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Abstract Point count summary statistics (e.g. mean
abundance, maximum abundance, frequency and presence/
absence) reflect different assumptions about behavioral
and population processes. In this paper we (1) determine
the frequency and usage trends of different point count
summary statistics in recent ornithological literature,
and (2) assess how well point count data, summarized
using five common statistics, predict an alternate mea-
sure of habitat quality–reproductive activity. For the
100 journal years we reviewed (10 journals over
10 years), 148 papers used point counts to evaluate bird
habitat relationships. The number of papers using point
counts has increased over the decade. Mean abundance,
the most common summary statistic, was used more
than twice as frequently as the next most common
summary statistics. Only 25.7% (38 papers) provided a
justification for use of a particular summary technique.
We conducted point counts in three Canadian study
regions (New Brunswick, Nova Scotia, and Newfound-
land and Labrador) comprised of two ecosystem types
(forest and grassland). While there was a statistically
significant positive correlation between point count data
and reproductive activity data for most species, we
found that point counts were often unsuccessful at pre-

dicting reproductive activity in forest birds. For species
where point counts adequately predicted reproductive
activity mean abundance and frequency were consistently
the best predictors. Our results indicate that statistics
using information on intra-season (multiple-visit) occu-
pancy tend to be better estimators of reproductive ac-
tivity.

Keywords Habitat relationships Æ Intra-season
occupancy Æ Point count data Æ Reproductive activity

In habitat-relationship research, point counting, which
involves the visual and auditory detection of birds within
fixed or variable-radius plots, is one of the most com-
monly used methods to survey birds (Ralph et al. 1995;
Thompson et al. 2002). Considerable effort has been
directed towards improving the accuracy and efficiency
of this technique. Suggestions have been provided for
the optimal number of visits (Siegel et al. 2001), fre-
quency of visits (Brooks et al. 2001), length of count
(Lynch 1995; Dawson et al. 1995; Drapeau et al. 1999),
sample size (Smith et al. 1995; Smith and Twedt 1999),
and point count radius and detection probabilities
(Thompson and Schwalbach 1995; Nichols et al. 2000;
Farnsworth et al. 2002; Thompson et al. 2002).

There is a diversity of point count data summary
statistics including: total abundance (summed for each
point across many visits), mean abundance (total per
point/number of visits), maximum abundance (the
greatest number of individual birds recorded at a point
out of all visits), presence/absence, and frequency (pre-
sence/absence per point summed over all visits). If dis-
tance to observed birds is estimated during counts, these
data may also be used to estimate true density (Bart and
Earnst 2002). However, such estimates of true density
are still uncommon in the avian literature. Justifications
for selection of point count summary statistics are in-
frequently provided. In the determination of bird-habi-
tat relationships, this is problematic given that each data
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summary statistic may emphasize different (unstated)
assumptions about behavioral and population processes.

For instance, Bibby et al. (2000) suggested the use of
maximum abundance, which is based on the assumption
that abundance is generally underestimated by point
counts (see Miller et al. 2004). Therefore, the maximum
number of birds detected in any visit represents the
minimum number at that location (Bibby et al. 2000).
This may be troublesome because the maximum abun-
dance is the statistic most likely to be biased by the
inclusion of non-breeders, e.g. migrants or floaters, and
thus inflates estimates of habitat quality. In landscapes
with strong source-sink dynamics, maximum abundance
could be a poor indicator of habitat quality (Van Horne
1983; Pulliam 1988).

Likewise, frequency, mean abundance and total
abundance may reflect seasonal singing frequency in
addition to actual density. Studies have shown that un-
mated males sing more frequently later in the season
than mated males (Gibbs and Wenny 1993; Mcshea and
Rappole 1997; Amrhein et al. 2002) suggesting these
statistics could overestimate habitat quality. Mean
abundance and frequency are the most likely of the
summary statistics to underestimate true abundance
because birds present may not be detected in particular
visits resulting in decreased abundance estimates (Bibby
et al. 2000).

The use of presence/absence is based on the as-
sumption that the count of an individual in one visit is
equivalent to counts of multiple individuals in one lo-
cation or among visits. This may mask more subtle
differences in habitat quality, particularly for more
abundant species.

Research that relates various point count summary
statistics to different measures of habitat quality such as
reproductive success, nest density, or survival is rare (but
see Jones et al. 2000), likely due the fact that such data
are difficult and expensive to collect. Recent approaches
to assessing ‘reproductive activity’ at broad scales
(Vickery et al. 1992; Gunn et al. 2000) provide the op-
portunity to compare relative merits of point count data
summary statistics to an alternate indicator of habitat
quality.

Our objectives were to: (1) determine the frequency
and usage trends of different point count summary sta-
tistics in recent ornithological literature, and (2) com-
pare the efficacy of various point count data
summarization methods at predicting a different index
of habitat quality–‘reproductive activity’. We de-
termined reproductive activity indirectly from observa-
tions of reproductive behavior including pairing, food
and nest material carrying, and the presence of fledglings
(sensu Vickery et al. 1992; Gunn et al. 2000; Doran et al.
2005). Determining the relationship between point count
data and reproductive indices is useful in light of the
increased use of these indices in bird habitat studies
(Vickery et al. 1992; Dale et al. 1997; Powell and Collier
1998; Martin and Morrison 1999; Rangen et al. 2000;
Cornell Lab of Ornithology 2003; Christoferson and

Morrison 2001; Harris and Reed 2002; Stevens et al.
2003). If point count data can effectively predict re-
productive activity, the additional effort expended to
collect reproductive activity data may be unnecessary.

Methods

Literature review

We searched for all articles using point count statistics in
bird habitat studies in ten journals for the period 1992–
2002: Auk, Condor, Conservation Biology, Ecological
Applications, Journal of Avian Biology (formerly Ornis
Scandinavica), Journal of Field Ornithology, Journal of
Ornithology, Journal of Wildlife Management, Wildlife
Society Bulletin, and Wilson Bulletin. We selected jour-
nals from both Europe and North America that most
commonly publish bird-habitat relationship studies. We
felt that 10 years was an adequate timeframe to in-
vestigate trends in reporting, and offered an opportunity
to assess differences between the period preceeding, and
following, the publication of the point count metho-
dology book edited by Ralph et al. (1995).

For all titles of articles and short communications
that referred to research on bird-habitat associations, we
read abstracts to determine whether point counts were
used. If the abstract indicated possible use of point
counts, we read the entire methodology section of the
article. We quantified the number of studies that sum-
marized their count data according to one or more of the
following: mean abundance/total abundance, maximum
abundance, presence/absence, and frequency. Mean and
total abundance were grouped as these statistics result in
identical data structure. Secondly, we quantified the
number of those reports that provided justification for
use of the selected statistic, beyond implicit assumptions.

We used logistic regression in S-Plus (Mathsoft 2000)
to determine whether the choice of point count summary
statistics are increasingly justified in the literature (a =
0.05). ‘Year’ was the predictor variable and ‘presence or
absence of justification’ was the binomial response.

Point counts and reproductive activity

We conducted point counts and reproductive activity
assessments for grassland and forest passerines (Table 1)
at three sites in eastern Canada in 2002. In all cases, our
observers were trained by an experienced observer who
conducted simultaneous point counts to establish a
consistent protocol before proceeding to collect data
independently.

We counted forest birds at 320 points in a 4,000-km2

area in southeastern New Brunswick (NB: 46�04¢N,
64�56¢W) and at 225 points in a 770-km2 area around
Goose Bay, Newfoundland and Labrador (NL: 53�20¢N,
60�25¢W), Canada. Point counts were conducted using
50- and 100-m radii. In NB, we conducted three counts
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of 5-min duration between 0530–1030 hours AST from 5
June and 11 July. Whereas two counts of 5-min duration
were conducted between 0400–1100 hours AST from 10
June to 25 July at the NL site.

We surveyed three focal grassland bird species (Ta-
ble 1) at 40 point count plots (50 m radii only) in hay-
fields of the Annapolis Valley, Nova Scotia (NS:
centered around 44�45¢N, 65�31¢W) from 29 May to 2
August. A fourth species, song sparrow (Melospiza me-
lodia) is more associated with old fields and farmland
edges, but was adequately surveyed with our metho-
dology and will hereafter be inclusively discussed with
‘‘grassland birds’’. We conducted 5-min counts 10–12
times (mean = 10.55 counts per plot; i.e. once every
5.3 days) between 30 min post-sunrise and 1000 hours
AST (weather permitting: wind <25 kph, no precipita-
tion).

We summarized all of our point count data, by spe-
cies, with the five statistics of interest: mean, maximum
abundance, presence/absence, presence/absence in the
first round (using only observations from the first visit),
and frequency. We used presence/absence in the first
round to approximate data collected in studies with only
one point count visit. We summarized data in these ways
at both 50- and 100-m extents for points in the forest
bird studies, but for only the 50-m extent in the grass-
land bird study (100-m was not available).

We used the procedure of Gunn et al. (2000) to index
breeding activity of five focal species at the NL site and
15 focal species at the NB site (see Table 1) over the
course of four visits to each point count station. Ob-
servers were alternated between visits to prevent ob-
server bias. We played 5-min playbacks of black-capped
chickadee (Poecile atricapillus) mobbing calls to elicit an
interspecific mobbing response from birds holding ter-
ritories surrounding sample points (Betts et al. 2005).
We recorded all evidence of reproductive activity during

the 5-min sample period at each of the four visits. We
considered reproductive activity to include: male and
female present in close proximity (suspected pair), adults
carrying nest material or food, and adults feeding
fledglings (after Gunn et al. 2000). Similarly, we re-
corded evidence of reproductive activity at the grassland
bird study site (NS) except rather than using a playback
tape, the data were collected through passive observa-
tion (Vickery et al. 1992; Christoferson and Morrison
2001) of birds within 50-m point count radii during the
10–12 standard point counts. As per the method detailed
by Vickery et al. (1992), point count plots were con-
sidered reproductively active if at least one pair was
consistently observed at a plot over a period of at least
3 weeks, or when evidence of breeding (e.g. delivery of
food or nest material) was observed at least once.

We used playback observations (forest birds) and
passive observations (grassland birds) as a binary index
of reproductive activity in which any of the above ob-
servations constituted ‘evidence of reproductive activity’
and either the presence of a male or no observation of
the species constituted ‘no evidence of reproductive ac-
tivity’. Such binary reproductive activity data are cor-
related with actual reproductive output at coarse scales
of resolution (Doran et al. 2005).

We caution that the above index is only a coarse
measure of reproductive success that is not as accurate
as data from intensive nest monitoring. However, the
sample size and spatial scale required to test the efficacy
of point count statistics makes the collection of nest data
practically infeasible. Tests of the mobbing playback
method to date have shown that reproductive activity
observations reflect actual reproductive success (defined
as actual reproductive output) for forest birds in both
fragmented (Gunn et al. 2000) and contiguous forested
landscapes (Doran et al. 2005). The passively-derived
index for grassland birds has also been shown to ade-

Table 1 Focal species surveyed
by point counts at study sites in
New Brunswick (NB),
Newfoundland and Labrador
(NL), and Nova Scotia (NS),
Canada in 2002

Common name Scientific name NB NL NS

Blue-headed vireo Vireo solitarius X
Red-eyed vireo Vireo olivaceus X
Gray jay Perisoreus canadensis X
Boreal chickadee Poecile hudsonica X
Golden-crowned kinglet Regulus satrapa X
Ruby-crowned kinglet Regulus calendula X X
Hermit thrush Catharus guttatus X
American robin Turdus migratorius X
Magnolia warbler Dendroica magnolia X
Black-throated blue warb1ler Dendroica caerulescens X
Yellow-rumped warbler Dendroica coronata X X
Black-throated green warbler Dendroica virens X
Blackburnian warbler Dendroica fusca X
Bay-breasted warbler Dendroica castanea X
American redstart Setophaga ruticilla X
Ovenbird Seiurus aurocapilla X
Savannah sparrow Passerculus sandwichensis X
Nelson’s sharp-tailed sparrow Ammodramus nelsoni X
Song sparrow Melospiza melodia X
Dark-eyed junco Junco hyemalis X X
Bobolink Dolichonyx oryzivorus X
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quately reflect true reproductive activity (Vickery et al.
1992).

To test how well the point count summary statistics
of interest predicted our different measure of habitat
quality–reproductive activity, we modeled this variable
as a function of each summary statistic using logistic
regression (Mathsoft 2000). Each summary statistic was
used as a univariate predictor and reproductive activity
was the binomial response. Results of logistic regression
models are often judged to be considerably more reliable
if predicted values >0.5 correspond with observed oc-
currences and values <0.5 with absences. However, the
0.5 threshold is arbitrary and lacks ecological and sta-
tistical basis (Osborne et al. 2001). For this reason, we
used receiver operating characteristic (ROC) curves as a
measure of model accuracy. The ROC curve describes
the relationship between the sensitivity (number of po-
sitive observations correctly predicted as positive) and
number of false positive predictions (Hanley and
McNeil 1982). The area under the ROC curve is a single
index of classification accuracy that is independent of
species prevalence and arbitrary threshold effects
(Hanley and McNeil 1982; Fielding 2002). The area
under the curve (AUC) can be interpreted as the prob-
ability that a model will correctly distinguish between
positive and negative observations (in this case, evidence
of reproductive activity versus no such evidence). As a
result of these strengths, AUC is increasingly used in
ecology literature as a measure of prediction success
(Pearce and Ferrier 2000; Manel et al. 2001; Store and
Jokimaki 2003; Vernier et al. 2004). The AUC values of
0.5 represent no discrimination (a poor model). As a
general rule, if AUC2000). Statistical significance for all
models was determined by using Chi-square to test for
differences between each model and the intercept-only
model.

We also sought to determine whether detection fre-
quency (the proportion of sample points across all visits
in which a species was present) influenced which point
count statistic best explained reproductive activity
across all species. To test for this relationship, we used
Spearman rank correlation with a robust point estimate
of q (correlation coefficient) based on a 0.8 fraction of
the data (using R (Version 1.8.1) open-source software;
R Development Core Team 2003).

Results

Literature review

For the 100 journal years we reviewed, 148 papers used
point counts to evaluate bird-habitat relationships. The
number of papers using point count methods increased
over the decade (Fig. 1). Mean abundance, the most
common summary technique, was used more than twice
as frequently as the next most common summary sta-
tistics, i.e., presence/absence and maximum abundance
(Fig. 2). The remaining techniques, including estimates

of density using distance-sampling (Buckland et al.
1993) were uncommon. In two studies the summary
statistic used was not stated. Overall, 25.7% (38 papers)
justified use of a summary technique. There was no
temporal pattern in justification of summary statistics
over the 10-year period (v2 =0.02, df=147, P=0.88).

Fig. 2 Frequency of point count statistic use in the ornithological
literature from 1992–2002. Summary technique abbreviations are
listed in Table 2

Fig. 1 Absolute number of papers using point count methodology
from ten major ecological/ornithological journals (1992-2002)
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Point counts and reproductive activity

Across our three regions (at both scales), we determined
that summary statistics containing information about
intra-season site occupancy (mean abundance and fre-
quency) were usually the most accurate at predicting
reproductive activity. However, maximum abundance,
on average, was slightly more accurate (mean difference
in AUC = 0.025). We found presence/absence and
presence/absence in the first round to be the least ef-
fective predictors of reproductive activity (Fig. 3).
Across summary statistics, there was a high degree of
variability in predictive accuracy for each species (Fig. 3,
Table 2).

For species where point counts accurately predicted
reproductive activity, we determined that mean abun-
dance and frequency were consistently the best pre-
dictors at both scales (Table 2). For species where point
count data was a relatively poor predictor of
reproductive activity (i.e. AUC<0.7), there was little
pattern in the performance of summary statistics.

The ability of summary techniques to predict
reproductive activity between areas was quite variable.
The grassland study had the strongest relationship
between point count data and reproductive activity
(mean AUC=0.81). The average predictive accuracy
(AUC) was 22 and 32% greater in the grassland sites
than the New Brunswick and Newfoundland and
Labrador sites respectively (mean AUC=0.66 and
0.61).

Although maximum abundance approached statis-
tical significance (P=0.06, Table 3), detection frequency
of bird species did not appear to influence which point
count statistic best predicted reproductive activity
(Table 3).

Discussion

Our literature review showed the number of papers using
point count methods increased dramatically between
1992 and 2002. This increase is likely due, in part, to the
recent growth of landscape ecology research that often
requires extensive, time-efficient survey techniques. The
most common statistic has been mean abundance, fol-
lowed by presence/absence. The relative rate of statistics
usage has not significantly changed over the 10-year
period.

We tested how well different methods used to sum-
marize point count data predicted an alternate assess-
ment of habitat quality–reproductive activity. For
species for which point count data were effective at
predicting reproductive activity (AUC>0.7), mean
abundance and frequency were the best statistics.
Despite our expectation that presence/absence and pre-
sence/absence in the first round would perform better for
uncommon species, prevalence (commonness) within a
study area did not influence which statistic best pre-
dicted reproductive activity. In fact, we found presence/
absence and presence/absence in the first round to con-
sistently be the worst predictors.

Both mean abundance and frequency contain
information about intra-season (multiple-visit) site
occupancy. If a species is observed in point counts at a
sample station repeatedly within a season, it is more
likely to be associated with a reproductive activity
observation. Conversely, presence/absence and pre-
sence/absence in the first round contain no information
about intra-season (multiple-visit) occupancy. Birds
present only once are weighted equally to birds present
in two or three rounds. The consistently poorer predic-
tions of reproductive activity by presence/absence, pre-
sence/absence in the first round, and maximum
abundance could have several causes: (1) although all
summary statistics may be biased by the presence of
mobile, non-breeding flocks or floaters, this bias would
be greater for presence/absence in the first round as in
the early season, a greater proportion of observations
may be migrants or prospecting males that have not
settled to defend a territory; or (2) biases are also likely
to result from single-visit observer error in distance
estimation or species recognition. Statistics that include
information on intra-season occupancy are less prone to
these biases. If a species is observed at a station more
than once it is unlikely to be a floater. Further, it is less
probable that different observers would be prone to the
same error in the same location in consecutive visits. It
appears that advantages gained by statistics using intra-
season information outweigh biases that may result from

Fig. 3 Mean area under the curve (AUC) (±SE) for models using
five different point count summary statistics to predict reproductive
activity. Data presented are for 21 species from three study regions
(50-m radius counts). AUC is a measure of model prediction
success (see Methods)
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an inverse relationship between singing frequency and
reproductive success (e.g., Mcshea and Rappole 1997;
Amrhein et al. 2002).

Our findings that statistics containing information on
intra-season occupancy tend to be the best predictors of
reproductive activity coincide with point count statistic
usage in the ornithological literature over the past dec-
ade, where mean is most commonly used. However, the
next most used statistic, presence/absence, less ade-
quately predicted reproductive activity than mean (mean
difference in AUC=0.052). The prevalence of this sta-
tistic in the literature is perhaps due to the reliance on
logistic regression, which requires binomial response
data. Thus, while the use of this statistic is often statis-
tically necessary, our results indicate that use of pre-
sence/absence will result in some loss of information
about reproductive activity.

The difference between frequency, mean and max-
imum in predictive ability tended to be small for most
species (Table 2, Fig. 3). Given these similarities, it is
important to note that both Jones et al. (2000) and
Brooks et al. (2001) found that maximum abundance
consistently overestimated abundance in comparison to
densities derived from spot-mapping.

While a positive correlation between point count data
and reproductive activity data for most species was
statistically significant, point counts were often un-
successful at predicting reproductive activity in forest
birds (range in best model AUC=0.5–0.86). Ten species
had AUC values lower than 0.7, indicating relatively
poor predictive accuracy of point count data, however
summarized. This indicates the importance of collecting
reproductive data for many species, particularly in forest
environments. The poor ability of point count data to
predict reproductive activity for some species of forest
birds could be due to a variety of factors including: (1)
highly variable site and landscape-level characteristics in
the New Brunswick and Newfoundland and Labrador
study sites resulting in a broad range of habitat quality
for most species; (2) some low quality habitats may be
acting as attractors for unpaired males (Hagan et al.
1996); and (3) the number of visits to these sites (five)
may have been too few to detect all sample points where
reproductive activity occurred.

The grassland site (Nova Scotia) had three of four
species for which reproductive activity was best

predicted by point count data. This may be due to in-
creased visibility in open areas of hayfields, or to the fact
that the grassland sites had the highest number of visits
per point count station (10–12 over the season). This
discrepancy may lend support to the use of a passive
index of reproductive activity developed in grasslands
(Vickery et al. 1992) and use of a mobbing-playback
index of reproductive activity (Gunn et al. 2000) for
areas of reduced visibility (e.g., forests). In the NS study
area, reproductive activity indices for song sparrow
provided no additional information over point count
data [AUC (frequency)=1.0].

It is important to note that our estimates of
reproductive activity (Vickery et al. 1992; Gunn et al.
2000) are reflective of key parameters associated with
habitat quality such as annual reproductive output
(Thompson et al. 2001) but are likely not as informative
as true nest data. However, these data are expensive to
collect and are rarely available on a scale sufficient to
test the adequacy of point count statistics. Clearly,
where resources are available, habitat research should
rely on these direct measures of habitat quality rather
than indices. Similarly, if the objective is to estimate
density, distance sampling may be appropriate (Buck-
land et al. 1993; Rosenstock et al. 2002) or any other of a
rapidly growing number of capture-recapture and simi-
lar methods available to estimate true density (for a
review see, e.g., Williams et al. 2002).

Zusammenfassung

Statistische Kennzahlen bei Punkt-Stopp-Zählungen
reflektieren das Brutgeschehen von Vögeln in einem
Lebensraum unterschiedlich

Zusammenfassende statistische Kennzahlen bei Punkt-
Stopp-Zählungen (z. B. mittlere Dichte, maximale
Dichte, Stetigkeit, An-/Abwesenheit) spiegeln un-
terschiedliche Annahmen zum zugrunde liegenden Ver-
halten und der populationsbiologischer Prozesse wieder.
In diesem Beitrag wollen wir (a) analysieren, mit
welchen Verfahren und in welcher Häufigkeit derzeit
gearbeitet wird, und (b) prüfen, wie gut Punkt-Stopp-
Zählungen die reproduktive Aktivität in einem
Lebensraum wiedergeben, als alternatives Maß für Ha-
bitatqualität. In den 10 über jeweils10 Jahre gesichteten
Zeitschriften fanden sich 148 Arbeiten, die Punkt-Stopp-
Zählungen zur Beurteilung der Habitatqualität
benutzen. Dabei nahm die Häufigkeit der Anwendung
dieser Methode über die 10 Jahre zu. Am häufigsten
wurde die mittlere Dichte bestimmt, doch lediglich in
25.7% der Fälle (38 Arbeiten) wurde begründet, warum
die gewählte Statistik überhaupt benutzt wurde. Wir
selbst verwendeten Punkt-Stopp-Zählungen in drei Un-
tersuchungsgebieten in Kanada (New Brunswick, Nova
Scotia, Newfoundland und Labrador) und jeweils im
Wald und in der Prärie. Obwohl es durchaus statistisch

Table 3 Results of Spearman rank correlation used to determine
whether detection frequency (the proportion of sample points
across all visits in which a species was present) influenced which
point count statistic best explained reproductive activity for all
species

Model Robust rho P

Mean 0.27 0.27
Frequency 0.03 0.68
Maximum 0.19 0.06
Presence/absence in the first round �0.03 0.89
Presence/absence �0.30 0.88
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signifikante Beziehungen zwischen Punkt-Stopp-Zähl-
daten und der Brutaktivität bei den meisten Arten gab,
fanden wir, dass Punkt-Stopp-Zählungen meist un-
geeignet waren, die Brutaktivität von Vögeln im Wald
vorherzusagen. Für Arten, bei denen Punkt-Stopp-
Zählungen adäquate Vorhersagen zur Brutaktivität er-
gaben, waren mittlere Dichte und Stetigkeit die für
Vorhersagen durchweg besten Parameter. Unsere Er-
gebnisse verdeutlichen weiterhin, dass Statistiken, die
das Vorkommen innerhalb einer Saison berücksichtigen,
die für eine Schätzung der Fortpflanzungsaktivität bes-
seren Größen sind.
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