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ABSTRACT
The expansion of Barred Owls (Strix varia) into the 
Pacific Northwest and California threatens the Northern 
Spotted Owl (S. occidentalis caurina) and western forest 
ecosystems.  In response, many studies have been conducted 
to better understand Barred Owl behavior, demography, and 
ecological effects.  However, Barred Owls are difficult to 
sex in the field using existing techniques, which prompts the 
need for a reliable method to distinguish males and females.  
Here, we describe an accurate method of sexing Barred Owls 
in hand using toe-pad length in combination with body mass.  
We measured and analyzed the toe-pad lengths and body 
mass of 136 subadult and adult Barred Owls (64 females 
and 72 males) that were lethally collected and had their sex 
confirmed based on examination of gonads. Females had 
statistically larger toe-pads and body mass standardized 
by time of year than males.  We then developed a predictive 
equation based on toe-pad length and standardized body 
mass that accurately determined the sex of 99% of males 
and 98% of females.  Thus, our study provides a rigorous 
means for sexing Barred Owls in hand and facilitates 
ecological studies of this species in its invasive range, 
although additional assessments in other parts of the range 
are merited.

INTRODUCTION

Barred Owls (Strix varia) are native to the forests 
of eastern North America but have expanded their 
range into the Pacific Northwest and California 
over the past century (Mazur and James 2021).  
In their novel range in western North America, 
Barred Owls have become invasive and now occur 
at high densities, threatening federally threatened 
Northern Spotted Owls (S. occidentalis caurina) 
with extinction (Livezey 2009; Franklin et al. 
2021; Wiens et al. 2021).  However, owing to their 
generalist diets, Barred Owls pose a threat not only 

to Northern Spotted Owls, but also to various prey 
species (Wiens et al. 2014; Kryshak et al. 2022; 
Holm et al. 2016).  Accordingly, many studies 
have been conducted to better understand Barred 
Owl behavior and demographics to mitigate effects 
on Spotted Owls and western forest ecosystems 
(Hofstadter et al. 2022; Wiens et al. 2014).  In 
these studies, it is often important to know the sex 
of individual Barred Owls, however, there is not a 
standard and reliable method to sex Barred Owls 
in the field.
Barred Owls, as with many other avian species, 
are a sexually monomorphic species without 
distinguishable external characteristics such as 
plumage.  Discerning sexes from Barred Owl 
vocalizations can be difficult for inexperienced 
observers (Odom and Mennill 2010).  While 
females tend to be larger than males, sex cannot 
be distinguished visually (Mazur and James 2021).  
Even when in hand, body mass alone does not 
provide an easy and accurate sex determination 
because their body mass can fluctuate throughout 
the year (Acker 2020).  Sex can be determined 
either by examining the gonads during necropsies 
or molecularly through techniques such as 
polymerase chain reaction (Steiner et al. 2016), 
but both methods are prohibitively expensive and 
neither technique is suitable for fieldwork when 
sex needs to be determined and individuals cannot 
be collected. 
Toe-pad lengths have been used to accurately 
determine the sex of other bird species when in 
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hand, such as the Barred Owl’s congener, the 
Northern Spotted Owl (Fleming et al. 1991).  
Similarly, toe-pad length and body mass were used 
to determine the sex of Swainson’s Hawks (Buteo 
swainsoni; Kochert and McKinley 2008) and toe-
pad length, body mass, and wing chord length 
were used for Golden Eagles (Aquila chrysaetos; 
Edwards and Kochert 1986).  In this paper, we 
describe a new method to accurately sex Barred 
Owls using toe-pad lengths and body mass for 
reliable sex determination of Barred Owls.

METHODS

Study area and sample selection.– We measured 
the toe-pads of 175 Barred Owls that were collected 
through experimental lethal removal studies 
for the benefit of Spotted Owls in Mendocino, 
Sonoma, and Marin counties in coastal California 
following field protocols established by Diller et 
al. (2014, 2016) under federal and state permits 
(United States Fish and Wildlife Service permits 
MB24592D and California Department of Fish 
and Wildlife permits S-193180001-19337).  From 
this sample, we selected 136 Barred Owls (64 
females and 72 males) including both sub-adult 
(first or second-year birds) or adults (three years 
or older), determined from the molt pattern of 
their flight feathers (Pyle 1997).  Specifically, we 
selected birds that had their sex confirmed from 
observing gonads during the tissue archiving and 
study skin preparation process at the California 
Academy of Sciences in San Francisco, California, 
where their tissues were collected for genetic, diet, 
and other studies.  A majority of these individuals 
were collected during the fall, winter, and spring 
(n = 128) with the remaining few in summer (n 
= 8).  We used all 136 individuals to analyze toe-
pad lengths, but for our analysis on body mass, we 
excluded one female who did not have its body 
mass taken due to poor health conditions, giving us 
a sample size of 135 Barred Owls (63 females and 
72 males).  We omitted three juveniles (fledglings 
that had not yet dispersed their natal territories) 
because their toe-pads may not have been fully 
developed, and omitted a Barred x Spotted Owl 
hybrid because of the uncertainty about whether 

the hybrid measurements would reflect an 
intermediate measurement between Barred and 
Spotted Owls.

Measuring toe-pad length and body mass.– We 
defined our toe-pad length as the distance between 
the base of the talon of the first digit (the hallux 
or hind toe) to the base of the talon of the third 
(middle) digit, similar to the measurement made 
by Edwards and Kochert (1986).  With one hand, 
we fully spread the talons of each foot and used 
vernier calipers in the other hand to record both 
left and right toe-pad lengths to the nearest 0.01 
mm (Figure 1).  We averaged both left and right 
toe-pad lengths of each individual and rounded 
the value to the nearest 0.1 mm to account for 
differences that could have resulted from imperfect 
measurements.  Additionally, we weighed each 
individual in the field using a spring scale with 
10g increments to assess whether a combination 
of morphometric measurements resulted in 
reliable sex determination of individuals.  Both 
measurements were taken immediately after birds 
were lethally collected in the field to most closely 
approximate measurements taken on live birds.

Statistical analysis – We used two-sample 
independent t-tests with an alpha level of 0.05 to 
test differences between male and female toe-pad 
lengths and body mass.  We tested for differences 
in both measured body mass and body mass 
standardized to account for fluctuations in body 
mass throughout the year.  To standardize body 
mass, we calculated Z-scores for two-month bins 
using the following equation: Z = (x - µ) / σ, where 
x was the individual’s raw body mass and µ and 
σ are mean and standard deviation for the two-
month bin in which the individual was collected 
(Table 2).

Additionally, we used generalized linear 
models (McCullagh and Nelder 1989) within an 
information-theoretic framework (Burnham and 
Anderson 2002) to develop a predictive equation 
between sex and toe-pad length and standardized 
body mass, with toe-pad length and standardized 
body mass as independent variables and sex as a 
binomial response.  The most general form of the 
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equation could be expressed as: Pr(Si) = [exp (β0 
+ β1x1 + β2x2)] / [1 + exp (β0 + β1x1 + β2x2)], where 
Pr(Si) represents the probability that the individual 
i is a male (and 1 – Pr(Si) is the probability that the 
individual is a female), β0 is the intercept, β1 is the 
coefficient for toe-pad length, x1 is the individual’s 
toe-pad length, β2 is the coefficient for body 
mass, and x2 is the individual’s standardized body 
mass.  If Pr(Si) was greater than 0.5 we assumed 
individual i was male; if Pr(Si) was less than 0.5 
we assumed individual i was female. 

We evaluated support for four competing models: 
a null model, body mass alone, toe-pad length 
alone, and toe-pad length and body mass together.  
We considered models as those within 5 ΔAICc 
(second-order Akaike Information Criterion 
corrected for small sample sizes; Arnold 2010) of 
the top model to be supported.  All analyses were 
conducted in R version 4.2.3 (R Core Team 2021).
RESULTS
Females had toe-pad lengths that were statistically 
greater (mean = 67.8 mm, SD = 1.6) than males 
(mean = 62.8 mm, SD =1.3, p <0.001, t = 20.4; 
Table 1).  There was overlap of toe-pad lengths 
between 64.5 mm and 65.1 mm, with 10 males and 
3 females in this range (Figure 2A), but 86% of the 
males sampled had a toe-pad length less than 64.5 
mm and 95% of the females sampled had a toe-pad 
length greater than 65.1 mm.

Females also had, on average, larger body mass 
(mean = 926 g, SD = 120) than males (mean = 731 
g, SD = 68.2, p < 0.001, t = 11.8; Table 1).  There 
was overlap of body mass between 720 g and 890 
g, with 41 males and 30 females in this range, 
where 43% of the males sampled had body mass 
below 720 g and 52% of females sampled had body 
mass greater than 890 g.  When standardized, there 
was still a significant difference between sexes 
using body mass (p < 0.001, t = 14.8), but with 
less overlap between the sexes.  There was overlap 
between standardized body mass of -0.43 and 0.22, 
with 16 males and 20 females in this range.  About 
78% of males had standardized body mass less 
than -0.43 and 68% of females had standardized 
body mass greater than 0.22.  The overlap was 

minimized further when the Barred Owls were 
separated into their month of collection, with a 
total of 11 Barred Owls, 7 males and 4 females, 
overlapping (Figure 2B). 

We found strongest support for the generalized 
model that included both toe-pad length and 
standardized body mass (Table 3).  Toe-pad 
length alone was also competitive in our model-
selection and within 4.40 ΔAICc of our top model.  
However, even with the penalty of including 
another parameter, there was stronger support for 
the model including both toe-pad length and body 
mass, suggesting the addition of body mass can 
facilitate the determination of sex.  There was little 
support for the model containing body mass alone, 
and for the null model, which had ΔAICc of 31.31, 
and 176.43 respectively (Table 3). 

The model containing both toe-pad length and 
standardized body mass could be expressed as:  
Pr(Si) = {exp (363.028 - 5.613 x1 - 8.985 x2 )} / {1 
+ exp (363.028 - 5.613 x1 - 8.985 x2 )}.  When we 
used this equation to predict the sex of 135 Barred 
Owls included in statistical analyses, the equation 
accurately determined the sex of 99% of males 
and 98% of females, leaving 1 male and 1 female 
incorrectly sexed. The one female that was not 
properly sexed was an anomalously small female 
collected in January that had a Pr(Si) of 0.86, a 
body mass of 860 g, standardized body mass of 
-0.10, and toe-pad length of 64.5 mm.  The male, 
however, had a Pr(Si) of 0.49, a body mass of 790 
g, standardized body mass of -0.01, and toe-pad 
length of 64.7 mm.  It was the only individual 
that had a Pr(Si) close to 0.5, as the next closest 
individual had a Pr(Si) of 0.67. 
DISCUSSION
Our results indicate that in combination, toe-pad 
length and body mass constitute a reliable way to 
identify the sex of Barred Owls in the hand.  We 
found strong evidence that female Barred Owls 
have longer toe-pads than males.  There was some 
overlap between the toe-pad lengths of males 
and females in the 64.5 mm and 65.1 mm range, 
with males falling within this range more than 
females.  Reasonable separation has also been 
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found in congeneric Northern Spotted Owls where 
toe-pad lengths less than 69 mm corresponded to 
males while toe-pad lengths greater than or equal 
to 70 mm corresponded to females (Fleming et 
al. 1991).  Although Barred Owls are larger than 
Northern Spotted Owls, their smaller toe-pads can 
likely be attributed to their generalist dietary habits 
compared to Northern Spotted Owls predating 
more exclusively on rodents (Wiens et al. 2014; 
Kryshak et al. 2022).  These patterns are common 
in other raptor species where females have longer 
toe-pads than males (Edwards and Kochert 1986; 
Kochert and McKinley 2008).
Measured body mass alone may be a somewhat 
less reliable method for sexing Barred Owls, 
likely in part because of within-year variation, as 
birds are heavier during the winter than they are 
in the summer (Table 2).  Additionally, due to 
these seasonal fluctuations, there is more room 
for overlapping body mass.  When body mass is 
standardized according to the date of collection, 
the number of Barred Owls with overlapping body 
mass decreased by 49%.  Thus, standardizing body 
mass with the date of collection allows us to take 
seasonal fluctuations into account and decrease 
the number of individuals with overlapping body 
mass. 

Here, we provide a predictive logistic equation 
that will allow researchers to sex Barred 
Owls accurately with toe-pad length and date-
standardized body mass.  To apply this model, 
researchers will need to calculate the date-
standardized body mass (Z) for each sampled 
individual using means and standard deviations 
in body mass for the appropriate two-month bin 
(Table 2).  This model is expected to facilitate the 
sexing of Barred Owls with negligible error rates.  
We do, however, caution the classification of sex 
when Pr(Si) is close to 0.5. 

We omitted the three juvenile male Barred Owls 
from our study owing to the uncertainty regarding 
whether juvenile toe-pad lengths follow the same 
pattern as the adult toe-pad lengths.  Unfortunately, 
we were not able to test the equation with the 
juvenile Barred Owls because their body mass 

were not measured.  However, after analyzing the 
toe-pad lengths of adults, we determined that toe-
pad lengths of the juvenile Barred Owls fell within 
the range of toe, pad lengths for adult males – and 
these individuals were confirmed to be males by 
examination of their gonads by personnel at the 
California Academy of Sciences.  Thus, while we 
can infer that male juvenile toe-pad lengths fall 
in the same range as adult male measurements, 
we expect this is similarly true for juvenile and 
adult female Barred Owls, but future research is 
necessary to confirm this hypothesis. 

Determining the sex of Barred Owls in the field is 
crucial to understanding the effects of their range 
expansion into western North America.  Here, we 
describe a methodology of accurately sexing Barred 
Owls in the field using toe-pad length and body mass 
in conjunction.  However, we caution that further 
research may be necessary to determine whether 
these thresholds are upheld in other populations 
of Barred Owls that may differ morphologically, 
such as in eastern North America or other parts of 
their expanded range in western North America.  
This methodology could be especially useful in 
managing Barred Owl populations through lethal 
removals to benefit Spotted Owl populations, as 
managers can determine the sex of the individuals 
immediately after collection and learn more about 
Barred Owl demographics through observing sex 
ratios of both colonizing and recolonizing Barred 
Owls (at sites where removals have occurred 
previously).  Moreover, Barred Owl studies that do 
not involve the lethal collections but still require 
sex determination, such as capture-resight or 
juvenile dispersal studies “(Watson et al. (2023),” 
will benefit from field-based sex determination 
methods.  Using toe-pad lengths and body mass 
may be more convenient than using vocalizations, 
especially for inexperienced observers (Odom 
and Mennill 2010).  It may be more difficult to 
measure toe-pad lengths on live Barred Owls, but 
it is feasible with two people: one person to hold 
the Barred Owl and its toes in place and another 
person to take the measurement.  Accordingly, toe-
pad lengths and body mass are reliable measures 
for determining sex in the field, creating more 
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potential for understanding the life history of 
Barred Owls and predicting the trajectory of their 
population expansion.
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Fig. 1.  Measuring toe-pad lengths of Barred Owls lethally collected from Mendocino, Sonoma, and Marin counties 
in coastal northern California, from 2021 and 2022.  The digits are numbered, and the measurements were taken 
from the hallux, digit 1, to the middle digit, digit 3. (Photo: Emma Fehlker Campbell)
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Fig. 2.  (A) Toe-pad lengths of 136 Barred Owls and (B) standardized body mass of 135 Barred Owls that were 
lethally collected through experimental removal studies in Mendocino, Marin, and Sonoma counties in coastal 
California from 2021 and 2022.  All individuals were sexed by analyzing their gonads in a laboratory setting. 
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