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ABSTRACT Survey techniques that are both reliable and efficient are necessary to accurately estimate population parameters, especially for

rare species. Cactus ferruginous pygmy-owls (Glaucidium brasilianum cactorum; hereafter pygmy-owls) have declined in southwestern North

America and are surveyed often to comply with federal law. We studied owl responses to broadcasted calls to quantify how detectability and

response rates (owls/station/transect) vary with environmental, spatial, temporal, and weather-related factors. We surveyed owls along 392

transects (1,113 km) throughout Sonora, Mexico, including a subset of 14 transects (47.2 km) that we surveyed repeatedly to assess factors that

affected response rates. We challenged 17 adults and 23 juveniles that were radiomarked, adults attending 50 occupied nests, and adults

attending 6 groups of radiomarked juveniles to respond to broadcasted calls to assess factors that affected detectability. Across Sonora, response

time averaged 2.6 6 0.1 minutes (x̄ 6 SE, n¼ 520), with 99 6 0.4% of owls detected in �8 minutes; response distance averaged 251 6 7 m,

with 91 6 1% of owls detected at �400 m. Response time decreased by an average of 4 6 2% and response distance decreased by 12 6 3 m

with each half-month period from early courtship through brooding (P � 0.035). Response time averaged 39 6 24% faster during morning

than midday at occupied nests. Detectability was 1.0 6 0.0 when surveyors were 100 m from occupied nests and decreased to 0.78 6 0.10 when

surveyors were 500 m from occupied nests. Detectability was higher during incubation, brooding, and natal dispersal (0.89 6 0.05–1.0 6 0.0)

than during fledgling-dependency (0.50 6 0.20–0.67 6 0.19). Response rates of males did not vary from early courtship to brooding (P ¼
0.84), yet those of females decreased systematically to zero across the same period (P , 0.001). Because detectability of pygmy-owls remains

consistently high during nesting, response rates generated from carefully designed surveys can provide reliable estimates of occupancy and

abundance. (JOURNAL OF WILDLIFE MANAGEMENT 71(3):981–990; 2007)
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Increasing the efficiency of strategies for surveying wildlife

populations can improve the precision of parameter

estimates and the power and reliability of research and

monitoring programs (Thompson et al. 1998, Steidl and

Thomas 2001, Pollock et al. 2002). All survey methods

benefit from a clear understanding of the factors that

influence visual or aural detections of animals and true

detection probabilities. Survey strategies based on indices

can provide a reliable framework for assessing changes in

populations when indices closely track changes in popula-

tion parameters (Yoccoz et al. 2001, Williams et al. 2002).

Detection probability, also referred to as detectability or

responsiveness, is the probability of detecting an individual

provided it is present during sampling (Boulinier et al.

1998), whereas response or detection rate is an index based

on the raw number of individuals detected per unit effort.

Broadcasting vocalizations of conspecifics increases detec-

tions compared to nonelicited surveys for many species of

owls (McGarigal and Fraser 1985, Mosher et al. 1990,

Gerhardt 1991), yet the relationship between detectability

and response rates is not well understood and may vary with

environmental, temporal, spatial, surveyor- or weather-

related factors (Fuller and Mosher 1987, Morrell et al.

1991, Hardy and Morrison 2000, Conway and Simon 2003,

Seavy 2004). Understanding factors that influence estimates

of population parameters are fundamental to developing

reliable survey techniques because, when detectability is

,1.0, uncorrected estimates may bias information (Pollock
et al. 2002, Tyre et al. 2003).

Reliable survey strategies are particularly important for
rare or endangered species where small changes in
population attributes may be especially consequential.
Cactus ferruginous pygmy-owls (Glaucidium brasilianum
cactorum; hereafter pygmy-owls) are rare in Arizona, USA,
and are surveyed regularly for compliance with federal law as
some of the areas they occupy are proposed for urban
development (United States Fish and Wildlife Service
[USFWS] 1997). Consequently, estimating occupancy and
abundance of pygmy-owls and assessing whether manage-
ment and recovery objectives are being met (USFWS 2003)
necessitates survey strategies that are reliable and efficient.
Although broadcasting vocalizations of pygmy-owls during
surveys increases response rates .3 times over nonelicited
surveys (Proudfoot and Beasom 1996), almost no informa-
tion exists on factors that influence detectability (Proudfoot
et al. 2002). Therefore, our objectives were to quantify
variation in detectability and response rates of pygmy-owls,
suggest improvements to strategies for surveying pygmy-
owls (USFWS 2000a, b), and to consider implications for
estimating and monitoring population parameters for
pygmy-owls and other similar species.

STUDY AREA

We surveyed pygmy-owls throughout Sonora, Mexico (26–
328 N, 109–1158 W), which was bordered by Arizona to the
north, Sinaloa, Mexico to the south, Chihuahua, Mexico to
the east, and the Gulf of California to the west. We1 E-mail flesch@ag.arizona.edu
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excluded areas above 1,200 m and the extreme northwest
and northeast where pygmy-owls have never been observed
(van Rossem 1945, Russell and Monson 1998). Sonora
encompassed a broad range of environments from arid
desert in the northwest to tropical deciduous forest in the
southeast (Rzedowski 1978), with 4 major vegetation
communities dominating lowlands: Sonoran Desert, Semi-
desert Grassland, Sinaloan Thornscrub, and Sinaloan
Deciduous Forest (Brown 1982). Sonoran Desert domi-
nated much of western Sonora and was characterized by
uplands of open shrubs and sub-shrubs with short trees and
cacti, often including large columnar species such as
saguaros (Carnegiea gigantea) that are especially common
in the Arizona Upland Subdivision (Shreve 1951). Semi-
desert Grassland was dominated by mesquite (Prosopis

velutina) and replaced desertscrub at higher elevations
mainly east, north, and within the Sonoran Desert. Sinaloan
Thornscrub occupied a large area on the Coastal Plain and
in foothills of the Sierra Madre Occidental in southern and
central Sonora and was dominated by dense, drought-
deciduous, often thorny trees, shrubs, and succulents that
often formed a closed canopy 2–8 m tall (Brown 1982).
Shrubs of the north transitioned to trees further south and
formed Sinaloan Deciduous Forest in southeast Sonora
where canopy height in uplands can exceed 12 m (Gentry
1982).

METHODS

Design
We quantified responses of owls to broadcasted calls by
counting owls that responded during surveys (response
rates), measuring the time it took for owls to respond
(response time), estimating the distance between locations
where owls responded initially and survey stations (response
distance), and by determining the ratio of owl responses to
total broadcast trials (detectability) for radiomarked owls
known to be in the vicinity of broadcast stations and for owls
assumed to be attending occupied nests. Systematic daily or
seasonal variation in response time may indicate times when
owls respond too slowly to be surveyed efficiently; systematic
variation in response distance may indicate evidence of
differential movements in response to broadcasts that would
bias abundance estimates based on distance-sampling
methods. We used 3 types of surveys to quantify factors
that influenced owl responses: 1) statewide surveys to
quantify factors that influenced response rates, response
times, and response distances along transects throughout
Sonora; 2) repeat surveys to assess seasonal variation in
response rates, response times, and response distances by
surveying the same set of transects repeatedly; and 3)
challenge surveys to quantify the effects of environmental,
spatial, and temporal factors as well as nest outcome (success
or failure) on detectability to provide a basis to link response
rates (the index) with true abundance (the parameter).

Statewide surveys.—We generated a stratified random
sample of locations throughout lowland Sonora allocated
proportional to the areal coverage of each of 4 major

vegetation communities. Within 20 km of these 145 points,
we established up to 4 survey transects, one in each of 4
possible topographic formations (valley bottoms, lower
bajadas, upper bajadas, and mountain canyons) along the
closest accessible drainage that was .2 m wide and within 1
km of a road. We placed a series of 3–12 stations spaced
350–400 m apart along transects or 550–600 m apart after
initial detection of an owl. We increased spacing after we
detected each pygmy-owl to reduce the probability of
counting the same owl more than once and to avoid pulling
owls along transects. We surveyed each of 392 transects once
between 15 January and 31 May 2000 and 2001.

Repeat surveys.—We repeatedly surveyed a subsample
of 14 transects within the Arizona Upland Subdivision of
the Sonoran Desert and Semidesert Grassland where we had
detected �1 pygmy-owl during statewide surveys. We
surveyed these transects in winter (9–12 Jan), spring (13
Apr–29 May), and autumn (10–19 Nov) 2001; surveys in
winter began before courtship behavior was initiated and
those in spring coincided with nesting. From 2001 to 2005,
average dates for clutch completion, initation of brooding,
and fledging in northern Sonora were 22 April, 15 May, and
12 June, respectively, with 75% of nests initiated within a 4-
day period each year from 2001 to 2004 or within a 6-day
period in 2005 (A. D. Flesch, University of Arizona,
unpublished data).

Challenge surveys.—We used 3 techniques to quantify
detectability. First, we challenged 17 adult males and 23
juveniles (12 M, 11 F) that were radiomarked to respond to
broadcasted calls from a distance of approximately 300 m
from between one day and 35 days after initiation of natal
dispersal (late Jul–mid-Sep). Second, we challenged 6 pairs
of adults, whose locations we knew because they were
guarding radiomarked fledglings, to respond from a distance
of 300 m during early (within 1 week of fledging) and
middle (5 weeks after fledging) fledgling dependency. We
did not challenge owls during late fledgling dependency
because broadcasts at this time may influence timing of natal
dispersal. Third, we challenged adults assumed to be
attending 50 occupied nests to respond from distances of
100 m, 300 m, or 500 m (selected at random) from nests
during incubation and brooding (19 Apr–14 Jun 2005).
Because presence of a nest does not ensure that adult owls
are actually present, we considered only those nests that
contained eggs or live young immediately after surveys. We
then monitored nests to determine success (�1 young
within a week of fledging) or failure to evaluate the effects of
nest outcome on detectability.

To ensure that detectability of our sample of owls was
representative of the population at large, we selected a
random sample of areas where we had found nests between
2001 and 2004 and in 2005 surveyed one station within 300
m of former nest locations. If we failed to detect a pygmy-
owl, we then surveyed a second station also located within
300 m of former nests but in a direction opposite the first
station and oriented parallel to the main drainage in the
area. This arrangement likely provided adequate coverage
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because mean distance between nests in the same nest areas
(n¼53) averaged 143 6 25 m (range 0–640 m) among years
and nests were associated with drainages (A. D. Flesch,
unpublished data). In each area where a pygmy-owl
responded, we searched for nests by observing owls, by
searching for sign (pellets, scat, and prey remains), and by
confirming nesting with a small pole-mounted video
camera. We found nests at 88% of 58 occupied areas we
searched. Because false-negative results during initial
surveys could have positively biased estimates of detect-
ability by resulting in us sampling a more detectable subset
of the population, we also resurveyed former nest sites where
we failed to detect a pygmy-owl during initial surveys an
additional 1–3 times during the nesting period.

Owl Surveys
We alternated listening and broadcasting recorded territorial
calls every 30–45 seconds and listened during the first and
last 30 seconds at each station. We surveyed stations for 8
minutes or until 1 minute after we detected an owl and we
often remained near stations for up to 12 minutes to write
field notes. We surveyed from 1 hour before to 3 hours after
sunrise during statewide and repeat surveys, from 1 hour
before sunrise to 1 hour after sunset during challenge surveys
at occupied nests, and during mornings, evenings (after
sunset), or nights within 2 days of the full moon during
challenge surveys of radiomarked owls. We did not survey
during steady rain or when wind speed exceeded 20 km per
hour (Beaufort scale �3). For each owl, we recorded
response time in minutes, estimated direction and distance
to initial point of detection with a rangefinder, and noted
sex and age (ad or juv) of owls based on vocalization patterns
(Proudfoot and Johnson 2000). To estimate numbers of
owls along each transect, we used distance and direction of
responses to distinguish among owls that did not respond
simultaneously. During repeat and challenge surveys the
same surveyor visited the same stations whenever possible to
minimize the potential for bias.

Environmental Measurements
At each survey station we characterized weather, topo-
graphic conditions, and vegetation within 400 m of survey
stations and for statewide surveys we averaged measure-
ments by transect. We estimated vegetation volume visually
in areas of both riparian and upland vegetation by summing
volumes in 5 horizontal strata above ground (0–1 m, 1–3 m,
3–6 m, 6–12 m, and .12 m) that were each estimated to the
nearest 10% when values were between 20% and 80% and
to the nearest 5% otherwise. We gauged the abundance of 2
types of potential cavity substrates by calculating the
percentage of stations on each transect where saguaros
(.3 m tall) and large trees (.6 m tall) were present. We
ranked dominance of vegetation formations (woodland,
desertscrub, thornscrub, riparian scrub, savannah, grassland,
and agriculture) by visually estimating percent cover at each
station in both upland and riparian areas. We estimated
mean vegetation height visually to nearest m in upland and
riparian areas. We determined transitions between riparian

and upland vegetation areas based on patterns of structural
and floristic contrast and measured width of riparian areas
perpendicular to drainage orientation with use of range-
finders. We recorded elevation from 1:50,000 topographic
maps, latitude and longitude using a Global Positioning
System, estimated percent cloud cover to the nearest 10%,
and classified wind speed with the Beaufort scale. We used
topographic formation to describe topographic complexity
and slope as they are highly correlated (Flesch 2003a).

For challenge surveys at nests, we categorized potential
vegetation obstruction between survey stations and nests as
dense (woodland), moderate (combination of woodland and
savannah or desertscrub), or low (savannah or desertscrub).
To eliminate confounding by topographic formation during
challenge surveys, we only surveyed areas with ,5% slope
between survey stations and nests or owls.

Data Analyses
Statewide surveys.—To assess the amount of time

needed to detect potentially responsive pygmy-owls, we
calculated the proportion of individuals that responded
within each successive minute of each survey. To assess
appropriate spacing of survey stations, we calculated the
proportion of pygmy-owls that responded within each
successive 100-m-radial distance around survey stations.
We considered the effects of time-of-morning and season
(late Jan–late May) on response time and response distance
by dividing the morning into 4 1-hour periods and the
season into 9 half-month periods that corresponded with
courtship and nest phases. To determine if response time
varied with time-of-morning and season, we used log-linear
regression for Poisson counts adjusted for extra-Poisson
variation (Ramsey and Schafer 2002); for response distance
we used multiple linear regression. We considered wind
speed, cloud cover, topographic formation, vegetation
structure, elevation, latitude, longitude, year, and surveyor
as covariates in all analyses. We also considered response
distance as a covariate when assessing variation in response
time. We first fit models that included all covariates and
sequentially eliminated those that did not contribute
appreciably to model fit (P . 0.05) then assessed the effects
of time-of-morning and season on response time and
response distance (Ramsey and Schafer 2002). We also
assessed whether response time or response distance varied
with sex and with sex 3 time interactions. We report least-
square means adjusted for other model parameters.

Systematic seasonal variation in response rates may
indicate differences in the proportion of owls responding
to broadcasts rather than differences in owl abundance once
adjusted for environmental factors that explain abundance.
Therefore, when assessing whether response rates of male
and female pygmy-owls varied seasonally, we included the
first 3 principal components derived from environmental
factors associated with abundance as covariates in a multiple
linear regression. These factors included abundance of large
columnar cacti, width of riparian vegetation areas, drainage
density, woodland cover, vegetation height in uplands, and
vegetation volume from 3 m to 6 m above ground in riparian
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areas and from 6 m to 12 m in upland areas that explained
68% of total variation in abundance (Flesch 2003a).

Repeat surveys.—To assess seasonal variation in re-
sponse rates, response time, and response distance, we used a
mixed model, repeated-measures analysis of variance
followed by linear contrasts. We considered season as a
fixed effect and transect as a random effect because they
represented a sample from the population of all potential
transects. To adjust for autocorrelation among repeated
counts along transects, we used an autoregressive covariance
matrix (Littell et al. 1996). We did not adjust for potential
surveyor effects because the same stations were usually
surveyed by the same surveyor.

Challenge surveys.—To assess factors that influenced
detectability of pygmy-owls attending occupied nests, we
used logistic regression and the model-selection procedure
described above. We considered distance between nests and
survey stations (100 m, 300 m, or 500 m), time-of-day (early
¼ 1–3 hr after sunrise, late¼ 2 hr before to 1 hr after sunset,
midday ¼ all other times) and nest phase (incubation or
brooding) as explanatory variables and vegetation density
(low, moderate, or dense) and nest outcome (success or
failure) as covariates. To guide appropriate spacing of survey
stations, we used the final logistic regression model to

predict detectability for each survey event and regressed
these predictions against distance from the survey station.
To describe temporal variation in detectability, we compared
estimates during incubation and brooding obtained at 300 m
from nests to those during fledging dependency and natal
dispersal obtained at 300 m from radiomarked owls.

To assess temporal variation in response time of nesting
owls, we used log-linear regression for Poisson counts
adjusted for extra-Poisson variation and the model-selection
procedure described above. We considered time-of-day and
nest phase as explanatory factors and vegetation density,
distance, and nest outcome as covariates.

RESULTS

Statewide Surveys
We detected 438 males, 72 females, and 10 pygmy-owls of
undetermined sex at 2,812 stations along 392 transects
(1,113 km). Transect length averaged 2,719 6 40 m (x̄ 6

SE) with 7.2 6 0.1 stations per transect spaced an average
of 440 6 3 m apart. Relatively few owls responded before
solicitation (11 6 1% of 520) and we initially detected
fewer visually (0.2 6 0.2%).

Response time.—Response time averaged 2.6 6 0.1
minutes (n ¼ 520, range ¼ 0–12 min) and was similar for
males (2.5 6 0.1 min) and females (2.7 6 0.2 min). Most
owls (83 6 2%) responded in �4 minutes, with 99 6 0.4%
responding in �8 minutes (Fig. 1A). Response time varied
seasonally, decreasing by an average of 4 6 2% (P¼ 0.018)
with each half-month period from early courtship in late
January to brooding in late May (Table 1) with similar
patterns for both males and females (P ¼ 0.60 for season 3

sex interaction). Pygmy-owls responded most rapidly during
late courtship in late March (1.7 6 0.1 min) and during
brooding in late May (1.4 6 0.2 min), �0.6 6 0.2 minutes
faster than during egg laying in early April (2.3 6 0.1 min;
Fig. 2). Importantly, response time did not vary with time-
of-morning (P ¼ 0.30) and averaged ,2.9 6 0.3 minutes
during each hour of the morning survey period.

Response time varied with longitude, response distance,
and among topographic formations and surveyors (Table 1)
but not with wind speed, cloud cover, vegetation structure,
elevation, latitude, or among vegetation formations or years
(P � 0.17). Response time increased by 14 6 2% with each
100-m increase in response distance and was 29 6 14%
faster in canyons than in valley bottoms. Response time also
decreased somewhat (P ¼ 0.060) as the number of pygmy-
owls detected along transects increased, resulting in an 18 6

11% increase in response time from lowest to highest levels
of response rates. Response time varied among surveyors (P
¼ 0.002); although some surveyors detected owls faster than
overall mean response time (2.6 min), none took system-
atically longer to detect owls.

Response distance.—Response distance averaged 251 6

7 m (n ¼ 520, range 10–900 m) and was similar for males
(250 6 7 m) and females (254 6 18 m). Most owls (78 6

2%) responded within 300 m, with 91 6 1% responding
within 400 m of surveyors (Fig. 1B). Response distance

Figure 1. Percent and cumulative percent of ferruginous pygmy-owls (n ¼
520) that responded with each successive minute (A) and in each 100-m-
radial interval (B) from broadcast surveys stations (n ¼ 2,812) along
transects we surveyed from 15 January to 31 May 2000 and 2001 in Sonora,
Mexico. The zero bar represents owls we detected before broadcasts.

984 The Journal of Wildlife Management � 71(3)



varied seasonally (P , 0.001), decreasing by 12 6 3 m with
each half-month period from early courtship to brooding
and did not vary with time-of-morning (P¼ 0.26; Table 2).
Response distances were lower during late courtship in late
March (210 6 17 m) and especially during early incubation
in late April (140 6 25 m) than during egg laying in early
April (297 6 24 m). Response distance declined as volume
of vegetation in riparian areas increased (P¼ 0.002) and did
not vary among surveyors (P ¼ 0.29).

Response rates.—Response rates varied from early
courtship to brooding for females (t373 ¼ 3.96, P , 0.001)
but not for males (t373¼ 0.41, P¼ 0.84) after adjusting for
among-transect variation in environmental factors that
explained abundance (Fig. 3). Response rates of females

declined from an average of 0.6 6 0.2 owls per 10 stations
during early courtship to near zero during brooding, a
decline of 0.07 6 0.02 owls per 10 stations with each half-
month period across the survey season. Only 4 6 2% (n¼ 3
of 72) of females were detected after 15 April when egg
laying typically begins and none were detected after 4 May.

Repeat Surveys
We detected 94 adult males, 39 adult females, and 7
juveniles along 14 transects (n ¼ 99 stations) surveyed in
winter, spring, and autumn. Transect length averaged 3,369
6 152 m, with 7.1 6 0.2 stations per transect spaced an
average of 500 6 17 m apart. Relatively few owls responded
before solicitation (6 6 2% of 143) and none were initially
detected visually.

Response time and distance.—Response time averaged
3.2 6 0.2 minutes (n¼ 140, range¼ 0–11 min) and did not
vary among seasons for all sexes and ages of owls combined.
Response distance averaged 246 6 11 m (range¼15–700 m)
and was 25% (73 6 35 m) greater in spring than in winter for
all sexes and ages of owls combined (Table 3). Adult males
responded 1.8 6 0.7 minutes faster and from 87 6 27 m
farther away in spring than in winter (t26� 2.21, P� 0.039);
response time and distance did not vary among seasons for
adult females. Adult males responded from 121 6 62 m
farther away than females in spring (t17¼ 1.94, P¼ 0.069).

Response rates.—We detected �1 pygmy-owl on 100%
of transects in spring and autumn and on 86 6 9% (n¼ 12
of 14) of transects in winter. Response rates were 29 6 20%
lower in winter than at other times (t26 ¼ 1.86, P ¼ 0.075)
for all sexes and ages of owls combined (Table 3). Response
rates varied among seasons for adult males, adult females,
and juvenile owls (P � 0.079; Table 3). For adult males,
response rates were nearly 2 times higher in spring than in
winter (t26¼1.94, P¼0.063), yet we detected �1 male in all
seasons along 64 6 13% (n ¼ 9 of 14) of transects.
Response rates of adult females were similar in winter and
autumn and nearly 3 times lower in spring (Table 3).
Juveniles were only detected in autumn when they
comprised 7 6 2% of respondents.

Challenge Surveys
Radiomarked owls.—Detectability of adults was 0.50 6

0.20 (n¼ 3 of 6) early and 0.67 6 0.19 (n¼ 4 of 6) midway
through fledgling dependency, and only adult males
responded. In contrast, detectability was 1.0 for adult males

Table 1. Factors that explained variation in initial response time of
ferruginous pygmy-owls (n ¼ 498) detected along transects we surveyed
between 15 January and 31 May 2000 and 2001 in Sonora, Mexico.

Factor (units)
Parameter
estimatea,b SE v2 P

Response distance (100 m) 0.13 0.020 41.07 ,0.001
Latitude (10 km) 0.008 0.003 5.54 0.019
Topographic formation 0.003
Canyonsc �0.35 0.13 7.32 0.007
Lower bajadasc 0.12 0.092 1.75 0.19
Upper bajadasc �0.039 0.097 0.17 0.68
Season (half month)d �0.044 0.019 5.57 0.018
Time of morning (1 hr) 0.038 0.037 1.09 0.30

a Parameter estimates and P-values are from log-linear regression for
Poisson counts adjusted for surveyor effects (P ¼ 0.002).

b The inverse natural log of parameter estimates equals the % change in
response time with each 1-unit increase for continuous factors or presence
for nominal factors.

c Reference level equals valley bottom topographic formation.
d Nine half-month periods from 15 Jan to 31 May.

Figure 2. Response time of ferruginous pygmy-owls (n ¼ 520) during
broadcast surveys within 9 half-month periods (L¼ late, E¼ early) from 15
January to 31 May 2000 and 2001 in Sonora, Mexico. For most pygmy-owls
in Sonora, incubation is during April and brooding is during May. Solid
line indicates decreasing linear trend in response time across seasons (P ¼
0.018). In boxes, the dotted line indicates the mean, solid line indicates
median, lower and upper boundaries indicate 25th and 75th percentiles,
respectively, whiskers indicate 10th and 90th percentiles, and points
indicate observations ,10th and .90th percentiles.

Table 2. Factors that explained variation in initial response distance of
ferruginous pygmy-owls (n ¼ 469) detected along transects we surveyed
between 15 January and 31 May 2000 and 2001 in Sonora, Mexico.

Factor (units)
Parameter
estimatea SE t P

Riparian vegetation volume (%) �0.74 0.24 3.05 0.002
Yr �72.6 15.0 4.84 ,0.001
Season (half month)b �12.1 3.4 3.62 ,0.001
Time of morning (1 hr) �7.8 6.9 1.13 0.26

a Parameter estimates and P-values are from multiple linear regression.
b Nine half-month periods from 15 Jan to 31 May.
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(n¼ 17 of 17) and 0.91 6 0.06 for juveniles (n¼ 21 of 23)

during or soon after natal dispersal. For juveniles, 88 6 9%

of males (n¼ 10 of 12) and 100% of females (n¼ 11 of 11)

responded to broadcasts. Juvenile males that did not respond

were unpaired and had settled in or adjacent to areas already

occupied by a territorial male pygmy-owl.

Occupied nests.—We performed 67 challenge surveys at

50 occupied nests, 23 (34%) during incubation and 44

(66%) during brooding; 86 6 5% of these nests were

successful. Overall, owls responded within 8 minutes during

90 6 4% of surveys, only males responded during 88 6 4%

of surveys, only females during 4 6 2% of surveys, and both

females and males during 8 6 3% of surveys. In all cases

where both sexes responded, survey stations were 100 m

from nests and females always responded before males. At

15 former nest sites occupied in previous years where we

failed to detect a pygmy-owl during initial surveys, we never

detected a pygmy-owl during subsequent surveys (n ¼ 43),
suggesting that false-negative results are rare.

The overall rate of owl responses to challenge surveys was

high and decreased as distance between nests and surveyors
increased (P¼ 0.007). At a distance of 100 m, 100% of owls

responded (n¼ 23 of 23); at 300 m, 89 6 7% responded (n

¼ 23 of 26); at 500 m, 78 6 10% responded (n¼ 14 of 18).
Odds of detecting a pygmy-owl between 100 m and 500 m

of an occupied nest decreased by 15 6 7% with each 20-m

increase in survey distance and were 60 6 42% lower for

nests that eventually failed. We predicted detectability to be
.0.99 6 0.02 at 100 m, 0.93 6 0.02 at 300 m, and 0.77 6

0.02 at 500 m from nests after considering the effects of

survey distance and nest outcome. Detectability was 0.92 6

0.04 at nests that eventually succeeded compared to 0.71 6

0.17 at nests that eventually failed (P¼ 0.011). Detectability

did not vary appreciably with time of day, nest phase, or
vegetation density (P � 0.13). Although sample sizes were

too small for reliable analyses, detectability tended to be

higher in mornings (100% of 12) than in midday and
evenings (87 6 5% of 55) and at low and moderate (94 6

3% of 52) than at high (73 6 13% of 11) vegetation

density.

Response time averaged 2.1 6 0.2 minutes (n¼ 60, range

¼ 0–8) with 75 6 6% of owls responding in �2 minutes

and 98 6 2% responding in �6 minutes, an estimate
similar to that during statewide surveys of 2.6 6 0.1

minutes. Response distance averaged 206 6 15 m (range ¼
20–500 m) with 90 6 4% of owls responding within 400 m
of stations. Response time averaged 39 6 24% faster during

mornings than midday (P¼0.023) and did not vary between

nest phases (Table 4). Response time increased by 21 6 5%
with each 100-m increase in distance from nests, an estimate

similar to that during statewide surveys of 14 6 2%.

Response time was 63 6 26% faster at nests that were

Figure 3. Adjusted response rates (no./station) of male (n ¼ 438) and
female (n¼ 72) ferruginous pygmy-owls during broadcast surveys within 9
half-month periods (L¼ late, E¼ early) from 15 January to 31 May 2000
and 2001 in Sonora, Mexico. Adjustment represents variation remaining
after we removed that explained by environmental factors. Solid lines
indicate decreasing linear trend in response rates across time for females (P
, 0.001) and males (P ¼ 0.84).

Table 3. Response rates, response time, and response distance for adult male (n¼ 94), adult female (n¼ 39), and juvenile (n¼ 7) ferruginous pygmy-owls
along 14 transects we surveyed (n ¼ 99 stations) during 3 seasons in northern Sonora, Mexico, 2001.

Factor (units)
Winter Spring Autumn

Age – sex x̄ SE x̄ SE x̄ SE df Fa P

Response rates (owls/station)

All owls 0.35 0.08 0.47 0.08 0.51 0.08 2, 26 1.73 0.20
Ad M 0.21 0.07 0.41 0.07 0.32 0.07 2, 26 2.81 0.079
Ad F 0.14 0.03 0.058 0.03 0.19 0.03 2, 26 6.93 0.004
All juv 0.00 0.00 0.00 0.00 0.07 0.02 2, 26 4.80 0.017

Response time (min)

All owls 3.3 0.4 2.7 0.4 3.4 0.4 2, 24 1.36 0.28
Ad M 5.0 0.8 3.2 0.7 3.9 0.7 2, 20 2.48 0.11
Ad F 2.6 0.6 2.5 0.8 3.1 0.6 2, 11 0.35 0.72

Response distance (m)

All owls 214.5 25.3 287.1 23.5 258.4 23.5 2, 24 3.12 0.063
Ad M 223.0 32.5 310.3 27.8 289.4 29.9 2, 20 2.83 0.083
Ad F 202.9 33.3 189.1 43.7 188.8 29.0 2, 11 0.06 0.94

a Test statistics and P-values are from mixed-model, repeated-measures analysis of variance.
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eventually successful (P ¼ 0.045) and did not vary with
vegetation density (P ¼ 0.22).

DISCUSSION

Adult male cactus ferruginous pygmy-owls always re-
sponded to conspecific calls broadcasted during the nesting
season by surveyors that were 100 m from occupied nests
and during or soon after natal dispersal when surveyors were
300 m from owls. As the distance between owls and
surveyors increased, detectability of nesting owls decreased
similarly to that observed for northern goshawks (Accipiter
gentilis; Kennedy and Stahlecker 1993, Watson et al. 1999,
Roberson et al. 2005) and likely other diurnal raptors.
Although detectability of pygmy-owls was somewhat higher
during mornings than at other times of day, within-day
differences in detectability were less than for other raptors
(Kimmel and Yahner 1990, McLeod and Andersen 1998,
Conway and Simon 2003). Compared to detectability of
other owls (range ¼ 0.13–0.76; Debus 1995, Conway and
Simon 2003, Olson et al. 2005, Wintle et al. 2005),
detectability of pygmy-owls is exceptionally high.

Seasonal changes in territorial behavior likely explain
much of the variation we observed in detectability of pygmy-
owls (Selmi and Boulinier 2003, Kéry et al. 2005).
Detectability of adult males was high when nesting, low
during fledgling dependency, and high again during or soon
after natal dispersal. This contrasts somewhat with temper-
ate-zone hawks, where detectability is typically lower during
nesting and higher immediately before or after nesting or
during fledgling dependency (Kennedy and Stahlecker 1993,
McLeod and Andersen 1998, Roberson et al. 2005).
Response rates of temperate-zone owls peaked either just
before or early during nesting (Ganey 1990, Morrell et al.
1991, Clark and Anderson 1997) or during natal dispersal
(Lundberg 1980, Ritchison et al. 1988) and were often
lower during fledgling dependency. Detectability of pygmy-
owls and other raptors likely increase just before and during
natal dispersal because of increased frequency of territorial
interactions that result from an influx of dispersing juveniles
recently recruited into the population.

Response times of pygmy-owls declined slowly and
systematically across the courtship and nesting periods
(Fig. 2), yet within this general decline, response times were
faster during late courtship than immediately before and

during egg laying. Similarly, response distances declined
systematically across the courtship and nesting periods yet
were lowest during late courtship and early incubation,
suggesting that owls made responsive movements toward
broadcasts. Seasonal changes in territorial behavior likely
explain much of the variation we observed in response time
and response distance of pygmy-owls.

Although we did not assess detectability before nesting,
response rates of male pygmy-owls did not vary systemati-
cally between early courtship and brooding (Fig. 3),
suggesting that detectability did not vary appreciably during
these times. In contrast, response rates of females declined
to zero early in the nesting period, suggesting a decline in
detectability. Further, we detected many fewer females
during all seasons, indicating that females were much less
responsive than males.

From transects surveyed repeatedly in winter, spring, and
autumn, we found that response rates were lowest in winter,
with more males detected in spring and more females
detected in autumn. Because pygmy-owls are permanent
residents (Johnsgard 1988), some males may have been
present in winter and either did not respond or were too far
from surveyors to be detected. In winter, home ranges of
owls can be larger than during nesting (Mazur et al. 1998,
van Riper and van Wagtendonk 2006), potentially explain-
ing the lower response rates we observed. In winter and
autumn, females often responded with continuous bouts of
territorial calls rather than contact, solicitation, or alarm
calls heard during nesting, suggesting that some females
defend territories during these seasons perhaps to reduce
overlap with males (Belthoff et al. 1993).

During morning surveys from early courtship through
brooding, pygmy-owls that responded to conspecific calls
did so quickly, with 99% responding in �8 minutes. The
few males that were slower to respond did so less
aggressively and often from areas with no apparent nesting
structures, suggesting that they may not have been nesting.
Although spontaneous calling by pygmy-owls is typically
crepuscular (Gilman 1909, Stillwell and Stillwell 1954),
pygmy-owls at occupied nests responded to broadcasts
throughout the day although more slowly and for shorter
durations during midday.

Vegetation screening can reduce detection rates of birds
(Emlen 1971, Oelke 1981). We found that response times

Table 4. Factors that explained variation in response time of ferruginous pygmy-owls during challenge surveys (n¼60) at 50 occupied nests between 19 April
and 14 June 2005 in northern Sonora, Mexico.

Factor (units) Parameter estimatea,b SE v2 P

Challenge distance (100 m) 0.19 0.05 13.59 ,0.001
Nest outcome (failure) 0.49 0.23 4.03 0.045
Time of dayc 5.87 0.053
Early �0.49 0.22 5.21 0.023
Late �0.17 0.26 0.44 0.51
Nest phase (incubation) �0.0027 0.18 0.00 0.99

a Parameter estimates and P-values are from log-linear regression for Poisson counts.
b The inverse natural log of parameter estimates equals the percent change in response time with each 1-unit increase for continuous factors or presence for

nominal factors.
c Reference level equals midday surveys.
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of pygmy-owls did not vary across a broad gradient of
vegetation structure, from open desertscrub to closed
tropical deciduous forest. In contrast, topography did
influence response times, with owls responding faster in
canyons where greater vertical and lower horizontal
structure may have focused broadcasts and enhanced
listening conditions. Faster responses from owls in areas
with higher owl abundance suggest that density of
conspecifics can influence calling behavior (Penteriani et
al. 2002), yet this pattern might be partially explained by
owls hearing broadcasts or other responding owls at stations
surveyed earlier.

Shorter response distances in areas with greater vegetation
volume may have been an artifact of greater owl abundance
in woodlands (Flesch 2003a, b) rather than sound being
attenuated by vegetation. Responses by pygmy-owls began
to decline at distances .300 m (Fig. 1B), yet because owls
typically move toward broadcasts (Debus 1995), some owls
detected at these distances likely originated from farther
away. Declines in responses with increasing distance are a
function of 1) true declines in responses to broadcasts, 2)
arrangement of environmental features such as vegetation
and land forms, and 3) reduced ability of surveyors to detect
owls at great distances.

Implications for Surveys
The best survey techniques have a high and consistent
probability of detecting the target species and low sampling
error (Thompson et al. 1998). For ferruginous pygmy-owls,
broadcasting territorial calls is a reliable and efficient means
of estimating occupancy and abundance during some
seasons because detectability approaches 1.0 and owls
respond rapidly and predictably across a wide range of
distances, vegetation communities, and times of day.
Surveys beginning early in courtship and continuing
through brooding will reliably index occupancy and
abundance of territorial male pygmy-owls. Although surveys
during autumn have been recommended for reducing
disturbance during nesting (Proudfoot and Beasom 1996),
we found that radiomarked pygmy-owls returned to normal
activities soon after responding to broadcasts. Further, the
rates of nest failure we observed when challenging owls at
occupied nests were similar to rates observed in other years
(A. D. Flesch, unpublished data) suggesting no adverse
influence of broadcasts during nesting. Additionally,
autumn surveys often included responses by newly fledged
recruits some of whom may not have yet established
territories and occupied areas not used for nesting. There-
fore, surveys during autumn may overestimate abundance of
breeding adult males, the most reliable index of abundance.

Reliably estimating changes in abundance across time
using uncorrected counts can only be accomplished when
detectability is constant during the survey period (Yoccoz et
al. 2001, Bart et al. 2004). Consequently, most studies
estimate detectability using capture–recapture, distance, or
double-sampling methods (Buckland et al. 1993, Nichols et
al. 2000, Williams et al. 2002) so that variation in
detectability can be used to correct counts. Without this

adjustment, undetected individuals may confound studies of
wildlife–habitat relationships (Tyre et al. 2003, Gu and
Swihart 2004), population trends (Pollock et al. 2002), or
metapopulations (Moilanen 2002). For species with con-
sistently high detectability, such as pygmy-owls, uncorrected
counts can provide reliable indices of occupancy and
abundance when surveys are done during periods when
variation in detectability is low. For example, when based on
careful survey design, uncorrected counts can be used to
monitor population trends of pygmy-owls (Flesch and Steidl
2006) and other species with similar detectability because
counts reliably track changes in abundance over time.

When estimating density using distance-sampling meth-
ods, predetection movements by animals that are induced by
surveyors will bias density estimates (Buckland et al. 1993)
unless accounted for explicitly (e.g., Palka and Hammond
2001). If responsive movements vary seasonally due to
changes in territorial behavior, then bias of estimates may
vary in a complex way. The systematic seasonal variation we
observed in response distances of pygmy-owls suggests that
they are often not detected at their initial locations.
Therefore, surveys designed to estimate density based on
distance-sampling methods should be concentrated over
narrow time periods or timing should be considered a
covariate when modeling the detection function (Buckland
et al. 2004). For species where detectability is consistently
high, such as pygmy-owls, the ratio of number of territorial
individuals counted relative to survey effort may provide less
biased estimates of abundance than those based on distance-
sampling methods when responsive movements vary.

MANAGEMENT IMPLICATIONS

Although we studied pygmy-owls in Sonora, our results
likely apply well to Arizona because pygmy-owls are
distributed continuously across portions of the Sonora–
Arizona border region where owls occupy similar ecological
settings. Despite high detectability, careful design is
necessary to efficiently and reliably survey pygmy-owl
populations. Spacing between survey stations should be
based on survey objectives because it presents a trade-off
between detecting all potentially responsive individuals and
limiting the potential for double-counting. If the primary
objective is to estimate occupancy of pygmy-owls with high
reliability, such as required for compliance with federal laws,
we suggest spacing survey stations at 175–200 m intervals. If
the primary objective is to estimate abundance of pygmy-
owls, we recommend spacing stations at 400 m intervals,
which should facilitate detection of .95% of territorial
males. Increasing spacing to 600 m following an initial
detection will further reduce the potential for double-
counting, though not appreciably increase the rate of
nondetections because linear distances between neighboring
nests on the same transects averaged 1,064 6 73 m (n¼ 39;
A. D. Flesch, unpublished data).

To survey when detectability is high and to allow pygmy-
owls sufficient time to respond, we recommend surveying
stations for 8 minutes between 1 hour before and 3 hours
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after local sunrise from early courtship through brooding.
Increasing to 12 minutes can ensure detection of virtually all
potentially responsive pygmy-owls, which can be essential
for meeting some objectives. Although morning surveys
seem most effective, surveys during midday and evening are
almost equally effective and are appropriate for some
objectives. Because pygmy-owls often respond rapidly after
broadcasts, we recommend alternating broadcast and listen-
ing periods every 30–45 seconds and listening during the last
30–60 seconds at each station. Recommendations for 90
seconds of listening after each broadcast (USFWS 2000a)
are inefficient unless noise or wind disturbance are present.

Although a single survey seems adequate to estimate
occupancy and abundance of pygmy-owls during courtship,
nesting, and natal dispersal, completing �2 surveys will
increase reliability. The current recommended protocol for
surveying pygmy-owls for compliance with federal laws
(USFWS 2000a) suggests 3 surveys between 1 January and
30 June with �1 survey between 15 February and 15 April.
Instead, we recommend 2 surveys between late January and
late May with �1 survey between mid-March and late April
and a third survey in late summer or early autumn during or
immediately after natal dispersal. Further, timing surveys
just before nesting will allow detection of individuals that do
not nest or that fail early in the season.
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