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As PART OF their development of a continental
plan for monitoring landbirds (Rich et al. 2004),
Partners in Flight (PIF) applied a new method to
make preliminary estimates of population size
for all 448 species of landbirds present in the
continental United States and Canada (Table 1).
Estimation of the global population size of North
American landbirds was intended to (1) iden-
tify the degree of vulnerability of each species,
(2) provide estimates of the current population
size for each species, and (3) provide a starting
point for estimating population sizes in states,
provinces, territories, and Bird Conservation
Regions (Rich et al. 2004). A method proposed
by Rosenberg and Blancher (2005) was used
to derive population estimates from available
survey data. To enhance the credibility of these
estimates, PIF organized a review of the method-
ology used to estimate North American landbird
population sizes. A planning committee selected
members from the ornithological and biometri-
cal communities (hereafter “the panel”), with
the aim of selecting individuals from academia,
state natural-resource agencies, and the U.S. and

SE-mail:wthogmartin@usgs.gov

Canadian federal governments, including the
Canadian Wildlife Service, the U.S. Geological
Survey, and the U.S. Department of Agriculture
Forest Service.

The panel addressed three questions: (1)
Were the methods of population estimation
proposed by PIF reasonable? (2) What actions
could be taken to improve the data or analyses
on which the PIF population estimates were
based? and (3) How should the PIF population
estimates be interpreted?

VALUE oF PoruLATiON ESTIMATES IN BIRD
CONSERVATION

Collecting reliable, useable information on
the status of bird populations is a critical step
in developing and updating bird conservation
plans. Such efforts often involve setting popula-
tion goals, using models to predict changes in
bird population size as a function of habitat
(and other) variables, developing plans to mod-
ify habitats through management, and using
survey data to monitor progress toward goals.
Unfortunately, integrating our present sources
of information on bird populations into this
system is complicated by the nature of the data
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TasLe 1. Estimates of population size for 10 species of birds in the United States and Canada
and globally, as estimated by Rich et al. (2004), rounded to the nearest thousand.

U.S. and Canadian Global
Species population population
Common Black-Hawk (Buteogallus anthracinus) 63 2,000,000
Great Gray Owl (Strix nebulosa) 31,000 63,000
California Thrasher (Toxostoma redivivum) 195,000 216,000
American Dipper (Cinclus mexicanus) 582,000 626,000
Connecticut Warbler (Oporornis agilis) 1,170,000 1,170,000
Belted Kingfisher (Ceryle alcyon) 2,212,000 2,212,000
Cactus Wren (Campylorhynchus brunneicapillus) 4,142,000 8,284,000
Pacific-slope Flycatcher (Empidonax difficilis) 7,946,000 8,291,000
Grasshopper Sparrow (Ammodramus savannarum) 14,092,000 15,153,000
Common Yellowthroat (Geothlypis trichas) 32,389,000 32,389,000

collected by surveys; most large-scale surveys
collect indices of population size rather than
unbiased estimates of population size.

An index is a statistic (e.g.,, point count or
relative abundance measure) that is assumed to
be correlated with the actual quantity of interest
(e.g., population size or density). Understanding
the relationship between counts and population
sizes at sample sites by estimating the proportion
of animals counted (detection rate) has been an
important focus of wildlife statistics (e.g., Nichols
etal. 2000, Buckland et al. 2001). For bird surveys,
indices often are not based on probabilistic sam-
ples, which introduces an additional source of
uncertainty (e.g., count locations may not sample
all possible locations representatively). For the
North American Breeding Bird Survey (BBS),
for example, data from roadside point counts are
frequently criticized because they may be poor
indices of the number of birds at count locations
and may not be representative of bird popula-
tions within regions because of the nature of
roadside counts (Bibby et al. 1992). Historically,
these factors were often ignored in analyses that
made strong but unstated assumptions about the
consistency of indices and randomness of sam-
ples. Modern analyses of BBS indices attempt to
limit the influence of inconsistent indices by con-
trolling for site-specific differences in detection
(e.g., through observable covariates; Link and
Sauer 1998); no analyses presently control for
the roadside nature of the sample. Comparisons
of indices of abundance among species also may
be flawed if species differ in their detectability;
and if detection rates also differ among habitats,
use of survey data in bird-habitat models used
in developing population and habitat objectives
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may be invalid. Each of these difficulties in the
use of index data can potentially result in inap-
propriate conservation decisions.

Any analysis of index data thus can be criti-
cized by postulating differences in detection rates
among treatments. These concerns have moti-
vated conservationists to avoid direct use of rela-
tive abundance indices in conservation planning,
and instead to include in their plans estimates of
species-specific population sizes that incorporate
estimates of detection rates. These population
size estimates are then used in models as parts
of objective functions for setting goals for the
number of birds in relation to available habitat,
or used to predict the total amount of habitat that
must be conserved or created to support species-
specific numerical population goals.

This interest in making estimates of popula-
tion numbers and density by habitat has previ-
ously led to development of several national
and continental estimates of bird population
sizes. For instance, McAtee (1931) estimated
that there were 2.6 billion breeding landbirds in
the contiguous United States, and Wing (1956)
estimated that 5.6 billion birds were present in
the United States in summer and 3.75 billion
in winter. The American Ornithologists” Union
(1975) once suggested that as many as 10 billion
birds were present in the contiguous United
States in each breeding season, with a fall popu-
lation of 20 billion.

Estimates of population size as opposed to
indices may be especially useful in conserva-
tion because they resonate with the public; they
impart meaning not generally found in indices,
contributing to impressive statements about
the magnitude of conservation problems. For
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instance, the National Audubon Society (1997)
estimated that 100 million birds per year are
killed by free-roaming cats (Felis catus); this
number alone imparts an importance to the
issue not found by suggesting, for instance, that
cats kill the equivalent of one bird per highway
kilometer per day (Lepczyk et al. 2004). Among
the various other sources of bird mortality in
North America, total anthropogenic sources of
mortality have been estimated to be 400-1,600
million birds killed per year (Table 2).

Conservation plans for various species often
include numerical population objectives. For
instance, the 1986 North American Waterfowl
Management Plan (Canadian Wildlife Service
and U.S. Fish and Wildlife Service 1986) advo-
cated a goal of a continental breeding popu-
lation of 62 million ducks during years with
average environmental conditions, a number
expected to support a fall flight of 100 million
birds, and it is these numerical population
objectives that have been credited for much of
the success of the plan (Donovan et al. 1999). To
date, however, the few estimates of total bird
populations for any geographic region have
been highly speculative and variable.

METHODS FOR ESTIMATING S1ZE OF A BirRD
PoruLaTiON

Rich et al. (2004, appendix B) and Rosenberg
and Blancher (2005) described their method
for estimating species-specific population size
from survey data (hereafter referred to as the
“Rosenberg and Blancher” approach). Two
procedures were used, one for birds largely
restricted to the United States and Canada
south of the Arctic and the other for birds
present in the Canadian Arctic. Survey data
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available for estimating population sizes for
these two areas differ in several important
aspects. For the United States and sub-Arctic
Canada, North American BBS data were used,
whereas for the Canadian Arctic, data from the
Breeding Bird Census (BBC) and Northwest
Territories-Nunavut Bird Checklist Survey
(Checklist) were used. For the BBS data, counts
from acceptable routes were averaged for the
1990s for each species recorded on a route. For
regions where BBS routes were infrequently run
(boreal forest portions of Canada), routes from
other decades were included. Numbers of birds
by species were averaged for every route in geo-
political regions formed by the intersection of
state-province-territory and Bird Conservation
Region boundaries. Averages from neighbor-
ing regions were assigned if the geopolitical
region was not sampled by BBS. Averages from
each geopolitical region were divided by the
area presumed to be covered by a BBS route
(25.1 km?) and multiplied by the area of the
region. Bird Conservation Region indices were
calculated by summing over all geopolitical
regions within a Bird Conservation Region.
These Bird Conservation Region-wide indices
were converted to population estimates after
multiplying the indices by three adjustments
(Rosenberg and Blancher’s adjustment factors).

The three adjustments were a “pair” adjust-
ment, a detection-area adjustment, and a time-
of-day adjustment. The pair adjustment led
to the indices being multiplied by two, with
the assumptions that BBS observers typically
detect the male of a species and that all birds are
paired with a single female. The detection-area
adjustment was the square of the ratio between
the theoretical detection radius for the BBS
(i.e., 400 m) and one of five effective detection

TaBLE 2. Estimated sources of annual avian mortality associated with human activity in
North America (not limited to landbirds), in order of estimated magnitude.

Study

Kerlinger (2000), National Wind
Coordinating Committee (2001)
Banks (1979), National Wind
Coordinating Committee (2001)
Deinlein (1998)

National Audubon Society (1997)
Banks (1979)

Number killed annually

Mortality source (in millions)
Collisions with 4-50

communication towers
Vehicle collisions 50-100
Pesticides 67
Domestic cats 100
Legal harvest 120
Window collisions 120-1,200

Klem (1990)
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distances (80, 125, 200, 400, and 800 m) assigned
to each species (Table 3). This adjustment osten-
sibly accounted for incomplete detection <400 m
or detection at distances >400 m. Breeding Bird
Survey protocol precludes including birds
beyond 400 m from the survey stop in the
stop count, but the 800-m detection distance
was presumed to accommodate those species
(e.g., soaring birds, such as the vultures) for
which movement was possible from one stop
to another during the course of the survey. The
time-of-day adjustment was the ratio of counts
at the peak of detection to the average count
over the whole set of BBS routes (Table 4). The
form of the calculation incorporating all three
adjustment factors is as follows:

i=1999
z i=1990

k= n

i=1 area
Population= I X —— [x 2 x
P kzzl m 251
count

5 peak
400 5=50i=2001
[ d j % Z ZXis
e s=1 i=1995
rte* yrs (1)

where Y is a BBS count reported for route j in
year i for a particular species, n is the number
of years of acceptable route counts during
1990-1999 (<10), m is the number of routes in
the geopolitical region, g is the number of geo-
graphic strata, area is the area of the geopoliti-
cal region, d, is the effective detection distance,
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count , is a smoothed estimate of the maxi-
mum count, derived from a sixth-order poly-
nomial fit, X is a BBS count summed over each
stop in the mid-1990s through 2001 period, and
rte*yrs is the number of routes over the period.

For birds occupying three ecozones in Arctic
Canada, BBC data provided estimates of total
landbird density. Total landbird density was split
among three classes of landbirds on the basis of
their likely detection distance: near, intermediate,
and far. Relative species-specific abundance was
calculated from Checklist data. The ratio of BBC
total landbird density to Checklist abundance
was calculated, and this density conversion fac-
tor was applied to the Checklist abundance data
to provide species-specific density estimates.
These bird densities were averaged within each
ecoregion, then multiplied by the area of the
region to derive a population estimate. Population
estimates were summed across ecoregions to pro-
vide a total population estimate for each Arctic
landbird species.

The two estimates were summed for those
species that occurred in both Arctic and non-
Arctic regions to derive continental estimates of
population size. Global population sizes were
simply the United States—-Canada population
size multiplied by the ratio of the total breeding
range to that in the United States and Canada.

ARE THE METHODS OF POPULATION ESTIMATION
ProroseD BY ROSENBERG AND BLANCHER
REASONABLE?

Rosenberg and Blancher (2005) identified
four assumptions in their analysis: (1) each
habitat type was sampled in approximate

TasLe 3. Examples of detection distances used in deriving population estimates from North

American Breeding Bird Survey data.

Detection distance Effect on
Species category (m) estimate
Ruby-throated Hummingbird (Archilochus colubris) 80 25x%
Black-capped Chickadee (Poecile atricapillus) 125 10.24x
Broad-winged Hawk (Buteo platypterus) 125 10.24x
Common Grackle (Quiscalus quiscula) 200 4x
Purple Finch (Carpodacus purpureus) 200 4x
White-crowned Sparrow (Zonotrichia leucophrys) 200 4x
Blue Jay (Cyanocitta cristata) 400 1x
Red-tailed Hawk (B. jamaicensis) 400 1x
Turkey Vulture (Cathartes aura) 800 0.33x
Common Raven (Corvus corax) 800 0.33x

Downloaded From: https://bioone.org/journals/The-Auk on 23 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



896

Commentary

[Auk, Vol. 123

TasLe 4. Examples of time-of-day adjustment factors used in deriving
population estimates from North American Breeding Bird Survey data.

Time-of-day
Species adjustment factor®
House Finch (Carpodacus mexicanus)® 1.04
American Redstart (Sefophaga ruticilla) 1.07
Song Sparrow (Melospiza melodia) 1.40
White-crowned Sparrow 1.79
White-throated Sparrow (Zonotrichia albicollis) 2.24
Long-eared Owl (Asio otus) 3.03
Common Nighthawk (Chordeiles minor) 6.73
Great Horned Owl (Bubo virginianus) 11.00
Western Screech-Owl (Megascops kennicottii) 20.77
Whip-poor-will (Caprimulgus vociferus) 22.30

? The median adjustment factor for all species was 1.32.

b Species with the smallest adjustment factor.
< Species with the greatest adjustment factor.

proportion to its occurrence in each region,
(2) birds present but not counted during the
BBS were accounted for by one or more of the
adjustment factors, (3) the Checklist-BBC data
for birds in Arctic Canada were comparable
to BBS data, and (4) breeding densities in the
United States and Canada were comparable to
densities outside the United States and Canada
(this latter assumption was relevant only to the
extrapolation of North American population
size to global estimates of population size).
The panel focused primarily on evaluating the
first two assumptions, because they apparently
have the greatest effect on most population size
estimates.

Bias related to habitat sampling in the Breeding
Bird Survey.—Two issues, placement of routes
and roadside effects, are critical in determining
the correctness of the assumption that habitat
was sampled by the BBS in approximate propor-
tion to its occurrence in the regional landscape.
Intensity and placement of BBS routes dictate
whether the habitat was properly sampled.
Unfortunately, BBS coverage is limited both by
routes that are infrequently surveyed and by
large roadless areas that are not sampled within
the United States and Canada (Peterjohn 1994,
O’Connor et al. 2000). These gaps in coverage
may lead to over- or undersampling of particular
habitats poorly represented along roadsides. For
instance, mountaintops, western riparian areas,
and large wetlands are often poorly represented
in the BBS (Robbins et al. 1986). Unpublished
studies by the late R. J. O’Connor (University of
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Maine, Orono) and colleagues, C. Flather (U.S.
Department of Agriculture Forest Service), and
P. J. Blancher (Canadian Wildlife Service) sug-
gest that the effect of atypical route placement
is minor, but no comprehensive test of this effect
has been conducted (O’Connor et al. 2000).

Because the BBS is a roadside survey, another
consideration is the influence of roads on mea-
sures of bird abundance through their effect on
the habitat itself or on bird behavior. Forman
(2000) indicated that 20% of the United States
is affected by roads. Habitat along roadsides
may not be representative of roadless habitat
(Miller et al. 1996, Trombulak and Frissell 2000)
and, thus, may support a different proportion
of a species” population than would occur in
roadless habitat. Some birds may be attracted to
features associated with roads, whereas others
may be repelled (Forman and Deblinger 2000).
It is unclear how these effects introduce bias in
BBS data (Hutto et al. 1995, Keller and Fuller
1995, Rotenberry and Knick 1995).

Bias because of inadequacy in three adjustment
factors.—The second assumption of the popula-
tion estimation approach was that birds present
but not counted during the BBS were accounted
for by one or more of the adjustment factors.
As noted by Link and Sauer (1998:261), “BBS
sampling cannot guarantee either a census or
a known fixed area of sampling.” Any con-
nection of the BBS index to a population size
must account for these uncertainties; the most
important issue faced by the panel was the
credibility of the assumptions implicit in the
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modeled corrections proposed by Rosenberg
and Blancher (2005). Many uncertainties exist in
these correction factors, and we describe a vari-
ety of issues that could influence the quality and
precision of these corrections. We also identify
the importance of estimating precision of both
the corrections and resulting population sizes.

The first adjustment factor was a “pair” adjust-
ment factor. Ostensibly, the pair adjustment
multiplied the index (average number of birds
per route in the 1990s by geopolitical region) by
two, on the assumption that only one member of
a pair was detected on a BBS route. This adjust-
ment factor does not account for unpaired, and
largely uncounted, “floater” birds. Kenwood
and Paxton (2001), for instance, suspected that
as many as 36% of the Southwestern Willow
Flycatchers (Empidonax traillii extimus) at their
Arizona study site were unpaired floaters. Also,
nocturnal and crepuscular species, early- and
late-season breeders, quiet species, and tempo-
rary immigrants are poorly counted by the BBS
(Robbins et al. 1989, O’Connor et al. 2000) and,
thus, may not be accounted for by multiplication
by two. Although it is a species not well covered
by the BBS, estimates for the Great Horned Owl
(Bubo virginianus), for instance, suggested that
as many as 40-50% of the birds in a popula-
tion were nonterritorial floaters (Rohner 1997).
Unfortunately, the relationship of perceptible
birds to undetectable birds in BBS results is gen-
erally unknown; the pair adjustment may be
conservative (i.e., result in an underestimate) for
some species, but also may overestimate overly
conspicuous species and those species in which
individuals of both sexes vocalize.

The second adjustment factor was intended
to address species-specific detection prob-
abilities by assigning each species to one of five
detection-distance categories (80, 125, 200, 400,
and 800 m) and, in doing so, transform the index
of relative abundance into a density estimate.
The PIF proportionality ratio reflects a species-
specific probability of detection based in part
on distance between a bird and the observer.
The effect of a detection-distance adjustment
factor is to reduce or increase the effective area
to which the index is applied. Because the BBS
collects relative rather than absolute abundance
data, a crucial assumption in this approach is
that this index is directly proportional to popu-
lation size. The panel did not evaluate specific
detection distances for individual species but
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suggested that this adjustment may be the most
important and, coincidentally, the most uncer-
tain of the adjustment factors. For instance, a
200-m detection distance, in effect, quadruples
the population estimate, compared with a
detection distance of 400 m. For species whose
detection distance was 800 m (i.e., vultures
and some hawks: 1.8% of species), the reverse
occurs, and their estimates were reduced to one-
quarter by this adjustment factor. For 62% of the
species (n = 243 species), their population size
estimate was increased by 4x over the index;
20.4% (n = 80) had their estimate increased
10.24x, and 4.8% (n =19) of the species had their
estimate increased 25x. Estimates for 11% (n =
43) of the species incurred no change from the
species-specific detection-distance adjustments.

Several elements can potentially influence the
validity of the detection-distance adjustment.
The literature on factors influencing detection
distances is extensive (e.g., Buckland et al.
2001). Effective detection distances undoubt-
edly vary not only by species but also by habi-
tat, time of day, time of year, calling rate, song
volume, and observer (O’Connor et al. 2000,
Thompson 2002). For the PIF estimates, a single
estimate of detection distance for each species
was posited; no attempt was made to accommo-
date variation associated with these variables.
The BBS protocol attempts to standardize con-
ditions under which counts are made. Despite
this constancy imposed by protocols, detection
distances are not likely to be constant (Nichols
et al. 2000, Rosenstock et al. 2002, Norvell et
al. 2003). Variation in detection distance may
lead to over- or underestimating population
sizes (Buckland et al. 2001). Unfortunately, few
empirical data exist for appropriate estimation
of detection distances from BBS data. It would
be useful to directly incorporate the uncertainty
associated with these distances into the preci-
sion of the population estimates.

The third adjustment factor, a time-of-day
adjustment, was used to accommodate time-of-
day variation in detectability when the route is
surveyed. This adjustment factor was estimated
for each species by polynomial fits to tallies of
stop counts, where the first stop represents the
earliest count and the 50th stop represents the
latest count. Fitting a polynomial to these stop-
specific counts smooths the pattern in counts.
One concern, however, in using polynomials is
that they may be particularly ill-fitted at their
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extremes because of a paucity of data to anchor
the ends of the fitted line. Thus, fits for species
whose peaks in abundance occur early (e.g.,
nocturnal birds) or late may not be properly
measured. Maxima drawn from these poten-
tially poorly fitted polynomials may therefore
be inadequately assessed (Fig. 1). This, in turn,
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would influence the maximum count:mean
count ratio. Some species (n = 14, strigiform
and caprimulgiform species) are especially
influenced by this time-of-day adjustment fac-
tor, having their estimate of abundance inflated
by between 3.0x and 22.3x (Table 4). As with
other sources of variation in detection, it would
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Fic. 1. On the assumption that stop number is a surrogate for time of day, sixth-order polynomials were
drawn to mean stop-specific counts across all routes to identify a purported maximum. In the extreme
case for Whip-poor-will, the observed maximum count was 285, whereas the predicted maximum from
the polynomial fit (at stop 1) was 245. The predicted maximum for Brown-headed Cowbird (Molothrus
ater) was 1,006. Figures were redrawn from P. J. Blancher and K. V. Rosenberg (unpubl. data).
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be useful to directly incorporate uncertainty
in estimation of the rates in the population
estimate.

Other considerations.—Means for the counts in
the 1990s may be based on results from 1 to 10
years. Means derived from only a few years are
intrinsically less precise than means based on
more years. They may not be representative of
the mean conditions within the decade because
they may be affected, for instance, by droughts
or extremely wet conditions. An additional con-
cern is that baseline observer competence may
be changing over time (Link and Sauer 1998),
a factor that can be accommodated in more
sophisticated analyses (Link and Sauer 2002).

There is also concern regarding the meth-
odology used to extrapolate counts from prior
decades for insufficiently sampled areas in
boreal Canada. Habitat bias may be important
in the boreal zone, given that most BBS routes
are located in the southern portion of this large
zone.

WHhAT AcTtions CAN B TAKEN TO IMPROVE
THE DATA OR ANALYSES ON WHicH THE PIF
PoruraTioN EstiMATES WERE BASED?

Recommendations for the short term.—First,
because it is unclear how robust the estimates
are to the many assumptions implicit in the pro-
cedure, we suggest that a simulation exercise be
used to document consequences of variation in
the assumptions. A sensitivity analysis would
identify those parameters of the model (i.e.,
index values and adjustment factors) that are
most influential with respect to error or vari-
ability in the assumed input. The adjustment
factor for detection distance has the potential
for exerting the greatest effect on population
size estimates. All estimates should be accom-
panied by estimates of precision. Sensitivity
analysis could identify credible bounds for
the population estimates, which to date are
expressed only qualitatively.

The Rosenberg and Blancher approach
is based on adjustments of mean counts.
Alternatively, more sophisticated model-based
approaches explicitly incorporating known
sources of variability could be used to better
incorporate uncertainty in the estimates. For
instance, hierarchical modeling approaches
allow for direct estimation of route-specific
abundances that are adjusted for observer and
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population-change effects (e.g., Link and Sauer
2002), spatial effects (Thogmartin et al. 2004),
and the detectability adjustments used in the
Rosenberg and Blancher (2005) population esti-
mates. For instance, for geopolitical regions not
sampled by BBS routes, the model-based solu-
tion incorporating spatial correlation in counts
may be a useful means of estimating expected
counts for areas in which they are unknown.

The present scheme for population estima-
tion from BBS data is limited by uncertainty
in the magnitude and precision of the adjust-
ments for detection. Without empirical data
on detection rates, estimates will always be
subject to criticism. Thus, the panel encourages
experimental studies to develop approaches for
estimating detectability in the BBS. Until such
estimates become available, the panel recom-
mends that ongoing efforts to refine the esti-
mates be initiated, including a comprehensive
survey of literature and of current research to
identify available information about species-
specific detection distances and the effects on
detectability of habitat, sex, time of day, time
of year, observer, and other factors. Of par-
ticular concern is the identification of specific
gaps in our knowledge regarding species- and
covariate-specific detection-distance categories.
The number of species for which detection
distances are available is small but growing.
Detection distances acquired from the literature,
even if they do not account for bias because of
roadsides, may be better than the current five-
level detection distances. Collecting data on
detection is the best way to improve our under-
standing of species-, space-, and time-specific
variation in rates. As noted below, systematic
collection of these data in the BBS and other
surveys is a long-term strategy for enhancing
the quality of the population size estimates.

The validity of the pair adjustment used in
the population estimation approach undoubt-
edly varies among species, reflecting differences
in mating strategy, behavior, and habitat. The
panel recommends evaluation and study of the
pair adjustment factor. Given the paucity of cur-
rent data, studies based on surveys of marked
populations may be the only way to obtain reli-
able estimates of pair adjustments.

Use of polynomial regression for identifying
maximum counts for the time-of-day adjust-
ment should be evaluated against alternative
means, such as simple observed maximum, an
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average of the top several counts, loess smooth-
ing (Cleveland and Devlin 1988), or more
sophisticated approaches such as maximum-
likelihood estimation of the maxima.

Additional features that could influence
counts should be considered in the analysis. In
particular, several authors have suggested that
interactions between calling rates and popula-
tion density can invalidate indices to abundance
(e.g., McShea and Rappole 1997, Penteriani
2003). Additional review of literature for cue
production studies would be worthwhile. These
cue production studies may be particularly rel-
evant to understanding how well polynomial
regression predicts peak calling in nocturnal or
crepuscular birds.

Because the pair adjustment may not over-
come errors in the time-of-day or time-of-year
adjustment, we recommend disentangling the
pair adjustment from adjustment factors that
may be imposed for those species that are noc-
turnal or crespuscular, early or late breeders,
or have an unknown floater population. One
obvious adjustment would be to evaluate BBS
counts with regard to how they vary season-
ally, so as to calibrate the estimates for early- or
late-season breeders. Modeling of rangewide
progressions of peak song periods and studies
of how detectability changes as a function of
peak song period would prove informative to
these calibrations.

Estimates of population sizes for each of
the three terrestrial ecozones in Arctic Canada
should be interpreted with caution. Although
the methodology used by PIF for estimating
population size of landbirds in the Arctic makes
use of most of the data that are available for
the region, we suggest that the estimates based
on those data are particularly prone to bias,
because BBC and Checklist sites are not selected
randomly and tend to be in areas of high bird
densities. The assumption that Checklist-BBC
estimates are comparable to BBS estimates
likely does not hold. Also, we suggest that the
total amount of land useable by birds should be
used as the area for which estimates of popu-
lations are made, given that large areas in the
high Arctic are covered by unsuitable glaciers or
are otherwise devoid of vegetation.

Recommendations for the long term.—Much of
the uncertainty associated with the approach
outlined by Rosenberg and Blancher (2005) is a
result of using the data for a purpose for which
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they were not intended. The BBS was not origi-
nally envisioned to provide continental esti-
mates of population sizes but rather to monitor
trends in populations. To fully address these
uncertainties, it will be necessary to update
the population estimates as new information
regarding detection rates and other factors
becomes available from experimental studies.
Also, concerns about the representativeness of
roadside habitats and of data from outside the
BBS survey area can be addressed only with
additional survey information and continued
modeling.

Information on detection of birds along routes.—
Statistical procedures such as distance sampling
(Buckland et al. 2001), double observer methods
(Nichols et al. 2000), and replicate counting
methods (Royle and Nichols 2003) permit direct
estimation of detection rates from point counts.
Direct application of these approaches to the
BBS and other surveys would provide data
on time-of-day effects, habitat specificity, and
effective detection distances, and would allow
direct estimation of many of the parameters that
are presently unknown or poorly estimated in
the Rosenberg and Blancher modeling exercise.
The panel suggests that field investigators be
encouraged to routinely collect this informa-
tion. Experimental studies of such approaches
along BBS routes would be useful. Additional
studies focusing on groups of species of particu-
lar interest that have large temporal correction
factors, such as strigiforms and caprimulgi-
forms, are needed.

Development of surveys in northern regions.—
Population estimates are most questionable
when they are based on extremely limited sam-
ples or on detection—nondetection data sources,
such as checklists. Given the paucity of data for
birds in Arctic Canada and concern that global
climate change may be most pronounced at
northern latitudes (McCarthy et al. 2001), devel-
opment of surveys that provide information on
bird populations would be useful in document-
ing both present values and future changes in
this important region.

Better integration of survey and habitat
data.—Development of statistical models is an
essential component of future development
of population estimates. Population estimates
will be most useful for conservation planning
if they are directly related to habitat acquisition
and other management goals. Many studies
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are using BBS data to develop models associ-
ating bird populations with habitat and other
environmental features (e.g., Thogmartin et al.
2004), and more use of these models in bird
conservation planning may help resolve sev-
eral of the issues associated with population
estimation. For example, nonrepresentativeness
of roadside habitats can be addressed either by
collection of data in nonroadside habitats or by
modeling bird habitat associations using exist-
ing data and using the models to predict abun-
dances in off-road habitats. Models can then be
used to guide future data-collection efforts, and
the additional data (for example, counts made
away from roadsides) can be used to improve
models. These modeling efforts require appro-
priate geographic information on habitats, other
environmental features that influence bird pop-
ulations, and BBS data.

Models can allow for controlling of popula-
tion change in the estimation of abundance. One
obvious limitation of species-specific popula-
tion estimates as they are currently made is that
populations are assumed to be static. Sauer et
al. (2004), however, indicated that 38% of the
Neotropical migrant species surveyed in the BBS
during 1980-2003 declined and 18% increased.
Because bird populations are not static and, in
fact, many are in decline, the panel recommends
devising a population estimation scheme that
incorporates temporal trends in abundance.
Various hierarchical modeling approaches are
promising for their ability to estimate popula-
tion trends (Link and Sauer 2002).

Models also permit a common currency for
translating population sizes across spatial scales
and for comparing species. The most obvious
currency is habitat-specific estimates of density
for each species. In the long term, habitat-based
models estimating population size for each
state-province-territory x Bird Conservation
Region unit would be valuable. These habitat-
based models may be able to identify limiting
factors and could be used to set habitat-specific
numerical population objectives. Further, incor-
porating habitat-based models with estimates
of trend may allow future projections of popula-
tion size in response to proposed management
of habitat.

Extrapolation beyond the United States and
Canada.—The fourth assumption of the popu-
lation estimation approach is that densities of
birds are similar in North America and beyond.
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This assumption deserves considerable scru-
tiny, because differences in density for species
existing primarily outside the United States and
Canada may cause huge errors in the estimated
global population size for a species. Much
greater investigation into densities of North
American species whose ranges overlap boreal
Russia and Latin America is needed. The panel
suggests that extrapolation to areas outside
North America is particularly dangerous and
not clearly relevant to PIF goals.

How Suourp tHE PIF PoruLaTiON ESTIMATES BE
INTERPRETED?

In Rich et al. (2004), current bird populations
are estimated using the procedures critiqued in
this paper, but goals are often framed in terms
of estimation of population trends. At the scale
of bird conservation regions, management
options are usually defined in terms of acquisi-
tion and restoration of habitats, and predicted
increases in populations are based on models
predicting numbers of birds as a function of
added habitat. However, these numbers are
not directly comparable to either the estimated
trends or the habitat goals defined by bird
conservation initiatives. We view this lack of a
connection of population estimates, trend, and
habitat goals as a flaw in the system. As noted
above, opportunities exist to develop models
that directly associate management options,
trend estimates, and population estimates, and
we suggest that these approaches be considered
for future analyses.

Uncertainty in population estimates makes
comparisons between species, especially for the
purposes of prioritization, problematic. Further,
this uncertainty in population size adds to uncer-
tainties associated with determining whether
species have reached a particular conserva-
tion target as outlined in the North American
Landbird Conservation Plan. Documenting the
extent of variation associated with the popula-
tion estimates will enhance the value of the
estimates, and most of our recommendations
reflect our concern that interpretation of the
present quantities is complicated by the pres-
ent lack of variance estimates. Interpretation of
the estimates must also be sensitive to temporal
variation in bird numbers. Bird populations are
dynamic, and successive estimates must reflect
the temporal components of population change.
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In summary, the panel applauds P. J. Blancher
and K. V. Rosenberg for their progress with the
difficult task of estimating the population sizes
of North American landbirds. As they noted,
significant uncertainties still exist with the
estimates, and interpretations of the estimates
should involve a careful consideration of their
limitations. The panel recommends a program
of evaluation of the present uncertainties, com-
bined with experimental and theoretical work,
to better integrate population estimates with
bird conservation and management.
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