ate ; e Err e e ; e e ' ue
Visibility) or
Interc 1 21\ 546 | 053 | 834 | 162 | 0.95 | %% | 064 | 045 | 002 | 048 | O°
ept 7 7 5
Open 8.0 314 0.7 - 0.3
habitat | 4 8 0.79 | 2.08 359 0.99 9 1.09 | 0.46 071 0.72 2
Occ
upan | Low -
cy visibil 22 | 357 0.53 | 2.64 | 357 | 0.99 2.0 154 | 0.96 | 5.18 éS'A 2'7
ity 3
In_tera Model did not Model did not 23 1.04 | 023 Model did not
ction converge converge 0 converge
Interc | . 78 18l 0.6
oot 16 | 041 E- 204 047 | E- 0.7 0.31 | 0.01 | 0.22 | 0.46 2'
P 4 05 : 05 |5
Dete 0.4 - 0.2 0.0
ction Effort 4 0.31 0.15 011 0.32 | 0.72 9 023 | 0.21 0.64 | 0.30 3
LW | 04 - 0.0
visibil ' 0.61 0.46 | 045 | 0.74 | 054 | 05 0.92 | 0.58 0.63 :
ity 4 0 1.76 05

Passage rates

The weekly passage rates showed the number of passages for each species
and hunting period per operating camera in each of the four habitat types.

When analysing the passage rate for moose, | found significantly higher
passage rate during the dog training period (table 7, GLM, F=0.35, p=0.02),
and same trend during the hunting break period (table 7, GLM, F=0.79,
p=0.07). In figure 4 we can observe these differences between the open and
closed sites between the periods of dog training and hunting break, and any
differences between habitats during the hunting period. We can also observe
a slightly higher passage rates for the open habitats during the no hunting
period, especially at the beginning, but any significant result could confirm

this.
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Table 7. Parameters from the generalized linear model performed for moose passage rates
during each period in which the values of the estimate, standard error and p-value are
indicated for every model.

No hunting Dog training Hunting Break
Moose Estim Stand | p- Estim Stand | p- Estim Stand | p- Estim Stand | p-
ard val ard val ard val ard val
ate ate ate ate
error ue error ue error ue error ue
Interce | 920 | 010 |20 |o0oo |00 | %% {008 |o0os |9 o020 |o078 |04
pt 7 6 5 4
Open 0.4 0.0 0.1 0.0
habitat 0.15 0.17 0 0.35 0.15 2 0.13 0.08 2 0.79 1.88 7
Low
N 0.2 09 | - 0.9 0.7
visibili -0.16 0.15 8 0.01 0.16 2 0.002 0.09 8 -0.14 -0.34 3
ty
Interac 1 051 | 020 | %% |o4s [o028 | %' | 000 | 015 |9%° |o014 |o019 |08
tion 6 0 3 4
Passage rate in open and closed areas for moose
2
No Dog Hunting  Hunting  Hunting
35 hunting training break
w2 5 e (52 cH-Hiigh: visi bility
i Closad+-Low
[
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- \
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Figure 4: Graph showing the passage rate of closed forest with high visibility (green line),
closed forest with low visibility (orange line), open forest with high visibility (blue dashed
line) and open forest with low visibility (yellow dashed line) habitat per week for moose.
Passage rates are calculated as the number of passages for each species and hunting period per
operating camera in each habitat type. Each orange line marks the limit between hunting
periods.

Any trend or significant result was found for roe deer. When plotting the
passage rates per week (figure 5) it is possible to observe a high peak during
the third week of the no hunting period in the open areas with high visibility.
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Table 8. Parameters from the generalized linear model performed for roe deer passage rates
during each period in which the values of the estimate, standard error and p-value are

indicated for every model.

No hunting Dog training Hunting
Roedeer | coiimat | Standar | P Estimat | Standar | P Estimat | Standar | P
valu valu valu
e d error e e d error o e d error o

Intercept | 0.83 0.36 0.03 | 0.91 0.42 0.04 | 0.33 0.15 0.03

Open 0.79 0.61 020 | 013 0.68 084 | 027 0.24 0.25
habitat

Low | 950 | 051 033 | 013 | o072 085 | 020 0.25 0.43
visibility

Interactio | 575 | 1.00 047 | 057 | 136 | o067 |007 | o044 0.87

n

Passage rate in open and closed areas for roe deer

No
L - Dog Hunting
f hunting | training

Passage rate
»

I \ ' \
1 A/ A . » ] .
v ' 4 P # :
- ) y ‘\ “ ' .
05 e B NSy A *
o . -
1 2 % 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18

Week number

Figure 5: Graph showing the passage rate of closed forest with high visibility (green line),
closed forest with low visibility (orange line), open forest with high visibility (blue dashed
line) and open forest with low visibility (yellow dashed line) habitat per week for roe deer.
Passage rates are calculated as the number of passages for each species and hunting period per
operating camera in each habitat type. Each orange line marks the limit between hunting

periods.

For red deer I could find a trend that they have a higher passage rate in open
sites during the hunting season (table 9, GLM, F=0.53, p=0.08). Taking this
trend into account, if we observe the graph for the passage rate per week
(figure 6), we can observe that during the hunting season, this rate is definitely
higher in the open areas with high visibility than in the open sites with low
visibility and both closed forest sites.
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Table 9. Parameters from the generalized linear model performed for red deer passage rates
during each period in which the values of the estimate, standard error and p-value are

indicated for every model.

No hunting Dog training Hunting Rutting and hunting
Red Stand - Stand - Stand - Stand -
deer Estim P Estim P Estim P Estim P
ard val ard val ard val ard val
ate ate ate ate
error ue error ue error ue error ue
Interce 0.0 0.2 0.0 0.0
ot 0.27 0.09 07 0.11 0.09 4 0.39 0.19 4 0.44 0.21 4
Open - 0.9 0.4 0.0 0.3
habitat | 0.006 0.15 6 -0.11 | 0.15 6 0.53 0.30 8 0.28 0.33 9
Low
visibili | -0.14 | 0.13 0.2 0.10 0.16 05 -0.14 | 0.31 06 -0.14 | 0.35 06
8 3 5 9
ty
Interac | 034 | 025 | %Y | o022 |03 | %% | 061 |os5 |92 | 019 |06 |07
tion 8 7 7 5
Passage rate in open and closed areas for red deer
4 -
No Dog Hunting ~ Hunting Hunting
35 hunting training and rutting
u 25
e e Clinsz i+ High wisibility
o 2
% }'\ . Closed+Lowy visibility
g5 L = = = Open+High visibility
N [
1 }'\ ;“ !f \\ "f \ Open+Low visibility
i /\‘ ' v .
! \ 4
05 3 '
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Week number

Figure 6: Graph showing the passage rate of closed forest with high visibility (green line),
closed forest with low visibility (orange line), open forest with high visibility (blue dashed
line) and open forest with low visibility (yellow dashed line) habitat per week for red deer.
Passage rates are calculated as the number of passages for each species and hunting period per
operating camera in each habitat type. Each orange line marks the limit between hunting

periods.
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Discussion

In this study | compared the habitat preference of four ungulate species
between open and closed forest habitats with a high or low visibility due to
understorey vegetation, during the periods of no hunting, training of hunting
dogs, hunting, and hunting with rutting period and break during hunting
period. The main conclusion extracted from this study is that in this ungulate
multispecies system animals have a different behaviour when considering
their habitat selection, meaning that a species-specific management is needed.
With the obtained results | found habitat selection patterns for three of the
studied species. | can conclude that in this area moose did show a preference
for open sites outside the hunting season, during the periods of dog training
and hunting break, and showing no difference between habitats during the
hunting season. Considering the hunting for fear theory, current hunting
practices would work for this species in these regions if we want to remove
moose from the open areas during these two periods.

Taking into account the habitat characteristic of openness | found some
significant patterns for the studied species. When observing the results
obtained, moose showed a significant selection for open habitats during the
dog training period and a trend towards the same habitat type during the
hunting break when analysing the passage rates data. In the analysis of the
naive occupancy data | could find the same trend of moose selecting the open
habitats during the dog training season. Moose selected open habitats during
the period of break during hunting, this coincides with my initial hypothesis
that outside the hunting season ungulates would prefer open sites
(McLoughlinetal. 2011; Lone etal. 2014; Gehretal. 2017). If this difference
had been due to rutting behaviour we would have expected an increase in all
habitats in the same way, and not a selection of one habitat in particular, as
moose increases its activity during this period (Neumann & Ericsson 2018).
Moose has been the only species that partly responded to hunting following
the initial hypothesis, as it did select for open sites during two of the periods
outside the hunting season, but I expected a higher perception of risk during
the dog training period when compared to the no hunting period. This result
lead to the conclusion that training of dogs do not affect moose in the same
way as when they are hunted, and this period should be considered more
similar to no hunting than to hunting period. One explanation why only moose
is reacting to hunting is due to the fact that, based on the data from the hunting
bags (appendix 3), they are the species with the highest hunting pressure in
the area of study, and they do feel a higher hunting risk than the other species.
On the contrary, red deer showed a trend to select open habitats during the
hunting season, and not showing any significant preference during the other
periods. This result could be explained by the increased food quantity in the
open areas (Kuijper et al. 2009) and the feeding strategy of red deer, as they
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are intermediate feeders (Hofmann 1989; Gebert & Verheyden-Tixier 2001),
which could mean that regardless the hunting pressure, they select for their
most suitable feeding areas.

Regarding the habitat characteristic of visibility, | could find patterns for
moose, roe deer and red deer when analysing the data obtained from the
occupancy models. Moose were significantly found to select more low
visibility sites during the hunting season. This coincides with my initial
hypothesis that low visibility sites will offer a lower risk of predation to
ungulates, making them to prefer significantly more sites with a dense
understorey (Lone et al. 2014). | found a tendency that detection probability
decreases in the sites with low visibility for roe deer. This result could be due
to a detection issue of the cameras when located in denser vegetation, as in
the case for low visibility sites. Another possibility could be explained by the
fact that animals with a smaller body mass have a smaller effective detection
distance from the camera than animals with a larger body mass (Hofmeester
et al. 2017), as roe deer is the smallest ungulate considered, could be due to
this effect that it has a smaller detection probability. Red deer were
significantly found to select less low visibility areas during the hunting and
rutting period. One explanation for this result could be that as this species has
an intermediate feeding strategy, they are able to feed in areas with less
understorey and increase their food intake to prepare for rutting and winter
(Gebert & Verheyden-Tixier 2001).

I hypothesized that during the dog training period ungulates would have the
same habitat choice than during the hunting period, preferring low visibility
sites to decrease risk perception. My results did not confirm this hypothesis,
as | did not find any significant result regarding visibility during this time
period. In the case of moose | did find that when analysing their passage rate
and naive occupancy there is a preference for open sites during this period,
which contradicts my predictions. Open sites offer a less protection feeling
for ungulates (Benhaiem et al. 2008), and the effect of dogs training in the
area should give a higher risk perception (Cromsigt et al. 2013) and make
them select towards closed habitats with low visibility. This indicates that the
effect of dogs is lower than I firstly expected, and that they are not affected
by dogs targeting other species, as this does not give ungulates a risk
perception in the same way as hunting for this species. Future studies could
focus in different disturbances produced by dogs, analysing differently the
following periods: period in which dogs that target other species are being
trained in the area, dogs used to hunt other species are being used in the area,
dogs that target the studied species are being trained in the area, and
separating the hunting period between the moment in which dogs are allowed
to hunt the studied species and when they are not.
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Regarding the data obtained for fallow deer in this study, my results show
passages only in closed forest areas, which can lead to the conclusion that this
species select deliberately this type of habitat. Based on the knowledge | have
gathered from the study area, this conclusion is not likely to be true. Fallow
deer in the Jarn&shalvon peninsula have a limited distribution, and they have
been found to aggregate in the southernmost part, where there are a few
agricultural lands. Liberg & Wahlstrom (1995) found that fallow deer have
an innate reluctance to disperse, and they are restricted to the surroundings
where they were initially released. This leads to a high variability in their
distribution, with high densities in some locations, and almost no individuals
in the rest of areas (Liberg & Wahlstrom 1995), as we have seen in this study.
A larger amount of cameras are located in closed forest, which could also be
a reason why we find them in closed sites. In order to have a better knowledge
of the habitat selection of this species, | would need a more targeted camera
trapping distribution, including also agricultural fields where, for the
information obtained from the area, we know they spend an important amount
of time.

In this study | used three different methods to assess the habitat preference of
these ungulate species. Occupancy modelling is a method that is been highly
used in camera trap studies. Its best advantage is that with this type of model
you can determine the detection probability of the cameras, and account for
the fact that this probability differs among them. In my study this type of
model did not show the same tendency as the others showed. Passage rate and
naive occupancy assume a perfect detection from the cameras and its results
should be interpreted with caution. On the other hand, running a separate
model per species and period already corrected for differences between
periods within species, which improves the reliability of comparisons within
species more.

There is evidence of a general increase in ungulate populations in Europe
which can lead to an increase in human-wildlife conflicts (Apollonio,
Andersen & Putman, 2010; Cromsigt et al. 2013). This trend shows the need
to improve the knowledge of these animals at a small scale, to be able to
introduce useful management actions in controlling ungulate populations.
Hunting can induce changes in ungulate population trends directly, by
reducing the number of individuals, or indirectly, by increasing the feeling
of risk of being predated and decreasing their fitness by moving to less risky
areas with lower quality food (Neumann, Ericsson & Dettki 2009). This is
the base of hunting for fear strategy (Cromsigt et al. 2013), a strategy to
increase risk perception in ungulate populations to remove them from
those systems degraded by their herbivory pressure. Based on my results
we can see that moose does select open habitat sites outside of the hunting
season, but that they do not select differently any habitat type during the

28



hunting season. This is an evidence that moose do react to hunting in terms
of habitat selection. When comparing the hunting intensity in the area we can
see that moose is the most hunted species, which can be a reason why they
are the only species reacting to hunting in terms of habitat selection in the
area. Roe deer and red deer from this area would need a higher pressure from
hunting to react to it and select their habitat to avoid it. In this case there is
potential to implement the strategy of hunting for fear, increasing hunting
pressure and forcing ungulate populations to move towards those areas that
will be less or not degraded by their foraging pressure. It is important to point
out that results from this study show that ungulates do react differently to
hunting pressure, and in a multi-species system as the Jarnashalvén peninsula,
species specific management is needed.
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Appendix

Appendix 1

Table comprising the exact initial and end dates considered per each period
analysed per species in this study.

Rutting  and

No hunting Dog training Hunting hunting

Start End Start End Start End Start End
date date date date date date date date

04/09 | 25/09

Moo | 01/07 | 31/07 | 01/08 | 03/09 | /17 | /A7
se | A7 (AT A7\ AT - Foerio [31/10

117 117

Roe | 01/07 | 31/07 | 01/08 | 15/08 | 16/08 | 31/10
deer | /17 117 117 117 117 117

16/08 | 31/08

Red | 01/07 | 31/07 |o1/08 | 15/08 | /A7 [/A7 | 01/09 | 30/09
deer | /17 |7 |17 |17 oyt Tamiol /L7 | A7

117 117

01/07 | 31/07

E\f/iv” 7117 | o1/08 | 31/08 | 01/09 | 20/10

deer | 2010 |30 |17 | A7 |7 |17
n7r | nz7
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Appendix 2

Graph showing the number of sequences taken each month of the whole year
of study per each species. A total number of 227 sequences were recorded per
moose, with a maximum of 44 in October of 2017. For red deer, 395
sequences were recorded in total, with a maximum in September 2017 of 79
sequences. 579 sequences were recorded for roe deer with a maximum of 121
in July of 2017. Lastly, a total number of 101 sequences were recorded for
fallow deer with its maximum in August 2017 with 26 sequences.
_ --II

I Fallow deer I

.....................

Eurasian elk Red deer
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Appendix 3

Hunting bags of the four species in the area of study as kg per 1000Ha from
2008 until 2016. The level of moose management area is larger than the
management unit “hunting parish” for the other three ungulates. Retrieven in
June 2018 from Viltdata website.

Query27

KRETS NAME yr Roe | Fallow | Red
Nordmaling 2008 [ 1.06 | O 0.14
Nordmaling 2009 [ 058 |0 0.1
Nordmaling 2010 | 062 | O 0.31
NORDMALINGS JVK 2011 | 0.69 | O 0.42
NORDMALINGS JVK 2012 {055 | O 0.28
NORDMALINGS JVK 2013 | 038 | O 0.57
NORDMALINGS JVK 2014 | 0.69 | 0.06 0.33
NORDMALINGS JVK 2015 (094 | O 0.67
NORDMALINGS JVK 2016 [ 057 | O 0.45
Query13

AFO_NUMBER | yr Moose

afo-24-005 2008/2009 | 3.86770828225217

afo-24-005 2009/2010 | 4.17199482461402

afo-24-005 2010/2011 | 4.40083842258862

afo-24-005 2011/2012 | 4.71141187698274

afo-24-005 2012/2013 | 4.41718439387252

afo-24-005 2013/2014 | 3.60617274170976

afo-24-005 2014/2015 | 2.93347315425693

afo-24-005 2015/2016 | 2.80019061917282

afo-24-005 2016/2017 | 3.13968386891537
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