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INTRODUCTION
Cavity-nesting and bark-foraging avian species are common 
in the world’s forests. They depend on forest resources for 
survival and reproduction. Conversely, they provide important 
ecological services to forest ecosystems through pest control, 
decomposition of standing dead trees, and as components of 
forest food webs. Because of their life history traits, interac-
tions with other species, and disproportionate influence over 
the structure and function of forest bird community, cavity-
nesting and bark-foraging species are considered as keystone 
species in forest ecosystems (Bendnarz and others 2004, 
Farris and others 2004). They affect biotic and abiotic factors 
influencing resource creation, use, and exchange for many 
species of microorganisms, plants, insects, amphibians, 
reptiles, and mammals.

Cavity-nesting avian species in forest ecosystems are com- 
posed of primary cavity excavators and secondary cavity 
nesters (Conner 1978). The former includes most wood-
peckers that excavate their own nest and roost cavities; the 
latter, such as bluebirds, use existing cavities either formed 
naturally or abandoned by primary excavators. The factors, 
including various forest management practices, that affect 
snag resources have a direct effect on primary cavity excava-
tors who will in turn affect secondary cavity nesters (Conner 
1978, Martin and others 2004). Studies have shown that 
snag availability on forest lands affects species richness and 
abundance of cavity nesting birds. For example, Balda (1975) 
found that the amount of snags was positively related with the 
abundance, diversity, and species richness of cavity-nesting 
birds. Forest management practices such as clearcutting, 
timber stand improvement, short harvest rotations, and 
removing snags to reduce fire and safety hazards result in 

elimination of cavity-nest sites from the forest (Runde and 
Capen 1987). Other forest management practices, such as 
herbicide application for forest stand improvement, can create 
snags desirable for foraging and nesting of cavity-nesting 
birds (Conner and others 1981, McComb and others 1986, 
McComb and Rumsey 1983, Wagner and others 2004). There 
is little information about how different levels of removal of 
basal area affects cavity-nesting and bark-foraging bird com- 
munities and how herbicide treatment of select midstory 
trees affects snag resources and use by these birds. 

The objective of this study is to examine the response of 
cavity-nesting and bark-forging songbirds to a gradient of 
forest stand manipulation, including canopy tree removal and 
midstory herbicide treatments. We are interested in testing 
the hypotheses that (1) territory density, species richness, 
and diversity of cavity-nesting and bark-foraging birds differ 
among these treatments; and (2) bark foraging and excava-
tion activities are positively related with snag availability. 

METHODS

Study Site  
The study sites were located at Miller Mountain (34° 58′ 30″ 
N, 86° 12′ 30″ W) and Jack Gap (34° 56′ 30″ N, 86° 04′ 00″ 
W), Jackson County, AL, in the Mid-Cumberland Plateau of 
the southern Appalachian Mountains (Smalley 1982). 

The physiography of this region is characterized by narrow, 
flat plateaus dissected with numerous deep valleys. Study 
site elevation ranged from 260 to 520 m. Upland hardwood is 
the dominant forested land cover type in the northern half of 
Jackson County, with many large continuous tracts through- 
out. The forests of the sites and much of the surrounding 
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area were composed of mature (80- to 100-year-old) oak-
hickory (Quercus spp. and Carya spp.), with yellow-poplar 
(Liriodendron tulipifera L.), sugar maple (Acer saccharum 
Marsh.), red maple (Acer rubrum L.), and American beech 
(Fagus grandifolia Ehrh.) as associates (Hartsell and Vissage 
2001).

Research Design and Vegetation Sampling 
The research was a randomized complete block design with 
three replicates. The treatments included 5 overstory retention 
treatments: 0 (clearcut), 25 percent, 50 percent, 75 percent, 
and control. Each treatment plot was approximately 4 ha (10 
acres). The clearcut, 25, and 50 percent retention treatments 
were accomplished by conventional chainsaw felling and 
skidding (December 2001 to March 2002). For the 75 percent 
retention, an herbicide (Arsenal®, active ingredient: imazapyr) 
was applied mainly to the small-diameter midstory trees to 
reduce competition and increase light intensity for oak regen-
eration, without creating large overstory gaps (November 
2001). Five 0.01-ha circular subplots in each treatment plot 
were used for vegetation measurements. Diameter at breast 
height (d.b.h.) of all live trees and snags > 3.8 cm in diameter 
was measured in spring, 2003. 

Bird Survey
We established three bird survey transects spaced evenly 
across the width and parallel with the slope in each treatment 
plot (Lesak and others 2003). Along each transect, marked 
reference points were placed at 25-m intervals to facilitate 
bird-territory mapping. To adequately sample the entire treat-
ment unit during spot-mapping, the distance between tran-
sects was ≤ 50 m. 

Territory spot-mapping was used to determine each avian 
cavity-nesting and bark-foraging species’ territorial density 
(Ralph and others 1993). Each of the 15 treatment plots 
received 10 spot-mapping visits between late April and July, 
2002, and again in 2003. One block of five plots was visited 
each morning. One rotation of visits through all of the blocks 
was completed before moving on to the next visit. The order of 
visits to the 3 blocks was randomized for each of the 10 rota-
tions leaving 5 days between visits to the same block. Bird 
surveys began between 05:00 a.m. and 05:30 a.m., depend- 
ing on light conditions that varied with sunrise time and cloud 
cover. All surveys were completed by approximately 10:30 a.m. 
Each treatment plot received 1 hour of surveying per visit. All 
surveys were performed by one individual (A. Lesak). Bird 
species, behaviors, and positions were recorded during the 
surveys. Detections from 10 visits were used for territory 
interpretation in each year following the rules established by 
International Bird Census Committee (1970). Birds were 
classified as primary cavity-excavator, secondary cavity-
nester, and bark-forager based on Conner (1978) and our 
own observations. 

We quantified excavation and bark foraging activities by 
examining signs of excavations and peck marks on each tree 
and snag in the vegetation sampling subplots in April and 
November, 2003, and March, 2004. Each tree was observed 
in 3-m increments from the ground with the aid of binoculars. 

Statistical Analysis
Live tree and snag data from five subplots in each treatment 
plot were summarized for estimating the total basal area/ha 

of live trees and snags of each treatment plot. Excavation 
activities were also summarized across subplots of each 
treatment plot. Two-way factorial analysis of variance (ANOVA) 
was used to test the treatment and year effects while control-
ling the block effect. Tukey HSD test was used for mean sep- 
arations. Regression analysis was performed between total 
snag basal area and excavation activities by birds. All anal-
yses were performed with SAS version 9.1 (SAS 2004) and 
SPSS version 11.0 (SPSS 2001). We reported means and 
standard errors. Statistical tests were declared significant when 
the probability of Type I error was smaller than α = 0.05. 

RESULTS AND DISCUSSION
The pretreatment data suggested that the average total basal 
area was not different among the treatments (Schweitzer 
2003). After the treatment, the mean total basal area was 
25.4 ± 4.9 m2/ha for live trees and was 2.8 ± 1.0 m2/ha for 
snags. Both average total basal area of live trees and snags 
differed among the 5 treatments (F4,6 = 43.3, P < 0.0001 and 
F4,6 = 99999.0, P < 0.0001, respectively) (table 1). Control 
and 75 percent retention treatments had the highest total live 
tree basal area, clearcut had the lowest, and 25 percent and 
50 percent retention treatments were in-between. The herbi-
cide treatment plots (75 percent retention) had the highest 
amount of snags compared to the other 4 treatments. Although 
the mean total basal area of snags differed among control, 
25 percent, 50 percent, and clearcut, the difference was rela-
tively small and ranged between 0.48 m2/ha (control) and 
1.46 m2/ha (clearcut). The pattern of total live tree and snag 
basal area among the treatment plots is consistent with our 
expectation and is the direct consequence of the treatments 
we introduced. The treatments created four distinct habitat 
types: open-scrub, open forest, closed canopy forest with a 
standing midstory, and closed canopy forest with an intact 
midstory (Lesak and others 2003). 

During the breeding seasons of 2002 and 2003, nine species 
classified as cavity-nesters or bark-foragers established terri-
tories at the study sites (table 2). Tufted Titmice had the high- 
est density followed by White-breasted Nuthatch and Downy 
Woodpecker. Two species, Pileated Woodpecker and Red-
headed Woodpecker, were observed during the study, but 
the detections were too few to infer the territories. The average 
territory density differed among the 5 tree basal area reten-
tion treatments (F4,18 = 10.02, P < 0.001) and was not different 
between the 2 years (F =1,18 = 0.80, P < 0.38). Two-way facto-
rial ANOVA suggested that the average territory density did 
not interact between treatment and year (F4,18 = 1.51, P < 0.24). 
In other words, the pattern was consistent between the 2 
years. In both years, the territory density was significantly 
lower in the clearcut treatment plots than in the other four 
treatment plots. The average territory density did not differ 
among the treatment plots receiving between 25 percent and 
100 percent basal retention. This is contrary to our expecta-
tion that increasing snag resources in herbicide-treatment 
plots would have increased the number of territories. Species 
richness, Shannon diversity, and evenness indices of cavity-
nesting and bark-foraging birds showed patterns similar to 
territory density in both years. 

Excavation activity differed among the treatment types. The 
herbicide-treated plots had more peck marks and excavations 
than the other four treatments. There was also a significant 
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linear relationship between total snag basal area and the 
number of pecks (r = 0.73, P < 0.01) and excavations (r = 0.62, 
P < 0.01) among the treatment plots. 

Our results demonstrated that forest management practices, 
specifically basal area reduction by harvesting upper canopy 
trees and herbicide treatment of midstory trees, affected 
habitat resource (the availability of snags) of cavity-nesting 
and bark-foraging birds. This is consistent with other studies 
that showed forest management practices may have direct and 
indirect impacts on the wildlife species (e.g. Conner 1978, 
Conner and others 1994, McComb and Rumsey 1983, Runde 
and Capen 1987). Although snag availability was different 
among clearcut, 25 percent, and 50 percent retention, and 
control plots, the difference was small (all below 1.5 m2/ha). 
Territory density, species richness, and diversity of this group 
of bird species were much lower in clearcut treatment. We 
speculate that the reduction of species richness and abun-
dance in clearcut treatments would have been an indirect 
effect due to habitat and environmental condition changes in 
these plots. Clearcutting changed specific forest structure, 
altering sites used by birds for functions such as perching, 
protection, and food resources. For example, reduction in 
basal area reduces the canopy cover that provides protection 
from predators. In clearcuts, air moisture was low, and air 
temperature was higher (Felix and others 2003), which could 
directly affect physiological function of wildlife, including birds. 

Herbicide treatment did result in more snags and more use, 
as indicated by signs of excavations and pecks. Conner and 
others (1981) suggested that substrate sources for cavity-
nesting birds could be created by applying herbicides. 
McComb and others (1986) found that density of primary 
cavity-nesting birds was positively related with snag density. 
However, in our study, we found that territory density, species 
richness, and diversity on herbicide treatment plots were not 
different from treatment plots that had 25 and 50 percent 
retention and control treatments. This could be due to several 
reasons. Our herbicide treatment was applied mainly to small- 
diameter midstory trees to reduce competition and increase 
light intensity for oak regeneration without creating large over- 
story gaps; these trees may be too small for building nests. 
Conner (1978) found that each species of woodpeckers 
required a specific size range of snags for nesting. However, 
Land and others (1989) found cavity occurrence was not 
related to snag d.b.h. Woodpeckers prefer snags or trees that 
are infected by fungi that lead to rotting heartwood for nest 
sites (Conner 1978, Jackson and Jackson 2004, Runde and 
Capen 1987); woodpeckers usually use well-decayed tops and 
bases of snags for nest excavation (Conner and others 1994). 
We did not examine the fungi infection of snags but suspect 
that the time between our herbicide treatment and this study 
was not sufficiently long for herbicide-killed trees to develop 
heart rot. Cain (1996) found that wildlife cavities per snag 
increased with time since herbicide introduced mortality. 
Moorman and others (1999) also found that stage of snag 
decay and number of cavities/snag increased with year since 
snag recruitment. Similar to the 25 percent and 50 percent 
retention and control plots, the number of breeding territories 
of cavity-nesting and bark-foraging bird species in herbicide 
treatment plots in this study could have be limited by the avail- 
ability of the larger-diameter snags occurring naturally in these 
forest stands. Although herbicide kills trees, the quality of 
these snags is different from that of naturally occurring snags 

at our study sites. It appears that snags created by herbicide 
treatment provided foraging habitat to bird species in this 
study, which resulted in the positive relationship between the 
availability of snags and excavation activities. 
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