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BREEDING PRODUCTIVITY OF BACHMAN’S SPARROWS IN
FIRE-MANAGED LONGLEAF PINE FORESTS

JAMES W. TUCKER, JR.,**> W. DOUGLAS ROBINSON,"* AND JAMES B. GRAND?

ABSTRACT.—Bachman’s Sparrows (Aimophila aestivalis) occupy fire-dependent, longleaf pine (Pinus palustris)
ecosystems of the southeastern United States. Their populations have declined, due, in part, to fire suppression
and degradation of longleaf pine forests. Populations decline when longleaf stands go more than 3 years without
fire. The influence of fire on breeding productivity, however, is poorly understood because territories are large
and it is difficult to find the well-hidden nests of this ground-nesting sparrow. In an earlier study, densities of
Bachman’s Sparrows were similar across pine stands burned 1 to 3 years previously, but declined significantly by
the 4th year since burning. To assess whether the decline in density might be associated with a decline in breeding
success, in 2001 we used a reproductive index to estimate breeding productivity of 70 territorial males, and from
1999 to 2001 we monitored 28 nests. We examined the influence of (1) season (growing versus dormant) when
last burned and (2) years since burning on breeding productivity of Bachman’s Sparrows in longleaf pine stands
in the Conecuh National Forest, Alabama. Reproductive indices were greater (Z = 1.99, P = 0.047) during the
first 3 years after burning (mean = 3.8, SE = 0.4, 7 = 10) than they were 4 years after burning (mean = 2.0, SE
= 0.5, n = 3), similar to the pattern of change in Bachman’s Sparrow density. We found no effect of burn season
on the breeding productivity index (Z = 0.075, P = 0.94). The parallel patterns of declining density and lower
breeding success suggest that Bachman’s Sparrow density may be positively correlated with habitat quality. We
conclude that burning longleaf pine forests on a 2-3 year rotation will best maintain populations of Bachman’s
Sparrows. Received 8 February 2005, accepted 25 November 2005.

Bachman’s Sparrow (Aimophila aestivalis) is
one of the bird species most characteristic of

longleaf pine (Pinus palustris) forests and it
ranks high among species of management con-
cern in the southeastern United States (Hunter
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dangered in several states (Dunning 1993) and
in 2002 it was red-listed (i.e., one of most at-
risk species) by the National Audubon Society
on its WatchList (see http://audubon2.org/
webapp/watchlist/viewSpecies.jsp?id=18).
Loss and degradation of habitat are the most
probable causes for the species’ population de-
cline (Haggerty 1988). Prescribed fire has been
identified as a key tool for managing Bach-
man’s Sparrow habitat (Plentovich et al. 1998,
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Tucker et al. 1998). Until recently, however,
prescribed fire has been used mainly during
the winter (dormant season) to minimize its
negative effects on sparrow reproductive suc-
cess, despite evidence that historically, natural
fires occurred most often during late spring
and summer (growing season; Robbins and
Myers 1992). Growing-season fires are most
beneficial to native plant communities (e.g.,
Platt et al. 1988, Waldrop et al. 1992, Streng et
al. 1993), but the way in which fire timing in-
fluences sparrow breeding success is un-
known.

Similarly, evidence from botanical studies in-
dicates that frequent fires are needed to main-
tain dense, herbaceous ground cover preferred
by Bachman’s Sparrows (e.g., Platt et al. 1988,
Dunning and Watts 1990, Waldrop et al. 1992,
Streng et al. 1993, Plentovich et al. 1998, Tuck-
er et al. 1998). Engstrom et al. (1984) followed
changes in bird species composition through
15 years of fire exclusion in a stand of “oldfield
pines” (mostly loblolly, P. taeda; and shortleaf,
P. echinata, pines) in northwestern Florida that
had previously been burned annually during
the dormant season; Bachman’s Sparrows dis-
appeared from the stand after 5 years of fire
exclusion. In studies on Florida dry prairies,
Bachman’s Sparrow densities increased on
sites burned in mid-June relative to those on
control sites (=2.5 years since burning; Shriver
et al. 1999), but there were no differences in
density or reproductive success during the first
three breeding seasons following winter fires
(Shriver and Vickery 2001). Yet, no data are
available to evaluate directly the influence of
time since burning and season of burning on
breeding productivity of this elusive sparrow
species.

In a previous study, we examined the influ-
ence of burn season and fire frequency on the
density of Bachman’s Sparrows in longleaf
pine forests in southern Alabama and north-
western Florida (Tucker et al. 2004) and found
that density was unaffected by burn season.
Furthermore, density was similar within the
first 3 years after burning, but declined precip-
itously in stands 4 or more years after a fire
(Tucker et al. 2004). We hypothesized that re-
duced breeding success in stands unburned for
4 or more years might explain this decline in
density. To test this hypothesis, we compared
the breeding productivity of Bachman’s Spar-
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rows across burned units of longleaf pine hab-
itat that differed in time since burning. We also
evaluated the potential influence of fire timing
within the growing season on nesting success
by comparing daily survival rates between
nests initiated early and late in the growing
season.

METHODS

We estimated breeding success by monitor-
ing nests and using a reproductive index based
on behavioral observations (Vickery et al.
1992b). The reproductive ecology of Bach-
man’s Sparrows is poorly known because nests
are hidden on the ground, usually below tufts
of overhanging grasses, and are therefore ex-
ceptionally challenging to locate (Weston 1968,
Harrison 1975, Haggerty 19806). In response to
the difficulties of finding ground-nesting spar-
row nests, Vickery et al. (1992b) developed a
reproductive index based on readily observ-
able behaviors that reduces the necessity of lo-
cating nests to measure breeding success
(Vickery et al. 1992a, Dale et al. 1997). During
the breeding season of 2001, we monitored the
territories of 70 male Bachman’s Sparrows in
longleaf pine stands of the Conecuh National
Forest, Alabama. To complement this intensive
study of focal individuals, we monitored nests
found in the same habitat units from 1999
through 2001.

Between 22 April and 12 May 2001, we lo-
cated territories within 13 habitat compart-
ments (a group of adjacent stands managed as
a prescribed burn unit), which varied from 387
to 700 ha in size and comprised four treatment
combinations of burn season (dormant [1 Oc-
tober—31 March] or growing [1 April-30 Sep-
tember]) and time since burning (1-3 years or
4 years). We sampled two compartments for
each treatment but one: there was only one
compartment that had been burned during the
growing season 4 years earlier (i.e., 1997). No
stands were burned during the 2000 growing
season, so territories within stands the 1st year
after growing-season burning could not be in-
cluded. Because the number of compartments
was small and the study design was unbal-
anced, we grouped compartments burned =3
years earlier to test our hypotheses that repro-
ductive success would parallel trends in den-
sity (Tucker et al. 2004) and be greater during
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the first 3 years (2 = 10) than 4 years (n = 3)
post-burning.

Female and juvenile Bachman’s Sparrows
are very secretive and difficult to observe, so
we concentrated our efforts on searching in-
dividual territories, rather than mapping terri-
tories within habitat compartments, to increase
our chances of observing evidence of repro-
duction. Furthermore, Bachman’s Sparrow ter-
ritories are relatively large (see Dunning 1993)
and densities are relatively low, especially in
stands not burned for =4 years (Tucker et al.
2004); thus, monitoring individual territories
also allowed us to sample a sufficient number
of territories to characterize breeding produc-
tivity within each burn treatment (i.e., each
combination of burn season and years since
burning). Within each compartment, we se-
lected territories for monitoring by visiting an
area known to contain several Bachman’s
Sparrows and selecting the first four or six
singing males encountered within each com-
partment. Although unmated males of many
species sing more frequently than mated males
(Best 1981), the territories that we monitored
within habitat compartments were adjacent to
each other (although often separated by =100
m) and we did not observe evidence (e.g., ap-
pearance of additional territories) that would
suggest that we overlooked mated birds during
selection of the territories. We monitored 10
territories within each burn treatment, but we
divided territories unequally between the two
habitat compartments within treatments to al-
low a team of two observers traveling together
to efficiently monitor two habitat compart-
ments (i.e., 5 territories per observer) each day.
We marked singing perches for each male with
plastic flagging and noted the territorial bound-
aries and location of adjacent territories not se-
lected for study. We also used mist nets to cap-
ture most of the males (53 of 70) and marked
them with unique combinations of colored leg
bands. All 70 territories were monitored once
per week from 21 May to 12 July 2001, span-
ning the peak of breeding activity at our study
site.

Behavioral evidence of reproductive activity
was monitored during 45-min visits to each ter-
ritory once per week. A visit began when we
arrived on a territory, and entailed recording
all evidence of reproductive activity—the pri-
mary objective being the discovery of an active
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nest. In addition, we marked new song perch-
es to delineate more accurately territory
boundaries. Each territory was assigned a cu-
mulative score indicating increasing evidence
of breeding success, slightly modified from the
method of Vickery et al. (1992b). The scores
for evidence of reproductive success were as-
signed as follows: 1 = presence of the territo-
rial male, 2 = presence of a mated pair, 3 =
evidence of an active nest, 4 = adults carrying
food to presumed nestlings, 5 = direct obser-
vation or evidence of fledglings, 6 = evidence
of an active nest after successful fledging of a
first brood, 7 = evidence of successful fledging
for two broods, 8 = evidence of an active nest
after successful fledging of two broods, and 9
= evidence of successful fledgling for three
broods. Bachman’s Sparrows are not known to
attempt more than three broods within one
breeding season (Stober and Krementz 2000).

A cumulative reproductive score corre-
sponding to the maximum evidence of breed-
ing success was assigned to each of the 70 ter-
ritories. Because individual territories within
habitat compartments were not independent
sampling units, we calculated median repro-
ductive scores for each compartment and treat-
ed individual compartments as our sampling
units. The reproductive scores were ranked
(i.e., ordinal) data, so we used a nonparametric
normal approximation to the Mann-Whitney (-
test (Zar 1984) to compare median reproduc-
tive scores in compartments burned =3 versus
4 years previously and compartments burned
in the growing versus dormant season.

All Bachman’s Sparrow nests found from
1999 through 2001 were monitored according
to standard methods (Martin and Geupel 1993)
on a 2-3 day schedule until the nests failed or
the offspring fledged. We calculated daily sur-
vival rates (DSR) of nests (Mayfield 1961, 1975)
to evaluate the influence of burn season, years
since burning (=3 versus 4), and timing of fire
within the growing season on nesting success.
For Mayfield calculations, we used our obser-
vations for length of the incubation period (13
days) and nestling period (9 days), which were
similar to those reported by Haggerty (1980,
1988). Overall nest success (i.e., the probability
of a completed clutch producing =1 fledgling)
was calculated by raising daily nest survival to
the 22nd power. We calculated variances in
DSR and evaluated effects by examining 95%
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FIG. 1. Mean (= SE) reproductive scores of Bach-

man’s Sparrows calculated using median scores from
individual habitat compartments at the Conecuh Na-
tional Forest, Alabama, during 2001 were greater in
the first 3 years after burning (n = 10) than 4 years
after burning (n = 3) but did not differ between sea-
sons when last burned (n = 5 and n = 8 for growing
and dormant seasons, respectively). Reproductive
scores were collected using methods modified from
Vickery et al. (1992b).

confidence intervals (=2 SE) around the DSR
(Johnson 1979).

RESULTS

Breeding productivity—Of the 70 Bach-
man’s Sparrow territories monitored, we found
evidence of successful reproduction (.e.,
fledglings observed) within 30 and evidence of
two successful broods within 4 territories.
Overall, 28% (14/50) of territorial males in
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compartments burned =3 years earlier re-
mained unpaired, and 50% (10/20) of territorial
males in compartments burned 4 years earlier
remained unpaired (x? = 3.07, P = 0.080). Fur-
thermore, 52% (26/50) of territories in com-
partments burned =3 years earlier successfully
produced young, but only 20% (4/20) of ter-
ritories burned 4 years earlier successfully pro-
duced young (x* = 5.97, P = 0.015). Repro-
ductive scores of Bachman’s Sparrows were
greater (Z = 1.99, P = 0.047) in the first 3 years
after burning (mean = 3.8, SE = 0.4, n = 10)
than 4 years after burning (mean = 2.0, SE =
0.5, n = 3) but did not differ (Z = 0.075, P =
0.94) between stands burned in the growing
season (mean = 3.3, SE = 0.7, n = 5) versus
those burned in the dormant season (mean =
3.4, SE = 0.5, n = 8; Fig. 1.

Nesting success—We found 34 nests during
the study: 2, 12, and 20 in 1999, 2000, and
2001, respectively. Two nests were found the
day of fledging, two were destroyed during
construction, and two were burned during egg
laying, leaving 28 nests for calculating DSR.
Overall, 13 of the 28 (46%) nests fledged
young. All nest failures resulted from depre-
dation; no parasitism by Brown-headed Cow-
birds (Molothrus ater) was observed.

DSR of early-season nests (found in April
and May) were slightly greater than those of
late-season nests (found June and July), al-
though the 95% confidence intervals over-
lapped (Table 1). In addition, DSR of nests dur-

TABLE 1.

Exposure days (number of nests), number of nest failures, daily survival rates (DSR), and 95%

confidence intervals (95% CI) by nesting stage and time within the breeding season (nest cycle) for 28 Bachman’s
Sparrow nests in the Conecuh National Forest, Alabama, from 1999 through 2001.

95% CI&

Stage Nest cycle® Exposure days Failures DSR Lower Upper
Incubation® Early 66.0 (8) 2 0.970 0.928 1.012
Late 52.5 (8) 1 0.981 0.943 1.019

Total 118.5 (16) 3 0.975 0.946 1.004

Nestling® Early 64.5 (13) 5 0.923 0.856 0.989
Late 46.5 (12) 7 0.850 0.745 0.954

Total 111.0 (25) 12 0.892 0.833 0.951

Combinede Early 130.5 (15) 7 0.946 0.907 0.986
Late 99.0 (13) 8 0.919 0.864 0.974

Total 229.5 (28) 15 0.935 0.902 0.967

aCalculated as mean + 2 SE (Johnson 1979).

b Early nest cycle included nests found in April and May; late nest cycle included nests found in June and July.
¢ Incubation stage included a 13-day period from laying of the penultimate egg until the first egg hatched.
d Nestling stage included a 9-day period from 1st day of hatching until fledging.

€ Includes the sum of incubation and nestling periods.
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ing the incubation period tended to be greater
than during the nestling period, but again the
95% confidence intervals overlapped (Table 1).
DSR of all nests from the beginning of incu-
bation through fledging was 0.935 (Table 1),
and the probability of a completed clutch pro-
ducing at least one fledgling was 0.226. DSR
was similar between the first 3 years (DSR =
0.94, 95% CI = 0.90-0.97, n = 22 nests) and
the 4th year (DSR = 0.93, 95% CI = 0.86-1.00,
n = 6 nests) after burning and between sites
burned in the growing (DSR = 0.89, 95% CI =
0.81-0.97, n = 7 nests) and dormant (DSR =
0.95, 95% CI = 0.92-0.99, n = 21 nests) sea-
sons.

DISCUSSION

Nesting success averaged across all our hab-
itat compartments was 23%, which falls within
the range previously reported for Bachman’s
Sparrows in Arkansas pine forests (25%; Hag-
gerty 1988), South Carolina clear-cuts (8-34%;
Stober and Krementz 2000), and Florida dry
prairies (7-38%; Perkins 1999). Neither burn
season nor time since burning had a large ef-
fect on nest survival rates at our study sites.
Although our sample size of nests was one of
the largest yet obtained in a Bachman’s Spar-
row study, the sample was nevertheless rela-
tively small, indicating that only large effects
could be detected (Johnson 1979). In contrast,
our results from the reproductive scores (i.e.,
70 territories; Fig. 1) suggested that breeding
productivity was greater the first 3 years after
burning than in older burns. The latter result is
consistent with our hypothesis that reduced
breeding success in older burns may help ex-
plain the lower densities of Bachman’s Spar-
rows in those burns (Tucker et al. 2004).

Although logistic constraints prevented us
from simultaneously measuring density and
breeding productivity of Bachman’s Sparrows,
our results suggest a positive correlation be-
tween the two measures in our study area. We
acknowledge that these results only are sug-
gestive of a positive association between den-
sity and breeding productivity, but our consis-
tent results among the 3 years of our studies—
1999 and 2000 for density of Bachman’s Spar-
rows (Tucker et al. 2004) and 2001 for this
study of breeding productivity—strongly sup-
port the conclusion that a regime of burning
every 2-3 years will best maintain healthy pop-
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ulations of Bachman’s Sparrows in longleaf
pine forests. Bock and Jones (2004) reviewed
studies that examined the association between
avian density and reproductive success and
found that a preponderance of studies in rel-
atively undisturbed areas reported a positive
association between the two measures; most
studies that reported a decoupling between the
two measures were conducted in disturbed
habitats. Our study area was within the largest
remaining extent of longleaf pine forest (Out-
calt and Sheffield 1996), and habitats were rel-
atively natural and managed under a paradigm
of ecosystem management. Thus, a positive
correlation between density and breeding pro-
ductivity of Bachman’s Sparrows in the area
would be expected.

Why do density and breeding success de-
cline in older burns? Previous studies suggest
that percent coverage by herbaceous ground
cover, particularly grass (Dunning and Watts
1990, Plentovich et al. 1998, Haggerty 2000,
Tucker et al. 2004), is a primary factor influ-
encing habitat occupancy by Bachman’s Spar-
rows. Herbaceous ground cover and, thus,
habitat suitability decreases with time since
burning (Engstrom et al. 1984, Tucker 2002).
Haggerty (1998) found that territory sizes were
inversely correlated with percent coverage of
herbaceous ground cover. Thus, higher spar-
row densities are facilitated by smaller territo-
ries in high-quality habitat.

It should be noted that small territory sizes
could have an effect on detectability of repro-
ductive status, as well. The stealthy behavior
of female and juvenile Bachman’s Sparrows
makes them difficult to detect, but they may be
easier to detect in smaller territories (i.e., high-
er quality habitat) because their activities are
confined to a smaller area. Despite a potential
bias in detectability resulting from territory
size, the scores for reproductive success nev-
ertheless would be positively correlated with
habitat quality.

Future studies should address the effects of
timing of fires within the breeding season. We
were unable to examine breeding productivity
immediately before and after growing-season
fires. Although we did not find differences in
sparrow reproductive success between burn
seasons, timing of fire within the growing sea-
son may be an important factor and needs ad-
ditional study. For example, both our study
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(Table 1) and one in South Carolina (Stober
and Krementz 2000) revealed that early-season
nests tended to be more successful than late-
season nests. Fires during late April and early
May could destroy a large percentage of the
nestlings or young fledglings from the first
nesting cycle and result in low annual recruit-
ment from those nesting attempts. Further-
more, we do not yet know whether territory
holders move to unburned sites and breed
elsewhere or quit all reproduction efforts for a
given year when their territories are burned
early in the growing season (Seaman and Kre-
mentz 2000). Alternatively, productivity of food
resources (i.e., seed production and inverte-
brates) may be enhanced sufficiently by early-
season fires to compensate for the loss of nests
early in the season; if vegetation re-grows
quickly enough, it could provide cover for
nests that season. Although Seaman and Kre-
mentz (2000) found that Bachman’s Sparrows
abandoned stands burned in the growing sea-
son and failed to return within 50 days after
the fires, anecdotal observations (JWT unpubl.
data, J. B. Dunning pers. comm.) suggest that
Bachman’s Sparrows often return and/or estab-
lish territories in burned stands within a few
days after fire and remain there through the
remaining breeding season. Shriver et al.
(1996, 1999) found that burning Florida dry
prairies during mid-June resulted in an extend-
ed breeding season for Florida Grasshopper
Sparrows (Ammodramus savannarum flovi-
danus) but fires in July did not.

In conclusion, results of this study on breed-
ing productivity and our earlier study on den-
sity of Bachman’s Sparrows (Tucker et al.
2004) suggest that land managers interested in
providing habitat for Bachman’s Sparrows in
longleaf pine forests should burn at least every
3 years, regardless of burn season. Sites left un-
burned for =4 years host few to no breeding
Bachman’s Sparrows (Tucker et al. 2004) and
it appears that breeding productivity is low
among birds that do settle in those habitats.
Thus, low breeding productivity may be a
plausible explanation for the low densities of
sparrows in pine stands unburned for more
than 3 years. Because most natural fires histor-
ically occurred during the growing season
(Robbins and Myers 1992), prescribed burning
during the growing season probably will be
most beneficial for longleaf pine communities
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overall. Our study, based on one of the largest
sample sizes of reproductive success yet ob-
tained for this elusive sparrow, suggest that
burn season may be of little consequence to
the reproductive output of Bachman’s Spar-
rows; however, the effects of fire timing within
the growing season still need to be evaluated.
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