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The prevalence, intensity, or outcome of interference competition and inter-
specific killing between predominantly solitary species operating on large spa-
tial scales is challenging to document or test. Here, we present a detailed
account of inter- and intraspecific interactions from contemporaneous GPS
location data and in-field investigation. In June 2018, a GPS-collared female
cougar (Puma concolor) maintained strong site fidelity for a period of 19 days,
indicative of parturition behavior and establishment of a nursery site. In early
July 2018, three GPS-collared black bears (Ursus americanus) arrived at the
nursery site, after which the female cougar abandoned the site. Site investiga-
tion showed that one or more bears predated an unknown number of cougar
kittens. The evidence supports ecological theory suggesting that body size,
mass, or group number is an important predictor of outcome. Our observation
provides an example of bears potentially making risk-reward trade-offs by
eliminating a potential competitor that at the same time provisions carrion as
critical food resources. These real-time inter- and intraspecies competitive
interactions as documented using GPS collars allow for greater insight into
individual fitness and community-level effects.
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Direct interactions among carnivores, and not simply
between predators and prey, have widespread conse-
quences for ecological systems. Such interactions include
facilitation through scavenging, kleptoparasitism, and
direct killing (Allen et al., 2021; Prugh & Sivy, 2020;
Ruprecht et al., 2021). The outcomes of these events are
largely driven by body mass, group size, defensive capa-
bilities, or aggression (Donadio & Buskirk, 2006;
Palomares & Caro, 1999). For example, African lions

(Panthera leo), by virtue of being territorial, large-bodied,
and gregarious, dominate interspecific interactions
involving a suite of other carnivores including leopards
(Panthera pardus pardus) (Balme et al., 2017), hyenas
(Hyaenidae spp.) (Mills, 1990), wild dogs (Lycaon pictus)
(Fuller et al., 1992), and cheetahs (Acinonyx jubatus spp.)
(Laurenson, 1995). Even among predominantly solitary
large-bodied carnivores with similar body size, there is
substantial risk in engaging in aggressive one-on-one
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interactions. However, a change in sociality causing con-
specifics to aggregate could reduce risk when engaging in
aggressive interspecific interactions.

In North America, cougars (Puma concolor) are typi-
cally subordinate in confrontations with larger bodied
adult American black bears (Ursus americanus, hereafter
“bears”) (Elbroch & Kusler, 2018). However, cougars
have also occasionally been recorded killing and consum-
ing bears (Clark et al., 2014; Elbroch & Kusler, 2018;
Knopff et al., 2010; LeCount, 1987). Reports of cougars
killed by bears are rare (Elbroch & Kusler, 2018), and the

TABLE 1 Animal mass and collar programming.

behavioral details surrounding such interactions have
not been previously described in the scientific literature.
Here, we provide a detailed account of an unusual preda-
tion event in which three bears deviated from their char-
acteristic solitary nature and were implicated in the
predation of a cougar nursery site and consumption of
kittens at the Starkey Experimental Forest and Range in
northeast Oregon, USA (IACUC No. 64 92-F-0004; proto-
col number STKY-16-01).

Data from a GPS collar worn by a 45-kg (Table 1)
female cougar (C256) indicated it first arrived at the

Programmed GPS

Animal ID Species Sex Mass (kg) Collar model; make fix interval

C256 Cougar F 45 VERTEX Lite; Vetronics Aerospace, Berlin, Germany 3h

C262 Cougar M 69 IridiumTrack M Basic; Lotek Wireless, Newmarket, 3h
Ontario, Canada

U2 Bear M 120 GPS 7000 Series Ultra High Frequency; Lotek Wireless, 2h
Newmarket, Ontario, Canada

U3 Bear M 109 GPS 7000 Series Ultra High Frequency; Lotek Wireless, 2h
Newmarket, Ontario, Canada

U9 Bear F 64 LiteTrack 420 Iridium; Lotek Wireless, Newmarket, 0:15h
Ontario, Canada

U12 Bear F 75 LiteTrack 420 Iridium; Lotek Wireless, Newmarket, 0:15h

Ontario, Canada

Abbreviations: F, female; M, male.

&

FIGURE 1

J

uvenile elk predtion event (29 June 2018)

Locations for C256 during the 19-day birth event and rearing period (14 June 2018 through 3 July 2018).
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FIGURE 2 Geospatial timeline of an interaction between an adult male black bear and an adult female cougar at its nursery site in
northeast Oregon, USA (Table 2): (a) male bear, U2, passes through the cougar nursery site and is pursued by cougar mother C256;

(b) cougar mother returns to nursery while U2 flees to the north.
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FIGURE 3 Female, Ul2 (left), and male, U3 (right), captured on remote camera approximately 3.45 km from the cougar nursery site
12 h after departing. Photo credit: Oregon Department of Fish and Wildlife.

parturition site, which later became the nursery, on
14 June 2018. The nursery was in a patch of regenerating
mixed conifer with several larger scattered logs at the
ground level, which provided some cover, but did not

contain barriers for other predators to access the kittens.
During the following 19 days, C256 maintained strong
site fidelity to the nursery and only traveled between one
documented elk calf feeding site and the nursery
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(Figure 1). On 2 July 2018, a 120-kg male bear (U2), also
monitored with a GPS collar, visited the cougar’s elk calf
feeding site. Later that day, U2 approached within 290 m
west of the cougar nursery site (Figure 2a). Subsequent
GPS fixes suggest that C256 successfully displaced U2
from the nursery site as indicated by the cougar and bear
in close proximity (60 m; Figure 2b) east of the nursery
followed by a 738 m move north by U2 as C256 retreated
back to the nursery.

On 2 July at 22:15, during the interaction between
the presumed solitary bear (U2) and C256, locations
from a GPS-collared 64-kg female bear (U9) indicated a
pass through C256’s elk calf feeding site. On 3 July at
20:00, U9 convened with two other GPS-collared bears
(75-kg female, U12, and 109-kg male, U3; Figure 3)
approximately 270-430 m of one another 1km

Legend
= C256 f - Cougar
mm U9 f- Bear

U12 f - Bear
= U3 m - Bear

Y& Nursery Site

0-4 July 20

- 1

northwest of the nursery site within a 1-h period
(Figure 4a). Bear U9 was the first to arrive at the nursery
by 21:00 the evening of 3 July 2018 (Figure 4a). Within
15 min of arrival, U9 was displaced by the larger bodied
female (U12) who remained at the nursery site for
6.25 h (Figure 4b). GPS data placed larger bodied male
bear (U3) at the site no later than 22:00 (though possibly
the same time as Ul2) where he remained for 8 h,
including a minimum of 6h spent alongside Ul2
(Figure 4c,d). The cougar fled the nursery and moved
3.4 km between 21:00 and 00:00, which was a distance
approximately 20 times longer than the mean cougar
movement rate in our study (Table 2). On 18 July 2018,
the subsequent investigation of the nursery site yielded
blood on ground litter and surrounding vegetation,
densely matted vegetation, tufts of cougar fur, and

| 4 July 2018 02:00-06:02
e

FIGURE 4 Geospatial timeline of interactions of three adult black bears at a cougar nursery site in northeast Oregon, USA: (a) female
bear U9 moved to nursery site and displaced female cougar C256 170 m west; (b) older and larger female bear, U12, displaced U9 from
nursery site. C256 retreated SSE and departed the main study area; (c) male bear, U3, joined U12 at nursery site. U9 looped north back
toward the nursery, but kept distance from other bears. (d) U3 and U12 left the nursery site.
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TABLE 2 Timeline of events at C256 2018 nursery site.
LMT
Date (PDT) Event
14 June 2018 C256 established parturition site.
2 July 2018 10:00 U2 arrived 290 m west of the nursery site and remained clustered for 8 h.
20:00 U2 moved 670 m east.
21:00 C256 has moved to within 60 m of U2 420 m east of nursery.
22:00 U2 has moved 738 m north.
3 July 2018 00:00 C256 back at nursery site.
20:00 Bears U3, U9, and U12 congregated 1 km north-northwest of the nursery site.
21:00 U9 arrived at nursery site and displaced C256 170 m west.
21:15 U9 moved 80 m south of the nursery.
21:30 U12 arrived at the cougar nursery site. U9 was displaced 670 m south. U12 remained at the nursery
site for another 6.25 h.
22:00 U3 arrived at the nursery site with U12. U9 circled back to the northwest maintaining 290 m distance
from U12 and U3.
4 July 2018 00:00 C256 moved 3.4 km (mean distance for 3-h interval during 19-day denning period = 171 m;
SD = 354 m; max = 1.6 km) to the southeast.
00:53 C256 departed main area of study; furthest location since start of kitten rearing period
(Appendix S1: Figure S1).
03:46 U12 departed the nursery site.
06:02 U3 departed the nursery site.
17:27 U3 and U12 detected on motion-sensor camera after departing nursery site (Figure 3).
5 July 2018 00:18 C256 returned to main study area.
03:00 C256 revisited the vicinity of nursery site.
07:25 C256 departed the nursery site and main study area.

Abbreviations: LMT, Local Mean Time; PDT, Pacific Daylight Time.

keratinous claw sheaths from cougar kittens (Figure 5).
Though the total number of offspring was not confirmed
for this parturition event, a mean litter size of 3 for C256
was documented from three events (mean litter size for
study area = 2.5; min = 1, max = 4).

The loss of the litter to bears allowed C256 to enter
estrous on 10 July 2018, 6 days and 9 h following the
nursery predation; C256 spatially overlapped with a col-
lared male cougar (C262) southeast of the previous nurs-
ery site for at least 2 days and 21 h. C256 gave birth to a
new litter 92 days later.

On 10 October 2018, C256 established a new nursery
site 122 km from the previous June nursery (birth
interval = 3.8 months; subsequent birth interval =
14.9 months). This distance greatly exceeded the mean
distance between consecutive nursery sites (including
those predated by bears or conspecifics) of six other adult
female cougars documented in northeast Oregon
(¥ =4.0 km, SD = 3.1 km; ODFW, unpublished data).
On 13 November 2018, three male kittens were observed
at the subsequent nursery site. With conception

occurring on or around 15 March 2018 and subsequent
conception occurring on 10 July, the disruption to C256’s
production of offspring was 117 days.

Coevolution between sympatric bears and cougars
has been occurring for at least 2 million years (Culver
et al., 2000; Kumar et al., 2017). Cougar life history
appears to be adapted for the spontaneous loss of off-
spring from intra- and interspecific sources (e.g., male
cougars, wolves, and bears), which can lead to a rapid
onset of a second estrus (Logan & Sweanor, 2001; Ruth
et al.,, 2019). Regardless of photoperiod or prey abun-
dance, the poly-estrus and aseasonal nature of cougars
allows for birth to occur during all months of the year
(Brown, 2011). As sensory stimulation-induced reflex
ovulators (Bonney et al., 1981), female cougars can come
into estrus upon copulation with males. The ability of
cougars to rapidly produce a new litter of kittens is likely
an evolutionary adaptation to account for potential pre-
dation of vulnerable young by competitors, particularly
when the female must leave kittens unattended at nurs-
ery sites while hunting.
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FIGURE 5 Physical evidence from 18 July 2018 in-field investigation of the nursery predation site: (a) blood on ground litter and
surrounding vegetation, (b) tufts of cougar fur, (c) keratinous claw sheaths from cougar kittens, and (d) nursery site. Photo credit: Oregon

Department of Fish and Wildlife.

Although our observation of four GPS-collared bears
passing through the same site in a 24-h period might suggest
a high density of bears, Ruprecht et al. (2021) found bear
density for our study area in 2017 to be 9.9 bears/100 km?.
Compared with previous estimates of 15-17 bears/100 km?>
in northeast Oregon (Johnson et al., 2019) and more
recent estimates of 19.2 bears/100 km® (range: 7.1-33.6
bears/100 km?*) in the eastern North Cascades of
Washington State (Welfelt et al., 2019), bear density in our
study area was relatively low. Having three bears present at
the nursery within 1 h is a stark deviation from the typical
solitary nature of bears.

While bears possess acute senses, it is unlikely there
was sufficient time for olfactory cues to alert multiple
bears within such a short time, and because the event

occurred at night, visual cues would have been limited.
Recent analysis has shown vocalizations by young cou-
gars are highly audible (Allen et al., 2016) and attract
rather than repel bears (Suraci et al., 2017), which likely
prompted the aggregation of bears and increased threat
of predation (Hughes et al., 2012). The first bear to arrive
at the nursery, U9, may have been alerted because of
vocalizations made by either nurslings or C256. The
resulting interaction between a single bear and C256 may
have ended with the cougar displacing U9 from the nurs-
ery as it did to the larger bodied U2 the day prior.
However, within 15 min another bear arrived (U12), per-
haps reacting to auditory cues created by the interaction
between U9 and C256. The male bear (U3) may have
arrived with Ul2, or may have arrived separately, but
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was present within 45 min. We posit that 15 min would
not have been adequate time for U9 to displace C256, kill
nurslings, and consume them. Unlike the previous
defense of C256’s nursery 1 day prior, these bears suc-
cessfully displaced the mother and consumed the litter.

The motivations of bears in this account are unclear.
There was risk of injury from maternal defense for a small,
but nutritionally dense reward. Was the action driven by
the momentary urge to remove a potential predator com-
petitor instead? We cannot confirm, nor suggest, bears exer-
cise executive function, but it is worth pointing out that
from a long-term resource acquisition standpoint, it may
not be optimal for bears to kill cougars given that bears are
often the beneficiaries of carrion from prey killed by the
more subordinate cougars (Allen et al., 2021; Elbroch &
Kusler, 2018; Ruth et al.,, 2019). In the short term, gains
from the opportunistic detection of a cougar nursery by a
generalist omnivore may have created additional attraction
to the site, particularly with the reduced risk associated with
a larger body and group size. Perhaps the risk-reward
trade-off was influenced by synergy of three bears
(e.g., grouped individuals taking on more challenging prey),
the frenzy of the bear breeding season, or because a sea-
sonal resource pulse of neonate ungulates increased spatial
and dietary overlap resulting in the increased competition
between these two species. While the provocation for this
phenomenon may never fully be known, this explanation
provides a detailed glimpse into the intricacies surrounding
interactions within carnivore communities and raise further
questions about their effects on ecosystems.
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