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Evaluating the responses of a 
territorial solitary carnivore to 
potential mates and competitors
Maximilian L. Allen1,2, Veronica Yovovich1 & Christopher C. Wilmers1

Successful communication is critical to the fitness of individuals and maintenance of populations, 
but less is known regarding the social contexts and reactions to scent marking by other individuals in 
solitary carnivores, including pumas. We evaluated the responses of resident male pumas to visitation 
and scent marking by potential competitors (other male pumas) and potential mates (female pumas) 
by capturing and marking 46 pumas (Puma concolor), and documenting scent marking behaviours using 
motion-triggered video cameras. By comparing resident male puma visitation rates and communication 
behaviours in response to either male or female visitors, we found that their visitation and communication 
behaviours were best explained by the combination of visitation by both competitors and potential 
mates. Resident males returned to scent marking sites more quickly and increased their rate of flehmen 
response after visitation by a females, while they increased their rate of visitation and duration of visits 
in response to other males. Male pumas also visited less frequently in summer and autumn when female 
visitation rates were lower, but males created nearly twice as many scrapes during these visits. This study 
suggests that advertising for mates when scent marking may sometimes overshadow the importance of 
deterring competitors and claiming territory.

Communication is an integral element of animal behaviour, and scent marking is one of the most frequent forms 
of communication for many mammal species. As secondary sexual characteristics, scent marks are considered 
reliable indicators of an individual’s health and viability as a mate1,2. Due to their spatially dispersed populations, 
solitary carnivores rely on scent marking as an indirect method of conspecific communication (e.g. ref. 3–6). The 
predominance of communication via scent marking has led to many explanations regarding the function of this 
behaviour in solitary carnivores. The main functions are thought to include asserting dominance7,8, selecting 
mates4,9,10, and maintaining territories3,11–13. Scent marking may also be used to determine the identity and relat-
edness of individuals14, to mark and defend food resources15,16, and to possibly avoid infanticide6. Given the many 
different purposes attributed to scent marking, understanding the dynamics influencing this behaviour will help 
us understand its use in social contexts.

The two most important functions of scent marking in solitary carnivores may be to advertise their reproduc-
tive status to potential mates and to assert dominance and maintain territories over their competitors. For solitary 
carnivore species with a defined breeding season, scent marking increases during the breeding season4,5,11,17, 
which suggests that scent marking plays an important role in advertising for potential mates. However, scent 
marking also occurs throughout the year3,4,6,12,18, suggesting it has an on-going role in maintaining territories, 
and may therefore play an essential role in social organization stability. Many communication systems, including 
among solitary carnivores, are mark-countermark systems, whereby one individual marks, and another then 
marks in response3,12. The infrequency of encounters among solitary carnivores makes it more likely for individ-
uals to respond when they come across intraspecific communication attempts, whether through investigation, 
scent marking, or another response. The utilities of scent marking in solitary carnivores could be further under-
stood by determining how they respond to competitors and potential mates.

In contrast to the majority of carnivore species, many large felids breed throughout the year17,18. This makes 
them ideal species to discern the relative importance between scent marking purposes, including whether indi-
viduals react more strongly to visitation and scent marking by potential mates or by potential competitors. Like 
other solitary felids, pumas are territorial18,19, and communicate most frequently through scent marking18,20,21. 
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Male pumas actively compete for territories that encompass resources, including access to potential mates, and 
scent mark throughout their territories19. Some puma populations, including in our area, show a birth pulse in 
summer22, with a related peak in mating season in late winter or spring.

The most frequent form of scent marking by pumas is scraping18,20,21 (Supplementary Video 1), which is con-
centrated in areas called ‘community scrapes’ (e.g. ref. 20) or ‘shared scrapes’ (e.g. ref. 18). We use the term ‘com-
munity scrapes’ hereafter. These are defined as a location in which multiple pumas create scrapes in a small area 
(>3 scrapes in 9 m2) that is not associated with a kill or resting site20. Male visitation and scent marking at commu-
nity scrapes occurs regularly throughout the year10,18. In contrast, female visitation occurs in short bouts of activ-
ity that can be at any time of the year, which most likely correlate with breeding and estrus10,18. Pumas also exhibit 
other communication behaviours at community scrapes such as olfactory investigation (Supplementary Video 2),  
the flehmen response (Supplementary Video 3), body rubbing (Supplementary Video 4), and caterwauling or 
other vocalizations (e.g. ref. 10,20,21,23). Little research has been conducted as to which stimuli elicit communi-
cation behaviours, or how these behaviours and their frequency are affected by interactions with potential mates 
and competitors.

We monitored a puma population with 46 marked individuals from 2011–2014 in order to better understand 
how male pumas respond to visitation and scent marking by male competitors and potential female mates. We 
deployed motion-triggered video cameras at community scrapes to record communication behaviours. Our spe-
cific objectives were to: 1) determine whether seasonal variation occurred in visitation and scent marking of male 
pumas at community scrapes. We hypothesized that if visitation and scent marking were based on competitors 
they would not vary throughout the year, while if they were based on potential mates than visitation rates would 
be most frequent and the most scrapes would be created in spring to coincide with the perceived peak in the 
mating season. 2) Determine how male visitation and behaviours changed in response to visitation by possible 
mates and competitors. We hypothesized that male pumas would visit and exhibit behaviours more frequently 
after a recent visit by both potential mates and competitors. Additionally, we hypothesized that if potential mates 
drive male communication, their visitation and display of behaviours would increase in response to visitation 
by potential mates rather than to visitation by competitors. 3) Determine whether male pumas display stronger 
responses to visitation by potential mates, competitors, or whether it is a combination of both. We hypothesized 
that while visitation and scent marking is likely affected by the combination of both, the function of visitation and 
scent marking may be more affected by potential mates, as they may be the rarest resource in a male’s territory.

Results
We monitored 28 community scrape areas for a mean of 596 (± 45 SE) days. We recorded 724 visits by mature 
males, and 198 visits by mature females traveling without cubs. We used the 533 visits by the 11 known (collared) 
mature males in our analyses.

Seasonal Variation in Visitation. Male visitation behaviours varied among seasons; including the days 
until next visit (F3, 445 =  3.17, p =  0.02), the number of scrapes created (F3, 519 =  5.60, p <  0.01), and the duration 
of visits (F3, 519 =  3.00, p =  0.03). The days until next visit for males in spring was nearly 2 times more frequent 
than in summer (p =  0.01) (Fig. 1a). In summer, males created 35% more scrapes than in spring (p =  0.02), and 
30% more than in winter (p =  0.01). In autumn, males created 13% more scrapes than in spring (p =  0.04) and 
9% more than in winter (p =  0.01) (Fig. 1b). The duration of male visits in summer was 25% longer than in spring 
(p =  0.05), and marginally longer than in winter (19%, p =  0.08) (Fig. 1c).

A post hoc test showed that the seasonal mean for days until next visit had strong inverse correlations with 
both the number of scrapes made during visits (r2

1, 3 =  0.94, p <  0.01), and visit duration (r2
1, 3 =  0.93, p =  0.04). 

The inverse relationship between the number of scrapes created and days between visits suggests that male pumas 
create more scrapes during seasons with less frequent visitation (Fig. 2). The inverse relationship between the visit 
duration and days between visits suggests that males spend longer durations at the scrape during seasons with 
less frequent visitation.

Influences on male visitation and behaviours. Male days until next visit and visit duration increased 
in response to visitation by other pumas, while their number of scrapes created did note vary significantly 
(Table 1). The mean time between visits for male pumas was 37% more frequent when another male was present 
within 28 days (F1, 447 =  12.09, p <  0.01), and 34% more frequent when another male was present within 7 days  
(F1, 447 =  7.34, p =  0.01). The mean time between visits for males was 29% more frequent when a female was 
present within 28 days (F1, 447 =  18.80, p <  0.01), and also 29% more frequent when a female was present within 7 
days (F1, 447 =  15.68, p <  0.01). Duration of visit was significantly influenced by visits within 7 days by other males, 
increasing by 31% when another male was present (F1, 455 =  4.33, p =  0.04), but females did not have a significant 
effect (Table 1). The responses of male pumas to visitation by competitors and potential mates suggest that both 
are important driving factors in their visitation.

For the display of behaviours, the display of flehmen response and body rubbing increased significantly in 
response to visitation by other pumas, while scraping and olfactory investigation did not (Table 2). Flehmen 
response increased in response to female visitation in both time periods, increasing by 9.4% when a female was 
present in the previous 28 days (X2

1, 463 =  11.37, p <  0.01, phi =  0.17), and by 13.1% when a female was present 
in the previous 7 days (X2

1, 463 =  14.74, p <  0.01, phi =  0.19). Flehmen response also increased 8.3% in response 
to male visitation in the previous 7 days (X2

1, 463 =  5.29, p =  0.02, phi =  0.12). Body rubbing increased 9.8% in 
response to male visitation in the previous 28 days (X2

1, 463 =  10.52, p <  0.01, phi =  0.16), but was not significantly 
influenced by visits by females (Table 2).
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Comparative effects of competitors and potential mates. We compared the potential influences on 
days until next visit, the visit duration, body rubbing and the display of flehmen response by male pumas. Among 
the five models we tested, the model combining female and male visitation was the clearly the top model for all 
the variables we tested; all other models were implausible (Table 3). These top models supported our hypothesis 
that both competitors and potential mates were important drivers of male puma behaviour.

Discussion
Due to their spatially dispersed populations, scent marking is an important mechanism for communicating with 
potential mates and competitors among solitary carnivores. We analysed the use of scent marking behaviours at 
community scrapes by male pumas to determine whether they exhibited stronger reactions through visitation or 
communication behaviours to either potential mates or by competitors. Our results support previous theory that 
has suggested that scent marking is multi-purpose and used for both competitors and potential mates. Based on 

Figure 1. The seasonal means for 3 aspects of male puma behaviour: days until next visit (a), number 
of scrapes created (b), and duration of visit (c). For each behaviour we report the mean, the standard error 
represented as error bars, as well as the F score and p-values from our ANOVA, and significant differences from 
our post hoc Tukey HSD tests with asterisks of the same colour.
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visitation to community scrapes, we found that potential mates sometimes created a stronger response than com-
petitors for male pumas. The best model explaining male puma visitation and scent marking behaviours, however, 
was the combination of potential mates and competitors. We also found seasonal variation in both visitation and the 
number of scrapes created by male pumas, and this may be due to the seasonal visitation patterns of female pumas.

The combination of potential mates and competitors was clearly the best explanatory model for each variable 
we tested. Solitary carnivores rely upon scent marking for intraspecific communication; including scent marking 
to advertise for potential mates4,9,10, and demonstrating the use of an area to maintain territories from competi-
tors3,11–13,18. Our results suggest that scent marking is used for multiple purposes, but our results suggest there may 
be differences in how male pumas react to visits by potential mates and competitors. Future research to determine 
how potential mates and competitors affect the functional use of scent marking could increase our understanding 
of behavioural ecology.

Female pumas are less frequent visitors to community scrapes10, and we found that when females visit, male 
pumas show a larger increase in their visitation rate than they do for male puma visits. Male solitary carnivores 
often compete for territories with food, mates, and other resources, but spatial and temporal unpredictability may 
make potential mates the most limited resource for which males compete (e.g. ref. 24). Female pumas can be in 
estrus at any time of year, and likely visit community scrapes at these times in search of breeding opportunities10,18. 
Female pumas often select the males that visit most frequently to breed with10, making it important for a male 
to be the dominant resident in order to maximize his exposure to community scrapes when a receptive female is 
present. Scent marking to define a territory may be helpful for many resources, but complete exclusion is seldom 
achieved10. Since the currency for winning the ultimate evolutionary game is successfully producing offspring, 
securing potential mates could be a more important reason for holding a territory than food or other resources.

Figure 2. The days until next visit and scrapes created by male pumas during each season. Each variable is 
represented as its mean value for the season, with error bars representing the standard error. The values have a 
significant inverse relationship, suggesting that male pumas create more scrapes in seasons with less frequent 
visits.

Variable Sex Days

Mean (±SE)

F p dPresent Not Present

Days Until Next Visit

Male
28 13.1 (2.1) 20.8 (1.3) 12.09 <0.01 0.32

7 12.8 (2.5) 19.4 (1.3) 7.34 0.01 0.32

Female
28 14.0 (2.2) 19.8 (1.2) 18.80 <0.01 0.42

7 13.6 (2.6) 19.1 (1.2) 15.68 <0.01 0.49

Scrapes Created

Male
28 1.46 (0.12) 1.23 (0.15) 2.53 0.11 0.16

7 1.54 (0.14) 1.26 (0.15) 2.23 0.14 0.18

Female
28 1.25 (0.12) 1.34 (0.16) 0.01 0.95 0.01

7 1.20 (0.14) 1.33 (0.16) 0.03 0.87 0.02

Duration of Visit

Male
28 58.2 (5.1) 48.0 (5.3) 1.44 0.23 0.12

7 63.7 (6.2) 48.8 (5.2) 4.33 0.04 0.25

Female
28 53.6 (5.0) 50.7 (5.8) 2.35 0.13 0.15

7 56.4 (6.0) 50.4 (5.7) 1.92 0.17 0.17

Table 1. The influences of visitation by male and female pumas on visitation behaviours of male pumas. 
Visitation behaviour variables include the days until next visit, the number of scrapes created, and duration of 
visit (in seconds). We tested the influence of whether females and other males had been present in two time 
periods: the previous month (28 days) and the previous week (7 days). We report the mean, standard error, 
p-value (significant values in bold), and effect size as Cohen’s d scores.



www.nature.com/scientificreports/

5Scientific RepoRts | 6:27257 | DOI: 10.1038/srep27257

Contrary to our hypothesis, the number of scrapes created during a visit was apparently not a direct response 
to either potential mates or competitors. Instead, the number of scrapes created was inversely correlated with 

Behavior Sex Days

%Displayed

X2 p phiPresent Absent

Scraping

Male
28 81.5% 76.1% 1.47 0.23 0.06

7 81.5% 77.2% 0.49 0.49 0.04

Female
28 77.1% 78.3% 0.03 0.86 0.01

7 76.7% 78.2% 0.02 0.88 0.01

Body Rubbing

Male
28 15.9% 6.1% 10.52 <0.01 0.16

7 12.3% 8.8% 0.61 0.43 0.05

Female
28 6.9% 10.5% 1.11 0.29 0.06

7 5.8% 10.2% 1.13 0.29 0.06

Investigating

Male
28 89.8% 88.7% 0.04 0.84 0.02

7 91.4% 88.6% 0.28 0.60 0.03

Female
28 90.3% 88.5% 0.16 0.69 0.03

7 88.4% 89.2% 0.01 0.97 0.10

Flehmen Response

Male
28 10.8% 6.5% 2.17 0.14 0.08

7 14.8% 6.5% 5.29 0.02 0.12

Female
28 14.6% 5.0% 11.37 <0.01 0.17

7 18.6% 5.5% 14.74 <0.01 0.19

Table 2. The influences of visitation by male and female pumas on the display of four behaviours (scraping, 
body rubbing, investigating, and flehmen response) by male pumas. We tested the influence of females and 
other males in two time periods, whether the other puma had been present in the previous month (28 days) and 
if they had been present in the previous week (7 days). For each behaviour we report the percent of visits where 
the behaviours were displayed, the p-value, and an effect size as phi coefficients.

Variable Model AIC ΔAIC AICw

Days Until Next Visit

Male*  Female*  Season 141.44 10.05 0.01

Male +  Female +  Season 137.95 6.56 0.04

Male +  Female 131.39 0.00 0.95

Female*  Season 341.63 210.24 0.00

Female 319.76 188.37 0.00

Male 358.10 226.71 0.00

Duration Of Visit

Male*  Female*  Season 88.76 27.32 0.00

Male +  Female +  Season 71.13 9.69 0.01

Male +  Female 61.44 0.00 0.99

Female*  Season 160.88 99.44 0.00

Female 136.70 75.26 0.00

Male 198.53 137.09 0.00

Exhibiting Body Rubbing

Male*  Female*  Season 66.56 11.84 0.00

Male +  Female +  Season 69.77 15.05 0.00

Male +  Female 54.72 0.00 1.00

Female*  Season 140.33 85.61 0.00

Female 132.61 77.89 0.00

Male 176.14 121.42 0.00

Exhibiting Flehmen Response

Male*  Female*  Season 50.23 5.28 0.06

Male +  Female +  Season 49.46 4.51 0.09

Male +  Female 44.95 0.00 0.85

Female*  Season 119.76 74.81 0.00

Female 122.74 77.79 0.00

Male 165.88 120.93 0.00

Table 3. AIC models comparing the influences on the visitation and behaviours of male pumas. Variables 
include the days until next visit (in days), and duration of visit (in seconds), and whether they displayed body 
rubbing, and the flehmen response. For each variable, we first tested five models to determine which was the 
best explanatory model, and then tested just male visitation versus female visitation. For each model we report 
the components of each model, the AIC score, the Δ AIC score, and the AIC weight (AICw).
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visitation, as male pumas created more scrapes during seasons when they visited less frequently. Scent marking 
is used in some species as a secondary sexual signal to advertise an individual’s health and viability as a mate1,2. 
In pumas, frequent visitation and scent marking, as a sign of dominance and territory ownership, is an important 
aspect of mate selection10. The increased number of scrapes could be a dishonest signalling behaviour (e.g. ref. 25)  
to over-represent their visitation and compensate for less frequent visitation during these seasons. By creating 
more scrapes during seasons with less frequent visitation, male pumas may be able to over-represent their actual 
visitation for mates, and therefore increase their chances of reproductive success. The greater number of scrapes 
were also created during the seasons with the hottest seasons, and male pumas may also be leaving more scent 
to compensate for it drying out. However, this does not explain why visitation is less frequent during these sea-
sons. The seasonal changes in visitation may impact other aspects of puma ecology. For example, many male 
mammals lose weight during the breeding season because they prioritize securing mating opportunities over 
acquiring food26,27. Once the breeding season has past, individuals increase their foraging rate to recoup lost 
energy stores. We see similar shifts in puma foraging ecology where pumas in California increase their kill rates in 
summer and autumn28. If the same pattern applies to pumas, they may compensate for periods with lower energy 
acquisition by spending summer and autumn hunting more frequently, and visiting scrapes less frequently as an 
energy-saving measure.

In a social context it may be important to distinguish between the functional purposes of scent marking from 
the proximate frequency of scent marking. A key aspect of scent marking is for defining territories3,11,12, but the 
frequency with which a male must scent mark for maintaining boundaries is yet unknown. Scrapes are a combi-
nation of two forms of scent marking, with a physical scrape to help other pumas locate the scent, and urine to 
convey their messages20. Urine is also composed of multiple elements, including pheromones, and it is unknown 
how frequently the separate components need to be refreshed in order to attract mates. This may be a factor that 
necessitates the frequent visitation and scraping to community scrapes, with increases in visitation in the seasons 
when females are most likely to be present.

Visitation and the behaviours displayed by males were influenced by visitation of both females (visitation rate 
and flehmen response) and other males (visitation rate, duration of visits, flehmen response, and body rubbing). 
The strongest response, as measured by effect size, was in how quickly a male returned after a female visited 
(d =  0.49). Male pumas also increased their display of flehmen response after visitation by potential mates and 
competitors, which likely enables the male to investigate fresh scent more thoroughly. Males only exhibited more 
frequent body rubbing when another male was present within 28 days. It may be that body rubbing deposits scent 
in either larger quantities or in a way that persists longer in the environment. It may be effective in exhibiting 
their long-term presence to other males for territorial purposes, but may have limited utility to advertise for mate 
selection by females due to a lack of pheromones (e.g. ref. 29). Alternatively, body rubbing may disrupt or dampen 
the signals left by other males.

Methods
Study Area. Our study area encompassed 1,700 km2 in the Santa Cruz Mountains of California, including 
parts of Santa Cruz, San Mateo, and Santa Clara counties (Fig. 3). The boundaries of the study area included the 
Pacific Ocean to the west, Highway 84 and the city of San Jose to the north, the city of Santa Cruz to the south, and 
Highway 101 to the east. The highways and cities, including California Highway 17 that bisected the study area, 
were a major source of mortality for pumas in our study30, and also acted as barriers to movement; hence, these 
sites often formed the edges of puma home ranges. Vegetation characteristics and climatic conditions in the study 
area are classified as Mediterranean and have been described in detail elsewhere30.

Field Methods. We monitored puma behaviour at community scrapes between May 2011 and January 2014 
using motion-triggered video cameras with infrared flash (Bushnell TrophyCam model and TrophyCam HD 
model, Overland Park, KS). We initially found community scrapes by searching prominent landscape features 
and areas commonly used by pumas. We then developed a custom algorithm based on our algorithm for iden-
tifying kill sites with GPS data30. The algorithms identified potential community scrapes by locating clusters of 
>3 GPS locations where the locations were recorded more than 7 days apart from each other30. We documented 
299 community scrapes during field investigations, and placed cameras at active community scrape sites. We 
programmed cameras to record a 60 s video for each time the camera was triggered, with a 1 s refractory period. 
To ensure spatially independent samples and also to avoid pseudo-replication, we pooled the data from cameras 
placed at community scrapes < 1 km apart, except in cases where two scrapes were separated by a substantial 
travel barrier (e.g. an impassable ravine, river, etc.). We excluded any periods with camera malfunctions from our 
visitation samples.

Concurrent with camera deployment, we captured and placed GPS-enabled collars with unique visual iden-
tifiers on 46 pumas, and the capture methods we used are described in detail elsewhere30. All animal capture 
and handling, and experimental procedures were carried out in accordance with approved guidelines from the 
Independent Animal Care and Use Committee at the University of California, Santa Cruz (Protocols Wilmc0709 
and Wilmc1101). When possible, we identified the individual pumas recorded in videos using unique collar 
identifiers, and subsequently placed the pumas into age and sex classes as: mature male, mature female, immature 
male, or immature female. For individuals without collars we determined the sex from visible characteristics 
including the position of the genitals. We removed immature pumas and mature females traveling with kittens 
from our analyses, as they tend to act as non-participants in mating behaviours20.

We quantified aspects of each video that met our qualifications, including the date and time, duration of visit 
to the closest second (averaged for pooled samples), and number of scrapes created (averaged for pooled samples). 
We also documented whether behaviours associated with intraspecific communication were displayed, including: 
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scraping (where the puma clawed in substrate with their hind feet and then sometimes urinated and/or defecated 
on the scraped mound of material; Supplementary Video 1), olfactory investigation (where the puma used its olfac-
tory sense to investigate cues and signals, as noted by the pumas nose within one head length of a scrape or other 
cue; Supplementary Video 2), flehmen response (where the puma picked up its head and curled back its upper 
lip, sometimes arching its neck backwards, in order to expose its vomeronasal organ; Supplementary Video 3),  
and body rubbing (where the puma rubbed its cheek or shoulder on the ground or an object, or rolled back and 
forth on the ground; Supplementary Video 4).

Statistical Analyses. We used program R version 3.1.331 for all statistical analyses, and following R guide-
lines we cited any associated packages used in analyses. In each analysis, we considered p ≤  0.05 significant.

We wanted to determine whether seasonal variation occurred in visitation and scent marking of male pumas 
at community scrapes. We used mixed model analyses of variance (ANOVAs) to test for variation among seasons 
for 3 behaviours: ‘days until next visit’, ‘number of scrapes created per visit’, and the ‘duration of visit’. We first 
tested each data set for normality with a Shapiro-Wilk test and for variance equality with a Levene’s test32. Each 
data set lacked normality, and we therefore log transformed the data to meet the assumptions of the ANOVA, and 
then performed the ANOVA using the nlme package33. We used each of the behaviour variables as our dependent 
variables in the models, used season (based on the calendar year) as our fixed predictor variable, and included 
puma identity as a random effect to account for variation among individuals. When we found significant differ-
ences we used a post hoc Tukey’s HSD test32 using the multcomp package34 to determine where the significant dif-
ferences occurred. We then performed post hoc analyses to determine whether the ‘days until next visit’ by male 
pumas was correlated with either the ‘number of scrapes created per visit’ or the ‘duration of visit’ among different 
seasons. In each analysis we used the seasonal means of each variable to perform linear regressions.

Next, we wanted to determine how male visitation and behaviours were influenced by the visitation of possible 
mates and competitors. First, we determined the influence of visitation by potential mates (females) and compet-
itors (other males) for three aspects of visitation for male pumas: ‘days until next visit’, ‘number of scrapes created 
per visit’, and the ‘duration of visit’. We modelled each of the variables using a mixed model ANOVA, using the 
nlme package33. We used the behaviour variables as our dependent variables in the models, used a categorical 
predictor of presence or absence of other pumas (first other males, then females) for two time periods: one month 
(28 days) and one week (7 days) as our fixed predictor variable, and included the individual puma as random 
effects. We then calculated post hoc effect sizes using Cohen’s d score, and considered scores of 0.20 small effects, 
0.50 medium effects, and 0.80 large effects35. Second, we determined the influence of recent visitation by potential 
mates and competitors on the display of four communication behaviours of male pumas: ‘scraping’, ‘olfactory 
investigation’, ‘flehmen response’, and ‘body rubbing’. We compared the proportion of visits each behaviour was 
displayed based on the presence of other pumas (first other males, then females) in the previous month using a 
chi-square test32. We then calculated post hoc effect sizes for each behaviour by calculating phi coefficients, using 
the vcd package36. We considered scores of 0.10 small effects, 0.30 medium effects, and 0.50 large effects35.

Last, we used model selection to determine whether male pumas display stronger responses to the visitation 
of a) potential mates, b) competitors, or c) a combination of both. We considered six models that included various 

Figure 3. A map of the study area, created using ArcGIS (v. 10.1, ESRI, 2012, http://www.esri.com), which 
included areas in Santa Cruz, San Mateo, and Santa Clara Counties in California. The study area is outlined 
by the thick black line, within the greater context of major highways, and the cities of Santa Cruz and San Jose, 
and the location of each community scrape area monitored is noted.

http://
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permutations of male and female activity and season (Table 3). We used these models for each of the variables 
that we found to have a significant relationship in at least one time period (days until next visit, duration of visit, 
display of body rubbing, display of flehmen response). For our two continuous data sets (days until next visits 
and the duration of visit) we used a mixed model linear regression, after first log transforming the data to meet 
the assumptions of the test. For our 2 binomial data sets (display of body rubbing and flehmen response) we used 
a Generalized Linear Model with a binomial distribution and a logit link. We used the visitation and behaviour 
variables as our dependent variables in the models, the number of days since the last visit by male and female 
pumas as our fixed predictor variable, and the identity of the individual male puma as a random effect. Because 
the behaviours of male pumas are likely to be only influenced by relatively recent visits, we set our cut off for visits 
by other pumas at 50 days, roughly 3 times the mean 17.7 days between visits for male pumas10.

References
1. Zahavi, A. Mate selection- a selection for a handicap. J Theor Biol 53, 205–214 (1975).
2. Zala, S. M., Potts, W. K. & Penn, D. J. Scent-marking displays provide honest signals of health and infection. Behav Ecol 15, 338–344 

(2004).
3. Begg, C. M., Begg, K. S., Du Toit, J. T. & Mills, M. B. L. Scent-marking behaviour of the honey badger, Mellivora capensis 

(Mustelidae), in the southern Kalahari. Anim. Behav. 66, 917–929 (2003).
4. Vogt, K., Zimmerman, F., Kolliker, M. & Breitenmoser, U. Scent-marking behaviour and social dynamics in a wild population of 

Eurasian lynx Lynx lynx. Behav. Process. 106, 98–106 (2014).
5. Taylor, A. P., Allen, M. L. & Gunther, M. Marking behaviour on rub trees by black bears during breeding season. Behaviour 152, 

1097–1111 (2015).
6. Clapham, M., Nevin, O. T., Ramsey, A. D. & Rosell, F. A hypothetico-deductive approach to assessing the social function of chemical 

signaling in a non-territorial solitary carnivore. PLos One 7, e35404 (2012).
7. Gese, E. M. & Ruff, R. L. Scent-marking by coyotes, Canis latrans: the influence of social and ecological factors. Anim. Behav. 54, 

1155–1166 (1997).
8. Leuchtenberger, C. & Mourao, G. Scent-marking of giant otter in the southern Pantanal, Brazil. Ethology 115, 210–216 (2009).
9. Yamane, A., Doi, T. & Ono, Y. Mating behaviours, courtship rank and mating success of male feral cat (Felis catus). J. Ethol. 14, 

35–44 (1996).
10. Allen, M. L. et al. The role of scent marking in mate selection by female pumas (Puma concolor). PLoS One 10, e0139087 (2015).
11. Bailey, T. N. Social organization in a bobcat population. J. Wildl. Manage. 38, 435–446 (1974).
12. Smith, J. L. D., McDougal, C. & Miquelle, D. Scent marking in free–ranging tigers, Panthera tigris. Anim. Behav. 37, 1–10 (1989).
13. Roper, T. J. et al. Territorial marking with faeces in Badgers (Meles meles): a comparison of boundary and hinterland latrine use. 

Behaviour 127, 289–307 (1993).
14. Rostain, R., Ben-David, M., Groves, P. & Randall, J. A. Why do river otters scent-mark? An experimental test of several hypotheses. 

Anim. Behav. 68, 703–711 (2004).
15. Henry, J. D. The use of urine marking in the scavenging behaviour of the red fox (Vulpes vulpes). Behaviour 61, 82–105 (1977).
16. Pineiro, A. & Barja, I. Evaluating the function of wildcat faecal marks in relation to the defence of favourable hunting areas. Ethol. 

Ecol. Evol. 27, 161–172 (2015).
17. Bothma, J. P. & le Riche, E. A. N. Evidence of the use of rubbing, scent marking and scratching posts by Kalahari leopards. J. Arid. 

Environ. 29, 511–517 (1993).
18. Logan, K. & Sweanor, L. Desert puma: evolutionary ecology and conservation of an enduring carnivore. Island Press: Covelo, CA 

(2001).
19. Logan, K. & Sweanor, L. Behavior and social organization of a solitary carnivore. In Cougar: ecology and conservation, edited by 

Maurice Hornocker and Sharon Negri. University of Chicago Press: 105–117 (2010).
20. Allen, M. L., Wittmer, H. U. & Wilmers, C. C. Puma communication behaviors: understanding functional use and variation among 

sex and age classes. Behaviour 151, 819–840 (2014a).
21. Harmsen, B. J., Foster, R. J., Gutierrez, S. M., Marin, S. Y. & Doncaster, C. P. Scrape-marking behavior of jaguars (Panthera onca) and 

pumas (Puma concolor). J. Mammal. 91, 1225–1234 (2010).
22. Jansen, B. D. & Jenks, J. A. Birth timing for mountain lions (Puma concolor); testing the prey availability hypothesis. PLoS One 7, 

e44625 (2012).
23. McBride, R. & McBride, C. Florida panther flehmen response recorded at baited trail camera site. Southeast. Nat. 9, 629–631 (2010).
24. Mattisson, J. et al. Lethal male–male interactions in Eurasian Lynx. Mamm Biol 78, 304–308 (2013).
25. Candolin, U. The use of multiple cues in mate choice. Biol. Rev. 78, 575–595 (2003).
26. Yoccoz, N. G., Mysterud, A., Langvatn, R. & Stenseth, N. C. Age–and density–dependent reproductive effort in male red deer. Proc 

R Soc B-Biol Sci. 269, 1523–1528 (2002).
27. Mysterud, A. et al. Effects of age, density and sex ratio on reproductive effort in male reindeer (Rangifer tarandus). J Zool 261, 

341–344 (2003).
28. Allen, M. L., Elbroch, L. M., Casady, D. S. & Wittmer, H. U. Seasonal variation in the feeding ecology of pumas (Puma concolor) in 

northern California. Can. J. Zoo. 92, 397–403 (2014b).
29. Hurst, J. L. & Benyon, R. J. Scent wars: the chemobiology of competitive signalling in mice. Bioessays 26, 1288–1298 (2004).
30. Wilmers, C. C. et al. Scale dependent behavioural responses to human development by a large predator, the puma. PLoS One 8, 

e60590 (2013).
31. R Core Team. R: A language and environment for statistical computing. R foundation for statistical computing, Vienna, Austria. 

ISBN 3-900051-07-0, URL http://www.R-project.org/ (2015).
32. Sokal, R. S. & Rohlf, F. J. Introduction to biostatistics. W.H. Freeman and Company (1987).
33. Pinheiro, J., Bates, D., DebRoy, S. & Sarkar, D. nmle: linear and nonlinear mixed effect models. R package version 3, 1–108 (2013).
34. Hothorn, T., Bretz, F. & Westfall, P. Simultaneous inference in general parametric models. Biometrical. J. 50, 346–363 (2008).
35. Cohen, J. A power primer. Psych. Bull. 112, 155–159 (1992).
36. Meyer, D., Zeileis, A. & Hornik, K. vcd: visualizing categorical data. R package version 1, 3–1 (2013).

Acknowledgements
Funding was provided by NSF grants 0963022 and 1255913, the Gordon and Betty Moore Foundation, and the 
University of California at Santa Cruz. We thank C. Wylie and D. Tichenor for their significant support in helping 
to capture pumas with hounds, as well as P. Houghtaling, Y. Shakeri and numerous field technicians for their help 
on the project.

http://www.R-project.org/ 


www.nature.com/scientificreports/

9Scientific RepoRts | 6:27257 | DOI: 10.1038/srep27257

Author Contributions
M.L.A. and C.C.W. conceived and designed the experiments. M.L.A. performed the experiments and statistical 
analyses. C.C.W. and M.L.A. acquired funding for the project. M.L.A., V.Y. and C.C.W. wrote and revised the 
manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Allen, M. L. et al. Evaluating the responses of a territorial solitary carnivore to potential 
mates and competitors. Sci. Rep. 6, 27257; doi: 10.1038/srep27257 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Evaluating the responses of a territorial solitary carnivore to potential mates and competitors
	Results
	Seasonal Variation in Visitation. 
	Influences on male visitation and behaviours. 
	Comparative effects of competitors and potential mates. 

	Discussion
	Methods
	Study Area. 
	Field Methods. 
	Statistical Analyses. 

	Acknowledgements
	Author Contributions
	Figure 1.  The seasonal means for 3 aspects of male puma behaviour: days until next visit (a), number of scrapes created (b), and duration of visit (c).
	Figure 2.  The days until next visit and scrapes created by male pumas during each season.
	Figure 3.  A map of the study area, created using ArcGIS (v.
	Table 1.  The influences of visitation by male and female pumas on visitation behaviours of male pumas.
	Table 2.  The influences of visitation by male and female pumas on the display of four behaviours (scraping, body rubbing, investigating, and flehmen response) by male pumas.
	Table 3.  AIC models comparing the influences on the visitation and behaviours of male pumas.



 
    
       
          application/pdf
          
             
                Evaluating the responses of a territorial solitary carnivore to potential mates and competitors
            
         
          
             
                srep ,  (2016). doi:10.1038/srep27257
            
         
          
             
                Maximilian L. Allen
                Veronica Yovovich
                Christopher C. Wilmers
            
         
          doi:10.1038/srep27257
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep27257
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep27257
            
         
      
       
          
          
          
             
                doi:10.1038/srep27257
            
         
          
             
                srep ,  (2016). doi:10.1038/srep27257
            
         
          
          
      
       
       
          True
      
   




