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Abstract
Kill rates of predators typically increase when they come into contact with naïve and abundant prey. Such a situation can 
lead to surplus killing or the occurrence of parallel kills (i.e. additional kills that predator makes while still consuming the 
carcass from the previous kill). However, there is limited information on the feeding behaviour of predators during such 
events and how they affect kill rates. Here we report on hunting and feeding behaviour of a male Eurasian lynx (Lynx lynx) 
that dispersed into a region where this apex predator had been absent for several decades. We also report on the kleptoparasit-
ism by wild boar (Sus scrofa), which effects on lynx prey consumption have not yet been explored. We found 66 ungulates 
killed by the lynx, among which 39% were part of parallel kills. Compared to the single kills, lynx fed on parallel kills for 
2.7-times longer, while the kill rate was 37% higher, resulting in one of the highest kill rates reported so far for male lynx 
in Europe. We did not detect differences in search times following single or parallel kills and the average distance between 
consecutive kills was similar in both kill types. We also recorded the highest kleptoparasitism rate by dominant scavengers 
on Eurasian lynx, as 48% of kills were usurped and consumed by the wild boars. Kleptoparasitism reduced the average time 
lynx was able to feed on prey for 52% compared to kills not found by wild boars. However, the lynx did not compensate for 
these losses by increasing the hunting effort, probably due to abundant naive prey available in the area.
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Eurasian lynx (Lynx lynx) is the largest felid in Europe and 
an important apex predator of wild ungulates in European 
forest ecosystems (Jędrzejewska and Jędrzejewski 1998). 
After killing an ungulate, lynx typically remain at a kill 
site for several days, until all edible parts of the carcass 

are consumed, and then move away in search of the next 
kill (Okarma et al. 1997; Krofel et al. 2013). During the 
intensive persecution of Eurasian lynx in the previous cen-
turies, the species was completely exterminated from most 
of Europe (Breitenmoser and Breitenmoser-Würsten 2008). 
Following several reintroduction and recovery projects 
across the continent, the lynx are now recolonising some 
of the areas, where the species was absent for decades or 
centuries (Chapron et al. 2014; Mueller et al. 2020; https​://
www.lifel​ynx.eu/; https​://snu.rlp.de/de/proje​kte/luchs​/). This 
could bring lynx in contact with prey that has no experience 
with this predator (Breitenmoser and Haller 1993). Such a 
situation can result in surplus killing of naïve prey, which 
is generally rare in stable ecosystems (Kruuk 1972a; Short 
et al. 2002).

Surplus killing typically refers to events when a predator 
(or a group of predators) kills several animals during the 
same hunt, which often results in a low level of utilization 
of the prey carcasses by the predator (Kruuk 1972a; Short 
et al. 2002). Surplus killing is often connected with high 
prey abundances, including artificial conditions (e.g. poorly 
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protected livestock), or when prey are exposed to exotic or 
novel predators. Surplus killing of wild or domestic prey 
has been reported for many carnivores across the world, 
including felids (Stuart 1986; McCarthy and Mallon 2016), 
canids (Andelt et al. 1980; DelGiudice 1998), hyaenids 
(Kruuk 1972b; Wiesel 2006), ursids (Reynolds et al. 2002) 
and mustelids (Oksanen et al. 1985). A similar situation to 
surplus killing is parallel killing (Jobin et al. 2000), which 
we define as events when a predator makes additional kills 
while still consuming the carcass from the previous kill. In 
this case, the additional kills are not necessarily made during 
the same hunt when the first kill is made, as is usually the 
case in surplus killing. But the two processes are similar in 
predator(s) killing several individuals in a short period and 
that more prey is killed than needed for immediate satiation 
of hunger. Parallel killing can be expected especially among 
the predators that kill large prey and consume it over several 
days, which is typical for large solitary felids (Krofel et al. 
2012).

Here we report on hunting and feeding behaviour of a 
male Eurasian lynx that dispersed into a region with abun-
dant and naïve ungulates in the Moravian Karst, Czech 
Republic. We focus on the prey utilization of parallel kills 
and compare it with the consumption process of single (i.e. 
non-parallel) kills. Although parallel killing and surplus kill-
ings have already been mentioned to occur in lynx predation 
on wild and domestic prey (Breitenmoser and Haller 1993; 
Okarma et al. 1997; Pedersen et al. 1999; Jobin et al. 2000; 
Odden et al. 2002; Krofel et al. 2006), we lack detailed infor-
mation on the sequence of lynx feeding in such events and 
how it compares with feeding behaviour on single kills. We 
expected that parallel killing would prolong the lynx con-
sumption and prevent predator at be present at all kill sites, 
which could increase opportunities for large scavengers to 
usurp the kills. Therefore we also studied the frequency and 
effects of kleptoparasitism by wild boar (Sus scrofa), which 
has been noted as an important kleptoparasite for Eurasian 
lynx in Europe (Jędrzejewski et al. 1993; Jędrzejewska and 
Jędrzejewski 1998; Krofel et al. 2012, 2019), but its effects 
on prey consumption by the lynx remain unexplored.

Eurasian lynx first appeared in the Moravian Karst in 
autumn of 2016, after several decades of absence (Duľa et al. 
2017). The permanent occurrence of lynx in Moravian Karst 
and Drahanská Vrchovina Upland was recorded up to the 
end of the eighteenth century (Kratochvíl and Vala 1968). 
After this, only transient lynx from the Carpathians were 
documented here (Kratochvíl 1968; Červený et al. 1996). 
The Moravian Karst, situated in Central Moravia, is a pro-
tected landscape characterised by rugged terrain with deep 
valleys, steep slopes and numerous karstic phenomena. This 
human-dominated landscape is a mosaic of beech-spruce 
forests and villages surrounded by arable fields with the 
average population density of 126 inhabitants/km2 (Czech 

Statistical Office 2017). The most abundant ungulates are 
roe deer (Capreolus capreolus) and wild boar, followed by 
mouflon (Ovis musimon) and red deer (Cervus elaphus). The 
official annual harvest of wild boars, which are also impor-
tant scavengers in the area, was on average 5.48 wild boar 
shot per km2 in 2015–2018 (Masaryk Forest Křtiny Training 
Forest Enterprise, unpublished data). No permanent pres-
ence of large carnivores was recorded in this region before 
this study (Kutal et al. 2017), but several species of meso-
carnivores are present.

The adult lynx male dispersed from Beskydy Mts. (Czech 
Republic) to Moravian Karst (confirmed by microsatellite 
genotyping; Krojerová & Turbáková, personal communica-
tion), where he mainly preferred ravine forests and natural 
rocky habitats (authors‘ unpublished data). The lynx was 
captured in a box trap on 15th June, 2017 in the central 
part of the protected landscape area. The lynx was equipped 
with GPS/GSM collar (Small WildCell, Lotek Wireless, 
Newmarket, Ontario, Canada) scheduled to collect a GPS 
position every 90 min for one year (permits for animal cap-
ture and handling were obtained from the PLA Moravian 
Karst Administration and the Czech Ministry of Environ-
ment, permit numbers: SR/0081/JM/2017; 34128/ENV/17-
2146/630/17). Potential kill sites were identified by loca-
tion cluster analysis of telemetry data (Krofel et al. 2013) 
using ArcGIS software (ESRI, and Redlands, CA, USA) and 
inspected in the field to locate prey remains between 6th of 
August 2017 and 14th of May 2018. At each kill site, data 
about sex and age category of prey remains were collected, 
and if possible, a camera trap was installed to record the 
feeding behaviour and presence of scavengers (Krofel et al. 
2019).

For each kill, the feeding time and search time were cal-
culated (see Krofel et al. 2013 for details). Feeding time was 
defined as a period between the killing of prey and when 
lynx abandoned the kill site for the last time (even if the 
lynx had been using other kill sites in-between). The search 
time of the kills was defined as a period between the time 
when lynx abandoned the given kill and made the next kill. 
Therefore in the case of parallel killing, the search time for 
the first of the parallel kills was set as zero value, as lynx 
made the next kill while still feeding on the previous one. 
Time of abandonment was defined as the last visit to the 
given kill site. Time of killing was set in the middle between 
the last location before and the first location at the kill site, 
time of prey abandonment was set in the middle between the 
last GPS location at a kill site and the following GPS loca-
tion. Visits to a kill site were confirmed when either the lynx 
GPS position was located within the 50 m radius around 
the kills site, or when the lynx presence at the kill site was 
detected by camera trap footage or lynx tracks in the snow. 
The annual kill rate (the number of ungulates killed per year) 
was calculated from the average time interval between the 
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two consecutive kills (i.e. the time between the killing of 
one and the killing of the next prey). We compared lynx kill 
rate with the human harvest of ungulates within the 95% 
MCP lynx home range (143 km2) as the number of shot 
ungulates per 1 km2/year (i.e. average harvest from 2015 
to 2018; Masaryk Forest Křtiny Training Forest Enterprise, 
unpublished data). To compare the average distance between 
parallel and single kills, we only used data when consecutive 
kills were of the same type (either both parallel or both sin-
gle). After checking for normality, the Mann–Whitney U test 
was used to test differences in distances between consecutive 
kills, feeding and foraging behaviour between the single and 
parallel kills. All statistical analyses were performed using 
STATISTICA 12 (StatSoft 2013).

In total, 66 lynx kills were found. All of the killed ani-
mals were ungulates, the majority (74%) were roe deer and 
the remaining were mouflon. Lynx killed more females 

(66% of kills, for which we could determine the sex; n = 50) 
and individuals older than one year (81% of kills with age 
determination; n = 63). Eleven parallel kill occasions were 
recorded, seven of these with two parallel kills and four with 
three parallel kills (Table 1). Overall, 39% of kills were part 
of parallel kills. We recorded the highest number of parallel 
kills in September, February and March (Fig. 1). All cases 
of parallel killing comprising three kills occurred between 
December and February (Table 1; example of the use of 
such parallel kills provided in animation in the Supp. mat. 
1. The average distance between consecutive parallel kills 
was similar to the distance between consecutive single kills 
(5.3 ± 2.8 and 5.2 ± 2.5 km, respectively; U = 364, p = 0.87, 
nparallel = 15, nsingle = 50).

For all kills, the average feeding time was 2.9 ± 3.3 days 
(min 0.1, max 18.1), the average search time was 
1.9 ± 1.9 day (min 0.0, max 8.7), and the average interval 

Table 1   Number, age and sex of ungulates killed by Eurasian lynx as parallel kills and feeding sequences of their consumption

Feeding sequence is provided in respect to the sequential feeding of individual kills (indicated by kill numbers), but note that each number could 
indicate one or more visits to the same kill (i.e. only switches from feeding at one to another kill are indicated). Feeding times correspond to the 
time between the killing and the last visit to each of the kills in the series (in the same order as in Kill identification)
Cc Capreolus capreolus, Om Ovis musimon, F female, M male, U unknown, J juvenile, A yearling/adult

Number 
of parallel 
kills

Date (killing of the first kill–
abandonment of the last kill)

Kill identification (kill 
number/species/sex/age 
category)

Feeding sequence Feeding time (days)

2 Sep 3–Sep 5 1-CcUJ, 2-CcFA 1 2 1 2 1.00, 0.94
2 Sep 15–Sep19 1-CcFA, 2-OmFA 1 2 1 4.00, 2.88
2 Sep 23–Sep 27 1-CcMA, 2-OmMA 1 2 1 3.94, 1.38
3 Dec 7–Dec 25 1-CcFA, 2-CcFA, 3-CcJ 1 2 3 2 1 18.13, 5.25, 4.79
3 Jan 10–Jan 23 1-CcMA, 2-CcFA, 3-CcMJ 1 2 1 2 3 1 2 12.25, 8.19, 3.13
3 Jan 31–Feb 7 1-CcMA, 2-CcFA, 3-OmFA 1 2 1 3 1 7.00, 1.19, 1.74
3 Feb 9–Feb 26 1-CcMA, 2-OmFA, 3-CcMJ 1 2 1 2 1 2 1 3 1 3 13.28, 2.19, 4.00
2 Mar 10–March 14 1-CcMA, 2-CcMA 1 2 1 3.94, 0.13
2 Mar 17–Mar 21 1-CcFA, 2-OmFA 1 2 1 2 1 4.06, 1.44
2 Mar 27–Apr 5 1-OmFA, 2-CcMA 1 2 1 9.19, 3.09
2 Apr 30–May 5 1-CcMA, 2-OmUJ 1 2 1 4.25, 0.62

Fig. 1   Occurrence of parallel 
killing occasions per month in 
combination with the aver-
age daily distance moved by 
the lynx in the study period (6 
August 2017–14 May 2018). 
Data are shown according to the 
average date of the killings in 
the series of parallel kills
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between the kills was 4.3 ± 2.5 days (min 0.3, max 12.8). 
The average annual kill rate was estimated to 84.7 ungulate 
kills per year (62.9 roe deer and 21.8 mouflon) and 0.83 
ungulate/km2 (0.61 roe deer/km2 and 0.21 mouflon/km2). 
This is 34% and 23% compared to the official human harvest 
(1.8 roe deer and 0.92 mouflon shot per 1 km2/year) inside 
the home range of the monitored lynx. The lynx spent con-
siderably more time feeding on the parallel (4.7 ± 4.3 days) 
than on the single kills (1.7 ± 1.5 days; U = 254, p =  < 0.001, 
nparallel = 26, nsingle = 40). Search time was somewhat 
longer after the parallel kills (3.1 ± 2.4 days) compared 
to search time following single kills (2.4 ± 1.6 days), but 
the difference was not statistically significant (U = 171, 
p = 0.31, nparallel = 11, nsingle = 39). The interval between 
the kills was significantly shorter between the parallel kills 
(3.0 ± 2.0 days) than between single kills (4.7 ± 2.5 days; 
U = 216, p = 0.01, nparallel = 15, nsingle = 50).

Relatively high level of kleptoparasitism by wild boars 
on lynx kills was recorded (examples are provided in videos 
in the Supp. mat. 2). We were able to assess the presence 
of scavengers at 50 lynx kill sites, and among them, 48% 
were usurped and consumed by wild boars. The propor-
tion of kleptoparasited kills was lower for parallel (26%, 
n = 19) than single kills (61%, n = 31). Feeding time of the 
lynx was reduced for 52% at kills usurped by the wild boar 
(1.2 ± 1.3 days; n = 24) in comparison to kills not found by 
the wild boars (3.8 ± 4.0 days, n = 26; U = 204.5, p = 0.03). 
Search time and inter-kill interval after kills usurped by 
wild boar and those without wild boar presence were similar 
(search time, with wild boar: 1.9 ± 1.4 days, n = 24; without 
wild boar: 2.09 ± 2.3 days, n = 26; U = 293, p = 0.71; inter-
val between the kills, with wild boar: 4.6 ± 2.3 days, n = 24; 
without wild boar: 4.6 ± 2.6 days, n = 26; U = 294, p = 0.73). 
This indicates that lynx did not compensate for losses due 
to boar kleptoparasitism by increasing the hunting effort.

Our results obtained from Moravian Karst provide the 
first detailed insight into lynx feeding behaviour when uti-
lizing parallel kills, which differs from single kills in longer 
feeding time and shorter interval between kills. When preda-
tors are killing one prey after another (i.e. single kills), the 
longer feeding time usually results in longer inter-kill inter-
vals. However, we showed that this is no longer true when 
the predator is making parallel kills because of simultaneous 
feeding on several kills. Shorter inter-kill intervals result in 
higher predation pressure on prey populations and the kill 
rate documented in our study (corresponding to 85 ungulates 
killed annually) represents the highest recorded rate for adult 
male lynx across all populations studied so far in Europe 
(e.g. Breitenmoser and Haller 1993; Okarma et al. 1997; 
Jobin et al. 2000; Gervasi et al. 2013; Krofel et al. 2014; 
Andrén and Liberg 2015; Belotti et al. 2015). However, our 
results presented here need to be treated with caution, as 
they are limited to a single individual and may thus not be 

representative for lynx in general, given the potential for 
individual variability. Nevertheless, it provides an insight 
into a possible scenario after recolonization of an area where 
lynx have been absent for a long period. It also demonstrated 
the need for more research focus on the phenomenon of par-
allel killing.

A similar situation was reported for Eurasian lynx by Bre-
itenmoser and Haller (1993) who documented the expansion 
of the reintroduced lynx population in Switzerland and noted 
several cases of parallel killing in the newly colonised areas 
at the population expansion front. Occasional anecdotal 
records of parallel killing on wild or semi-wild ungulates 
have also been reported from areas with established lynx 
populations, indicating that it is not limited to areas with 
naïve prey (Okarma et al. 1997; Pedersen et al. 1999; Jobin 
et al. 2000; Kutal 2014; Krofel et al. 2006). However, none 
of these studies reported such a high frequency of parallel 
killing as we detected in Moravian Karst (almost 40% of all 
kills), which we suggest to be primarily connected with the 
high abundance of ungulates and lack of previous experience 
with large predators by the prey.

We recorded all cases of parallel killing comprising 
of three kills during the winter period (Table 1) and we 
observed an increasing trend in the occurrence of parallel 
killing from December to March, which increased simulta-
neously with the activity and average daily distance moved 
by the male lynx, possibly reflecting the change in behav-
iour due to the mating period (Fig. 1). Additionally, freezing 
temperatures and snow cover keep prey remains fresh and 
useable for a longer period (Ray et al. 2014), which might 
have enabled lynx to prolong the use in the winter period, 
possibly contributing to the higher occurrence of parallel 
killing.

Longer feeding times of the parallel kills compared to 
single kills, in general, make lynx more susceptible to klep-
toparasitism. Therefore we expected that scavengers would 
usurp more carcasses belonging to the parallel kills than 
single kills, but the opposite pattern was observed. Possi-
ble explanation could be connected with a higher frequency 
of parallel killing during the winter period, when detection 
of carcasses by the scavengers could be reduced by slower 
decomposition and fainter smell of carrion.

In our study area, the most important scavenger was 
the wild boar, which we recorded at almost half of the 
lynx kills. This is much higher compared to the losses 
to wild boar in Dinaric Mountains (2–8%; Krofel et al. 
2012, 2019) and even higher than the 40% frequency 
reported from Bialowieza in Poland (Jędrzejewski et al. 
1993; Jędrzejewska and Jędrzejewski 1998). For the first 
time we were able to also estimate the effects of wild 
boar kleptoparasitism on lynx prey consumption, which 
resulted in considerable (52%) reduction of the feed-
ing time (which could be used as a proxy for consumed 
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biomass; Krofel et al. 2012). This is comparable to the 
high rate of reduced feeding opportunities for lynx (47% 
shorter feeding times) documented as a consequence of 
kleptoparasitism by brown bears (Ursus arctos) in the 
Dinaric Mountains (Krofel et al. 2012). However, in con-
trast to the bear kleptoparasitism, lynx in Moravian Karst 
did not respond to losses due to scavenging wild boars 
by increasing the kill rate. We assume that this could be 
connected with higher availability of naïve prey in our 
study area and shorter search time required to make the 
next kill, as well as frequent parallel killing (in Dinaric 
Mountains lynx are present already since the 1970s, have 
longer search times and rarely make parallel kills; Krofel 
et al. 2006, 2013). This likely provided lynx in Moravian 
Karst with ample food, which made losses to scavengers 
less important, despite the highest kleptoparasitism rate 
by dominant scavengers reported so far for Eurasian lynx 
(reviewed in Krofel et al. 2012).

Information presented in this study will likely become 
increasingly important in the future when recovering and 
reintroduced lynx populations are expected to recolonise 
several areas with abundant and naïve prey, where large 
predators have been absent for several decades or even 
centuries. As demonstrated here and in the previous study 
(Breitenmoser and Haller 1993), this can result in high 
predation pressure, especially when lynx succeeds in mak-
ing parallel kills. However, such high predation pressure 
is expected to be limited to a relatively short period, as 
eventually prey respond to the new predator with re-estab-
lishment of antipredator behaviours, which can lead to the 
increase of predator home range sizes that in turn decrease 
the predation rates (Breitenmoser and Haller 1993).
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