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VARIABLE SONG RATES IN THREE SPECIES OF PASSERINES
AND IMPLICATIONS FOR ESTIMATING BIRD POPULATIONS
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Abstract.—Song rate in birds is known to be influenced by the social status and nutritional
state of the male. However, studies examining the impact of management practices on the
conservation of migratory species often use song rate techniques to census populations. We
examined song rates in three species of forest birds in northwestern Virginia, and found that
Wood Thrushes and Ovenbirds sang more often in blocks of continuous forest, while North-
ern Cardinals sang more often in forest patches. Individuals >50 m from the observer sang
more often than closer birds, and individuals in higher density populations sang more often
than individuals at low density sites. The spatial variability in song rate was not severe enough
to significantly change species-detection rates for 5-min song counts, but did significantly
affect our population density estimates for those species. A key assumption of song count
censuses, that all individuals of a species sing at comparable rates and thus have an equal
probability of being detected, regardless of habitat structure, may not be valid.

TASAS VARIABLES DE CANTO EN TRES ESPECIES DE AVES PASERINAS Y SUS
IMPLICACIONES AL ESTIMAR POBLACIONES DE AVES

Sinopsis.—Se sabe que la tasa de canto en aves es influenciada por el estatus social y la
condicion nutricional del macho. Sin embargo, estudios que examinan el impacto de prac-
ticas de manejo en la conservacion de especies migratorias a menudo utilizan técnicas bas-
adas en tasas de canto para censar poblaciones. Examinamos las tasas de canto de tres es-
pecies de aves de bosque en el noroeste de Virginia y encontramos que individuos de Hy-
locichla mustelina'y de Seiurus aurocapillus cantaron mds de corrido en porciones de bosques
contiguos, mientras que individuos de Cardinalis cardinalis cantaron mas comunmente en
parchos de bosque. Individuos a mas de 50 m del observador cantaron méas comunmente
que aves mas cercanas, e individuos en poblaciones mas densas cantaron mas comunmente
que individuos en lugares con bajas densidades. La variabilidad espacial en tasas de canto
no fué lo suficientemente severa como para cambiar significativamente las tasas de detecciéon
de especies para conteos de canto de 5 minutos, pero significativamente afecté nuestros
estimados de densidad poblacional para estas especies. Una asuncioén clave de los censos
basados en cantos, que todos los individuos de una especie cantan a tasas comparables y que
por lo tanto tienen igual probabilidad de ser detectados independientemente de la estructura
del habitat, puede no ser vilida.

Several hypotheses have been presented to explain vocal signalling by
male birds (Catchpole 1982, Morton 1982, Searcy and Andersson 1986,
Smith 1969). Most of these hypotheses assume that song has the adaptive
function of signalling an individual’s fitness, either to a competing male
or to a potential mate. If this assumption is correct, then signal parame-
ters, e.g., song type and rate, should vary according to the individual’s
status. Male song rate in several species has been correlated with the
nesting stage of the pair (Wood Warbler, Phylloscopus sibilatrix, Termin
1986; Barn Swallow, Hirundo rustica, Mgller 1991). Additionally, pair
bond status has been found to affect song rate; unpaired males seeking
mates sing more often than paired males (White-winged Dove, Zenaida
asiatica, Rappole and Waggerman 1986; Kentucky Warbler, Oporornis for-
mosus, Ovenbird, Seiurus aurocapillus, Gibbs and Wenny 1993). Physio-
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logical state also can influence song rate. Food-supplemented males sang
more than control males in the Pied Flycatcher (Ficedula hypoleuca) (Got-
tlander 1987), and song rate has been correlated with parasite load in
Barn Swallows (Mgller 1991).

Variability in individual song rates has significance for conservation bi-
ology. Song detection is the most frequently used method for assessing
avian population size (see Hagan and Johnston 1992, Ralph et al. 1995,
Ralph and Scott 1981, Robbins et al. 1989, Verner et al. 1986) despite
indications that song frequency may not be a reliable indicator of popu-
lation status (Baskett et al. 1978, Conner et al. 1983, Rappole and Wag-
german 1986, Rappole et al. 1993). Based on song-count data, conclusions
have been made regarding habitat preference (Freemark and Collins
1992), population change (Johnston and Hagan 1992), fragmentation
effects (Blake and Karr 1987, Robbins et al. 1989), and forest manage-
ment practices (Thompson et al. 1992). Avian productivity also has been
measured indirectly by using the song rate of males to indicate breeding
status (Gibbs and Faaborg 1990, Hagan et al. 1996, Van Horn et al. 1995).

A critical assumption for these methods is that song rate does not vary
for individuals along temporal or spatial scales or by habitat (Caughley
1977, Mayfield 1981). Bart et al. (1995) examined the effects of extrap-
olating regional population trends based on counts made along roads,
and found very little bias from this factor. However, it is well known that
daily and seasonal variability can affect song rates (LaPerriere and
O’Haugen 1972, Waechtler 1977). Thus, standard count procedures spec-
ify temporal restrictions for song-based surveys, both in relation to sunrise
and to peak breeding periods (International Bird Census Committee
1970, Skirvin 1981).

Variability of song rates along spatial scales or by habitat has been poor-
ly documented. In one study, Gibbs and Faaborg (1990) found that Ov-
enbirds, but not Kentucky Warblers, were more often paired within con-
tinuous forest plots than within forest fragments, and, based on song
surveys, concluded that differences in pair bond status could affect hab-
itat-use comparisons.

The purpose of our study was to examine factors affecting song rate
for three passerine species: two long distance migrants, the Wood Thrush
(Hylocichla mustelina) and Ovenbird and one temperate resident, the
Northern Cardinal (Cardinalis cardinalis). We tested the effects on indi-
vidual song rates in males of these species of two spatial variables, forest
patch size and distance to observer. Our goal is to determine the utility
of song count data to estimate two measures commonly used in monitor-
ing programs; presence/absence and population size.

METHODS

Song-rate counts for Wood Thrushes, Ovenbirds, and Northern
Cardinals were conducted from 1-30 June in 1992 and 1993. Sites were
located within isolated woodlots (forest fragments) of 4-24 ha and blocks
of continuous forest >50 ha. All sites were located within a 30 km radius
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of Front Royal, Virginia (78°08'W, 38°52'N), and contained a tree canopy
composed of mature (>40 yrs) deciduous species. In 1992, 73 song-rate
counts were conducted, with 34 counts at 32 forest fragments and 39
counts at 37 continuous forest sites. In 1993, 45 song-rate counts were
conducted, with 22 counts at 17 fragment sites and 23 counts at 21 con-
tinuous sites. All counts were conducted >50 m from a forest edge and,
when second counts were obtained from the same site, the second point
was >250 m from the first point. The procedure for songrate counts was
to stop for 20 min at each site, identify individuals of targeted species by
location, and count the total number of songs per individual over the
20-min period.

Point counts were also conducted at each site. The procedure for the
point count followed standard protocols (Ralph et al. 1995), and was
based on identifying all birds heard and/or seen during a 5-min period
at each site. Point counts and song-rate counts were done sequentially at
each site, with the point count completed first. For both point counts and
song-rate counts, the location of each bird was noted as <50 m or >50
m from the observer. All point counts and song-rate counts were con-
ducted between 0530-1000 h, under conditions of no rain and minimal
wind velocity (i.e., <20 km/h). They were not conducted at sites on which
mist-netting was underway in order to minimize effects of human distur-
bance. The same person (Grace G. Burford) conducted all of the point
and song-rate counts to minimize variability due to observer.

To relate song rates to population density, the number of songs heard
was compared to the number of individuals singing and the number of
individuals captured by mist-netting at select sites. Each year at eight iso-
lated forest sites and eight continuous forest sites, we conducted mist-
netting during June, the peak of the breeding season in this area. The
three focal species are all understory birds, and should be well-sampled
using mist nets. We netted each site for 1000 net-hours, by placing 25
nets (12-m length, 2.6-m height, and 36-mm mesh) over a 4-ha area, and
opening the nets at dawn each day for a 3-5-d period. All birds captured
were identified, sexed, and given a unique numbered band. Using the
mist-netting data, we compared the number of adult males captured with
the number of birds heard during the point count for each species.

The song-rate count, i.e., the number of songs sung by an individual
during a 20-min period, was compared for the variable classes of species,
habitat, and distance to observer using parametric tests (multiple analysis
of variance), except where assumptions of a normal distribution could
not be met, in which case we used an extension of the Kruskal-Wallis test
(Sokal and Rohlf, 1995:445; SAS Institute, Inc. 1987:715). There was no
difference between years for song-rate counts (ANOVA, partial F = 2.11,
P = 0.146) so data were pooled. Date and time of day were normally
distributed, and proved to be marginally significant predictors of song
rate (0.1 > P> 0.05; # = 0.01; ANOVA), so the residuals from a regres-
sion equation using these variables were used for the Kruskal-Wallis test
between class variables. A significance level of P < 0.05 was used through-



370] W. J. McShea and J. H. Rappole J. Field Ornithol.
Summer 1997

TABLE 1. The mean (£SD) number of songs sung by an individual bird during 20 minutes
for species, distance to observer, and forest habitat (Continuous and Fragment) at sites
in northwestern Virginia during June 1992 and 1993. The sample size for each mean is
given in parentheses. All class variables were significant predictors of song rate (Kruskal-
Wallis test; see text), and for distance and forest habitat each species was then tested
separately, with significant differences indicated.

Species
Northern
Variable Category Wood Thrush Cardinal Ovenbird
Species** 67.0 * 75.4 17.3 = 21.1 18.0 £ 14.7
(292) (154) (52)
Distance > 50 m**  Yes 80.9 = 82.3%* 20.1 = 23.6 23.1 + 14.4%*
(130) (74) (37)
No 55.7 & 67.5%* 14.7 = 18.4 5.5 * 3.6%*
(162) (80) (15)
Forest habitat* Fragment 55.2 + 58.3 18.7 £ 22.]1%* 14.4 £ 16.1
(110) (126) (5)
Continuous 74.1 £ 83.4 11.0 £ 15.2%* 18.4 = 14.6
(182) (28) (47)

* P < 0.05; ** P < 0.01.

out. Chi-square was used to test for agreement between presence/absence
counts using point count and mist-net capture data. Although we present
only one measure of song rate, all significant differences reported using
the number of songs heard/20 min were also significant when we used
the number of minutes each bird sang/20 min.

RESULTS

Song rates were determined for 498 birds over a 2-yr period. The spe-
cies singing (Kruskal-Wallis; X2 = 73.1, P < 0.001), the distance from the
bird to the observer (Kruskal-Wallis; X2 = 8.33, P<< 0.01), and the habitat
surveyed (Kruskal-Wallis; X? = 5.00, P < 0.05), significantly influenced
the number of songs per bird heard over a 20-min period (Table 1). The
variables measured can predict song rate, although they accounted for <
20% of the variability heard at the sites (ANOVA; F, ,o; = 25.68, * = 0.17,
P < 0.001). After accounting for the variability due to species differences
(partial F = 43.3, P < 0.001), distance to observer and habitat type were
still significant predictors of song rate (partial F = 11.76, P = 0.001 and
partial F = 4.24, P = 0.057, respectively). Most of the difference in song
rate observed between habitat types was due to a single species, Northern
Cardinal. However, there was a significant interaction between species and
habitat type (partial F = 2.90 P = 0.030) indicating there are species-
specific habitat effects on song rate.

Mean song rates for a species ranged from 67 songs/20 min (Wood
Thrush) to 17 songs/20 min (Northern Cardinal). For Wood Thrushes
and Ovenbirds, song rates were higher at continuous forest plots, while
song rates were higher at forest fragments for Northern Cardinals (Table
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TABLE 2. The mean (=SD) number of males detected during a 5 minute song census or
1000 net hours, for each species and each type of habitat. The surveys were taken during
June 1992 and 1993 within northwestern Virginia forest habitats. We have only included
sites with at least one individual of the species detected by either survey technique.

Species Habitat

Wood Thrush N. Cardinal ~ Ovenbird All birds Fragment  Continuous
Technique  (n = 17) (n=10) (n=12) (n = 39) (n=11) (n = 28)

Song count 144 *21 17*13 058x06 12=x12 1914 103 =11
Mist net 453 38 23 *21 35+x13 38x30 27=*x19 41832

1). Each species sang more often in the habitat in which it was most
abundant, as the number of birds heard at a site can be used to predict
song rate (ANOVA, F| 4 = 13.52 r> = 0.13, P < 0.003).

The presence of the observer significantly depressed the song rate of
the three species. Birds >50 m from the observer sang twice as often as
closer birds (Table 1).

The song survey and mist-netting techniques agreed significantly on
the presence/absence of a species (X2 = 20.5, n = 75, P < 0.001). For
sites where the species was detected during the 20-min census, the prob-
ability of detecting it during the first 3-min was higher in fragments than
continuous forest (5, = 6.44, P < 0.001), but the difference was due
primarily to species composition (partial F = 14.6, P < 0.001) and not
habitat type (partial ¥ = 4.65, P 0.03). Habitat type did not explain a
significant portion of the variation when the census period was extended
to the first 5-min (partial F; 5, = 1.79, P = 0.18).

For sites where at least one individual was detected, there was a signif-
icant correlation between density estimates using the two techniques
(Pearson product moment coefficient r = 0.44, n = 39, P < 0.001). How-
ever, in only three cases were at least as many males detected by song as
were captured in the mist-nets; an average of three times as many males
were captured at a site as were detected during the song survey (Table
2). Whereas estimates based on the two survey techniques were relatively
similar within forest fragment sites, an average of four times more males
were captured than heard at continuous forest sites.

DISCUSSION

If individual song rates are sufficiently affected by experimental design
(e.g., observer presence), social status of the individual male, or habitat
features, then population parameters will be difficult to assess using any
technique dependent on song detection. For the three species studied,
individual song rates were variable at both the micro- and macrohabitat
scale.

Microhabitat—For the three species included in our study, the presence
of an observer appeared to depress the song rate of birds within 50 m.
This trend was more apparent for Ovenbirds, a ground-nesting species,
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and less apparent for the other two species which tend to sing higher in
the canopy. Detection of songs by observers also is influenced by habitat
features that distort and attenuate the song (Richards 1981). Detection
of the observer by the bird may be determined by sight distance, which
would fluctuate with changes in weather conditions or habitat features,
such as understory density. Thus, the occurrence of increased song de-
tection for some forest species during foggy mornings (Robbins 1981)
may be due in part to decreased sight distances. If visual detection of
observers causes some species to reduce their song rates, density estimates
based on song surveys at a fixed-radius point (e.g., Hutto 1992) may not
be valid for comparisons between habitats that differ in sight distance.

Macrohabitat.—At a macrohabitat scale, individuals of forest interior
species (Wood Thrush and Ovenbird) sang at higher rates within contin-
uous forest than in fragmented forest, while the reverse was true for a
thicket species, the Northern Cardinal. For each species, sites with the
higher density of birds, as measured by mist nets, produced the higher
song rates.

Song serves to attract mates and to advertise territorial boundaries to
other males (Searcy and Andersson 1986). Gibbs (Gibbs and Faaborg
1990, Gibbs and Wenny 1993) argued that lack of pair bonding within
suboptimal habitats resulted in increased song rates for unpaired males.
Our data indicate that increased density, particularly of silent males, may
also stimulate song rates.

Continuous forest sites contained more male Wood Thrushes that were
not detected by song survey than did forest fragment sites. Regardless of
whether these silent males are residents or transients, their presence may
increase the song rate of territorial males. Increased song rate in response
to unfamiliar birds has been documented in several species (Ydenberg et
al. 1988 for review; European Robin Erithacus rubecula, Brindley 1991).
For forest fragments, the isolation of the site may reduce the occurrence
of transient birds, and thereby the song rate of residents. The lower num-
ber of forest interior birds detected within forest patches (Robbins et al.
1989) may be confounded by the lack of transient birds within these
patches. Previous studies have found that observer sampling error in-
creased with population density (Bart and Schoultz 1984, Desante 1981).
Our results indicate that a bird’s behavioral response to changes in pop-
ulation density could further confound ability to detect shifts in popula-
tion numbers.

Shifts in song rate between habitats may also reflect changes in the
nutritional state of males. Work on Pied Flycatchers (Ficedula hypoleuca)
(Gottlander 1987) and Willow Warblers (Phylloscopus trochilus) (Radesater
et al. 1987) indicates that song rate is a function of energy status. Lower
song rates for forest interior birds within forest fragments may reflect
reduced prey base for these species.

Use of song counts for census data.—Micro- and macrohabitat changes
in song rate have not been considered in designing song survey protocols.
The influence of habitat type on song rate do not appear to be severe
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enough to prevent detection of a species, especially for census periods
over 3-min. However, these spatial factors do result in significant differ-
ences in density estimates. Using song surveys to determine density, with
comparisons between sites, or between years at the same site, must con-
sider at least some of any observed change to be due to factors indepen-
dent of population numbers. As suggested by Gibbs and Faaborg (1990)
and Rappole et al. (1993), a single survey technique is not likely to be
sufficient to detect changes in population numbers if social-based song
rates are influenced by habitat. Surveys that combine song counts and
mist-netting (e.g., Bollinger and Gavin 1992, Holmes et al. 1986) may
offer the best solution. Accounting for temporal variability in individual
song rate may be possible by restricting the survey period (although see
Rappole et al. 1993); accounting for spatial variability in song rate may
not be as tractable.
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