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ABSTRACT.—Relatively little is known about the role of predation in shaping patterns of
coexistence and nest dispersion of songbird species. It has been hypothesized that predators
diversify songbird communities by preying more heavily on individuals and species with
greatest similarity in nest-site use. To investigate the importance of predation, we tested how
predators responded to assemblages of artificial songbird nests that varied in nest-site place-
ment, vegetation features, and nest dispersion patterns in boreal forest of west-central Al-
berta, Canada. Variability among nest sites was achieved by deploying wicker nests through-
out a gradient of vegetation cover and by deploying nests to simulate two- and three-species
assemblages. Two-species assemblages, comprising 20 simulated White-throated Sparrow
(Zonotrichia leucophrys) and 3 simulated Hermit Thrush (Catharus guttatus) nests, and three-
species assemblages, comprising 10 simulated White-throated Sparrow, 9 simulated Hermit
Thrush, and 4 simulated Chipping Sparrow (Spizella passerina) nests, were deployed in eight
replicate plots. We hypothesized that predators would be more adept at locating and dep-
redating (1) nests characterized by similar vegetation features in nest patches; (2) nests of
similar appearance or nest guild; and (3) clumped versus randomly distributed nests. Con-
trary to predictions, predation did not increase as variance in vegetation of nest sites de-
creased across 16 nest-predation plots, nor did variance in vegetation of successful nests
increase as predation level increased across 15 nest-predation plots. The addition of one spe-
cies’ nest type to assemblages did not result in lower predation rates. Predators also did not
depredate more clumped nests than randomly distributed nests. Overall, predation did not
appear to influence patterns of songbird species coexistence or nest dispersion. Abilities of
predators to discriminate among less-similar versus more-similar nest sites and nest-dis-
persion patterns are probably species-specific; that is probably related to the hunting be-
havior of predators (i.e. use of olfactory and visual cues) and territory size. Received 2 Sep-
tember 1999, accepted 8 August 2000.

A GENERAL GOAL of avian evolutionary ecol-
ogy is to understand mechanisms driving pat-
terns of community organization (Wiens 1989).
Hypotheses advanced to explain the structure
of avian communities have focused primarily
on interspecific competition and food limita-
tion (Schoener 1974; Martin 1987b, 1991). How-
ever, recent research has shown that predation
might also be an important factor influencing
evolution of forest songbird community struc-
ture (Martin 1988a, b, ¢; Lima and Valone 1991,
Forsman et al. 1998), particularly when pre-
dation is the primary cause of nesting mortality
(Ricklefs 1969). If predators respond to accu-
mulating densities of similar nesting songbird

3 E-mail: sheila.rangen@gov.ab.ca

species as though they were one species, pre-
dation may provide a selective pressure for co-
existing species to select different nest types
and locations, presumably within constraints
of stereotypic nest placement that arises from a
species’ evolutionary history (Martin 1988c,
1993). Such partitioning of nesting sites may
yield a more diverse bird community that, in
turn, forces predators to search more substrates
and height levels, inhibiting the development
of predator search images, and decreasing
predator searching efficiency (Martin 1988b,
1993, 1996).

An inherent assumption of the predation hy-
pothesis is that predators specialize on nest
types. However, the extent to which different
predator species hunt for nests of specific song-
bird species or in locations of specific vegeta-
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tion types is unclear. Use of search images that
lead to an intensified search for similar nests is
generally ascribed to predators that rely on vi-
sual cues (Martin 1988b). Thus, if a consider-
able proportion of the predator community
comprises nocturnal mammals, visual cues
provided by nest construction, substrate, strata,
and vegetation at nest sites may be of limited
importance. Rather, olfactory search images
may prevail with predators cueing on odors of
nest contents, parent birds, and nests (Nams
1997, Pelech 1999). Ultimately, songbird com-
munity assemblage patterns may be subject to
counteracting selection pressures from differ-
ent species in the predator community.
Predation pressure may favor coexisting
songbirds with different nest types and loca-
tions, but also species with nests that are well
spaced from neighbors. For that to occur, pred-
ators must concentrate their search efforts after
cueing on nests, which results in closely spaced
nests incurring heavier predation (Tinbergen et
al. 1967, Sonerud 1985). Some studies using ar-
tificial and natural nests have reported density-
dependent predation, whereas others have
found no relationship between predation rates
and nest density (Zimmerman 1984, Reitsma
1992, Hogstad 1995, Lariviére and Messier
1998). Nonetheless, few studies have examined
predator responses to nest-dispersion patterns
of songbirds (Picman 1988, Major et al. 1994).
We examined predator responses to assem-
blages of artificial songbird nests that were
placed along a gradient of variance in vegeta-
tion and that differed in number of coexisting
songbird species. We also investigated the in-
fluence of clumped and random nest distribu-
tions on survival of artificial shrub nests. Be-
cause it is difficult to directly test hypotheses
that nest predators shape forest songbird com-
munity patterns through bird species coexis-
tence and nest dispersion, we evaluated wheth-
er predators were more successful at detecting
nests when exposed to nest sites of high simi-
larity and to clumped nests. We predicted that
(1) as variance in nest-site vegetation increased
among nest-predation plots, predation would
decrease, and that (2) following predation, var-
iance in nest-site vegetation (of surviving nests
only) would be high among nest-predation
plots with high predation. Two-species nest as-
semblages and clumped nests were predicted
to suffer higher predation than three-species
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assemblages and randomly distributed nests,
respectively.

STUDY AREA AND METHODS

Plots were located in the (Boreal) Lower Foothills
ecoregion of Alberta, Canada (elevation 1,060 to
1,170 m), approximately 25 km north of Marlboro
(53°31'N, 116°45'W), and were of postlogging origin
(1970 to 1973). Stands were dominated by trembling
aspen (Populus tremuloides) and lodgepole pine (Pinus
contorta). White spruce (Picea glauca), balsam fir (Abi-
es balsamea), and balsam poplar (P. balsamifera) con-
stituted most of the remaining canopy. Understory
was characterized, in decreasing importance, by wil-
low (Salix spp.), green alder (Alnus crispa), bracted
honeysuckle (Lonicera involucrata), low-bush cranber-
ry (Viburnum edule), Ribes spp., and wild rose (Rosa
spp.)-

Potential mammalian predators in the study area
included black bears (Ursus americanus), red foxes
(Vulpes vulpes), coyotes (Canis latrans), pine martens
(Martes martes), fishers (Martes pennati), least weasels
(Mustela nivalis), long-tailed weasels (Mustela frena-
ta), short-tail weasels (Mustela erminea), least chip-
munks (Eutamias minimus), alpine chipmunks (Euta-
mias alpinus), northern flying squirrels (Glaucomys
sabrinus), and western jumping mice (Zapus princeps),
though red squirrels (Tamiasciurus hudsonicus), deer
mice (Peromyscus maniculatus), and red-backed voles
(Clethrionomys gapperi) were the most common. Po-
tential avian predators included Common Ravens
(Corvus corax), though Gray Jays (Perisoreus canaden-
sis) were more abundant. Key predators, such as red
squirrels and Gray Jays, may be at lower abundances
than they have been historically, due to the conver-
sion of old growth coniferous forest to young mix-
edwood forest by logging.

Response of predators to similarity in nest-site vegeta-
tion.—Commercial wicker nests (10 cm outside di-
ameter and 6 cm deep) were dipped in mud, air-
dried, and lined with dry grass one week prior to
use. Nests were baited with one Japanese Quail (Co-
turnix japonica) and one plasticine egg painted to re-
semble a quail egg. Quail eggs were washed with tap
water prior to use to reduce olfactory cues; that was
unnecessary for plasticine eggs because they were
made and handled only using rubber gloves.

Six and 10 mixed-wood forest stands were selected
in 1995 and 1996, respectively, and in each we estab-
lished nest plots (100 X 100 m), placed at least 800 m
apart. Two stands were used in both 1995 and 1996,
but nest plots were separated by a minimum of 150
m between years. In 1995 (17 to 22 June), a total of
150 ground nests was deployed with 25 nests per
plot. Twenty ground nests were deployed per plot in
1996 (2 to 4 July), totaling 200 nests. At each plot,
nests were randomly assigned to grid coordinates
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(10 X 10 m) marked by flagging tape, and subse-
quently deployed in vegetation that characterized
nesting microhabitats of seven ground-nesting song-
birds in our study area. Nests were marked 2 m on
either side with flagging tape of the same color as
grid coordinate markers to help prevent predators
from cueing on nest sites. Rims of nest bowls were
placed flush with the ground. Rubber gloves and
boots were worn during nest deployment and checks
(Rudnicky and Hunter 1993). Predation rates on
wicker nests were measured by examining loss of
eggs from nests every 3 to 5 days during 12 (1995) or
15 days (1996) of exposure to predators. A predation
event was recorded if any egg was penetrated or
missing, or if a plasticine egg was marked. Incisor
widths and bill marks on plasticine eggs were used
to identify predators (Bayne and Hobson 1997).
Vegetation characteristics at nest sites were record-
ed at the end of the experiment. Visual estimates
were calibrated among four observers before data
collection. Point-quarter sampling was used to ob-
tain tree (>3 m tall) and shrub (>1 m tall) measure-
ments at nest sites (Krebs 1989). The area around
each nest was divided into four equal quadrants, and
distances to nearest tree and nearest green alder or
willow were measured in each of the four quadrants.
Tree and shrub density calculations followed Krebs
(1989). Plant species and height were identified and
measured, respectively, for the nearest tree and
shrub in each quadrant (trees = 0.5 m; shrubs = 0.1
m). Relative abundance of coniferous versus decid-
uous trees, individual tree species (e.g. trembling as-
pen, lodgepole pine), and green alder versus willow
were calculated based on frequency of species in the
four quadrants. Deciduous and coniferous trees (<3
m) were counted in a 3 m radius around nests. Per-
cent cover of bare ground and rock, grass or sedge,
herbs, lichen, litter, moss, shrubs (=1 m), water, and
woody debris were estimated visually in a 2 m ra-
dius surrounding nests. Heights of nest substrates
were measured. Horizontal and vertical concealment
of nests were estimated visually 1 m from nests in
four cardinal directions as well as 1 m above nests.
Horizontal estimates were obtained 90 cm above
ground. Those estimates were averaged to obtain a
single percentage value of each nest obscured by fo-
liage. Tree and shrub closure was measured using a
concave spherical densiometer held 110 ecm above
ground (Lemmon 1956). Subsequent experiments
followed the protocols above for nest construction,
deployment, monitoring, and concealment unless
otherwise stated. Concealment of above ground
nests also included an estimate of concealment from
1 m below the nest or from ground level if the dis-
tance was <1 m. The densiometer was held at the
same height for ground and above-ground nests.
Predator response to two- and three-species assemblag-
es.—Each assemblage of artificial nests contained 23
nests but differed by the ratio of nest types, not nest
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number or dispersion. Nest types were chosen to
simulate combinations of three common breeding
songbird species in our study area, White-throated
Sparrows (Zonotrichia leucophrys), Hermit Thrushes
(Catharus guttatus), and Chipping Sparrows (Spizella
passerina). Nests of those three species were chosen
because they permitted ratios of nests within each
nest assemblage to fall within the range of ratios of
natural densities of those breeding birds recorded on
spot-mapping grids in our study area in 1995. Even
though ratios of nest types were realistic, densities
of artificial nests exceeded those of natural nests.
Three-species assemblages consisted of 10 White-
throated Sparrow, 9 Hermit Thrush, and 4 Chipping
Sparrow nests that were simulated. Two-species as-
semblages comprised 20 simulated White-throated
Sparrow and 3 simulated Hermit Thrush nests.

Wicker and natural nests were used to simulate
nest types. Wicker nests (9.5 cm outside diameter by
3.8 cm deep) were lined with dry grass and deer hair
(Odocoileus spp.) to simulate White-throated Spar-
row nests. Wicker nests were lined with dry grass
and feather moss (Pleurozium schreberi, Ptilium crista-
castrensis) to simulate Hermit Thrush nests. Nest lin-
ings used were representative of White-throated
Sparrow and Hermit Thrush nests found on our
study area. Natural nests (collected 1995 to 1997)
were used to simulate Chipping Sparrow nests, to
maximize concealment of above-ground nests. Sim-
ilar to natural Chipping Sparrow nests, all natural
nests of bird species used were open cups construct-
ed of grass with an ungulate hair lining (i.e. 4 Chip-
ping Sparrow, 5 Clay-colored Sparrow [Spizella pal-
lida], 12 Dark-eyed Junco [Junco hyemalis], 2 Lincoln’s
Sparrow [Melospiza lincolnii], 1 Tennessee Warbler
[Vermivora peregrinal, 6 White-throated Sparrow, 2
Yellow Warbler [Dendroica petechia] nests).

Nests of each songbird species were deployed in
nest substrates identified at natural nests of the re-
spective species on our study area. White-throated
Sparrow nests were deployed on the ground under
low shrubs including low-bush cranberry, black cur-
rant (Ribes lacustre), and Labrador tea (Ledum groen-
landicum) that averaged 0.44 = 0.20 SE m tall (n = 16
nest-predation plots). Hermit Thrush nests were de-
ployed at the base of white spruce and balsam fir
seedlings (0.70 = 0.10 m tall, #n = 16 plots). Chipping
Sparrow nests were deployed above-ground (0.63 +
0.70 m, n = 8 plots) in conifers averaging 2.27 + (.20
m tall (n = 8 plots). Within paired plots (described
below), for both experimental assemblages, the same
shrub species were used as nest substrates. Shrub
species, however, changed from stand to stand due
to local changes in vegetation.

Eight mixed-wood forest stands were selected in
which to establish paired plots (2 ha) in turn sepa-
rated by 100 m. Plots in separate stands were at least
800 m apart. Nest distributions were allocated ran-
domly to one of the paired plots. Twenty-three nests
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were deployed per plot, totaling 184 nests per treat-
ment. Nests were deployed (7 to 14 June 1997) at ran-
dom coordinates in each plot, using numbered cells
in a 25 X 25 m grid. Predation rates on nests were
measured by examining loss of eggs from nests every
5 days during 15 days of exposure to predators. Nest
concealment, species, and height of nest substrates
were recorded. Distance (meters) to nearest-neigh-
bor ground nests or nest trees (for above-ground
nests) was recorded.

Predator response to clumped versus random distribu-
tions of shrub nests.—Five mixed-wood forest stands
were selected in which to establish paired plots (1
ha). One plot of each pair was assigned randomly to
arandom or clumped nest distribution. Twenty nests
were deployed per plot (17 to 20 July 1996). Random-
ly distributed nests were deployed at random coor-
dinates, using numbered cells in a 10 X 10 m grid.
Four groups of five clumped nests each were de-
ployed in each plot with one group at each corner
grid cell. Nests were placed in a shrub closest to the
allocated grid location, which was usually within 2
m. Nests for both distributions were randomly, but
equally, allocated to a 0.5 m height class (range 0.5
to 2 m). Predation rates on shrub nests were mea-
sured by examining loss of eggs from nests every 5
days during 10 days of exposure to predators. Nest
concealment and distance (meters) to nearest-neigh-
bor nests were measured (using the base of nest sub-
strates because some nests were above-ground).

Statistical analyses.—To examine response of pred-
ators to similarity in nest-site vegetation, we first
used reciprocal averaging (RA) ordination to col-
lapse original measurements of vegetation structure
and composition at 344 nests into single axes (Pielou
1984). Prior to the analysis, variables with zeros in
>50% of the data set were deleted to prevent uncom-
mon variables from disproportionately influencing
the analysis (i.e. bare ground or rock, water). Re-
maining variables (i.e. coniferous trees >3 m tall,
tree and shrub closure, deciduous trees >3 m tall,
grass or sedge, green alder, herbs, lichen, litter, lod-
gepole pine, moss, number of conifer trees =3 m tall,
number of deciduous trees =3 m tall, shrub density,
shrub height, tree density, tree height, trembling as-
pen, willow, and woody debris) were log, arcsine, or
square-root transformed to improve normality. The
interpretation of RA axes was based on the relative
sizes of correlations between axes and originally
measured variables. Variances in nest-site vegetation
for each nest predation plot were calculated using
RAI and RAII scores for the 20 to 25 nests per plot.
RAI and RAII were chosen to represent variance in
vegetation among plots in regressions (see below)
because they accounted for the majority of variation
in nest-site vegetation within plots. However, be-
cause those axes characterized tree and shrub species
composition rather than microhabitat features sur-
rounding nests, which are presumably important in
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predator search images, RA analyses were also con-
ducted using only ground vegetation variables.

To evaluate our prediction that predation was di-
rectly related to similarity in nest-site vegetation be-
fore selective predation occurred, linear regressions
of variance in RAI and RAII vegetation scores for all
nest sites versus daily nest mortality rate (Johnson
1979) were conducted using 16 nest-predation plots
visited 1995 to 1996. To test the prediction that there
was a negative relationship between predation and
similarity in nest-site vegetation following selection
by predators, linear regressions of variance in RAI
and RAII vegetation scores of successful nest sites
versus daily nest mortality rate were conducted us-
ing 15 nest-predation plots. One plot was deleted be-
cause all nests failed. Residuals were examined for
nonlinear relationships. Nest-predation plots were
pooled across years because similar results were
found within years and predictions were best tested
with a wide range of nest mortality and variance in
nest-site vegetation.

Interpretations based on two forest stands in both
1995 and 1996 should have been conservative be-
cause plots between years were spatially separated
within the same stand and new random nest loca-
tions were allocated each year. Moreover, nests be-
tween years were likely deployed in territories of dif-
ferent individual red squirrels and mice, due to
spatial independence but also high turnover of those
species (Banfield 1974, Rusch and Reeder 1978).
However, to ensure that pseudoreplication did not
influence analyses, linear regressions were conduct-
ed with and without 1996 plots located in forest
stands also containing 1995 plots. R%-values and P-
values were similar for both regressions; thus, re-
sults only including all 16 nest-predation plots were
shown. Due to inconsistencies in patterns obtained
for predator responses to two- versus three-species
assemblages when nests visited by mice were treated
as nonsurviving or were excluded from analyses (see
below), the above regressions were also conducted
excluding nests depredated by mice. Similarly, re-
sults were given for all nest-predation plots.

To examine predator responses to two- versus
three-species assemblages, nest fate and number of
days nests survived (Johnson 1979) were used as re-
sponse variables in a two-way analysis of covariance
(ANCOVA), with species assemblage (i.e. two, three),
and nest type (i.e. White-throated Sparrow, Hermit
Thrush, Chipping Sparrow) as main effects, and con-
cealment and nearest-neighbor distance as covaria-
tes. Nest-predation plots were used as sampling
units; thus, plot means for each nest type within each
species assemblage (1 = 40) were used in ANCOVA.
Results for nest fate and number of surviving days
were similar except for concealment; therefore, sur-
viving days were reported only, and both response
variables were reported for concealment. Home
ranges of mice may be only one-fifth to one-tenth the
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size of our plots (Williams 1955, McCann 1976), pre-
cluding mouse exposure to a sufficient number of ar-
tificial nests, and subsequent development or use of
search images. Hence, mice may not have had the op-
portunity to specialize in their choice of nests, an as-
sumption necessary for predation pressure to result
in partitioning of nest sites (Tinbergen 1960, Ricklefs
1989). Furthermore, some bird species may be able to
defend their nests against mice (Verbeek 1970).
Therefore, two additional ANCOVA were conducted,
using nest fate and number of days nests survived as
response variables, where nests visited by mice were
excluded. Trends in rates of predation using number
of days surviving were similar to those where all
predators were examined; therefore, only predator
responses to species assemblages using fate were
shown. Fisher’s exact test was used to determine the
response of different predator groups to both species
assemblages.

To examine predator responses to clumped nest
distributions, nest fate and number of days nests sur-
vived were used as response variables in a one-way
ANCOVA, with nest distribution as a main effect and
concealment as a covariate. Nest-predation plots
were used as sampling units. Because clumped nests
were equally spaced, effects of nearest-neighbor dis-
tances on plot means of fate and number of days
nests survived were examined only for random nests
using simple regression. Because results for nest fate
and number of surviving days were the same, only
those for surviving days were reported. Responses of
specific predator groups to nest distributions were
examined using Fisher’s exact test. Statistical tests
followed Zar (1984) and were executed on SAS In-
stitute (1990) with a significance level of 0.05.

RESULTS

Response of predators to similarity in nest-site
vegetation.—Axis 1 (RAI) accounted for 44% of
total variance in vegetation data and repre-
sented a gradient in tree species composition
ranging from deciduous (primarily trembling
aspen) to coniferous (primarily lodgepole pine)
trees. Lodgepole pine and coniferous trees (>3
m tall) were positively correlated and trem-
bling aspen, deciduous trees (>3 m tall), tree
and shrub closure, and green alder were neg-
atively correlated with RAI Axis 2 (RAII) ac-
counted for an additional 20% in total variance,
expressing a shift in shrub species composition
from willow to green alder. Only shrub species
were strongly associated with RAII. Additional
axes were not retained as they each accounted
for =7% of total variation, though 36% collec-
tively. Plots with high variance in RAI scores
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contained individual nest sites represented by
pine, mixed-wood, or trembling aspen. Some
plots with low variance contained individual
nest sites that were dominated either by pine or
mixed-wood, whereas other plots had individ-
ual nest sites that were dominated by either
trembling aspen or mixed-wood. Plots with
high variance in RAII scores had nest sites with
green alder, willow, or a mixture of these two
species. Low-variance plots had nest sites dom-
inated by willow or green alder, both of which
were accompanied by a few patches of both
shrub species. Using ground cover only, axis 1
(RAIG) constituted 27% of total variance and
expressed a gradient in ground vegetation
from lichen to grass. Plots with high variance
in RAIG scores contained individual nest sites
with lichen, grass, or both. Some plots with low
variance contained individual nest sites with li-
chen or lichen and grass, whereas nests in other
plots were dominated by grass or grass and
lichen.

Before predation occurred, there was no re-
lationship between nest-site similarity across
plots, based on RAI, RAII, and RAIG scores,
and nest mortality, respectively (RAI: all pred-
ators, ¥ = 0.05, P = 0.41, n = 16; nests depre-
dated by mice were excluded, r> = 0.004, P =
0.81, n = 16; RAII: all predators, »2 = 0.02, P =
0.59, n = 16; nests depredated by mice were ex-
cluded, r2 = 0.01, P = 0.70, n = 16; Fig. 1; RAIG:
all predators, r2 = 0.07, P = 0.32, n = 16; nests
depredated by mice were excluded, r2 = 0.03, P
= 0.53, n = 16) nor was there after predation
occurred, whether nests depredated by mice
were excluded or not (RAI: all predators, r2 =
0.04, P = 0.47, n = 15; nests depredated by mice
were excluded, 2 = 0.005, P = 0.81, n = 15;
RAII: all predators, r2 = 0.02, P = 0.65, n = 15;
nests depredated by mice were excluded, r2 =
0.003, P = 0.85, n = 15; RAIG: all predators, r?2
= 0.12, P = 0.20, n = 15; nests depredated by
mice were excluded, r2 = 0.002, P = 0.89, n =
15).

Predator response to two- and three-species as-
semblages.—Of the total nests (n = 368), 29% (n
= 107) were considered depredated on the ba-
sis of evidence from quail and plasticine eggs.
Within the two-species assemblage, 67% (n =
123) of nests survived, whereas mice were re-
sponsible for the majority of predation events
(mice, 14%; unknown predators, 10%; small
mammals, 4%; squirrels, 3%; large mammals,
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TABLE 2. Number (percentage) of nests in random distributions and clumped distributions that survived
and were visited by predators in boreal mixed-wood forest stands (n = 5) in west-central Alberta, Canada

(July 1997).

Nest
distribu- Small Large Unknown
tion Survivors Mice Squirrels ~ mammals mammals Birds predators
Random 47 (47) 2(2) 8 (8) 7 (7) 0 (0) 9 (9) 26 (26)
Clumped 51 (52) 2 (4) 5 (11) 8 (17) 1(2) 9 (19) 22 (47)

* Fisher’s exact test for predator groups only; P = 0.93.

stroying nests of the two-species assemblage (F
= 5.1, df =1 and 34, P = 0.03; Table 1) but nest
losses of the three songbird species did not dif-
fer (F = 1.7, df = 2 and 34, P = 0.20). Nests that
were closer together were not more susceptible
to predators (F = 4.9, df = 1 and 34, P = 0.06),
though poorly concealed nests were (F = 11.3,
df = 1 and 34, P = 0.002).

Predator response to clumped versus random dis-
tributions of shrub nests.—Fifty percent of nests
was depredated (99 of 197; three were of un-
known fate). About one-half of depredated
nests could not be ascribed to specific preda-
tors (n = 48). Of the remaining nests, birds de-
stroyed most (35%), followed by small mam-
mals (29%), squirrels (26%), mice (8%), and
large mammals (2%). Predators did not dep-
redate more clumped versus random nests by
the end of the experiment (random nests, sur-
viving days = 7.2 * 0.7 SE; clumped nests, sur-
viving days = 7.4 £ 0.7, F = 0.03, df = 1 and
7, P = 0.86). Concealment of nests was similar
for successful (54.6 * 2.3%, n = 9) and failed
nests (44.8 + 2.5 %; F=3.15,df=1and7,P =
0.12, n = 10). Distances to nearest-neighbor
nests of the random distribution were 15.5 +
1.2 m for surviving nests and 12.8 * 0.8 m for
failed nests; those for the clumped distribution
were 7.1 = 0 m for surviving nests and 10.0 +
2.9 m for failed nests. Loss of random nests to
predators was not related to the proximity of
nearest-neighbor nests (r> = 0.20, P = 0.44, n =
5). Avian and mammalian predators did not
prey on a greater number of nests of any one
nest distribution, nor were there differences
among predator groups in their predation of
random and clumped nests (Table 2).

DiscussioN

Predator response to nest-site similarity.—There
was little support for the hypothesis that pred-
ators mediate the coexistence of nesting song-

birds, but whether or not similar communities
were more susceptible to predation appeared
to be closely linked with the composition and
abundance of the predator community. Evi-
dence consistent with that hypothesis was
strongest when squirrels and birds depredated
more two-species assemblages, but the entire
predator community did not differentially de-
stroy two- and three-species assemblages when
mice were included in the analysis. Our result
that predators other than mice might favor par-
titioning of nesting microhabitat supported the
idea that search images based on nest appear-
ance or nest height were probably less impor-
tant to mice that rely primarily on olfaction for
food detection and forage on the ground (How-
ard et al. 1968, Anderson 1986). Similar to our
arguments regarding mice, Schmidt and Whe-
lan (1999) contended that territories of squir-
rels are too small for individuals to detect and
respond to the full range of heterogeneity in
nest abundance and placement, but those of
corvids are large enough to respond to patterns
of nest heterogeneity. However, there were an
estimated six artificial nests per squirrel terri-
tory with our high nest densities, though we
had insufficient data to test squirrels and corv-
ids separately. Pelech (1999) found red squir-
rels did not use visual search images to locate
artificial nests and suggested that squirrels rely
on olfactory cues. Mice are more adept at lo-
cating ground nests, squirrels tend to destroy
similar numbers of ground and above-ground
nests, and birds depredate relatively high num-
bers of above-ground nests (Rangen et al
1999). Assuming this, and that predator com-
munities were similar between experimental
assemblages, additional predation pressure
from avian predators on the three-species as-
semblage may have counteracted any predis-
position of more-similar nest sites of the two-
species assemblage to be depredated, leading
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to similar predation rates of the two-nest as-
semblages. Support for that explanation was
inconsistent, however, with squirrels and Gray
Jays destroying more nests of the two-species
assemblage when fate was used as the response
variable but not when number of surviving
days were used. In contrast, studies suggesting
that predators can diversify songbird commu-
nities either had both ground and above-
ground nests destroyed by the same predator
species or nest predators were not identified
(Martin 1987a, Marini 1997). Alternatively, if
predators of forest songbird nests have evolved
as generalists to survive in a highly variable
and seasonal environment, it may also be dif-
ficult to detect patterns of songbird species co-
existence induced by predation, particularly if
nest losses are opportunistic and nest contents
represent only a small proportion of dietary
items (Rusch and Reeder 1978, Blancher and
Robertson 1985, Strickland and Ouellet 1993,
Andrén 1995). That may be especially true of
boreal forest communities that can encompass
a considerable range in spatial and temporal
variability in stand structure and composition.

Differences between our experimental de-
sign and that of comparable studies may have
led to contrasting results (Martin 1987a, Marini
1997), but again such distinctions in design can
be linked to variation in the predator commu-
nity. Consequently, differences in predator
communities among studies could be a contrib-
uting factor to inconsistencies in observed pat-
terns, or common predators among studies
may have responded differentially under vary-
ing experimental conditions. The most abun-
dant mammalian and avian predators in Mar-
tin’s (1998b) study were red squirrels, least
chipmunks, golden mantled ground squirrels
(Citellus lateralis), deer mice, and Stellar’s Jays
(Cyanocitta stelleri), though larger mammals
and snakes were also present. Marini (1997) re-
ported corvids, blackbirds, Tufted Titmouse
(Baeolophus bicolor), snakes, eastern chipmunks
(Tamis striatus), gray squirrels (Sciurus caroli-
nensis), and larger mammals (e.g. raccoon [Pro-
cyon lotor], long-tailed weasel) as potential
predators. In those studies, trends showing
that predators were able to destroy more song-
bird nests if they had similar nest placements
were consistent whether artificial or natural
nests were used (Martin 1988b, Marini 1997), a
pattern that was only apparent in our study
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when nests visited by mice were excluded from
analyses. Lower predation on the three-species
nest assemblage, under those circumstances,
may be related to natural nests used for Chip-
ping Sparrows being less conspicuous to squir-
rels and jays than wicker nests used in the two-
species assemblage (but see Martin 1987a).
However, because a similar proportion of Chip-
ping Sparrow versus White-throated Sparrow
and Hermit Thrush nests was destroyed, that
explanation appears weak. Besides nest type,
our study was unique in the use of plasticine
and quail eggs, because similar experimental
designs used quail eggs only (Martin 1988b,
Marini 1997). Because mice can be attracted to
plasticine eggs and mice tend to visit more
ground nests than above-ground nests (Rangen
et al. 1999, 2000), the higher proportion of
ground nests in the two-species assemblage
may have elevated nest losses, masking an as-
semblage effect. Moreover, previous experi-
menters excluded potential effects by mice as
members of the predator community by only
using quail eggs that are too large to be broken
by mice (Haskell 1995, Rangen et al. 2000; but
see Blight et al. 1999). Lastly, variation in nest
types and nesting guilds may not have been
high enough for predators to discriminate be-
tween experimental nest assemblages; thus, a
greater range in diversity of nest types or nest
guilds might have generated predator respons-
es consistent with our hypothesis, as did other
investigations that compared different species
assemblages (Martin 1988b, Marini 1997).

We have emphasized the importance of un-
derstanding the structure of predator commu-
nities and behavior of predator species, yet
choice of boreal habitats in which to test the
predation hypothesis may also be critical. Bo-
real forest encompasses an array of structural
and floristic complexity at both the stand and
landscape level (Hobson and Schieck 1999),
whereas our experiments were restricted to rel-
atively homogeneous mixed-wood stands, pre-
venting generalizations across cover types and
seral stages. In structurally simple habitats,
predation may initially act to decrease similar-
ity within nesting guilds, but as predation in-
tensifies and the limited number of nest niches
in which species can expand are exhausted, co-
existing species may be forced to nest in similar
locations, increasing similarity of nesting
guilds (Menge and Sutherland 1976, Sih et al.
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1985). Thus, if predators had already forced
songbird species to deplete finite nesting op-
tions in those stands over evolutionary time,
predators may have responded to our experi-
ment as though nest assemblages were very
similar. Lack of a predation effect also may not
be surprising because nests were located in ho-
mogeneous forest stands with relatively little
variation in nest-site vegetation, only 36-73%
of variation in vegetation was actually unac-
counted for, and statistical power was probably
low (8-16 plots). Both predator community
composition and boreal forest heterogeneity
are related to spatial scale, which can further
lead to contradictory results regarding the in-
fluence of predators on species coexistence
(Marini 1997).

Predator response to clumped versus random dis-
tributions of shrub nests.—Although it has been
hypothesized that spacing of nests through ter-
ritoriality may be an antipredator strategy, we
found no evidence that predators depredated
more clumped nests versus randomly distrib-
uted songbird nests. Predator responses to var-
iation in nest-spacing patterns may be ob-
scured by the composition of the predator
community, as various studies have reported
marsupials, raccoons, mustelids, canids, felids,
squirrels, rats, gulls, corvids, and Eastern
Meadowlarks (Sturnella magna) as predators or
potential predators (Picman 1988, Major et al.
1994, Hogstad 1995). Selection pressures
placed on nesting songbirds vary with type of
predator, particularly avian predators and
ground-dwelling mammals, thereby prevent-
ing stereotyped antipredator strategies (i.e.
nonclumped nests) from evolving in breeding
birds or creating songbird nesting patterns that
simply are not detectable at the community lev-
el. Alternatively, Gray Jays may have viewed
both nest distributions as clumped, because of
small plot sizes. High nest densities may have
been influential in masking songbird nest dis-
persion patterns if as many random nests as
clumped nests were placed within territories of
mice and squirrels; besides, red squirrels tend
to find most artificial nests in their territories
(Pelech 1999). It is still possible, however, that
predators influence songbird nesting patterns
by forcing songbirds to select uniform distri-
butions of nests because, in other studies,
clumped artificial nests tended to suffer higher
rates of predation than regularly dispersed
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nests (Picman 1988, Major et al. 1994), though
most songbirds tend to nest in semiclumped or
semirandom patterns (Rothstein 1971, Mdnk-
konen et al. 1997). Overall, our findings sug-
gest that nesting near neighbors may not be a
disadvantage nor beneficial to songbirds
breeding in early successional stages of mixed-
wood boreal forest. Yet, songbirds that have
relatively weak defense mechanisms against
predators may benefit from vigilance and
alarm calls from con- and heterospecifics (Sea-
ly 1994, Hogstad 1995, Forsman et al. 1998).
Some polygynous species can also maximize
reproductive success in clumped territories
(Herremans 1993).

Summary.—Contrary to predictions, artificial
songbird nests deployed to simulate low simi-
larity of breeding birds did not survive better
than those mimicking high similarity. In the
first experiment, predation of artificial nests
did not increase as variance in vegetation at
nest sites decreased across nest-predation plots.
Likewise, as predation increased across plots,
variance among plots in nest-site vegetation of
surviving nests did not increase. In the second
experiment, predators did not respond differ-
ently to two-species versus three-species as-
semblages, except when nests destroyed by
mice were excluded. Those results suggest that
predation was not a strong selective force in the
partitioning of nest space, leading to coexis-
tence of additional dissimilar species, and sub-
sequently more diverse songbird communities.
Although over-dispersion of nests is expected
to be the best strategy for songbirds with weak
mechanisms of nest defense, predators did not
exert more intense selection on clumped nests
versus randomly distributed nests. Hence, oth-
er biological, physical, and historical factors
likely play more important roles in structuring
songbird communities relative to predation,
synergism among factors may swamp predator
effects, or different predator species exert op-
posing forces of selection on nest-site partition-
ing, masking patterns at the community level.

More experimentation is required to eluci-
date and fully understand the role that preda-
tion plays in structuring songbird communi-
ties. Natural assemblages of songbirds could be
evaluated where predator abundance is manip-
ulated across several boreal forest seral stages,
thereby controlling for the structure of the
predator community as well as forest complex-
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ity associated with stand age. Alternatively,
point counts could be conducted in a large
number of habitat types to capture wide-rang-
ing variation in songbird and predator diver-
sity. Controlling for vegetation, the predicted
positive response of songbird diversity to
predator diversity could be investigated. Last-
ly, work that examines the structure of predator
communities and predator behavior as it re-
lates to nest predation is needed (Bayne and
Hobson 1998, Pelech 1999). In particular, the
importance of mice as nest predators and the
abilities of parent birds to defend nests against
mice are not well known.
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