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VARIATION IN BACHMAN’S SPARROW HOME-RANGE SIZE AT
THE SAVANNAH RIVER SITE, SOUTH CAROLINA

JONATHAN M. STOBER!35 AND DAVID G. KREMENTZ24

ABSTRACT.—Using radiotelemetry, we studied variation in home-range size of the Bachman's Sparrow
(Aimophila aestivalis) at the Savannah River Site (SRS), South Carolina, during the 1995 breeding season. At
SRS, sparrows occurred primarily in two habitats: mature pine habitats managed for Red-cockaded \Woodpecker
(Picoides borealis) and pine plantations 1 to 6 years of age. The mean 95% minimum convex polygon home-
range size for males and females combined (n = 14) was 2.95 ha = 0.57 SE, across all habitats. Mean home-
range size for males in mature pine stands (4.79 ha = 0.27, n = 4) was significantly larger than that in 4-year-
old (3.00 ha = 0.31, n = 3) and 2-year-old stands (1.46 ha = 0.31, n = 3). Home-range sizes of paired males
and females (n = 4 pairs) were similar within habitat type; mean distances between consecutive locations differed
by habitat type and sex. We hypothesize that a gradient in food resources drives home-range dynamics. Received
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The Bachman's Sparrow (Aimophila aesti-
valis) is a species of concern due to its pop-
ulation decline (Sauer et al. 2004) and large
reductions in range (Dunning 1993). The im-
pact of prescribed fire and timber management
on Bachman’'s Sparrow abundance (Dunning
and Watts 1990; Gobris 1992; Plentovich et
al. 1998; Tucker et al. 1998, 2004) and habitat
occupancy (Wan A. Kadir 1987; Haggerty
1998, 2000) have been well documented. The
sparrow’s secretive nature, however, makes it
difficult to obtain basic information on its re-
production, survival, movement, and home-
range dynamics (Dunning 1993).

Bachman's Sparrow home-range sizes have
been estimated using spot mapping of un-
marked (McKitrick 1979, Meanley 1990) and
color banded (Haggerty 1998) males, but this
approach is problematic in some habitats be-
cause detecting Bachman’'s Sparrows is diffi-
cult in dense, early successional stands (Bibby
et a. 1992). Bachman's Sparrows are ex-
tremely cryptic in dense vegetation, particu-
larly after 3—4 years of vegetative succession
in rapidly growing pine plantations. Males are
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often only seen while perched on singing
posts; such observations do not accurately re-
flect their entire home range. Because females
do not sing, it is impossible to consistently
follow or locate their movements. Using spot
mapping, mean estimates of home-range size
ranged from 5.1 ha = 1.2 SD (range = 4-6.7,
n = 6) in mature Florida pine flatwoods
(McKitrick 1979) to 2.5 ha = 0.2 SE (range
= 0.7-4.5, n = 25) in several Arkansas clear-
cuts during the initial 3 years of succession
(Haggerty 1998). How home-range sizes vary
across the species’ range or habitat types is
unknown (Dunning 1993). Because of wide-
spread conservation concern for Bachman's
Sparrows, wildlife managers require a better
understanding of the species’ natural history.
We estimated home-range size using radiote-
lemetry in early and late successional longleaf
pine (Pinus palustris) stands, examined how
home-range size varied with habitat type, and
monitored movements within territories by
habitat type and sex.

METHODS

During the 1995 breeding season, we stud-
ied Bachman’s Sparrows at the Savannah Riv-
er Site (SRS) (33° 14’ N, 81° 31’ W), an 800-
km? National Environmental Research Park
managed by the U.S. Department of Energy.
The SRS is located in western South Carolina
along the Savannah River in Aiken, Barnwell,
and Allendale counties and lies in the Upper
Coastal Plain physiographic province. At the
SRS, Bachman’s Sparrows inhabit understory
grass and grasslands found in mature loblolly
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(Pinus taeda) and longleaf pine stands (40—
98 years old) managed for Red-cockaded
Woodpeckers (Picoides borealis); they also
occur in regenerating pine stands during the
initial 6-10 years after planting (Dunning and
Wetts 1990, Gaines et a. 1995, Kilgo and
Bryan 2005). Mature pine stands were man-
aged with periodic prescribed fires on a 3- to
5-year rotation during both the growing and
dormant seasons. All mature stands in which
we monitored sparrows had been burned 1-2
years previously and were on a 3-year burn
rotation. Both the mature and regenerating
stands were characterized by understories
dominated by Andropogon spp. and Panicum
Spp. grasses, rather than native wiregrass (Ar-
istida spp.; Stober 1996). Regeneration stands
consisted of areas recently clear-cut and ma-
chine planted with bare-root longleaf pines at
densities of 1,400—1,700 trees/ha; site prepa-
ration generally included a prescribed burn
before planting. Patches of shrubs within un-
derstories of grasses and forbs occurred in
both regeneration and mature stands. We ran-
domly selected five stands from groups with
similar management histories: one 2-year-old
stand (19.2 ha), one 4-year-old stand (15.0
ha), and three mature stands (17.6, 16.7, and
5.2 ha). Selected stands were >1 km apart.
To capture Bachman’'s Sparrows, in each
stand we placed 25 12-m-long (30-mm mesh)
mist netsin a5 X 5 grid with nets 50 m apart
(Krementz and Christie 1999). Captured birds
were weighed, sexed, aged, and banded with
a federal leg band. We categorized sparrows
as either hatch-year or after-hatch-year and
determined sex by the presence or absence of
a brood patch (Pyle et a. 1987). Using the
Rappole and Tipton (1991) thigh-harness
method, we attached radio transmitters to 20
sparrows in five stands: 6 sparrows (4M:2F)
in 2-year-old longleaf pine habitat, 6 sparrows
(4M:2F) in 4-year-old longleaf habitat, and 8
sparrows (6M:2F) in three mature pine habi-
tats. The radio with harness weighed 1.1-1.2
g (Advanced Telemetry Systems, Isanti, Min-
nesota), about 6% of body mass relative to all
captured birds (females: 18.6 g = 0.24 SE, n
= 36; males: 18.2 g = 0.31 SE, n = 69; Sto-
ber 1996, Krementz and Christie 1999). With-
in a few hours after release, all radio-tagged
sparrows resumed normal activities, and we
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observed no unusual behaviors associated
with the radio-attachment method.

We located radio-marked sparrows daily,
and made observations on each sparrow
throughout the day, from sunrise to twilight,
throughout the breeding season. We recorded
status (live, dead, or lost radio), location, and
any reproductive, foraging, or other behavior.
Occasionally, we monitored individuals twice
a day, with a minimum of 2 hr between ob-
servations. Sparrows readily traversed their
home ranges within this time period; there-
fore, consecutive observations likely did not
result in autocorrelation problems (Swihart
and Slade 1985) that would have yielded un-
derestimates of home-range size (Cresswell
and Smith 1992).

To provide an index of Bachman’s Sparrow
density, we also conducted spot mapping three
times in each stand by using playback tapes
of the Bachman’s Sparrow’s primary song and
counting all males (Bibby et a. 1992, Dun-
ning et al. 1995, Stober 1996). While record-
ing daily locations of marked sparrows, we
also mapped the locations of unmarked spar-
rows within each stand. Counter-singing ex-
changes between unmarked and marked indi-
viduals were recorded as well.

We marked sparrow locations with flagging,
and we used a Trimble Pathfinder Pro GPS (3-
D mode) unit to establish benchmark Univer-
sal Transverse Mercator (UTM) coordinates
within each territory. All GPS locations were
differentially corrected and were accurate to
<5 m. Individua locations were then refer-
enced to an established UTM location using a
survey laser. The survey laser was used to cal-
culate distance (=0.10 m) and azimuth (=0.01
degrees) between locations, which were then
converted into UTM coordinates. Once an in-
dividua’s locations were mapped, we used
program HOME RANGE (Ackerman et al.
1990) to estimate the 95% minimum convex
polygon (MCP) for home range (Mohr 1947).
We attempted to collect 35 observations per
bird (Ackerman et a. 1990). We recognize
that the 95% MCP has certain limitations, but
al other breeding season home-range sizes for
Bachman's Sparrows described in the litera-
ture were estimated using this metric (Dun-
ning 1993). Distances moved between loca-
tions were calculated for each individual, as
were distances from each location to the arith-
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TABLE 1.

Home-range size estimates and densities of male Bachman's Sparrows in pine habitats, by stand

age, during the 1995 breeding season at the Savannah River Site, South Carolina.

No. marked

Male density/
10 heP

Stand age (years) Stand size (ha) sparrows 95% MCP? (SE) Range
2 19.2 3 1.46 (0.31) 0.99-2.04 2.59
4 15.0 3 3.00 (0.31) 2.80-3.37 4.65
Mature 17.6 3 — — 341
Mature 16.7 1 — — 1.79
Mature (both stands)© 4 4.79 (0.27) 4.23-5.69

2Mean 95% minimum convex polygon estimates.

b Includes both radio-marked and unmarked singing males; densities determined using spot mapping technique within each stand.

¢ Home-range estimate for mature stands is pooled across the two stands.

metic center of each home range, defined as
the mean distance from the estimated central
coordinate to each observation within the
home range.

Only 14 of the 20 radio-marked sparrows
were included in the analysis of home-range
size. We obtained <35 locations for two fe-
males and one male, and three males were
treated as outliers and excluded from analyses.
The outliers included (1) a bird with two dis-
tinct home ranges (a combined total of 20.9
ha) in a mature stand, (2) one whose home
range (1.63 ha) ended up outside the study
stand in an adjacent 33-year-old stand of
planted pine, and (3) one (in the 2-year-old
habitat) that behaved like a floater and used
part of an adjacent 43-year-old stand of pine
(5.46 ha). Due to these exclusions, we used
only two (the 17.6- and 16.7-ha stands) of the
three mature pine stands in our analyses.

Territory size (ha)

4 years

Stand age

FIG. 1. Home-range size, by habitat age (2 years,
4 years, mature), using 95% minimum convex polygon
estimates for Bachman’s Sparrows (n = 4 females, 10
males) during the 1995 breeding season, Savannah
River Site, South Carolina. Pairs designated by similar
apha characters (A-D); F = female, M = male.

We used a general linear model procedure
(PROC GLM; SAS Institute, Inc. 1987) to
conduct three pre-planned tests comparing
home-range sizes of males by habitat type. We
included only males because all marked fe-
males were paired to marked males. Once we
determined differences in home-range sizes by
habitat type (F-test), we used Tukey tests to
compare the least-squares means. Due to in-
sufficient sample sizes, we did not test for the
effect of sex (female n = 4) or conspecific
density (n = 4) on home-range size. We also
used the GLM procedure and Tukey tests to
compare the least-squares means for mean
distance moved and distance from home-range
arithmetic center by habitat type and sex. All
statistical tests were one-tailed. The level of
statistical significance was set a 0.05 and
means are reported = SE.

RESULTS

For the 14 radio-marked individuals in our
analyses, we recorded an average of 63 loca-
tions (range = 45-81) per individual over an
average of 50 days of observation (range =
38-62 days). Ten birds were monitored in the
2-year-old (3M:2F) and the 4-year-old (3M:
2F) stands, and four males were monitored in
the two mature stands (3M:0OF and 1M:0F).
The mean 95% minimum convex polygon
home-range size for males and females com-
bined (n = 14) across all habitats was 2.95 ha
+ 0.57. Mean 95% MCP home-range size
across all habitats was 3.26 ha *= 0.49 for
males (n = 10; Table 1) and 2.20 ha = 0.48
(n = 4) for femaes. For males, home-range
size increased with habitat age (F,; = 33.9, P
< 0.001; Fig. 1). Home-range sizes differed
between 2-year-old (mean = 1.46 ha = 0.31,
n = 3) and 4-year-old (mean = 3.00 ha =
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0.31, n = 3) regeneration habitat (t = 3.54, P
= 0.009), and were significantly larger in ma-
ture pine habitats than in the 2- and 4-year-
old habitats (t = 8.18, P < 0.001; t = 4.40,
P = 0.003, respectively).

Home ranges were always adjacent to a
stand edge. Conspecific density was highest
(4.65 males/10 ha) in the 4-year-old stand (Ta-
ble 1) and lower in the 2-year-old stand and
one mature stand, both of which were isolated
with no suitable adjacent sparrow habitat. Of
the four sparrow pairs in which both the male
and female were marked, two inhabited the 2-
year-old stand and two inhabited the 4-year-
old stand. In one pair, the female had a larger
home-range size than the male (pair B; Fig.
1); otherwise, male and female home ranges
were roughly similar.

Mean distance moved between consecutive
observations was 83.9 m = 12.78 (n = 14);
distance moved differed among habitat types
(F,1, = 14.66, P < 0.001) and was marginally
different between sexes (F;;, = 3.73, P =
0.077). Mean distance moved in mature stands
(106.6 m = 6.4) was not different from that
in the 4-year-old stand (88.8 m * 5.7), but
differed from the distance moved in the 2-
year-old stand (61.0 m = 5.7). The mean dis-
tance from the arithmetic center of an individ-
ual’s home range to each location differed by
habitat type (F,,; = 12.69, P = 0.001), but
not by sex (F,;, = 0.78, P = 0.40). Mean
distance from arithmetic center in mature
stands (81.8 m = 4.7) was not different from
that in the 4-year old stand (73.6 m = 4.2, t
= 1.32, P = 0.21) but differed from that in
the 2-year-old stand (51.9 m = 4.2, t = 4.77,
P < 0.001). The longest movement between
daily observations was 824 m by a male, and
most long-distance movements were about
200 m. In one case, a male crossed a riparian
area 200 m wide to an adjacent regeneration
stand, remained there for 2 days, and then re-
turned to the original stand.

DISCUSSION

Because we located birds through radiote-
lemetry rather than by visual documentation
at singing posts, our estimates of home-range
size were slightly larger and more precise than
those reported by Haggerty (1998). Home-
range estimates of McKitrick (1979) and Hag-
gerty (1998) were biased by their dependence
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on visual records of males (color banded or
unmarked) perched in conspicuous locations.
Nonetheless, home-range sizes of male spar-
rows in our study were similar to those re-
ported by Haggerty (1998), with the smallest
territories found in the 1- and 2-year-old pine
regeneration habitat and home range increas-
ing with succession of habitat. Radiotelemetry
also allowed us to obtain the first estimates of
female home-range size, which were similar
to male home-range size (n = 4 pairs). Home-
range size between paired birds is probably
influenced by the mate-guarding behavior that
males exhibit during the breeding season
(Haggerty 1986). Some locations for the fe-
male whose home range was larger than the
male's (2-year-old stand) were recorded after
her brood had fledged, which may explain the
larger size of her home range.

We recorded few instances of direct conflict
between adjacent sparrows defending home
ranges. The persistent use of primary song and
counter-singing (Meanley 1990, Dunning
1993) apparently mediated the need for direct
conflict in establishing and maintaining home
ranges. Spot mapping revealed the highest
density of sparrows in the 4-year-old stand.
Similarly, spot mapping conducted by Stober
(1996) in regeneration habitats 1-6 years of
age revealed that Bachman's Sparrow densi-
ties were greatest in 3- to 4-year-old habitats.
Overlap of sparrow home ranges was limited
to three instances and occurred in grassy
patches in mature pine stands or in regenera-
tion habitats where trees and shrubs were sup-
pressed and grasses dominated the vegetation.

Although Haggerty (1986) reported that
sparrow density was inversely related to
home-range size, we were unable to corrobo-
rate this. Stober (1996) found more sparrows
in stands with suitable adjacent habitat than in
isolated, disjunct stands. Dunning et al. (1995)
also found that areas connected by corridors
of suitable habitat had a greater probability of
sparrow occupancy than isolated patches of
suitable habitat. Greater conspecific density
may constrict the size of home ranges in
breeding season, but this hypothesis needs to
be tested by removing territorial individuals
and monitoring the behavior of adjacent in-
dividuals. Vegetation succession and arthro-
pod food resources also may play important
roles in determining home-range size.
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We found that home-range size increased
with habitat succession: home ranges in ma-
ture habitats often were twice the size of those
in regeneration habitats. We hypothesize that
the distribution of resources within home
ranges may explain this pattern. Bachman's
Sparrows are omnivorous, foraging exclusive-
ly from the ground for insects (orthopterans,
arachnids, lepidopteran larvae, coleopterans,
hemipterans) and grass seeds, especially those
of Panicum spp. (Allaire and Fisher 1975,
Haggerty 1992, Dunning 1993). Early succes-
sional habitats have greater arthropod produc-
tivity than mature pine stands in the Southeast
(Menhinick 1963, Landers and Mueller 1986,
Hurst 1992). Cross (1956) surveyed a range
of upland habitats at the SRS for Orthoptera
and found >40 species in early successional
habitats compared with only 7 species in ma-
ture lablolly pine stands. In contrast, ground-
level arthropod communities in mature pine
stands managed for Red-cockaded Woodpeck-
ers at the SRS include an abundance of spi-
ders and ants, but few grasshoppers (New and
Hanula 1998). Stober (1996) found that, as a
percentage of total vegetation cover, Panicum
spp. were more abundant in regeneration
stands (0.8-1.3%) than in mature pine stands
(0.1-0.4%); thus, differences in home-range
size between habitats may be a reflection of
greater seed resources and arthropod produc-
tivity in early regeneration habitats than in
mature pine habitats managed for Red-cock-
aded Woodpeckers. In examining previous
studies on Bachman’'s sparrows across their
range (Wan A. Kadir 1987; Dunning and
Watts 1990; Gobris 1992; Haggerty 1998,
2000; Plentovich et al. 1998; Tucker et al.
1998, 2004), we observed that, in general,
sparrow densities and arthropod communities
were reduced with succession of understory
vegetation.

Despite the differences we observed in
home-range sizes by habitat type and the dif-
ferences in male densities among stand ages,
Stober and Krementz (2000) detected no sig-
nificant differences in survival rates between
sexes or habitat types. Apparently, the larger
home-range sizes of Bachman’'s Sparrows in
mature pine stands do not predispose those
birds to lower survival rates, as might be ex-
pected from longer movements throughout
their territories. Breeding season survival rates
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were high (0.905, 95% CI = 0.794-0.992),
with only 2 mortalities (raptor and mammal
depredations) out of 20 individuals radio-
tagged.

We found that Bachman'’s Sparrows did not
move far (~100 m/day) between consecutive
observations, as was also found for radio-
marked Eastern Towhees (Pipilo erythroph-
thalmus) at the Savannah River Site (Kre-
mentz and Powell 2000). Like towhees, Bach-
man’s Sparrows moved among adjacent
stands, but unlike towhees, Bachman’s Spar-
rows used middle-aged (~20- to 35-year-old)
stands infrequently (Stober 1996). Not sur-
prisingly, we found that daily movements re-
flected home-range sizes. smaller home ranges
among habitat types were associated with
shorter daily distances moved.

Management for Bachman's Sparrow pop-
ulations in forested habitats often involves
prescribed fire and reduced pine densities. If
small home-range size is a surrogate for hab-
itat suitability, managers should maintain a
continuous matrix of herbaceous understory
vegetation. Clear-cuts should be managed for
perches (Dunning and Watts 1990), abundant
herbaceous vegetation (Mills et a. 1991, Dun-
ning 1993), and connectivity with nearby suit-
able habitat (Dunning et al. 1995). Although
it is known that mature stands of pine become
more suitable for sparrows with frequent pre-
scribed fire and moderate basal areas of pine,
further research should ascertain whether
home-range size in mature pine stands is de-
pendent on the distribution of herbaceous un-
derstory, as arthropod communities in mature
pine stands are a function of primary produc-
tivity occurring on the forest floor (Cross
1956). Additional information on Bachman's
Sparrow reproduction and survival across the
range of occupied habitats is needed to deter-
mine the viability of populations inhabiting
intensively managed industrial forests versus
forests managed on longer logging rotations
with fire management.
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