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Abstract

Interspecific interaction among sympatric ungulates is important in management and conservation. We investigated behavioral
interference between sympatric wild or semidomestic reindeer (Rangifer tarandus tarandus) and sheep (Ouvis aries) in two field
studies and one enclosure experiment. For free-ranging wild and semidomestic reindeer, interference between the two species
increased with decreasing distances, occurring only at less than 200 m and 30 m, for wild and semidomestic reindeer, respectively,
and neither species consistently dominated the other. In a controlled, duplicated experiment we tested interference and
confrontations at the feeding patch level among semidomestic reindeer and sheep within 40 X 50 m enclosures. When new reindeer
or sheep were introduced into enclosures already occupied by reindeer, new reindeer resulted in significantly more interference and
confrontations among individuals compared to new sheep; i.e., intraspecific interference was more prevalent than interspecific
interference at equal densities. For all study areas, confrontations decreased with time after “first encounter,” indicating
cohabituation. A sympatric use of pastures was not visually disruptive for recorded grazing behavior for either species.

Resumen

La interaccion inter-especifica entre ungulados que ocupan el mismo habitat es importante para el manejo y la observacion.
Investigamos la interferencia en el comportamiento entre el reno silvestre o semi-doméstico (Rangifer tarandus tarandus) y la
oveja (Ouwis aries) en dos campos de estudio y un exclusion experimental. Para renos silvestres o semi-domésticos que pastorean
libremente la interferencia entre las dos especies aumenta conforme se reduce la distancia ocurriendo, solo a menos de 200 y 30
metros para los renos silvestres y renos semi-domésticos respectivamente y ninguna de las especies domino a la otra. En un
experimento controlado y duplicado probamos la interferencia y confrontacion a nivel de parche de alimentacion entre renos
semi-domésticos y ovejas dentro de una exclusion de 40 X 50 metros. Cuando los renos u ovejas nuevos fueron introducidos en
la exclusion donde ya estaba ocupada por otros renos, los nuevos renos resultaron en una interferencia y confrontacion
significativa mayor entre individuos comparada con ovejas nuevas; ejm. Interferencia intraespecifica fue mas acentuada que
interferencia interespecifica en densidades iguales. Para todas las areas de estudio las confrontaciones disminuyeron con el
tiempo después del primer encuentro indicando cohabitacion. Un uso simpétrico del pastizal no fue visualmente disruptivo para

el comportamiento de pastoreo registrado en ambas especies.
Key Words:

INTRODUCTION

Interspecific interactions such as confrontations and displace-
ment (i.e., interference) are a major concern of wildlife ma-
nagement and conservation of sympatric ungulates (Putman
1996; Arsenault and Owen-Smith 2002). Such interactions may
derive from competition because livestock often aggregate at
high densities and could have niches similar to those of the wild
herbivores (Colman et al. 2009). However, whether or not
competition occurs between livestock and wild ungulates, and
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its degree, is often disputed (Madhusudan 2004; Mishra et al.
2004). Generally competition between species can be indirect
through reduction in available resources (exploitation compe-
tition) or direct through behavioral interactions (interference
competition and displacement). There can also be indirect
interference in the form of, for example, aversion toward
excrement (Schoener 1983; Putman 1996; Moe et al. 1999).
Interspecific competition may be especially prevalent when new
species or additional animals are introduced (Voeten and Prins
1999; Forsyth 2000) and/or reintroduced (Reed 2001; Fischer
and Gates 2005) into an already established guild of her-
bivores. If interference and/or displacement between the two
species occurs, one or both of the species might lose access to
important food resources and/or reduce vital foraging time due
to the other’s presence. Consequently body condition, and
ultimately reproduction and survival, may be reduced for both
species if pasture or foraging time is limited (Colman et al.
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2003). The importance of animal density in grazing dynamics is
well established (Hutchings and Gordon 2001; Person et al.
2003). However, potential differences in inter- versus intraspe-
cific interactions on common pastures are presently unknown.

The last remnants of wild reindeer populations in Europe are
found in Norway, and much of the country’s land area is used
by semidomestic reindeer herded by Sami reindeer pastoralists
(Colman et al. 2009). In Norway domestic sheep, almost
exclusively ewes with lambs, are the most common sympatric
ungulates sharing alpine ranges with wild and semidomestic
reindeer (Skogland 1984; Colman et al. 2009). Approximately
2.5 million sheep are released onto outlying pastures every
summer (Kausrud et al. 2006), greatly increasing the herbivore
density on the shared range. There has been an ongoing debate
in the last few decades concerning the issue of interactions
between reindeer and sheep (Colman et al. 2009). Some claim
that sheep show aggressive behavior toward reindeer and
displace them in areas with poor forage (Colman 2000).
However, there are divergent opinions among the stakeholders
(mainly land owners, reindeer herdsmen, and sheep farmers)
regarding the interaction and how the two species are affected
by one another.

Studies show a considerable overlap in diet between reindeer
and sheep on common summer pastures in Norway (Skogland
1984; Mysterud 2000). Reindeer and sheep utilize similar
habitats, yet with little temporal overlap (Colman et al. 2009).
The present study, like those above, focused predominately on
interactions between ewes with lambs and female reindeer with
calves. Although the relationship between resource overlap and
interspecific competition is not clear (Abrams 1980; Lawlor
1980), the high similarity in diet and habitat use between the
species suggests that competitive interaction is likely to occur
when shared food resources are limited (de Boer and Prins
1990; Putman 1996). Segregation of the species despite similar
resource use may, among other explanations, be the result of
interference with behavioral dominance or displacement by one
species toward the other (Ferretti et al. 2011). Research on
interference between free-ranging wildlife and domestic stock
are rare (but see Colman 2000). Further research on delineating
the types of interaction may improve the management of the
species and the ecological systems they share and assist
communication between the different stakeholders.

Our study focused on behavioural interference between
sheep and reindeer. Interference was observed in enclosures or
on open rangeland in southern Norway (sympatric wild
reindeer) and northern Norway (semidomesticated reindeer).
We analyzed behavioral reactions of the two species toward
each other through direct observations, focusing mostly on the
scale of feeding patches. We tested the hypothesis that reindeer
and sheep exhibit interference with each other, specifically
forcing one species to avoid areas used by the other in both the
wild and semidomestic reindeer summer grazing areas. We use
the term interference to mean that at least one of the species
interrupts the other. An interruption was defined as a change in
behavior to an alert or stressed state (as defined in Thomson
1977) for at least 2 min. Neutral interaction is when
interference occurs with no confrontation. A confrontation
means that during the course of interference one species
exhibits aggressive behavior toward the other. Displacement
means that one species moves away from the other as a result of
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interference that is usually, but not necessarily, confrontation-
al. Based on unpublished studies, personal observations, and
claims from user groups, we predicted that as the distance
between the species decreases (1) the likelihood of interference
that leads to displacement increases and (2) one species will
always displace the other once the distance falls below 200 m,
meaning there is no neutral behavior/tolerance at this patch
scale. The wild reindeer and sheep study and information from
user groups provided the basis for the enclosure experiment, in
which reindeer or sheep were added to an existing (resident)
group of reindeer inside 2000 m? enclosures. Here we addi-
tionally predicted that the average distance among the in-
dividual resident reindeer would decrease following the
introduction of new reindeer or sheep, and increase again as
the animals became more tolerant toward each other. We
further predicted that the distance between the two species
would be greater at the start of the experiment than at its end,
and decrease to the extent that the species cohabituated.

MATERIALS AND METHODS
Study Sites

The study draws on data collected in different periods at three
sites: (1) a field study of wild reindeer in Setesdal-Ryfylke
(59°5'N; 7°12'E), southern Norway, during July and August
1997 and 1998 (Setesdal study); (2) a field study of semi-
domestic reindeer in @Qksfjord in the summer grazing area of
the Joahkonjarga Sami reindeer herding district (70°10'N,
22°30'E) in West Finnmark, northern Norway, in early June to
mid-August 2006 (Qksfjord study); and (3) an enclosure
experiment in Bognelvdalen (69°59'N, 22°19'E) in Finnmark,
northern Norway, in June 1999 (Fig. 1).

Field Studies

The Setesdal study was conducted in an alpine area that ranges
in altitude from 800 to 1200 m.a.s.l. and is mostly covered by
bare bedrock, with productive areas limited to the valley
bottoms. Setesdal supports the second largest wild reindeer area
in Norway (6000 km?). The winter population during the
study period was approximately 3000 reindeer (0.5 rein-
deer - km™?), with an annual recruitment of 800 calves (Col-
man 2000). During summer (June—-August/September) 180 000
sheep (30.0 sheep-km ? including ewes and lambs) were
released and ranged freely in the mountain range (Colman
2000).

In the Oksfjord study, data collection was restricted to the
mid-western half of the 272 km? peninsula and a core area of
the Indre Lokkarfjorden (the inner Lokkar fjord valley) with
elevations ranging from sea level to 830 m.a.s.l. The core area,
encompassing approximately 35 km?, belongs to the slightly
oceanic vegetation section dominated by high mountains,
where valley bottoms rich in vegetation are enclosed by steep
mountainsides. Approximately 6000 semidomestic reindeer
(22.1 reindeer - km ™2 for the entire summer range), comprising
mostly (93% of adults) females and calves, arrived sporadically
over the month of June. Approximately 650 sheep, comprising
ewes and lambs, arrived during the second and third weeks of
June (Arntsen 2007). When the two species were present in the
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Figure 1. Location of the study areas: Experimental enclosure site
(Bognelvdalen), free-ranging semidomesticated reindeer area in @ksfjord
(Joahkonjarga), and wild reindeer area (Setesdal), Norway.

core area at the same time, the densities and group sizes were
almost equal (Arntsen 2007).

In both the Setesdal and Oksfjord studies, reindeer were
scattered over the entire study area, while sheep were mostly
resident in core areas where spatial and temporal niche overlap
occurs between the two species (Colman 2000). We observed
female reindeer with calves and ewes with lambs with the help
of binoculars (12-42X) and spotting scopes (15-60X zoom).
When the species were within 1000 m of each other the
distance between them was determined using binoculars with
built-in laser rangefinders able to measure distances of up to
1.2 km and/or estimated from animal positions drawn on maps
(1:50 000).

Distances between reindeer and sheep and the dominant
behavior of respective groups under observation, along with date
and time of day, were recorded using the method of instanta-
neous scan sampling (Altmann 1974) at 15-min intervals 24 h
a day (Colman et al. 2003), in order to provide a systematic
recording of distances between groups of the two species. The
numbers of observation days were 30 and 31 for Oksfjord and
Setsdal, respectively. To record interference and the respective
groups’ behavioral reactions toward each other, ad libitum
registrations on a continuous basis were begun when groups of
two species were within 1 km of each other in Qksfjord and
200 m in Setesdal (Colman 2000; Coté 2000). Groups of animals
of the same species were considered as single observation units.

A “meeting” occurred when one species became alert to the
presence of another and could potentially interfere with each
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other, but had yet to exhibit any further behavioral reactions.
Behavioral reactions (alertness, standing, walking away,
grouping together, running away, and ignoring) were recorded
from the instant interference was observed between two groups
(Colman et al. 2009). The closest distance between the groups
was registered. The reaction of each species toward the
presence of the other was deemed neutral if no confrontation
occurred during a meeting. If a confrontation occurred, a
winner and loser species was assigned. The loser was defined as
the species that was displaced, while the winner was the group
that displaced the losing group. If both species were displaced,
we assigned both as losers.

Enclosure Experiment

The enclosure experiment was conducted in an open farm
landscape (Fig. 1). Based on recommendations from reindeer
herdsmen (Mathis A. Gaup, personal communication, May
1999) and sheep farmers (Ingebjorg and Asbjern Jensen,
personal communication, May 1999) and sizes of feeding
patches for free-ranging animals for both species (Colman et al.
2009), six 40 X 50 m enclosures were used. The fences between
the enclosures were cased with fabric to prevent visible contact
between the animals in different enclosures. All corners out to
3 m along the fence were covered with the same fabric to
provide animals with shelter and shade. To provide the animals
with drinking water, two buckets with running water were
placed opposite each other in the middle of the 50-m sides in
each enclosure. The animals foraged on natural vegetation.

The enclosures were allocated to three treatments: (1)
reindeer treatment group (RTG; enclosures 1 and 4); (2) sheep
treatment group (STG; enclosures 2 and 5); and (3) control
group (CG; enclosures 3 and 6). The experiment was divided
into three consecutive periods of 6 to 8 d each. At the beginning
of the first period (9-16 June 1999), three female reindeer
yearlings were released into each of the six enclosures. Reindeer
were chosen as the “‘resident” species because they are present
in the area before sheep are released in early summer. Females
were chosen because they make up over 90% of the adult
portion of semidomestic reindeer herds and are considered to
be more sensitive to disturbances than males. Females are also
smaller than males and thus rather similar in size to ewes
(Mysterud 2000). These 18 female reindeer were referred to as
the resident reindeer, i.e., the test animals that remained in the
enclosures throughout all periods. At the beginning of the
second period (17-22 June), three ewes were released into the
STG enclosures (2 and 5), and three new yearling female
reindeer were released into the RTG enclosures (1 and 4). These
six sheep and six new reindeer will be referred to as the visiting
animals. At the end of period 2, the visiting animals were
removed from the enclosures, and the resident reindeer
remained for period 3 (23-29 June). The resident reindeer in
the CG enclosures (3 and 6) served as controls throughout the
experiment; they were not visited by new animals.

Reindeer and sheep are both social, gregarious animals that
respond toward danger by uniting into a tight group with
individuals standing close (=1 m) to each other until the
stimulus is no longer perceived as an immediate danger. They
resume undisturbed behavior and move and graze farther away
from each other when not disturbed (Skogland 1989). To test
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the behavioral reaction of the resident reindeer to the
introduction of the visiting animals, we measured the distances
between individuals within and between the resident and
visiting groups. Similar to the free-ranging studies, we used
Altmann’s (1974) instantaneous scan sampling, but at 10-min
intervals, and ad libitum sampling of rare events on a
continuous basis for interferences. Scan observations 24 h a
day provided systematic registrations, and distances were
measured by using the length of the animals (approximately
1.5 m) and the fence poles surrounding each enclosure (poles
were placed at exactly 1-m intervals). Distances were first
estimated between individuals within the resident animals, as
well as between individuals within the visiting animals, and
then also between the closest resident reindeer to the closest
visiting animal. The ad libitum sampling focused on confron-
tations because of the forced proximity and recorded every
visible confrontation between individuals in each of the
enclosures. The individual that terminated the confrontation
by moving away from the other individual was deemed the
“loser,” and the animal remaining after the confrontation, the
“winner” (Fairbanks 1994). The animals wore collars marked
with large numbers. The collar number of the winner and loser
and type of behavior (i.e., displace, head threat, chase, kick or
push, and combinations thereof) were recorded (Thompson
1993). Additional details about the study area, experimental
setup, animal activity data recorded, and other general methods
are given in Colman et al. (2004).

Statistical Analyses

To analyze data from the summer field studies, we used a
generalized linear model (GLM) that tested the behavioral
interference of species when reindeer and sheep were within
1000 m of each other in Qksfjord and Setesdal. Interferences
(confrontation vs. neutral) were analyzed using a generalized
linear model with binomial error (link = logit), whereas the
outcome of confrontation were analyzed using GLM with
Poisson error (link =log). As confrontation only occurred at
distances less than 30 m and 200 m in Gksfjord and Setesdal,
respectively, the remaining distances were excluded from the
analysis to strengthen statistical independence. For Setesdal,
data for two summers (1997 and 1998) were analyzed together.
We also compared the Oksfjord and Setesdal sites to test
whether free-ranging wild and semidomesticated reindeer
differed in their behavioral reaction when interacting with
sheep. The response variables were interferences (confrontation
vs. neutral) and who won the confrontation, with distance and
species as explanatory variables. Site was used as explanatory
variable when confrontation was compared between the two
study areas.

For the enclosure experiment, we used a generalized linear
mixed effect model (GLMM) to analyze interference between
the resident reindeer and visiting animals with reactions as (1)
confrontation or no confrontation and (2) winning or losing a
confrontation using binomial errors (Crawley 2007). Treat-
ment groups (CG, RTG, and STG) and periods (9-16 June: pre-
treatment; 17-22 June as a continuous variable: treatment; and
23-29 June: post-treatment) were explanatory variables. We
did separate analyses for interference in period 2 and tested for
time while together from 17 to 22 June to investigate possible
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cohabituation from “first encounter” and until the last day in
period 2. To avoid pseudo-replication, “enclosure” (i.e., group)
was included as a random factor (Pinheiro and Bates 2000) in
the analysis using the “nlme” package in R. We also compared
distances (response variable) among individuals of the same
species for RTG and STG treatments, and between the two
species in STG treatment in relation to time (days: explanatory
variable) in period 2 to further investigate cohabituation using
the GLMM. Enclosure was used as a random factor to avoid
pseudo-replication. All analyses were performed in R version
2.12.0 (R Development Core Team 2010).

RESULTS

Interference Between Free-Ranging Reindeer and Sheep on
Summer Ranges

When sheep were released into outlying pasture during summer
in both free-ranging study areas, confrontations between the
two species increased as distance decreased within 1000 m of
each other (Table 1). The percent meetings out of the total
recorded scans first increased until 200 m and then decreased
with increasing distance in Setesdal, and varied among distance
intervals in Oksfjord (Table 1). Meetings between the two
species within 30 m were higher (16%) in @ksfjord compared
to 3% in Setesdal (Table 1). The average distance between
reindeer and sheep groups for the entire period was
94.3+ 5.7 m (mean *=SD) and 281.3*+12.8 m in Oksfjord
and Setesdal, respectively. The minimum recorded distance
between the reindeer and sheep groups was 0.5 m and 5 m in
Oksfjord and Setesdal, respectively.

The percent confrontations out of the total amount of
meetings within 1000 m for both study areas, increased as the
two species came closer (Table 1). However, confrontations
between reindeer and sheep were observed only when the
species were within 30 m and 200 m of each other in Gksfjord
and Setesdal, respectively. Confrontations decrease with
increasing distance between groups, and most meetings in both
the study areas resulted in neutral behavioral reactions
(Table 1). In Gksfjord, 81% (54 out of 67) of meetings within
30 m resulted in neutral behavior reactions. Similarly in
Setesdal, 87% (201 out of 231) meetings within 200 m resulted
in neutral behavioral interactions (Table 1). There was no
significant difference between which species won or lost a
confrontation, although reindeer won slightly more confronta-
tions compared to sheep when confrontation occurred within
0-30 m in Oksfjord and 0-200 m in Setesdal (Table 2).
Overall, a significantly higher level of confrontations was
recorded in Setesdal compared to Oksfjord (Table 2;
P =10.002).

Confrontations Between Reindeer and Sheep in Enclosure

Total number of confrontations were higher for RTG (n =187,
resident vs. visiting reindeer) than STG (n =144, resident
reindeer vs. visiting sheep) in period 2 (Table 3). There were
no significant differences in amount of confrontations for the
CG (resident vs. resident reindeer) between the pre-treatment
(5.83 = 5.06, Mean = SD) and treatment (5.00 * 4.00) periods
(Fig. 2; Table 4). However, the post-treatment period had
significantly lower confrontation (2.41 % 2.43) compared to
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Table 1. Number and percent of meetings leading to interference and/or confrontation at distance intervals within 1000 m between free-ranging
sheep and semidomestic reindeer during summer 2006 in @ksfjord and wild reindeer during the summers of 1997 and 1998 in Setesdal, Norway.

@ksfjord Setesdal
Distance No. of
interval (m) No. of meetings % Meetings' % Neutral® % Confrontation®  meetings % Meetings' % Neutral® % Confrontation®
0-30 67 16.22 80.60 19.40 13 3.20 23.08 76.92
30-50 52 12.59 100 0 27 6.65 70.37 29.63
50-100 49 11.86 100 0 95 23.40 90.53 9.47
100-200 25 6.05 100 0 96 23.65 96.88 3.12
200-500 64 15.50 100 0 78 19.21 100 0
500-1 000 26 6.30 100 0 32 7.88 100 0
Total scans 413 406

9% Meetings = (number meetings/total scans) x 100.

2% Neutral = (number of neutral interferences/number of meetings) X 100 for each distance category.
3% Confrontation = (number of confrontations/number of meetings) x 100 for each distance category.

pre- and treatment periods for the CG (Fig. 2; Table 4). A
significantly higher number of confrontations were recorded in
the RTG (25.17 = 9.94) and STG (16.75 = 9.26) for period 2
(i.e., when visiting sheep and reindeer were introduced in the
treatment enclosures) compared to period 1 (RTG: 6.91 * 6.64;
STG: 2.75*3.08) and period 3 (RTG: 1.91*2.68; STG:
0.25 * 0.62) (Fig. 2; Table 4).

Considering only period 2, number of confrontations was
significantly higher in RTG (P =0.02; resident vs. visiting
reindeer) and STG (P = 0.04; resident reindeer vs. visiting
sheep) treatments compared to the CG (among resident
reindeer) (Fig. 2; Table 4). When displacement occurred,
resident reindeer lost (92%) significantly more often than

sheep (8%) in period 2 (Table 4; P =0.001). Out of the 187

confrontations in the RTG in period 2 (Table 3), there was
no significant difference in winning confrontations between
resident (48%) and visiting reindeer (52%) (Table 4; P = 0.15).

The average distance between individuals of the same species
differed significantly between resident reindeer (5.11 = 3.36 m)
and visiting sheep (2.39 +1.91 m) for STG in period 2
(Fig. 3A; Table 5). However, it did not differ for resident
(3.51 £ 2.26 m) and visiting reindeer (3.50 =2.27 m) in RTG
in period 2 (Fig. 3B; Table 5). Average distance between
individuals of the same species increased significantly (Figs. 3A
and 3B; Table 5) (indicating a more relaxed behavior and less
need for “security in numbers” among individuals of the same
species), while distance among individuals between resident
reindeer and visiting sheep decreased significantly with time

Table 2. The proportion of confrontation and number of times confrontations were won within 0-30 m and 0-200 m for reindeer and sheep in
@ksfjord (summer 2006) and Setesdal (summer 1997-1998), Norway. Interferences (1a, 2a, and 3) were analyzed using generalized linear model
with binomial error (link = logit), whereas the outcome of confrontation (1b and 2b) were analyzed using generalized linear model with Poisson error
(link = log). Separate analysis was done for each subdivided headings. Neutral behavior, reindeer, and @ksfjord were used as reference levels for

interference, species, and site categorical variables, respectively.

Effect df Estimate SE z value P value
1. @ksfjord peninsula (0-30 m)
a. Confrontation
Intercept -0.25 0.55 -0.44 0.66
Distance (m) 1 —0.08 0.04 —2.16 0.03
b. Outcome of confrontation between species
Intercept —0.61 0.41 -1.49 0.14
Sheep 1 —-0.09 0.61 —-0.14 0.89
2. Setesdal (0-200 m)
a. Confrontation
Intercept 0.20 0.42 0.49 0.62
Distance (m) 1 —-0.03 0.01 —4.78 < 0.0001
b. Outcome of confrontation between species
Intercept 0.05 0.23 0.24 0.81
Sheep 1 —0.55 0.38 —-1.44 0.15
3. Comparison of confrontation between Setesdal and @ksfjord
Intercept -0.18 0.50 —-0.36 0.72
Setsdal 1 1.96 0.64 3.07 0.002
Distance (m) 1 —-0.09 0.03 -2.72 0.01
65(3) May 2012 303



Table 3. Sum of confrontations recorded per treatment group in the three periods, and who won a confrontation when confrontations occurred in
period 2. The sums are the number of confrontations observed (1) among resident, (2) among visiting, and (3) between resident and visiting animals
for all days in each period of the two replications (i.e., enclosures) for each treatment group. CG, RTG, and STG refer to control (only resident
reindeer), reindeer (resident and visiting reindeer), and reindeer-sheep (resident reindeer and visiting sheep) treatment groups, respectively.

Confrontation (sum) Won (sum)
Resident reindeer vs. Visiting animals Resident reindeer Resident Visiting
Period Treatment Total resident reindeer vS. visiting animals vS. visiting animals reindeer animals
1 (9-16 June 1999) CG 70 70
RTG 83 83
STG 33 33
2 (17-22 June 1999) CG 60 60
RTG 302 78 37 187 89 98
STG 201 18 39 144 11 133
3 (23-29 June 1999) CG 29 29
RTG 23 23
STG 3 3

after “first encounter” (Fig. 3C; Table 5); i.e., the resident
reindeer and visiting sheep cohabituated and became one
integrated group dispersed evenly within the enclosure. How-
ever, the average distance was shorter between individuals of
the same species/group (Figs. 3A and 3B) and longer between
confronting species (Fig. 3C) during the first 2 d in period 2
(i.e., during higher number of confrontations upon “first
encounter”). We observed that individuals of both resident
and visiting animals huddled together separately into two
separate groups on separate sides of the enclosures during ““first
encounter’ in period 2.

Over the course of period 2, the individuals of the same
group/species spread out again, indicating a return to relaxed
behavior and cohabituation toward each other. For the STG
treatment (Figs. 3A and 3C), the two species began period 2
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Figure 2. Number of confrontations (mean + SE) between resident
reindeer in period 1 (916 June 1999) and 3 (22-29 June 1999), and
resident reindeer vs. visiting animals in period 2 (17-22 June 1999). CG,
RTG, and STG refer to control (only resident reindeer), reindeer (resident
and visiting reindeer), and sheep-reindeer (resident reindeer and visiting
sheep) treatment groups, respectively.
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relatively far apart from each other and in two separate groups
(Fig. 3C), but then increased their distance between individuals
of the same species (Fig. 3A) and decreased their distance
amongst each other significantly (Fig. 3C). However, a slight
increase in distance between resident reindeer and visiting
sheep at the last day of period 2 was likely due to disturbances
by human activities (farming) near the enclosures. Period 3
(days 23-29) showed all individuals resuming relaxed behavior
in both treatment groups.

DISCUSSION

Reindeer and sheep are both ruminants and show an overlap in
resource use (Colman 2000; Mysterud 2000) that may result in
the displacement of one species by the other. Our findings from
both the experimental and field studies, however, show that
confrontations and displacement between the two species are
rare. The two species shared the available resources with little
or no aggression, both in the enclosures and for most of the
grazing season on open ranges. This implies limited interference
between the two species while sharing summer pastures in
Norway. Our results from the field studies support previous
observations of no interspecific exclusion in ruminants through
aggressive behavior (Bartos et al. 2002; Prins et al. 2006).

The proportion of winning a confrontation was similar for
reindeer and sheep in the field study, indicating that neither was
consistently dominant over the other. This could be expected,
because intraspecific aggressiveness in ewes (Lynch et al. 1992)
and in reindeer females in fostering herds (Skogland 1984) is
relatively rare. This may also be due to the fact that aggression
is often linked to the availability of essential but scarce
resources (Eckardt and Zuberbuhler 2004; Sushma and Singh
2006). The probability of displacement events between free-
ranging reindeer and sheep did not vary between wild and
semidomesticated reindeer areas, as the majority of meetings
between the two species result in neutral interactions.

The results of the current study revealed that reindeer and
sheep should be within relatively proximity of one another
before confrontations occurred (30 m for semidomestic and
200 m for wild reindeer). These distances may be established as
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Table 4. Behavioral reactions during confrontations between resident reindeer and visiting animals (new reindeer and sheep) under enclosure
experiment in Bognelvdalen, northern Norway, analyzed using generalized linear mixed effect model. Enclosure was used as a random factor.
Separate analysis was done for each numbered headings. Period 1, CG, and resident reindeer were used as reference levels for period, treatment, and
species categorical variables, respectively. CG, RTG, and STG refer to control (only resident reindeer), reindeer (resident and visiting reindeer), and
reindeer-sheep (resident reindeer and visiting sheep) treatment groups, respectively.

Effect df Estimate SE t value P value
1. Confrontations in different periods
Intercept 1.59 0.33 4.80 < 0.0001
RTG 1 0.05 0.47 0.10 0.93
STG 1 —0.54 0.47 -1.16 0.33
Period 2 1 —-0.02 0.30 —0.06 0.95
Period 3 1 —0.66 0.29 —2.22 0.03
RTG X period 2 1 1.58 0.42 3.78 0.0003
RTG X period 3 1 1.67 0.42 4.00 0.0001
STG X period 2 1 -0.23 0.42 —0.55 0.58
STG X period 3 1 —0.24 0.42 —0.57 0.57
2. Confrontations in period 2
Intercept 3.97 1.07 3.70 0.001
RTG 1 1.63 0.32 5.04 0.02
STG 1 1.13 0.32 3.51 0.04
Days 1 -0.12 0.05 —2.29 0.03
3. Winning confrontations in period 2
Intercept 0.50 1.70 0.30 0.77
Visiting reindeer 1 0.58 0.39 1.47 0.15
Visiting sheep 1 1.37 0.39 3.51 0.001
Days 1 0.03 0.09 0.30 0.76

“minimum” distances where displacement of one by the other
is an issue being considered in management of their common
range. This could be important when the two species encounter
each other at feeding patches. If resources are limited due to
increasing densities of one or both species, or as a result of
other land use changes in wild or semidomestic reindeer areas
limiting patch sizes of preferred pasture (Colman et al. 2009),
such minimum distances will be important for management
considerations. Interestingly, the minimum distance for and
frequency of confrontations was considerably less in Dksfjord
compared to Setesdal. However, because of too many con-
founding variables, it is difficult to find a clear explanation for
these differences.

For the enclosure experiment, large differences in confron-
tations were recorded between treatment groups, both within
and between periods. Although not significant, variations
between the treatment groups in period 1 (pre-treatment) were
most likely caused by individual differences and intraspecies
dominance interactions within each group of reindeer. Dom-
inance interactions among reindeer typically occur during
the rut or when pasture is limited (Skogland 1989). A large
decrease in confrontations in all treatment groups during
period 2, especially after the initial increase in confrontations in
the treatment groups, indicates a cohabituation effect between
the resident and visiting animals. The animals likely established
an “‘accepted” hierarchy within the groups. Importantly, the
resident and visiting reindeer (RTG) exhibited more aggression
than the resident reindeer and visiting sheep (STG) in period 2.
This could imply that the two reindeer groups overlap more in
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their resource use than reindeer and sheep or they have to
reestablish a hierarchy within the new and larger group.
Interference effects are commonly expected to be greater in
more related species (Ferretti et al. 2011) and strongest within
the same species, but this has been difficult to document. While
there were more confrontations between the resident and
visiting reindeer, both groups avoided confrontations resulting
in the displacement of one another. Aggression (kicking, head-
butting, chasing) between resident reindeer and visiting sheep
was recorded only during the first 2 d in period 2, showing that
the two species cohabituated toward each other within the
relatively short time period of 2 d. This again suggests that, in
situations where resources are not a constraint, proportions of
winning confrontations between resident reindeer and visiting
sheep would become more similar if the two species had
remained together for a longer period, similar to the two
groups of reindeer in Hirotani’s (1990) study.

Wild reindeer won slightly more confrontations than sheep
and were slightly more dominant toward sheep than semido-
mestic reindeer. Evidently due to their larger body size, cattle
were dominant over red deer (Cervus elaphus) when grazing
together in alpine summer ranges in the Italian Alps (Mattiello
et al. 1997). Individual body size between the two species is not
an important factor in the present study, as the female reindeer
and ewes in our study areas were fairly similar in size.

The large majority of encounters resulting in neutral
interactions may indicate a habituation effect, and confronta-
tions likely decrease with time. It is uncertain whether the large
number of neutral interactions represented a tolerance of the
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Figure 3. Average distances (A, B) between individuals of same group/
species in RTG and STG treatments, during all three periods (9-29 June
1999) for resident reindeer and from 17-22 June 1999 (period 2) for
visiting animals; and (C) between resident reindeer and visiting sheep in
the STG treatment in period 2 (17-22 June 1999).

two species toward each other or an absence of intrusion; i.e.,
the species somehow remained at distances apart from each
other that facilitated coexistence, as Grubb and Jewell (1974)
described for interactions between unfamiliar sheep within
another sheep’s home range. Increased confrontations, as
distance decreased between the two species, is not likely due
to interspecific dominance, as many of the outcomes of such
confrontations were similar for both species. These confronta-
tions may also be reactions to getting too close and affecting an
individual’s own space. The individual space (i.e., the distance

306

at which individuals will tolerate each other) is believed to be
2-3 body lengths in ungulates (Arnold and Dudzinski 1979).
This would equal an approximate distance of 3-5 m for
reindeer and sheep (Colman 2000), similar to what we
registered in Setesdal (5 m). Together with the overall low
amounts of confrontations, the proximity of individual reindeer
and sheep in all our study areas indicates a relatively high
degree of interspecific tolerance, especially for the free-ranging
semidomestic reindeer (individual reindeer and sheep feeding
0.5 m apart from each other). Importantly, while interference
competition is unlikely to evolve unless there is exploitation
competition (Case and Gilpin 1974), even if resources were
limited, individuals might have been better off with tolerance
toward one another; i.e., costs of aggression could be higher
than the benefits (Drickamer et al. 2002). With exploitation
competition, food depletion takes place by the first individual,
irrespective of species identity, that encounters a resource item
(de Boer and Prins 1990). Studies have shown that sympatric
grazing results in an increase in intensity of feeding (Arnold and
Dudzinski 1979), indicating that each individual/species tries to
get its share.

MANAGEMENT IMPLICATIONS

Our findings revealed a high degree of tolerance between
reindeer and sheep, and the two species were able to graze
together without much interference ending in confrontation.
Confrontations were observed only when the species were
closer than 30 m and 200 m in Oksfjord and Setesdal,
respectively. The number of confrontations increased as the
species drew together; supporting our prediction that inter-
ferences with confrontation would increase with decreasing
distance between the species on shared summer pasture.
However, with a relatively high degree of tolerance, an increase
in number of neutral meetings will most likely induce a
cohabituation effect even at relatively high densities and until
perhaps preferred pasture becomes limited.

With a considerable spatial niche overlap in shared food
resources between reindeer and sheep, and no interspecific
exclusion through interference, one can expect exploitation
competition when food resources are limited. The results of the
free-ranging studies and the experiment indicate that both
species may have the ability to displace each other and thus are
able to oust each other from preferred feeding patches if
resources are limited. Nevertheless, and despite relatively high
densities in Setesdal and the enclosure experiment, a sympatric
use of common pastures was not visibly disruptive for either
species. Thus, the combined reindeer and sheep density in
unison relative to available pasture is important for manage-
ment decisions.
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