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HABITAT CHARACTERIZATION OF SECONDARY
CAVITY-NESTING BIRDS IN OKLAHOMA

DARRELL W. POGUE' AND GARY D. SCHNELL'

ABSTRACT.—We analyzed vegetation structure at potential and actual nest sites of sec-
ondary cavity-nesting birds in south-central Oklahoma. Habitats consisted of old fields with
remnants of tallgrass prairie and patches of post oak-blackjack oak (Quercus stellata, Q.
marilandica) woodland. During the 1989 and 1990 breeding seasons, 194 sites with nest
boxes were analyzed, including those occupied by Bewick’s Wrens (Thryomanes bewickii),
Carolina Chickadees (Parus carolinensis), Tufted Titmice (P. bicolor), Eastern Bluebirds
(Sialia sialis), House Sparrows (Passer domesticus), and some not used by birds. Principal-
components analysis was employed to describe general vegetational gradients and stepwise
discriminant analysis to delineate differences in nest-site habitats among species. Through
use of appropriate indices and Monte Carlo simulations, niche breadth and overlap were
assessed relative to a habitat gradient (principal component I) extending from open areas to
woodlands. Chance expectations were established assuming that the nest boxes represented
a limited resource, albeit one that was not fully utilized during the course of the study.
Eastern Bluebirds and House Sparrows chose nest boxes in open areas with few trees,
Bewick’s Wrens selected boxes in wooded areas with junipers and few deciduous trees other
than oaks, Carolina Chickadees most often were found in areas with junipers and oaks, and
nest boxes used by Tufted Titmice were broadly distributed, not showing association with
any particular habitat type. Niche overlap for Eastern Bluebirds and House Sparrows was
more pronounced than expected by chance. These two species showed less overlap with
Bewick’s Wrens, Carolina Chickadees, and Tufted Titmice than expected given simulation
results. For the House Sparrow and Eastern Bluebird, which were restricted to open habitats,
niche breadth was significantly less than expected by chance. Likewise, niche breadth for
the Bewick’s Wren, with the majority of its nests being in semiopen areas, was less than
predicted. For Carolina Chickadees and Tufted Titmice, nest-box use relative to the habitat
gradient represented by principal component I was not different from random expectations.
Our findings indicate that the introduced House Sparrow potentially can negatively influence
nesting success of Eastern Bluebirds given that preferences for nest sites of the two species
correspond so closely. Direct observations of House Sparrow and Eastern Bluebird inter-
actions indicate that in some cases bluebirds are detrimentally affected. Received 11 Feb.
1993, accepted 15 Oct. 1993.

Habitat can be defined in a narrow sense as a spatially contiguous
vegetation type that appears more or less homogencous throughout and
is physiognomically distinctive from other such types (Hutto 1985). Avian
habitats include foraging, singing and nesting sites that can be defined by
their associated structural and floristic properties. James (1971) assessed
habitats of breeding birds on the basis of several structural attributes of
the vegetation, which taken together describe the “‘niche-gestalt’ for a
species. A number of studies have shown strong associations between
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bird-species occurrence and structural aspects of the vegetation (e.g.,
MacArthur and MacArthur 1961, fames 1971, Rotenberry 1981, James
and Wamer 1982). Habitat selection in birds has been thought to be a
result of a species’ response to the configuration of the vegetational com-
ponents of the environment (e.g., Hilden 1965, Ficken and Ficken 1966,
Klopfer 1969, Wiens 1969, Cody 1985).

Early quantitative studies of avian habitats described vegetation char-
acteristics of plots centered on perches of singing territorial males (e.g.,
James 1971, Whitmore 1975, Smith 1977). In addition, some investigators
have evaluated foraging and nesting sites within the breeding territory
(e.g., Morrison and Meslow 1983, Willner et al. 1983, Holway 1991,
Sakai and Noon 1991). Although the breeding habitats characterized by
data from song-perch sites may provide a useful perspective, habitat eval-
uation of other bird activity sites is of interest to compare and contrast
aspects of habitat use. Collins (1981) found that areas at song-perch sites
and those at nest sites differed significantly for several warbler species.
His and subsequent studies have shown that characteristics of nesting sites
of avian species, in addition to those for other activity sites, can provide
a more complete picture of avian breeding habitats.

Cavity-nesting birds provide an ideal group for evaluating nesting hab-
itats. For example, Conner and Adkisson (1976, 1977) quantitatively as-
sessed habitat use by woodpecker species, delineating important macro-
habitat properties and those of microhabitats in the vicinity of nest
cavities. Many secondary cavity-nesting birds (i.e., those that do not ex-
cavate their own cavities) readily use nest boxes. One can appraise nest-
ing-habitat preferences of these species by describing immediate nest-box
surroundings. Here we evaluate the habitat use of five secondary
cavity-nesting bird species in south-central Oklahoma: Bewick’s Wren
(Thryomanes bewickii), Carolina Chickadee (Parus carolinensis); Tufted
Titmouse (P. bicolor); Eastern Bluebird (Sialia sialis); and House Spar-
row (Passer domesticus). Our purpose is to use interspecific comparisons
to provide a more complete understanding of the important factors influ-
encing habitat use by cavity-nesting species. The study design also allows
us to assess indirectly possible influences of an introduced species, the
House Sparrow, on nesting of native birds.

METHODS

Study sites.—Five sites (254 ha total) in two areas were studied during the 1989 and 1990
breeding seasons. One area, containing a single study site (64 ha), was on the grounds of
the University of Oklahoma Biological Station (UOBS) in Marshall County. The second
area included four study sites (190 ha total) and was located 11.3 km northeast of Ada,
Pontotoc County, Oklahoma, approximately 118 km north of the first area. The four sites
near Ada varied in size from 16 to 120 ha. All sites were characterized as old fields con-
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taining remnants of tallgrass prairie, woody plants (including eastern red cedars, Juniperus
virginianus, and winged elms, Ulmus alata), and patches of post oak (Quercus stellata) and
blackjack oak (Q. marilandica) woodland. Based on a preliminary quantitative assessment
of vegetation data, as well as our familiarity with the two study areas, it was clear that they
were very similar in vegetation characteristics; thus, data were combined for analyses. These
sites were selected because they were representative of typical habitats of the region.

Nest boxes were classified as having been used by a bird species if nest building was
completed and egg laying begun. The remaining boxes were categorized as unoccupied. For
the UOBS site, which was evaluated only in 1989, 12 nest boxes were used: Bewick’s
Wren, 2 boxes; Carolina Chickadee, 1; Tufted Titmouse, 2; Eastern Bluebird, 5; and House
Sparrow, 2. For the Ada sites, 182 potential nest sites were evaluated for habitat character-
istics (see below) in the 1989 and 1990 breeding seasons, including nest boxes used by
Bewick’s Wrens (16), Carolina Chickadees (14), Tufted Titmice (17), Eastern Bluebirds
(45), and House Sparrows (7), as well as 83 unoccupied boxes in 1990. Thirty-two nest
boxes were used by more than one species during the breeding season and, thus, were
entered into the analysis twice. Given that we have been conservative in our interpretation
of statistical tests, this procedure is not likely to have significantly altered our conclusions.

Sampling techniques.—Nesting habitats were assessed by evaluating vegetation charac-
teristics of 0.04-ha (0.1-acre) circular plots centered on 162 nest boxes placed in predeter-
mined locations along the forest edge in south-central Oklahoma. The nest boxes (Oklahoma
Dept. of Wildlife Conservation Nongame Program, 1986 pamphlet) had internal dimensions
of 10.2 X 10.2 X 254 cm, with an entrance hole 3.8 c¢cm in diameter. Nest boxes were
placed on metal 7T-posts 1.2 to 1.5 m above the ground with the entrance hole oriented in
a random direction. The circular-plot method developed by James and Shugart (1970) was
used to quantify vegetation structure of the area surrounding the nest boxes. Each 0.04-ha
circular plot was centered on a nest box. We also monitored the boxes weekly and recorded
the number of eggs laid and hatched, as well as the number of young fledged.

Within each plot, we recorded (1) number of trees with diameters at breast height (dbh)
greater than or equal to 7.6 cm; (2) number of shrub stems (<7.6 cm dbh) intercepted by
a 1.52-m rod passed horizontally through vegetation at a height of 1 m along two orthogonal
transects; and (3) ground-cover types at 20 points spaced 2 m apart along two orthogonal
axes. The orientation of orthogonal axes for each plot was chosen randomly (using a random-
number table). We calculated relative densities, basal areas and relative dominances (sce
Table 1) for several categories of trees including oaks, other deciduous tree species, and
junipers. We also calculated shrub stem counts per unit area and percent ground cover.

To obtain vertical profiles of the vegetation, we passed a 7.5-m telescoping pole vertically
through the vegetation at 20 points spaced 2 m apart along two orthogonal axes. We recorded
the number of decimeter intervals with tree hits for |1 height-class intervals. At each of the
20 points, we also recorded the maximum height of the canopy. The vegetational inventories
were completed at nest boxes during a six-week period from 21 May to 7 July in 1989 and
1990. The 40 vegetation variables evaluated and their abbreviations are listed in Table 1.

Principal-components analysis.—We employed principal-components analysis to char-
acterize general trends along orthogonal vegetational gradients. Calculations were carried
out using the computer package NT-SYS (Rohlf et al. 1982). From a matrix of correlations
among 40 vegetation variables, major trends were represented on composite principal-com-
ponent axes (Sneath and Sokal 1973). The first three components are orthogonal composite
axes that explain progressively the maximum possible portion of the remaining character
variance. None of the remaining principal components had eigenvalues greater than 3.00.
Correlations (i.c., loadings) of original variables with principal components were generated,
and component scores of each sample plot were projected onto the components. Before
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TABLE 1

VEGETATION VARIABLES COMPUTED FOR NESTING-HABITAT PLOTS. VARIABLE NUMBER, CODE,
DESCRIPTION, AND UNITS OF MEASURE GIVEN®

No. Code Vegetation variable

1-3 OAKA-OAKC Number of oaks with dbh >7.5-22.5 cm,
>22.5-52.5 cm, and >52.5 cm, respec-
tively (/ha)

4-6 NONA-NONC Number of nonoaks with dbh >7.5-22.5 cm,
>22.5-52.5 cm, and >52.5 cm, respec-
tively (/ha)

7 JUNA Number of junipers with dbh >7.5 cm (/ha)

8-10 DENSO, DENSN, DENSJ Relative density of oaks, nonoaks, and juni-
pers (percent = 100[no. oaks/total no.
trees])

11-13 BAOAK, BANON, BAJUN Basal area of oaks, nonoaks, junipers (cm?/
ha)

14-16 RDOAK, RDNON, RDJUN Relative dominance of oaks, nonoaks, juni-
pers (percent = 100[basal area oaks/total
basal areal)

17 VARQUAD Variation (SD) in trees per quadrant (cm’/ha)

18-22 STEMO, STEMN, STEMJ, Number of oak, nonoak, juniper and vine
STEMV stems at 1.5-m height (/ha)

22-27 WOODYCOV, FORBCOV, Ground cover of woody plants, forbs, grass-
GRASSCOV, LEAFCOV, es, leaf litter, rocks, or bare (percent)
ROCKCOV, BARECOV

28-38 HITSA-HITSK Number of decimeters with tree hits, respec-
tively, in the following height interval:
0.0-0.5 m; >0.5-1.0 m; >1.0-1.5 m;
>1.5-2.0 m; >2.0-2.5 m; >2.5-3.0 m;
>3.0-3.5 m; >3.5-4.5 m; >4.5-5.5 m;
>5.5-6.5 m; >6.5-7.5 m (circle)

39 CANHT Mean maximum height of canopy (m)

40 VARCAN Variation (SD) of maximum height of cano-

py (cm’/ha)

* Arcsine transformation (Sokal and Rohlf 1981) used for variables 8-10, 14-16. 22-27; square root of basal area used
on variables 11-13. Values for variables 22-38 based on 20 points placed 2 m apart along two 20-m orthogonal axes.

projection, the vegetation variables were standardized to a mean of O and standard deviation
of 1 (Sneath and Sokal 1973).

Niche overlap and breadth.—We evaluated niche overlap and niche breadth relative to a
habitat gradient extending from open areas to woodlands, which is represented (as detailed
in the Results section) by principal component 1. The habitat gradient represented by pro-
jections of the 194 nest boxes onto this component was subdivided into nine intervals, and
we determined the number of nest boxes with projections from: (1) —0.74 to —0.5; (2)
>—0.5t0 —0.3; 3) >—0.3 to —0.1; (4) >-0.1 to 0.1; (5) >0.1 to 0.3; (6) >0.3 to 0.5; (7)
>0.5 to 0.7; (8) >0.7 to 0.9; (9) >0.9 to 1.2. The numbers of nests for each species in each
interval were tabulated.
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Niche overlap was evaluated using the simplified Morisita index (M; Krebs 1989) pro-
posed by Horn (1966):

M= (2 Z P, p,k)/ (2 p; + E‘ p,-i),

where p; is the proportion that resource i is of the total resources used by species j, p; is
the proportion that resource i is of the total resources used by species &, and # is the total
number of resource states. This index ranges from O when there is no overlap in resource
use to 1 when there is complete overlap (when the two species use resources in equal
proportions).

Niche breadth was assessed using Smith’s index (B; Krebs 1989):

B =2 (pa)?,
=1

where p, is the proportion that resource i is of the total resources used by the species and
a; is the proportion that resource ¢ is of the total resources available, and » is the total
number of resource states. This index ranges from near O when only a single resource state
is used (i.e., minimum breadth) to 1 when all resources are used in proportion to their
availability (maximum breadth).

A Monte Carlo simulation was employed to evaluate the degree to which the resulting
coefficients differed in a significant way statistically from what one would expect by chance
alone. We started with the 194 nest boxes distributed among the nine resource states and
randomly drew the number of nests for species j and then the number of nests for species
k; all were drawn without replacement. For the two groups of randomly drawn nests we
then calculated the simplified Morisita index for niche overlap. This was compared with the
value of the index for the two species as calculated from the actual samples of nests to
determine whether the simulated value was less than the sample value, or greater than/equal
to it. The simulation was repeated 1000 times and, based on the number of index values
less than or greater than/equal to the sample value, we calculated the two-tailed probability
that the sample value deviated from what would be expected by chance alone.

In a similar way we randomly drew from the 194 available nest boxes the number of
nests for a given species without replacement and calculated the Smith index for niche
breadth. As above, the simulation was repeated 1000 times, and we calculated the two-tailed
probability that the sample value deviated from chance expectation.

Given that we are drawing without replacement the expected values for the simplified
Morisita index and the Smith index increase as the numbers of nests in the samples increase.
Thus, we are statistically evaluating whether a given value deviates significantly from the
expected value for a given-sized sample.

Discriminant analysis.—Stepwise discriminant analysis (McLachlan 1992), also referred
to by various authors as canonical-variates analysis, was used to determine the subset of the

40 vegetation variables that, in combination, maximally discriminated among sample plots
for the different species, as well as for the unoccupied boxes. We used program 7M of the
computer package BMDP (Dixon 1990) for calculations. As stated by Dixon (1990). the
discriminant analysis in this program is one approach to one-way multivariate analysis of
variance. Vegetation variables were sclected that exhibited relatively high variation among
species and low variation within species. Forward and backward stepping was used (i.c.,
variables were entered or removed from the classification function based on F-values). The
F-to-enter a variable in the classification function was set at 4.0, while the F-to-remove was
3.996. Sample plots were projected onto the resulting canonical axes.

Classification functions were derived to assign plots to one of the groups, depending on
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the relative probability of group membership. A given plot had an equal probability of being
assigned to any one of the groups. Note this does not mean that an equal number of plots
would be assigned to each group, but only that a priori we did not bias the possibility of
a particular plot being categorized as representing one species or another. In fact, because
sample sizes for species were unequal, more plots were assigned to some species than to
others simply because plots had attributes that were characteristic of particular species.
Measurement values for the plot were multiplied by coefficients of the classification func-
tion, and the resulting products added to the constants of these functions. The calculation
was completed for all group members, and a plot assigned to the appropriate group, de-
pending on which of the resulting classification values was the greatest (Schnell et al. 1986).
We also used a true-jackknifed classification procedure, which effectively leaves out the
individual plot being considered, recomputes coefficients of the functions, and then evaluates
the plot. Typically, this procedure gives a better indication of the efficacy of functions to
correctly allocate or identify new plots (i.e., those not used to compute the functions; Schnell
et al. 1986).

As indicated by Morrison et al. (1992) and others, one must be judicious when interpreting
discriminant analyses and other multivariate results where relatively small samples are in-
volved for groups being evaluated. In our study the numbers of some species nesting in the
area were relatively small. Thus, we have been cautious in our evaluation of discriminant
analyses. Also, use of the jackknife procedure results in a conservative assessment of the
degree of discrimination possible between species.

In order to assess the relationship, if any, between nest success and habitat measures, we
plotted the percent fledged from eggs laid and percent fledged from eggs hatched against
each of the three components. Least-squares regression analyses were used statistically to
assess relationships.

RESULTS

Principal-components analysis.—The first 10 components had eigen-
values greater than one, while only the first four had eigenvalues greater
than two. The first four principal components explained 56.2% of the
total variance in vegetation variables, while the first three summarized
49.4%. Correlations of components with original variables and plot pro-
jections (Table 2, Figs. 1-3) indicate that component 1 (eigenvalue of
11.65; 29.1% of total variance) represents a gradient from open grassy
areas (high negative loading for GRASSCOV) to oak forest areas (high
positive loading for OAKB, BAOAK). In addition, the variables portray-
ing vertical structure of the vegetation and percent ground cover of leaves
(LEAFCOV, HITSE-HITSK, CANHT, VARCAN) exhibited high load-
ings on component I, reflecting the gradient from open to forested areas.
Component II (eigenvalue of 4.29; 10.7% of total variance) represents a
gradient of increasing numbers of deciduous species other than oaks
(DENSN, BANON, RDNON; Fig. 1). No other vegetation variables ex-
hibited high loadings (Table 2). The loadings and projections on com-
ponent III (Table 2, Fig. 1), which explained 9.6% of the total variance
(eigenvalue of 3.85), reflect a gradient from wooded areas with junipers
and few oaks (JUNA, DENSJ, BAJUN, RDJUN, STEMJ) to areas having
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oaks and few junipers (BAOAK, DENSO, RDOAK). Component IV
(6.7% of total variance) is a gradient from wooded areas with deciduous
trees other than oaks and with few junipers (STEMN, HITSA, HITSC)
to wooded areas with junipers but with few deciduous trees other than
oaks (DENSJ, RDJUN). The ecigenvalue for component IV was 2.68,
which indicates that less than the equivalent of three original variables is
summarized. Thus, we have not included projections or detailed loadings
for this component.

When considering species individually, the plots for the nest boxes
occupied by Bewick’s Wrens have a broad range on component I (Fig.
2A); however, most of them have relatively high values on component I,
indicating an association of Bewick’s Wrens with more wooded areas.
On component 11, two-thirds of the plots have negative projections, which
indicates a degree of avoidance of areas with relatively large numbers of
deciduous trees other than oaks. On component III, Bewick’s Wren plots
are dispersed along the axis; however, two-thirds of the plots have neg-
ative values, indicating some degree of affinity for areas with junipers
(Fig. 2B). Thus, Bewick’s Wren plots, typically, were located in forested
areas with junipers and relatively few deciduous tree species other than
oaks.

Carolina Chickadee nest boxes tended to be in more open areas con-
taining relatively few trees, as indicated by projections on component I
(Fig. 2C), although the affinity for open areas was not as pronounced as
in the Eastern Bluebird (Fig. 3A) and House Sparrow (Fig. 3C). Chick-
adee plots are widely distributed on component II (Fig. 2D), suggesting
that this species shows no preference with respect to deciduous species
other than oaks. However, chickadee plots have intermediate values on
component III, indicating a preference for areas with mixed junipers and
oaks (Fig. 2D). In general, Carolina Chickadee plots were found in open
areas interspersed with juniper and oak trees. The broad distribution of
Tufted Titmouse plots on component I (Fig. 2E) indicates no preference
for open or forest habitats. However, 72% of the nest boxes used by
Tufted Titmice have positive values on component IIl (Fig. 2F), indicat-
ing they were found in arcas with oaks and relatively few junipers.

Plots occupied by Eastern Bluebirds are concentrated in grassy areas
with few trees, as indicated by projections on component I (Fig. 3A). Not
unexpectedly, given their known preference for open areas, no strong
associations with deciduous trees or junipers are demonstrated (Fig. 3A,
B). Nest boxes selected by House Sparrows were located in open grassy
habitat as indicated by projections on component 1 (Fig. 3C). However,
no other strong patterns were discernable with respect to variables sum-
marized by components Il and Il (Fig. 3C, D). The unoccupied plots
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Projections of all 194 sample plots (for five species and for unoccupied sites)

onto principal components based on 40 vegetation variables: (A) components I and II; (B)
components I and III. Codes indicated for variables with high positive or negative loadings

on particular axes.

were broadly distributed on all three principal-component axes (Fig. 3E,
F). Since the study arcas were ‘‘saturated’” with nest boxes, it is not
unexpected that projections of unoccupied plots were distributed through

a variety of habitats.

Measures of reproductive success were calculated (i.c., percent fledged
from eggs laid and percent fledged from eggs hatched) and analyzed with
respect to projections onto components I, 1. and 11 for all occupied nest
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FiG. 3. Projections for (A-B) Eastern Bluebirds, (C-D) House Sparrows, and (E-F)
unoccupied plots onto principal components I, II, and III resulting from analysis of all 194
sample plots and 40 vegetation variables. Numbers in panels C and D denote placement of
an indicated number of overlapping points.













































