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SUMMARY
The Eurasian lynx (Lynx lynx) is an efficient stalking predator with a diet showing considerable
variation among regions and seasons. In the Swiss Alps, roe deer (Capreolus capreolus) and chamois
(Rupicapra rupicapra) represent its main prey, followed by smaller prey like hare spp. (Lepus spp.),
fox (Vulpes vulpes) and Alpine marmot (Marmota marmota). Because finding remains of small prey
items is difficult in the field, most studies concerning lynx and other carnivore species’ diet focus on
medium-sized and large prey items. As a consequence, the proportion of juvenile ungulates and
other small prey items in carnivore diet may be crucially underestimated. The aim of this Master
thesis was to better understand the importance of newborn ungulates in the diet of the Eurasian
lynx.
Between March and August 2013 we followed 4 radio-collared adult lynx (2 females and 2 males) in
the Bernese Oberland, Northwestern Alps of Switzerland, and searched their kills before, during and
after the birth of roe deer fawns and chamois kids. By applying the GPS location cluster (GLC) method
by Svoboda et al. (2013), we found 124 prey, 55% of which were chamois, 25% roe deer, 19% small
prey species (hare spp., marmot and fox) and 1% an indetermined ungulate. Newborn ungulates
represented 31% of the overall lynx diet, with chamois kids being more intensively killed (24%) than
roe deer fawns (7%). Although the first field observations of juveniles of the 2 ungulate species
occurred in the same period (beginning of May), the first remains of roe deer fawns killed by lynx
were found only 1.5 month after those of chamois kids, indicating that the hiding strategy adopted
by roe deer fawns may provide a suitable temporary protection against lynx. As soon as available,
chamois kids were selected over adult chamois. The monthly variation in Manly’s preference index
for chamois kids over adults suggests that lynx may show a functional response type II to neonatal
chamois.
To evaluate the suitability of the GLC method for the purpose of our study, we considered the data
from 1st May to 31st August, when all collars were set to the same GPS localization rhythm. In this
period we checked 69% of all GLCs (203/294) and found prey remains in 46% of the total GLCs
investigated. Most prey (82%) were found in large GLCs (i.e. ≥4 GPS fixes). The amount of small (i.e.
2-3 GPS fixes) and large GLCs visited in the field was similar (N=103 and N=100, respectively), but we
only found kills in 17% of the small GLCs opposing to 76% of the large GLCs. Large prey items (i.e.
adult ungulates) were found exclusively in large GLCs, whereas small prey items (i.e. juvenile
ungulates and other small species) were found in GLCs of both sizes. As we were able to find a
considerable amount of newborn ungulates and other small prey with the GPS localization rhythm
we have chosen, we can affirm that the GLC method is appropriate for the purposes of our study.
Small GLCs with 2-3 GPS fixes lasting few hours should also be investigated in order to avoid missing
juvenile ungulates and other small prey.
Our results show that newborn ungulates, especially chamois kids, play a substantial role in lynx
seasonal diet. Long term studies could provide more insight into the causes and mechanisms related
to lynx predation on chamois kids and roe deer fawns. Further research should also focus on
population dynamics of the prey species, especially on the seasonal variation of the proportion of
juveniles.
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ZUSAMMENFASSUNG
Der Eurasische Luchs (Lynx lynx) ist ein effizienter, Anschleichjäger, dessen Ernährung beträchtliche
Unterschiede zwischen Regionen und Jahreszeiten aufweist. In den Schweizer Alpen machen Reh
(Capreolus capreolus) und Gämse (Rupicapra rupicapra) den grössten Teil seiner Nahrung aus, gefolgt
von kleineren Beutetieren wie Hase (Lepus spp.), Fuchs (Vulpes vulpes) und Murmeltier (Marmota
marmota). Weil das Auffinden von Überresten kleinerer Beutetiere im Feld schwierig ist,
konzentrieren sich die meisten Nahrungsstudien über den Luchs und andere Karnivoren auf mittlere
und grosse Beutetiere. Dadurch wird möglicherweise die Rolle von kleineren Beutetieren wie jungen
Huftieren oder kleinen Arten im Nahrungsspektrum von Raubtieren erheblich unterschätzt. Das Ziel
dieser Masterarbeit war es, ein besseres Verständnis für die Wichtigkeit von neugeborenen Huftieren
für die Ernährung des Eurasischen Luchses zu entwickeln.
Zwischen März und August 2013 sind wir vier erwachsenen Luchsen mit GPS-Senderhalsband (zwei
Weibchen und zwei Männchen) im Berner Oberland in den Nordwestschweizer Alpen gefolgt und
haben ihr Beuteverhalten vor, während und nach der Setzzeit der Reh- und Gämskitze untersucht.
Wir untersuchten GPS location clusters (GLCs) im Feld unter Anwendung der Methode nach Svoboda
et al. (2013). Insgesamt fanden wir 124 Beutetiere, von denen 55% Gämsen, 25% Rehe, 19%
Kleintiere (Hase, Murmeltier, Fuchs und ein nicht näher bestimmtes Nagetier) und 1%
unbestimmbare Huftiere waren. Neugeborene Huftiere machten 31% der Gesamtnahrung des
Luchses aus, mit 24% Gämskitze und 7% Rehkitzen. Obwohl junge Rehkitze und Gämskitze beide
erstmals Anfang Mai beobachtet werden konnten, wurden Überreste von getöteten Rehkitzen erst
eineinhalb Monate nach den ersten Überresten von Gämskitze gefunden. Dies deutet darauf hin,
dass das Drückverhalten der Rehkitze eine erfolgreiche Strategie zum Schutz vor dem Luchs darstellt.
Sobald Gämskitze verfügbar waren, wurden sie den adulten Gämsen vorgezogen. Die monatlichen
Schwankungen des Manly’s preference index für Gämskitze versus adulte Gämsen legen nahe, dass
Luchse eine functional response Typ II zu neugeborenen Gämsen aufweisen.
Um zu untersuchen, ob sich die GLC-Methode für unsere Studie eignet, haben wir GPS-Daten vom 1.
Mai bis 31. August 2013 herangezogen. Die Senderhalsbänder nahmen während dieser Zeit alle im
gleichen Rhythmus GPS Peilungen. Wir haben 69% aller GLCs untersucht (203/294) und in 46% der
Fälle Überresten von Beutetieren gefunden. Die meisten Beutetiere (82%) kamen an grossen GLCs
(≥4GPS fixes) vor. Wir haben gleich viele kleine (2-3 GPS fixes) und grosse GLCs untersucht (N=103
bzw. N=100), jedoch nur bei 17% der kleinen GLCs wurden Überresten von Beutetieren gefunden im
Vergleich zu 76% bei den grossen GLCs. Grosse Beutetiere kamen ausschliesslich an grossen GLCs vor,
während kleine Beutetiere (Juvenile und kleine Arten) sowohl an grossen als auch an kleinen GLCs
auftraten. Da wir mit dem gewählten GPS localization rhythm eine beträchtliche Anzahl
neugeborener Huftiere und anderer kleiner Arten unter den Beutetieren fanden, eignete sich die
GLC-Methode gut für unsere Studie. Die zusätzliche Untersuchung der kleinen GLCs stellt sicher, dass
keine juvenilen oder kleinen Beutetiere übersehen werden.
Unsere Resultate zeigen, dass neugeborene Huftiere, v.a. Gämskitze, eine substantielle Rolle in der
saisonalen Ernährung des Luchses darstellen. Langzeitstudien könnten einen tieferen Einblick in die
Ursachen und Mechanismen der Prädation des Luchses auf Gäms- und Rehkitze gewähren. Weiter
Untersuchungen sollten die Populationsdynamik der Beutetiere miteinbeziehen, gerade im Hinblick
auf die jahreszeitlich schwankenden Anteile der Jungtiere an der Gesamtpopulation.
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1. INTRODUCTION
Predation is known to play a major role in shaping the structure and dynamics of ecological
communities and has been found to be a strong regulating factor in certain prey populations (Nilsen
et al. 2009, Nordström 2010). The numerical response of a predator, i.e. its changes in reproduction,
survival, or aggregation, and its functional response, i.e. its kill rate in relation to the prey abundance,
largely determine the effects of a predator population on the prey population (Dale et al. 1994,
O'Donoghue et al. 1998, Nilsen et al. 2009). Among the 3 types of functional responses described by
Holling (1966, cited by Dale et al. 1994), a type II functional response (a consumption rate increasing
at a decreasing rate with prey density) is typical for specialist predators, whereas a type III functional
response, also called prey switching (a low consumption rate up to a certain threshold in prey
density, followed by a rapid increase in predation rates), is typical for generalist predators
(O'Donoghue et al. 1998, Panzacchi et al. 2008, Mattioli et al. 2011). Considering the complex nature
of predator-prey interactions, the overall demographic impact of predation is often not well
understood (Linnell et al. 1995, Gervasi et al. 2012, Svoboda et al. 2013). Identifying which sex and
age classes of a prey species are most affected by predation is a fundamental part of ecological
research to improve our knowledge of predator-prey dynamics (Gaillard et al. 1998, Molinari-Jobin et
al. 2002, Andersen et al. 2007, Gervasi et al. 2012, Mejlgaard et al. 2013, Svoboda et al. 2013). If we
consider the age composition of killed individuals, juveniles of ungulate species are the most
sensitive to predation of all age classes (Nordström 2010). Reviewing 111 papers and reports on
neonatal mortality of 10 species of northern temperate ungulates, Linnell et al. (1995) found that
neonatal mortality rates averaged 47% in studies conducted where predators occurred and 19% for
studies in environments lacking predators. These results suggest that neonatal mortality due to
predation may be additive and not compensatory. Nevertheless, predation on adults, especially
females, may have a much stronger effect on the population growth rate than predation on
juveniles, as they are the segment of the population that can most quickly be replaced (Gaillard et al.
1998, Molinari-Jobin et al. 2002, Wright et al. 2006, Andersen et al. 2007, Gervasi et al. 2012,
Mattisson et al. 2014). In addition, juvenile survival shows a high yearly variability due to other
factors (e.g. weather conditions, diseases and parasites, etc.), which may also play a certain role in
population dynamics (Gaillard et al. 1998).
Predation on newborn ungulates
Studies related to the predation on the youngest segment of a prey population have been conducted
worldwide in different predator-prey systems. According to the results of Linnell et al. (1995), mainly
medium and large generalist terrestrial predators are responsible for the predation on newborn
ungulates during their first weeks or months of life: ursids like the brown bear (Ursus arctos) and
black bear (U. americanus) and canids like the gray wolf (Canis lupus) and coyote (C. latrans). On the
other hand, it seems that the more specialised felids play a lesser, but not insignificant role in the
mortality of juvenile ungulates (Linnell et al. 1995). A summary of studies is given in Table 1 (more
generalised predator species) and Table 2 (more specialised predator species).
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Table 1. Studies on predation on newborn ungulates by more generalised predator species.
MORE GENERALISED
PREDATOR SPECIES
Gray wolf
Canis lupus

Red fox
Vulpes vulpes

Brown bear
Ursus arctos

PREY SPECIES

STUDY AREA

AUTHORS

Wild boar Sus scrofa
piglets and roe deer
Capreolus capreolus
fawns
Roe deer fawns

Northeastern Apennines,
Italy

Mattioli et al. 2004, 2011

Bongi et al. 2008

Elk Cervus elaphus
canadensis calves

Apennine Mountains,
central Italy
Yellowstone National
Park, USA

Roe deer fawns

Southeastern Norway

Roe deer fawns

Island of central Norway

Panzacchi et al. 2008,
2009
Aanes & Andersen 1996

Roe deer fawns

South-central Sweden

Roe deer fawns

Central Sweden

Moose Alces alces calves

Scandinavia

Roe deer fawns, chamois
Rupicapra rupicapra kids
and red deer Cervus
elaphus elaphus calves

Cantabrian Mountains,
Northwestern Spain

Wright et al. 2006

Kjellander & Nordström
2003
Jarnemo 2004
Swenson et al. 2003,
2007
Blanco et al. 2011

Table 2. Studies on predation on newborn ungulates by more specialised predator species.
MORE SPECIALISED
PREDATOR SPECIES

PREY SPECIES

STUDY AREA

AUTHORS

Cougar
Puma concolor

Deer Odocoileus spp.
fawns and moose calves

West-central Alberta,
Canada

Knopff et al. 2010

Canada lynx
Lynx canadensis

Caribou Rangifer
tarandus caribou calves

Newfoundland, eastern
Canada

Bobcat
Lynx rufus

White-tailed deer
Odocoileus virginianus
fawns
Red deer fawns

Michigan, USA

Mahoney et al. 1990,
cited by Linnell et al.
1995
Svoboda et al. 2013

Southeastern Poland

Okarma 1984

Roe deer fawns and red
deer calves

Polish part of Bialowieza
Primeval Forest

Okarma et al. 1997

Roe deer fawns

Southeastern Norway

Panzacchi et al. 2008

Roe deer fawns

South-central Sweden

Nordström 2010

Semi-domestic reindeer
Rangifer tarandus
tarandus calves
Roe deer fawns and
chamois kids

Northern Scandinavia

Mattisson et al. 2014

Jura Mountains of
Switzerland and France

Molinari-Jobin et al.
2004

Eurasian lynx
Lynx lynx
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In several studies dealing with predator-prey interactions, data were collected from juveniles and/or
their mothers which were radio-collared and constantly followed to evaluate their survival rate and
mortality causes (Aanes & Andersen 1996, Swenson 2003, Swenson et al. 2007, Bongi et al. 2008,
Panzacchi et al. 2008). In other studies, data came from the carnivores which were radio-collared and
intensively followed to find the remains of their prey (Molinari-Jobin et al. 2002, Nilsen et al. 2009,
Knopff et al. 2010, Palacios & Mech 2011, Martins et al. 2011, Krofel et al. 2011, 2013, Mejlgaard et
al. 2013, Svoboda et al. 2013). To our knowledge, only in few studies both prey and predator species
were radio-collared and simultaneously followed (e.g. O'Donoghue et al. 1998). Since finding remains
of juveniles and other small prey items (<5 kg) in the field is often considered as a major difficulty
(less evidences of the predation are left and the few remains may disappear fast because of different
scavenger species; Martins et al. 2011, Mattioli et al. 2011, Palacios & Mech 2011, Krofel et al. 2013,
Svoboda et al. 2013), most of the studies concerning carnivore diet are based on medium and large
size prey items. For this reason, there is a lack of studies on predation on newborn ungulates. The
application of the GPS-telemetry is becoming increasingly popular in studies of carnivore ecology,
since it allows to obtain data that previously were impossible to collect (Martins et al. 2011,
Matthews et al. 2013, Krofel et al. 2013). In fact, by searching GPS location clusters (GLCs) formed
under a high resolution localization rhythm, it is now possible to detect the presence of a predator in
places where it spent only a limited amount of time, just a few hours needed to consume a small
prey. This method seems to be most suitable for studies of solitary predators like the Eurasian lynx
that hunt medium and large prey, which are then being utilized for several days (Krofel et al. 2013).
The Eurasian lynx & its prey
The diet of the Eurasian lynx has been the focus of numerous studies in Switzerland and other
European regions, leading to the conclusion that its diet varies considerably among regions
(Breitenmoser & Haller 1987, Okarma et al. 1997, Linnell et al. 1998, Jobin et al. 2000, Molinari-Jobin
et al. 2002, 2007, Herfindal et al. 2005, Nilsen et al. 2009, Krofel et al. 2011, 2013, Mejlgaard et al.
2013, Lone et al. 2014, Mattisson et al. 2014). Where ungulates are available, this solitary and
efficient stalking predator usually selects the smallest species of the community, i.e. roe deer,
chamois and musk deer (Moschus moschiferus). In most of lynx distribution range throughout
Europe, roe deer represents its main prey (Von Arx et al. 2004, Molinari-Jobin et al. 2007,
Breitenmoser & Breitenmoser-Würsten 2008, Krofel et al. 2011). In the Swiss Alps and Jura
Mountains, the chamois is the main alternative lynx prey and locally it can be preferred over roe deer
(Molinari-Jobin et al. 2002, Breitenmoser & Breitenmoser-Würsten 2008). Sporadically larger
ungulates such as red deer (Cervus elaphus elaphus), wild boar (Sus scrofa) or moose (Alces alces) are
also preyed on but the youngest age class category is usually selected (Von Arx et al. 2004). In areas
with low or no ungulate availability, lagomorphs, birds and rodents can be an essential part of the
lynx diet (Okarma et al. 1997, Von Arx et al. 2004). Lynx diet varies also seasonally: small prey and
young ungulates are killed mostly in late spring and summer, whereas in colder seasons larger prey
are usually hunted, probably due to their higher vulnerability in snow (Von Arx et al. 2004, Krofel et
al. 2011). Male lynx are about 25% heavier than females and tend to kill more chamois, whereas
females have been reported to prefer roe deer (about 1/3 smaller than chamois) and other smaller
prey items (Okarma et al. 1997, Jobin et al. 2000, Molinari-Jobin et al. 2002, Breitenmoser &
Breitenmoser-Würsten 2008). According to Von Arx et al. (2004), lynx can show a marked numerical
and functional response to changes in prey abundance and availability. In marginal habitat or in
specific situations, lynx impact on prey populations can be considerable (Breitenmoser & Haller 1987,
Molinari-Jobin et al. 2002, Von Arx et al. 2004, Breitenmoser & Breitenmoser-Würsten 2008).
3
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Prey species have developed different survival strategies to reduce the risk of being killed by
predators. During the critical phase for newborn survival, the 2 main prey species of Eurasian lynx in
the Swiss Alps and Jura Mountains have developed 2 different anti-predator strategies: the hiding
and following strategies, respectively. In roe deer (i.e. hiders), fawns lie concealed in the vegetation,
motionless, odourless, with a reduced metabolic rate and secluded from their mothers most of the
time during their first 6-8 weeks of life (Bongi et al. 2008, Panzacchi et al. 2009). According to Aanes
and Andersen (1996), Jarnemo (2004) and Nordström (2010), most of juveniles in hider species are
killed by predators when they are old enough to try to outrun a predator but still too young to
succeed. On the other hand, in chamois (i.e. followers), juveniles are highly mobile within hours after
birth and ready to actively follow the mother. To avoid predation, follower species rely on fleeing,
maternal and group defence, as well as predator swamping and selection of areas difficult to access
(Pérez-Barbería & Nores 1994, Jarnemo 2004, Unterthiner et al. 2012, Dalmau et al. 2013).
Aims of this study
The main goal of this Master thesis was to better understand the role of newborn ungulates in
Eurasian lynx seasonal diet and to evaluate the effectiveness of searching GPS location clusters
(GLCs) to find the remains of juveniles and other small prey items. In order to gain new insights into
the Eurasian lynx foraging behaviour, we wanted to answer the following questions:
1) What is the role of juvenile ungulates in the diet of lynx?
Hypothesis 1: Juvenile ungulates make up an important part of the lynx diet.
Prediction 1: Between May and August (ungulate parturition and lactation periods), lynx prefer
juvenile ungulates over adult ungulates.
2) Is there seasonal variation in the predation on juvenile ungulates?
Hypothesis 2: Lynx show seasonal variation in the predation on juvenile ungulates.
Prediction 2: Lynx predation on juvenile ungulates increases as they become available in late
spring / early summer and the intensity of predation reaches a peak during summer.
3) Are there differences in the impact of lynx predation on the juveniles of its 2 main prey species,
roe deer and chamois?
Hypothesis 3: Considering the differences in survival strategies (hiders vs. followers) and
habitat use of roe deer and chamois, the impact of lynx predation on juveniles is different in
the 2 prey species.
Prediction 3: Lynx prey more intensively on chamois kids (followers) compared to roe deer
fawns (hiders) during the early period of juvenile development.
4) Do lynx show a functional response to the availability of juveniles in the population?
Hypothesis 4: Compared to other food sources, lynx show a significant preference for chamois
kids (and roe deer fawns) as they become available in late spring / early summer.
Prediction 4: Lynx respond to the birth of juvenile ungulates with either a type II or a type III
functional response.
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5) Are there differences in the use of female and male lynx concerning the predation on juvenile
ungulates and other prey?
Hypothesis 5: Female lynx hunt more smaller prey than male lynx.
Prediction 5: Female lynx kill more juvenile ungulates than male lynx, therefore the female lynx
diet contains a higher proportion of juvenile ungulates than the diet of male lynx.
6) Do lynx show a general preference for one of the 2 ungulate prey species, i.e. roe deer or
chamois?
Hypothesis 6: According to the results of numerous studies on lynx feeding behaviour, where
roe deer is the main prey species and usually lynx show a preference for it, also in our study
area lynx prefers roe deer over chamois.
Prediction 6: Lynx shows a preference for roe deer over chamois, i.e. Manly’s preference index
for roe deer is > 0.5.
7) Is GPS-telemetry suitable for this kind of study and does it provide new insights into lynx prey
selection?
Hypothesis 7: GPS-telemetry is suitable for finding small prey items like juvenile ungulates and
offers new insights into lynx prey selection.
Prediction 7.1: The scale of our chosen localization rhythm is fine enough and allows for finding
large as well as small prey items.
Prediction 7.2: Our results provide detailed information on lynx hunting behavior, prey
consumption and kill rate.
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2. MATERIALS & METHODS
2.1. STUDY AREA
This study was conducted in the Bernese Oberland, a mountainous area of the Northwestern Alps of
Switzerland in the Canton of Bern. The study area covers about 380 km2 and includes the home
ranges of all study lynx. It comprises both mountain flanks of the Niedersimmental from St. Stephan
to Wimmis, the Diemtigtal and the mountain side of the Stockhorn chain in the Stockental from
Reutigen to Pohlern. The central place is Zwischenflüh (46°36’ N / 7°30’ E; Figure 1). The altitude
ranges from 622 (Reutigen) to 2,652 m a.s.l. (summit of Mount Männliflue). Mean monthly
temperatures in Adelboden (1320 m a.s.l., 5 km away from the southern limit of the study area)
range from -1.7°C in January to 14.2°C in July (means 1981-2010; MeteoSuisse 2014). Snow depth
during winter varies from 0 to over 100 cm depending on elevation, exposure and year. The
landscape is composed of a mixture of forests, meadows and human settlements. The Norway spruce
(Picea abies) is the undisputed main tree species, followed by other species like the silver fir (Abies
alba), beech (Fagus sylvatica), common ash (Fraxinus excelsior) and sycamore maple (Acer
pseudoplatanus). The open areas are grazed by cattle (Bos taurus) and domestic sheep (Ovis ammon)
from late spring to autumn and also offer high quality habitat for wild ungulates. The ungulate
community is dominated by roe deer and chamois, whereas the presence of red deer, ibex (Capra
ibex) and wild boar is only locally and/or sporadically reported. The Eurasian lynx is the only
widespread large carnivore species in the Bernese Oberland, preying mainly on roe deer and chamois
(Molinari-Jobin et al. 2002, 2007, Breitenmoser & Breitenmoser-Würsten 2008). Other possible lynx
prey species present in the area with an adult body weight of >1 kg are the red fox, badger (Meles
meles), pine marten (Martes martes), stone marten (M. foina), brown hare (Lepus europaeus),
mountain hare (L. timidus), Alpine marmot (Marmota marmota), black grouse (Tetrao tetrix) and
capercaillie (T. urogallus; Molinari‐Jobin et al. 2007). The study area includes part of 2 wildlife
management units (“Wildräume”, WR 12 and 14) of the Canton of Bern.

Figure 1. Study area (map source: www.map.geo.admin.ch).
6
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2.2. LYNX CAPTURE & RADIO-COLLARING
Between January and April 2013 several individual lynx were captured and radio‐collared by means
of either large double‐door live traps installed on animal trails or by using foot snares set at fresh kills
found opportunistically. Lynx were anesthetized with a combination of medetomidine hydrochloride
(Domitor®, Orion, Corporation, Espoo, Finland) and ketamine hydrochloride (Ketasol®, E. Graeub,
Bern, Switzerland), as it was used in previous studies in Switzerland (Jobin et al. 2000, Ryser et al.
2005). All individuals were sexed, weighed, their coat pattern was recorded and their health
condition was examined. Male lynx were equipped with Lotek Wildcell SD collars (Lotek Wireless,
Ontario, Canada) of 320 g and female with Lotek Wildcell SL collars of 270 g (Appendix A, Figures A1A3). After each successful capture event we paid particular attention to find the first kills to ensure
each lynx was continuing normal daily activity and each GPS collar was working properly. No
complications were ever detected as a result of collaring. For this study we considered the data of 4
radio-collared lynx: 2 resident females (the adult Suna and the subadult Eywa) and 2 resident males
(the adults Miso and Giro).

2.3. DATA COLLECTION & GLC ANALYSIS
Similar to Ruth et al. (2010), Martins et al. (2011) and Krofel et al. (2012), GPS collars were
programmed to obtain 7 GPS fixes per day (sent via GSM system), especially during the night and
twilight: 02:00, 05:00, 14:00, 18:0, 20:00, 21:00, 22:00 (CET time). In fact, the results of previous
studies clearly showed that lynx usually feed for several days on a kill, hiding during the day and
returning to the carcass each evening (Molinari-Jobin et al. 2002, 2004, 2007, Breitenmoser &
Breitenmoser-Würsten 2008, Nilsen et al. 2009, Krofel et al. 2012). With this localization rhythm it
was possible to save battery life and maximize the GPS collars’ efficiency, allowing us to obtain a
maximum of useful data for the purpose of our study during several months. Kill sites were located
by searching GPS location clusters (GLCs). Similar to Palacios and Mech (2001), Krofel et al. (2012),
Svoboda et al. (2013), Bartnick et al. (2013) and Lone et al. (2014), we defined a GLC as a set of at
least 2 GPS fixes within 100 m and a maximum time span of 48 h between consecutive fixes in the
same GLC. Each selected GLC was examined as soon as practical by means of a handheld GPS for a
minimum of one man hour (i.e. one person searching for one hour or 2 people for 30 minutes), when
possible with a trained dog. If nothing was found, GLCs with 2 fixes were usually not checked longer,
but larger GLCs with several and closely clustered fixes were investigated more intensively. We
usually began checking the most representative fixes, i.e. those that were closely grouped and
recorded during the night and twilight and then also included the more distant and daytime fixes, as
well as the surrounding area in each direction, zigzagging the area between fixes. When it was
difficult to define the limits of a GLC, we considered useful to check also fixes with a distance >100 m
from the others. During breeding time, we paid particular attention on female lynx. In order not to
confuse a potential kill site with a den site, and therefore not to disturb the females, we visited GLCs
only after the females had moved away. Prey remains, bones, horns, tufts of hairs and blood,
followed by signs of struggle and drag marks, were considered as evidences of a kill. Even when a kill
was found, we continued checking the missing fixes and the surrounding area in search of additional
data: more prey remains and signs of lynx activity (also day beds and scats) and possibly additional
kills. For each kill found we filled out a protocol with the following data: prey species, age, sex,
consumption rate of the carcass, coordinates and habitat type of the kill site, presence of scavengers,
etc. (Appendix A, Figures A4-A5; Appendix B, Figures B1.1 and B1.2). Hairs, jaws, horns and other
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remains were collected and used to identify prey species, age and sex. Taking into account several
aspects like time at disposal, distance between GLCs in the study area, potential danger (landslides
and avalanches), weather conditions, car availability, etc., some GLCs were not possible to visit.
Using the cluster generator script in program R (version 3.1.0; R Development Core Team 2013)
kindly provided by N.J. Svoboda (Svoboda et al. 2013) and adapted by K. Vogt, we could
automatically calculate the total number of GLCs per lynx during our study period, as well as several
GLC characteristics such as number of fixes per GLC, time spent within GLC and search success. GLCs
were generated by the following procedure, as described by Svoboda et al. (2013): “The first 2 points
meeting the time‐space constraints produce a seed cluster from which the geometric center is
calculated. The program then sequentially adds points occurring within space and time constraints of
the geometric center. The program recalculates the geometric center after each additional point and
the process is repeated until no more points are added. Clusters are allowed to persist beyond the
temporal screen provided that the difference between the last point and the next new point at a
cluster is ≤24 hours (adapted to 48 h in our study). After calculations are completed, we determine
the geometric center, number of locations and time and date of the first and last location of each
cluster” (Svoboda et al. 2013).
We searched for prey killed by our 4 radio-collared lynx between 18th February and 31st August 2013.
For ecological analyses, we considered a time frame from mid-March to mid-August, in order to
capture the time before, during and after parturition of the 2 ungulate species. For methodological
analyses, we only considered data from 1st May to the end of August, when all lynx collars were set
to the same localization rhythm.

2.4. DATA ON UNGULATE POPULATIONS
In our study area and neighbouring regions, data on ungulate population numbers are very scarce,
especially those related to juveniles. We obtained data on the local ungulate population estimates
and hunting bags from annual hunting statistics of the Canton of Bern (cantonal wildlife service). In
2013, in the wildlife management units WR 12 and 14 together the estimated spring population size
of roe deer was 2700 and the hunted animals 287. For chamois, the spring population size was 3938
and the hunted animals 527 (OAN 2014). In roe deer, males and females were hunted in similar
proportions, whereas in chamois, males were more intensively hunted than females. At the cantonal
level, for both species the trend of the population size and the hunting bag was almost stable during
the last 15 years (OAN 2014). Since the 2 species have a very different detection probability (i.e. roe
deer are known to be difficult to census; Molinari-Jobin et al. 2002), the population estimates of roe
deer and chamois should be treated carefully when used for the comparison of the 2 prey species.
To estimate the proportion of juvenile ungulates in the local ungulate populations, we used data
from literature (Häsler 2001, Willisch 2004) for our analysis of lynx age class preferences and
functional response. Roe deer were not considered here, because the number of fawns we found in
our study was too low to allow us to conduct a statistical analysis. We estimated the overall
proportion of kids in the chamois population using the mean numbers of chamois kids and adults
counted during summer observations between 1990 and 2004 in the region of the Augstmatthorn in
the Alps of the Emmental (Canton of Bern; Willisch 2004). Häsler (2001) gives the monthly changes in
the proportion of chamois kids for 2 areas at the edge of the Swiss National Park in the Engadin
Valley (Canton of Grison) from June to October 1999 (Appendix B, Figure B2). In this study
(conducted above 1,835 m a.s.l.) the first observations of chamois kids took place at the end of May
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and the peak of kids’ proportion in the population was reached at the beginning of July. In our study
area, the first neonate chamois was killed by a lynx the 1st May 2013 at 1,103 m a.s.l. In 2014, the
first observation of a chamois kid occurred on the 30th April 2014 (K. Vogt, pers. comm.). According to
the game wardens of the WR 12 and 14, for our study area the onset of chamois births is late April /
early May and the peak is late May / early June (A. Schmid, R. Zumbrunnen and P. Schwendimann,
pers. comm.). In order to reflect natural conditions in our study area, we therefore shifted the
monthly kid proportions obtained by Häsler back for one month. For the analysis of age class
selection, the 2 ungulate species were separated in 2 age classes: juveniles (i.e. chamois kids and roe
deer fawns of the year, considering the newborn animals within our study period) and adults
(considering older individuals). Therefore, for example, a chamois kid of the previous year was
considered as an adult.

2.5. STATISTICAL ANALYSES
In order to test for differences in the predation on the juveniles of the 2 ungulate species, we
conducted a Fisher’s exact test. For the analysis of age class selection, we applied Manly’s preference
index (Chesson 1978, cited by Molinari-Jobin et al. 2007). We calculated an overall preference index
for chamois kids over adults for the period from 1st May to 15th August. Then, in order to check if
there was seasonal variation in age class selection, we calculated it separately for each month where
we found predation on juveniles, i.e. May, June, July and August. For this part of the analysis we also
integrated kills found in the second half of August, consisting in one chamois adult and one kid.
Manly’s preference index α, referred to constant prey populations, produces values ranging from 0
to 1, with higher values implying higher selectivity (Molinari-Jobin et al. 2007). Manly’s preference
index for prey in the ith category is formulated as:
αi = (ri / ni) / ∑ (rj / nj)
where αi = preference index for prey type i; ri, rj = proportion of prey type i or j in the diet; and ni, nj =
proportion of prey type i or j in the environment (Molinari-Jobin et al. 2007). A Manly’s preference
index of 0.5 means that a prey type is taken according to its availability in the population. If lynx
would show a functional response type II, the index should be 0.5 or higher from the beginning of
parturition and level off to below 0.5 at very high chamois kid densities. If there was a functional
response type III, the index should be below 0.5 at the onset of chamois births and then rise above
0.5 as kids reach a threshold density in the chamois population. To investigate differences in the use
of chamois vs. roe deer, juveniles vs. adults and large prey (adult ungulates) vs. smaller prey (juvenile
ungulates and other small prey) in female and male lynx, we conducted Fisher’s exact tests. The
monthly kill rate per lynx sex was compared with a t-test. In order to test whether lynx showed a
preference for roe deer over chamois, we calculated Manly’s preference index for both species.
We used a Fisher’s exact test to compare the proportion of positive search results in large and small
GLCs. The relationship between the number of GPS fixes per GLC and the time duration per GLC was
investigated using Pearson’s Rank Correlation. In order to test if large prey were found significantly
more often in large GLCs, we conducted a t-test. The t-test was also used for the comparison of the
mean altitude of checked versus unchecked GLCs. We conducted an analysis of variance (ANOVA) to
test if the mean GLC centroid altitude differed among prey items, followed by a post-hoc test
(pairwise t-test) to determine the origin of the observed differences. All statistical analysis were
conducted in R (version 3.1.0; R Development Core Team 2013).
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3. RESULTS
3.1. ECOLOGICAL & BIOLOGICAL RESULTS
Between 15th March and 15th August 2013 we found prey remains of 124 animals killed by the 4
collared lynx. The overall proportion of ungulates in the prey was 81% (101/124). Chamois
represented 56% (69/214) of the prey and roe deer 25% (31/124). Other small prey species that
completed the lynx diet were hare spp. (brown hare and snow hare), Alpine marmots and foxes with
proportions of 11%, 5% and 2%, respectively (Table 3).
Table 3. Lynx prey spectrum (per sex and total) between 15th March and 15th August 2013 in the
Bernese Oberland (indet. = indetermined).

LYNX SEX

JUVENILE

INDET.

ADULT

JUVENILE

INDET.

INDET.
UNGULATE

FOX

MARMOT

HARE SPP.

OTHERS

TOTAL

CHAMOIS

ADULT

ROE DEER

FEMALE

16

5

1

12

14

0

0

2

3

9

1*

63

MALE

4

4

1

25

16

2

1

0

3

5

0

61

TOTAL (N)

20

9

2

37

30

2

1

2

6

14

1

124

TOTAL (%)

16.1

7.3

1.6

29.8

24.2

1.6

0.8

1.6

4.8

11.3

0.8

100.0

* One indetermined rodent.

Juvenile ungulates represented 31% (39/124) of the total kills found, with chamois kids accounting
for 24% (30/124) of the overall lynx diet and roe deer fawns for 7% (9/124). While adult ungulates
represented the main lynx food source at the end of winter (86%), their consumption strongly
decreased in spring and beginning of summer (28%) and finally slightly increased towards the end of
summer (35%). On the other hand, predation on juvenile ungulates began in spring and steadily
increased during summer, reaching 55% of the total diet between mid-June and mid-July. At the end
of summer, the importance of juvenile ungulates in lynx diet slightly decreased (45%), while the
predation on small prey animals (hare spp., marmot, fox and indetermined rodent) remained rather
constant over time (between 14% and 22% of the total diet; Figure 2; Appendix A, Figures A6-A12;
Appendix C, Figure C1).
The consumption of chamois kids began in May (the first chamois kid found was killed on 1st May)
and peaked from mid-May to mid-June, when it represented 50% of the overall lynx diet in terms of
absolute numbers. The consumption of roe deer fawns began 1.5 month later (the first roe deer
fawn found was killed on 16th June) and in the end of our study period it reached the consumption of
chamois kids (Figure 3). However, the first field observations of newborn ungulates of both species
occurred in the beginning of May, indicating that both species were born at the same time.
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100%
90%
80%

% in lynx diet

70%
60%
50%
40%
30%
20%
10%
0%
15.03-14.04

15.04-14.05

adult ungulates

15.05-14.06
juvenile ungulates

15.06-14.07

15.07-15.08

small prey species

Figure 2. Seasonal changes in predation on adult and juvenile ungulates and small prey species in
percentage of lynx diet (N=119). The study has been divided in 5 periods of one month. The 5
indetermined ungulates (2 roe deer, 2 chamois and 1 indetermined ungulate) have not been
considered here.

100%
90%
80%

% in lynx diet

70%
60%
50%
40%
30%
20%
10%
0%
15.03-14.04

15.04-14.05

chamois kids

15.05-14.06

roe deer fawns

15.06-14.07

15.07-15.08

all other prey

Figure 3. Monthly proportion of chamois kids and roe deer fawns in lynx seasonal diet compared to
the other prey animals (adult ungulates and smaller prey items together; total prey, N=119).

Lynx preyed differently on chamois kids and roe deer fawns comparing the periods of ungulate
parturition and lactation (Fisher’s exact test, p=0.015; Table 4). Chamois kids were found in similar
proportions in both periods, whereas roe deer fawns were found exclusively during the lactation
period.
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Table 4. Chamois kids and roe deer fawns killed per period (ungulate parturition vs. lactation).
PERIOD

ROE DEER FAWNS

CHAMOIS KIDS

TOTAL

0

14

14

9

16

25

PARTURITION
Mid-April to mid-June
LACTATION
Mid-June to mid-August

From chamois birth (1st May, to avoid the period when juveniles are not available) to mid-August,
lynx showed a high preference for chamois kids over adults (Manly’s preference index, α kids 5-8 = 0.90;
Appendix C, Table C1). The seasonal variation in Manly’s preference index for chamois kids over
adults (per month from 1st May to 31st August) indicates a high preference for chamois kids from May
to July (α kids 5 = 0.88, α kids 6 = 0.78, α kids 7 = 0.93). In August the index strongly decreased close to the
level of no preference between chamois kids and adults, meaning that kids were taken according to
their availability in the population (α kids 8 = 0.54; Appendix C, Tables C2.1 and C2.2). For this part of
the analysis we included the prey found in the second half of August (N=7, of which one chamois
juvenile and one adult).
The consumption of roe deer vs. chamois was significantly different between female and male lynx
(Fisher’s exact test, p=0.003; Figure 4), i.e. male lynx consumed more chamois than females.
However, there were no sex-specific differences in the consumption of adult ungulates vs. juveniles
(Fisher’s exact test, p=1), nor in the consumption of large prey (adult ungulates) vs. smaller prey
(juvenile ungulates and other small species; Fisher’s exact test, p=0.58). Moreover, there was no
significant difference in kill rate between female (6.3 prey/month) and male lynx (6.1 prey/month; ttest, p=0.876). In our study area, lynx showed a general preference for chamois over roe deer
(Manly’s preference index, α chamois = 0.61; Appendix C, Table C3).

30

No. of prey

25
20
15
10
5
0
chamois ad.

chamois juv.

roe deer ad.

female lynx

roe deer juv.

small prey

male lynx

Figure 4. Sex-specific differences in the prey spectrum of the 2 female lynx Suna and Eywa and the 2
male lynx Miso and Giro (N=119; ad.=adult, juv.=juvenile).
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3.2. METHODOLOGICAL RESULTS
Between 1st May and 31st August 2013 we obtained a total of 294 GPS location clusters (GLCs)
composed of 1369 fixes (range: 2-31 fixes per GLC). 10 GLCs of the female Suna composed of 122
fixes have not been considered here, since they were all at the den site when she had kittens
(median fixes per GLC=6.0, range: 2-47). Overall, 60% of all GLCs contained 2-3 fixes (i.e. small GLCs)
and the remaining 40% contained ≥4 fixes (i.e. large GLCs). The majority of the kills (82%) were found
in large GLCs (median=7.0 fixes). The probability of finding kills according to the GLC size was
significantly different (Fisher exact test, p<0.001). Small prey were found in both small and large
GLCs, whereas large prey were found exclusively in large GLCs (Table 5).

Table 5. GLC characteristics according to their size (small vs. large GLCs; indet. = indetermined).
GLC SIZE
GLCs

TOTAL

GENERATED (N)
1)

VISITED (N ; % )
2)

PREY FOUND (N ; % )
PREY TYPES (N)

1)
2)

SMALL (2-3 fixes)

LARGE (≥4 fixes)

178

116

294

103 ; 57.9%

100 ; 86.2%

203 ; 69.0%

17 ; 16.5%

76 ; 76.0%

93 ; 45.8%

Newborn ungulates
(N=8), other small prey
(N=7); indet. chamois
(N=1), indet. ungulate
(N=1)

Adult (N=29) & newborn
ungulates (N=32), other
small prey (N=12); indet.
roe deer (N=2), indet.
chamois (N=1)

Adult (N=29) & newborn
ungulates (N=40), other
small prey (N=19); indet.
roe deer (N=2), indet.
chamois (N=2), indet.
ungulate (N=1)

As proportion of the corresponding generated GLCs.
As proportion of the corresponding visited GLCs.

Chamois adults were found in GLCs with a median size of 14.0 fixes, roe deer adults 12.5, chamois
kids 5.5, roe deer fawns 5.5, marmots 6.0 and hare spp. 3.5 (Appendix D, Figure D1). The fox and the
indetermined rodent were found in GLCs of 7 and 3 fixes, respectively. If we consider the GLCs size in
time duration instead of GPS fix numbers, chamois adults were found in GLCs with a median duration
of 75.0 hours, roe deer adults 80.0, chamois kids 21.5, roe deer fawns 20.5, marmots 30.0 and hare
spp. 9.0 (Figure 5). The fox and the indetermined rodent were found in GLCs of 35.0 and 69.0 hours,
respectively (Appendix D, Table D1).
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Figure 5. GLCs duration per prey item in hours as an indicator for lynx consumption time per prey
item (ad. = adult, juv. = juvenile).

The number of GPS fixes per GLC and the time duration per GLC were positively correlated (Pearson’s
Rank Correlation, p<0.001, R=0.746; Appendix D, Figure D2). Large prey items (i.e. adult ungulates)
were significantly more often found in larger GLCs than small prey items (i.e. juvenile ungulates and
other small species), considering both the GLC size in number of fixes as well as in time duration (ttest, p<0.001 in both cases).
The mean altitude of checked GLCs was significantly lower than the mean altitude of not checked
GLCs (t-test, p<0.001; Figure 6). Considering only the GLCs with a positive search result, the mean
GLC centroid altitude was significantly different among prey items (ANOVA, p<0.001). The altitudinal
range where roe deer fawns were found was significantly lower than all other prey items, except roe
deer adults. Roe deer adults were found at significantly lower altitudes than chamois kids and
marmots (Figure 7; for statistical details see Appendix D, Table D2).
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Figure 6. Altitudinal range of GLCs according to their check status (checked vs. not checked).

Figure 7. Altitudinal range of kill sites by prey item estimated by the GLC centroid altitude (ad. =
adult, juv. = juvenile).
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The analysis of the daytimes at which the GLCs with a kill were generated showed that 48% of the
GLCs started during the day, 32% during the evening and 20% during the night and early morning.
GLCs where roe deer fawns were found were equally generated during the day and the evening,
whereas where chamois kids were found they also started during the night and early morning. In
GLCs of marmots, which are typically diurnal animals, the first fix was more often recorded during
the day, whereas for hare spp., which are mainly active during the night, it was more often recorded
during the evening and night (Figure 8).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
chamois ad. chamois juv. roe deer ad. roe deer juv.
evening

night/morning

marmot

hare spp.

day

Figure 8. GLCs generation time per prey item (N=86). Night / early morning: 02:00, 05:00; day: 11:00,
14:00, 18:00; evening: 20:00, 21:00, 22:00. The 5 indetermined ungulates, fox and indetermined
rodent have not been considered here (ad. = adult, juv. = juvenile).

During our study the GPS collar accuracy was very high, since in the majority of cases at least one fix
in a GLC was very close to the actual kill site. For 73 of 93 lynx kills we recorded the distance between
the kill site and the nearest GPS fix, the median distance was 6.0 m (range: 1-29). For further details
concerning the GPS collar functioning and accuracy and for additional methodological results, see
Appendix D, Figures D3 and D4.
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4. DISCUSSION & CONCLUSIONS
Between March and August 2013 we followed 4 radio-collared adult lynx in the Northwestern Alps of
Switzerland to investigate the significance of newborn ungulates in Eurasian lynx diet. As predicted,
during the ungulate parturition and lactation periods juveniles made up an important part of the lynx
diet, representing ≥50% of lynx prey between mid-May and mid-July. Although the first field
observations of newborn of roe deer and chamois occurred in the same period, chamois kids were
intensively killed already after birth, whereas predation on roe deer fawns started with a delay of
about 6 weeks. As theoretically both species were available for predators at the same time, the
different survival strategies (hiders vs. followers) and habitat use of roe deer and chamois may
explain different lynx predation patterns. The hiding strategy adopted by roe deer fawns may provide
a suitable temporary protection against stalking predators like Eurasian lynx that mainly hunt using
sight and hearing, as already described by Panzacchi et al. (2008), Nilsen et al. (2009) and Mejlgaard
et al. (2013). On the other hand, predation on roe deer fawns by olfactory coursing predators like red
fox can be considerable (Linnell et al. 1995, Aanes & Andersen 1996, Kjellander & Nordström 2003,
Panzacchi et al. 2008, 2009). The following strategy adopted by chamois kids seems to be less
efficient against lynx predation, at least during the first months of life. The selection of areas difficult
to access throughout the early weeks of the life of kids, as observed by Pérez-Barbería and Nores
(1994) for the Cantabrian chamois (Rupicapra pyrenaica parva), may improve the survival rate of
juveniles. Nevertheless, our results showed that lynx can hunt chamois up to 2020 m a.s.l. and in
rocky terrain, as long as there is enough cover for hiding.
As soon as available, chamois kids were selected over adult chamois. The high preference for
chamois kids from May to July and the decrease in preference in August suggest that lynx may show
a functional response type II to neonatal chamois, which is typical for specialist predators
(O'Donoghue et al. 1998, Panzacchi et al. 2008). The preference for chamois kids may be explained
by the fact that felids generally attempt to minimize risks associated with predation by targeting
easier prey (Knopff et al. 2010, Nordström 2010, Mattisson et al. 2014) and ungulate juveniles are
small and relatively harmless to predators when compared to adults. To note that O'Donoghue et al.
(1998) proved that the Canada lynx (Lynx canadensis) showed a clear type II functional response at
times when the snowshoe hare (Lepus americanus, its main prey) cycle was low, switching to hunting
red squirrels (Tamiasciurus hudsonicus, its alternative prey). To accurately determine the shapes of
the functional responses, reliable data on the changes in availability of juveniles are needed. As the
data on ungulate populations obtained from literature we used for the analysis may not reflect the
true availability of chamois kids in our study area, our results can only be treated as approximations.
The limited data on roe deer fawns collected during our study and the lack of reliable data on the roe
deer population in the Bernese Oberland did not allow us to conduct the same analysis of preference
for this species.
Similar to the results obtained by Molinari-Jobin et al. (2002) in the Swiss Jura Mountains, we shown
that male lynx hunted significantly more chamois than female lynx and also that there was no
significant difference in the kill rate among sexes. According to Molinari-Jobin et al. (2002), females
with kittens have a higher kill rate than individual lynx. One of our radio-collared female, Suna, had
kittens, but we stopped our sample period before the time when female lynx increase their kill rate
most, which is late August and September. Furthermore, we could follow her only to mid-August
because she died. Contrary to our predictions, female lynx did not kill significantly more juvenile
ungulates than male lynx, nor more small prey (juvenile ungulates and other small species) than
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males. Both sexes killed a similar amount of juvenile ungulates, although female lynx killed some
more small prey species, especially hare spp. Considering the summer high availability of newborn
ungulates and other small prey, it may be that also males focus on this readily available food source.
Considering both sexes together, we found that lynx showed a preference for chamois over roe deer.
When comparing different study areas in Switzerland, Molinari-Jobin et al. (2007) also found
preference for chamois in the Jura Mountains, although relatively few chamois were present,
whereas in all other study areas (Northwestern Alps, Central Alps and Northeastern Switzerland) roe
deer were always preferred over chamois. We have to be careful in the interpretation of our results,
since the available data on ungulates for our study area is very scarce. This is particularly true for roe
deer, which are known to be difficult to census, with serious risks of underestimation of the
population size (Molinari-Jobin et al. 2002). If in our study area there were even more roe deer than
counted, our findings should be even more significant.
Comparing the lynx prey spectrum of our study (N=124) with the one of Molinari-Jobin et al. (2007;
N=1069), we can see that in both cases the proportion of wild ungulates represented the majority of
the lynx diet (81% and 88%, respectively). The clearest difference is the relative importance of
chamois and roe deer in the 2 studies. In our study, chamois was the main prey and was followed by
roe deer, whereas in Molinari-Jobin et al. 2007 roe deer was the main prey and was followed by
chamois (Figure 9). The observed differences may have different explanations. It is possible that the
large amount of chamois kids we found was due to use of the GLC method, which therefore could
explain part of the difference. The previous studies were based on VHF-telemetry, which is more
demanding in terms of time and is more limited by the necessity to follow a lynx during the night and
often in steep terrain in order to obtain a precise VHF localisation (Ruth et al. 2010, Martins et al.
2011). With GPS-telemetry, kills can be precisely located in the field and accessed during the day in
an easier and faster way, allowing the researchers to find small kills even where lynx spent only few
hours (Ruth et al. 2010, Martins et al. 2011, Svoboda et al. 2013). It is also possible that as the lynx
reintroduced to Switzerland in the 1970s came from an area of Slovakia where chamois do not occur,
it may have taken them time to learn to efficiently prey on chamois and inherit this ability (U.
Breitenmoser, pers. comm.), particularly since chamois are about 1/3 heavier than roe deer (Jobin et
al. 2000). Such adaptation of lynx to hunt chamois over time could be comparable to the adaptation
of reintroduced wolves in Yellowstone National Park (USA) to hunt bison (Bison bison; Smith et al.
2000). Some predators are adaptable at killing new prey species, but this process may take several
years. Molinari-Jobin et al. (2007) analysed data of the 1980’s and 1990’s, the periods closer to lynx
reintroduction. Further studies are needed to clearly disentangle the lynx adaptation to chamois
from a possible methodological bias. In our study small prey items represented almost 20% of the
lynx diet, whereas in Molinari-Jobin et al. (2007) they covered only 12%. Proportionally we found
more hare spp. and marmots but less foxes. Herein, the methodological advantages of the GPStelemetry may play a major role, as well as the different prey species availability among regions and
time periods.
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Figure 9. Proportion of different prey items found A) in the present study (N=124) and B) by MolinariJobin et al. (2007; N=1069).

In our study area, GPS satellite coverage was excellent, since the overall fix rate was >80% and the
GPS collar accuracy was very high (median distance between the kill site and the nearest GPS fix was
6.0 m; see Appendix D). Under these conditions, we could show that the GPS-telemetry is
appropriate for the purposes of our study, as juvenile ungulates and other small prey could be found
with the localization rhythm we have chosen. Although finding remains of small prey items <5 kg in
the field is often considered as a major difficulty (Martins et al. 2011, Mattioli et al. 2011, Palacios &
Mech 2011, Krofel et al. 2013, Svoboda et al. 2013), we demonstrated that with an appropriate GPS
location sampling schedule and an intensive field work we could find evidences of a kill even in GLCs
where lynx spent only few hours. Similar to Martins et al. (2010), Krofel et al. (2013) and Svoboda et
al. (2013), we found that in large GLCs where lynx spent more time the probability to find a kill and
the prey size increased. Nevertheless, even in some large GLCs lasting ≥48 h we did not find any prey
or only small prey (e.g. one indetermined rodent). Depending on the terrain conditions (vegetation
density, inaccessibility, etc.) and without the presence of a trained dog, we are aware that in some
circumstances we may have missed some prey. According to Krofel et al. (2013), it is difficult to
expect a lynx to remain stationary for such a long time without either having a prey, kittens, or a
major injury. In areas with the presence of scavenger species, carcasses and prey remains may
disappear faster and therefore cause some difficulties in conducting such studies (Krofel et al. 2013,
Martins et al. 2010), especially if prey are small-sized. Krofel et al. (2013) observed that large
scavengers like brown bears and wild boars often displaced lynx from their prey, consuming the
entire carcass or dragging it several hundred meters away. In our study area, similar to Jobin et al.
(2000) in the Jura Mountains, the most common species which scavenge on lynx kills are small and
medium-sized animals, such as the red fox, raven (Corvus corax) and other corvids.
As predicted, our results provided additional information on lynx hunting behaviour and prey
consumption. The GLC analysis showed that for about half of the GLCs where we found a kill, the first
GPS fix was recorded during the day. It could be that lynx already had their day bed at the site and
killed their prey later in the evening. This suggests that lynx may choose their resting sites in strategic
places allowing detection of potential prey. However, it could also be that a relevant part of the prey
actually are killed during the day, especially the species which are diurnal like marmots and also
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chamois. Lynx may behave similarly to bobcats, which have been reported to alter activity to coincide
with periods of the greatest prey activity (Svoboda et al. 2013). Depending on the purposes of the
study, a higher fix rate also during the day may allow to better capture the beginning of a GLC and
interpret the kill time. However, a compromise between collecting data and battery life should be
done.
The altitudinal range where prey species were found corresponded to their altitudinal distribution,
with roe deer found at lower altitude than chamois, marmot and hare spp. As the mean altitude of
checked GLCs was significantly lower than the mean altitude of not checked GLCs, it may be that our
results are somehow biased. Prey species which have been found at higher altitudes - such as
marmots and chamois - may be even more important in lynx diet. This bias may be due to several
factors, such as inaccessibility of some areas, danger of avalanches, etc. However, we do not expect
this to weaken our main results, as those prey missed were most likely chamois or small prey and
therefore, including these GLCs would only have made the observed relationships more pronounced.
The GLC method, aside from providing valuable data concerning the location of kills, is also useful to
locate and study den sites. As GPS positioning success rate may decrease during the denning period
because of the poorer satellite visibility while the females are in crevices below rocks or roots, Krofel
et al. (2013) recommend higher frequency of GPS fix attempts during the denning period. However,
how previously mentioned, this should be considered very carefully, especially because each
unsuccessful attempt to send the data via GSM will draw a lot of power and therefore drastically
influence the battery life. The radio-collared lynx Suna had kittens and during summer it was obvious
that some GLCs were not kill sites. We confirmed the first den site and we checked secondary den
sites after she had moved away. GPS-telemetry is a promising tool for studies on reproductive
behaviour and movement patterns of female lynx during the denning period (Krofel et al. 2013).
In this study, we presented the results concerning the lynx diet in terms of absolute numbers,
without considering the weight of the different prey items. If juvenile ungulates represented 31% of
the overall lynx diet in terms of absolute numbers, their relative importance in terms of biomass
available for lynx would be less. Nevertheless, we can affirm that newborn ungulates, especially
chamois kids, play a substantial role in lynx seasonal diet, for both female and male lynx. Our results
confirmed that Eurasian lynx is a suitable species for application of the GLC method and also that
small GLCs are important to investigate. Long term studies could provide more insight into the causes
and mechanisms related to lynx predation on chamois kids and roe deer fawns. Further research
should also focus on population dynamics of the prey species, especially on the seasonal variation of
the proportion of juveniles, to better evaluate the type of lynx functional response on newborn
ungulates. In the coming years, important results concerning the roe deer population in the study
area may be provided by the “Rehprojekt” of the University of Zurich. A better understanding of lynx
predation on juvenile ungulates may also allow to better understand lynx impact on ungulate
populations, and if predation on juveniles may be additive or compensatory.
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Figure A7. Adult roe deer in a meadow; male roe deer killed by a lynx.
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Figure A12. Red fox, a very rare lynx prey during our study; fox killed by a lynx.

Appendix B: Kill protocol & chamois population data

APPENDIX B: KILL PROTOCOL & CHAMOIS POPULATION DATA

Figure B1.1. Kill protocol used at KORA.
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Figure B2. Proportion of chamois kids in 2 populations (VdB=Val dal Botsch, Trp=Val Trupchun) at the
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Figure C1. Seasonal changes in predation on adult and juvenile ungulates and small prey in absolute
numbers (N=119). The study has been divided in 5 periods of one month. The 5 indetermined
ungulates have not been considered here.

Table C1. Proportion of chamois kids and adults in the population (mean calculated from census data
by Willisch 2004 in the Alps of the Emmental, Canton of Bern, 1990 - 2004) and in lynx diet (prey
found in the present study between May and mid-August 2013, N=46).

AGE CLASS
CHAMOIS KIDS

PROPORTION IN
CHAMOIS
POPULATION
0.172

CHAMOIS ADULTS

Manly’s preference index:

0.828

PROPORTION IN
LYNX DIET
0.652
0.348

α kids 5-8 = (0.652 / 0.172) / (0.652 / 0.172 + 0.348 / 0.828) = 0.90

Appendix C: Additional ecological & biological results
Table C2.1. Approximate monthly changes in the proportion of chamois kids and adults in the
population. Mean proportions were calculated from 2 study areas in the Engadin Valley, Canton of
Grison, in 1999 (Häsler 2001) and were shifted forward in time for one month to reflect natural
conditions in our study area.
MONTHS

AGE CLASS
May

June

July

August

CHAMOIS KIDS

0.175

0.297

0.285

0.297

CHAMOIS ADULTS

0.825

0.703

0.715

0.703

Table C2.2. Monthly changes in the proportion of chamois kids and adults in lynx diet (prey found in
the present study between May and August 2013, N=48).
MONTHS

AGE CLASS
May

June

July

August

CHAMOIS KIDS

0.600

0.600

0.846

0.333

CHAMOIS ADULTS

0.400

0.400

0.154

0.667

Manly’s preference index:

α kids 5 = (0.6 / 0.175) / (0.6 / 0.175 + 0.4 / 0.825) = 0.88
α kids 6 = (0.6 / 0.297) / (0.6 / 0.297 + 0.4 / 0.703) = 0.78
α kids 7 = (0.846 / 0.285) / (0.846 / 0.285 + 0.154 / 0.715) = 0.93
α kids 8 = (0.333 / 0.297) / (0.333 / 0.297 + 0.667 / 0.703) = 0.54

Table C3. Proportion of roe deer over chamois in the study area (population size of the 2 ungulate
species in the WR 12 and 14 in 2013 estimated by the cantonal wildlife service of the Canton of Bern;
OAN 2014) and in lynx diet (prey found in the present study between mid-March and mid-August
2013, N=100).

PREY SPECIES

POPULATION SIZE (N)

PROPORTION IN
UNGULATE POPULATION

PROPORTION IN
LYNX DIET

WR 12

WR 14

WR 12

WR 14

MEAN*

ROE DEER

1200

1500

0.434

0.387

0.410

0.310

CHAMOIS

1563

2375

0.566

0.613

0.590

0.690

* Mean between the proportions in WR 12 and 14 to obtain a reliable proportion of roe deer over chamois in
our study area.

Manly’s preference index:

α chamois = (0.69 / 0.59) / (0.69 / 0.59 + 0.31 / 0.41) = 0.61
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Figure D1. GLCs size per prey item in number of GPS fixes (ad. = adult, juv. = juvenile).

Table D1. GLCs size in number of GPS fixes and in time duration per prey item, per lynx sex and total
(both sexes together). The GLC size is expressed by the median.
No. OF GPS FIXES

DURATION (h)

AGE
CLASS

FEMALE

MALE

TOTAL

FEMALE

MALE

TOTAL

ADULT

16.0

12.0

12.5

87.0

73.0

80.0

JUVENILE

8.0

5.0

5.5

34.0

19.0

20.5

ADULT

17.0

13.5

14.0

81.0

67.5

75.0

JUVENILE

5.5

5.5

5.5

30.5

15.5

21.5

FOX

-

7.0

-

7.0

35.0

-

35.0

MARMOT

-

8.5

4.0

6.0

43.0

15.0

30.0

HARE SPP.

-

4.0

3.5

3.5

13.0

5.0

9.0

RODENT IND.

-

3.0

-

3.0

69.0

-

69.0

PREY SPECIES
ROE DEER
CHAMOIS
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Figure D2. Correlation between the number of GPS fixes per GLC and its time duration (Pearson’s
Rank Correlation, p<0.001, R=0.746).

Table D2. Post-hoc test (pairwise t-test) to determine the origin of the observed differences (ANOVA)
in the mean GLC centroid altitudes per prey item.
PREY ITEM

CHAMOIS
ADULT

CHAMOIS
JUVENILE

ROE DEER
ADULT

ROE DEER
JUVENILE

MARMOT

CHAMOIS JUVENILE
ROE DEER ADULT
ROE DEER JUVENILE
MARMOT

1.00000
0.11641
0.00097
0.39207

0.02908
9.8e-05
0.39207

0.41090
0.00324

3.2e-05

-

HARE SPP.

1.00000

1.00000

0.39207

0.00856

0.39207

Appendix D: Additional methodological results
Appendix D: GPS collar functioning & accuracy – further methodological analysis & results
Totally we obtained 3046 GPS fixes (the 122 fixes of the female Suna at the den site have been
considered here), 45% of which belonged to a GLC (N=1369). Three of 4 fixes were validated 3Dlocations (N=2231; 73%), 12% were not validated 3D-locations (N=366), 6% were not validated 2Dlocations (N=180) and 9% of fixes were missing (N=269). The total number of GPS fixes per lynx
ranged from 658 (Suna) to 834 (Miso), the proportion of validated GPS fixes (3D-locations) ranged
from 64% (Suna) to 78% (Giro; Figure D3). According to Matthews et al. (2013), there is no limit of
inaccuracy of any fix: not all validated fixes will have a high level of accuracy, but a greater proportion
will be, and vice versa. For the 2 male lynx and the female Eywa the GPS collars were normally
operating between 1st May and 31st August 2013, whereas for the female Suna it worked only to 16th
August 2013. Her kittens have been found dead, the mortality cause was starvation. This means that
Suna probably also died.

Figure D3. Received GPS fixes per lynx with proportion of validated (3D val.) and not validated fixes
(3D not val. and 2D not val.), as well as proportion of missing fixes (NO not val.; N=3046). A) Eywa
(N=826); B) Suna (N=658); C) Miso (N=834); D) Giro (N=728).

Appendix D: Additional methodological results
On average, the number of successfully downloaded GPS fixes per day was 5.8 of 7 (median=6.0),
meaning that 83% of the expected fixes were collected. This proportion is quite high if we confront it
with the average proportion of 66% found by Matthews et al. (2013) comparing data of 24 studies
based on GPS-telemetry conducted in Australia, and with 56% found by Krofel et al. (2013) in the
Dinaric Mountains of Slovenia and Croatia. The GPS collar of Eywa produced the highest fix rate, with
a mean of 6.3 fixes per day (median=7.0), followed by the collar of Miso with 6.2 (median=7.0), Giro
with 5.7 (median=7.0) and Suna with 5.1 (median=6.0). Suna, which had kittens and so spent a large
amount of time at the den site (under a rock), had the largest amount of days without fixes,
especially between the end of May and mid-June (Figure D4). This period corresponds to the peak of
kitten’s birth in the Northwestern Alps of Switzerland observed by Breitenmoser-Würsten et al.
(2001). Previous results already showed that GPS positioning success rate may decrease during the
denning period because of the poorer satellite visibility while the females are in crevices below rocks
or roots. In the study of Krofel et al. (2013) the GPS fix success rate was 24% lower than during the
rest of the year. The same problem also occur when lynx spend a prolonged period in remote areas
surrounded by steep mountain chains, where the satellite visibility may be strongly reduced. Missing
GPS fixes influence the GLC size, start and end and so create bias in the whole GLC analysis, especially
if collars of the different individual lynx work differently. Excluding the collar of Suna, the other
collars worked in a satisfactory way, even if missing fixes occurred regularly.
On average, GLCs where we found a kill were visited by us 5.0 days after formation (median=4.0,
range: 1-30) and GLCs where no kills were found 4.9 days after (median=3.0, range: 1-30). The
difference was not significant (t-test, p=0.9148). This is very similar to Krofel et al. (2013), with a
median of 4.5 days. The proportion of checked fixes per GLCs where we found a kill and where we
did not find a kill was 85% and 96%, respectively (median=95%, range: 20-100%, and median=100%,
range: 40-100%, respectively). A chamois juvenile killed by Miso in steep terrain was found without
checking any fix, since the handheld GPS was not working properly. In this and other cases the
presence of the trained dog Akela has been decisive.
For 73 of 93 lynx kills we have found, we recorded the distance between the kill site and the nearest
GPS fix belonging to the visited GLC. The mean distance was 7.6 m (median=6.0, range: 1-29), leading
to the conclusion that the accuracy of our GPS collars and handheld GPS was very high. For
comparison, Krofel et al. (2013) found a median distance of 11.0 m, which is also very satisfactory
when searching prey remains in the field.
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Figure D4. Received GPS fixes per day per lynx, from 1st May to 31st August 2013 (to 16th August for
Suna). Each GPS collar was programmed to send 7 GPS fixes per day via GSM system.
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