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1. Introduction

Large carnivores, including brown bears (Ursus arc-
tos), often prey upon livestock throughout their dis-
tribution range (Servheen et al., 1999). The resulting 
conflicts can lead to negative human attitudes towards 
large carnivores, which can result in the legal or ille-
gal killing of carnivores (Kaczensky, 1999; Linnell et  
al., 1999). Reducing human–carnivore conflicts 
is therefore essential for the conservation of large  
carnivores and for biodiversity in general (Zabel and 
Holm-Muller, 2007).

Summer pasture farming used to be common in 
Europe, including in Sweden. Farmers moved their 
livestock to grazing grounds in forested areas outside 
villages during spring and summer, because pastures 
near villages were used to grow hay to feed livestock 

during winter (Larsson, 2009). Young family members 
usually accompanied livestock, moving them to suit-
able grazing areas, protecting them from depredation 
and typically confining them to pens or barns during 
the night (Larsson, 2009). 

Nowadays, only about 200 summer farms remain 
in use in Sweden (Anon., 2007); most of them with-
in the brown bear distributional range, which cov-
ers the northern two-thirds of the country. In 2018, 
there were an estimated 2,600 – 2,900 brown bears 
in Scandinavia, 95 % of which were in Sweden (Bis-
chof et al., 2020). Of these summer farms, 80 % have 
dairy cattle (Elfström, 2005), which commonly range 
freely and unattended during daytime. However, they 
are penned overnight, because dairy cattle are milked  
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every day. Beef cattle are also often penned overnight, 
because Swedish animal welfare laws stipulate that 
livestock must have daily supervision (Anon., 2010). 

In Dalarna Province, southcentral Sweden, ge-
netic-based sampling in 2017 resulted in a popula-
tion estimate of 322 bears (Bischof et al., 2019), or a 
population density of ~11 bears per 1000 km2. An-
nual bear-caused cattle mortality accounts for only 
0.0007 % of free-ranging cattle (calculated from data 
in Lidberg, 2009). However, 30 % of the summer- 
pasture farmers have claimed that they had expe-
rienced disturbances due to the presence of large 
carnivores (Elfström, 2005; Lidberg, 2009). Predator 
presence may cause increased stress levels in livestock 
and may lead to decreased milk production, decreased 
mass gain or handling difficulties (Murie, 1948;  
Zimmermann et al., 2003) as well as shifting graz-
ing routines and habitat use (Brown et al., 1999;  
Kluever et al., 2009). Livestock depredations and po-
tential stress caused by bear presence may therefore 
lead to loss of income. These arguments, among oth-
ers, are often used by stakeholders to argue for reduc-
ing bear numbers in Sweden (Ericsson et al., 2010), 
in part to preserve the tradition of summer pasture 
farming (Sjölander-Lindqvist, 2009).

We conducted two studies to evaluate whether 
brown bears do, indeed, disturb free-ranging dairy 
cattle and, if so, to what extent. Sam Steyaert con-
ducted a study of habitat selection by sympatric 

free-ranging dairy cattle and brown bears using GPS 
telemetry collars in 2008 (Steyaert, 2009; Steyaert et 
al., 2011). Christin Beate Johnsen followed this up 
in 2013 with an experimental study of the effects of  
exposure to bear scent (faeces) on milk production of 
pasture-grazing cows (Johnsen, 2017). Here, we pro-
vide a summary of the most important findings.

2. Study 1: Do bears influence habitat 
selection by free-ranging dairy cattle?

2.1 Methods
The first study investigated habitat selection of 

free-ranging cattle on six summer farms in Dalarna 
County, Sweden (Fig. 1). These farms kept their cattle 
inside pens during the night. No disturbance or dep-
redation had been reported on three of these farms, 
but the other three reported disturbances caused by 
large carnivores. None of the farms had lost cattle to 
carnivore depredation, although one cow was injured 
by a bear in 2006. 

As the cattle travelled and grazed together and 
almost never split up, we equipped one cow in the 
herd of each farm (herd sizes ranged from four to  
28 head of adult cows) with a Global Positioning  
System (GPS) collar to represent herd movements. 
Collars were programmed to transmit one position 
every 30 minutes between 05:00 and 20:30 from  

1 www.bearproject.info

Fig. 1 Overview of the approximate study area in southcentral Sweden (right panel). The operational study area was centered 
around six cattle summer farms in Dalarna. All farms were located within the Swedish brown bear distribution range.

http://www.bearproject.info
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14 June to 22 August 2008, i.e. the period when the 
cattle were ranging free and unattended in forests, 
forest pastures and roadside verges.

We also captured and equipped nine brown bears 
≥ 3 years old (five males and four females, one of 
which had three yearling cubs) that frequented the 
cattle range with GPS collars as part of the Scandi-
navian Brown Bear Research Project1. The distribu-
tion range of brown bears overlapped with all studied 
farms. The GPS collars were programmed to ob-
tain one position every 30 minutes, from 1 June to  
31 August 2008. There is a pronounced season-
al shift in bear diet in the study area. Ungulates, 
forbs and insects dominated the diet during June 
and July and berries dominated in August-October  
(Stenset et al., 2016). As this dietary shift affects 
brown bear behaviour and habitat selection (Dahle 
& Swenson, 2003), we divided location data for both 
bears and cattle into two clearly distinct seasons, the 
pre-berry season (1 – 30 June) and the berry season  
(16 July – 31 August). We did not include the transi-
tion period from 1 to15 July in the analyses. 

2.2 Results & Discussion
Our results showed a significant negative relation-

ship between habitat selection by brown bears versus 
that by cattle, i.e. bears avoided areas that were inten-
sively used by cattle and vice versa. This difference in 
habitat selection was most likely explained by inverse 
responses to human habitation-related infrastructure 
and dense vegetation. 

In general, cattle habitat selection was higher in 
proximity to human habitation-related variables (set-
tlements, buildings, forest roads and trails) and in the 
habitat type ‘other open’, which comprised mostly 
forest pastures. Cattle avoided older forest and young 
dense forest, i.e. habitats generally more selected by 
bears. Young open forest and bogs did not contribute 
significantly to habitat selection by cattle, probably 
because these habitat types do not provide sufficient 
suitable food for them. Cattle are preferential grazers 
(Putman, 1986), which explains the selection for the 
habitat class ‘other open’, as well as their preferred 
proximity to forest roads and trails. Putman (1986) 
showed that roadside verges were the most preferred 

Overview of the study site at Norwegian University of Life Sciences, Ås, Norway. Dairy cattle were exposed to an experiment to 
test their reaction to predator scent. A camera mounted on a tripod was used to film the reaction of the cattle in a pasture enclosed 
by an electric fence (white wires) powered by an external battery (black box).  (All photos: Christin Beate Johnsen)
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habitat type for cattle in the New Forest, England. 
Roadside verges are also considered important graz-
ing areas in forested parts of Scandinavia, because 
few other habitats with high-quality foods are avail-
able and the area of forest meadows and pastures has  
declined (Anon., 2009).

Many studies have reported avoidance of  
human-related infrastructure by brown bears (e.g., 
Kaczensky et al., 2003). Our results were consistent 
with these findings. Brown bears generally avoided 
human-related infrastructure, such as forest roads, 
trails, settlements, and buildings. This avoidance was 
especially prevalent during the berry season in sum-
mer and autumn, when the forest is also more inten-
sively used by humans for hunting, fishing, and berry 
and mushroom picking (Nellemann et al., 2007).

Brown bears in our study area are mainly active 
during crepuscular and night-time hours and tend 
to rest most of the day (Moe et al., 2007). Because 
the husbandry system only allows cattle to range free 
during daytime, there is a mismatch between the two 
species’ activity patterns, which likely reduces the rel-
ative probability of an encounter between them. Our 
results suggest that, with the current dairy cattle hus-
bandry system, direct interactions between bears and 
dairy cattle are low, which is also reflected in the low 
reported depredation rate. Therefore, our results do 
not support the claim that a reduction of the bear 
population would help support the summer farming 
system.

Our study had some limitations. The ultimate 
causes (e.g., predator avoidance, activity budgets, 
and intrinsic behaviour) of the observed differences 
in habitat selection between the two species remain 

unknown. Thus, we cannot rule out that cattle avoid 
bears, resulting in a trade-off between safety and op-
timal habitat selection, which may reduce the cattle’s 
fitness. With our approach in this study, we could not 
evaluate indirect effects by bears on dairy cattle. How-
ever, this aspect was addressed in the following study.

3. Study 2: Does bear odour reduce 
milk production in dairy cattle?

3.1 Background
Besides direct effects, predators can also have 

indirect, nonlethal effects on prey caused by fear  
(Altendorf et al., 2001), resulting in changes in habi-
tat use, vigilance, foraging, or physiological stress that 
may affect the individual fitness of prey by reducing 
growth, survival or reproduction (Creel & Christian-
son, 2008). On a population level, predator-induced 
fear may cause effects in prey that can be more sub-
stantial than the direct effect of predation (Altendorf 
et al., 2001). 

All mammals, predators included, leave behind 
urine, faeces, and glandular secretions (Hegab et al., 
2015). Prey species can detect and respond to predator 
odour (Parsons and Blumstein, 2010), which may in-
duce stress (Hegab et al., 2015). Predator stimuli often 
elicit similar responses in domestic and wild mammals 
(Kluever et al., 2009; Welp et al., 2004). For instance, 
Pfister et al. (1990) found that domestic cattle avoided 
feed bins contaminated with faecal odour from red 
fox (Vulpes vulpes), coyote (Canis latrans), mountain 
lion (Puma concolor) and American black bear (Ursus 
americanus).

Brown bear fecal sample in a 
petri dish in a box presented 
to dairy cattle to test their 
reaction to predator scent at 
the Norwegian University of 
Life Sciences, Ås, Norway.
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Dairy cattle farmers in Sweden sometimes argue 
that bears are not just problematic due to the threat 
of direct depredation, but that there may be severe 
indirect effects on cattle due to increased stress levels 
caused by the mere presence of bears in the same area, 
even in the absence of direct encounters (Steyaert et 
al., 2011). Farmers have claimed that the presence of 
bears, advertised by odour from bear faeces, urine or 
tracks, causes behavioural changes and lowers both 
the quality and quantity of milk in dairy cattle (Zim-
mermann et al., 2003). Reduced milk production in 
dairy cattle, due to such indirect effects of bear pres-
ence, could lead to loss of income for famers (Steyaert 
et al., 2011). Physiologically, such a stress response of 
cattle to a predator would be caused by the release of 
stress hormones via the blood stream into the mam-
mary glands, reducing milk production (Jouan, 2006).

3.2 Methods
We tested the hypothesis that milk production in 

naïve dairy cattle would be affected when experi-
mentally exposed to brown bear odour (faeces). We 
included odour (faeces) from another species (red 
deer Cervus elaphus) in the experiment to check if 

cattle responded to any novel odour rather than spe-
cifically to the odour of a predator, as well as a blank 
control (no odour) (Christensen et al., 2005). Be-
cause milk yield in cattle is highly affected by food 
intake and age (Grant and Albright, 2001), we also 
controlled for these variables in the analyses. Specifi-
cally, we predicted that: (i) milk yield would be lower 
when cattle were exposed to bear odour than when 
exposed to nonpredator odour (red deer) or no odour 
(blank); and (ii) milk yield would be lower during 
experimental periods, when cattle were exposed to 
odour treatments, in comparison to before or after 
experimental periods.

We used 37 lactating and pregnant individuals of 
the Norwegian Red Cattle breed, with a mean age 
of 3.7 ± 1.5 years (SD), located at the Norwegian  
University of Life Sciences, Ås, in southeastern  
Norway, which is outside the distribution range of 
brown bears. The cattle had no experience with the 
odour of bears or red deer prior to the experiment and 
were naïve to depredation events by carnivores. They 
were milked by milking machines in a barn twice per 
day, at approximately 06:30 and 15:30. Milk yield was 
recorded automatically via ID chips worn by all cattle. 

Fig. 2 Cow participating in an experiment to test the reaction of dairy cattle to predator scent at the Norwegian University  
of Life Sciences, Ås, Norway. The red box contains a brown bear fecal sample in a petri dish. 
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The cattle were provided individual amounts of grain 
feed from an automatic feed dispenser and had access 
to silage hay in the waiting area before milking. The 
experiment was conducted in four one-week study 
periods during June – August 2013 in two 25 × 25 m 
enclosures with electric fencing on a large (> 5 ha) 
pasture. The enclosures were spatially separated by at 
least 150 m to decrease odour transfer. Due to grass 
depletion inside the enclosures, new experimental 
enclosures were established every day.

Four experimental cycles of four days each were 
divided into two periods of two days each. For each 
period, we randomly selected one group of ten cows 
and divided them into two subgroups. After morning 
milking, these subgroups were placed in the two ex-
perimental enclosures in the morning of day 1 and 
morning of day 2. Each subgroup was then random-
ly assigned one of three possible odour treatments: 
bear faeces, red deer faeces or control (blank, i.e. no 
odour). The only non-random requirement was that 
at least one of the subgroups on either day 1 or day 2 
had to be exposed to bear faeces. 

Odour samples were placed on sterile petri dish-
es and an empty petri dish was used for the control 
treatment. For presentation in the enclosures, petri 
dishes were placed in a small container that allowed 
odours to evaporate (Fig. 2). The containers were 
cleaned with chlorinated water every morning be-
fore use. The container with the odour treatment was 
placed randomly in the enclosure. Random place-
ment was achieved by dividing the enclosure into a 
grid of 16 cells. The odour treatment was placed in 
the middle of a selected cell in the morning, where it 
remained until the cattle were collected for milking 
the next morning. Production of milk was measured 
four times during each 2-day experimental period: in 
the evening of day 1, in the morning and evening of 
day 2 and in the morning the day after the experi-
mental period.

3.3 Results
A total of 236 measurements of individual milk 

yields were made on the 37 cows in the study un-
der the three treatment regimes. No difference in 

Dairy cattle participating in an experiment to test their reaction to predator scent at the Norwegian University of Life Sciences,  
Ås, Norway. The cattle are just on their way to the milking facility.
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milk yield was found among odour treatments. Cattle 
yielded on average 24.8 ± 4.4 L of milk when present-
ed bear odour, 24.2 ± 4.6 L when presented odour 
from red deer and 24.4 ± 5.1 L when presented the 
blank (no odour) control. The cows produced signifi-
cantly less milk before an experimental period (aver-
age = 22.8 ± 5.1 L) compared to during (24.5 ± 4.6 L) 
or after (24.6 ± 4.9 L).

The results did not support our main hypothesis 
that milk production in naïve dairy cows would be 
affected when experimentally exposed to brown bear 
odour, but rather suggested that bear faecal odour as 
a predator cue was not a strong enough stressor to 
elicit a physiological response affecting milk produc-
tion. Our first prediction was therefore rejected, as 
milk yield did not differ significantly among odour 
treatments (i.e. bear, red deer, or blank). Moreover, 
our second prediction was also rejected, because milk 
yield was significantly lower before an experimental 
period, and not significantly different when compar-
ing during an experimental period to after an exper-
imental period.

3.4 Synthesis and implications
The results of our first study suggest that, with the 

current dairy cattle husbandry system, direct interac-
tions between bears and dairy cattle are low. In our 
second study, cows exposed to bear odour did not 
respond with reduced milk production. Thus, our 
findings do not support the claim that a reduction of 
the bear population would help support the summer 
farming system. 

The dairy cattle in our experiment were naïve to 
predators. Cattle may need stronger negative cues and 
experiences in relation to the presence of a predator, 
such as direct visual observation, fur-derived odours 
or even direct attacks, to evoke responses (Sarno et 
al., 2008; Sahlén et al., 2016). Although some stud-
ies have shown an innate recognition and response 
toward predator odours (Blumstein et al., 2002; Ap-
felbach et al., 2005), recognition may generally have 
to be learned (Blumstein et al., 2002). For example, 
North American moose (Alces alces) that were naïve 
to grey wolves (Canis lupus) failed to respond to 
wolf olfactory cues after the two species had been  

Dairy cattle participating in an experiment to test their reaction to predator scent at the Norwegian University of Life Sciences,  
Ås, Norway. A camera mounted on a tripod (visible in the background) was used to film the reaction of the cattle in a pasture  
enclosed by an electric fence (white wires) powered by an external battery.
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separated for over 80 years, whereas bear-experienced 
moose showed increased vigilance in response to bear  
olfactory cues (Berger et al., 2001). Free-ranging dairy 
cattle in Sweden are potentially exposed to a variety 
of predator stimuli and could therefore elicit differ-
ent responses than seen in our experiment. However, 
the mismatch in activity patterns and habitat selection 
between the two species, as well as the very low dep-
redation rates on cattle by bears in Sweden, suggest a 
very low probability of free-ranging cattle learning to 
fear bears by experience and direct encounters. The 
income loss for farmers caused by the presence of 
bears can therefore likely be considered as low.

4. Conclusion

The conflict between free-ranging dairy cattle 
husbandry and brown bears in Sweden is apparent-
ly more imagined than real. In general, our results 
showed no support for the dairy farmers’ concerns 
that the presence of bears negatively effects the tra-
ditional system of free-ranging dairy cattle. Thus, we 
conclude that these concerns are not substantiated 
and should not be a basis for a reduction in the bear 
population in areas with this traditional dairy system.
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