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Summary
Given that nearly 90% of forests in the southeastern US are privately owned, it is important to understand their
conservation value. Biodiversity response to active forest management varies by species and is often influenced by past
land use and surrounding landscape features, and must be considered at both stand and landscape scales. Young stands
provide important early successional conditions, while older stands support species associated with more mature forest
conditions. Even-aged harvest regimes result in stands of a single age. However, retained features within and/or near
these stands, such as streamside management zones, conservation biotopes, green (i.e., live) trees, and snags (i.e., dead,
standing trees), often provide additional structure supporting biodiversity. Some wildlife species require special
management for their needs to be met within private, working forest landscapes. A variety of stand ages and conditions
across a landscape provide structural characteristics that provide habitat for a diversity of species. Thus, a landscape of
actively managed stands contributes to conservation of biological diversity, as summarized herein.

1.0 Introduction
Private, working forests are a dominant land use across the eastern US, and 86% of forests in the southeastern US are
privately owned (Oswalt et al. 2019). The economic incentives of forest management contribute to maintaining forests
by reducing risk of conversion of forestland to urban and agricultural uses (NCSSF 2005). Thus, a key benefit of forest
management to biodiversity conservation is the opportunity to manage forests to achieve landowner goals (including
timber production, recreation, wildlife management, or other objectives, combined or singularly) while retaining
forests on the landscape. Private landowners manage for a variety of forest types, stand conditions, and objectives, and,
in the southeastern US, 79% of private forests are naturally regenerated (Oswalt et al. 2019). Although only 21% of
private southeastern US forests are planted, the 45 million acres of planted forest in the southeastern US make up 71%
of all planted forests across the US (Oswalt et al. 2019). More specifically, pine (Pinus spp.) management is a
predominant regime. Specific details and timing of pine management may differ based on objectives, but overall, similar
management phases and practices are used at the stand level throughout the southeastern US. A typical pine rotation is
25 to 35 years and begins with stand establishment (preparing a site and planting seedlings). Active forest
management practices commonly used on private pine forestlands in the southeastern US, such as targted herbicide
application, fertilization, prescribed fire, thinning, and clearcutting contribute to creating and maintaining structural
conditions for a variety of wildlife species, including game species, nongame birds, small mammals, reptiles, and bats.

2.0 Legacy Issues and Land Use Change
Clearing of forests for agriculture production primarily occurred throughout the Coastal Plain and Piedmont regions
of the southeastern US from the colonial period until the beginning of the Civil War (Williams 1989). Poor agricultural
practices led to decreased soil productivity throughout region. Soil erosion, coupled with low prices for crops and pest
damage, resulted in significant acreage of abandoned agricultural land between the end of the Civil War and World War
II (Fox et al. 2007). Effects of these legacy soil issues are still evident today, when lands with agricultural histories have
different understory species compositions than areas with forested histories (Hedman et al. 2000; Dupouey et al.

2002; Vellend et al. 2007; Brudvig et al. 2013). While agricultural abandonment and intensified management of
remaining acres have led to a decline in the proportion of agricultural land use since the 1940s, forest cover in the
southeastern US has increased since the early 1900s. Today, urbanization and, more recently, urban sprawl are the
greatest threats for forest loss and associated biodiversity reductions (Smith et al. 2004; Brown et al. 2005).

3.0 Active Forest Management
Research has demonstrated that active forest management within managed pine landscapes contributes to conservation
of biological diversity (e.g., Loehle et al. 2006; Miller et al. 2009; Verschuyl et al. 2011; Iglay et al. 2012a, 2014, 2018;
King and Schlossberg 2014; Bender et al. 2015; Demarais et al. 2017; Parrish et al. 2017b). Active forest management can
promote understory vegetation diversity. For example, site preparation and vegetation control can reduce competition
from woody species and therefore increase understory vegetation diversity within a rotation (Jones et al. 2009a; Lane et
al. 2011b) and across multiple rotations (Jeffries et al. 2010). As noted, forest management is especially important in
providing economic incentives to keep forests as forests (NCSSF 2005) and diversify vegetation structures for wildlife
across landscapes. Forest management provides a mosaic of early , mid , and late-successional stands. Early-successional
stands are particularly important components of forested landscapes because they have declined with changes in natural
and anthropogenic disturbances across the eastern US, leading to a decrease in early-successional associated forest
species such as songbirds (King and Schlossberg 2014). Although some species depend on a specific forest condition
(e.g., early succession) throughout their life cycle, others require different successional conditions depending on their
development stages. For example, birds tend to have different requirements for nesting, fledging, and as adults (e.g,
Chandler et al. 2012). Therefore, beyond early-successional associated forest species, stands in early succession,
particularly those adjacent to mid and late-successional stands, also provide structure for some offspring of species that
are considered woodland species in their adult stage.
Information at the stand scale is informative because conditions are important for biodiversity and discrete forest
management activities generally occur at the stand scale, particularly in even-aged silviculture. However, stand scale
cannot be considered alone (Lee et al. 2002), as landscape scales are often more relevant (Miller et al. 2009). Further,
forest managers are required to plan management activities at the landscape or ownership scale. Indeed, sustainable
forest management provides a relatively constant supply of stand conditions across a landscape, with those conditions
spatially shifting over time (e.g., Greene et al. 2019b). As noted, structurally complex landscapes support various species’
habitat requirements, whereas these needs are generally not all met within a single stand. It is also important to note
that green trees and snags are likely to be retained even during a final harvest, including in streamside management
zones (SMZs; Parrish et al. 2017a, 2018). Furthermore, different species require different forest conditions; therefore,
there is no one set of forest management recommendations that will benefit all species in a single stand (e.g, Guldin et
al. 2007). Instead, at the landscape scale, forest management can provide a mosaic of the complex structures needed for
various species and meet their changing needs throughout the year (e.g., Edwards et al. 2004; Miller and Conner 2005;
Brooks 2009; Bender et al. 2015; Homyack et al. 2016; Guzy et al. 2019a, 2019b).
Regenerating pine stands provide early-successional forest structure, characterized by a diverse understory, until pine
and possibly hardwood species close the canopy. This closed canopy stage is of least value to biodiversity and is present
until a stand is partially harvested by thinning. Managers thin planted stands to reduce competition and release
remaining crop trees. Desired tree density after thinning varies by management objectives; a lower density promotes
development of an open canopy and a concomittant herbaceous plant community. After thinning, managers may
conduct mid-rotation management (fertilization, herbicide, prescribed fire), which could include additional thinning, to
promote growth of the remaining trees. Mid-rotation treatments (fire, herbicide) may also be conducted specifically to
improve habitat conditions for some species by extending the diversity and duration of herbaceous plant communities in
post-thinning stands. Finally, managers perform a final harvest, which is commonly a clearcut, followed by site
preparation and replanting to start the next rotation. Each of these forest stages provides different structural
characteristics that are required by some wildlife species. However, no one stand can provide structural characteristics
required by all wildlife associated with forests, so not all species use all forest stages. This section discusses the primary
stages of stand development and some documented responses on biodiversity, with the recognition that many species
benefit from stand diversity across the landscape.
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4.0 Young Stands
Following a final harvest and during stand establishment, young stands provide relatively complex vegetation structure
for a diversity of wildlife species until a stand reaches canopy closure. When establishing planted pine stands, targeted
herbicide applications are often used to temporarily suppress competition with young pines and may enhance
herbaceous understory communities (Miller and Chamberlain 2008; Jones et al. 2009a, 2012; Jeffries et al. 2010; Lane et
al. 2011b). Prescribed fire can also be used when establishing stands, but it is increasingly difficult to use on private lands
due to liability risks, air quality and smoke regulations, suburban residential development, cost, and limited burning days
(Haines et al. 2001; Melvin 2015). Jones et al. (2009a, 2012) and Campbell et al. (2013) described plant communities in
planted pine stands in southern Mississippi that were established with five different treatments that varied in
intensity but did not include burning. The five treatments encompassed the range of operational intensities used at the
time of the study for establishment of commercially managed pine forests across the southeastern Coastal Plain.
Generally, herbaceous vegetation established quickly and was abundant for several years following stand establishment
in all but the highest intensity treatment, which was rarely used operationally. Regardless, the effects of herbicides on
the plant community were largely temporary. All treatments had similar species compositions by four years of age, and
by three years of age if the most intense treatment was excluded (Jones et al. 2012). Similarly, Lane et al. (2011b) found
that site preparation treatment (mechanical and chemical with herbaceous weed control) effects on plant species
diversity lasted no more than four years and chemical site preparation had the greatest effect, particularly on woody
species. Greene et al. (2019a) reviewed literature containing structural characteristics of managed pine forests and found
that pine stands during establishment provided structural requirements for Bachman’s sparrow (Aimophila aestivalis),
northern bobwhite (Colinus virginianus), prairie warbler (Dendroica discolor), and eastern diamondback rattlesnake
(Crotalus adamanteus). Canopies close as stands age, which tends to cause a decrease in overall diversity (although some
species will use these stands, such as Swainson’s warblers [Limnothlypis swainsonii], a species of conservation concern;
Henry et al. 2015) until thinning and associated mid-rotation management occurs.

5.0 Thinning and Mid-Rotation Management
In mid-rotation and older planted pine stands, thinning is widely applied to regulate tree density and overstory structure
to promote growth of high quality sawtimber and poles. In addition, prescribed fire and targeted herbicide applications
may be used to reduce cover of hardwood stems, thus promoting development of a pine-grassland structure (e.g., Jones
and Chamberlain 2004; Welch et al. 2004; Jones et al. 2009b; Iglay et al. 2010, 2012a, 2012b, 2018). Lang et al. (2016)
reported that average basal area (i.e., tree density) after thinning (first or second thinning) on private timberlands in the
Gulf region was 72 to 76 ft2/acre, which is within the range described by Nordman et al. (2016) as “excellent” for
southern open pine wildlife species in dry hilly pine woodlands. Furthermore, planting pine stands at lower densities
(≤1310 stems/ha [≤530 stems/ac]) and using mid-rotation management (e.g., prescribed fire, herbicide) to reduce
mid-story canopy can extend “excellent” open pine conditions up to eight years after thinning (Greene et al. 2019b).
Prescribed fire is sometimes used following a thinning to control midstory vegetation and is an optimal management
practice for biodiversity. However, Iglay et al. (2010) found that effective hardwood midstory removal was not possible
with dormant season prescribed fire alone in stands with advanced hardwood growth (stands were thinned five years
prior to study implementation), but was achievable with a single herbicide application with and without subsequent
prescribed fire. It is important to note that Iglay et al. (2010) also stated that there was no “best” treatment for control of
well-established hardwood midstory species. Within these same stands, Iglay et al. (2014) detected 338 plant species in
mid-rotation pines stands managed without additional treatment (controls), with repeated prescribed fire, with a single
herbicide application, and with a combination of herbicide and fire. As noted, prescribed fire is not always a feasible
option in private, working forests. Although herbicides cannot provide all ecological functions of fire (e.g., immediately
remove leaf litter layer, trigger release and germination of seeds in certain plant species), herbicides can provide
structural characteristics similar to fire-maintained stands (Wigley et al. 2002) with concomitant responses by some
wildlife species (Iglay et al. 2018).
Overall, thinning effects have been found to be positive or neutral on vertebrate diversity (Verschuyl et al. 2011;
Demarais et al. 2017). Specifically, birds, small mammals, reptiles, and bats have all been found to respond positively to
thinning (Verschuyl et al. 2011; Greene et al. 2016). Responses are often species specific and, not surprisingly, most
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negative impacts are linked to disturbance-sensitive species (Verschuyl et al. 2011). While bird community metrics (e.g.,
diversity and richness) have been found to be similar in young and thinned stands, community assemblages differed as
more forest generalist species were detected in thinned stands than in young stands, which had more early-successional
associated species (Wilson and Watts 2000).

6.0 Final Harvest
Pine stands in the southeastern US are typically harvested between 25 and 35 years of age. Clearcutting is the most
common type of harvest and allows for new trees to regenerate in completely open conditions (Deal 2018). Species
responses to a final harvest vary, mainly due to each species’ life history, harvest size, and landscape context
(Demarais et al. 2017). Clearcuts tend to have temporary negative effects on terrestrial salamander species, particularly
in the southeastern US, because the removal of trees increases soil temperature and reduces soil moisture (Tilghman et
al. 2012). However, it is important to note that these effects are not long lasting, and terrestrial salamanders are
probably not extirpated from an area following a clearcut (Tilghman et al. 2012). Birds associated with mature forests
decrease in abundance following a clearcut because the structural characteristics they require are no longer available
within that stand, except in SMZs or other set aside areas and adjacent mature stands. However, a variety of species
require young, regenerating forests and are prevalent in young stands after a clearcut (Zwolak 2009; Lane et al. 2011a,
2013; Hanberry et al. 2012, 2013; King and Schlossberg 2014). For example, species associated with open forests, such as
whip-poor-wills (Caprimulgus vociferous) increase in abundance following a clearcut (Wilson and Watts 2008).
Whip-poor-wills were detected using regenerating forest edges along adjacent mature stands, probably so they could use
resources from both stands (Wilson and Watts 2008). Similarly, clearcuts create edges that bats use for foraging (Morris
et al. 2010). Habitat heterogeneity promoted through forest harvest is also important for maintaining populations of
economically important species, such as white-tailed deer (Odocoileus virginianus; e.g., Edwards et al. 2004) and wild
turkey (Meleagris gallopavo; e.g., Miller and Conner 2005).

7.0 Fine Filter and Mesofilter Management
As discussed, active forest management can be viewed as a coarse filter. That is, most species can find appropriate
habitat conditions within a sustainably managed landscape. However, some species, usually those that need very specific
forest conditions, require management targeted to meet their needs, which is termed fine filter management. For
example, red-cockaded woodpeckers (Dryobates borealis) require large trees with heart rot for natural cavities or
insertion of artificial cavities (Jackson and Jackson 1986); therefore, special management is needed to support nesting
and roosting habitat within standard pine management. There are also unique ecological sites that some species require,
such as cliff faces, rocky outcrops, and glades. For example, the Red Hills salamander (Phaeognathus hubrichti) requires
high canopy cover, preferably from hardwoods, on steep slopes and ravines (Steen et al. 2014). Although managers
cannot create these unique ecological features, they can reduce or avoid harvesting on steep slopes where Red Hills
salamanders are known to occur.
Mesofilter management is the intermediate scale that focuses on retaining features that benefit biodiversity (Hunter
2005). Retained features include green trees, snags, coarse woody debris (CWD), and SMZs. Although snags, SMZs, and
other set aside areas play a role throughout the rotation, they become particularly important to increase wildlife value in
recently harvested stands (Parrish et al. 2017b). For example, cavity nesting birds [red-bellied woodpecker (Melanerpes
carolinus), red-headed woodpecker (M. erythrocephalus), downy woodpecker (Picoides pubescens), hairy woodpecker
(P. villosus)] were only detected in clearcuts with snags in eastern Texas and were not detected in clearcuts with all snags
removed (Dickson et al. 1983). These features also provide structural characteristics that are typically required of
species associated with older forests. For example, bats commonly use snags for roosting (Miles et al. 2006). CWD has
been found to have mixed effects on various species, and particularly on small mammals. One study found white-footed
mice (Peromyscus leucopus) abundance increased with increasing CWD (Boggs et al. 2020); yet in other studies, inconsistent or no relationships were detected among various rodent species and CWD in the southeastern US (Marshall et
al. 2012; Homyack et al. 2014; Fritts et al. 2017). SMZs are a component of state-approved best management practices
(BMPs) designed to protect water quality, but also provide structural characteristics of older forests (Warrington et al.
2017) and potential connectivity across a landscape. It is important to note that minimum SMZ widths, as recommended
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by BMPs, are commonly exceeded in practice. For example, in the West Gulf Coastal Plain, retention was 3.6 to 13.6%
higher within operational landscapes than was recommended by state BMP manuals, and most green tree retention
was within SMZs (Parrish et al. 2018). A study in Arkansas found that SMZs maintained according to state BMP guidance
provided protection for semi-aquatic and terrestrial salamanders, therefore maintaining community diversity in managed
forests, with wider SMZs providing greater value for uncommon salamander species (Guzy et al. 2019b).
Other components of working forest landscapes can provide benefits to biodiversity. Open areas are often limiting on
managed pine landscapes. Gated roads and roadsides can help provide some open areas. Additionally, food plots are
commonly created and maintained in the southeastern US to benefit game species, particularly white-tailed deer and
wild turkey. These areas create forest openings and edges that can also benefit nongame species (e.g., ground nesting
birds, pollinators), particularly when food plots are large and rectangular shaped, which may reduce nest predation
(Conner and Perkins 2003). Furthermore, ditches along forest roads have been shown to provide conditions for 25
species of amphibians and reptiles, including the spotted turtle (Clemmys guttata), a species of conservation concern
(Homyack et al. 2016; O’Bryan et al. 2016). Aquatic features imbedded within managed stands can also be important for
biodiversity (Johnson et al. 2016).

8.0 Role of Forest Certification
Certification programs, through adherence to standards verified by third party audits, help to ensure that
biodiversity measures are maintained through sustainable forest management and wood procurement practices.
Englund and Berndes (2015) presented seven principles with underlying specific criteria to assess sustainability
standards, particularly in relation to biodiversity. These principles include: (1) endangered species; (2) habitat destruction
and fragmentation; (3) habitat degradation and modification; (4) overexploitation; (5) invasive species and GMOs; (6)
energy use and GHG emissions; and (7) research, awareness, and education. Using these principles, Sustainable Forestry
Initiative (SFI®) and Forest Stewardship Council (FSC®) standards were found to be “stringent” from a biodiversity
perspective (Englund and Berndes 2015). Other authors have concluded that, overall, contemporary forest management
coupled with forest certification has resulted in landscapes that support and contribute to conservation of biological
diversity (e.g., Miller et al. 2009; Demarais et al. 2017). Furthermore, forest certification programs provide long-term
assurances that forests will be managed sustainably for the foreseeable future.

9.0 Conclusion
Biodiversity is important to private, working forest landowners and managers across the southeastern US. At a landscape
scale, common forest management practices described herein provide structural characteristics that meet most forest
species’ needs. Retained features provide additional structure that is particularly important to some species
immediately after a final harvest. There is a smaller group of species that requires targeted management, which are
addressed by managers on a site-specific basis to meet sustainability objectives. Demonstration of sustainable
management is accomplished, in part, through forest certification programs. Keeping forests as forests allows
landowners and managers to continue creating and maintaining habitat for a high diversity of forest-dependent species.
For an overview of this information, please see NCASI Fact Sheet: Forest Management Contributions to Biodiversity in
the Southeastern United States.
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