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Abstract—Bottomland hardwood forests have suffered tremendous losses in the United States. Yet

they support some of the densest breeding populations of imperiled migratory song birds in the eastern

US, providing nesting habitat for 49 species, 32 of which share some Conservation Status. Traditional
management for bottomland hardwood forests in the southeast has tended to rely on one of two strategies-
large scale clearcuts >50 acres, or no-cutting at all. As a conservation organization, Audubon and others

have encouraged landowners, land trusts and conservation groups to seek the protection of bottomland
hardwood forests and prescribe a “no-cut” policy to allow the forest to mature to an old growth climax
community. Bottomland hardwood forests provide habitat for 140-200 species that use different niches in

the forest structure. There are priority birds that require small scale openings (Swainson’s warblers), some
that that can tolerate thinning within the canopy (Prothonotary warblers), and some that cannot tolerate any
disturbance (Red-eyed vireo). Audubon South Carolina set out to review available research in order to identify
tolerance thresholds that could be incorporated into a forest management plan or conservation easement that
would allow an alternative management regime, other than cut it all or cut nothing. A set of bird-friendly best
management practices were identified to address the needs of the disturbance-dependent birds while not
compromising the needs of the disturbance-tolerant species, and that allow some modest harvesting revenue.
When these management practices are embedded at a landscape-scale where there are large tracts of no-
disturbance, then the habitat needs of the entire suite of species can be addressed. Initial demonstration sites
at Silver Bluff Audubon Center and Sanctuary in Jackson, SC successfully attracted the birds of interest. One
year after three small clear cuts (1, 3, 5 acres) were logged within a 90-acre stand, the habitat now has shrubby
thickets and sightings of Swainson’s Warblers have been confirmed.

INTRODUCTION
Project Need

Bottomland hardwood forests have suffered
tremendous losses in the United States, with as much
as an 80 percent reduction in area (Abernethy 1987,
Gosselink 1989, Twedt and others 1999). These very
forests provided much of the best habitat for many
forest interior bird species whose numbers have
declined dramatically.

In the South Atlantic Coastal Plain of North and

South Carolina today, bottomland hardwood forests
associated with large river floodplains and blackwater
swamps still provide much of the best remaining
habitat for many of those birds, including several of
conservation concern such as Swainson’s Warbler,
Prothonotary Warbler, Swallow-tailed Kite, and Chimney
Swift. All four of these bird species have been assigned
High Priority by the US Fish and Wildlife Service in its
South Atlantic Migratory Bird Initiative (SAMBI) plan.
The SAMBI is the mechanism within the Atlantic Coast

Joint Venture (ACJV) to integrate and coordinate bird
conservation efforts to meet habitat conservation goals
and to address the regional priority suite of bird species
identified for the South Atlantic Coastal Plain Region of
the four national bird plans (North American Waterfow!
Management Plan, Partners in Flight Southeast
Regional Plan, US Shorebird Conservation Plan and
the North American Waterbird Conservation Plan). Only
two birds dependent on bottomland forests received
the Highest Priority, Ivory-billed Woodpecker and
Bachman’s Warbler, and one or both of them are either
extinct or teetering on the edge of extinction.

In South and North Carolina, there are two primary
mechanisms for protecting large tracts of forest:
through acquisition and management by public (state
and federal) or nonprofit entities (Audubon, Land
Trusts and The Nature Conservancy), and voluntary
conservation easements by private landowners subject
to Forest Management Plans. For example, large
blocks of protected, mature and maturing bottomland
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hardwood forests include the Savannah National
Wildlife Refuge, Congaree National Park, Francis Beidler
Forest, Lumber River, Waccamaw State Parks, and
Roanoke River National Wildlife Refuge. There are also
thousands of privately owned forest acres held under
conservation easement. Collectively, these protected
lands provide secure habitat for the species mentioned
above and their habitat associates; however, much more
bottomland habitat must be protected and compatibly
managed to stabilize and increase their populations.

While managers and owners of such protected forests
may choose to manage for maximum benefit of forest
birds, forgoing most or all potential revenue from
timber, many private bottomland forest owners cannot.
Audubon South Carolina, and Audubon North Carolina
and their conservation partners want to provide
information to private landowners and managers
describing how they can manage their forests to create
and sustain habitat vital to some of the forest birds in
greatest need, while also generating modest timber
revenue.

Species Background - Clearcuts and Canopy Gaps

Swainson’s Warbler is considered by many to be one
of the most endangered songbirds in the Southeast
(Savage and others 2010, Thompson 2005). In the
southeastern coastal plain, this species is strongly
associated with large blocks of bottomland hardwood
forest, specifically dense stands of cane and palmetto
and/or vine tangles which develop in natural or created
canopy gaps (Wright 2002, Savage and others 2010).

Small scale canopy gaps are essential for many forest
birds (Pashley and Barrow 1993, Hunter 2001, Moorman
& Guynn 2001, Thompson 2005, Bowen 2007).
Thompson (2005) reported that understory thickets
(often in canopy gaps) provide important habitat for
Swainson’s Warbler, one of our surrogate species, and
its associates. Artificially creating these gaps mimics

a natural tree-fall event (Zimmerman 2010), similar to
tornado touchdowns, lightning strikes, and hurricanes.

Thompson (2005) further stated that larger understory
thickets provide better habitat than smaller ones.
Thickets in Thompson’s core Swainson’s Warbler
habitats at the Woodbury Tract study site (Britton’s
Neck, South Carolina) were larger (784 square
meters/2.1 acres) than in the non-core areas (518
square meters/1.38 acres). That said, the best evidence
available suggests that patch clear-cuts of at least
two acres, located on the best high bottomland
hardwood sites, should develop into productive
habitat for Swainson’s Warbler and its associates.
Furthermore, Thomas (1996) states that creating small
canopy openings, less than 4 ha (10 ac), will promote
and sustain the growth of understory plant species,
including cane (Arundinaria spp.).

To drive home the dense tangles point, Thompson
(2005) describes Swainson’s core breeding habitat as
understory thickets “requiring a machete to traverse”.
She further states that thickets providing the best

and most productive habitat occur on the highest
bottomland hardwood sites, frequently dominated by
cane, dwarf palmetto, greenbriar, peppervine, grape,
poison ivy, and blackberry. Graves (2001) and Peters
(1999) paint a similar picture of the structure and plant
composition of Swainson’s Warbler habitat. Stems and
limbs of seedlings and shrubs frequently contribute to
the jungle of vines, briars and other plant parts which
collectively compose the nesting habitat for Swainson’s
Warbler (Graves 2002). The trees most commonly
associated with the core breeding areas on Thompson’s
study area were sweetgum, red maple, ironwood,
green ash and hawthorn. Those same trees species
and others including laurel oak, water tupelo, elm
species and persimmon describe Swainson’s habitat
at Audubon’s Francis Beidler Forest (Brunswig 2012,
personal communication). Thompson (2005) further
described the most productive Swainson’s understory
thickets as being close to swamp sloughs but not
cypress-tupelo flats and streams, with lots of dry leaves
on the ground and little or no grass. They should also
be as far as possible from a forest edge, ideally 1000 m
or more, to reduce Brown-headed Cowbird parasitism
(Twedt and others 1999). These high bottomland
hardwood forest sites, where the best thickets develop,
not surprisingly experience infrequent and short
duration flooding, leaving the dry leaves on the forest
floor loose, fluffy and easy to turn for the foraging
warblers. In fact, a dense leaf litter layer seems to be
an essential component of good Swainson’s Warbler
habitat (Savage and others 2010).

There is a real premium associated with locating
these understory thickets in the best possible places.
The best thickets allowed Swainson’s to establish

and defend smaller territories (1.19 ha vs 1.56 ha on
the site at large), preserving energy for the males

and allowing more pairs to utilize a portion of each
thicket, resulting in clusters of birds in and near the
best thickets (Meanley 1969, Thompson 2005). In
such situations, Thompson (2005) describes them as
semi-colonial. In the very best thickets, Swainson’s
sometimes produced two and rarely three successful
broods, greatly increasing seasonal fecundity (Meanley
1969, Thompson 2005). According to Thompson, 90
percent of the Swainson’s Warblers nesting in the high
density area of her study site were located less than

5 meters from an understory thicket, with 2/3 nesting
inside thickets. According to Graves (2002), scattered
understory thickets were the most conspicuous
characteristic of Swainson’s Warbler breeding
territories.
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Thickets developed for Swainson’s Warbler will provide
good habitat for several other bottomland birds in

need of conservation action, such as Hooded Warbler,
Kentucky Warbler, White-eyed Vireo and Eastern
Towhee. Kentucky Warbler and Eastern Towhee are
rated High Priority and Hooded Warbler and White-eyed
Vireo are rated Moderate Priority on the SAMBI list,
providing the opportunity to assist a suite of birds with
one management prescription.

While not used for nesting, understory thickets can
provide good habitat for post-fledging Prothonotary
Warbler families. At Francis Beidler Forest, these
birds were frequently seen in late summer in a 10-
acre thicket located more than 2000 feet from the
nearest good Prothonotary Warbler nesting habitat
(Personal Communication, Norman Brunswig).

When planning to create new understory thickets,
proximity to Prothonotary Warbler nesting habitat
should be considered in the decision making process.
Additionally, any bottomland hardwood stand located
on the upland/wetland ecotone being considered for
harvest by clearcut and natural regeneration, should be
considered a likely future Swainson’s Warbler nesting
area and Prothonotary Warbler post-fledging habitat
area (i.e. natural regeneration thickets).

Species Background - Bottomland
Hardwood Thinning

In their studies of bird responses to bottomland
hardwood forest management in 124 timber stands on
12 Louisiana wildlife management areas, Norris and
others, (2009) reported that some interior species such
as Red-eyed Vireo and Yellow-throated Vireo, which
are most abundant in mature bottomland hardwood
forests, experienced population declines in response
to any forest harvest regime (individual selection, group
selection or extensive harvest with more than a 40
percent reduction of canopy closure). For these species,
maintaining large areas of closed canopy, interior
forest is critically important. However, they also found
that the densities of other species that prefer mature
bottomlands with closed or near closed canopies,
such as Prothonotary Warbler, Acadian Flycatcher

and Yellow-billed Cuckoo, did not decline dramatically
in response to selective timber harvest which did

not reduce canopy closure to below 60-70 percent.
Additionally, they found that eight other species,
including Eastern Wood Peewee, Carolina Wren, Red-
bellied Woodpecker and Wood Thrush, achieved their
greatest densities in stands which had been harvested
using single tree selection and maintaining the same
60-70 precent canopy closure limit.

It is important to note that three of the species
mentioned above as not experiencing dramatic
population declines in response to single tree selection

(Prothonotary Warbler, Acadian Flycatcher and
Yellow-billed Cuckoo), and two of the species that
reached their greatest densities in stands which had
been harvested using single tree selection, both with
the minimum canopy closure limit of 60-70 percent,
(Eastern Wood Peewee and Red-bellied Woodpecker)
appear on the South Atlantic Migratory Bird Initiative
(SAMBI) list of bottomland hardwood bird species
needing conservation attention. Prothonotary Warbler,
Yellow-billed Cuckoo and Eastern Wood Peewee are
listed as High Priority and Red-bellied Woodpecker and
Acadian Flycatcher as Moderate Priority.

To add additional weight to the very high conservation
priority we assign to Prothonotary Warbler (US Fish and
Wildlife Service Species of Conservation Concern), we
should also acknowledge the special Responsibility
Species status enjoyed by Prothonotary Warbler,
Northern Parula, Yellow-throated Warbler and Yellow-
throated Vireo, which are all bottomland hardwood
species. All four species are also ranked as High Priority
for conservation in the Partners in Flight Physiographic
Plans and will respond well to no harvest and/or single
tree selection harvest in bottomland hardwoods. The
following is a list of the four Responsibility Species

with an estimate of the total global population of each
thought to nest in North and South Carolina (Partners
in Flight Science Committee 2013): Northern Parula
(11.5 percent), Yellow-throated Warbler (20 percent),
Prothonotary Warbler (24.4 percent), and Yellow-
throated Vireo (10.4 percent).

Results reported by Norris and others (1999) suggest
that thinning established bottomland hardwood stands,
using single tree selection which does not reduce
canopy closure below 60-70 percent, improves habitat
for several birds that need conservation action, while
not dramatically degrading the habitat for several others
that also need such help. Additionally, while small
clearcuts can create habitat for Swainson’s Warbler,
thinning may improve their habitat too (Somershoe and
others 2003).

For Red-eyed Vireo, Yellow-throated Vireo and other
species which are very sensitive to any opening of

the canopy, large areas of no-harvest forest should

be retained where possible. This outcome might be
achieved by thinking and planning across ownership
boundaries, such that nearby stands and forests known
to be managed with a mature, old growth, no-cut
philosophy and likely to remain so can meet the needs
of the Red-eyed Vireo and its associates, freeing other
landowners and managers to practice other bird-
friendly forestry activities.
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RESULTS AND DISCUSSION

Bird Friendly Best Management Practices
Recommendations

In this program, the Prothonotary Warbler and
Swainson’s Warbler will serve as surrogate species for
the several other birds which share similar structural
habitat requirements. It is estimated that North and
South Carolina support 22 percent of the global
population of nesting Prothonotary Warblers and 12
percent of Swainson’s Warblers (Partners in Flight
Science Committee 2013), so intentional management
for these species is particularly important. Because we
have such a high percentage of their global populations,
we have both great responsibility and great potential to
help them.

Given the dual and equally important goals of optimizing
both understory thickets for Swainson’s Warbler and its
allies, and mature interior forest habitat for Prothonotary
Warbler and its allies, the prevailing criteria that

we suggest for bird-friendly bottomland hardwood
management will be staying above 60-70 percent
canopy closure across large bottomland hardwood
forest landscapes, and limiting the total area of forest
which falls below 40 percent canopy closure to 10
percent of any given bottomland hardwood forest that

is greater than 2,000 acres. Means for achieving these
management suggestions are outlined below. Note

that the below suggestions are adapted from, at least

in part, the Lower Mississippi Valley Joint Venture’s
recommendations for forest types in that area (LMVJV
Forest Resource Conservation Working Group 2007), as
well as the available literature in the species review to
follow.

Desired Habitat Condition Options: No Harvest

Landowners that desire to create and/or maintain old
growth on part or all of their bottomland hardwood
forest, and timber revenue is not a major concern,
should certainly do so. In such cases, obviously, no
harvest is needed. Many interior forest bird species,
such as Prothonotary Warbler, Red-eyed Vireo and
Yellow-throated Vireo, find their very best habitat in
such undisturbed forest stands. These lands can
function as the old-growth cores, around and adjacent
to which other owners in the landscape can provide the
other forest habitat types and successional stages.

Desired Habitat Condition Options: Modified
Approach

When some revenue is desired, multiple clear-cuts of
up to 10 acres in size, up to 10 percent of the forest
stand, could be recommended to create regenerating,
dense understory habitat (aka “thickets”). Thickets
can be isolated or near one another. In the latter
situation, two or more thickets might be connected by
a single skid trail, to minimize the area of disturbance

and fragmentation resulting from a larger single cut,
and avoid multiple loading decks. The result would
be a “string of pearls” harvest design (fig. 1a). An
alternate design would be to locate the loading deck
in the middle and cut patches like spokes of a wheel
(fig. 1b). Foresters should also consider the surrounding
forest landscape when deciding upon the location

of clearcuts. If possible, avoid placing clearcuts
adjacent to existing early-successional habitat, such
as agricultural land, even if such land is on a different
stand or belongs to a different landowner.

It is also a recommendation to “feather” the edges of
any clearcuts to soften the edge effect (fig. 2). This will
help prevent nest parasitism by the Brown-headed
Cowbird. Brown-headed Cowbirds are brood parasites,
meaning that they lays their eggs in nests of other
species. The foster parents then unknowingly raise the
young cowbirds, usually at the expense of their own
offspring. Cowbird eggs require a shorter incubation
period than most other songbirds and thus usually
hatch first. Cowbird nestlings also grow large very
quickly. These advantages allow them to command the
most food from their foster parents, usually resulting in
reduced nesting success of the host species.

Feathering edges—If clearcuts alone do not provide
a sufficient economic opportunity to justify a harvest,
landowners can thin bottomland hardwood forest
stands using single tree selection, so long as they do
not reduce the canopy closure from 90 percent (fig. 3a)
to below 60 percent-70 percent (fig. 3b). Foresters can
select trees for removal based on whatever silvicultural
prescriptions or other goals they have, such as but not
limited to improved species composition, release of
residual trees, maximizing mast trees, or maximizing
revenue. Using a variety of techniques, foresters can
estimate the before-treatment canopy closure and the
impact on canopy closure of the removal of each tree as
it is being marked for harvest.

If understory thickets are to be created by multiple
clearcuts and a stand-wide thinning is to take place as
parts of the same harvest operation in the same stand,
it is important to mark the thickets (clearcuts) first, to
know how many acres and how much canopy opening
will result from them before marking the thinning.

When determining the number and size of understory
thickets to be created in a particular stand, the
canopy openings generated from the combined
harvest (clearcuts and thinning) must be included in
the total canopy opening estimate. To reiterate, for
the best possible bottomland hardwood bird habitat
conservation outcome, clearcuts should occupy

no more than 10 percent of a given stand and all
accompanying thinning should not reduce canopy
closure below 60-70 percent. We feel that these
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Figure 1a—String of Pearls.

Figure 1b— Spokes of Wheel.
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Figure 3a—95 percent canopy closure, looking up
from within stand.

recommendations do the best possible job of benefiting
both birds and landowners in this forest type.

Additional Species to Consider

Swallow-tailed Kites represent another priority species
of southeastern bottomland forests (listed as High
Priority on the SAMBI plan). These kites forage over
bottomland hardwood forests and cattle pastures
proximal to them, and nest in super-emergent trees
such as bald cypress in floodplains and loblolly pines
in or near swamps or on swamp islands. Simple steps
such as retaining very tall cypresses or other trees in
swamp Streamside Management Zones and elsewhere
in and near bottomlands can create and sustain habitat
for this elegant, charismatic bird. Similarly, electing

to retain very tall swamp loblolly pines wherever they
exist can also provide this important nesting habitat.
Yellow-throated Warbler, which has an affinity for bald
cypress in bottomland forests, may also be benefitted
by retaining tall cypresses (Graber 1983, Hall 1996,
Gabbe 2002).

Chimney Swift nest in hollow trees, in addition to the
chimneys from which they derived their name. Retaining
large, hollow trees of any species in bottomland
hardwood stands can help support this remarkable
insect eating bird. In the case of cypress, the needs of
both Swallow-tailed Kite and Chimney Swift might be
met with the same conservation action.

.

Figure 3b—65 percent canopy closure.

CONCLUSIONS

Audubon has demonstrated bird friendly forest
management practices at their 3,250 acre Silver Bluff
Audubon Center and Sanctuary to improve diversity of
habitat in bottomland hardwood forests by adjusting
the management. Staff logged three small clearcuts
totaling 9 acres within a 90 acre even-aged bottomland
hardwood stand and thinned an additional 70 acres,
keeping the overall canopy closure to >60 percent.
(fig. 4). An additional 10 acres within the stand were
left undisturbed as a buffer along the Savannah

River. The management followed the recommended
thresholds that can be tolerated by most interior
species, while allowing for new openings to develop
into early successional habitat to support additional
species such as Swanson’s Warblers. Given that the
90 acre stand is embedded in an expansive landscape
>7,000 acres of undisturbed bottomland hardwoods,
the silvacultural activities address all the suites of
species. The demonstration site has been a focal
point at multiple outreach workshops for foresters and
landowners. It has been one year since the clearcuts
were completed. In May 2015, Swainson’s warblers
were sighted and heard in the recent clearcuts, and the
majority of the disturbance tolerant species have also
returned to the portions of this forest stand that were
thinned. The canopy that was thinned to 60 percent
has been restored to almost 90 percent. When the
canopy closure of the clear cuts reaches 95 percent,
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Audubon Center and Sanctuary at Silver Bluff Plantation
Bird Friendly Demonstration Sites
Jackson, Aiken County, SC
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Figure 4—Thinning and Clearcut at Silver Bluff 90 acre Island.
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expected in 5-7 years, Audubon will identify and cut
an additional 10percent of the mature forest. Forty-
five acres along the east side of the stand will not be
disturbed and instead, allowed to revert to old growth
bottomland forest. Thinning, as needed to continue

to create new habitat, will be allowed in this part of

the stand. Following the successful implementation

at the Silver Bluff demonstration site, Audubon South
Carolina is seeking to replicate their success at a similar
demonstration site on the 17,000 acre Audubon Center
and Sanctuary at Francis Beidler Forest in Dorchester
County, SC.
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