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Abstract
The Eurasian lynx is an efficient stalking predator mainly selecting small-sized
ungulates. In northern Scandinavia, semi-domestic reindeer are the only ungulate
species available for Eurasian lynx year round and consequently constitute their
main prey. Selective predation patterns by a predator on a domestic prey are likely
to be influenced by husbandry practices and may have consequences for harvest
strategies. We used data on 795 lynx-killed reindeer from northern Scandinavia
collected in 2008–2011 to determine whether male and female Eurasian lynx
preyed selectively on different age and sex classes of reindeer and how this was
influenced by human-controlled seasonal changes in the composition of the rein-
deer herds. Lynx of both sexes were selected for reindeer calves year round
although the proportions fluctuated seasonally, with peaks during summer and a
drop after harvest. Male lynx switched to kill more adult reindeer in winter. There
were no differences between the sexes of reindeer calves killed by lynx, but among
adult reindeer male lynx selected for bulls over cows. We suggest that human-
controlled seasonal variation in reindeer abundance is a main driver of prey
selection by Eurasian lynx on semi-domestic reindeer.

Introduction

Prey selection by predators is influenced by the absolute and
relative abundance of the prey species (Hebblewhite et al.,
2003; Cooley et al., 2008), physiological characteristics (e.g.
body size) of predators and prey (Sinclair, Mduma &
Brashares, 2003; Owen-Smith & Mills, 2008), prey behav-
iour, and a diversity of environmental factors that may
influence their accessibility (Gorini et al., 2012). Preference
for specific age classes of prey can strongly influence the
demographic impact a predator has on the prey population
(Sinclair et al., 2003; Wilmers, Post & Hastings, 2007;
Gervasi et al., 2012). Predators that remove a significant pro-
portion of adults, in particular prime age females, from a
prey population will have a stronger impact than predators
selecting mainly for juveniles and senescent individuals
(Gaillard et al., 2000; Wright et al., 2006; Gervasi et al.,
2012). Non-selective stalking predators can potentially exert
a stronger demographic effect than more selective coursing
predators (Sinclair et al., 2003), especially when they have a
body size similar to that of the prey, and can kill prey across
all age classes including prime age individuals. Most solitary
felids prefer prey with a body mass less than or equal to their
own weight (Jedrzejewski et al., 1993; Hayward et al., 2006;
Hayward, Jedrzejewski & Jedrzewska, 2012).

In ungulates, vulnerability to predation depends on physi-
cal condition, size and maturity (Gorini et al., 2012).
Juveniles, individuals of old age and in poor condition (e.g.
after or during reproductive investment or due to food limi-
tation), are generally more exposed to predation than prime
age individuals (Tveraa et al., 2003; Molinari-Jobin et al.,
2004; Pole et al., 2004; Knopff et al., 2010). Physical traits in
prey individuals, such as antlers, may be associated with
increased risk for the predator when present and increased
vulnerability for the prey during periods of absence
(Clutton-Brock, 1982).

The effects of prey selection patterns in a predator–prey
system involving wild prey may diverge from one with only
livestock. Age and sex distribution in livestock herds are
strongly regulated by human influence and are expected to
display, due to slaughtering and breeding preferences, a higher
seasonal variation in abundance of different age and sex
classes during the year, with punctuated changes. Often when
predators prey on livestock, they only constitute a part of their
diet and general prey use depends on the abundance of the
different wild and domestic prey species available (Meriggi &
Lovari, 1996; Odden et al., 2008; Mattioli et al., 2011;
Kamler, Klare & Macdonald, 2012; Vijayan, Morris &
McLaren, 2012). Northern Scandinavia represents a system
where semi-domestic reindeer are the only medium-sized
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ungulate species occurring year round in significant numbers
(Mattisson et al., 2011b). Consequently, reindeer is the main
prey in the diet of most carnivores in the region (Swenson &
Andrén, 2005). The reindeer husbandry area covers about 40
and 50% of Sweden and Norway, respectively, where about
250 000 and 230 000 semi-domestic reindeer graze freely
(largely unattended). The demographic structure in semi-
domestic reindeer herds is highly skewed towards adult cows
to permit maximum harvest yields, and a large proportion of
the herds are harvested yearly (20–30%), with the offtake con-
sisting mainly of calves [Reindeer Husbandry Administration
(Norway); Sámi Parliament (Sweden)]. The Eurasian lynx
Lynx lynx is widespread in the reindeer husbandry area and
the inclusion of reindeer in lynx diet is substantial (70% in
Mattisson et al., 2011b; see also Haglund, 1966; Pedersen
et al., 1999). Lynx predation may have a large impact on
reindeer husbandry with up to 15% estimated annual losses
(Swenson & Andrén, 2005; Hobbs et al., 2012). There is a legal
requirement in Scandinavia that depredation should be fully
compensated (Zabel & Holm-Müller, 2008; Mattisson et al.,
2011b); however, because of an extensive herding practices
only a small proportion of the animals lost are actually veri-
fied as being killed by predators. Therefore, compensation
payments are largely based on an estimation of the extent of
predation. Increased knowledge on selection of killed reindeer
is important to enable a compensation system that more accu-
rately determines which losses are likely to be due to preda-
tion, and where possible compensate for actual impact on
production rather than simple per capita losses. The age and
sex selection of reindeer by lynx may also create consequences
for the breeding strategies of the herders.

Here we study if lynx select certain age and sex classes of
reindeer based on data from 795 kills made by 32 Global
Positioning System (GPS)-marked lynx in northern Scandina-
via. From the low body size ratio between lynx (F:17 kg,
M:22 kg) and semi-domestic reindeer (F:65 kg, M:90 kg), we
predicted a high proportion of calves in lynx diet, especially
during summer when their abundance is high (before harvest),
and that lynx preying on adult reindeer will select the smaller
female reindeer (cows) over the larger males (bulls).

Materials and methods

Study areas

The study was conducted in Troms and Finnmark counties
(69°00’–70°10’N, 19°90’–25°00’E) in Norway and in the
Laponia ecosystem centred on Sarek National Park (67°00’N,
17°40’E) in Sweden (Fig. 1). Northern Norway is character-
ized by a coastal alpine climate. Alpine tundra dominates the
area followed by mountain birch forest Betula pubescens and
small patches of pine forest Pinus sylvestris along the coast
and in some of the valleys. Sarek is characterized by a conti-
nental climate and the main vegetation is alpine tundra at
higher elevations, sparse mountain birch forest in valleys and
hillsides, and mixed conifer forest Pin. sylvestris, Pic. abies at
lower elevations. All areas are usually snow covered from
November to May.

Semi-domestic reindeer are managed exclusively and exten-
sively by the indigenous Sámi people in the study area, and the
ungulate community is dominated by semi-domestic reindeer
across the study areas. The reindeer are moved seasonally
between winter and summer ranges. Migration is a combina-
tion of natural seasonal movements and active herding-
induced movements. Densities are generally high but with
large spatial and temporal variation (Ims et al., 2007; Tveraa
et al., 2007). Average regional densities in our study areas are
1–16 reindeers/km2 (Mattisson et al., 2011b). Free-ranging
sheep are present during summer in the Norwegian part of the
study area but only contribute to 7% of lynx diet (Mattisson
et al., 2011b). Moose Alces alces are the only wild ungulates
occurring in significant numbers, but are not considered a prey
for lynx because of its large size. Roe deer, the main prey of
lynx in southern Scandinavia (Odden, Linnell & Andersen,
2006), are only found at extremely low densities in some few

Figure 1 Map of Scandinavia (Sweden and Norway) showing the areas
of data collection on reindeer killed by Eurasian lynx Lynx lynx in
2008–2011. The dotted line indicates the approximate southern border
of the reindeer husbandry area in Norway and Sweden.
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low-lying coastal areas and can therefore be regarded as func-
tionally absent. Mountain hare Lepus timidus; tetraonids
Lagopus spp., Tetrao spp.; red fox Vulpes vulpes; and small
rodents Clethrionomys spp., Microtus spp. and Lemmus
lemmus are alternative prey species for lynx (Mattisson et al.,
2011b).

Animal capture

Lynx were equipped with GPS collars after being darted from
a helicopter and immobilized with medetomidine-ketamine,
following pre-established protocols (Arnemo, Evans &
Fahlman, 2011). We used GPS collars that either transferred
data via the GSM network or with VHF/UHF data download
in the field (GPS plus mini, Vectronic Aerospace GmbH,
Berlin, Germany). The handling protocols were approved by
the respective national ethics committees and wildlife manage-
ment authorities.

Lynx-killed reindeer

Lynx-killed reindeer (Table 1, n = 795) were found during
predation studies on 32 different lynx (18 adult females, 13
adult males and one 1-year-old male) in 2008–2011 by con-
ducting field visits to clusters of GPS locations (see Mattisson
et al., 2011b for details). The age and sex of the reindeer were
determined in the field whenever possible based on morpho-
logical criteria (body size, fur length and coloration, external
genitals, antler size and shape). Scavenging is intense in parts
of the area (Mattisson et al., 2011a) occasionally resulting in
few prey remains at the time of detection, such that age and
sex were difficult to determine. We classified the reindeer as
either calves (0–1 year), adults (>1 year) or of unknown age.
The year was divided into summer (1 May to 31 October) and
winter (1 November to 30 April). The summer period was
chosen to completely include the pulse of availability of neo-
natal reindeer. A reindeer calf during summer was easy to
separate from reindeer >1 year even when only part of the skin
or hair was found because the colour and texture of the pelt
are very different from adult reindeer. As a result, we did not
have any reindeer of unknown age in summer. For winter, we
excluded killed reindeer with unknown age from the analyses

(n = 112). Small-sized summer calves may have been unde-
tected during field visits because of few remains and total
removal by scavengers, which may result in an underestima-
tion of calves among lynx-killed reindeer. However, more than
a fourth of the lynx kills found in summer were prey smaller
than a reindeer calf (e.g. hare, ptarmigan; Mattisson et al.,
2011b), and the relatively long handling times even for calves
(1.6 days in summer when calves are small compared with 2.6
days for adult reindeer; Odden et al., 2010) suggest that the
potential bias towards adult reindeer is rather low.

It was more difficult to determine sex than age of the rein-
deer, so sex was only known for 185 of the remaining 683
reindeer. We did not expect the likelihood of finding a killed
reindeer with known sex to be skewed towards either sex (both
sexes have antlers) or differentially effected by scavengers, and
we concluded that analyses could still be performed even
though a majority of kills were of unknown sex.

Reindeer population

The composition of winter herds after harvest (calves, adult
bulls and cows) is reported annually on 31 March for each
reindeer district, together with registered harvest data, to the
responsible administration units for reindeer management
(Reindeer Husbandry Administration: http://www.reindrift
.no/?id=948&subid=0, 2007–2010; Sámi Parliament: http://
www.sametinget.se/7284, 2007–2009). Each year between
October and December, an average of 20–30% of the herd is
harvested with the majority of the harvested reindeer being
calves (∼70%). Based on the reindeer districts in which the
lynx-killed reindeer were found (n = 19), the reported propor-
tions of calves were 9–33% after harvest. Among reindeer >1
year, the proportion of cows were 77–96% and bulls 4–23%.
However, the accuracy of these numbers varies among dis-
tricts and years (Fauchald et al., 2004; Herfindal et al., 2011).
Summer distributions were not available, but even though the
proportion of cows having calves vary among years and dis-
tricts and depend on the age structure among females (Helle &
Kojola, 1993; Tveraa et al., 2003, 2007), the proportion of
calves in summer can never exceed 49% (96% cows in winter
herd, each getting one calf gives a theoretical maximum of
49% calves in summer herd). A 1:1 sex ratio in newborn calves
is expected (Kojola & Eloranta, 1989), but this ratio will be
skewed towards females after harvest because slaughter is
strongly biased towards male calves.

Statistical analysis

We used chi-square tests to analyse differences in the distri-
bution of age (calf, adult) or sex of reindeer (F, M) between
seasons (summer, winter) and sex of lynx (F, M).

To reduce possible bias (due to low accuracy in the data)
when analysing selection of reindeer killed by lynx, we avoided
directly using the reported composition in the comparisons.
Instead, we compared the 95% confidence intervals (CIs) for
the proportions among the kills with the range of reported
age and sex distributions of the semi-domestic reindeer
populations in winter. If there is an overlap between the 95%

Table 1 Reindeer killed by lynx Lynx lynx (N = 795) in northern
Scandinavia between 2008 and 2010 separated by lynx sex and season

Reindeer category

Female lynx Male lynx

TotalSummera Winterb Summer Winter

Calves (females) 2 9 5 9 25
Calves (males) 6 3 8 9 26
Calves (unknown sex) 144 44 148 19 355
Adult (cows) 13 16 16 27 72
Adult (bulls) 1 2 13 18 34
Adult (unknown sex) 85 18 57 11 171
Unknown age and sex 75 37 112

a1 May to 31 October.
b1 November to 30 April.
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CI and the reported or estimated proportion, then there is
neither selection nor avoidance.

Results
Calves composed a higher proportion of all lynx-killed rein-
deer in summer (62%; see Table 1 for all sample sizes) com-
pared with winter (50%, χ2 = 8.3, d.f. = 1, P = 0.004) with a
peak in July–September (Fig. 2). Overall, the proportion of
calves among killed reindeer did not differ between female and
male lynx (χ2 = 0.3, d.f. = 1, P = 0.57). However, when ana-
lysing the summer and winter seasons separately, male lynx
killed a lower proportion of calves (40%) than female lynx
(60%) in winter (Fig. 3; χ2 = 7.4, d.f. = 1, P = 0.007), while there
was no difference between the sexes in summer (Fig. 3; χ2 =
0.95, d.f. = 1, P = 0.33). The lower limit of the 95% CI for the
proportion of calves among lynx-killed reindeer in summer
was higher than the theoretical maximum proportion of calves
in the population (49%) for both female and male lynx
(Fig. 3). In winter, the 95% CI for female lynx was well above
the highest proportion of calves reported from all reindeer
districts in the study area (33%), while the lower CI for male
lynx slightly overlapped with the upper range (Fig. 3). This
suggests that lynx in our study area actively selected reindeer
calves in both seasons in most areas.

Considering only adult reindeer (≥1 year), female lynx
killed a much lower proportion of bulls (9%) than male lynx
did (42%; Fig. 4, χ2 = 9.4, d.f. = 1, P = 0.002). The lower 95%
CI for bulls killed by male lynx was above the range of
reported proportions of bulls (4–23%) in the standing popu-

lations, while the 95% CI of bulls killed by female lynx over-
lapped the reported range (Fig. 4). This suggests that male
lynx selected for bulls, whereas female lynx did not select for
any sex. The sex ratio of killed calves did not differ between
male and female lynx (Fig. 4; χ2 = 1.6, d.f. = 1, P = 0.69), and
after pooling male and female lynx the sex ratio of reindeer
calves killed by lynx did not differ from the expected 1:1 sex
ratio (χ2 = 0.02, d.f. = 1, P = 0.89).

Discussion
Lynx predation patterns on semi-domestic reindeer differed
seasonally and with respect to sex and age of both predator
and prey, further influenced by seasonal human-controlled
variation in reindeer herd composition, especially in the avail-
ability of calves. While a selection for calves was detected, lynx
still killed a large proportion of adults more than twice their
own size. The magnitude of the actual losses of reindeer to
predators as well as the design of the compensation system
(Zabel & Holm-Müller, 2008; Næss et al., 2011) is hotly
debated in Scandinavia. Knowledge of selection for sex and
age is a prerequisite to address the demographic effect of lynx
on semi-domesticated reindeer, with consequences for both
harvest strategies and the compensation system.

Felids generally attempt to minimize risks associated with
predation by targeting easier prey (Owen-Smith & Mills, 2008;
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Knopff et al., 2010). Each prey category requires not only a
different effort to kill, but also represents a different gain in
terms of food biomass. A predator is expected to select for the
most profitable prey considering encounter rate, hunting
success and risk of injuries (Mattioli et al., 2011). Eurasian
lynx are distributed across large parts of Scandinavia, and
outside the reindeer husbandry area they mainly prey on roe
deer (Odden et al., 2006). The body size of adult roe deer
(20–25 kg) and lynx is rather similar, and lynx do not select for
roe deer calves (Okarma et al., 1997; Molinari-Jobin et al.,
2002; Mejlgaard et al., 2013). In contrast, we demonstrate that
lynx preying on the much larger reindeer did select for calves
year round, a pattern previously observed also for the larger
red deer Cervus elaphus (Okarma et al., 1997). Still, almost
half of the killed reindeer were older than 1 year, suggesting
that the risk involved in preying on adults may be lower than
expected based on the body size of reindeer, possibly an effect
of the semi-domestic nature of the reindeer. This is further
supported by the short time lynx spend on each reindeer kill
site (∼2 days; Odden et al., 2010) relative to the size of the
prey, and leads us to reject the presumption that lynx would
kill larger animals to gain more biomass per unit of hunting
effort (cf. Mattson, 2007). Considering a daily food require-
ment of ∼1.7 kg for lynx (Andrén et al., 2011), even a winter
calf (∼40 kg) should be sufficient for several days of feeding.

Calf predation peaked in July and August when calves are
still small and highly vulnerable. The sudden drop in propor-
tion of calves killed in October coincides with the start of the
annual harvest of reindeer (October–January). The propor-
tion of calves harvested are very high (∼70%), likely decreasing
the relative availability of calves for the lynx.

The proportion of bulls among adult reindeer in the male
lynx diet were higher than expected from availability, suggest-
ing selection for reindeer bulls even though bulls are four times
the size of a male lynx. If caused by exhaustion from rutting
activities, bulls should be preferred from the end of the rutting
season in October/November until the onset of new plant
growth next spring (cf. Pole et al., 2004; Knopff et al., 2010).
However, no bulls were found killed by lynx after or during
the rutting season (all were killed between January and July;
Supporting Information Table S1), suggesting other causes
for the selection (Molinari-Jobin et al., 2004). Reindeer bulls
lose their antlers in November–December while cows retain
theirs until early summer after the calves are born. It could be
speculated that lynx avoid attacking prey with protective
antlers due to the risk of injures as the absence of confirmed
lynx-killed bulls coincided with the time when bulls have shed
the velvet from their antlers and have the most efficient wea-
ponry. Cows were preyed upon more or less year round
regardless of where they were in their antler cycle, indicating
that the smaller female antlers may not be sufficient to deter
the lynx. An alternative explanation could be that the
observed selection for bulls by male lynx was not an active
choice but more a reflection of an increased encounter rate
with bulls at some spatio-temporal scales (Gorini et al., 2012).
During calving, cows are drawn to higher grounds (Mårell &
Edenius, 2006) mainly as an anti-predator strategy against
forest-dwelling predators, while bulls gather in small groups
below the treeline, selecting for the best forage. Lynx in moun-
tainous areas of northern Scandinavia select for the birch
forest band just below the treeline (Rauset et al., 2013), which
may increase the likelihood of encountering a bull over a cow
during parts of the year even though cows are generally more
abundant. However, as we have no data on habitat use or
sexual segregation in reindeer, this remains a speculation.

Consequences of intensive lynx predation in this predator-
livestock system (Mattisson et al., 2011b) may influence both
the harvest strategies of the reindeer herders and the demog-
raphy and dynamics of the prey population. High losses of
adult reindeer may impair the reindeer herders’ ability to
freely select for the best breeding individuals (simply by reduc-
ing the number they can select from), which can result in a
tendency to build larger herds to buffer against uncertainties
(Næss et al., 2011). On the other hand, high losses of calves
may reduce the annual offtake as the harvest target calves.
Although we observed a selection for reindeer calves by lynx,
the proportion of adults among the killed reindeer were still
substantial (even if considering a possible overestimation of
adults due to a higher probability of failing to find killed
calves), accentuating the potential ability of lynx to affect
reindeer population growth (Gervasi et al., 2012). However,
lynx predation on semi-domestic reindeer may be, at least
partly, compensatory to other sources of mortality. Large
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northern Scandinavia in 2008–2011 separated by male and female lynx
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herd sizes resulting in food limitation during harsh winters can
result in increased mortality in reindeer (Tveraa et al., 2007),
and poor condition in reindeer cows increases predation rates
on calves (Tveraa et al., 2003). A compensatory relationship
between mortality due to food limitation and predation can
thus reduce the impact of predation on reindeer demography
and population dynamics in areas with low productivity
(Tveraa et al., 2003, 2007) and in large herds with strong
intraspecific competition. Hobbs et al. (2012) demonstrated
that a combined effect of increased abundance of lynx, nega-
tive density dependence, latitude and unfavourable weather
conditions decreased reindeer harvest in Sweden by reducing
population growth. Thus, the impact of lynx predation on
reindeer demography is likely shaped by both intrinsic and
extrinsic factors which can be expected to vary between years,
regions and countries.

We conclude that age and sex category of both predator
and prey affected the selection patterns in our study. In addi-
tion, lynx selection for the different reindeer categories dif-
fered between seasons, probably determined by human
harvest strategies. The seasonal selection rates reported here
could be incorporated into compensation payment systems
(Zabel & Holm-Müller, 2008; Mattisson et al., 2011b; Næss
et al., 2011). A compensation system based on accurate pre-
dictions, reflecting the actual impact of predation, will hope-
fully lead to a reduction in conflict level and increase
acceptance for carnivores. Research that enhances the under-
standing of predator–livestock interactions is thus important
for the management of large carnivores especially in areas of
high conflict.

Acknowledgements
We thank P. & E. Segerström, T. Strømseth and J.M.
Arnemo for catching and collaring the lynx. We thank many
additional people that have contributed to data collection.
The study was conducted within the frames of the Scandi-
navian Lynx Project (http://scandlynx.nina.no/) and was sup-
ported by the Swedish Environmental Protection Agency,
the Norwegian Directorate for Nature Management, the
Research Council of Norway, the World Wide Fund
for Nature (Sweden), the Swedish Research Council for
Environment, Agricultural Sciences and Spatial Planning
(Formas), and the private foundations ‘Olle och Signhild
Engkvists Stiftelser’ and ‘Marie-Claire Cronstedts Stiftelse’.
The county administrations in Troms and Finnmark coun-
ties and the carnivore management board in Region 8 and
the Reindeer Development Fund in Norway provided con-
siderable financial assistance.

References

Andrén, H., Persson, J., Mattisson, J. & Danell, A.C. (2011).
Modelling the combined effect of an obligate predator and
a facultative predator on a common prey -lynx and
wolverine predation on reindeer. Wildl. Biol. 17,
33–43.

Arnemo, J.M., Evans, A. & Fahlman, Å. (2011). Biomedical
protocol for free-ranging brown bears, gray wolves, wolver-
ines and lynx. Hedmark University College, Evenstad,
Norway and Swedish University of Agricultural Sciences,
Umeå, Sweden.

Clutton-Brock, T. (1982). The functions of antlers. Behaviour
79, 108–125.

Cooley, H.S., Robinson, H.S., Wielgus, R.B. & Lambert, C.S.
(2008). Cougar prey selection in a white-tailed deer and
mule deer community. J. Wildl. Manage. 72, 99–106.

Fauchald, P., Tveraa, T., Yoccoz, N. & Ims, R.A. (2004). En
økologisk bærekraftig reindrift. Hva begrenser naturlig
produksjon og høsting? In NINA Fagrapport 76: 35 pp.

Gaillard, J.M., Festa-Bianchet, M., Yoccoz, N.G., Loison, A.
& Toigo, C. (2000). Temporal variation in fitness compo-
nents and population dynamics of large herbivores. Annu.
Rev. Ecol. Syst. 31, 367–393.

Gervasi, V., Nilsen, E.B., Sand, H., Panzacchi, M., Rauset,
G.R., Pedersen, H.C., Kindberg, J., Wabakken, P.,
Zimmermann, B., Odden, J., Liberg, O., Swenson, J.E. &
Linnell, J.D.C. (2012). Predicting the potential demo-
graphic impact of predators on their prey: a comparative
analysis of two carnivore-ungulate systems in Scandinavia.
J. Anim. Ecol. 81, 443–454.

Gorini, L., Linnell, J.D.C., May, R., Panzacchi, M., Boitani,
L., Odden, M. & Nilsen, E.B. (2012). Habitat heterogeneity
and mammalian predator-prey interactions. Mamm Rev.
42, 55–77.

Haglund, B. (1966). De stora rovdjurens vintervanor I.
(Winter habits of the lynx (Lynx lynx L.) and wolverine
(Gulo gulo L.) as revealed by tracking in the snow). Viltrevy
4, 81–310.

Hayward, M.W., Henschel, P., O’Brien, J., Hofmeyr, M.,
Balme, G. & Kerley, G.I.H. (2006). Prey preferences of the
leopard (Panthera pardus). J. Zool. 270, 298–313.

Hayward, M.W., Jedrzejewski, W. & Jedrzewska, B. (2012).
Prey preferences of the tiger Panthera tigris. J. Zool. 286,
221–231.

Hebblewhite, M., Paquet, P.C., Pletscher, D.H., Lessard,
R.B. & Callaghan, C.J. (2003). Development and applica-
tion of a ratio estimator to estimate wolf kill rates and
variance in a multiple-prey system. Wildl. Soc. Bull. 31,
933–946.

Helle, T. & Kojola, I. (1993). Reproduction and mortality of
Finnish semi-domesticated reindeer in relation to density
and management strategies. Arctic 46, 72–77.

Herfindal, I., Brøseth, H., Kjørstad, M., Linnell, J., Odden,
J., Persson, J., Stien, A. & Tveraa, T. (2011). Modellering
av risikobasert erstatning for tap av tamrein til rovvilt – en
vurdering av ulike datasetts egnethet, In NINA Minirapport
329: 24 pp., Norsk institutt for naturforskning, Trondheim.

Hobbs, N.T., Andrén, H., Persson, J., Aronsson, M. &
Chapron, G. (2012). Native predators reduce harvest of
reindeer by Sami pastoralists. Ecol. Appl. 22,
1640–1654.

J. Mattisson et al. Selective predation by lynx on reindeer

Journal of Zoology 292 (2014) 56–63 © 2013 The Zoological Society of London 61



Ims, R.A., Yoccoz, N.G., Brathen, K.A., Fauchald, P.,
Tveraa, T. & Hausner, V. (2007). Can reindeer overabun-
dance cause a trophic cascade? Ecosystems 10, 607–622.

Jedrzejewski, W., Schmidt, K., Milkowski, L., Jedrzejewska,
B. & Okarma, H. (1993). Foraging by lynx and its role in
ungulate mortality – the local (Bialowieza forest) and the
Palearctic viewpoints. Acta. Theriol. 38, 385–403.

Kamler, J.F., Klare, U. & Macdonald, D.W. (2012). Seasonal
diet and prey selection of black-backed jackals on a small-
livestock farm in South Africa. Afr. J. Ecol. 50, 299–307.

Knopff, K.H., Knopff, A.A., Kortello, A. & Boyce, M.S.
(2010). Cougar kill rate and prey composition in a
multiprey system. J. Wildl. Manage. 74, 1435–1447.

Kojola, I. & Eloranta, E. (1989). Influences of maternal body-
weight, age, and parity on sex-ratio in semidomesticated
reindeer (Rangifer tarandus tarandus). Evolution 43, 1331–
1336.

Mattioli, L., Capitani, C., Gazzola, A., Scandura, M. &
Apollonio, M. (2011). Prey selection and dietary response
by wolves in a high-density multi-species ungulate commu-
nity. Eur. J. Wildl. Res. 57, 909–922.

Mattisson, J., Andrén, H., Persson, J. & Segerström, P.
(2011a). Influence of intraguild interactions on resource use
by wolverines and Eurasian lynx. J. Mammal. 92, 1321–
1330.

Mattisson, J., Odden, J., Nilsen, E.B., Linnell, J.D.C.,
Persson, J. & Andrén, H. (2011b). Factors affecting Eura-
sian lynx kill rates on semi-domestic reindeer in northern
Scandinavia: can ecological research contribute to the
development of a fair compensation system? Biol. Conserv.
144, 3009–3017.

Mattson, D.J. (Ed.) (2007) Mountain lions of the Flagstaff
Uplands 2003–2006 progress report. USGS Open-File
Report 2007-1062.

Mårell, A. & Edenius, L. (2006). Spatial heterogeneity and
hierarchical feeding habitat selection by reindeer. Arct.
Antarct. Alp. Res. 38, 413–420.

Mejlgaard, T., Loe, L.E., Odden, J., Linnell, J.D.C. & Nilsen,
E.B. (2013). Lynx prey selection for age and sex classes of
roe deer varies with season. J. Zool. 289, 222–228.

Meriggi, A. & Lovari, S. (1996). A review of wolf predation in
southern Europe: does the wolf prefer wild prey to live-
stock? J. Appl. Ecol. 33, 1561–1571.

Molinari-Jobin, A., Molinari, P., Breitenmoser-Wursten, C. &
Breitenmoser, U. (2002). Significance of lynx Lynx lynx
predation for roe deer Capreolus capreolus and chamois
Rupicapra rupicapra mortality in the Swiss Jura Mountains.
Wildl. Biol. 8, 109–115.

Molinari-Jobin, A., Molinari, P., Loison, A., Gaillard, J.M. &
Breitenmoser, U. (2004). Life cycle period and activity of
prey influence their susceptibility to predators. Ecography
27, 323–329.

Næss, M.W., Bardsen, B.J., Pedersen, E. & Tveraa, T. (2011).
Pastoral herding strategies and governmental management

objectives: predation compensation as a risk buffering strat-
egy in the Sami reindeer husbandry. Hum. Ecol. 39, 489–
508.

Odden, J., Linnell, J.D.C. & Andersen, R. (2006). Diet of
Eurasian lynx, Lynx lynx, in the boreal forest of south-
eastern Norway: the relative importance of livestock and
hares at low roe deer density. Eur. J. Wildl. Res. 52, 237–
244.

Odden, J., Herfindal, I., Linnell, J.D.C. & Andersen, R.
(2008). Vulnerability of domestic sheep to lynx depredation
in relation to roe deer density. J. Wildl. Manage. 72, 276–
282.

Odden, J., Mattisson, J., Rauset, G.R., Linnell, J.D.C.,
Persson, J., Segerström, P. & Andrén, H. (2010). Er
skadefelling av gaupe og jerv selektiv? (Is lethal control of
lynx and wolverine selective?). NINA report 601, 20 pp.,
Norsk institutt for naturforskning, Trondheim.

Okarma, H., Jedrzejewski, W., Schmidt, K., Kowalczyk, R. &
Jedrzejewska, B. (1997). Predation of Eurasian lynx on roe
deer and red deer in Bialowieza Primeval Forest, Poland.
Acta Theriol 42, 203–224.

Owen-Smith, N. & Mills, M.G.L. (2008). Predator-prey size
relationships in an African large-mammal food web. J.
Anim. Ecol. 77, 173–183.

Pedersen, V.A., Linnell, J.D.C., Andersen, R., Andrén, H.,
Lindén, M. & Segerström, P. (1999). Winter lynx Lynx lynx
predation on semi-domestic reindeer Rangifer tarandus in
northern Sweden. Wildl. Biol. 5, 203–211.

Pole, A., Gordon, I.J., Gorman, M.L. & MacAskill, M.
(2004). Prey selection by African wild dogs (Lycaon pictus)
in southern Zimbabwe. J. Zool. 262, 207–215.

Rauset, G.R., Mattisson, J., Andrén, H., Chapron, G. &
Persson, J. (2013). When species’ ranges meet: assessing
differences in habitat selection between sympatric large car-
nivores. Oecologia 172, 701–711.

Sinclair, A.R.E., Mduma, S. & Brashares, J.S. (2003). Pat-
terns of predation in a diverse predator-prey system. Nature
425, 288–290.

Swenson, J.E. & Andrén, H. (2005). A tale of two countries:
large carnivore depredation and compensation schemes in
Sweden and Norway. In People and Wildlife Conflict or
Coexistence?: 323–339. Woodroffe, R., Thirgood, S. &
Rabinowitz, A. (Eds). London: Cambridge University
Press.

Tveraa, T., Fauchald, P., Henaug, C. & Yoccoz, N.G. (2003).
An examination of a compensatory relationship between
food limitation and predation in semi-domestic reindeer.
Oecologia 137, 370–376.

Tveraa, T., Fauchald, P., Yoccoz, N.G., Ims, R.A., Aanes, R.
& Hogda, K.A. (2007). What regulate and limit reindeer
populations in Norway? Oikos 116, 706–715.

Vijayan, S., Morris, D.W. & McLaren, B.E. (2012). Prey
habitat selection under shared predation: tradeoffs between
risk and competition? Oikos 121, 783–789.

Selective predation by lynx on reindeer J. Mattisson et al.

62 Journal of Zoology 292 (2014) 56–63 © 2013 The Zoological Society of London



Wilmers, C.C., Post, E. & Hastings, A. (2007). The anatomy
of predator-prey dynamics in a changing climate. J. Anim.
Ecol. 76, 1037–1044.

Wright, G.J., Peterson, R.O., Smith, D.W. & Lemke, T.O.
(2006). Selection of northern Yellowstone elk by gray
wolves and hunters. J Wildl. Manage. 70, 1070–1078.

Zabel, A. & Holm-Müller, K. (2008). Conservation perfor-
mance payments for carnivore conservation in Sweden.
Conserv. Biol. 22, 247–251.

Supporting information
Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Table S1. Reindeer killed by lynx (N = 795) in northern Scan-
dinavia between 2008 and 2010 separated by month of the
year and category of reindeer.

J. Mattisson et al. Selective predation by lynx on reindeer

Journal of Zoology 292 (2014) 56–63 © 2013 The Zoological Society of London 63


