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ABSTRACT.—We conducted repeated aerial surveys for breeding cliff-nesting raptors on the Yukon Delta Na-
tional Wildlife Refuge (YDNWR) in western Alaska to estimate detection probabilities of Gyrfalcons (Falco
rusticolus), Golden Eagles (Aquila chrysaetos), Rough-legged Hawks (Buteo lagopus), and also Common Ravens
(Corvus corax). Using the program PRESENCE, we modeled detection histories of each species based on single
species occupancy modeling. We used different observers during four helicopter replicate surveys in the Kilbuck
Mountains and five fixed-wing replicate surveys in the Ingakslugwat Hills near Bethel, AK. During helicopter
surveys, Gyrfalcons had the highest detection probability estimate ( p̂; p̂ 5 0.79; SE 0.05), followed by Golden
Eagles ( p̂ 5 0.68; SE 0.05), Common Ravens ( p̂ 5 0.45; SE 0.17), and Rough-legged Hawks ( p̂ 5 0.10; SE 0.11).
Detection probabilities from fixed-wing aircraft in the Ingakslugwat Hills were similar to those from the heli-
copter in the Kilbuck Mountains for Gyrfalcons and Golden Eagles, but were higher for Common Ravens ( p̂ 5

0.85; SE 0.06) and Rough-legged Hawks ( p̂ 5 0.42; SE 0.07). Fixed-wing aircraft provided detection probability
estimates and SEs in the Ingakslugwat Hills similar to or better than those from helicopter surveys in the Kilbucks
and should be considered for future cliff-nesting raptor surveys where safe, low-altitude flight is possible. Overall,
detection probability varied by observer experience and in some cases, by study area/aircraft type.

KEY WORDS: Golden Eagle; Aquila chrysaetos; Gyrfalcon; Falco rusticolus; Rough-legged Hawk; Buteo lagopus;
aerial survey; detection probability.

PROBABILIDAD DE DETECCIÓN DE AVES RAPACES QUE ANIDAN EN BARRANCOS DURANTE
MUESTREOS DESDE HELICÓPTEROS Y AVIONES CON ALAS FIJAS EN EL OESTE DE ALASKA

RESUMEN.—Realizamos muestreos aéreos replicados de aves rapaces que anidan en barrancos en el Refugio
Nacional de Vida Silvestre del Delta Yukon en el oeste de Alaska para determinar las probabilidades de
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detección de Falco rusticolus, Aquila chrysaetos, Buteo lagopus y de Corvus corax. Utilizando el programa
PRESENCE, modelamos los históricos de detección de cada especie con base en modelos de ocupación
por especie. Utilizamos observadores diferentes durante cuatro replicas de muestreo con helicóptero en las
montañas Kilbuck y cinco muestreos desde un avión con alas fijas en las colinas Ingakslugwat cerca de
Bethel, Alaska. Durante los muestreos desde helicóptero, F. rustcolis tuvo el mayor estimado de probabilidad
de detección ( p̂; p̂ 5 0.79; EE 0.05), seguido por A. chrysaetos ( p̂ 5 0.68; EE 0.05), C. corax ( p̂ 5 0.45; EE
0.17) y Buteo lagopus ( p̂ 5 0.10; EE 0.11). Las probabilidades de detección desde el avión con alas fijas en las
colinas Ingakslugwat fueron similares a las estimadas a partir de muestreos desde helicópteros en las
montañas Kilbuck para F. rustcolis y A. chrysaetos, pero fueron mayores para C. corax ( p̂ 5 0.85; EE 0.06)
y para Buteo lagopus ( p̂ 5 0.42; EE 0.07). Los muestreos desde el avión con alas fijas realizados en las
colinas Ingakslugwat proveyeron estimados y errores estándar de la probabilidad de detección similares o
mejores que los estimados a partir de muestreos desde helicópteros en Kilbucks. Por esto, en lugares en que
sea posible realizar vuelos seguros a baja altitud, los primeros debieran ser considerados en el futuro para
muestreos de aves rapaces que anidan en barrancos. En general, las probabilidades de detección variaron
con la experiencia del observador y en algunos casos con el área de estudio o tipo de aeronave.

[Traducción del equipo editorial]

Accounting for imperfect detection is an impor-
tant component of rigorous wildlife surveys (Burn-
ham 1981, Yoccoz et al. 2001, Pollock et al. 2002,
Buckland 2006, Johnson 2008). Observers will miss
some, possibly many animals during most surveys,
and the detection probability likely varies with a
number of factors such as weather, vegetation, ani-
mal color, and observer experience (Bowman and
Schempf 1999, Rosenstock et al. 2002). Because de-
tection probability can vary spatially and temporally,
failing to estimate and account for variation in de-
tection probability can bias inferences from counts
(Link and Sauer 1998, Eberhardt et al. 1999,
Thompson 2002).

Most survey protocols attempt to control for some
of these factors by limiting surveys to similar, opti-
mal conditions (e.g., conducted during good weath-
er and with trained observers; Johnson 2008) or by
integrating measures of some variables in analyses
of counts. However, it is unreasonable to assume all
or even most of the factors influencing bird detec-
tion probability can be measured accurately or con-
trolled or accounted for by using covariates or con-
stants (Nichols et al. 2000, Diefenbach et al. 2003).
Results of counts that do not incorporate estimates
of undetected but present animals rely on the as-
sumption that detection probability is 1.0 and that it
is constant among surveys (e.g., locations, time), or
that the variability in detection probability is negli-
gible compared to the size of potential change in
counts (Johnson 2008). Assuming constant or near-
constant detection probability is widely practiced, as
evidenced in 95% of land bird surveys conducted
between 1989 and 1998 (Rosenstock et al. 2002).

Imperfect detection is rarely accounted for in the
majority of raptor survey methods (Andersen 2007),

despite early examples with Ospreys (Pandion haliae-
tus) by Henny et al. (1977) and Bald Eagles (Haliaee-
tus leucocephalus) by Grier et al. (1981). This is par-
ticularly germane to raptor conservation because
many species are uncommon, elusive, or threat-
ened, making population monitoring difficult and
the application of rigorous survey techniques all the
more vital (McDonald 2004). There have been some
other examples of applying detectability estimates
to different types of surveys and to several raptor
species (e.g., Geissler and Fuller 1986, Anthony et
al. 1999, MacKenzie et al. 2003, Good et al. 2007,
Henneman et al. 2007, Conway et al. 2008, Martin et
al. 2009). However, we were unable to find pub-
lished aerial detection probability estimates for
cliff-nesting raptors during the breeding season
even though aerial surveys are a commonly used
technique for surveying raptors (Andersen 2007).

Therefore, we investigated the detection proba-
bility of cliff-nesting raptors during helicopter and
fixed-wing surveys on the Yukon Delta National
Wildlife Refuge (YDNWR) in May 2007. Our objec-
tives were (1) to estimate the detection probabilities
of Gyrfalcons (Falco rusticolus), Golden Eagles (Aqui-
la chrysaetos), Rough-legged Hawks (Buteo lagopus),
and Common Ravens (Corvus corax) during aerial
surveys; (2) to determine if detection probabilities
were influenced by observers; and (3) to evaluate
the usefulness of fixed-wing aircraft in cliff-nesting
raptor surveys.

METHODS

We conducted aerial surveys for raptors in two
study areas on the YDNWR in western Alaska, the
Kilbuck Mountains and the Ingakslugwat Hills
(hereafter called ‘the Volcanoes’) in May 2007.
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The Kilbuck Mountains study area covers approxi-
mately 2000 km2, is located at approximately
60u219N, 160uW, and includes much of the Kisaralik
and Kwethluk river watersheds. The area consists of
large, open valleys and low mountains reaching
975 m. Our focus was on cliff nests, and most cliffs
are typically discrete rock faces less than 300 m in
length that occur along riverbanks or on valley hill-
sides. Many of the cliffs in the headwaters occur in
narrow canyons where access by fixed-wing aircraft
is difficult or not possible. The study area supports
relatively high numbers of breeding Gyrfalcons and
Golden Eagles; lower numbers of Rough-legged
Hawks and Common Ravens are present. For sim-
plicity, we considered the Common Raven a cliff-
nesting raptor because of its similarity in breeding
biology to raptors and the important role they play
in creating and occupying cliff nests. The Kilbucks
study area has been surveyed for cliff-nesting raptors
on a mostly annual basis since 1977, and YDNWR
maintains a GPS database of historical raptor nest
sites.

The Volcanoes study area is dominated by small,
inactive volcano craters typically less than 1 km wide
and up to 200 m in height. The area is located at
approximately 61u219N, 164uW and covers 700 km2.
The Volcanoes study area is surrounded by the vast
lowland deltas of the Yukon and Kuskowkim rivers,
and provides the only cliff habitat for 90 km in any
direction. The Volcanoes area was more conducive to
fixed-wing aircraft surveys because the open land-
scape and low topography allowed for safer maneu-
vering among sites and lower flights over nesting
habitat compared to the mountainous Kilbuck study
area. The Volcanoes study area contains among the
highest known nesting densities of Gyrfalcons
(Booms et al. 2008) with a mean inter-nest distance
of 4.7 km (B. McCaffery unpubl. data). Rough-legged
Hawks and Common Ravens also nest in large num-
bers in the area; Golden Eagle nest density is low
relative to the other species in Volcanoes, and to
eagle densities in the Kilbucks (B. McCaffery unpubl.
data). All species nest on the inner walls of the vol-
canoes, on small cliffs along the margins of lava flows,
at isolated tors, and, with the exception of Golden
Eagles and Rough-legged Hawks, occasionally in iso-
lated stands of small balsam poplar (Populus balsami-
fera). BJM and YDNWR colleagues have surveyed cliff-
nesting raptors in Volcanoes since 1988 and main-
tain a GPS database of historical nest sites.

General Survey Design. We followed the single-
species, single-season study design for estimating

detection and occupancy probability (MacKenzie
et al. 2002, 2006). Gyrfalcons were our primary
study species, and we designed the study to maxi-
mize the quality and quantity of data obtained for
this species by surveying sites where Gyrfalcons had
previously been observed breeding, by timing the
surveys to coincide with the Gyrfalcon incubation
period, and by using species-specific survey decision
rules (see last paragraph below). We modeled data
from all species simultaneously in our first model-
ing step to determine if partitioning data by species
and study area was justified (see Model Develop-
ment below). Based on results from these models,
we modeled data on each species separately.

We conducted four and five aerial surveys (here-
after referred to as replicate surveys) of historical
raptor nest sites in the Kilbuck Mountains and Vol-
canoes study areas, respectively, in May 2007. Dur-
ing each replicate survey, we collected detection da-
ta for each raptor species at historical nest sites; a
bird was detected or no bird was detected. We then
created detection histories for each species across
all sites and sampling occasions (MacKenzie et al.
2006).

We used the following terms and definitions
throughout: Survey site: site of a nest used previously
by a raptor and marked with a GPS-obtained lati-
tude and longitude accurate to within ,20 m. All
GPS locations were obtained in prior years from a
helicopter hovering approximately 10–20 m from a
nest. The site was considered occupied if a bird or
an egg was detected within approximately 500 m of
the nest and this area served as our sampling unit.
When multiple historical nests were located on a
single cliff, we used only one GPS location to locate
the survey site. Detection probability (p): the probability
of a species being detected at a site given the site is
occupied. Occupancy (y): the probability that the
species of interest is present at a site during the
survey period. A site was considered occupied if
the species was detected there during any of the
surveys; confirming breeding status was not neces-
sary for us to consider a site occupied.

For a number of reasons we chose historical nests
instead of random sites as the basis for our sample
units and the starting point for each survey site.
First, essentially all suitable nesting habitat in both
studies areas had been previously surveyed and the
resulting historical nests represented the majority of
sites used by cliff-nesting raptors in the study areas.
Second, we wanted to test this methodology and
using historical nests provided us the largest sample
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sizes. Third, using nest GPS locations from histori-
cal databases allowed us to easily standardize meth-
odology and served as a useful starting point for
searching the survey unit. Last, the four species used
similar landscape features in our study areas, which
allowed us to gather useful information on all spe-
cies at historical nests.

One of four observers, with varying amounts of
experience, conducted each replicate survey. Each
observer had previously conducted 2, 10, 20, or 53
aerial surveys for cliff-nesting raptors from helicop-
ters. For modeling purposes, we considered the two
observers who had conducted 2 or 10 surveys as
inexperienced observers and the two observers who
had conducted 20 or 53 surveys as experienced observ-
ers.

Replicate surveys in each study area were flown by
the same helicopter or fixed-wing pilot to maintain
consistency. Pilots did not participate in the survey
other than by flying aircraft and were asked not to
aid observers in detecting birds to ensure objective,
independent survey replicates. Each observer con-
ducted one replicate survey in each study area (ex-
cept TLB conducted two surveys in the Volcanoes,
see below). To ensure surveys were independent, no
survey results were shared among observers that
might affect their search efforts.

To conduct a replicate survey, each observer used
the same, predefined list of survey sites in a hand-
held GPS unit and used the GPS to navigate among
sample units in the same order in each survey. All
observers conducted replicate surveys according to
the following decision rules: (1) if the GPS location
was in front of a cliff, the survey team began survey-
ing for raptors at the beginning of the cliff and
made a slow pass in front of the entire cliff, passing
through the GPS location; (2) if the GPS location
was over a grove of trees, the team flew slightly to
one side of the historical nest location; (3) if the
GPS location was in a volcano crater, the team flew a
straight line over the crater; (4) the team made
three passes over all survey sites unless a Gyrfalcon
was detected. Once a Gyrfalcon adult or egg was
observed, no additional passes were made to mini-
mize disturbance and reduce the likelihood of
changing the birds’ behavior in subsequent repli-
cate surveys. If a species other than a Gyrfalcon
was detected, the observer continued to survey the
site until all three passes were completed. If an in-
cubating Golden Eagle was detected, the observer
continued to make passes in front of the site but
remained at least 200 m (horizontal distance) from

the nest to reduce disturbance to the bird. Observ-
ers recorded the presence or absence of each spe-
cies at each survey site, the number of birds detect-
ed, the behavior of birds detected, the pass on
which they were detected, and relevant breeding
information (e.g., clutch size).

Study Design by Study Area. Kilbuck Mountains.
All replicate surveys in the Kilbuck Mountains were
conducted with a Robinson 44 helicopter because
the topography precluded safe, effective surveying
with a fixed-wing aircraft. Helicopter ground speed
while surveying at sites was dictated by wind condi-
tions but was always ,20 km/hr and often ,5 km/
hr. Replicate surveys were conducted on different
days between 7 and 13 May 2007. We surveyed 83
sites during each of the four replicate surveys; six
sites were not surveyed during one replicate because
of fuel limitations. We used observations from all 83
sites for analysis.

Volcanoes. Replicate surveys in the Volcanoes were
conducted with an Aviat Husky fixed-wing aircraft
because the open terrain and landcover was condu-
cive to less expensive fixed-wing surveys. Airplane
ground speed and altitude during surveys varied
with wind conditions, but was generally 100 km/hr
and 20–100 m above the terrain (Ritchie et al.
2003). Replicate surveys were conducted on differ-
ent days between 5 and 14 May 2007. We surveyed
46 sites in each replicate survey. During one repli-
cate, 28 sites were missed because an inexperienced
observer became air sick. Therefore, TLB (experi-
enced observer) conducted an additional replicate
to ensure an adequate sample size; data from all 5
replicates and all 46 sites were analyzed.

Statistical Analysis. We used maximum likelihood
estimation procedures in program PRESENCE 2.0
(Hines 2006) to obtain parameter estimates for y

and p and followed recommendations by MacKenzie
et al. (2002, 2006) and Burnham and Anderson
(2002). We used model selection procedures (Burn-
ham and Anderson 2002) to interpret Akaike’s in-
formation criterion (AIC) values among competing
models and report the parameter estimates and SEs
from the model with the most AIC weight within
each set of candidate models.

We used the ‘‘assess model fit’’ option in pro-
gram PRESENCE for the most general model in
each set of candidate models to calculate an over-
dispersion parameter estimate (c-hat) with 1000
parametric bootstraps. We did this because most
count data from ecological studies are likely to be
overdispersed, and statistical tests of ecological data
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with small sample sizes such as ours have little power
to detect overdispersion (Burnham and Anderson
2002). Therefore, in model comparisons, we used
the conservative quasi-Akaike’s information criteri-
on (QAIC) that was corrected by c-hat to account
for potential overdispersion. If c-hat # 1, we used c-
hat 5 1 to calculate QAIC (Burnham and Anderson
2002). Though overdispersion is unlikely to bias pa-
rameter estimates, it is likely to affect the SE of
estimates. Therefore, we also adjusted the SEs of
parameter estimates by multiplying the model-based
SE by the square root of c-hat (Burnham and An-
derson 2002). We report all parameter estimates
followed by overdispersion-corrected SE in paren-
theses. Because our sample sizes were small when
data were partitioned by species and study area,
we used QAICc to account for small sample sizes
when making model comparisons.

Our methods included the following analytical
assumptions (MacKenzie et al. 2006): (1) Population
of interest is closed during the sampling period. This is a
reasonable assumption for our work because we
conducted all replicate surveys in the Kilbuck
Mountains and Volcanoes within a 7- and 10-d peri-
od, respectively. However, we may have violated this
assumption for Rough-legged Hawks because they
may have been still searching for nest sites during
our sampling period (see discussion below). We
therefore interpreted results for this species in that
context. (2) The probability of occupancy is the same at
all sites. It is reasonable to expect that nest sites vary
in quality and that higher quality sites might have a
higher probability of occupancy. However, because
historical data at our study sites were not collected
with standardized efforts and methods that would
have allowed us to assess occupancy probability at
each site (largely because no detection probabilities
could be estimated), we have no information with
which to formally test this assumption. However, we
believe potential variation in occupancy probability
reflects natural variation that cannot be controlled
or accounted for in many instances. The affect of
violating this assumption is not well known, but it
likely would have reduced the precision of our oc-
cupancy estimates (MacKenzie et al. 2006). There-
fore, because violating this assumption would have
only affected variation around occupancy estimates
and because estimating occupancy was not a priority
for this work anyway, we did not consider a potential
violation of this assumption serious. (3) Detection
probability is the same at all sites. Site-specific differenc-
es such as cliff color or complexity may influence

detection probability during aerial raptor surveys to
some unknown degree. Also, we do not know if
detection probability of raptors at cliff sites is similar
to that of raptors at poplar groves (Volcanoes). We
did not include nest site type as a covariate in our
models because there were relatively few tree nests.
Violating this assumption would primarily result in
negatively biased occupancy estimates and in-
creased variation around detection probability esti-
mates (MacKenzie et al. 2006). Ideally, we would
have conducted this work at a larger number of sites
with similar variations in physical characteristics
(cliff color, degree of overhang, etc.) and then use
these variables as covariates to model potential var-
iation in detection probability. However, given typ-
ical limitations in survey funding, sample size, and
natural, nearly continuous variation in many cliff
characteristics, this approach was unrealistic for
our study and most we can envision. Therefore, we
consider any increased error part of the natural var-
iation that would be difficult to account for in most
cliff-nesting raptor surveys. Further, SEs around
many of our detection probability estimates were
reasonable and do not suggest that a potential vio-
lation of this assumption seriously compromised
our results. (4) The occupancy of a site is independent
of the occupancy status of any other site. This assump-
tion could be violated in two ways when working
with territorial birds such as raptors. First, a bird
could defend a territory that included multiple nest
substrates and prevent those sites from being occu-
pied by conspecifics. However, we do not know the
size or configuration of territories in our study are-
as. Also, we note that, at least in the Volcanoes, the
proximity of nests suggests that the area a bird de-
fends is small. Second, this assumption may also
have been violated if birds were moving between
historical nest locations and were detected at more
than one site. This is unlikely, however, because
raptors spend most of their time either hunting
(in the case of the male) or occupying the nest cliff
(Newton 1979). Violations of this assumption would
have affected occupancy estimates. Future surveys
that focus on estimating occupancy would need to
ensure adequate and random spatial distribution of
survey points to meet this assumption. Additionally,
the potential effects of violating assumptions 2–4 on
sampling variance estimates is at least partially ac-
counted for by using c-hat to adjust variances.

Model Development. Though we suspected a
priori that analyzing data from each species in each
study area separately would be the most biologically
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appropriate, we wanted to ensure that there was not
more structure in the data than we suspected.
Therefore, we combined all data across species
and study areas and produced a candidate set of
models using species, study area, observer experi-
ence, and all combinations of these covariates for
p, and allowed y to vary by species and area (Ta-
ble 1). We did not investigate y further because we
considered it biologically unrealistic for occupancy
not to vary by species and study area and because we
were relatively uninterested in the complexity of y
for this study. We then used standard model selec-
tion procedures to interpret DQAIC and QAIC
weights among competing models and considered
models with a DQAIC ,2 as having substantial sup-
port (Burnham and Anderson 2002). Based on the
resulting model QAIC weights, we then modeled
data from each species in each study area separately
and included observer experience as a covariate in
all subsequent modeling.

We modeled each group of data with the follow-
ing set of competing models:

y(.),p(.)—Constant occupancy and detection prob-
ability.

y(.),p(experience)—Constant occupancy but detec-
tion probability varied by observer experience.

y(.),p(survey)—Constant occupancy but detection
probability varied by survey.

RESULTS

When we combined all data, models with species
as a covariate for p, including models that also had
area, experience, or area and experience as covari-
ates, received all of the QAIC weight (Table 1).

Hence, partitioning data by species and study area
for subsequent modeling was warranted, as was in-
cluding experience as a covariate.

Detection probability estimates derived from
models with the most support (Table 2) varied
among species. Generally, Gyrfalcons were the most
detectable, followed in order by Golden Eagles,
Common Ravens, and Rough-legged Hawks (Ta-
ble 3). However, detection probability of Rough-leg-
ged Hawks and Common Ravens differed greatly by
study area/aircraft type. For example, Common Ra-
vens, when surveyed by fixed-wing aircraft in the
Volcanoes, were the most detectable of the four
species at p̂ 5 0.85 (SE 0.06). However, raven de-
tection probability was much lower in the Kilbuck
Mountains when surveyed by helicopters ( p̂ 5 0.45;
SE 0.17), although this might have been an artifact
of the low number of detections in the Kilbucks (n
5 3).

Models with constant detection probability and
those with observer experience as a covariate both
received substantial support (Table 2). Models as-
suming constant detection probability always re-
ceived more support, though the differences in
QAICc weights between observer experience and
constant detection models within any suite of mod-
els varied from 0.01 to 0.47. Experienced observers
had higher detection probability estimates than in-
experienced observers for almost all species and
study areas/aircraft types, though the differences
were sometimes small (Table 3). There was relative-
ly little support for different survey-specific detec-
tion probability for all species.

Though direct comparisons of detection proba-
bility estimates between aircraft type was not possi-

Table 1. Model selection results from data pooled across species and area from aerial cliff-nesting raptor surveys on the
Yukon Delta National Wildlife Refuge, Alaska, in 2007.

MODEL QAICa D QAICb QAIC WTc NO. OF PARAMETERS

y(species + area) p(species) 449.56 0.00 0.40 9
y(species + area) p(species + area) 449.97 0.40 0.32 10
y(species + area) p(species + experience) 451.43 1.87 0.16 10
y(species + area) p(species + area + experience) 451.92 2.36 0.12 11
y(species + area) p(.) 462.18 12.61 0.00 6
y(species + area) p(area) 463.95 14.39 0.00 7
y(species + area) p(experience) 464.18 14.61 0.00 7
y(species + area) p(area + experience) 465.93 16.37 0.00 8

a QAIC is the c-hat adjusted Akaike Information Criterion score to compensate for overdispersion, c-hat 5 2.1.
b D QAIC is the difference between a model’s QAIC score and the lowest QAIC score in the suite of models.
c QAIC wt is the relative weight of evidence for the model.
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ble because they were confounded by study area,
fixed-wing aircraft in the Volcanoes provided esti-
mates of detection probability for Gyrfalcons and
Golden Eagles similar to those from helicopter sur-
veys in the Kilbucks (Table 3). Detection probability
estimates for Common Ravens and Rough-legged
Hawks however, were higher in fixed-wing surveys.
We suspect this may be at least partly due to the low
number of detections for these species in the Kil-

bucks helicopter surveys, differences between study
areas, and, for Rough-legged Hawks, possibly due to
a violation of the assumption of population closure
(see discussion below).

DISCUSSION

Our results indicated that detection probability
for raptors at historical nest sites during helicopter
and fixed-wing surveys in western Alaska differed by

Table 2. Model selection results from repeated aerial surveys of breeding cliff-nesting raptors on the Yukon Delta
National Wildlife Refuge, Alaska, in 2007. Data from each species in each study area were modeled separately.

MODEL QAICc
a D QAICc

b QAICc WTc NUMBER OF PARAMETERS C-HATd

Gyrfalcon—Volcanoes

y(.),p(.) 92.88 0.00 0.47 2 1
y(.),p(exp) 92.93 0.05 0.46 3 1
y(.),p(survey) 96.88 4.00 0.06 6 1

Gyrfalcon—Kilbucks

y(.),p(.) 129.57 0.00 0.53 2 1.1
y(.),p(exp) 130.04 0.47 0.42 3 1.1
y(.),p(survey) 134.04 4.47 0.06 5 1.1

Golden Eagle—Volcanoes

y(.),p(.) 54.14 0.00 0.65 2 1.2
y(.),p(exp) 56.20 2.06 0.23 3 1.2
y(.),p(survey) 57.64 3.50 0.11 6 1.2

Golden Eagle—Kilbucks

y(.),p(.) 182.87 0.00 0.49 2 1.1
y(.),p(exp) 183.04 0.17 0.45 3 1.1
y(.),p(survey) 186.82 3.95 0.07 5 1.1

Rough-legged Hawk—Volcanoes

y(.),p(.) 117.62 0.00 0.61 2 1.6
y(.),p(exp) 118.78 1.17 0.34 3 1.6
y(.),p(survey) 122.65 5.04 0.05 6 1.6

Rough-legged Hawk—Kilbucks

y(.),p(.) 56.69 0.00 0.65 2 1.4
y(.),p(exp) 58.30 1.62 0.29 3 1.4
y(.),p(survey) 61.29 4.60 0.06 5 1.4

Common Raven—Volcanoes

y(.),p(.) 75.18 0.00 0.73 2 1
y(.),p(exp) 77.20 2.02 0.26 3 1
y(.),p(survey) 83.74 8.56 0.02 6 1

Common Raven—Kilbucks

y(.),p(.) 46.10 0.00 0.71 2 1
y(.),p(exp) 48.25 2.15 0.24 3 1
y(.),p(survey) 51.50 5.40 0.05 5 1

a QAICc is the Akaike Information Criterion corrected for small sample size and for potential overdispersion using c-hat.
b DQAICc is the difference between a model’s QAICc score and the lowest QAICc value in the suite of models.
c QAICc wt is the relative weight of evidence for the model.
d C-hat estimates ,1 were set equal to 1.
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species, study area, aircraft, and observer experi-
ence. Commonly, survey results are used to com-
pare the occurrence of animals among geographic
areas or through time for the purpose of monitor-
ing status. Our results demonstrated that several
factors were associated with differences in the prob-
ability of observing raptors among surveys and thus
are important for interpreting and comparing re-
sults.

Species Differences. Gyrfalcons were the focal
species for these surveys and the timing, design,
and execution of the surveys were tailored to maxi-
mize the likelihood of detecting Gyrfalcons. It is
therefore unsurprising that Gyrfalcons had some of
the highest detection probability estimates ( p̂ 5 0.78
and 0.79). Had replicate surveys been conducted lat-
er in the breeding season, detection probability for
other species might have been higher, especially in
the case of Rough-legged Hawks, which breed later
than Gyrfalcons and Golden Eagles. Also, because of
species-specific survey decision rules, we conducted
more survey passes when Gyrfalcons were not ob-
served. These additional passes could have influ-
enced differences among species detection probabil-
ities if birds changed behavior during the survey
season because of repeated disruptions (passes).
Last, we emphasize that the detection probability es-
timates presented here are likely minimum estimates
because the pilot was not allowed to participate in the
survey. We expect that detection probability would
have been slightly higher had the pilots participated
as is typically done during aerial surveys.

Surprisingly, our detection probability estimates
for Rough-legged Hawks were lower than those for
Golden Eagles. We expected Rough-legged Hawks
to be more detectable than eagles because of the
hawks’ propensity to flush when disturbed and be-
cause of their contrasting wing and tail plumage
patterns. We suspect that our estimates for Rough-
legged Hawk detectability are biased low because
their populations may not have been closed during
our survey period and therefore violated a critical
assumption of occupancy modeling. Two lines of
reasoning support this hypothesis. First, Rough-leg-
ged Hawks are the last of the four species to initiate
nesting on our study areas (T. Booms and B.
McCaffery unpubl. data). We failed to detect evi-
dence of breeding (eggs or young) during many
of our sightings of Rough-legged Hawks, even
though we commonly detected evidence of breed-
ing for the other species. Second, the number of
sites at which Rough-legged Hawks were detected

generally increased during our survey period in
the Volcanoes and Kilbucks. Total counts of sites
at which Rough-legged Hawks were detected during
each replicate from earliest to latest calendar date
were 9, 6, 10, and 14 in the Volcanoes (excluding
the incomplete survey) and 1, 1, 2, and 4 in the
Kilbucks. Based on these counts, Rough-legged
Hawk occupancy appeared to increase during the
survey period, probably because they were still in
the process of choosing nest sites and initiating nest-
ing. This likely caused a closure assumption viola-
tion and resulted in biased detection probability
estimates for Rough-legged Hawks.

We attributed the high detection probability of
ravens in the Volcanoes ( p̂ 5 0.85) to their conspic-
uous black plumage and use of nests in small, iso-
lated, easily surveyed poplar stands. Additionally,
Common Ravens in the Volcanoes had a nesting
phenology very similar to Gyrfalcons and the timing
of the surveys was probably optimal for detecting
ravens. We are unsure why detection probability of
ravens was relatively low in the Kilbucks, but this was
perhaps a function of low occupancy (estimated
0.04) or more cryptic nest site placement than in
the Volcanoes.

Except for Martin et al. (2009), we are unaware of
detection probability estimates for these species or
for cliff-nesting raptors in general during breeding-
season surveys. For Golden Eagles breeding in De-
nali National Park, Alaska, Martin et al. (2009) esti-
mated detection probabilities during a combination
of repeated helicopter and ground-based surveys
varied from 0.90–1.0. These estimates are higher
than ours and the difference is most likely ex-
plained by their use of ground-based work to com-
plement aerial surveys and by differences in study
area and observer experience. We found no other
estimates with which to compare ours or to investi-
gate potential spatial, methodological, or temporal
differences. This highlights a significant deficiency
in and obstacle to the study and conservation of
birds of prey (Anthony et al. 1999).

There are published studies that estimated detec-
tion probability of eagles, hawks, or owls during
other types of surveys. For example, detection prob-
ability estimates of Red-shouldered Hawks (Buteo
lineatus) varied from 0.11 to 0.45 among four study
areas (Iverson and Fuller 1991). Estimates for Spot-
ted Owls (Strix occidentalis) during ground surveys of
historical nesting areas ranged from 0.53–0.76, and
varied widely, both temporally and spatially (Olson
et al. 2005). Wintle et al. (2005) found that ground
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surveys for the Powerful Owl (Ninox strenua) and
Sooty Owl (Tyto tenebricosa) in Australia produced
low estimates of detection probability ( p̂ 5 0.13
and 0.26, respectively). Bald Eagle sightability esti-
mates during fixed-wing aerial surveys in two areas
in Oregon were 0.64 and 0.35, and sightability was
lower during aerial surveys than during ground sur-
veys (Anthony et al. 1999). Bowman and Schempf
(1999) estimated detection probabilities for adult
Bald Eagles at p̂ 5 0.79 and for immature eagles
at p̂ 5 0.51 from fixed-wing aerial surveys during
the breeding season in south-central Alaska. Good
et al. (2007) conducted fixed-wing aerial line-tran-
sect surveys across the western United States for
Golden Eagles after the breeding season and esti-
mated the detection probability of perched eagles at
p̂ 5 0.29 and flying groups of eagles at p̂ 5 0.55,
though estimates varied with detection distance. Fi-
nally, using broadcast call surveys and program
PRESENCE, Henneman et al. (2007) found Red-
shouldered Hawks had an average detection proba-
bility of p̂ 5 0.38 across four years of breeding sur-
veys and annual estimates varied from p̂ 5 0.28 to p̂

5 0.54. Collectively, these studies highlight the
need to account for detection probability during
raptor surveys because probability of detection can
vary widely by species, area, survey type, time, and
other factors. It is possible that detection probabil-
ities for cliff-nesting raptors may not change signif-
icantly across years if methods, good weather, and
observers remain the same. Investigating this with
additional work in our and other study areas would
help identify the best balance between the need to
account for detection probability and survey costs.
Our findings with cliff-nesting raptors in western
Alaska further support the need for more research
on, and applications of, detection probability esti-
mation in raptor surveys.

Observer Experience Differences. Although of-
ten only marginally better than competing models,
models assuming constant detection probability re-
ceived the most support. Models with observer ex-
perience as a covariate also received substantial and
sometimes very similar amounts of support. Wheth-
er looking at the cumulative data set (Table 1) or
individual species by study area data sets (Table 2),
the majority of models that included observer expe-
rience as a covariate for detection probability re-
ceived substantial support and sometimes nearly
the same amount of support as the top model as-
suming constant detection probability. We interpret
these results, along with the differences in experi-

ence-specific parameter estimates (Table 3), as indi-
cating that observer experience generally influ-
enced detection probability and this conclusion
has been well documented in other bird surveys
(Diefenbach et al. 2003).

However, observer experience may influence de-
tection probability to a greater or lesser extent in
different species. For example, Common Raven
models that included observer experience as a co-
variate for detection probability did not receive sub-
stantial support (DQAICc 5 2.02 and 2.15) while
those for Gyrfalcons did (DQAICc 5 0.05 and
0.45). Also, the difference in detection probability
estimates between experienced and inexperienced
observers was the least for Common Ravens (0.0 in
helicopters and 0.07 in fixed-wing) and the most for
Gyrfalcons (0.15 in helicopters and 0.21 in fixed-
wing). We concluded that Common Raven detec-
tion probabilities were the least affected by observer
experience while those of Gyrfalcons were the most
affected. Therefore, not only did detection proba-
bilities differ among species, but the degree to
which observer experience influenced detection
probability differed among species.

Study Area/Aircraft Differences. We did not con-
duct helicopter surveys in the Volcanoes or fixed-
wing surveys in the Kilbucks because of budgetary
and logistical considerations. Therefore, direct com-
parisons of detection probability by aircraft type or
between regions were not possible because aircraft
type and study area were confounded. We conclude,
however, that in the Volcanoes study area, fixed-
wing aircraft generally provided detection probabil-
ity estimates and SEs that were similar to or higher
and more precise than those generated by helicop-
ters in a different area (Table 3). Furthermore,
fixed-wing surveys were much less expensive than
helicopter surveys ($100/hr vs. $700/hr). Thus, we
encourage the evaluation of the use of fixed-wing
surveys in long-term raptor monitoring programs
for estimating occupancy. Counting eggs or young
is difficult from fixed-wing aircraft (T. Booms and B.
McCaffery unpubl. data) and fixed-wing aircraft
might be less suitable for surveying very rugged,
mountainous terrain for obvious safety reasons.
Our work demonstrates that at least for some appli-
cations, fixed-wing aircraft are a suitable survey plat-
form for cliff-nesting raptor surveys.

Implications for Future Surveys. Conducting two
repeat helicopter surveys may be prohibitively ex-
pensive for YDNWR and other organizations inter-
ested in population monitoring. If so, conducting
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repeat visits at only a subset of survey points may be
possible and could allow detection probability to be
estimated. In areas that allow for safe maneuvering
and low flight in a fixed-wing aircraft, planes may
provide a more cost-effective option that would en-
able the YDNWR and others to fund future surveys
on a long-term basis while still surveying in a rigor-
ous, defensible manner.

In some situations, using a double-observer ap-
proach during a single survey as was done by An-
thony et al. (1999) and Bowman and Schempf
(1999) could be less expensive than replicated sur-
veys. Unfortunately, helicopters and tandem-seat
airplanes best suited for cliff-nesting raptor surveys
do not provide multiple observers the same field of
view and therefore are problematic for double-ob-
server methods. Conducting repeated surveys was
the only tenable option for estimating detection
probability using the types of aircrafts most suited
to cliff-nesting raptor surveys. Our results and those
of others show that it is scientifically justified to
expend the resources to account for imperfect de-
tection during raptor surveys.

The YDNWR contains expanses of landscape in
which cliff-nesting raptors do not occur, thus a ran-
domized survey design that encompassed all of the
refuge would have been impractical to implement
to cover enough nesting habitat to provide counts
large enough to be useful. In our study, SEs for
species detected at #5 sites were large. A design
based on historical nest locations was suitable for
our objectives as we described in the Methods sec-
tion. However, survey objectives commonly require
estimates that are representative of all nest sites in
the area being sampled, not only information about
historical nests. Information based only on histori-
cal nests is incomplete because not all nests have
been discovered, some nests are abandoned, and
new nests are established. Survey design also has
important ramifications when distinguishing be-
tween the proportion of sites occupied and the
probability of occupancy (y) (MacKenzie et al.
2006). Nevertheless, information about historical
nesting, such as nest substrate, surrounding terrain,
etc., can be used to develop a suitable design. An
example of such a design is the dual frame method
(Haines and Pollock 1998) comprising a list frame
of all known nests in the study area and an area
frame that delineates plots in which additional sur-
veys for nests are conducted. The sample informa-
tion from both frames is combined to estimate the
number of nests in the study area. Millar et al.

(2007) applied the Haines and Pollock (1998) ap-
proach in a draft monitoring plan for Bald Eagles
that included an estimate of detection probability
using the double-observer method described by Nich-
ols et al. (2000).

Our results have important implications for rap-
tor nest site surveys. First, we demonstrated that not
all cliff-nesting raptors are detected during a survey
and that detection probability was associated with a
number of factors. Our results indicate the impor-
tance of estimating detection probability in future
raptor surveys to allow for robust, reliable, scientific
population monitoring across time and space. Sec-
ond, we provided the first estimates of detection
probability during aerial surveys for these four spe-
cies of cliff-nesting birds during the breeding sea-
son. These estimates can be used to guide the de-
sign of future surveys so that others can more easily
estimate detection probabilities of raptors in other
places and times. Although our estimates cannot be
generalized across time or space, replicating this
study at this and other study sites would allow re-
searchers to assess the degree of generality among
species-specific estimates of detection probability. If
similar detection probabilities are repeatedly docu-
mented, there might be a basis for estimating this
parameter less often than during each survey peri-
od. Such a finding also could increase our ability to
interpret trends in survey data. Third, we demon-
strated that accounting for imperfect detection
probability was possible even in remote, logistically
difficult study areas; doing so is likely feasible in
other challenging study areas. Fourth, fixed-wing
aircraft were an effective, comparatively inexpensive
survey platform in a study area that allowed for safe,
very low altitude flying; they deserve additional con-
sideration by others planning aerial raptor surveys
in areas that allow use of fixed-wing aircraft.
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