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ARTICLE INFO ABSTRACT
Arﬁf{e history: Increased market viability of harvest residues gleaned for forest bioenergy feedstocks may intensify
Received 30 May 2016 downed wood removal, particularly in intensively managed forests of the Southeast. Downed wood
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provides food and cover for many wildlife species, including birds, yet we are aware of no study that
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has examined winter bird response to experimentally manipulated, operational-scale woody biomass
harvests. Further, little research has investigated avian use of downed wood following timber harvests.
As such, our objectives were to: (1) evaluate effects of varying intensities of woody biomass harvest

gfgxggﬁlawestmg guidelines on the winter bird community and (2) document spatial associations between winter bird species and
Clearcut available habitat structure, including downed wood, in regenerating stands. In January and February of
Downed wood 2012-2014, we surveyed birds using a modified version of spot-mapping in six woody biomass removal
Forest bioenergy treatments in North Carolina, USA (n = 4 regenerating stands). Treatments included clearcut harvest fol-
Harvest residues lowed by: (1) traditional woody biomass harvest with no biomass harvesting guidelines; (2) 15% reten-
Winter birds tion with harvest residues dispersed; (3) 15% retention with harvest residues clustered; (4) 30% retention

with harvest residues dispersed; (5) 30% retention with harvest residues clustered; and (6) no woody
biomass harvest (i.e., reference). We tested for treatment-level effects on avian relative abundance (over-
all and individual species), species diversity and richness, and counts of winter birds detected near (~1 m
from pile), in, or on branches of downed wood piles and calculated proportional avian habitat use of
harvest residues and vegetation in regenerating stands. In 69 visits over three winters, we observed
3352 birds in treatments. In 2013, counts of birds detected in piles were greater in the no biomass harvest
and 30% clustered treatments than the no biomass harvesting guidelines treatment. In 2012 and 2013
combined, mourning dove (Zenaida macroura) had greater relative abundance in the no biomass harvest
treatment compared to the 15% dispersed treatment and was more often detected within 1 m of downed
wood piles than in vegetation. We counted more winter birds in and near adjacent forest edge than in
treatment interiors each year. Overall, we detected minimal treatment effects on winter bird relative
abundance and no effects on species diversity and richness. Relative abundance of winter birds increased
over time as vegetative cover established in regenerating stands. Our results suggest woody biomass
harvests in intensively managed pine forests had no effect on the winter bird community, but winter
birds used harvest residues. Further, vegetation structure and composition, rather than availability of
harvest residues, primarily influenced winter bird use of regenerating stands.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Renewable energy development has increased worldwide in
; response to sociopolitical interests in alternative energy produc-
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renewable energy technology of interest (Milbrandt, 2005;
Mayfield et al., 2013). Intensively managed forests can produce
vast amounts of woody biomass, including merchantable round-
wood and harvest residues, the latter of which may be used as a
feedstock for forest bioenergy production to generate heat, elec-
tricity, and biofuels (Parikka, 2004). Currently, woody biomass is
an important feedstock for production of wood pellets (Sikkema
et al., 2011), co-generated electricity (i.e., coal and woody biomass
simultaneously burned; Annamalai and Wooldridge, 2001), com-
bined heat and power systems (Dornburg and Faaij, 2001), and,
to a lesser extent, liquid transportation biofuels (United States
Department of Agriculture (USDA), 2007; Forisk Consulting, 2013).

In the southeastern United States (hereafter “Southeast”),
approximately 22% of timberland is planted forest (Oswalt et al.,
2014), much of which is intensively managed, making the region
a center of forest bioenergy development (Mayfield et al., 2013).
The Southeast currently is the largest global exporter of wood pel-
lets, and wood pellet production in the region is predicted to
increase to meet growing market demands driven by European
Union renewable energy mandates (Forisk Consulting, 2013; Goh
et al., 2013; Galik and Abt, 2015). The Southeast also is experienc-
ing more rapid development of forest bioenergy-production
facilities (e.g., woody biomass power plants) than anywhere else
in the world (Mendell and Lang, 2012; REN21, 2013). Additionally,
the USDA has predicted nearly 50% of second generation biofuels
required to meet United States biofuel mandates by 2022 will be
supplied by forests of the Southeast (USDA, 2010).

Reductions of downed wood via woody biomass harvests could
affect forest ecosystems and wildlife communities (Perschel et al.,
2012; Evans et al., 2013). Downed wood influences nutrient reten-
tion and water dynamics (Harmon et al., 1986; Fraver et al., 2002)
and provides food and cover for wildlife (Lanham and Guynn,
1996; Whiles and Grubaugh, 1996) in forests. Thus, downed wood
plays critical roles in forest ecosystem function and integrity
(Harmon et al., 1986; Janowiak and Webster, 2010; Riffell et al.,
2011). During final harvests, gleaning of low-value harvest resi-
dues via woody biomass harvesting occurs when volumes of
downed wood are high (i.e., immediately following a major distur-
bance like clearcutting; Harmon et al., 1986; Grodsky et al., 2016).
Further, intensive woody biomass harvests may remove large
quantities of residual downed wood (Fritts et al., 2014). Therefore,
woody biomass harvests may diminish food and cover resources
for wildlife dependent on downed wood immediately following
forest disturbance.

Concerns regarding potential effects of woody biomass harvests
on forest ecosystems and sustainability have led to development of
non-regulatory biomass harvesting guidelines (BHGs) for natural
and intensively managed forest types in several forested regions
of the United States (e.g., Southeast - Perschel et al., 2012). BHGs
specify target volumes of downed wood to be retained on the for-
est floor to maintain biological diversity and site productivity
(Ranius and Fahrig, 2006; Perschel et al., 2012). In general, BHGs
are based on the assumption that wildlife universally respond
positively to increased volumes of downed wood (i.e., more
downed wood is better than less; Harmon and Hua, 1991).
However, responses to downed wood may differ among wildlife
species. Further, suggested volumes and spatial arrangements of
downed wood vary among regional BHGs, and BHGs have limited
technical underpinnings due to a paucity of empirical support.
Therefore, research is needed to determine effects of woody bio-
mass harvests and implementation of BHGs on forest ecosystem
sustainability and wildlife habitat.

Our study was part of an interdisciplinary research project that
assessed sustainability of woody biomass harvests and efficacy of
BHGs at maintaining biodiversity. We aimed to complement
concurrent studies of breeding bird (see Grodsky, 2016) and

amphibian and reptile, shrew, and rodent (see Fritts, 2014; Fritts
et al.,, 2015, 2016) responses to woody biomass harvests in
intensively managed forests of the Southeast by using winter birds
as study organisms. The Southeast supports a diversity of winter
birds, including residents and short-distance winter migrants
(Hamel, 1992). Winter birds often are an overlooked component
of the bird community of the region, especially in intensively
managed forests. Yet, winter birds may serve ecological roles as
granivores and seed dispersers in regenerating stands (e.g., Rost
et al., 2010). Further, winter bird habitat use is a relevant issue
for addressing year-round avian conservation. For example,
evidence suggests that successful breeding of resident birds is
affected by availability of winter vegetation structure (DellaSalla
et al., 1996) and winter can be the critical, limiting season influenc-
ing avian survival (Chambers and McComb, 1997).

In the Southeast, several winter bird species are known to use
downed wood (Hamel, 1992; Lohr et al., 2002), especially coarse
woody debris (CWD; debris >7.6 cm in diameter for a length of
at least 91 cm; Woodall and Monleon, 2008). CWD may trap seeds
dispersed by surface flow or wind and subsequently provide locally
abundant food resources for granivores (Loeb, 1996; Sharitz, 1996),
potentially including granivorous birds. CWD also harbors high
densities of invertebrate prey (Hanula et al., 2006; Castro and
Wise, 2010). Thus, insectivorous winter birds may center their
foraging around CWD when winter temperatures are warm
enough for invertebrate activity (i.e., >40 °F). CWD piles maintain
a relatively stable thermal environment (Loeb, 1996), and winter
birds may use CWD as thermal and escape cover (Lima, 1993).

Few studies have addressed relationships between winter birds
and downed wood, avian response to experimental manipulations
of harvest residues, or winter bird use of recent clearcuts (herein
“regenerating stands”; Lanham and Guynn, 1996; Riffell et al,,
2011). The dearth of research on winter bird use of harvest
residues, coupled with the lack of empirical data guiding BHGs,
indicate that studies of winter bird response to harvest residue
removal following woody biomass harvests are warranted. Thus,
our primary objectives were to: (1) evaluate effects of varying
intensities of woody biomass harvest on the winter bird commu-
nity and (2) document spatial associations between winter bird
species and available habitat structure, including downed wood,
in regenerating stands.

2. Methods
2.1. Study area and design

We examined winter birds in four regenerating stands (here-
after “blocks”) in Beaufort County, North Carolina (35.6104°N,
76.8613°W) within the Coastal Plain Physiographic Region of the
Southeast. All four blocks [70.5 £ 6.1 (mean * SE) ha] were inten-
sively managed forests planted with loblolly pine (Pinus taeda)
seedlings and managed by Weyerhaeuser Company. Blocks were
managed for sawtimber production and were commercially
thinned twice before final harvest at 32-39 years old. The study
area primarily consisted of pine plantations of various ages (86%),
and the surrounding area included agriculture, forest, and limited
rural housing (Homyack et al., 2016). Average winter temperature
of the study area was 8.61 °C. Soils were predominantly loam and
silt loam.

During clearcut harvest in November 2010 through February
2011, we implemented woody biomass removal treatments
(herein “treatments”) at each block. We used a randomized
complete-block experimental design, dividing each block into the
following six treatments [area=11.7 0.5 (mean + SE) ha;
range = 8.4-16.3 ha]: (1) clearcut with a traditional woody
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biomass harvest and no BHGs implemented (NOBHGS); (2) clear-
cut with 15% retention of harvest residues evenly dispersed
throughout the treatment (15DISP); (3) clearcut with 15% reten-
tion of harvest residues clustered in large piles throughout the
treatment (15CLUS); (4) clearcut with 30% retention of harvest
residues evenly dispersed throughout the treatment (30DISP); (5)
clearcut with 30% retention of harvest residues clustered in large
piles throughout the treatment (30CLUS); and (6) clearcut with
no woody biomass harvest (i.e., clearcut only; NOBIOHARV), which
served as a reference. We defined harvest residues as non-
roundwood stems, pine tops, and limbs traditionally considered
non-merchantable prior to the advent of forest bioenergy-driven
woody biomass markets.

In each treatment, all standing pines merchantable as round-
wood were cut and transported to a logging deck with a grapple
skidder. For the NOBHG treatments, we instructed loggers to glean
all harvest residues they deemed merchantable as woody biomass.
For the NOBIOHARYV treatments, pine roundwood was harvested;
however, we instructed loggers to fell and leave all other stems
(i.e., primarily midstory hardwoods) not harvested as roundwood
and pine tops and limbs.

To implement the four treatments emulating BHGs, we used
ArcGIS (ESRI, Redlands, California, USA) to delineate retention
areas that represented either 15% or 30% of the total treatment
area. Prior to clearcut harvest, we located retention areas using a
hand-held Garmin Rino global positioning system (Olathe, Kansas,
USA) and flagged boundaries. We retained all hardwoods not mer-
chantable as roundwood and other pine residues in retention
areas. Retention areas were clearcut after loggers harvested 85%
or 70% of the non-retention treatment areas, and harvest residues
from retention areas were redistributed throughout the treatment
unit with a grapple skidder. In retention treatments, loggers spread
retained harvest residues from retention areas evenly throughout
the DISP treatments or in randomly placed piles throughout the
CLUS treatments. Because we created treatments by distributing
harvest residues with a grapple skidder, individual piles of harvest
residues in the CLUS and NOBIOHARV treatments were approxi-
mately the size of one grapple load (volume ~ 36.19 m?ha™;
Fritts et al., 2014). Harvest residues from the non-retention areas
and the entire NOBHG treatment were chipped at the logging deck
during harvest.

In the winter of 2010-2011, site preparation followed clear-
cut harvest and treatment implementation. Blocks were sheared
using a V-shaped blade, bedded into continuous, mounded strips
of soil approximately 3 m wide and <1 m tall, and planted with
loblolly pine seedlings during the fall-winter of 2011-2012 at a
density of ~1100 trees ha~'. Shearing moved retained woody
biomass into the 3-m space between pine beds (i.e., inter-bed
space). Consequently, woody biomass was rearranged following
shearing into long, linear rows in inter-bed space parallel to
planted pine rows. However, volume of woody biomass in treat-
ments was largely unaltered by site preparation and discrete
clusters of debris were maintained in the interbed space (Fritts
et al.,, 2014). Blocks were treated with the following two post-
harvest herbicide applications of imazapyr (Chopper®, BASF,
Raleigh, North Carolina, USA) for herbaceous weed control: (1)
a broadcast application (applied by helicopter) one year after
harvest and (2) a banded application (applied only to pine
seedlings in bedded rows) two years after harvest. Blocks and
treatments were bordered by drainage ditches (~1 m wide) con-
taining vegetation that was unaffected by site preparation and
thus more developed than vegetation in treatments. A logging
road (~3.7m wide) separated each side of most sites and
adjacent forest stands, which typically fell into two age classes:
(1) young (~10 years old) and (2) mature (~30 years old). Snags
were rare on all blocks.

2.2. Avian sampling and habitat use

We surveyed winter birds using a modified version of spot-
mapping (Bibby et al., 1992; Lohr et al., 2002) along uniformly dis-
tributed, continuous strip transects in treatments from 1 January to
28 February, 2012-2014. Transects were 25 m from all block edges,
50 m apart from one another, and ran the entire length of the
blocks (i.e., from one end to the other); number of transects per
block varied by block width. During each winter field season, an
observer continuously walked along transects, surveyed birds
25 m to either side of transect lines, and recorded the number of
birds within each treatment, in drainage ditches (see Section 2.1),
and ~10m into adjacent forest stands (herein “adjacent forest
edge”). The observer recorded the spatial location, movements
(i.e., with directional arrows), and species of each detected bird
on maps of treatments. For each detection, the observer also
recorded (when applicable) whether the bird was on the ground
within ~1 m of a downed wood pile (herein “near pile”), within
a downed wood pile (herein “in pile”), or on branches protruding
from a downed wood pile (herein “on branch of pile”). For each
detection, we estimated distance to the nearest drainage ditch or
adjacent forest edge and assigned detections to one of three dis-
tance classes: (1) 1-25 m; (2) 25-50 m; and (3) =50 m; distance
class assignments were independent of transect spacing.

A single observer sampled each of the four blocks and treat-
ments therein 3 times in 2012, 6 times in 2013, and 8 times in
2014. The observer conducted one survey of all treatments in
one entire block between sunrise and 1000 h on mornings with
no precipitation and winds <25 km/h. The observer started each
survey route at a random corner of each block and alternated the
order in which blocks were surveyed to eliminate potential tempo-
ral and directional biases. Because we surveyed winter birds 25 m
to either side of transect lines in relatively open areas consisting
primarily of low-lying grasses (when vegetation was present), we
assumed detection probability in treatments was near 100%
(Diefenbach et al., 2003; Plush et al., 2013). Additionally, spot
mapping allowed us to track winter bird movements (e.g., flushes)
after initial detections, which minimized double-counting of
individuals.

2.3. Quantifying harvest residues

During a concurrent study, Fritts et al. (2014) measured
scattered and piled downed wood in each treatment within each
block using the line-intersect sampling (LIS) technique (Van
Wagner, 1968) and a visual encounter method, respectively (see
Fritts et al., 2014 for detailed methods). To generate total volume
of downed wood (m>ha~!) for each treatment, they summed
volume of piled downed wood estimated from the visual encounter
method and volume of scattered downed wood estimated using
the LIS method.

2.4. Quantifying vegetation

We did not characterize habitat characteristics in 2012 because
blocks had minimal vegetation due to intensive site preparation
and young stand age. In February of 2013 and 2014, when vegeta-
tion was well-established in regenerating stands, we estimated
vertical vegetation structure, maximum vegetation height, ground-
cover (i.e., cover < 1 dm off the forest floor), and horizontal vegeta-
tion cover (i.e., cover > 1 dm off the forest floor) at three (2013)
and six (2014) systematically distributed vegetation plots in each
treatment. At each vegetation plot, we established three, 10-m
transects along which we measured vegetation at 10, 1-m incre-
ments (i.e., 30 total sampling points/vegetation plot). We oriented
the first transect based on a random bearing and oriented the
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remaining two transects 120° to either side (USDA, 2007). As an
index of vertical structure, we counted the number of times any
vegetation type (forb, grass, woody shrubs and vines) touched
any decimeter increment along a 2-m-tall, 4.8-cm-diameter rod
at 30 sampling points (Moorman and Guynn, 2001). Maximum
vegetation height for each vegetation plot was the maximum
decimeter increment (up to 2 m) at which we recorded a vegeta-
tive hit for each of the 30 sampling points. We recorded common
groundcover types (bare ground, coarse woody debris, grass, and
litter) that touched anywhere from the bottom through the first
1-dm increment of the rod. We recorded horizontal vegetation
cover types (forb, grass, and woody shrubs and vines) that touched
anywhere above the 1-dm increment of the rod. We indexed
percent cover of each groundcover and horizontal vegetation type
at each vegetation plot by dividing the number of sampling points
where the rod touched each ground or horizontal vegetation type
by 30 and multiplying by 100.

2.5. Statistical analyses

We calculated annual relative abundance as the count of
individual birds detected per treatment in each block divided by
number of visits per block for each year for all winter bird species
combined (i.e., all species with >1 detection per year), each spe-
cies with >30 detections per year, and two wren species [Carolina
wren (Thryothorus ludovicianus) and house wren (Troglodytes
aedon)| that have documented relationships with downed wood
(Hamel, 1992). We chose the minimum sample size of 30
detections to ensure inclusion of all relatively common winter bird
species in regenerating stands. For each treatment in each block,
we calculated species richness and derived the Shannon-Weaver
index of diversity (herein “species diversity”; Shannon and
Weaver, 1949) for the entire winter bird community using the
diversity function in the R package “vegan” (Oksanen et al., 2012)
and used these metrics as response variables. To avoid bias
induced by edge effects, we only included winter bird detections
recorded >25m from all drainage ditches and adjacent forest
edges in analyses. We excluded winter birds observed on logging
decks because logging decks were excluded from treatment
implementation.

To test for treatment-level effects on winter birds, we ran gen-
eralized linear models (GLMs) with a Gamma distribution, using
winter bird (i.e., all winter birds and each species) relative abun-
dance (i.e., count/effort), species diversity, and species richness as
response variables. For relative abundance analyses, we used treat-
ment, block, and year as independent, explanatory variables; for
species diversity and richness analyses, we analyzed each year sep-
arately and used treatment and block as independent, explanatory
variables. To generate a standardized metric to represent the spa-
tial associations of winter birds with piles of downed wood in
treatments, we divided the count of all winter birds detected near,
in, or on branches of piles, respectively, by number of visits to each
block for each year. We then used these relative counts of winter
birds detected near, in, or on branches of piles as response vari-
ables and treatment and block as independent, explanatory vari-
ables in GLMs (Gamma distribution) for each year. Because the
Gamma distribution requires positive values, we added half the
value of the smallest positive observation to each data point with
an original value of 0 when at least one value of 0 occurred in a
dataset for a response variable. We assumed overdispersion when
the residual deviance divided by the residual degrees of freedom
was >1.5. When we detected overdispersion, we corrected for it
by applying a negative binomial regression model (Venables and
Ripley, 2002). For the categorical variables treatment and year,
we performed post-hoc Tukey’s pair-wise comparisons of means
for all models using general linear hypothesis testing (glht func-

tion; single-step method) in the R package “multcomp” (Hothorn
et al,, 2013).

We examined use of available habitat structure (i.e., downed
wood piles versus vegetation) by commonly encountered winter
bird groups in regenerating stands. Specifically, we calculated the
proportion of detections near, in, or on branches of downed wood
piles or in vegetation for commonly encountered winter bird
groups, including wrens (Carolina wren and house wren), mourn-
ing dove (Zenaida macroura), and sparrows [savannah sparrow
(Passerculus sandwichensis), song sparrow (Melospiza melodia),
and swamp sparrow (Melospiza georgiana)]. We summarized these
proportions descriptively. We also determined winter bird distri-
bution across a gradient of edge proximity spanning from adjacent
forest edges and drainage ditches inwards to the interior of
regenerating stands. For each year, we compared total winter bird
counts among adjacent forest edge and drainage ditches (see
Section 2.1), and distance classes away from adjacent forest edges
and drainage ditches (i.e., 1-25m, 25-50 m, and >50 m) using
Pearson’s Chi Squared Goodness of Fit Tests.

We compared yearly vegetation structure and composition
among treatments using randomized complete block design analy-
ses of variance (ANOVAs). After confirming normality and homo-
geneity of variances using Shapiro-Wilks and Bartlett tests,
respectively, we ran ANOVAs using index of each groundcover type
(i.e., bare ground, coarse woody debris, grass, and litter), index of
each horizontal vegetation cover type (i.e., forb, grass, and woody
shrubs and vines), vertical vegetation structure, and maximum
vegetation height for each treatment in each block per year as
dependent variables, and treatment and block as fixed effects.
We arcsine square-root transformed percentile variables, but
untransformed means and standard errors are reported. We con-
ducted all analyses using statistical software program R (version
3.1.0; R Core Team, 2014). We set o = 0.05.

3. Results

In the winters of 2012-2014, we counted 9618 birds of 52 spe-
cies, of which 3352 (35%) occurred in treatments (i.e., >25 m from
drainage ditches and adjacent forest edge; see Appendix A). In
2012, mourning dove was the most commonly encountered
species in treatments (37%; Table 1). Sparrows, including savannah
sparrow, song sparrow, and swamp sparrow, collectively com-
prised 67% and 88% of winter bird counts in treatments in 2013
and 2014, respectively (Table 1).

There were few treatment effects on winter bird metrics
(Table 1). Neither species diversity nor richness differed among
treatments in any year. Mourning dove relative abundance (2012
and 2013 combined) was greater in the NOBIOHARV treatment
than in the 15DISP treatment. In 2014, field sparrow relative abun-
dance was greater in the NOBHGS treatment than in other treat-
ments, with the exception of the 30CLUS treatment. Apart from
mourning dove (2012 and 2013 combined) and field sparrow
(2014), we detected no treatment effects on relative abundance
of the winter bird community or individual species. However, win-
ter bird relative abundances typically increased from 2012 to 2013,
whereas differences in winter bird relative abundances between
2013 and 2014 were not as large (Table 1). Sparrow species were
rare in 2012; relative abundance of swamp sparrow increased from
2013 to 2014, and relative abundance of Carolina wren, species
richness, and species diversity all peaked in 2013 (Table 1).

In general, counts of winter birds near, in, or on branches of
downed wood piles did not differ among treatments (Table 2). In
2013, counts of winter birds detected in piles were greater in the
NOBIOHARV and 30CLUS treatments than in the NOBHGS treat-
ment. In all years, we detected fewer winter birds in piles than near
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Table 1

Mean # SE of Shannon-Weaver index of diversity and species richness, and relative abundance (counts per treatment unit/# visits per block each year) of winter birds recorded in
six woody biomass removal treatments within regenerating stands (n = 4), January and February, 2012-2014, Beaufort County, North Carolina. With the exception of Carolina
Wren and House Wren, we only included winter bird species with >30 detections per year in our species-specific analyses. Treatments included: (1) no Biomass Harvesting
Guidelines (NOBHGS); (2) 15% woody biomass retention distributed evenly throughout the treatment unit (15DISP); (3) 15% woody biomass retention in piles (15CLUS); (4) 30%
woody biomass retention distributed evenly throughout the treatment unit (30DISP); (5) 30% woody biomass retention in piles (30CLUS); and (6) no woody biomass harvest
(NOBIOHARV). Different letters indicate significant differences among treatments or years; years were pooled for analyses. N/A indicates insufficient sample size. Scientific names
of winter bird species available in appendices.

Year Woody biomass removal treatment
NOBHGS 15DISP 15CLUS 30DISP 30CLUS NOBIOHARV

Community metric
Shannon-Weaver (H) 2012 0.40 £0.26 0.70 £0.25 1.00£0.18 1.06+0.17 0.37 £0.37 0.51+£0.36

2013 1.85+0.11 1.84+0.04 1.88+0.10 1.89+0.14 1.87+0.14 1.80+0.08

2014 1.15+0.17 1.06 +0.16 1.19+0.26 0.98 +0.27 1.04+0.11 1.21+0.05
Species richness (N) 2012 2.00 +0.71 2.25+0.75 3.00 £0.58 3.75+0.63 2.00 £ 1.00 2.25+0.95

2013 9.00+1.29 9.75+0.25 9.50 + 1.44 9.75+1.89 10.25+1.70 8.75+0.63

2014 6.25+1.25 5.50 £1.32 6.00 £0.41 6.00+1.35 4.50+1.19 6.25+0.63
Relative abundance
All birds 2012° 242+1.24 1.42+0.70 2.00 +0.56 3.42+0.96 2.83+1.08 3.08+1.16

2013? 6.30 £ 1.47 8.37+£1.03 7.13£0.73 7.22+0.65 10.84 + 4.41 6.99 +0.93

20142 9.28+1.15 10.843.29 11.50£2.22 9.19+0.96 11.72£4.73 9.81+1.42
Carolina wren 2012° 0.17 £0.17 0 0.42 +0.32 0.17£0.17 0.33+0.33 0.17 £0.17

20132 0.32 £0.07 0.28 £0.08 0.32+0.12 0.58 £0.17 0.43 £0.12 0.42 £0.17

2014° 0.03 £0.03 0.06 +0.04 0 0.06 £ 0.04 0.06 +0.06 0.09 £ 0.06
House wren 2012% 0 0.08 £0.08 0 0.08 +0.08 0 0.17 £0.17

20132 0.04 +£0.04 0.08 +0.04 0.08 £0.04 0.08 +0.04 0.12 +0.04 0.12 +0.04

20142 0.13 £0.05 0.09 +0.06 0.16 £0.08 0.31+0.17 0.09 +0.09 0.16 £0.06
Field sparrow 2012 N/A N/A N/A N/A N/A N/A

2013 N/A N/A N/A N/A N/A N/A

2014 1.19+0.58? 0.22 £0.15" 0.03 £0.03¢ 0.09 + 0.06" 0.78 £0.51%° 0.22£0.11°¢
Mourning dove 20122 0.75 +0.55% 0.17 £0.10° 0.17 £0.10%° 0.92 +0.57% 1.42 +1.20%° 2.33+1.312

2013 0.16 £ 0.07%° ob 0.42 £0.21%° 0.04 £ 0.04%° 0.16 £0.12% 0.17 £0.10°

2014 N/A N/A N/A N/A N/A N/A
Savannah sparrow 2012 N/A N/A N/A N/A N/A N/A

2013 1.14+0.41 1.39+£0.44 1.05+0.10 0.82£0.45 0.80£0.28 0.61+0.12

2014 0.22+0.18 2.59 2,51 1.03+0.78 0.22+0.22 294+285 0.88 +0.60
Song sparrow 2012 N/A N/A N/A N/A N/A N/A

2013 1.34+0.30 2.06 +0.37 134+0.36 1.62+0.20 2.21+0.44 1.96 + 0.30

2014 1.66+0.24 1.88 +0.37 2.09 +0.54 1.53+0.42 1.59+0.39 2.25+0.30
Swamp sparrow 2012 N/A N/A N/A N/A N/A N/A

2013 0.73+0.18 1.28 +0.04 0.92 +0.24 0.76 +0.08 1.39+0.44 0.82+0.25

20142 5.19 £0.97 5.25+1.06 6.94 £1.00 6.22 £0.96 6.03 £1.87 5.44 +0.87
Yellow-rumped warbler 2012 N/A N/A N/A N/A N/A N/A

2013 0.17 £0.12 0.56 £0.16 0.15 £0.06 0.32£0.14 0.27 £0.12 0.42 £0.22

2014 N/A N/A N/A N/A N/A N/A

Table 2

Counts of all winter bird detections near (i.e., ~1 m from pile), in, or on branches of piles of downed wood per visit (mean + SE) recorded in six woody biomass removal treatments
within regenerating stands (n = 4), January and February, 2012-2014, Beaufort County, North Carolina. Treatments included: (1) no Biomass Harvesting Guidelines (NOBHGS); (2)
15% woody biomass retention in piles (15CLUS); (3) 15% woody biomass retention distributed evenly throughout the treatment unit (15DISP); (4) 30% woody biomass retention
in piles (30CLUS); (5) 30% woody biomass retention distributed evenly throughout the treatment unit (30DISP); and (6) no woody biomass harvest (NOBIOHARV). We analyzed
counts from each year independently. Different letters indicate significant differences among treatments.

Location Year Woody biomass removal treatment
NOBHGS 15DISP 15CLUS 30DISP 30CLUS NOBIOHARV

Near pile 2012 3.00£1.35 3.25+0.63 4.50+0.96 4.00+0.58 4.00 £1.47 3.75+1.31
2013 8.00 +1.08 5.25+1.11 6.50 £ 1.55 4.00+0.91 5.25%1.70 8.00+1.78
2014 3.50 + 1.50 1.75 £0.48 3.75+1.80 2.00+0.71 3.25+1.38 4.75+1.44

In pile 2012 0.75 +0.48 0.50+0.29 1.00 +0.41 1.25+0.25 1.25+0.63 2.75+1.03
2013 0.50 + 0.29° 1.00 # 1.00% 1.75 +0.75%® 1.75 + 0.48%° 450+1.322 4.50 £1.04°
20144 N/A N/A N/A N/A N/A N/A

On branches of pile 2012 2.00 +0.91 1.75+0.48 3.00 +0.58 3.75+0.75 1.00+0.41 4.25+221
2013 9.00 £2.27 8.50 £3.20 11.25+2.56 7.00 £2.45 14.25+1.93 11.25 +3.42
2014 0.50+0.29 1.00+0.71 1.00 +0.41 2.25+1.03 1.25+0.48 2.75+1.55

A Qur ability to detect birds in piles was severely limited by 2014 because developing vegetation in interbeds made it difficult to determine whether a bird flushed into or
out of piles of downed wood.
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piles or on branches of piles (Table 2). For all years, we frequently
detected Carolina wren and house wren in piles. Relative to other
winter bird species in regenerating stands, we recorded a high
number of counts near piles for the following species: dark-eyed
junco (Junco hyemalis), mourning dove, and palm warbler (Seto-
phaga palmarum) in 2012; chipping sparrow (Spizella passerina)
and mourning dove in 2013; and mourning dove and northern
bobwhite (Colinus virginianus) in 2014. In 2012, we most often
detected eastern bluebird (Sialia sialis) and song sparrow on
branches of piles.

Among the most commonly encountered winter bird groups,
wrens and sparrows more frequently used vegetation than downed
wood in regenerating stands, whereas doves were more often
detected on the ground within 1 m of downed wood piles than in
or among vegetation (Fig. 1). Winter bird counts differed among
distance to edge categories in 2012 (x?>=114.19, DF=3,
P=<0.01), 2013 (%2?=619.04, DF=3, P=<0.01), and 2014
(x*>=1303.59, DF=3, P=<0.01), and we counted more winter
birds in adjacent forest edge, drainage ditches, and <25 m from
drainage ditches and adjacent forest edge than in treatments (i.e.,
>25 m from drainage ditches and adjacent forest edge) each year
(Fig. 2).

Volume of harvest residues in treatment plots was shown to
accurately match that of our original experimental design, which
emulated target percentages of harvest residue retention proposed
in BHGs (Fritts et al., 2014). Fritts et al. (2014) calculated the fol-
lowing volumes (m3 ha™!) of harvest residues in each treatment:
NOBHGS = 20.65 + 1.45; 15DISP=40.80+ 13.11; 15CLUS =37.76 +
9.42; 30DISP =55.75+12.49; 30CLUS =55.17 £ 12.49; NOBIO-
HARV = 108.20 * 20.05. Most vegetation structure and composition
metrics did not differ among treatments in 2013 or 2014 (Table 3).
Grass ground cover was greater in the 15CLUS treatments than in
the 15DISP treatments in 2013 and greater in the 30CLUS treat-
ments than in the 30DISP or NOBIOHARV treatments in 2014. In
2013, vegetative cover of grass was greater in the NOBHGS and
15CLUS treatments than in the 15DISP treatments. Although
results of ANOVAs indicated differences in vertical vegetative
structure among treatments for 2013 and 2014, pair-wise compar-
isons of treatment means revealed no significant differences. In
2013, ground cover was mostly comprised of bare ground and
grass, whereas grass alone was the most dominant ground cover
in 2014. Additionally, grass comprised most of the horizontal
vegetation cover in both 2013 and 2014.

4. Discussion

Our results suggest woody biomass harvests in regenerating
stands within intensively managed forests of the Southeast had lit-
tle effect on the winter bird community. After testing response of
winter birds to experimental removal of downed wood in mature
(between 40 and 50years old) loblolly pine forests of the
Southeast, Lohr et al. (2002) also found downed wood removal
had no effect on the winter bird community. In contrast, Rost
et al. (2010) documented a significant, positive relationship
between constructed piles of downed wood and abundance of
seed-dispersing, winter birds in harvested and burned Mediter-
ranean pine forests, but no winter bird response to dispersed
woody biomass. Although the winter bird community in our study
was unaffected by volume and distribution of retained harvest
residues, we demonstrated that downed wood may play an ecolog-
ical role as winter bird habitat complementary to that of vegetation
in regenerating stands. However, vegetation structure and compo-
sition, rather than availability of downed wood, primarily
influenced winter bird abundance in regenerating stands.
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Fig. 1. Proportional use of habitat structure, including harvest residue piles [i.e.,
downed wood; near (within 1 m), in, and on branches of piles by wrens, mourning
dove, and sparrows in regenerating stands (n =4), January and February, 2012-
2014, Beaufort County, North Carolina. WRENS = Carolina wren and house wren
(2012-2014); DOVES = mourning dove (2012 and 2013 only); SPARROWS included
savannah sparrow, song sparrow, and swamp sparrow (2013 and 2014). Only
detections recorded >25 m from edge were included. Scientific names of winter
bird species available in appendices.
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Fig. 2. Yearly variation in percentage of winter bird counts in adjacent forest edge
(AFE; up to ~10 m into stands) and drainage ditches (DDs), and distance classes
away from drainage ditches and adjacent forest edge (1-25m, 25-50 m, and
>50m) in intensively managed pine plantations, January and February, 2012-
2014, Beaufort County, North Carolina.

Operational and economic realities affecting forest harvesting at
the time our experiment was implemented may have resulted in
relatively high volumes of retained harvest residues following
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Table 3

Winter habitat variables” (mean # SE) estimated in six woody biomass removal treatments within regenerating stands (n = 4) in February, 2013 and 2014, Beaufort County, North
Carolina. Treatments included: (1) no Biomass Harvesting Guidelines (NOBHGS); (2) 15% woody biomass retention in piles (15CLUS); (3) 15% woody biomass retention
distributed evenly throughout the treatment unit (15DISP); (4) 30% woody biomass retention in piles (30CLUS); (5) 30% woody biomass retention distributed evenly throughout
the treatment unit (30DISP); and (6) no woody biomass harvest (NOBIOHARV). Winter habitat covariates for each treatment in each site were compared using randomized
complete block design ANOVAs with treatment and block as fixed effects. Different letters indicate significant differences among treatments.

Covariate Woody biomass removal treatments Treatment Block

NOBHGS 15DISP 15CLUS 30DISP 30CLUS NOBIOHARV Fsis  Put Fa16 Prep
Ground cover (%)
Bare ground (2013)  39.17 +6.24 45.00 +2.44 33.33£3.58 38.89 +1.71 35.00 + 4.46 40.56 +4.11 118 037 3.92 0.03
Bare ground (2014)  26.81+5.91 28.06 £4.01 26.67 £4.50 30.00 +£2.97 25.83 £5.49 27.08 +3.49 035 087 16.26  <0.01
Litter (2013) 10.56 +2.80 17.22+4528  13.06+2.65 7.50 +1.82 15.28 +2.37 13.06 + 3.82 242 0.09 1340  <0.01
Litter (2014) 11.25 +2.07 16.67 +3.25 16.11 + 1.50 17.92 +4.22 10.83 + 1.82 18.19+2.39 119 036 1.46 0.27
Grass (2013) 37.78 £421%° 2444 +4.73° 43.06 +2.13% 3472 +6.03®® 3528+493%® 2750+3.82® 314 0.04 5.59 <0.01
Grass (2014) 52.78 +6.52°  46.67+5.56"°  50.42 +5.35  40.97 £6.23" 55.00 + 6.87° 41.39 £ 3.68° 493 <001 3267 <001
CWD (2013) 6.67 +1.52 7.50 £0.72 7.50 +1.49 12.50 + 2.43 8.06 +2.50 13.61+3.41 1.98 0.14 3.78 0.03
CWD (2014) 8.06 £1.25 7.36 £1.01 7.08 £ 0.80 9.31+41.20 7.08 +1.20 11.11£1.95 1.05 043 1.63 0.23
Vegetative cover (%)
Forb (2013) 9.94+2.68 11.11£4.55 3.61+1.64 11.39£3.43 10.28 + 1.86 11.67 £ 1.00 203 013 3.55 0.04
Forb (2014) 16.11 + 4.68 16.67 + 5.60 12.92 +2.65 20.00 +5.00 10.83 +3.40 21.81+4.05 223 011 1430  <0.01
Grass (2013) 58.06 + 5.86° 34.17 +7.84° 63.89 +3.96 5556 +6.07°®  54.72+587%  4444+787®" 443  0.01 7.25 <0.01
Grass (2014) 75.14 + 4.30 73.33 £4.45 7333 +4.24 70.00 +7.28 81.53 £4.28 67.36 +4.39 240  0.09 15.02  <0.01
WSV (2013) 3.89 + 0.62 2.78+1.15 3.33+1.04 3.89+0.28 5.56 +0.40 6.11+1.78 1.78 0.8 2.86 0.07
WSV (2014) 22.08 +1.46 20.14 +3.43 19.03 +1.65 24.72 +3.61 2292 +2.15 30.83 £4.39 139 028 0.66 0.59
VVS (2013) 4.28+0.53 2.63+0.48 4.20+0.12 4.43+0.71 4.09+0.57 2.99 +0.42 293 005 5.35 0.01
VVS (2014) 4351025 3.89+0.28 3.91+0.26 3.58£0.33 4.47 £0.39 3.55+0.18 343  0.03 10.66  <0.01
MVH (2013) 5.31+0.52 3.44 +0.65 5.22+0.12 5.75 +0.62 5.30 +0.68 3.924+0.53 328  0.04 458 0.02
MVH (2014) 7.39+0.39 7.02 £0.06 6.88 +0.48 7.21+035 7.52+0.16 7.08 £0.27 040 084 0.67 0.58

A CWD = coarse woody debris; WSV = woody shrub/vine; VVS = vertical vegetative structure; MVH = maximum vegetation height.

woody biomass harvest. Specifically, intensities of woody biomass
harvests at the sites may have been restricted due to technological
limitations of harvest equipment and disparities between costs of
harvesting biomass relative to its market value may have dimin-
ished operator effort. Recent studies in the Southeast have shown
that even the most intensive, unrestricted experimental woody
biomass harvests leave relatively large volumes of harvest residues
on the landscape (Homyack et al., 2013; Fritts et al., 2014). For
example, a concurrent study at the blocks showed that the
minimum volume of harvest residues retained in a treatment plot
was 16.28 m*>ha~! (7.81tonsha™'; Fritts et al, 2014), which
exceeded by over three-fold the Forest Guild’s BHGs for the Coastal
Plain physiographic region (Perschel et al., 2012). Therefore,
current levels of woody biomass harvest in the Southeast may
retain volumes of harvest residues above the threshold needed to
sustain winter bird populations, if a threshold even exists.

Some previous studies suggested breeding birds negatively
responded to experimental decreases in downed wood (e.g., Lohr
et al., 2002), and our finding of minimal winter bird response to
harvest residue removal relative to that of breeding birds coincides
with results from other studies (see Riffell et al., 2011). Differences
between breeding and winter bird response to downed wood
removal may be related to the suite of species occurring in each
season or differences in the amount of downed wood necessary
to meet foraging versus nesting requirements (Hutto and Gallo,
2006; Riffell et al., 2011). Additionally, birds typically are non-
territorial during winter and thus are unlikely to be as strongly tied
to a particular habitat element (Lohr et al., 2002). However,
Carolina wrens are territorial year-round (Simpson, 1985; Strain
and Mumme, 1988), and we detected no response to woody
biomass removal treatments by this species.

Knowledge of avian use of downed wood remains underdevel-
oped (Lanham and Guynn, 1996; Seibold et al., 2015), yet our
records of spatially explicit, winter bird counts recorded near, in,
or on branches of downed wood piles, coupled with field observa-
tions, indicate that several winter bird species use downed wood
extensively during winter. Based mainly on anecdotal information
on breeding birds and natural history studies in the Southeast,

Hamel (1992) cited nine species of birds associated with downed
wood. We commonly recorded Carolina and house wrens in piles
of downed wood, verifying observations by Hamel (1992) and
Lanham and Guynn (1996) that wrens are closely associated with
downed wood. Indeed, greater counts of winter birds detected in
piles within treatments maintaining greater volumes of harvest
residues in 2013 coincided with peak relative abundance of Caro-
lina wren among years. Additionally, we recorded many other bird
species associated with downed wood previously unlisted by
Hamel [(1992); see Appendix B]. We notably recorded several spar-
row species (e.g., savannah sparrow, song sparrow, and swamp
sparrow) using downed wood, indicating that downed wood may
provide habitat structure in regenerating stands for some overwin-
tering sparrows. However, sparrows used vegetation structure far
more than downed wood in regenerating stands.

Although no studies have directly addressed mechanisms
behind winter bird use of downed wood, our results support previ-
ous studies that inferred downed wood is used by winter birds for
perching and cover (Shackleford and Conner, 1997; Laven and Mac
Nally, 1998; Hagan and Grove, 1999; Lohr et al., 2002). Prior to
vegetation establishment, we frequently detected eastern bluebird
perching on branches of downed wood piles, and observed this
species pouncing on grounded prey [e.g., crickets (Gryllidae)] from
these vantage points (S. Grodsky, pers. obs.). Similar inter-
relationships between downed wood perches and foraging have
been recorded for European robin (Erithacus rubecula; Rost et al.,
2010) and several Australian robins (Petroica spp.; Mac Nally
et al., 2001). Winter bird use of downed wood perches decreased
as maximum vegetation height increased from 2013 to 2014,
potentially indicating structural height more so than perch type
(i.e., downed wood versus vegetation) dictates winter bird perch
selection. Yet, at least during early stand development, perches
provided by retained harvest residues may have facilitated preda-
tor vigilance among winter birds in regenerating stands (Lohr et al.,
2002). Additionally, we frequently observed winter birds, including
sparrows, flush into piles of downed wood rather than nearby
clumps of grasses when vegetation was present (S. Grodsky, pers.
obs.), potentially supporting the hypothesis that some passerines
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prefer woody cover when threatened (Lima, 1993). However, our
ability to account for birds using downed wood as cover was lim-
ited by 2014 because developing vegetation in interbeds made it
nearly impossible to determine whether a bird flushed into or
out of piles of downed wood. Although we did not explicitly test
functionality of harvest residues as thermal cover, some winter
birds (e.g., sparrows) may have used roosted in downed wood
because of the warmer, thermal environment relative to
vegetation.

Our results also indicate winter birds may have used downed
wood for the abundant insect prey and seeds it can harbor (Jabin
et al., 2004; Ulyshen and Hanula, 2009; Castro and Wise, 2010).
During each year of our study, we commonly detected ground-
gleaning granivores (e.g., mourning dove) near piles. In this case,
granivorous birds may be concentrating their feeding around piles
of downed wood, which may in turn be damming seeds during pre-
(seeds sourced from adjacent stands) and post-vegetation estab-
lishment (seeds sourced within stands). Loeb (1996) hypothesized
that seed-damming capabilities of downed wood may attract
mammalian granivores to downed wood structure for feeding.
Based on our results, the same idea may apply to some granivorous
winter birds, especially mourning dove. We detected mourning
dove near piles more often than in vegetation, potentially suggest-
ing that seed availability near downed wood influenced habitat use
by this species. Further, granivorous birds concentrating their
attention downward while feeding also could benefit from the
cover downed wood provides from diurnal raptors overhead
(Mac Nally et al., 2001). In 2012, we frequently detected palm war-
bler, an insectivore, on the ground near piles, and, for most detec-
tions, this species was actively foraging (S. Grodsky, unpublished
data). Therefore, some ground-foraging insectivores may take
advantage of highly abundant and easily accessed invertebrate
prey resources associated with downed wood, especially prior to
vegetation establishment (Lohr et al., 2002). Unlike in more north-
ern latitudes, winter temperatures in the Southeast often are mild
enough to support invertebrate activity (i.e., >40 °F).

Most woody biomass harvests in the Southeast are predicted to
occur on private, intensively managed forests in association with
clearcutting (Riffell et al., 2011), which has implications for avian
use of regenerating stands beyond woody biomass harvest alone.
Dynamic, successional trajectories of vegetation in regenerating
stands and spatiotemporal implications of managed forest land-
scapes (i.e., a mosaic of variably aged stands, retained stands, and
other features) inevitably will affect winter birds in conjunction
with woody biomass harvests. Birds frequently associate with ver-
tical structure in the form of vegetation (MacArthur and
MacArthur, 1961) and snags (Fischer and McClelland, 1983;
Lanham and Guynn, 1996). We detected more birds each year in

Appendix A

and within 25 m of drainage ditches and adjacent forest edge likely
because edge maintained greater vegetative complexity than the
interiors of regenerating stands for the duration of our study. Fur-
ther, many winter birds likely moved between adjacent forest
stands and regenerating stands, taking advantage of resources
available in each. In contrast, sparrows most often used the interior
of regenerating stands, but only after grasses were present as early
successional vegetation cover. Considering these points and the
fact that winter bird relative abundance markedly increased from
pre- to post-vegetation establishment, vegetation in and surround-
ing the study sites likely had a marked effect on winter bird use of
regenerating stands. Thus, we suggest that, in most cases involving
woody biomass harvests following clearcutting in intensively man-
aged forests, the relationship between birds and vegetation struc-
ture and composition and landscape juxtaposition will outweigh
any effects of harvest residue retention in regenerating stands.

5. Conclusion

Winter birds largely were unaffected by current levels of woody
biomass harvest in intensively managed forests, suggesting that
implementation of current BHGs is potentially unnecessary with
respect to winter birds in the Southeast. Winter birds responded
to successional changes in vegetation structure and composition
more so than availability of downed wood. Yet, many winter bird
species used harvest residues, potentially indicating that downed
wood is a valuable habitat component in young forests. Additional
research on mechanistic value of downed wood to winter birds in
regenerating stands is warranted. Although current levels of woody
biomass harvestin the Southeast leave considerable volumes of har-
vest residues on the landscape, technological advances in harvest
machinery or increases in the market value of woody biomass could
result in intensified removal of downed wood. If future woody bio-
mass harvests intensify, leading to a substantial decrease in harvest
residue retention relative to current levels on our study sites, we rec-
ommend that winter bird response to woody biomass harvests be
re-evaluated to inform and update BHGs, if necessary.
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Number and location of winter birds observed in regenerating stands (n = 4) and surrounding edge, January and February, 2012-2014,
Beaufort County, North Carolina. Regenerating stands and treatments therein were bordered by drainage ditches (~1 m wide) containing
vegetation which was unaffected by site preparation and thus more developed than vegetation in treatments. Locations in treatments
included: Interior = =50 m from drainage ditches and adjacent forest edge (AFE); Moderate = 25-50 m from drainage ditches and AFE;
and Short = 1-25 m from drainage ditches and AFE. A logging road (~3.7 m wide) separated each side of most regenerating stands and adja-
cent forest stands, which typically fell into two age classes: (1) young (~10 years old) and (2) mature (~30 years old).

Common name Scientific name Interior Moderate Short Drainage AFE AFE Total
ditch (mature) (young)

American crow Corvus brachyrhynchos 0 0 0 0 15 15 30

American goldfinch Spinus tristis 4 1 6 4 0 41 56

American kestrel Falco sparverius 2 1 0 1 0 0 4

American robin Turdus migratorius 2 9 0 0 6 1 18
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Appendix A (continued)
Common name Scientific name Interior Moderate Short Drainage AFE AFE Total
ditch (mature) (young)
Bluejay Cyanocitta cristata 0 0 0 0 1 7 8
Brown creeper Certhia americana 0 0 0 0 1 0 1
Brown-headed Sitta pusilla 0 0 0 0 3 0 3
nuthatch
Brown thrasher Toxostoma rufum 0 0 0 0 2 0 2
Carolina chickadee Poecile carolinensis 1 4 3 1 33 11 53
Carolina wren Thryothorus ludovicianus 34 49 114 36 61 18 312
Chipping sparrow Spizella passerina 0 84 411 48 4 2 549
Cooper’s hawk Accipiter cooperii 1 0 0 2 0 0 3
Dark-eyed junco Junco hyemalis 35 37 91 44 2 4 222
Downy woodpecker Picoides pubescens 0 0 0 0 3 0 3
Eastern bluebird Sialia sialis 18 25 47 24 5 2 123
Eastern phoebe Sayornis phoebe 6 8 6 11 0 1 32
Eastern towhee Pipilo erythrophthalmus 8 7 35 23 78 58 209
Field sparrow Spizella pusilla 22 79 141 107 5 13 367
Fox sparrow Passerella iliaca 0 0 0 0 5 0 5
Golden-crowned Zonotrichia atricapilla 0 0 0 0 2 3 5
kinglet
Gray catbird Dumetella carolinensis 0 0 2 1 1 4 8
Great blue heron Ardea herodias 0 0 0 2 0 0 2
Great horned owl Bubo virginianus 0 0 0 0 1 0 1
Hairy woodpecker Leuconotopicus villosus 0 0 0 0 10 0 10
Hermit thrush Catharus guttatus 0 0 1 2 9 2 14
Henslow’s sparrow Ammodramus henslowii 0 0 1 0 0 0 1
House wren Troglodytes aedon 16 31 74 9 0 0 130
Killdeer Charadrius vociferus 11 0 0 0 0 0 11
Marsh wren Cistothorus palustris 0 0 1 0 0 0 1
Merlin Falco columbarius 0 0 1 0 0 0 1
Mourning dove Zenaida macroura 72 44 138 20 3 13 291
Northern bobwhite Colinus virginianus 0 45 122 0 0 0 167
Northern cardinal Cardinalis cardinalis 0 0 15 11 15 9 50
Northern flicker Colaptes auratus 0 0 0 2 14 4 20
Northern mockingbird  Mimus polyglottos 0 0 1 9 4 6 20
Palm warbler Setophaga palmarum 8 18 26 11 4 4 71
Pileated woodpecker Hylatomus pileatus 0 0 0 0 11 3 14
Pine warbler Setophaga pinus 0 0 0 0 33 1 34
Red-bellied Melanerpes carolinus 0 0 0 0 13 0 13
woodpecker
Red-shouldered hawk Buteo lineatus 0 0 0 0 0 1 1
Red-tailed hawk Buteo jamaicensis 0 0 0 0 1 2 3
Red-winged blackbird  Agelaius phoeniceus 17 7 32 0 0 0 86
Ruby-crowned kinglet ~ Regulus calendula 0 0 4 1 4 4 13
Savannah sparrow Passerculus 98 300 349 68 0 0 815
sandwichensis
Song Sparrow Melospiza melodia 201 417 849 314 9 21 1811
Sparrow spp. n/a 64 217 423 26 0 45 775
Swamp sparrow Melospiza georgiana 341 930 1462 129 7 6 2875
Tufted titmouse Baeolophus bicolor 0 0 0 0 16 0 16
Wilson’s snipe Gallinago delicata 4 3 2 0 0 0 9
Winter wren Troglodytes hiemalis 0 1 4 0 1 0 6
White-crowned Zonotrichia leucophrys 0 1 1 4 0 0 6
sparrow
White-throated Zonotrichia albicollis 3 4 26 38 14 11 96
Sparrow
Yellow-rumped warbler Setophaga coronata 9 40 90 69 33 21 262
Unknown shorebird n/a 3 2 0 0 0 0 5
Unknown wren n/a 1 3 4 1 0 0 9
Total 984 2368 4485 1019 429 333 9618
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Appendix B

Total counts of winter birds detected near (i.e., ~1 m from pile), in, or on branches of piles of downed wood in regenerating stands

(n=4), January and February, 2012-2014, Beaufort County, North Carolina.

Common name Scientific name Near pile In pile On branch of pile Total
Carolina wren® Thryothorus ludovicianus 5 23 18 46
Chipping sparrow Spizella passerina 462 0 7 469
Dark-eyed junco Junco hyemalis 102 13 29 144
Eastern bluebird Sialia sialis 0 0 48 48
Eastern phoebe Sayornis phoebe 0 0 11 11
Eastern towhee Pipilo erythrophthalmus 1 2 6 9
Field sparrow Spizella pusilla 1 0 13 14
House wren*® Troglodytes aedon 0 19 8 27
Killdeer Charadrius vociferus 10 0 0 10
Mourning dove Zenaida macroura 139 0 30 169
Northern bobwhite Colinus virginianus 27 0 0 27
Northern cardinal Cardinalis cardinalis 3 1 0 4
Northern mockingbird Mimus polyglottos 0 0 1
Palm warbler Setophaga palmarum 11 0 10 21
Savannah sparrow Passerculus sandwichensis 36 0 55 91
Song Sparrow Melospiza melodia 23 27 133 183
Swamp sparrow Melospiza georgiana 9 18 60 87
Wilson’s snipe Gallinago delicata 7 0 0 7
White-crowned sparrow Zonotrichia leucophrys 1 0 2 3
White-throated sparrow Zonotrichia albicollis 12 0 3 15
Yellow-rumped warbler Setophaga coronata 53 0 14 67
Total 902 104 447 1453

¢ Bird species previously listed as downed-wood associated by Hamel (1992).

References

Annamalai, M.S., Wooldridge, M., 2001. Co-firing of coal and biomass fuel blends.
Prog. Energy Combust. Sci. 27, 171-214.

Bibby, C.J., Burgess, N.D., Hill, D.A., 1992. Bird Census Techniques. Academic Press,
San Diego, CA.

Castro, A., Wise, D.H., 2010. Influence of fallen coarse woody debris on the diversity
and community structure of forest-floor spiders (Arachnida: Araneae). For. Ecol.
Manage. 260, 2088-2101.

Chambers, C.L., McComb, W.C., 1997. Effects of silvicultural treatments on wintering
bird communities in the Oregon Coast Range. Northwest Sci. 71, 298-304.
Creutzig, F., Goldschmidt, J.C., Lehmann, P., Schmid, E., von Blucher, F., Breyer, C.,
Fernandez, B., Jakob, M., Knopf, B., Lohrey, S., Susca, T., Wiegandt, K., 2014. Catching
two European birds with one stone: mitigating climate change and Eurozone crisis

by an energy transition. Renew. Sustain. Energy Rev. 38, 1015-1028.

DellaSalla, D.A., Hagar, ].C., Engel, K.A., McComb, W.C,, Fairbanks, R.I., Campbell, E.G.,
1996. Effects of silvicultural modifications of temperate rainforest on breeding
and wintering bird communities, Prince of Wales Island, Southeast Alaska.
Condor 98, 706-721.

Diefenbach, D.R., Brauning, D.W., Mattice, J.A., 2003. Variability in grassland bird
counts related to observer differences and species detection rates. Auk 120,
1168-1179.

Dornburg, V., Faaij, A.P.C., 2001. Efficiency and economy of wood-fired biomass
energy systems in relation to scale regarding heat and power generation using
combustion and gasification technologies. Biomass Bioenergy 21, 91-108.

Erakhrumen, A.A., 2014. Growing pertinence of bioenergy in formal/informal global
energy schemes: necessity for optimizing awareness strategies and increased
investments in renewable energy technologies. Renew. Sustain. Energy Rev. 31,
305-311.

Evans, ].M,, Fletcher Jr., RJ., Alavalapati, J.R.R., Smith, A.L., Geller, D., Lal, P., Vasudev,
D., Acevedo, M., Calabria, F., Upadhyay, T., 2013. Forestry Bioenergy in the
Southeast United States. Implications for Wildlife Habitat and Biodiversity.
National Wildlife Federation, Merrifield, Virginia, USA.

Fischer, P.M., McClelland, B.R., 1983. A Cavity-Nesting Bird Bibliography, Including
related Titles on Forest Snags, Fire, Insects, Disease, and Decay General Technical
Report INT-140. Intermountain Forest and Range Experiment Station, Ogden,
Utah, USA.

Forisk Consulting, 2013. Forisk News. Available at <http://forsik.com./wordpress//
wp-content/assests/Forisk-News-201331108.df> (accessed December 2014).
Fraver, S., Wagner, R.G., Day, M., 2002. Dynamics of coarse woody debris following
gap harvesting in the Acadian forest of central Maine, U.S.A. Can. ]. For. Res. 32,

2094-2105.

Fritts, S.R., 2014. Implementing Woody Biomass Harvesting Guidelines that Sustain
Reptile, Amphibian, and Shrew Populations Doctoral Dissertation. North
Carolina State University, Raleigh, North Carolina.

Fritts, S.R., Moorman, C.E., Hazel, D.W., Jackson, B.D., 2014. Biomass harvesting
guidelines affect downed wood debris retention. Biomass Bioenergy 70, 382-
391.

Fritts, S.R., Moorman, C.E., Grodsky, S.M., Hazel, D.W., Homyack, J.A., Farrell, C.B.,
Castleberry, S.B., 2015. Shrew response to variable woody debris retention:
implications for sustainable forest bioenergy. For. Ecol. Manage. 336, 35-43.

Fritts, S., Moorman, C., Grodsky, S., Hazel, D., Homyack, ]., Farrell, C., Castleberry, S.,
2016. Do biomass harvesting guidelines influence herpetofauna following
harvests of logging residues for renewable energy? Ecol. Appl. 26, 926-939.

Galik, C.S., Abt, R.C., 2015. Sustainability guidelines and forest market response: an
assessment of European Union pellet demand in the southeastern United States.
GCB Bioenergy. http://dx.doi.org/10.1111/gcbb.12273.

Goh, CS. et al., 2013. Wood pellet market and trade: a global perspective. Biofuels
Bioprod. Biorefin. 7, 24-42.

Grodsky, S.M., 2016. How Good is Downed Wood? Avian and Invertebrate Use of
Harvest Residues and the Implications of Forest-based Bioenergy Doctoral
Dissertation. North Carolina State University, Raleigh, North Carolina.

Grodsky, S.M., Moorman, C.E., Russell, KR., 2016. Forest wildlife management. In:
Larocque, G.R. (Ed.), Ecological Forest Management Handbook. Taylor and
Francis Group/CRC Press.

Hagan, J.M., Grove, S.L., 1999. Coarse woody debris. ]. Forest. 97, 6-11.

Hamel, P.B., 1992. The Land Manager’s Guide to the Birds of the South. The Nature
Conservancy and United States Forest Service, Atlanta, USA.

Hanula, J.L., Horn, S., Wade, D.D., 2006. The Role of Dead Wood in Maintaining
Arthropod Diversity on the Forest Floor General Technical Report SRS-93. U. S.
Department of Agriculture Forest Service. Southern Research Station, Asheville,
NC, pp. 57-66.

Harmon, M.E. et al., 1986. Ecology of coarse woody debris in temperate ecosystems.
Adv. Ecol. Res. 15, 133-302.

Harmon, M.E., Hua, C., 1991. Coarse woody debris dynamics in two old-growth
ecosystems. Bioscience 41, 604-610.

Homyack, J.A., Aardweg, A., Gorman, T.A., Chalcraft, D.R.,, 2013. Initial effects of
woody biomass removal and intercropping of switchgrass (Panicum virgatum)
on herpetofauna in eastern North Carolina. Wildl. Soc. Bull. 37, 327-335.

Homyack, J.A., OBryan, CJ., Thornton, J.E. Baldwin, RF., 2016. Community
occupancy of herpetofauna in roadside ditches in a managed pine landscape.
For. Ecol. Manage. 361, 346-357.

Hothorn, T., Bretz, F., Westfall, P., Heiberger, R.M., Schuetzenmeister, A., 2013.
Package “multcomp”. Available at <http://cran.rproject.org/web/packages/
multcomp/multcomp.pdf>.


http://refhub.elsevier.com/S0378-1127(16)30401-7/h0005
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0005
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0010
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0010
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0015
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0015
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0015
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0020
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0020
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0025
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0025
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0025
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0025
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0030
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0030
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0030
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0030
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0035
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0035
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0035
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0040
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0040
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0040
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0045
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0045
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0045
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0045
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0050
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0050
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0050
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0050
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0055
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0055
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0055
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0055
http://www.elsevier.com/xml/linking-roles/text/html
http://www.elsevier.com/xml/linking-roles/text/html
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0065
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0065
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0065
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0070
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0070
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0070
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0075
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0075
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0075
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0080
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0080
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0080
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0085
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0085
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0085
http://dx.doi.org/10.1111/gcbb.12273
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0095
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0095
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0100
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0100
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0100
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0105
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0105
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0105
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0110
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0115
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0115
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0120
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0120
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0120
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0120
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0125
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0125
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0130
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0130
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0135
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0135
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0135
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0140
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0140
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0140
http://cran.rproject.org/web/packages/multcomp/multcomp.pdf
http://cran.rproject.org/web/packages/multcomp/multcomp.pdf

S.M. Grodsky et al./Forest Ecology and Management 379 (2016) 91-101 101

Hutto, R.L, Gallo, S.M., 2006. The effects of postfire salvage logging on cavity-
nesting birds. Condor 108, 817-831.

Intergovernmental Panel on Climate Change (IPCC), 2011. IPCC Special Report on
Renewable Energy Sources and Climate Change Mitigation. Cambridge
University Press, Cambridge, United Kingdom.

Jabin, M., Mohr, D., Kappes, H., Topp, W., 2004. Influence of deadwood on density of
soil macro-arthropods in a managed oak-beech forest. For. Ecol. Manage. 194,
61-69.

Janowiak, M.K., Webster, C.R., 2010. Promoting ecological sustainability in woody
biomass harvesting. ]. Forest. 108, 16-23.

Lanham, ].D., Guynn Jr., D.C., 1996. Influences of coarse woody debris on birds in
southern forests. In: McMinn, J.W., Crossley, D.A., Jr. (Eds.), Biodiversity and
Coarse Woody Debris in Southern Forests. U.S. Forest Service Technical Report
SE-94, Washington, DC, US, pp. 101-107.

Laven, N., Mac Nally, R., 1998. Association of birds with coarse woody debris in box-
ironbark forests of central Victoria. Corella 22, 56-60.

Loeb, S.C., 1996. The role of coarse woody debris in the ecology of southeastern
mammals. In: McMinn, JW., Crossley, D.A,, Jr. (Eds.), Biodiversity and Coarse
Woody Debris in Southern Forests. U.S. Forest Service Technical Report SE-94,
Washington, DC, US, pp. 108-118.

Lohr, S.M., Gauthreaux, S.A., Kilgo, J.C., 2002. Importance of coarse woody debris to
avian communities in loblolly pine forests. Conserv. Biol. 16, 767-777.

Lima, S.L., 1993. Ecological and evolutionary perspectives on escape from predatory
attack: a survey of North American birds. Wilson Bull. 105, 1-215.

Mac Nally, R., Parkinson, A., Horrocks, G., Conole, L., Tzaros, C., 2001. Relationships
between terrestrial vertebrate diversity, abundance and availability of coarse
woody debris on south-eastern Australian floodplains. Biol. Conserv. 99, 191-
205.

MacArthur, R.H., MacArthur, J.W., 1961. On bird species diversity. Ecology 42, 594-
598.

Mayfield, C.A., Foster, C.D., Smith, C.T., Gan, J., Fox, S., 2013. Opportunities, barriers,
and strategies for forest bioenergy bio-based product development in the
southern United States. Biomass Bioenergy 31, 631-637.

Mendell, B.C,, Lang, A.H., 2012. Wood for Bioenergy: Forests as a Resource for
Biomass and Biofuels. Forest History Society.

Milbrandt, A., 2005. A Geographic Perspective on the Current Biomass Resource
Availability in the United States Technical Report NREL/TP-560-39181. National
Renewable Energy Laboratory. U.S. Department of Energy.

Moorman, C.E., Guynn Jr., D.C., 2001. Effects of group-selection opening size on
breeding bird habitat use in a bottomland forest. Ecol. Appl. 11, 1680-1691.

Oksanen, ]., Blanchet, F.G., Kindt, R, Legendre, P., Minchin, P.R., O'Hara, R.B,,
Simpson, G.L., Solymos, P., Henry, M., Stevens, H., Wagner, H., 2012. Vegan:
Community Ecology Package. R Package Version 2.0-4. <http://CRAN.R-project.
org/package=vegan>.

Oswalt, S.N., Smith, B.W., Miles, P.D., Pugh, S.A., 2014. Forest Resources of the United
States, 2012: A Technical Document Supporting the Forest Service 2015 Update
of the RPA Assessment Gen. Tech. Rep. WO-91. U.S. Department of Agriculture,
Forest Service, Washington Office, Washington, DC, 218 p.

Parikka, M., 2004. Global biomass fuel resources. Biomass Bioenergy 27, 613-620.

Perschel, B., Evans, A., DeBonis, M., 2012. Forest Biomass Retention and Harvesting
Guidelines for the Southeast. Forest Guild Southeast Biomass Working Group.
Forest Guild, Sante Fe, New Mexico, USA.

Pimentel, D., 2008. Renewable and solar energy technologies: energy and
environmental issues. In: Pimentel, D. (Ed.), Biofuels, Solar, and Wind as
Renewable Energy Systems: Benefits and Risks. Springer, New York.

Plush, C.J., Moorman, C.E., Orr, D.B., Reberg-Horton, C., 2013. Overwintering sparrow
use of field borders planted as beneficial insect habitat. J. Wildl. Manage. 77,
200-206.

R Core Development Team, 2014. A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria.

Ranius, T., Fahrig, L., 2006. Targets for maintenance of dead wood for biodiversity
conservation based on extinction thresholds. Scand. ]. For. Res. 21, 201-208.

Riffell, S., Verschuyl, J., Miller, D., Wigley, T.B., 2011. Biofuel harvests, coarse woody
debris, and biodiversity - a meta-analysis. For. Ecol. Manage. 261, 878-887.

REN21, 2013. Renewables 2013 Global Status Report. Renewables Energy Policy
Network for the 21st Century. Paris, France.

Rost, J., Clavero, M., Bas, J.M., Pons, P., 2010. Building wood debris piles benefits
avian seed dispersers in burned and logged Mediterranean pine forests. For.
Ecol. Manage. 260, 79-86.

Seibold, S., Bassler, C., Brandl, R., Gossner, M.M., Thorn, S., Ulyshen, M.D., Muller, J.,
2015. Experimental studies of dead-wood biodiversity - a review identifying
global gaps in knowledge. Biol. Conserv. 191, 139-149.

Shackleford, C.E., Conner, R.N., 1997. Woodpecker abundance and habitat use in
three forest types in eastern Texas. Wilson Bull. 109, 614-629.

Shannon, C.E., Weaver, W., 1949. The Mathematical Theory of Communications.
University of Illinois Press, Urbana, IL.

Sharitz, P., 1996. Coarse woody debris and seedling recruitment in southeastern
forests. In: McMinn, J.W., Crossley, D.A, Jr. (Eds.), Biodiversity and Coarse
Woody Debris in Southern Forests. U.S. Forest Service Technical Report SE-94,
Washington, DC, US, pp. 29-34.

Sikkema, R., Steiner, M., Junginger, M., Hiegl, W., Hansen, M.T., Faaij, A., 2011. The
European wood pellet market: current status and prospects for 2020. Biofuels
Bioprod. Biorefin. 5, 250-278.

Simpson, B.S., 1985. Effects of location in territory and distance from neighbours on
the use of song repertoires by Carolina Wrens. Anim. Behav. 33, 793-804.
Strain, J.G., Mumme, R.L., 1988. Effects of food supplementation, song playback, and

temperature on vocal territorial behavior of Carolina Wrens. Auk 105, 11-16.

Ulyshen, M.D., Hanula, J.L., 2009. Responses of arthropods to large-scale
manipulations of dead wood in loblolly pine stands of the southeastern
United States. Environ. Entomol. 38, 1005-1012.

United States Department of Agriculture (USDA), 2007. Phase 3 Field Guide - Down
Woody Material, Version 4.0, P. 32. Available at <http://fia.fs.fed.us/library/
field-guides-methods-proc/docs/2007/p3_4-0_sec14_10_2007.pdf> (accessed
10 September 2011).

United States Department of Agriculture (USDA), 2010. A USDA Regional Roadmap
to Meeting the Biofuels Goals of the Renewable Fuels Standard by 2022. United
States Department of Agriculture, Washington, DC, USA.

Van Wagner, C.E., 1968. The line intersect method in forest fuel sampling. For. Sci.
14, 20-26.

Venables, W.N., Ripley, B.D., 2002. Modern Applied Statistics with S. Springer-
Verlag, New York.

Whiles, M.R., Grubaugh, J.W., 1996. Importance of coarse woody debris to southern
forest herpetofauna. In: McMinn, J.W., Crossley, D.A. (Eds.), Biodiversity and
Coarse Woody Debris in Southern Forests, Proceedings of the Workshop on
Coarse Woody Debris in Southern Forests: Effects on Biodiversity. USDA Forest
Service GT-SE-94, pp. 94-100.

Woodall, C.W., Monleon, V], 2008. Sampling Protocol, Estimation, and Analysis
Procedures for the Down Woody Debris Indicator of the FIA Program. United
States Department of Agriculture Forest Service, Newtown Square,
Pennsylvania, USA, NRS-GTR-22.


http://refhub.elsevier.com/S0378-1127(16)30401-7/h0150
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0150
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0155
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0155
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0155
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0160
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0160
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0160
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0165
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0165
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0170
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0170
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0170
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0170
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0175
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0175
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0180
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0180
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0180
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0180
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0185
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0185
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0190
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0190
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0195
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0195
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0195
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0195
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0200
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0200
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0205
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0205
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0205
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0210
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0210
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0215
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0215
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0215
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0220
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0220
http://CRAN.R-project.org/package=vegan
http://CRAN.R-project.org/package=vegan
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0230
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0230
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0230
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0230
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0235
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0240
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0240
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0240
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0245
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0245
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0245
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0250
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0250
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0250
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0255
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0255
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0260
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0260
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0265
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0265
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0275
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0275
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0275
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0280
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0280
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0280
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0285
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0285
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0290
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0290
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0911
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0911
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0911
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0911
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0295
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0295
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0295
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0300
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0300
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0305
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0305
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0310
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0310
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0310
http://fia.fs.fed.us/library/field-guides-methods-proc/docs/2007/p3_4-0_sec14_10_2007.pdf
http://fia.fs.fed.us/library/field-guides-methods-proc/docs/2007/p3_4-0_sec14_10_2007.pdf
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0320
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0320
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0320
http://refhub.elsevier.com/S0378-1127(16)30401-7/h9005
http://refhub.elsevier.com/S0378-1127(16)30401-7/h9005
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0325
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0325
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0330
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0330
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0330
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0330
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0330
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0335
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0335
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0335
http://refhub.elsevier.com/S0378-1127(16)30401-7/h0335

	Winter bird use of harvest residues in clearcuts and the implications �of forest bioenergy harvest in the southeastern United States
	1 Introduction
	2 Methods
	2.1 Study area and design
	2.2 Avian sampling and habitat use
	2.3 Quantifying harvest residues
	2.4 Quantifying vegetation
	2.5 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgments
	Appendix A
	Appendix B
	References


