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Abstract: Avian points counts are commonly used to inventory bird species composition
and abundance. When designing a study to inventory birds using point counts, point plot
size and count duration are 2 variables that must be considered based on project goals.
We conducted double-observer point counts on the Camp Dawson Collective Training
Area, Preston County, West Virginia, during 2000 and 2001 to ascertain how detection
probabilities and abundance estimates are affected by different plot sizes and durations.
We conducted point counts from dawn to 1000 hours, and sub-tallied birds into differ-
ent distance (0—<<50 m, 50-100 m, and >100 m) and time (0—<<3 minute, 3—5 minute,
and >5-10 minute) intervals. We used program DOBSERYV to generate species-specif-
ic detection rates and abundances for the different distance and time intervals. Detection
probabilities were greatest for 50-m radius point counts and least for unlimited-radius
counts (P < 0.05). Three minute counts produced the greatest detection rates whereas
probabilities were least for 10-minute counts (P < 0.05). Abundance estimates were
least for 50-m radius point counts and greatest for unlimited-radius counts (P < 0.05).
Three-minute counts produced the lowest abundances and 10-minute counts produced
the greatest abundance estimates (P < 0.05). Lower detection probabilities for 10-
minute counts likely occurred because a majority of birds had already been recorded at
the beginning of the count. Low detection probabilities with unlimited-radius point
counts can be attributed to the increasing difficulty of detecting birds at longer dis-
tances. Abundance estimates were greater for 10-minute and unlimited-radius point
counts because more time and area is available in which to detect birds. Project objec-
tives will ultimately dictate the count duration and plot size to use when conducting
avian point counts.
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Traditional single-observer point counts are a standard method used to invento-
ry bird species composition and abundance (Ralph et al. 1993, Hamel et al. 1996) but
do not permit investigators to calculate detection probabilities for each bird species.
Because detection probabilities are often unknown, point count data could be unreli-
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able because birds that are present but not detected are not considered (Thompson
2002). Two new point count approaches have been developed to address this issue
and allow investigators to calculate bird detection probabilities: the double observer
approach (Nichols et al. 2000) and a removal model (Farnsworth et al. 2002). The
double-observer approach is modified from a technique designed by Cook and Ja-
cobson (1979) to estimate detection probabilities from aerial surveys. Detection
probabilities and corresponding abundance estimates derived from double observer
point count data are likely to be more robust than numbers estimated from single-ob-
server point counts (Nichols et al. 2000). The removal model computes detection
probabilities from point count data collected among different time intervals
(Farnsworth et al. 2002). One advantage of this approach may have over the double-
observer technique is that the model assumes avian singing frequency influences bird
detection probabilities, which it likely does (Mayfield 1981). Another advantage of
the removal model is it can be applied to existing point count data provided that in-
vestigators tallied birds into different time categories (Farnsworth et al. 2002).

Avian point counts are subject to a plethora of variables that may affect data
quality and quantity collected. Some of these variables include point count duration
(Buskirk and McDonald 1995, Dawson et al. 1995, Petit et al. 1995, Dettmers et al.
1999, Thompson et al. 2002), plot size (Bart and Schoultz 1984, Bart 1985, Petit et
al. 1995, Thompson and Schwalbach 1995, Thompson et al. 2002), sample size
(Thompson and Schwalbach 1995), and sampling effort (Smith et al. 1995). Other
uncontrollable factors such as weather (Robbins 1981a) and daily fluctuations in bird
activity (Skirvin 1981, Robbins 19815b) also can affect point count data. However,
these variables have not been investigated when using the double-observer method
for counting birds.

Point count duration influences accuracy of bird abundance and species compo-
sition estimates. Buskirk and McDonald (1995) found that a 3-minute point count de-
tects only about 33% of the total species and 25% of the individuals at a point. A 10-
minute count increases the total number of species detected to 47% and 37% for
individuals. Although the percentage of species recorded is less than 100%, point
counts longer than 10 minutes did not significantly increase the number of individu-
als recorded (Petit et al. 1995). In addition, point counts longer than 10 minutes sig-
nificantly reduce sample size (because fewer points can be surveyed per unit time)
and increase sampling error (Smith et al. 1998). This increase in standard error will
reduce statistical power of data and reduce the ability to detect noticeable changes in
bird abundances.

Plot size also influences bird detection probabilities and abundance estimates.
Plot size refers to how far birds are recorded from the point center (i.e., 50 m, 100 m,
unlimited radius). In general, larger plot sizes will result in a greater number of bird
detections. Thompson and Schwalbach (1995) found that unlimited radius point
counts resulted in the greatest number of bird detections per plot, followed by 70-m
and 50-m radius plots. Similarly, Savard and Hooper (1995) discovered that unlimit-
ed radius point counts resulted in the highest number of bird detections for grassland
birds compared to fixed radius counts.

2002 Proc. Annu. Conf. SEAFWA



Avian Detection Probabilities 333

It is intuitive that detection probabilities and abundance estimates vary among
different point plot sizes and point count durations. However, because previous stud-
ies comparing bird abundance among different plot sizes and durations used single-
observer point counts, they were unable to examine how detection probabilities and
corresponding abundance estimates vary among these treatments. Our study evalu-
ates how avian detection probabilities and abundances derived from the double-ob-
server technique vary among different point plot sizes (50 m, 100 m, and unlimited
radius) and point count duration (3 minutes, 5 minutes, and 10 minutes).

We thank FK. Ammer and L. Toothman for serving as field assistants during
this study. P.B. Wood and L.B Williams provided comments on earlier drafts of this
manuscript. Statistical assistance provided by G.E. Seidel also is greatly appreciated.
We appreciate manuscript comments from M.J Chamberlain and 2 anonymous re-
viewers. We also thank the West Virginia Army National Guard, the West Virginia
University Research Corporation, and the West Virginia University Davis College of
Agriculture, Forestry, and Consumer Sciences (Mclntire-Stennis) for funding this re-
search. This is manuscript number 2820 of the West Virginia University Agricultural
and Forestry Experiment Station.

Methods
Study Area

The Camp Dawson Collective Training Area (Camp Dawson) is comprised of
1,655 ha distributed among 3 tracts (W. Va. Army Natl. Guard, unpubl. rep., King-
wood, W. Va., 2001). Elevation ranges from about 450 m to 840 m. Camp Dawson is
primarily used for military training during summer months; however, land use varies
among the 3 tracts (Forcey 2002). Areas of high elevation contain a mixture of chest-
nut oak (Quercus prinus), scarlet oak (Q. coccinea), and black oak (Q. velutina).
Lower elevations contain a mixture of yellow-poplar (Liriodendron tulipifera), white
oak (Q. alba) and red oak (Q. rubra; J. Vanderhorst, unpubl. rep., W. Va. Div. Nat.
Resour., Elkins, W. Va., 2001).

Point Count Sampling

We randomly established 100 point locations on Camp Dawson in 2000; in
2001, we placed 37 additional points in areas that were not covered during 2000
(Forcey 2002). We placed points along transects across the entire study area. To ran-
domize point locations, we used a random numbers table (SAS Inst. 1988) contain-
ing values from 1-50. The random number drawn for each point corresponds to the
number of additional meters to walk beyond the minimum 250-m point spacing dis-
tance (Hamel et al. 1996). Point locations were marked with red flagging tape and
recorded with a Trimble Global Positioning System (Trimble Navigation, Sunnyvale,
Calif.).

We stratified points among habitats based on the proportion of each habitat that
occurred on each tract (Forcey 2002). Edge and interior effects also were considered
in habitat classifications. Edge was defined as the location where 2 distinct vegetative
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types or land uses met (Yahner 1995). Points located within interior habitats were at
least 100 m from an edge. Habitat types included: 1) forest edge—wooded areas ad-
jacent to grasslands, lawns, roads, or developed areas (N = 43 points); 2) forest inte-
rior—forested tracts >100 m from a clearing or edge (N = 39 points); 3) riparian
edge—Ilocations within 25 m of standing or moving water adjoining grasslands,
lawns, roads, or developed areas (N = 22 points); 4) riparian interior—areas within
25 m of standing or moving water within forest interior habitats (N = 12 points); 5)
reclaimed mine areas—formerly mined areas in early successional stages containing
mixtures of grassland and shrub vegetation (V= 18 points); and 6) developed areas—
locations containing 1 or more buildings created by humans (N = 3 points).

We conducted point counts along with a second observer during the summers of
2000 and 2001 using the double-observer approach (Nichols et al. 2000). The dou-
ble-observer technique uses 2 observers: a primary observer and a secondary observ-
er. The primary observer identified and verbally communicated all birds he/she de-
tected to the secondary observer. The secondary observer recorded this information
and also any birds that were not detected by the primary observer. These data allow a
detection probability and estimated abundance to be calculated for each bird species
using the program DOBSERV (Nichols et al. 2000) which uses the SURVIV code
(White 1983).

We surveyed point locations once between 2 June and 7 July in 2000 and again
between 22 May and 16 July in 2001 using the double-observer approach. We con-
ducted point counts from dawn to 1000 hours for 10 minutes at each location (Hamel
et al. 1996, Forcey 2002).

We conducted point count surveys with different second observers in 2000 and
2001. We trained observers in bird identification (both visual and aural) and distance
estimation before point count surveys. All observers had previous experience with vi-
sual and aural bird identification, so training mostly served as a review and for learn-
ing unfamiliar bird species. We recorded distance from the center point (0-<50 m,
50-100 m, and >100 m), time interval observed (0—<3 minutes, 3—5 minutes, and
>5-10 minutes), gender, whether the bird was visually identified, and if only the sec-
ondary observer detected the bird for each bird detected during the point count
(Hamel et al. 1996, Nichols et al. 2000).

Data Analysis

We generated a detection probability and abundance estimate for each bird
species recorded =10 times within each habitat for each point plot size or count du-
ration. Flyovers were not used in plot size analyses but were included in count dura-
tion analyses. A detection probability was defined as the probability of 1 or both ob-
servers detecting an individual of a particular species. We combined point count data
over both years to increase sample size and because detection probabilities and abun-
dance estimates were similar between years (P > 0.05; Forcey 2002). We generated
detection rates and abundances using the most appropriate model for each data set
according to Akaike’s information criterion (Burnham and Anderson 1998, Nichols
et al. 2000). We used rank transformations (Conover and Iman 1981) on detection
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probabilities and abundances and compared these among habitat and plot size or plot
size and point count duration using 2-way analysis of variance (ANOVA; Cody and
Smith 1997). If interactions between habitat and either plot size or count duration oc-
curred, these variables were examined within each habitat. We conducted post hoc
comparisons using Tukey’s honestly significant difference test (SAS Inst. 1988) and
used a significance level of a = 0.05 for all statistical tests.

Results

We detected 103 species of birds on Camp Dawson over the 2-year study peri-
od; 93 species were observed in 2000, 92 species were observed in 2001. Of these,
we used 95 species in the point count duration analyses and 85 species in the plot size
analyses (Forcey 2002). Forcey (2002) reported detection probabilities and abun-
dance estimates specific to each species within each distance or time category.

Detection probabilities from double-observer point counts decreased as plot
size increased. No interaction was found between habitat and plot size (F = 0.14, df
= 10, 727, P = 0.99) for detection probabilities. Mean species-specific detection
probabilities across all species varied among all plot sizes (50 m: X = 0.994, SE =
0.0005; 100 m: x =0.991, SE = 0.0002; unlimited-radius: ¥ = 0.979, SE = 0.0024) for
point counts (F'=34.97; df =2, 727, P < 0.001). Downy woodpeckers (Picoides pu-
bescens), acadian flycatchers (Empidonax virescens), white-breasted nuthatches (Siz-
ta caroliniensis), and rose-breasted grosbeaks (Pheucticus ludovicianus) had detec-
tion probabilities approaching 1.0 and were consistent across different point plot
sizes (Forcey 2002). American robins (Turdus migratorius) had slightly lower detec-
tion probabilities than most other species (e.g., 0.76 during unlimited-radius counts).
Bird abundance estimates across all species increased as plot size increased. No in-
teraction was present between habitat and plot size for abundance analyses (¥ = 0.06,
df = 10, 727, P = 1.00). Mean species-specific abundance estimates varied (F =
15.47,df=2,727, P < 0.001) across all plot sizes (50 m: X = 6.44; SE =0.59; 100 m:
X =9.33, SE = 0.87; unlimited-radius: X = 13.60, SE = 1.25) for point counts.

Species-specific detection probabilities and abundance estimates varied among
different point count durations (Table 1). An interaction was present between habitat
and count duration for detection probability analyses (F = 2.05, df = 10, 803, P =
0.03), therefore detection probability comparisons were performed separately for
each habitat type (Table 1). Mean species-specific detection probabilities decreased
with increasing count duration within forest interior, riparian edge, riparian interior,
and reclaimed mine habitats (Table 1). Bird species with high detection probabilities
(1.0) in 3- and 5-minute point counts included yellow-breasted chat (Icteria virens),
red-winged blackbird (Agelaius phoeniceus), and house sparrow (Passer domesti-
cus). Species with lower detection probabilities during short point count durations in-
cluded hairy woodpecker (Picoides villosus) (0.95) and American robin (0.90).

Mean species-specific abundance estimates had a positive relationship with in-
creasing point count duration. Mean abundances were 8.95 (SE = 0.87) for 3-minute
point counts, 11.09 (SE = 0.99) for 5S-minute point counts, and 13.77 (SE =1.19) for
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Table 1. Mean species-specific detection probabilities of birds for 3-minute, 5-minute, and
10-minute double-observer point counts conducted at Camp Dawson Collective Training
Area, Kingwood, West Virginia, during 2000 and 2001. Detection probabilities and abun-
dances were averaged across all species within a particular point count duration?.

3-minute S-minute 10-minute
Habitat X SE X SE X SE F df P-value
Developed 1.000A 0.000 0.992A 0.001 0.978A 0.008 1.70 2,82 0.189
Forest edge 0.988A 0.008 0.988A 0.005 0.962A 0.015 0.89 2,200 0.413

Forest interior 1.000A 0.000 0.991B 0.001 0.972B 0.003 15.10 2,114 0.0001
Riparian edge 0.995A 0.000 0.992AB 0.004 0.988B 0.004 5.00 2,186 0.008
Riparian interior 0.999A 0.000 0.998B 0.000 0.996C 0.000 9.99 2,69 0.0001
Reclaimed mine 0.994A  0.002 0.993AB 0.000 0.970B 0.003 5.64 2,152 0.004

a. Means with different letters are significant (P > 0.05) using Tukey’s Studentized range test. An interaction occurred between habitat
type and count duration therefore mean detection probabilities are presented for each habitat type.

10-minute point counts. Abundances were greater for 10-minute point counts than
for either 3- or 5-minute counts, which were the same (F = 11.61, df =2, 803, P =
0.001).

Discussion

Other studies have examined how bird detection rates vary among different
point plot sizes (Thompson and Schwalbach 1995) and durations (Buskirk and Mc-
Donald 1995, Dawson et al. 1995) based on single-observer point counts. However,
detection rates in these studies do not convey the same information as those derived
from the double-observer method. Detection probabilities discussed in previous
studies represent the number of birds detected at a point (Thompson and Schwalbach
1995), number of points where the species is detected divided by number of points
surveyed (Buskirk and McDonald 1995), or the probability of detecting a species
given that the species is present at a point (Dawson et al. 1995). Use of the double-
observer approach (Nichols et al. 2000) allows investigators to compare species-spe-
cific detection probabilities of individual birds among different point plot sizes and
durations.

Point plot size and bird detection probabilities likely have an inverse relation-
ship because birds become more difficult to detect as the observer to bird distance in-
creases. Influences such as weather, vegetative structure, saturation effects, and dif-
ferences in observer hearing acuity become more pronounced when point plot size
increases (Petit et al. 1995). Birds become increasingly difficult to detect when vege-
tation obstructs observers’ views and causes increased sound attenuation and rever-
beration (Richards 1981). Saturation effects are more pronounced because larger plot
sizes inherently have more individual birds, and therefore are more easily overlooked
by observers (Petit et al. 1995). Differences in observer abilities also are exacerbated
when investigators are required to detect birds at long ranges (Petit et al. 1995).
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Although large plot sizes may decrease the probability of detecting individual
birds, our results also show that number of bird detections increases, which is likely
because more area is being surveyed. Other studies (Savard and Hooper 1995,
Thompson and Schwalbach 1995, Thompson et al. 2002) also have shown that num-
ber of bird detections is positively correlated with increasing point plot size. This is
not surprising as many bird species can be recorded at distances of 150 m or more
(Wolf et al. 1995). Unlimited radius point counts using a single observer produces
greater numbers of bird detections compared to fixed radius counts (Lynch 1995) and
have greater statistical power than point counts done on smaller plot sizes (Thomp-
son and Schwalbach 1995). In addition, using larger plot sizes increases the proba-
bility of detecting larger vocal birds that are rarely observed close to the point center
(Lynch 1995). Larger plot sizes also reduce number of visits to each point necessary
to record the majority of species present because more area is being surveyed for
birds (Petit et al. 1995). However, because detection probabilities decline with in-
creasing distance, density estimates derived from unlimited radius point count data
likely underestimate true bird density (Savard and Hooper 1995) and are not practical
to use when this is of main interest to investigators. Biases introduced when using
large plot sizes limit their applicability to certain types of studies. Based on our re-
sults, unlimited radius counts are most practical when investigators are interested in
bird species richness because a greater number of detections occur with this ap-
proach. Smaller, fixed radius counts (i.e., 50 m, 100 m) may be more suited for relat-
ing bird abundance to point habitat characteristics because data is collected within
close proximity to the point center (Thompson and Schwalbach 1995). Fixed radius
counts also are more appropriate for estimating bird density because detections are
likely to be more uniform within each plot (Savard and Hooper 1995) and because
chances of double counting individuals between points is minimized (Ralph et al.
1993).

Point-count duration also affects bird detection probabilities and abundance es-
timates. Detection probabilities are likely inversely related to point count length be-
cause most observations occur within the first 3 minutes of a point count. As count
duration increases there are fewer additional birds to record beyond what was record-
ed at the beginning of the count. Lynch (1995) found the rate of detections was 3
times higher in the first 5 minutes than in the last 5 minutes during 15-minute point
counts. Observers may also be looking and listening for birds more intently during
this time which also would explain why shorter point count durations result in greater
detection probabilities. Differences in detection probabilities among different point
count durations were not found in developed and forest edge habitats. These habitats
require observers to survey more are because they are less vegetated and more open
relative to other cover types. More time may be needed to count all individuals pres-
ent, and therefore observer activity does not decline after the first few minutes of the
point count. In addition, there were only 3 point locations within developed habitat
which is not likely to be enough to detect any differences that may have been present.

Other studies that have examined the relationship between probabilities and
point count duration found that longer point counts increase the probability of de-
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tecting a species (Buskirk and McDonald 1995, Dawson et al. 1995). While these re-
sults seem to contradict what we have presented, our results are not completely com-
parable. Buskirk and McDonald (1995) and Dawson et al. (1995) define a detection
probability as the probability of detecting a species at a point given that the species is
present. A species-specific detection probability derived from the combined double-
observer technique is defined as the probability of an individual bird of a particular
species being detected by at least 1 of 2 observers (Nichols et al. 2000). The focus of
1 definition on species and the other on individuals likely explains the different re-
sults among studies.

The positive relationship between point count duration and increasing abun-
dance estimates is because more birds can be detected in a longer point count relative
to shorter counts (Savard and Hooper 1995, Thompson et al. 2002). Longer point
counts allow observers more time to detect birds which is especially important if
species richness and abundance is high. Observers also have more opportunity to
record species that vocalize infrequently (Buskirk and McDonald 1995) as well as
rare species. Longer counts reduce observer bias because investigators have more
time to record individual birds and ensures data are accurate. Although longer point
counts have advantages, counts exceeding 10 minutes are generally not recommend-
ed because of decreased observer counting efficiency (Smith et al. 1998), an in-
creased chance of double counting individuals (Barker et al. 1993), and because the
number of species detected is not significantly greater after 10 minutes (Buskirk and
McDonald 1995). Long point counts (>10 minutes) also reduce numbers of points
that can be surveyed in a day and therefore reduces sample size. This reduction in
sample size is accompanied by an increase in standard error and diminished statisti-
cal power of point-count data (Smith et al. 1998).

Detection probabilities for most bird species ranged between 0.97 and 0.99
among different plot sizes and durations; however, a few species have detection rates
that are noticeably outside this range (Forcey 2002). Species such as the downy
woodpecker, acadian flycatcher, white-breasted nuthatch, and rose-breasted gros-
beak have a detection probability of 1.0 across all plot sizes. The yellow-breasted
chat, red-winged blackbird, and house sparrow have a detection probability of 1.0
across all point count durations, while the American robin has a lower mean detec-
tion probability (between 0.76 and 0.90) across all plot sizes and point-count dura-
tions. Most species with extremely high detection probabilities across different point
plot sizes and durations are vocal and conspicuous. The prominence of these species
likely reduces effects of increased sound attenuation (Waide and Narins 1988) and
observer variability (Cyr 1981, Ramsey and Scott 1981) that are more pronounced
with larger plot sizes (Thompson and Schwalbach 1995). Additionally, vocal species
are more likely to be detected than inconspicuous species when conducting short
point counts because there is a greater chance of the species vocalizing during the
point count (Buskirk and McDonald 1995). Although American robins are usually
conspicuous and vocal, their low detection probability among plot sizes and point
count durations suggests they were overlooked by observers. This is likely due to the
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saturation effect where observers have difficulty distinguishing and recording all in-
dividuals because of their high numbers (Verner 1985, Petit et al. 1995).

Although significant differences were found among different plot sizes and
count durations, actual numerical differences were quite small. For example, in some
cases detection probability differences of 0.01 were found to be statistically signifi-
cant. These small differences being statistically significant raises the concern of the
biological meaning of the results. Small differences in detection probability likely do
not affect results with any biological significance. However, statistically different
abundance differences among plot sizes and count durations are of a much higher
magnitude (differences of 5 to 7 birds were noted). Differences of this magnitude are
likely biologically significant. Differences of 5 to 7 birds could affect survey data es-
pecially when project objectives involve density estimates or species counts.

Based on our results, several recommendations can be made regarding point
plot size and count duration as it relates to bird detection probabilities and abundance
estimates. Because many bird species can be detected well beyond the typical 100-m
cutoff for fixed radius counts, we suggest using unlimited radius counts when project
goals are to inventory bird species composition and abundance. Unlimited radius
counts produce the greatest number of detections and are useful for recording rare
species, which is often of interest to investigators. Some species of birds including
the alder flycatcher (Empidonax virescens) and yellow-throated warbler (Dendroica
dominica) would not have been recorded during this study if investigators had used
fixed radius point counts. Although unlimited radius counts are not suitable for den-
sity estimation and are more susceptible to observer variability, distance estimation
differences between observers is likely to be equally problematic when doing fixed
radius counts (Thompson and Schwalbach 1995). Unlimited radius point counts are
also subject to double-counting the same individual at multiple points because many
bird species can be heard at distances of 200-300 m (Wolf et al. 1995). If bird species
richness is the primary concern, then unlimited radius counts will likely be most ef-
fective for detecting the maximum number of individuals and species. Fixed radius
counts are more appropriate for bird density estimation and when relating vegetation
characteristics to the avifauna that are present.

Point count durations of 10 minutes appear to detect more species and individu-
als. Although detection probabilities declined, total number of individuals recorded
was greater because more time was spent conducting the count (Buskirk and Mc-
Donald 1995). Shorter count durations will increase sample size, but this advantage
is offset by the shorter amount of time observers spend conducting counts and the
greater amount of time spent traveling between points. Shorter point counts also in-
crease the chance of overlooking the uncommon species (Buskirk and McDonald
1995) which is undesirable when attempting to determine species richness or when
rare species are of interest. Bird species such as the wood duck (Aix sponsa) and
mourning warbler (Oporornis philadelphia) would not have been detected during
this study if investigators had used point count durations <5 minutes. The appropri-
ate count duration to use depends on the goal of the study. Shorter counts are more
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practical when the study area is large and greater area needs to be covered. Longer
point counts permit more species and individuals to be detected, and are more practi-
cal to use when evaluating bird species composition and abundance.

The use of the double-observer approach for point counts will likely increase
overall detectability of all species compared to single-observer counts. Although;
87% of our observations were recorded by the first observer; 13% of our observations
can be attributed to having a second observer. Consequently the double-observer ap-
proach may be particularly important if raw abundances and densities are of interest
because abundances derived from double-observer point counts are likely to be more
accurate than those obtained from single-observer data (Nichols et al. 2000). Addi-
tional birds detected by the second observer suggest that it may also be a more effec-
tive survey technique than the removal model proposed by Farnsworth et al. (2002).
However despite advantages to the double-observer approach, it may be more practi-
cal to have 2 observers conducting point counts as single-observers when surveying
large study areas to increase coverage and consequently obtain higher species rich-
ness and abundance data (Smith et al. 1995).

Plot size, count duration, and observer effort all influence the quantity and qual-
ity of field data that can be collected for a study. Even if a land manager or researcher
decides not to use the double-observer approach, it could be used in a pilot study to
indicate the effectiveness of a single observer so biases and error rates can be deter-
mined. However, project objectives will ultimately dictate how point count studies
are designed with respect to plot size, count duration, and observer sampling.
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