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ABSTRACT Roadside point counts are often used to estimate trends of bird populations. The use of aural
counts of birds without adjustment for detection probability, however, can lead to incorrect population trend
estimates. We compared precision of estimates of density and detectability of whistling northern bobwhites
(Colinus virginianus) using distance sampling, independent double-observer, and removal methods from
roadside surveys. Two observers independently recorded each whistling bird heard, distance from the
observer, and time of first detection at 362 call-count stops in Ohio. We examined models that included
covariates for year and observer effects for each method and distance from observer effects for the double-
observer and removal methods using Akaike’s Information Criterion (AIC). The best model of detectability
from distance sampling included observer and year effects. The best models from the removal and double-
observer techniques included observer and distance effects. All 3 methods provided precise estimates of
detection probability (CV ¼ 2.4–4.4%) with a range of detectability of 0.44–0.95 for a 6-min survey. Density
estimates from double-observer surveys had the lowest coefficient of variation (2005 ¼ 3.2%, 2006 ¼ 1.7%),
but the removal method also provided precise estimates of density (2005 CV ¼ 3.4%, 2006 CV ¼ 4.8%),
and density estimates from distance sampling were less precise (2005 CV ¼ 9.6%, 2006 CV ¼ 7.9%).
Assumptions of distance sampling were violated in our study because probability of detecting bobwhites near
the observer was <1 or the roadside survey points were not randomly distributed with respect to the birds.
Distances also were not consistently recorded by individual members of observer pairs. Although double-
observer surveys provided more precise estimates, we recommend using the removal method to estimate
detectability and abundance of bobwhites. The removal method provided precise estimates of density and
detection probability and requires half the personnel time as double-observer surveys. Furthermore, the
likelihood of meeting model assumptions is higher for the removal survey than with independent double-
observers. � 2011 The Wildlife Society.
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Roadside point count surveys are used to guide management
decisions and assess population trends of many bird species.
Reliability of these surveys as an index of bird abundance,
however, relies on the assumption that probability of detect-
ing birds is constant across habitat types, observers, and time
(Anderson 2001). Several methods of estimating the prob-
ability of detecting birds from aural surveys have been devel-
oped and advanced in recent decades. These techniques allow

adjustments for detection probability when estimating popu-
lation trends of birds. The 3 most commonly used methods
of estimating detectability of birds are distance sampling
(Buckland et al. 2001), double observer surveys (Nichols
et al. 2000, Alldredge et al. 2006), and removal surveys
(Farnsworth et al. 2002).

Distance sampling is based on the idea that animals are
harder to detect the further they are from the observer
(Buckland et al. 2001). The frequency of observations of
birds at different distances from the observer recorded during
field surveys is used to estimate the probability of detecting
an animal relative to distance from observer and thus esti-
mates the number of animals not detected that were available
to be detected up to a certain distance.

There are 2 types of double-observer surveys, one with
dependent observers (Nichols et al. 2000) and one with
independent observers (Alldredge et al. 2006, Fletcher and
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Hutto 2006). We only considered independent double-
observer surveys in which 2 observers acting independently
simultaneously record which individuals they detected and
then determine which birds were seen by 2 observers or
only 1 observer (Alldredge et al. 2006, Fletcher and Hutto
2006). Independent double-observer surveys can be used
to estimate detectability by treating the data analogous to
capture–recapture analyses where observers are considered
different trapping periods.

The removal method (Farnsworth et al. 2002) is analogous
to a capture-removal study in which animals are trapped and
removed from the population in discrete time periods and the
decline in animals available to capture can be used to estimate
capture probability and population size (Moran 1951, Seber
1982). The removal method is applied to bird surveys by
removing birds from the population after a bird is detected
for the first time by not recording any subsequent detections
of that individual bird.

All 3 methods rely on several method-specific assumptions
about the nature of the data and how it was collected.
Violation of these assumptions can greatly reduce the use-
fulness of the method to estimate detectability and bird
abundance. Therefore, meeting these assumptions should
be considered when selecting an appropriate method for
estimating detectability.

There are 4 assumptions essential to reliable estimates from
distance sampling: 1) birds directly at the point are always
detected, 2) birds are detected at their initial location, prior to
any movement in response to the observer, 3) distances are
recorded accurately (Buckland et al. 2001), and 4) animals of
interest are located randomly with respect to survey points.
Roadside surveys of birds are likely to violate the assumption
of animal location because differences in habitat and human
disturbance along roads are likely to influence distribution of
birds around the survey point.

The assumptions of the independent double-observer and
removal methods are similar to those from a standard closed-
model mark–recapture analysis (Otis et al. 1978, Seber
1982). For the double-observer method the assumptions
are: 1) all individuals have an equal detection probability
for each observer, 2) observers survey areas independently of
each other, and 3) individual animals previously detected are
correctly identified in subsequent observations. The assump-
tion is also made that observers survey the same areas and
accurately record that a calling bird was within the survey
boundaries (Fletcher and Hutto 2006). The assumptions of
the removal method are: 1) all individuals have an equal and
constant probability of being detected, 2) individuals are not
double-counted (i.e., an observer is able to keep track of an
individual bird’s location during the entire survey period and
not record the bird as a new individual), and 3) observers
accurately assign a bird to be within or beyond the survey
radius.

In addition to method-specific assumptions, one assump-
tion common to all 3 models is that the population is closed
with no animals entering or leaving the area during the
survey. Violation of any of these assumptions could lead
to incorrect conclusions about detectability, abundance, or

population trends for birds. Thus, it is important to consider
which method would be most appropriate for obtaining
reliable estimates when designing surveys to estimate
detectability.

The most appropriate method for a population of interest
depends on the species of interest, study area, and goals of the
research project (e.g., Norvell et al. 2003, Moore et al. 2004,
Alldredge et al. 2008). Direct comparisons of these methods
would help guide decisions on the best choice of methods to
estimate detectability of bird species. To our knowledge, no
studies have field tested all 3 methods simultaneously.
However, Efford and Dawson (2009) compared all 3
methods using simulated counts and found distance
sampling to provide less biased estimates than the other 2
methods; those authors also noted, however, that the
assumptions of distance sampling are hard to meet in the
field. We field-evaluated and compared distance sampling,
independent double-observer, and removal methods for esti-
mating detectability of northern bobwhites (Colinus virgin-
ianus) on roadside whistle counts used to monitor population
trends in Ohio (Spinola and Gates 2008). We examined if
whistle count surveys violated the assumptions of the 3
methods and compared the precision of estimates associated
with detectability and density from the 3 methods; we
reported estimates of density but we did not compare them
among methods because the true density of northern
bobwhites in the area is unknown.

STUDY AREA

We conducted our study in Adams, Brown, Clermont, and
Highland counties in southern Ohio and in Tri-valley and
Woodbury wildlife areas in Muskingum and Coshocton
counties in central Ohio. We selected the 4 southern counties
because bobwhites were most abundant in this area in Ohio
(Spinola and Gates 2008). These counties fell almost entirely
within the Till Plains physiographic region of Ohio and were
characterized by rolling hills. Land use in these counties
consisted of mostly forest (47%) and pasture–hay (39%)
based on the National Land Cover Database 2001
(Homer et al. 2004). Fall covey density in this area of
Ohio estimated from intensive surveys using pointing dogs
and radio telemetry was 0.881 coveys per 100 ha with a mean
of 14 birds per covey in 2009 (R. J. Gates, School of
Environment and Natural Resources, Ohio State
University, unpublished work).

We also chose these 2 wildlife areas because of high relative
abundance of bobwhite in these areas (Scott Hull, Ohio
Division of Wildlife, personal communication). The wildlife
areas were located in the Unglaciated Appalachian Plateau
region of Ohio. The habitat around survey points in the
wildlife areas was almost entirely grassland interspersed with
early succession woody cover.

METHODS

Field Methods
We surveyed 14 roadside routes previously established by the
Ohio Division of Wildlife to monitor populations of bob-
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white in Ohio from 16 June to 7 July in 2005 and 2006 (Fig.
1). We surveyed routes containing 10–20 points from 0.5 hr
before sunrise until 1000. Distance between survey points
averaged 0.8 km for routes within wildlife areas and ranged
1.2–4.9 km with a mean of 2.4 km for routes outside the
wildlife areas. Surveys were conducted by 9 pairs of observers
comprised of 8 individuals; observer pairs were determined
by observer locations and schedules. We surveyed all routes
once during 2005, except at Woodbury Wildlife Area, which
we surveyed twice. We surveyed only 4 routes in 2006, but we
surveyed them 3 times during the season to increase the
number of detections for analyses. Routes surveyed in 2006
were located in Brown and Highland counties and Tri-
Valley and Woodbury wildlife areas.

Two observers independently and simultaneously recorded
the number of whistling bobwhites within 500 m of each
stop along a route for 6 min. We used 6-min surveys to
ensure we could survey an entire survey route (10–20 points)
in one morning. Each observer recorded the time birds were
first heard whistling and estimated distance from observer to
calling bird when first detected. We used range finders to
improve estimates of distance and observers practiced visual
estimation of distances by using range finders each year prior
to beginning surveys. Observers stood back-to-back or at
opposite ends of the vehicle and did not communicate with
each other to increase the likelihood of independence
between observers. We recorded time periods in which birds
were first detected in three 2-min intervals. We used 2-min
intervals because 3 intervals allowed for more flexibility in the
removal model compared with 2 intervals (Farnsworth et al.

2002). We recorded distances to the birds in bands of: 0–
50 m, 50–100 m, 100–150 m, 150–200 m, 200–300 m,
300–400 m, and 400–500 m.

The assumption of correctly identifying previously detected
animals is important for double-observer analysis and
requires that observers accurately determine which birds were
seen by the other observer. Observers recorded the location,
time, and distance of each bobwhite they detected and then
compared notes immediately after each survey point to
determine which birds were recorded by each observer.
We then identified and recorded each individual bird as
determined by observers and made comparisons of distances
for birds detected by multiple observers.

Analyses

For each of the 3 methods, we estimated probability of
detection, population density, and coefficients of variation
for both parameters. It is important to note that quail surveys
sample the number of whistling birds and do not consider
detectability or abundance of non-whistling birds. We inves-
tigated the effects of year with year as a grouping variable for
all 3 methods. If year was a significant factor explaining
detectability then we estimated probability of detection for
each year. We also included observer effects as a potential
covariate for all 3 methods.

Individual birds that are farther from the point of obser-
vation will likely have lower detection probability than
those that are close to the point, violating the equal detect-
ability assumption of the removal and double-observer
methods. Covariates such as distance from the observer
can be used to model detectability in both these methods
to address violations of this assumption. We included dis-
tance from the observer as a covariate for the double-observer
and removal methods. It should be noted, however, that
inclusion of distance as a covariate did not reduce bias in
estimates from double-observer and removal methods for
simulated survey counts (Efford and Dawson 2009). We
analyzed all possible model combinations for each method
(Appendix A).

We compared models using Akaike’s Information Criteria
(AIC) to determine which model best fit our data for each
method. We then used probability of detection and coeffi-
cients of variation for detection probability and population
density derived from the best model to compare methods.
We calculated coefficients of variation as the standard error
of the parameter estimate divided by the parameter estimate
and we report them as percentages.
Distance sampling.– We used Program DISTANCE 5.0
(Thomas et al. 2006) to estimate detection probability and
abundance from distance sampling data. Pooling across
distance categories did not improve model fit, thus we did
not complete it for analyses. We did not include the 10% of
observations furthest from the observer in our analyses;
truncation of the data using other criteria did not improve
model fit (Buckland et al. 2001).

In addition to year as a grouping variable and observer as a
covariate it was necessary to compare models using different
key functions and series expansions to best fit a detection

Figure 1. Approximate centers of roadside survey routes for whistling
northern bobwhites in southern Ohio. Routes consisted of 10–20 stops with
an average distance of 2.4 km between stops along a route. Circles represent
routes surveyed in 2005 and squares represent routes surveyed in 2005 and
2006.
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function to the distance data. We explored 4 common
combinations of key functions and series expansions
recommended by Buckland et al. (2001): 1) hazard-rate
key function with cosine expansion, 2) half-normal key
function with hermite polynomial expansion, 3) uniform
key function with simple polynomial expansion, and 4)
uniform key function with cosine expansion. For each key
function and expansion series combination we analyzed 2
models: 1) constant detection probability between years and
2) detection probability grouped by year to allow for variation
in detection probability between years (hereafter year
effects). We also used multiple-covariate distance sampling
to estimate the effects of observers on detectability for the
hazard-rate key function with cosine expansion and half-
normal key function with a hermite polynomial expansion
(Marques et al. 2007). Thus, we constructed an additional 2
models for each of these combinations of key functions and
series expansions: 1) detection probability with observer as a
covariate and 2) detection probability with year effects and
observer as a covariate. Observer covariates were not included
in the uniform key function with a simple polynomial expan-
sion and uniform key function with a cosine expansion
because these functions are not supported by multiple cova-
riates distance sampling (Marques et al. 2007). Thus, we
compared a total of 12 models (Appendix A).

We also investigated whether assumptions of distance
sampling were met during our surveys. First, we examined
how well the best model of detectability fit the observed
number of birds corrected for the area surveyed within each
distance band to determine if the assumptions of perfect
detectability near the observer, movement of animals in
response to the observer, or non-random placement of survey
points with respect to bobwhites may have been violated
during our surveys. We also compared the mean and standard
deviation of differences in estimated distances, using the
midpoint of distance intervals, for birds recorded by both
observers during double-observer surveys to evaluate the
assumption of accurate and consistent distance estimation.
Double observer and removal.– We estimated detection prob-
abilities from the double-observer and removal data with the
Huggins Closed Population Model in Program MARK 5.1
(White and Burnham 1999). For double-observer surveys,
we considered one observer the first capture period and the
second observer the second capture period. We allowed
detection probability to vary between the first and second
capture periods (i.e., observers) to assess variation in detect-
ability of observers within pairs. For these cases we set
recapture probability equal to the capture probability of
the second capture period to model independence between
observers during a survey. For removal analyses, we held
detection probability constant across the 3 capture periods
and set the recapture probability equal to zero because once a
bird was detected it was not recorded again during the same
survey.

We also included distance from the observer as a covariate
for both methods. If a bird was detected by both observers we
used the average estimated distance from the 2 observers. We
standardized distance covariates for analyses by subtracting

the mean and dividing by the standard deviation to allow for
easier comparison of model coefficients.

We also included observer effects as covariates in the
models. We used a dummy variable for each individual
observer for the removal method. We could not code for
individual observer effects in the double-observer analyses
because we estimated the probability of detection for one
observer based on detections made by the other observer. We
instead included observer effects as a covariate by coding the
9 pairs of observers as dummy variables in the models for the
double-observer method.

We compared all possible model combinations with dis-
tance and observer covariates for models with and without
year effects. For the removal method, models included dis-
tance, year, and observer effects. For double-observer
models, we allowed detectability to vary among years,
between observers within a pair, distance from the observer,
and observer pairs. We examined 8 models for removal
methods and 14 models for double-observer surveys
(Appendix A). We did not include models with interaction
terms in analyses. The number of parameters ranged from 1
to 41 for double-observer models and 1 to 19 for removal
models (Appendix A). We derived parameter estimates from
double-observer and removal models from the mean values of
all covariates included in the best model.

Estimated abundance from Program MARK for removal
and double-observer methods was the total number of birds
for all survey points, including repeats for both methods and
both observers for the removal method. We did not correct
overall abundance estimates for repeat surveys because we
conducted an equal number of surveys for each route (except
one in 2005) and thus density estimates are informed by
equal information from each route each year. Therefore, we
divided estimated abundances by the total area surveyed in
each year to calculate estimated population density for each
method. We calculated total area surveyed each year for the
double-observer surveys (2005 ¼ 14,451 ha, 2006 ¼
13,980 ha) as the number of points surveyed including repeat
surveys within the year (2005 ¼ 184, 2006 ¼ 178) multi-
plied by the area of each survey point with a 500-m radius
(78.54 ha). The total area surveyed using the removal
method was twice that of the double-observer survey because
2 observers independently conducted simultaneous surveys
(2005 ¼ 28,903 ha, 2006 ¼ 27,960 ha). We calculated
standard errors as the square root of the variance of density
approximated using the delta method (Powell 2007). We
divided the variance of abundance by the total area surveyed
in each year squared to approximate the variance of density
(Powell 2007).

RESULTS

We completed 27 survey routes with 2 independent observers
for each survey for a total of 54 surveys. Overall, we recorded
925 detections of bobwhite on all surveys: 354 in 2005 and
571 in 2006. The combined mean number of bobwhites
counted per observer per survey route for both years was
17.1 (SE ¼ 2.1), with more birds counted in 2006
(x ¼ 23.8, SE ¼ 3.8, n ¼ 24) than in 2005 (x ¼ 11.8,
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SE ¼ 1.8, n ¼ 30). Mean number of bobwhite detected per
observer per point was 1.2 (SE ¼ 0.1).

Models

The distance sampling model with year effects and observers
as covariates using the hazard rate key function and cosine
expansion was the best model (Table 1) with an AIC value
>1,000 points lower than the next best model and an AIC
weight of 1.000 (Appendix A). The second and third best
models also used the hazard rate and cosine combination
with observer or year effects included in the model, respect-
ively. The large difference in AIC between the top model and
the second and third best models is likely due to strong
interactions between observer and year effects. We noted
significant differences in detection functions between years
for 5 of 6 observers conducting surveys both years. In
addition, some observers significantly improved their detec-
tion probability in 2006 compared with 2005, but one
observer’s detection ability decreased.

A chi-square goodness-of-fit test was not possible for the
best model because there were more parameters in the model
than distance intervals. The goodness-of-fit test for those
models for which the test could be completed, however,
showed a lack of fit of the detection function to the data
for all models (P < 0.008). In addition, visual inspection of
the detection functions against the data suggested a lack of
fit, particularly near the center of the points (Fig. 2).

The mean difference in estimated distances for birds
recorded by both observers was 53.3 m (SD ¼ 58.6 m).
For the 346 birds recorded by both observers 44% of dis-
tances were recorded in the same distance interval, 30% of
distances were �99 m different, 19% of differences were
100–199 m, and 7% of distances were �200 m different.
The maximum difference between observers was 350 m.

The double-observer model that included observer pair,
capture period (i.e., first or second observer), and distance
from the observer as covariates was the best model, with an
AIC weight of 1.000 (Table 1). The next 3 best models also

included some combination of capture period, distance pair,
and distance from the observer as covariates (Appendix A).
Year effects were not included in the best model and thus
received no weight of evidence as an important variable to
describe detectability using the double observer method.

For the removal method the model with distance and
observer covariates was the best model (Table 1). The second
best model also had empirical support and included distance
and year as covariates (Appendix A). Distance from the
observer was included as a covariate in the top 4 models
of the removal method giving support for distance as an
important variable explaining detectability of bobwhites
(Appendix A).

Parameter Estimates

The double observer and removal methods reported higher
overall probability of detection for the entire survey period
compared with distance sampling using the best model for
each method. Detection probability from the double observer
method was 0.80 (SE ¼ 0.02, 95% CI ¼ 0.76 � P̂ � 0.84)
for the first observer of the pair and 0.74 (SE ¼ 0.02,
0.69 � P̂ � 0.78) for the second observer, giving an overall
probability of an animal being detected by �1 observer of
0.95. Detection probability was negatively related to distance
from the first (b ¼ �0.366, SE ¼ 0.138, �0.636 �
b � �0.096) and second observer (b ¼ �0.618,
SE ¼ 0.118,�0.850 � b � �0.386; Fig. 3). We estimated
detection probability to be 0.58 (SE ¼ 0.02, 0.53 �
P̂ � 0.62) from the removal method for each survey interval;
thus probability of detection for the entire survey period was
0.93. Detectability also was negatively related to distance
from the observer for the removal method (b ¼ �0.627,
SE ¼ 0.110, �0.843 � b � �0.411; Fig. 3). Distance
sampling estimated the average probability of detection to
be 0.44 (SE ¼ 0.02, 0.41 � P̂ � 0.48) for 2005 and 0.69
(SE ¼ 0.02, 0.65 � P̂ � 0.72) for 2006.

The coefficient of variation for detectability ranged from
2.4% to 4.4% for all 3 methods. The most and least precise

Table 1. The most empirically supported distance sampling, independent double-observer, and removal models we used to estimate detection probability of
whistling northern bobwhites from roadside surveys in Ohio during June to July 2005 and 2006. We selected models using Akaike’s Information Criteria (AIC);
no other models we examined were within 2 AIC units of the best model for distance sampling, double-observer, or removal models (Appendix A).

Covariatesa Key functionb Series expansionb kc AIC DAICd AIC weighte

Distance sampling
Observer þ yearf Hazard rate Cosine 16 1540.1 0.0 1.000

Independent double-observer
Capture period þ distance þ observer pair 22 1064.5 0.0 1.000

Removal
Distance þ observer 10 1610.6 0.0 0.717

a Capture period refers to the two observers conducting double-observer surveys with each observer analogous to a different capture period in mark–recapture
analysis. Distance is the distance from observer to the bird when first detected. Observer models variation associated with each individual observer. Observer
pair is a dummy variable coding for each pair of observers simultaneously conducting surveys for the double-observer method. Year refers to differences in
detection probability among years.

b We used the key function and series expansion in distance sampling models, but not the double-observer or removal models, to fit the relationship between
detection probability and distance from observer.

c The number of parameters in the model.
d Difference between Akaike’s Information Criteria for a given model and the best model.
e The weight of evidence in favor of a model being the actual best model (Burnham and Anderson 2002).
f We modeled year effects in the distance sampling model by grouping detection probability by years in Program DISTANCE.
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estimates were both derived from distance sampling with a
coefficient of variation of 2.4% for 2006 and 4.4% for 2005.
The double observer method provided precise estimates of
detectability with coefficients of variation of 2.7% and 2.9%
for the first and second observer in a pair, respectively. The
coefficient of variation for detectability from the removal
method was 3.9%.

Density estimates ranged from 0.014 to 0.044 whistling
bobwhite per ha and density estimates were higher in 2006
than 2005 for all 3 methods (Table 2); true density of
bobwhite was not known and thus we could not calculate
bias. Coefficients of variation for density estimates ranged
from 1.7% to 9.6% for all 3 methods (Table 2). The double-
observer method gave the most precise estimates of density;
the removal method also provided precise estimates of
density for both years. Distance sampling provided the least
precise estimates of density.

DISCUSSION

Our results suggest that the double-observer and removal
methods provide precise estimates of detectability and
density of whistling northern bobwhites. Distance sampling,
however, provided less precise estimates of density than the
other 2 methods, but distance sampling estimates also
included the variability of encounter rates among points,
which is not included in the other methods (Buckland
et al. 2001). It is important to note that true density was
not known and thus we could not evaluate bias of these
estimates. A simulation study reported that distance
sampling tended to give less bias estimates of density than
double-observer or removal methods (Efford and Dawson
2009). The inability to compare bias among methods of
estimation limits the conclusions that we can make from
our investigation, however, the comparison of precision and
likely violation of assumptions gives guidance on application
of these different methods in the field for roadside bobwhite
surveys.

Assumptions of distance sampling were likely violated in
roadside whistle count surveys of northern bobwhites. Our
data demonstrate a lack of fit to the modeled detection
function especially within 50 m of the survey point. The
low number of observations near the observer is likely
because of a combination of 3 factors. First, placement of
survey points along roadsides reduces the number of bob-
white available to be sampled because bobwhites would not
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Figure 2. Relationship of detection probability of whistling northern bob-
whites to distance from observer in southern Ohio during 2005 (a) and 2006
(b) estimated using distance sampling (solid line). Gray bars represent scaled
frequencies of detections in each distance category. We divided numbers of
detections in each distance interval by the total area surveyed in that distance
interval and then divided by the estimated density of all objects to calculate
scaled frequencies (Buckland et al. 2001).

Figure 3. Relationship of detection probability of whistling northern bob-
whites to distance from the observer in southern Ohio during 2005 and 2006
for double-observer (solid line ¼ first observer, dashed line ¼ second obser-
ver) and removal methods (dotted line) of estimating detection probability.
Detection probability represents the probability of detection for each obser-
ver during a 6-min survey for the double-observer method and the prob-
ability of detection by a single observer in a 2-min survey interval for the
removal method. We determined the relationships by using the best model
for each method from Huggins Closed Capture analyses in Program MARK
with all other covariates held constant at the standardized mean.
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be expected to inhabit roadsides. Second, the observer might
have caused changes in bird behavior, such as moving away
from the observer or reduced frequency of whistling, which
also would bias results using the double-observer or removal
method. Reduced singing rates of birds near observers have
been noted with other species (McShea and Rappole 1997,
Bye et al. 2001). Lastly, the area sampled by an observer
during a point count increases as the distance from the
observer increases; for the smallest distance interval in our
study (0–50 m) we surveyed only 0.785 ha compared with
2.36 ha in the 50–100 m interval and 28.27 ha in the 400–
500 m interval. However, the unequal number of detections
after correction for the area sampled in each distance interval
(Fig. 2) suggests that changes in bird behavior and the non-
random placement of survey points likely are the causes of
these low numbers of detections near the observer.

We were unable to left truncate our data because we
recorded distance in intervals. Thus, left truncation would
require the assumption that all quail are detected between
50 m and 100 m of the point and we were not comfortable
making this assumption. If more precise distance infor-
mation was recorded then left truncation might be an option
for analyses to account for different densities of quail near
roads than away from roads; left truncation, however, is not
recommended to account for animals moving away from
observers (Buckland et al. 2001).

We also noted inconsistencies in distance estimates for
birds detected by both observers during double-observer
surveys, suggesting that the assumption of accurate distance
measures was violated for distance sampling. Some discrep-
ancies in distance estimation might be accounted for by
pooling data into distance intervals. Distance sampling
analyses were limited because we recorded distances in dis-
crete intervals thereby limiting the possibilities of pooling
data to increase model fit. Preliminary analyses did not
suggest that pooling of data would help meet the assumption
of perfect detectability near the point. Recent analytical
developments, however, allow for modeling of measurement
errors to reduce bias of estimates from distance sampling
(Buckland et al. 2004, Marques 2004) and should be inves-
tigated for roadside point counts.

Violation of these assumptions of distance sampling could
have important effects on parameter estimates (Buckland
et al. 2001, Bächler and Liechti 2007). Therefore, caution
should be used when using distance sampling to estimate
abundance of northern bobwhites from roadside surveys.
Distance from bird to observer, however, was an important

covariate for estimating detectability of bobwhite using the
removal and double-observer methods. Therefore, the dis-
tance from an observer to a whistling bird should be recorded
with either method. Monitoring programs should include
training to reduce variation in distance estimation prior to
conducting surveys.

Observer effects also were included as covariates in the best
model for all 3 methods. Other studies also found that
detection probabilities vary among observers (e.g., Nichols
et al. 2000, Moore et al. 2004, Marques et al. 2007).
Observers should be trained, to reduce observer variability
during surveys, but observer effects also should be investi-
gated during analyses when estimating detectability and
density of birds.

For the double-observer method the best model included
the observer pair and capture period (i.e., first or second
observer) to explain detectability. Inclusion of both observer
pair and individual observers within a pair in the best model
suggests that individual observer effects were important
influences on detectability. The double-observer method
does not allow for explicit inclusion of single observer effects
in models of detection probability. The removal method,
however, does allow consideration of individual observer
effects to estimate detectability.

In addition to not allowing single observer effects as a
covariate, the double-observer method also is more likely
to violate the assumption that observers can clearly identify
which individual birds were recorded and if they were
observed by one or both observers (Forcey et al. 2006).
Alldredge et al. (2008) demonstrated that observers had
difficulty determining the angle and distance of birds
detected aurally, which led to too many single observer
detection histories. The removal method requires that only
1 observer tracks individuals during the survey compared
with 2 observers in the double-observer method.

The assumption of equal probability of detection for all
birds probably was not met during double observer or
removal surveys and could not be explicitly modeled using
either method. Probability of detection varied among indi-
vidual birds with distance from observer, but was accounted
for by using distance as a covariate. The assumptions of a
closed population and correct determination of a bird being
within the survey radius necessary for the double-observer
and removal methods likely were met in our study. The short
duration of surveys should allow for the assumption that
no animals are moving into or out of the survey area. The
500-m radii of survey points also should allow for correct

Table 2. Density estimates (no. of whistling bobwhite/ha), standard error of density, and coefficient of variation (%) for whistling northern bobwhite in Ohio
during June to July 2005 and 2006 from the best distance sampling, double-observer, and removal method models for estimating detectability (Table 1).

Method

2005 2006

D̂ SE CV D̂ SE CV

Distance sampling 0.042 0.004 9.6 0.044 0.003 7.9
Double observer 0.017 0.001 3.2 0.027 0.000 1.7
Removal 0.014 0.000 3.4 0.024 0.001 4.8
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determination of whether a bird was detected within a plot,
as detection of a whistling quail beyond 500 m is extremely
rare, if not impossible.

Other studies have found the removal and double-observer
methods to be useful for estimating detection probability to
estimate density or abundance of birds (Moore et al. 2004).
Moore et al. (2004), however, noted that the removal method
may produce biased estimates if detection probability is low.
Also it may not be possible to estimate detectability using the
removal method if the assumption of a closed population is
violated and more individuals are detected in subsequent
intervals than in previous intervals. In addition, the extra
personnel time necessary to conduct double-observer surveys
limits the feasibility of applying the technique in monitoring
programs with limited funding (Moore et al. 2004, Alldredge
et al. 2006, Forcey et al. 2006).

Although we did not examine the effects of habitat on
detection probability, differences in detectability among
habitats could confound trends in abundance as habitats
change over time. Schieck (1997) demonstrated that differ-
ences in detectability of birds among habitat types could bias
conclusions about habitat use. Nichols et al. (2000) suggest
that habitat may be an important source of variation in
detection probability and that incorporating habitat into
models of detection probability could be useful.

Future research should compare estimates of density using
these and other methods of estimating detectability and
abundance in an area with a known density of bobwhite
to calculate bias associated with these methods. In addition,
using radio telemetry to estimate the probability of detecting
bobwhite near the survey point (Buckland et al. 2004) and
determining if animals are moving away from observers
should be pursued. In particular, the time-of-detection
method, in which observers record which time interval(s)
an individual bird was detected without removing previously
detected individuals, would allow for more robust analyses of
detectability and should be investigated (Alldredge et al.
2007a,b). The time-of-detection method would require
the same survey effort as the removal method and could
potentially provide more precise estimates of detectability
and abundance. Including >3 capture periods (e.g., 6 1-min
intervals) for the removal method also should be investigated
because it would allow for use of more general models for
analyses (Farnsworth et al. 2002). The possibility of com-
bining distance sampling and removal methods to estimate
abundance should also be studied (Buckland et al. 2004).
Covariates also should be included in these analyses to
include observer and distance effects. The effects of habitat
and ambient noise also could be included as future covariates
to explain detectability of northern bobwhite.

MANAGEMENT IMPLICATIONS

We recommend use of the removal method to estimate
abundance and detectability of northern bobwhite based
on precision of estimates, but we were not able to assess
the accuracy of any methods because true density was
unknown. The assumptions of the removal method also were

less likely to be violated than the assumptions of double
observer surveys or distance sampling. In addition, the
increased personnel time required for double-observer
methods limits the possibilities of using this method. The
extra personnel time provided by the removal method poten-
tially could be used to survey more areas or survey for other
species. Distance sampling should be used with caution when
estimating abundance of bobwhite using roadside surveys
because potential violation of the assumptions of perfect
detectability near the observer, no movement of birds in
response to the observer, and random placement of survey
points relative to birds could give biased estimates of density.

Distance from the observer, however, was important for
explaining detectability of bobwhites in all 3 methods. Thus,
distance from the observer should be recorded for use as a
covariate for use with all techniques. Observer effects also
should be incorporated into analyses when possible to
account for variation in detectability among observers of
differing experience and abilities. The removal method
allows for modeling a simple observer effect, but double-
observer surveys required modeling observer effects as pairs
of observers. Adequate training of observers also should be
completed each year prior to beginning of surveys to help
reduce observer variation in detectability and to improve
accuracy of distance estimation.
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APPENDIX A. Comparison of All Distance Sampling, Independent Double-Observer, and Removal Models to Estimate Detection Probability of Whistling
Northern Bobwhite From Roadside Surveys in Ohio During June to July 2005 and 2006.

Covariatesa Key functionb Series expansionb kc AICd DAICe AIC weightf

Distance sampling
Observer þ yearg Hazard rate Cosine 16 1540.1 0.0 1.000
Observer Hazard rate Cosine 9 2589.2 1049.2 0.000
Year Hazard rate Cosine 4 2596.8 1056.8 0.000
Year Uniform Simple polynomial 4 2601.7 1061.7 0.000
Year Uniform Cosine 7 2605.5 1065.5 0.000
Observer þ year Half normal Hermite polynomial 14 2617.3 1077.2 0.000
Year Half normal Hermite polynomial 6 2626.1 1086.0 0.000
None Hazard rate Cosine 2 2642.7 1102.7 0.000
None Uniform Simple polynomial 3 2645.0 1104.9 0.000
None Uniform Cosine 4 2647.2 1107.1 0.000
Observer Half normal Hermite polynomial 8 2652.7 1112.7 0.000
None Half normal Hermite polynomial 4 2652.8 1112.7 0.000
Independent double-observer
Capture period þ distance þ observer pair 22 1064.5 0.0 1.000
Distance þ observer pair 10 1088.7 24.1 0.000
Capture period þ observer pair 20 1092.3 27.8 0.000
Capture period þ distance 4 1092.6 28.1 0.000
Distance þ year 4 1096.7 32.2 0.000
Capture period þ distance þ observer pair þ year 41 1096.9 32.4 0.000
Distance 2 1099.0 34.5 0.000
Distance þ observer pair þ year 19 1104.1 39.6 0.000
Capture period 2 1108.1 43.6 0.000
None 1 1115.1 50.6 0.000
Year 2 1115.5 51.0 0.000
Observer pair 9 1115.9 51.4 0.000
Capture period þ observer pair þ year 38 1125.2 60.7 0.000
Observer pair þ year 18 1133.0 68.5 0.000
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APPENDIX A. (Continued )

Covariatesa Key functionb Series expansionb kc AICd DAICe AIC weightf

Removal
Distance þ observer 10 1610.6 0.0 0.717
Distance þ year 4 1612.8 2.3 0.231
Distance 2 1616.5 5.9 0.037
Distance þ observer þ year 19 1618.3 7.7 0.015
Year 2 1645.9 35.3 0.000
None 1 1646.4 35.8 0.000
Observer 9 1648.3 37.7 0.000
Observer þ year 16 1659.5 49.0 0.000

a Capture period refers to the two observers conducting double-observer surveys with each observer analogous to a different capture period in mark–recapture
analysis. Distance is the distance from observer to the bird when first detected. Observer models variation associated with each individual observer. Observer
pair is a dummy variable coding for each pair of observers simultaneously conducting surveys for the double-observer method. Year refers to differences in
detection probability among years.

b We used the key function and series expansion in distance sampling models, but not the double-observer or removal models, to fit the relationship between
detection probability and distance from observer.

c The number of parameters in the model.
d Akaike’s Information Criteria.
e Difference between Akaike’s Information Criteria for a given model and the best model.
f The weight of evidence in favor of a model being the actual best model (Burnham and Anderson 2002).
g We modeled year effects in the distance sampling model by grouping detection probability by years in Program DISTANCE.
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