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Abstract

Cougar (Puma concolor) kittens are a substantial proportion of resident cougar populations and their survival has important 
implications for population dynamics of the species. To better understand effects of age and sex on cougar kitten survival, 
we estimated age specific (mo.) survival rates of cougar kittens (n = 72) radiocollared during three studies conducted in 
Oregon from 1989–2011. Cougar kittens were entered into the dataset based on age (mo.) at capture and fates were deter-
mined at monthly intervals. We analyzed survival in Program MARK using known-fate models of radiocollared individuals. 
We tested for effects of sex and linear, log-linear, and quadratic effects of age. Our best model indicated survival rates of 
cougar kittens were similar between sexes and increased in a linear manner with age. Annual survival estimates of cougar 
kittens were 0.66 (95% CI = 0.42–0.84). Our second ranked model was the null model, that indicated constant survival 
over time and between sexes with an annual survival rate of 0.78 (95% CI = 0.62–0.88). All other models in our candidate 
model set were not considered further because they ranked below the null model and contained non-informative parameters 
where the estimated effect broadly overlapped zero. Fates of littermates were dependent due to high levels of mortality 
at nursery sites which likely reduced the potential importance of sex on survival rates. We expect patterns of increased 
kitten survival with age and lack of differences between sexes to be consistent across the geographic range of cougars.
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Introduction

Throughout much of the Pacific Northwest, cou-
gars (Puma concolor) are the primary predators of 
deer (Odocoileus spp.) and elk (Cervus elaphus). 
Effective management of predator-prey systems 
depends on reliable estimates of predator and prey 
population sizes. Enumerating cougar populations 
is difficult and existing techniques tend to be 
biased, inaccurate, and imprecise (Choate et al. 
2006). Recent advances in non-invasive, capture-
recapture methods have improved reliability of 
population estimates for cougars (Russell et al. 
2012, Davidson et al. 2014) but these techniques 
tend to be cost prohibitive on an annual basis 
and difficult to conduct at large spatial extents. 
Consequently, population models are frequently 

used to estimate cougar population size and growth 
rates across regional scales (e.g., Kiester and Van 
Dyke 2002). Age-specific survival estimates can 
improve reliability of population models because 
increased variability incorporated in the model 
more accurately reflects population growth rates 
(Caswell 2001, Morris and Doak 2002). Adult 
cougars have greater survival rates than kittens 
and sub-adults (Ross and Jalkotzy 1992, Beier 
and Barrett 1993, Logan and Sweanor 2001, 
Clark et al. 2014a), but reliable estimates of kit-
ten survival are sparse because it is difficult to 
radiocollar a large number of kittens, especially 
at young ages when most mortality occurs (Logan 
and Sweanor 2001). 

Reported estimates of annual kitten survival 
are highly variable ranging from 0.31 (Cooley et 
al. 2009) to 0.98 (Ross and Jalkotzy 1992) which 
may be attributable to differences in management 
among jurisdictions, underrepresentation of young 
kittens and early mortality in samples, or sampling 
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bias attributable to small sample sizes. Due to 
these potential issues it is difficult to determine 
consistent patterns in characteristics of cougar kit-
ten survival across western North America. While 
some studies found male and female kittens have 
similar survival (Laundré et al. 2007, Ruth et al. 
2011), Logan and Sweanor (2001) found differ-
ing survival among sexes and hypothesized male 
kittens may have greater survival due to increased 
maternal investment. Clarifying any potential 
differences in survival rates of male and female 
kittens has important implications for population 
dynamics of cougars. While population growth 
of cougars is most sensitive to changes in adult 
female survival (Lambert et al. 2006, Robinson et 
al. 2008, Cooley et al. 2009) decreased survival of 
female kittens would reduce female recruitment 
to adult age classes. Furthermore, variation in 
survival of female kittens explained the majority 
of variation in population growth rates of cougars 
(Clark 2014, Robinson et al. 2014). It has been 
hypothesized that kitten survival will increase 
from birth to 12 months because vul-
nerability to predation decreases with 
increasing age (Logan and Sweanor 
2001, Ruth et al. 2011). However, the 
degree to which this pattern exists is not 
well known because sample sizes are 
often insufficient to accurately estimate 
age-specific (i.e., monthly) survival 
rates of kittens.

In association with research projects 
conducted from 1989–2011 (Clark et 
al. 2014a, b), a total of 72 cougar kit-
tens (< 12 mo.) were radiocollared in 
Oregon. This provided the opportunity 
to conduct a retrospective analysis of 
cougar kitten survival. Our primary 
objective was to clarify effects of sex 
and age on kitten survival and provide 
survival rates for population models 
of cougars.

Methods

Study Area

We investigated cougar kitten survival 
and causes of mortality at three study 

areas in Oregon between 1989 and 2011 (Figure 
1). Cougars were radiocollared at the Catherine 
Creek study area from 1989–1996, the Jackson 
Creek study area from 1993–2002, and the Wenaha, 
Sled Springs, and Mt. Emily (hereafter WSM) from 
2002–2011 (see Clark et al. 2014a for additional 
details). Survival rates and causes of mortality of 
sub-adult and adult female cougars were similar 
among study areas, despite differences in habitat 
and management practices among study areas 
(Clark et al. 2014a). Mule deer (O. hemionus 
hemionus), Rocky Mountain elk (C. elaphus 
nelsoni), and white-tailed deer (O. virginianus) 
were the primary prey species available to cougars 
at Catherine Creek and WSM. Black-tailed deer 
(O. hemionus columbianus) and Roosevelt elk 
(C. elaphus roosevelti) were the primary prey 
species available to cougars at Jackson Creek. 
Other large and medium-sized carnivores present 
within all study areas included black bear (Ursus 
americanus), coyote (Canis latrans), and bobcat 
(Lynx rufus).

Figure 1. Location of study areas where cougar kittens were captured to esti-
mate survival and document causes of mortality from 1989–2011 in 
Oregon. The Catherine Creek study was conducted from 1989–1996, 
the Jackson Creek study was conducted from 1993–2002, and 
the Wenaha, Sled Springs, Mt. Emily study was conducted from 
2002–2011.
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Cougar Capture and Monitoring

All cougar capture and handling procedures were 
outlined and approved by Oregon Department of 
Fish and Wildlife’s (ODFW) wildlife veterinarian 
and the Starkey Experimental Forest and Range, 
Animal Care and Use Committee (IACUC No. 
92–F–0004). We also followed guidelines of the 
American Society of Mammalogists for use of 
wild mammals in research (Sikes et al. 2011) 
when capturing and handling cougars. Capture 
methods for kittens > 15 kg are outlined in Clark 
et al. (2014a). Cougar kittens were opportunisti-
cally captured at young ages (< 8 weeks) at nursery 
sites. When kittens were captured at nursery sites, 
they were physically restrained and fitted with an 
expandable very high frequency (VHF) radiocollar. 
Ages of cougar kittens captured at nursery sites 
were determined based on movement data of radio-
collared females (i.e., date from which female was 
first known to centralize use at nursery sites was 
determined to be the approximate birth date) and 
should be accurate to within a few days. Ages of 
cougar kittens captured away from nursery sites 
were estimated from weights at capture using a 
linear regression model developed by Laundré 
and Hernández (2002): 

ln(age) = -1.08 + 1.07 × ln(weight)

where, age is cougar age in months and weight is 
mass in kg. The linear regression model developed 
by Laundré and Hernández (2002) to estimate 
ages of cougar kittens had a good model fit for 
both females (r2 = 0.948) and males (r2 = 0.96), 
suggesting these models provide a relatively 
accurate method to estimate cougar kitten ages.

Fates of cougars (live or dead) were deter-
mined via radiotelemetry signals obtained from 
the ground and fixed-wing aircraft at least once 
every month. During each survey, fate and ap-
proximate location of cougars were recorded. 
Cougars not located during telemetry flights were 
recorded as missing. If the fate of an individual 
was not determined in subsequent flights, the 
cougar was right-censored from the data set. If 
the mortality sensor indicated the cougar died, 
the carcass was located as soon as possible to 
determine cause of death.

Survival Analysis

We estimated monthly survival rates (Ŝ) of cougar 
kittens in Program MARK using known-fate 
models for radiocollared individuals (White and 
Burnham 1999). We used a modified Kaplan-Meier 
(1958) estimator that allowed for staggered data 
entry and censoring of individuals (Pollock et 
al. 1989). We used Akaike’s Information Crite-
rion corrected for small sample sizes (AICc) to 
rank candidate models (Burnham and Anderson 
2002). We used the difference between AICc 
of the best model and the ith model (ΔAICc) to 
identify closely competing models (ΔAICc ≤ 2.0; 
Burnham and Anderson 2002). We used Akaike 
weights to evaluate the relative support for each 
candidate model (Burnham and Anderson 2002). 
To determine significance of the effect of vari-
ous factors in the model, we evaluated whether 
regression coefficients (ß) and their associated 
95% confidence interval overlapped 0 according 
to the methods described by Anthony et al. (2006).

Survival rates and sources of mortality for 
sub-adult and adult female cougars were similar 
among study areas (Clark et al. 2014a). So long 
as kittens followed similar mortality patterns as 
sub-adults and adults collared in these areas, we 
did not anticipate there would be a strong effect 
of study area on survival rates; however, we were 
unable to directly test for an effect of study area 
due to limited sample sizes at some areas. Most 
kittens (65%) were radiocollared at Jackson Creek, 
and number of kittens radiocollared in any one 
year was < 10. Consequently, we pooled data 
from all study areas and years into one encounter 
history because we had insufficient sample sizes 
to model effects of year and study area on sur-
vival. Individuals were entered into the dataset 
according to their age (mo.) at capture, and we 
estimated monthly survival rates of kittens from 
birth until age one. We tested for differences in 
survival between sexes and investigated constant 
(.), age varying (moAge), linear (Age), log-linear 
(lnAge), and quadratic (Age2) relationships be-
tween kitten age (mo.) and survival. Our model 
set included all possible additive (+) and interac-
tive (*) relationships between sex and age and 
all effects of age without effects of sex. To esti-



396

mate annual survival rates 
of kittens, we calculated the 
product of age-specific (i.e., 
monthly) survival rates. Be-
cause we captured multiple 
kittens from single litters, 
we estimated an overdisper-
sion parameter (ĉ) using the 
median ĉ estimation tech-
nique in Program MARK. 
If our estimate of ĉ was > 
1.2 (Bishop et al. 2008) 
we adjusted ĉ in Program 
MARK and used quasi-
AICc  (QAICc) to rank our 
candidate model set (Burn-
ham and Anderson 2002).

Results

The majority of kittens were 
monitored at the Jackson 
Creek study area (n = 47; 65%) followed by 
Catherine Creek (n = 17; 24%) and WSM (n = 
8; 11%), and the sample of radiocollared kittens 
included more females (n = 42; 58%) than males 
(n = 30; 42%). Individual kittens were monitored 
a total of 432 months but few kittens (n = 8) 
were monitored at young ages (< 3 mo.; Figure 
2). We used known birth dates to determine the 
age of 6 kittens, estimated age based on capture 
weights for 65 kittens, and assigned age to one 
kitten based on the age of its sibling because this 
kitten was not weighed at capture. Mean age of 
kittens at capture was 5.9 (± 0.3 SE) months, and 
individuals were monitored an average of 6.0 (± 
0.3 SE) months. Nine (3 females, 6 males) kittens 
died before they were one year of age. Causes of 
mortality for kittens included natural causes (n 
= 8) and wounding loss (n = 1). Natural causes 
of mortality included infanticide (n = 5), injuries 
(n = 2), and disease (n = 1).

Our estimate of the overdispersion param-
eter, ĉ, was 1.68, which indicated a lack of 
independence among fates of kittens in the data 
set; consequently, we used QAICc to rank our 
candidate models. The best survival model for 
kittens was S(Age) (Table 1), which indicated 

TABLE 1. Model selection results for known-fates analysis 
of cougar kitten survival (S) in Oregon, USA. 
Models are ranked according to quasi-Akaike’s 
Information Criteria corrected for small sample 
sizes (QAICc).

Modela QAICc ΔQAICc wi
b Likelihood Kc

S(Age) 53.69 0.00 0.17 1.00 2

S(.) 54.02 0.33 0.14 0.85 1

S(Sex + Age) 54.28 0.59 0.12 0.74 3

S(lnAge) 54.37 0.68 0.12 0.71 2

S(Sex) 54.49 0.81 0.11 0.67 2

S(Sex + lnAge) 54.97 1.29 0.09 0.53 3

S(Age2) 55.32 1.63 0.07 0.44 3

S(Sex * Age) 55.55 1.86 0.07 0.39 4

S(Sex + Age2) 55.88 2.19 0.06 0.33 4

S(Sex * lnAge) 56.51 2.82 0.04 0.24 4

S(Sex * Age2) 58.94 5.25 0.01 0.07 6

S(Sex + moAge) 66.02 12.33 0.00 0.00 13

S(Sex * moAge) 86.23 32.54 0.00 0.00 24

a Model notation: Age = survival follows a linear trend based 
on kitten age; . = constant survival across all months; Sex = 
sex of kitten, lnAge = survival follows a log-linear trend based 
on kitten age; Age2 = survival follows a quadratic trend based 
on kitten age; moAge = survival varies by age (mo) of kitten.
b Akaike weight.
c Number parameters in model.

Figure 2. Number of cougar kittens monitored by age (mo.) at three study areas in Oregon 
from 1989–2011. Seventy-two individuals were monitored for 432 months over 
the course of the three studies. Individuals monitored more than one month were 
included more than once in calculations.
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survival increased in a linear manner with age 
(ß̂ = 0.22, 95% CI = -0.06–0.51; Figure 3) and 
resulted in an annual survival estimate of 0.66 
(95% CI = 0.42–0.84; Figure 3). The estimated 
effect of age on kitten survival was weakly sup-
ported by the data because the beta coefficient 
slightly overlapped 0. This marginal relationship 
was likely attributable to few young cougars (i.e., 
< 3 months old) included in our sample (Figure 
2). The second ranked model indicated no effect 
of age or sex on survival (Table 1), resulting in 
an annual survival estimate of 0.78 (95% CI = 
0.62–0.88), which was higher but within the 
95% confidence intervals of the estimate from 
the best model. The majority of our candidate 
model set was considered competing with our best 
model (Table 1); however, most of these models 
included a variation in the effect of age on kitten 
survival (e.g., Age2 and lnAge models) and these 
models were not considered further because the 
linear trend in survival with increasing age fit the 
data better. No evidence existed for differences 

in survival between male and female kittens as 
all models that included sex were ranked below 
S(.), and confidence intervals for the effect of sex 
broadly overlapped 0, so models that included an 
effect of sex were not considered further. 

Discussion

We did not document an effect of sex on cougar 
kitten survival similar to previous research (Laun-
dré et al. 2007, Ruth et al. 2011). This contrasted 
findings in Idaho (López-González 1999) and New 
Mexico (Logan and Sweanor 2001) where male 
kittens had higher survival than female kittens. 
The larger body size of male kittens may allow 
them to dominate feeding opportunities, better 
avoid predators, or more effectively traverse rug-
ged terrain all of which may decrease their risk of 
mortality (Logan and Sweanor 2001). We contend 
these advantages of larger body size of male kittens 
are most likely to occur post-weaning and will 
rarely translate into a large degree of separation 
in annual survival rates of kittens between sexes. 

Figure 3. Estimates of monthly survival rates and cumulative survival probabilities and 95% confidence intervals 
of cougar kittens in Oregon from birth to 12 months of age. We used fates of 72 kittens that were 
radiocollared between 1989–2011 to estimate survival rates. Estimates were generated using model 
S(Age) which indicated survival of kittens increased in a linear manner with age (mo.) but did not 
differ between sexes. 
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Most mortality in cougar kittens occurs during the 
first few months of life when kittens are restricted 
to nursery sites (Logan and Sweanor 2001, Ruth 
et al. 2011, this study). During this time, predation 
and infanticide are the most common mortality 
source (Logan and Sweanor 2001, this study) 
where entire litters are typically killed at one 
time. Early mortality through predation at nursery 
sites is likely independent of sex. Consequently, 
it is not surprising that a strong effect of sex is 
not observed in cougar kitten survival. However, 
our limited sample of collared kittens < 3 months 
old (n = 8) may have limited our ability to detect 
any differences in survival between sexes that 
may have occurred early in life (e.g., disease or 
starvation of smaller females). 

Our best ranked model indicated monthly sur-
vival rates with increased age, but the estimated 
effect was not strongly supported because the beta 
coefficient overlapped 0. In addition, our second 
ranked model indicated constant survival rates 
with increasing age providing further evidence 
the effect of increasing age was not strongly sup-
ported by our data. The increasing trend of kitten 
survival with age was previously documented in 
New Mexico and the Greater Yellowstone Ecosys-
tem (Logan and Sweanor 2001, Ruth et al. 2011). 
This biological phenomenon was likely present 
in our dataset but we lacked sufficient sample 
sizes to precisely estimate reduced survival rates 
at young ages because we only collared 8 kittens 
that were < 3 months of age at capture. We expect 
this relationship of increasing survival with age to 
be consistent throughout the geographic range of 
cougars due to method by which female cougars 
raise their kittens. Nursery sites serve as a center 
point of activity for mothers, and this area of high 
activity may attract predators to the nursery site 
increasing susceptibility of immobile kittens to 
predation (Logan and Sweanor 2001). Predation 
risk of kittens may decrease with age because they 
are not restricted to nursery sites where predators 
may be attracted. Increased size and strength as 
kittens age may also allow kittens to better escape 
predators (i.e., able to climb trees). Furthermore, 
increased size of older kittens likely reduces risk 
of mortality from injury because they can better 
navigate rugged terrain (Logan and Sweanor 2001). 

In the most comprehensive study of kitten 
survival (n = 157), annual survival rates were 
estimated to be 0.64 (Logan and Sweanor 2001), 
which was similar to our estimate from our best 
(0.66) and second (0.78) ranked model, and another 
lightly hunted cougar population in Washington 
(0.72; Cooley et al. 2009). Our point estimate of 
annual survival was slightly higher than those 
reported in California (0.45–0.52; Beier and 
Barrett 1993), Greater Yellowstone Ecosystem 
(0.46–0.59; Ruth 2004, Ruth et al. 2011), Montana 
(0.42; DeSimone and Semmens 2005), Idaho (0.42; 
López-González 1999) and Washington (0.57; 
Lambert et al. 2006, 0.59; Robinson et al. 2008, 
0.31 Cooley et al. 2009); however, most of these 
estimates fall within the 95% confidence interval 
of our reported survival rate from our best model 
(0.42–0.84). Survival rates observed in Alberta 
(0.98; Ross and Jalkotzy 1992) were substantially 
higher than those reported elsewhere, but this 
estimate was likely positively biased because age 
at first monitoring was well into the first year of 
the kitten’s life (6–8 months) and early causes of 
mortality were not accounted for. 

We acknowledge the possibility that our esti-
mates of kitten survival may be positively biased 
due to unaccounted early mortality of kittens (i.e., 
kittens died before they were radio-collared). We 
had a small sample of young (< 3 mo. old) kit-
tens (n = 8; Figure 2) which increased variance 
in survival estimates at young ages (see Figure 3) 
but should provide relatively unbiased estimates 
of survival so long as the sample was representa-
tive of the population as a whole. Future studies 
should attempt to maximize the number of kittens 
collared at early ages to reduce potential sample 
bias and increase precision of survival estimates. 
Global-positioning system collars fitted to female 
cougars can allow rapid identification of nursery 
sites (Kopff et al. 2010, Clark et al. 2014b) al-
lowing researchers to quickly locate and collar 
kittens. Collaring of kittens at nursery sites will 
increase sample sizes and allow more accurate 
and precise estimation of survival and identify 
causes of mortality at early ages. This will allow 
better comparisons among study areas to deter-
mine effects of management and habitat on kitten 
survival. Comparison of survival among studies 
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is currently limited by imprecise estimates and 
limited statistical power.   

Our estimate of ĉ (1.68) indicated lack of 
independent fates among cougar kittens. Viola-
tion of independence results in underestimates of 
sampling variance (Schwartz et al. 2006, Bishop 
et al. 2008). Mean litter size of cougars is typi-
cally 2–3 (Ross and Jalkotzy 1992, Spreadbury et 
al. 1996, Logan and Sweanor 2001) and female 
cougars that are hunting typically leave offspring 
in a group. Mortality at an early age typically 
occurs at nursery sites when kittens are immobile 
which caused fates to be dependent among litter-
mates. Ruth et al. (2011) also estimated a mean ĉ 
greater than 1.0 (1.53) providing further evidence 
that fates of littermates are not independent. We 
encourage future investigations of kitten survival 
to account for overdispersion when estimating 
kitten survival to ensure variance of parameter 
estimates is correctly estimated. Alternatively, 
to account for lack of independence of fates 
among siblings, researchers could collar only 
one kitten per litter; however, this would likely 

reduce sample sizes to a point where effective 
estimation of survival rates would be difficult.
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