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which may be manifested as lower breeding bird
abundance. Lodgepole pine (Pinus contorta ssp.
latifolia) forests east and west of the Rocky
Mountains became isolated following glacial retreat
12 000 years ago and differ in whether or not red
squirrels (Tamiasciurus hudsonicus), which are a key
nest predator, are present. Breeding bird abundance
in lodgepole pine forests was compared between four
ranges with red squirrels and four ranges without red
squirrels. Species grouped into canopy and under-
story nesting guilds were, on average, two and three
times more abundant, respectively, in forest ranges
without red squirrels than in ranges with red
squirrels; no statistically significant differences were
found for midstory, ground, or cavity nesters. These
results suggest that geographic variation in the
presence or absence of red squirrels is likely
important in structuring breeding bird communities
in lodgepole pine forests across the landscape.

Key words: bird abundance, breeding birds, com-
munity structure, nest predators, Pinus contorta ssp.
latifolia, Rocky Mountains, Tamiasciurus hudsoni-
cus.

Posible Papel de las Ardillas Tamiasciurus
hudsonicus en la Estructuración de las
Comunidades de Aves Nidificantes en
Bosques Dominados por el Pino Pinus
contorta latifolia

Resumen. Se cree que la depredación de nidos
juega un papel importante en la estructuración de
algunas comunidades de aves nidificantes. Una
posible consecuencia de la depredación de nidos es
un menor reclutamiento, lo que podrı́a manifestarse
en términos de una menor abundancia de aves
reproductivas. Los bosques dominados por el pino
Pinus contorta ssp. latifolia que se encuentran al este
y al oeste de las Montañas Rocallosas se aislaron
luego del desplazamiento de los glaciares hace 12 000
años, y difieren en cuanto a la presencia de la ardilla
Tamiasciurus hudsonicus, un depredador de nidos
clave. Se comparó la abundancia de aves nidificantes
entre cuatro áreas de bosque de pino con ardillas y
cuatro áreas sin ardillas. Las especies pertenecientes
a gremios que nidifican en el dosel y el sotobosque
fueron en promedio dos y tres veces más abundantes,
respectivamente, en los bosques sin ardillas que en los
bosques con ardillas. No existieron diferencias
significativas en la abundancia de las especies que
nidifican en los estratos medios de la vegetación, en el
suelo o en cavidades. Estos resultados sugieren que la
variación geográfica en la presencia o ausencia de T.
hudsonicus probablemente es importante en la es-
tructuración a escala de paisaje de las comunidades
de aves nidificantes de los bosques de pino.

Predation is widely recognized as an important
process organizing a diverse array of communities
from deep-sea thermal vents (Micheli et al. 2004) to
desert rodents (Kotler et al. 1994) to breeding birds
(Martin 1988a, 1988b, 1996, Willson and Gende
2000). For breeding birds, nest predation is an

important ecological and evolutionary force because
it may account for over 50% of nest failures (Ricklefs
1969, Krebs 1970), and thus affect breeding success
and possibly population abundance (George 1987).
Only recently, however, have researchers given much
consideration to the role that nest predation may
play in structuring breeding bird communities. For
example, Martin (1988a, 1988b, 1993a, 1993b, 1996)
suggests that nest predation can structure breeding
bird communities by causing the vertical partitioning
of nesting heights to minimize density-dependent nest
predation (see also Reitsma and Whelan 2000).
Additional evidence has shown that nest predators
sometimes specialize on one or more nest types
(Martin 1988a), such that individual nest predators
may be especially important to certain species within
a community.

Red squirrels (Tamiasciurus hudsonicus) are a key
nest predator throughout coniferous and mixed
forests in North America (Boag et al. 1984, Martin
1988b, 1993a, 1993b, Sieving and Willson 1998,
Martin and Joron 2003). Several studies have
compared nesting success (usually with artificial
nests) between areas with and without red squirrels.
Although details differ among authors, these studies
show that nesting success is generally lower in some
forests where red squirrels are present than in forests
where red squirrels are absent (Sieving and Willson
1998, Bayne and Hobson 2000, Martin and Joron
2003, Willson et al. 2003; but see Reitsma et al. 1990).
Moreover, densities of nests for some understory
birds are lower in some areas with red squirrels in
comparison to areas without red squirrels (Willson et
al. 2003). These studies suggest that red squirrels
could be an important agent structuring breeding
bird communities by limiting nesting success.

Here, I use an observational approach to test the
hypothesis that the presence or absence of red
squirrels influences the community structure of
breeding birds. In western North America, lodgepole
pine (Pinus contorta ssp. latifolia) forest islands east
and west of the northern Rocky Mountains became
isolated as a result of glacial retreat 12 000 years ago
(Thompson and Kuijt 1976), and differ in whether or
not red squirrels are present (Benkman 1999). The
absence of red squirrels is related to historical factors
(e.g., glacial retreat), not contemporary ecological or
landscape-level factors that would make the areas
unsuitable for colonization by red squirrels (Benk-
man 1999, Benkman et al. 2001). For instance, red
squirrels were historically absent in one study area
(the Cypress Hills, Alberta) but were introduced
there in 1950 (Newsome and Dix 1968), and now
occur at densities almost four times higher than in
comparable habitat in the Rocky Mountains, sug-
gesting that no intrinsic differences exist in the
habitat that make it unsuitable for red squirrels
(Benkman 1999). Most lodgepole pines in the study
areas have serotinous cones (Benkman and Siepielski
2004), which implies similar fire histories (Muir and
Lotan 1985) and stand characteristics (Brown 1975).
Because of the overall similarity of study sites,
densities of red squirrels should be roughly similar
(Sullivan and Moses 1986). In forests with Rocky
Mountain lodgepole pine, red squirrel densities
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average about one per hectare (Wheatley et al. 2002).
Other important potential nest predators such as
small mammals (Burt and Grossenheider 1980),
hawks, and most corvids (Sibley 2000) have similar
geographic distributions in areas with and without
red squirrels, and should not differ in a consistent
manner that could confound comparisons between
these areas. The one exception is Steller’s Jays
(Cyanocitta stelleri), which are largely absent from
areas without red squirrels, but occur infrequently in
areas with red squirrels (Gough et al. 1998; C.
Benkman and AMS, pers. obs.). These unique
features of lodgepole pine forests thus provide an
excellent system in which to examine the influence
that a single, but important, nest predator may have
on community structure for breeding birds. Lodge-
pole pine forests are also ecologically of great
importance to breeding birds as they dominate over
20 million hectares of forest in North America
(Critchfield 1980).

One consequence of higher levels of nest predation
is lower recruitment, which could result in the lower
abundance of individuals that are more susceptible to
nest predation within communities. Indeed, lower
levels of recruitment are generally associated with
lower measures of bird abundance (Bock and Jones
2004). Thus, I predicted that the abundance of birds
that were more likely to suffer nest predation by red
squirrels would be lower in areas where red squirrels
were present in comparison to areas where red
squirrels were absent. Unfortunately, few data have
been published regarding differential rates of nest
predation in relation to natural nest locations.
However, Reitsma and Whelan (2000) showed
that nesting success tended to decrease with in-
creasing nest height, and Martin and Li (1992)
showed that open-cup nesting species tended to have
lower nesting success. Consequently, I predicted
that birds nesting above the ground in open-cup
nests would have lower abundances than would
ground and cavity nesters. In testing this pre-
diction I was able to evaluate the potential role of
geographic variation in the presence and absence of
an important nest predator, red squirrels, in struc-
turing breeding bird communities in lodgepole pine
forests.

METHODS

Eight study sites were selected in the north-central
United States and southern Canada (Benkman 1999:
fig. 2). The four mountain ranges with red squirrels
were the Cypress Hills in Alberta, and the Highwood,
Little Belt, and Judith Mountains in Montana. The
four ranges without red squirrels were the South Hills
in Idaho, and the Little Rocky and Bears Paw
Mountains, and the Sweetgrass Hills in Montana.
The landscape was composed of islands of lodgepole
pine forest surrounded by grassland steppe. Study
sites were separated by a minimum of 100 km of
grassland steppe to maximize independence of
abundance estimates. Grassland steppe prevents red
squirrel immigration because red squirrels are un-
likely to disperse through open areas (Wauters et al.
1994).

Although vegetation was not quantified, study sites
were located in mountain ranges dominated almost
entirely by lodgepole pine (Benkman 1999, Benkman
and Siepielski 2004, Siepielski and Benkman 2005),
and all point count stations were located in mature
lodgepole pine stands. Most sites were at similar
latitudes and elevation, with the exception of the
South Hills, Idaho site, which was located further
south than the other study areas. However, other
major vegetation types (i.e., canopy-forming trees,
understory and midstory vegetation), topographic
relief, and other habitat features (e.g., water, forest
openings) were likely similar among sites. Livestock
grazing, which could potentially affect nesting
success of ground or understory nesting birds
(Walsberg 2005) occurred in all ranges, and thus
was likely not a confounding factor. There was
undoubtedly some variation in local environments
among sites (Benkman and Siepielski 2004), however
this variation was likely greatest among sites, not
between areas with and without squirrels. Although
most habitat features were similar, total area of
lodgepole pine habitat differed widely among sites,
ranging from 4 km2 to .500 km2 (Siepielski and
Benkman 2005).

To estimate the abundance of breeding birds in
each range, I conducted 30 10-min point counts in
early May–June in 2001 and 2002. The order in which
both sites and individual point count locations were
visited was reversed the second year to minimize
potential differences associated with the timing of
counts. I assumed that detection probabilities of
birds were comparable among ranges because of the
overall similarity of sites and because only one
observer conducted all counts (Siepielski and Benk-
man 2005). Only birds heard or seen within 50 m
over the course of the 10-min period were used in
analyses. Bird abundance estimates were averaged
over all counts within a site to provide one estimate
of abundance for each species per site per year. Point
count locations were separated by a minimum of
250 m to maintain independence of observations
(Pendleton 1995), and all point counts were located
at least 100 m from the forest edge to minimize edge
effects. Surveys were conducted between 05:45 and
10:45 (Mountain Standard Time) on days without
strong wind or rain.

Because I was interested in broad patterns, and
there were relatively few replicates (mountain ranges)
between areas with and without red squirrels, data
were analyzed by nesting guild rather than individual
species. For comparative purposes, I also present
mean nesting guild abundances separately for the
Cypress Hills, Alberta, where red squirrels were
historically absent but introduced in 1950 (Newsome
and Dix 1968). Species were assigned to a nesting
guild following Ehrlich et al. (1988; Table 1). For
species nesting above ground level, the mean nest
height calculated from the ranges presented in
Ehrlich et al. (1988) was used to assign species to
one of three nest-height guilds: understory (#3 m),
midstory (3–6 m), or canopy (.6 m). To calculate
mean abundance for each nesting guild, individual
species means within a guild were summed and
divided by the number of species within a guild.
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Two species (Red Crossbill [Loxia curvirostra] and
Pine Siskin [Carduelis pinus]) which were more
abundant in ranges without red squirrels were
excluded from analyses, because differences in the
abundance of these species between areas with and
without red squirrels can be attributed in part to
competition with red squirrels for pine seeds (Benk-
man 1999, Benkman et al. 2001, 2003, Siepielski and
Benkman 2005; C. Benkman and AMS, pers. obs.).

STATISTICAL ANALYSES

Because variation in breeding bird abundance could
be explained by habitat area, I used linear regression
analysis to examine whether abundance within each
nesting guild was associated with area of lodgepole
pine forest using lodgepole pine habitat area esti-
mates from Siepielski and Benkman (2005). Area was
not a significant predictor of variation in breeding
bird abundance (all regression models P . 0.05), and
is not discussed further.

Wilcoxon rank sum tests were used to determine if
there was an effect of year on nesting guild
abundance. No effects of year were found (all P .
0.05), thus data were pooled across years. Wilcoxon
rank sum tests were also used to compare nesting
guild abundances between areas with and without red
squirrels. All tests were one-way comparisons evalu-
ating the prediction that abundance was greater in
the absence of red squirrels. Lastly, in lieu of
individual comparisons, the non-parametric sign test
was used to examine if there was a trend for greater
abundances of all open-cup and cavity nesting species
in the absence of red squirrels. Significance levels
were set at a 5 0.05.

RESULTS

Species grouped into canopy and understory nesting
guilds were, on average, almost two and three times
more abundant, respectively, in ranges without red
squirrels than in ranges with red squirrels (Table 1).
No statistically significant differences in mean
abundances of the other nesting guilds were found
(Table 1). There was a significant trend for abun-
dances of all open-cup nesting species to be greater in
ranges without red squirrels (13 of 13 species were

greater in ranges without red squirrels, sign test P ,
0.001). This trend was not found for cavity-nesting
species (4 of 9 were greater in ranges without red
squirrels, sign test P . 0.05).

DISCUSSION

The lower abundances of open-cup nesting birds in
the forest canopy and understory in areas where red
squirrels are present suggests that geographic varia-
tion in the presence or absence of this nest predator
contributes to structuring avian community assem-
blages in lodgepole pine forests. In combination with
other studies that have shown lower nesting success
in areas where red squirrels are an important nest
predator (Sieving and Willson 1998, Bayne and
Hobson 2000, Martin and Joron 2003, Willson et
al. 2003; but see Reitsma et al. 1990), a plausible
mechanism for the observed pattern is that nest
predation results in lower recruitment, which is
reflected by lower abundances of some nesting guilds.
Indeed, a review of over 100 studies found that
measures of bird abundance are often lower in areas
where reproductive success is lower (Bock and Jones
2004).

Although the results of this study are consistent
with others, it cannot be stated that there is an ‘‘effect
of squirrels’’ because this study was observational,
rather than experimental. It is possible that red
squirrel presence could have other impacts on
breeding birds, or that other factors that covary with
the presence and absence of red squirrels produced
the observed pattern. For example, red squirrels are
known to occasionally kill adult passerine birds
(Sullivan 1991). However, several experimental stud-
ies have compared nesting success of birds between
areas where red squirrels have been removed and
control plots where they have not. Bayne and
Hobson (2000) found higher levels of artificial nest
success in boreal forest habitats where red squirrels
were removed, and Martin and Joron (2003) found
lower nest success for birds on islands where mature
coniferous forests dominated and where red squirrels
had been introduced, than on islands without squirrel
introductions. In contrast, Reitsma et al. (1990)
found no evidence that nesting success increased

TABLE 1. Comparison of mean abundance (mean 6 SE) of nesting guilds between four mountain ranges
with and four mountain ranges without red squirrels in the north-central United States and southern Canada.
The numbers in parentheses in the first column are the number of species within a guild. Means are the
combined means of 30 point counts per mountain range conducted during May and June of 2001 and 2002
averaged over all species within a guild and across years. P-values are from one-way Wilcoxon rank sum tests.
The ‘‘red squirrel introduced’’ column refers to the Cypress Hills, Alberta, where red squirrels were historically
absent but were introduced in 1950. The Cypress Hills were included in the statistical comparison as a range
with squirrels.

Guild Without red squirrels With red squirrels P-value
Red squirrels

introduced

Canopy (8) 0.39 6 0.09 0.20 6 0.02 0.02 0.23 6 0.08
Midstory (3) 0.37 6 0.10 0.26 6 0.07 0.43 0.26 6 0.18
Understory (2) 0.21 6 0.06 0.06 6 0.02 0.03 0.04 6 0.01
Ground (1) 0.53 6 0.14 0.54 6 0.08 0.55 0.52
Cavity (9) 0.16 6 0.01 0.18 6 0.03 0.32 0.10 6 0.04
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with removal of red squirrels in northern hardwood
forests, possibly because of compensatory predation
from other predators. However, several experimental
studies generally confirm the idea that where red
squirrels are present, nesting success is lower.

Red squirrels were historically absent from one of
the study areas (Cypress Hills, Alberta) but in-
troduced there in 1950 (Newsome and Dix 1968).
Unfortunately, there is no information available on
what breeding bird abundances were before the
introduction of squirrels. However, it is not un-
reasonable to assume that nesting guild abundances
there prior to the introduction of squirrels were
comparable to the other ranges without squirrels, and
thus the introduction of squirrels there provides an
unplanned experiment. Nesting guild abundances in
the Cypress Hills now are comparable to abundance
estimates for the other ranges with squirrels, which
further suggests that the differences observed in
nesting guild abundance between areas with and
without squirrels are likely a consequence of the
effects of nest predation by squirrels, and that some
other factor associated with the original absence of
squirrels is an unlikely explanation. These results also
suggest the potential impact that squirrels may have
on structuring breeding bird communities acts rather
quickly (circa 50 years), however this may also be
a consequence of greater squirrel densities in the
Cypress Hills.

The observed patterns in breeding bird abundance
suggest that the importance of potential nest pred-
ation by red squirrels was, in part, dependent on nest
placement. Birds nesting in the forest canopy and
understory had lower abundances in ranges where
red squirrels were present. The lower abundance of
some understory-nesting birds in the presence of red
squirrels is consistent with the findings of Sieving and
Willson (1998), who showed that nest densities of
some understory birds are lower in some areas with
red squirrels in comparison to areas without red
squirrels. In contrast, no differences in the abun-
dances of cavity, ground, or midstory nesting birds
were found. Such a pattern is perhaps expected, given
the arboreal nature of red squirrels; however, red
squirrels are not restricted to upper levels as they
frequently move across all forest strata as they travel
among trees. Why there was no statistically signifi-
cant difference in the abundance of midstory-nesting
birds is unclear. However, there was a trend for
greater abundances of individual mid-
story-nesting species in the absence of red squirrels
(3 of 3 were greater). Lack of a difference in the
abundance of cavity-nesting species is consistent with
the finding that cavity-nesting birds generally tend to
have higher nesting success than open-cup nesting
birds (Martin and Li 1992, Wilson and Gende 2000).
For example, Martin and Li (1992) showed that
cavity-nesting birds (in particular, cavity-excavating
species) had the greatest nesting success in mixed
forest-breeding bird communities where red squirrels
were important nest predators. Moreover, Walters
and Miller (2001) found no evidence that red
squirrels preyed on nests of some cavity-nesting
birds. In fact, they found that red squirrels and some
cavity-nesting species coexisted in the same tree

without nest predation by squirrels. Although I
found no difference in the abundance of the one
ground-nesting bird (Dark-eyed Junco [Junco hye-
malis]) between areas with and without red squirrels,
it is worth noting an interesting shift in their nesting
habits in at least one range without squirrels. Juncos
usually nest on the ground or in banks (Ehrlich
et al. 1988), however, in the South Hills, Idaho, (a
range with no squirrels) where observers have
spent thousands of hours over the past six years,
no junco nests have ever been found on the ground.
The few nests located were found on branches 1.5–
9 m up in lodgepole pines (C. Benkman, pers.
comm.). Such potential shifts in nesting location
between areas with and without squirrels deserve
further study.

An alternative explanation for the lower abun-
dances of some nesting species in areas with red
squirrels is that these changes reflect an adaptive shift
by birds to avoid areas where certain nest predators
are present, rather than individual species experienc-
ing lower nesting success and thus reduced recruit-
ment (Sieving and Willson 1998, Willson and Gende
2000, Willson et al. 2003). Choosing areas to
minimize the risk of predation is expected so that
birds can maximize fitness. Such a mechanism could
conceivably organize bird communities at the land-
scape level if certain species prefer areas where nest
predators such as red squirrels are absent. In support
of the idea that birds may choose areas where nesting
success is higher, Haas (1998) showed that birds
experiencing greater nest success had a higher prob-
ability of returning to those same nest sites in
subsequent years (see also Paton and Edwards
1996, Hoover 2003). Although the results found in
Haas’s (1998) study were within a given locale, the
mechanism could be extended to larger landscape
levels, encompassing areas where key predators or
other factors limiting nest success may vary across
the landscape. Because nest predators in general, and
red squirrels in particular (Martin and Joron 2003),
tend to vary both spatially and temporally within
a given location, habitat selection at the landscape
level (i.e., among mountain ranges) may be more
important (Marini 1997). Although this mechanism is
contingent on the distributions of other predators
(Willson et al. 2003), areas with red squirrels may be
a sink habitat (Pulliam 1988) for some species, and
thus are avoided.
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