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Climate change and the high prices and finite supply of fossil

recommendations to minimize effects of woody biomass harvests

fuels have generated global interest in renewable energy and

on wildlife populations, and report results of a field study that

biofuels. While other regions of the United States turn to locally

addressed the effects of woody biomass harvests on wildlife.

abundant wind and solar resources to meet renewable energy
needs, the southeastern United States likely will focus on woody

WHAT IS WOODY BIOMASS?

biomass as its primary renewable energy resource because it

...the southeastern
United States
likely will focus on
woody biomass
as its primary
renewable energy
resource

is available year round,

Woody biomass refers to vegetation removed from the forest,

relatively inexpensive to

usually logging slash, small-diameter trees, tops, limbs, or trees

harvest, and abundant in

not considered merchantable in traditional markets. Woody

the region’s vast forested

biomass harvests typically involve harvesting small-diameter

landscape. The Southeast

trees and gleaning logging residues that have a low market value

harbors 214 million acres

and cannot be sold as sawtimber or pulpwood. Once harvested,

of forest, comprising over

woody biomass may be chipped or pelleted and burned directly or

40% of the land base.

co-fired in coal boilers. Woody biomass also can be refined and

Although woody biomass

used as biofuel.

is a promising renewable
energy resource in the
Southeast,

concerns

have been raised about the potential effects of intensified
woody biomass harvests and removal of downed woody debris
on local wildlife populations. In this publication, we review the
importance of downed woody debris to wildlife, discuss existing

Woody biomass refers to vegetation removed
from the forest, usually logging slash,
small-diameter trees, tops, limbs, or trees
not considered merchantable in traditional
markets.

HOW WOODY BIOMASS HARVESTING AFFECTS DOWNED

A general pattern proposed for coarse woody debris dynamics

WOODY DEBRIS

in forest ecosystems has been termed “the U-shaped timeline”
(Figure 2).

Downed woody debris is classified as coarse woody debris or fine
woody debris based on its size. Coarse woody debris typically
is defined as having a diameter of at least 3 inches for a length
of at least 3 feet, whereas fine woody debris is anything smaller.
Because fine woody debris is small, it decays quickly and has
limited capacity to provide habitat for most wildlife. Conversely,
coarse woody debris can provide considerable food and cover for
wildlife and consequently is the focus of this publication.
Woody biomass harvests decrease the volume of coarse woody
debris on the forest floor at a time during forest succession when
volume of downed wood usually is high (Figure 1).
Figure 2. The U-shaped timeline begins with a canopy-replacing
disturbance, such as a clearcut harvest or tornado, which
generates a large quantity of coarse woody debris. Over time,
the disturbance-related coarse woody debris (CWD) decays and
the regenerating stand does not begin to contribute coarse woody
debris for some time. Thus, coarse woody debris on the forest
floor declines. As stand age continues to increase, trees die and
generate coarse woody debris.
The timeline begins with a canopy-replacing disturbance, such as
a clearcut harvest or tornado, which generates a large quantity
of coarse woody debris.

For example, in southeastern pine

plantations, coarse woody debris volumes are high following a
clearcut harvest because logging residues are retained on the
ground. Over time, the disturbance-derived coarse woody debris
decays. The regenerating stand is young and does not begin
to contribute coarse woody debris for some time. Thus, coarse
woody debris volume on the forest floor declines. As stand age
increases, larger trees begin to die and fall from small, localized
disturbances, and greater amounts of large-diameter coarse
woody debris becomes available. Based on our own field studies,
we showed that gleaning harvest residues to use as a feedstock
for renewable energy and biofuels in conjunction with clearcutting
decreased downed woody debris volume by approximately 81%
compared to a clearcut without a woody biomass harvest (Figure
3). This reduction in downed wood occurred early in the stand
Figure 1. Clearcut harvests without a woody biomass harvest

establishment when downed wood volumes normally are high, but

component (top) often have more residual coarse woody debris

the woody biomass harvest probably does not affect the volume

than clearcuts with a woody biomass harvest component (bottom).

of coarse woody debris present as the stand matures.
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Figure 3. Retained downed woody material following woody

of debris can be retained by the following methods:

biomass harvests.

Mean (ft3/ha) of downed woody material

1) Leaving all debris from a certain fraction (e.g., 30%) of the

of piled hardwood (HW), piled pine, scattered hardwood, and

area being harvested. This debris can be cut and distributed

scattered pine in four loblolly pine (Pinus taeda) plantations in

throughout the site.

the Coastal Plain of North Carolina, USA (2011). We measured

2) Leave a fraction of tree tops or skidder grapple loads of debris

downed woody material volumes post-clearcut harvest and after

(e.g. every 3rd for 33% retention or every 5th for 20% retention)

implementation of six woody biomass harvest treatments (n=4):

at the harvest site instead of moving it to the logging deck to be

1) clearcut with a traditional biomass harvest and no BHGs

chipped.

implemented (NOBHG); 2) clearcut with 15% retention with woody

3) Redistribute woody debris that accumulates at the logging deck

debris dispersed (15DISP); 3) clearcut with 15% retention with

throughout the harvest site.

woody debris clustered (15CLUS); 4) clearcut with 30% retention
with woody debris dispersed (30DISP); 5) clearcut with 30%

Our research showed that the first method results in a volume of

retention with woody debris clustered (30CLUS); and 6) clearcut

coarse woody debris approximately equal to what is prescribed.

with no biomass harvest (NOBIOHARV).

However, whether the second and third approaches are successful
at retaining target fractions of available woody biomass in an

Logging activities in the Southeast are guided by Best Management

operational setting is not well understood.

Practices. Best Management Practices were developed to protect

volume of coarse woody debris needed to sustain wildlife species

water quality; however, they do not address issues specifically

is unclear. Although it is assumed that retaining more coarse

related to woody biomass harvests. Concern over the lack of

woody debris is better than less, different wildlife species rely on

guidelines promoting sustainable woody biomass harvests has led

coarse woody debris in varying degrees. Some species may use

to the development of voluntary Biomass Harvesting Guidelines to

coarse woody debris if it is available, while down-wood dependent

help mitigate potential negative consequences of intensive woody

species will not be present without coarse woody debris. Also,

biomass harvests.

Additionally,

the

Although specific recommendations differ

it is unknown if it is better to scatter debris throughout the site

among Biomass Harvesting Guideline documents, the following

or leave debris in large piles. Further, coarse woody debris and

strategies typically are suggested to sustain wildlife populations

piled debris may decay slower and persist longer than fine woody

during woody biomass harvests:

debris and scattered debris, prolonging its availability as food and
cover for wildlife.

• Limit woody biomass harvests in riparian areas (i.e., areas
adjacent to rivers or streams) or other sensitive areas for wildlife.

COARSE WOODY DEBRIS: IMPORTANCE TO WILDLIFE

• Enter/re-enter harvest sites as few times as possible to avoid
disturbance and soil compaction.

In the southeastern United States, over 55 mammal species,

• Retain live cavity trees, mast-producing trees, and snags (i.e.,

more than 20 bird species, and many reptile, amphibian, and

standing dead trees) during harvests when possible. Live mast-

invertebrate species use coarse woody debris in some form or

producing trees provide acorns and fruit necessary for food.

fashion. Wildlife use coarse woody debris for protection, travel,

feeding, reproduction, and body temperature regulation.

when coarse woody debris is present, and population sizes of
many rodent and shrew species increases with abundant coarse

Studies have shown:

woody debris. For example, following a tornado, cotton mice were

• Some mice and shrew species are more abundant where coarse

nearly twice as abundant in sites where coarse woody debris was

woody debris volume is greatest.

left on the ground than in sites where coarse woody debris was

• Some amphibian and reptile species are more abundant in

removed.

areas with coarse woody debris than in areas with coarse woody
debris removed.
• Management activities that reduce coarse woody debris may
decrease bird densities during the breeding and wintering
seasons.
• Extraction of coarse woody debris likely will affect invertebrates,
which are eaten by many vertebrate wildlife species.
Mammals: Mammals use coarse woody debris for a wide range
of activities, including escaping predators, traveling, nesting, and
feeding.

Raccoons, foxes, skunks, bobcats, and rabbits use

hollow logs and piles of logging residues for denning and cover.
Smaller mammals, such as shrews and rodents (Figure 4), nest

Figure 5.

and hide from predators under logs.

woody debris, including logging residues, as cover or as places

Many ground-dwelling wildlife species use coarse

to forage.
Birds: Birds use coarse woody debris for foraging, perching,
communicating, hiding from predators, and nesting. During the
winter, birds use coarse woody debris for protection from harsh
weather, and several bird species, including sparrows, eat seeds
that are moved by surface runoff after rain or wind and trapped
by coarse woody debris. Ground-nesting birds use coarse woody
debris for nesting because it offers good cover and concealment
from predators. For example, wild turkey, often build their nests
around downed woody debris to conceal and camouflage their
eggs and young from predators. Small songbirds, including the
Figure 4. Many rodent species live longer and are more likely to

Carolina wren (Figure 6), use coarse woody debris as escape

reproduce when coarse woody debris is present, and population

cover to evade larger predators. Further, coarse woody debris

sizes of many rodent and shrew species are more abundant

harbors insects that birds eat during the breeding season, when

where coarse woody debris volume is greatest.

protein requirements are greatest. For example, brown thrashers
eat invertebrate prey in or near downed woody debris during

Coarse woody debris also serves as travel routes and feeding

summer. Some birds, such as the ruffed grouse, use coarse

platforms for small mammals, which can quickly hide underneath

woody debris as a platform for drumming or a perch for singing,

if a predator is detected. Root boles and stumps that retain water

both of which are breeding behaviors that attract mates and

and provide areas with stable temperature and humidity are used

maintain territory boundaries.

by shrews for cover (Figure 5). Shrews require these warm, moist
environments to counter evaporative water loss because of their
small size and extremely high metabolisms. Studies have shown
that many rodents live longer and are more likely to reproduce

downed woody debris than in clearcuts with downed woody
debris removed. Amphibians are prone to moisture loss and
use coarse woody debris for shade and protection from extreme
temperatures. For example, red-backed salamanders take refuge
under woody debris during short dry periods. In fact, the survival
of some amphibian species, including American toads and green
frogs, is greater when coarse woody debris is present than when it
is not. Additionally, many reptiles and amphibians deposit eggs in
or under coarse woody debris, which helps protect the eggs from
predators and prevent them from drying out. Also, coarse woody
debris harbors and promotes insects, worms, and other important
food for reptiles and amphibians.
Figure 6. Carolina wrens are tightly associated with coarse woody
debris. In our field studies, we observed Carolina wrens using

Invertebrates: Coarse woody debris is an essential resource that

coarse woody debris for nesting, foraging, territorial displays, and

supports invertebrate (e.g., spiders, worms, and insects) diversity

hiding cover. Photo by Tom Prestby, used with permission.

in forest ecosystems. Areas in and around coarse woody debris
piles generally are moist, lack extreme temperatures, and have

Reptiles and Amphibians: Reptiles (snakes, lizards, and turtles)

rich, organic soil. As such, litter-dwelling invertebrates occur in

and amphibians (frogs, toads, and salamanders) use coarse

greater numbers close to coarse woody debris because of the

woody debris for regulation of body temperature, reproduction,

favorable microclimate it provides. Some beetles and crickets

and feeding (Figure 7).

that depend on dead and decaying wood for cover and food are
negatively affected by coarse woody debris removal (Figure 8).
Spiders and predatory beetles benefit from coarse woody debris,
probably because of the increased invertebrate prey it harbors.

Figure 7. Downed woody debris traps moisture under and within
it, and many amphibians, including toads, use these moist, humid,
micro-habitats to prevent drying out.
Being ectotherms, reptiles and amphibians regulate their
body temperatures and metabolism using the sun and their
surroundings. Some species of reptiles, such as yellow-bellied
sliders, bask on coarse woody debris to warm their bodies, while
other species of reptiles, such as eastern fence lizards, use coarse
woody debris for refuge. Although the mechanism responsible

Figure 8. Bess beetles (family Passalidae) live in decaying logs

for the association between black rat snakes and downed woody

and rely on coarse woody debris for its favorable microclimate

debris is unknown, population sizes are greater in clearcuts with

and brood rearing.

LESSONS LEARNED FROM FIELD STUDIES

southeastern Coastal Plain. However, considerable volumes of
woody biomass often are retained on sites that undergo a woody

Few field studies directly addressing the effects of woody

biomass harvest.

biomass harvesting on wildlife populations have been conducted.

machinery becomes more efficient or the price for biomass

However, results of a large-scale field study following clearcuts in

increases, wildlife may be affected because more downed woody

the Coastal Plain of North Carolina and Georgia suggested there

debris may be harvested. Finally, we know the most about the

was no difference in shrew, reptile, amphibian, or bird populations

effects of woody biomass harvests on wildlife in the Coastal Plain,

between areas with woody biomass harvests and areas with

but responses may be different in other regions of the Southeast;

all woody biomass retained as downed woody debris. Further,

hence, additional research in these areas is warranted.

However, if future woody biomass harvest

retaining different fractions (i.e., 15% or 30%) and different
distributions (i.e., downed woody debris retained in large piles

FUTURE STUDIES

throughout the site versus downed woody debris scattered evenly
throughout the site) of available woody biomass did not affect

More studies are needed to inform Biomass Harvesting Guideline

wildlife populations.

Hence, current levels of woody biomass

development in the Southeast, particularly across various forest

extraction in southeastern pine plantations may retain enough

types with different harvesting and site-preparation practices.

downed woody debris to sustain local wildlife.

In the southeastern Coastal Plain, clearcutting is the dominant
roundwood harvesting system and the harvest typically is followed

Although wildlife use downed woody debris, many species do

by site preparation. Site preparation differs among landowners

not rely solely on downed woody debris for cover, but can switch

and can involve V-shearing, bedding, burning, windrowing or spot-

to other cover sources, such as vegetation.

Further, woody

piling, each of which can redistribute or decrease downed woody

biomass harvests occur simultaneously with clearcutting and

debris availability to wildlife. Outcomes of additional research

site preparation in southeastern pine plantations, and wildlife

can be used to guide policy development for the Southeast and

populations likely are more influenced by these intensive

ensure bioenergy production that is effective at supporting the

disturbances, regardless of whether or not a woody biomass

region’s growing renewable energy needs while simultaneously

harvest occurs.

sustaining wildlife populations.

Many species present following clearcutting

are habitat generalists, such as southern toads, and are able
to tolerate a wide range of environmental conditions. Although
southern toads use coarse woody debris for refuge from the
sun, they can switch to other cover sources, such as vegetation,
when available on the landscape. Additionally, some species in
the Southeast likely are more influenced by vegetation structure
and composition than the volume of downed woody debris. For
example, our research showed that few shrews were present
the first year following clearcut and woody biomass harvest, but
population sizes increased as vegetation became established.
Similarly, abundance of many bird species changed through
time, most likely in response to changes in vegetative structure in
succeeding stands. Using cover sources other than coarse woody
debris, such as vegetation, may be an adaptation by wildlife in
the southeastern Coastal Plain, because frequent fires and the
warm climate in the region historically kept downed woody debris
volumes relatively low.
Current levels of woody biomass extraction may be above
thresholds needed to sustain wildlife populations in the
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