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Preface
The primary focus of this guide is to provide information for land managers and landowners who want to reestablish bottomland hardwood forest vegetation, particularly the trees, on lands where they formerly occurred.
Restoration and reforestation are approached with the realization that hydrology, as the driving force of wetland
ecosystems, must be explicitly considered in all projects. Without the proper hydrologic regime for the site conditions and tree species selected for planting, it is unlikely that a project will be a success. It is assumed that the goal
of the audience using this guide is at least the reestablishment of bottomland hardwood forest systems and hopefully
the restoration of all functions and values associated with these forests (e.g., storage of ﬂoodwaters, water quality
improvement, provision of wildlife habitat, etc.).
It is unlikely that a publication will ever be produced that contains all the information needed for an untrained
person to plan and implement a completely successful restoration project. Certainly, this guide has no such pretensions. We have tried to make the guide as comprehensive as possible but concise, realizing there is probably much
that we have missed. In addition, there are currently information needs expressed by practitioners that have not been
adequately addressed by researchers.
This guide will provide the reader with a reasonably comprehensive introduction to the wide range of activities
and techniques which, taken together, make up the process of bottomland hardwood restoration as it is now understood. Hopefully, this guide will also provide valuable information to experienced, professional ecosystem ecologists, especially those who have worked mainly with other types of wetland systems.
Whenever possible, the novice restorationist should seek opportunities to work with experienced professionals
during every phase of their projects, from initial planning, through implementation, to monitoring and reporting. Opportunities to visit ongoing or completed restoration projects should also be sought.
First and foremost, though, understanding the ecology of bottomland hardwood systems is vitally important.
Without a fundamental understanding of factors such as the seasonal patterns of ﬂooding and groundwater dynamics,
species-site relationships, seed dispersal mechanisms, plant establishment requirements, and plant-animal interactions, a restoration project is unlikely to be fully successful. In many ways, ongoing efforts to reestablish bottomland
forest systems is a continuing experiment. As new information is gained, it should be cycled back into the decisionmaking process and subsequent forest reestablishment efforts.
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Abstract: During the last century, a large amount of the original bottomland hardwood forest area in the United
States has been lost, with losses greatest in the Lower Mississippi Alluvial Valley and East Texas. With a holistic approach in mind, this manual describes methods to restore bottomland hardwoods in the lower Midwest,
including the Lower Mississippi Alluvial Valley and the southeastern United States. Bottomland hardwoods in
this guide include not only the hardwood species that predominate in most forested ﬂoodplains of the area but
also the softwood species such as baldcypress that often co-occur. General restoration planning considerations
are discussed as well as more speciﬁc elements of bottomland hardwood restoration such as species selection,
site preparation, direct seeding, planting of seedlings, and alternative options for revegetation. We recognize that
most projects will probably fall more within the realm of reforestation or afforestation rather than a restoration,
as some site preparation and the planting of seeds or trees may be the only actions taken. Practical information
needed to restore an area is provided in the guide, and it is left up to the restorationist to decide how complete
the restoration will be. Postplanting and monitoring considerations are also addressed. Restoration and management of existing forests are included because of the extensive areas of degraded natural forests in need of
rehabilitation.
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Chapter 1: Introduction
Deﬁnition of Bottomland Hardwoods
The term “bottomland hardwoods” is generally used
to describe both the dominant forest tree species and
the major forest types that occur on ﬂoodplains in the
lower Midwest and the southeastern United States. Occasionally, the term is also applied to ﬂoodplain forests
in other regions. Bottomland hardwoods in much of the
scientiﬁc literature, and in this guide, include not only
the hardwood species that predominate in most forested ﬂoodplains but also the softwood species such as
baldcypress. The Society of American Foresters’ forest
cover type classiﬁcation system (Eyre, 1980) identiﬁes
16 forest cover types found in the southern and central
United States (see Appendix A for descriptions) that are
considered bottomland hardwoods (table 1.1).
In this guide, bottomland hardwoods are treated as
wetlands. Under the wetlands classiﬁcation system
used by the U.S. Fish and Wildlife Service (Cowardin
and others, 1979), bottomland hardwoods are in the
palustrine system, forested wetland class, and primarily
either in the broad-leaved deciduous or needle-leaved
deciduous subclasses. It is recognized, however, that not
all bottomland hardwoods may be classiﬁed as jurisdictional wetlands under the jurisdiction of section 404 of
the Clean Water Act (U.S. Army Corps of Engineers,
1987), as there are several methodologies for identifying
wetlands. Regardless of whether or not a particular project involves jurisdictional wetlands, the basic principles
described in this text will remain the same.

Table 1.1. Bottomland hardwood forest cover types.1
Type
River birch-Sycamore
Silver maple-American elm
Cottonwood
Pin oak-Sweetgum
Willow oak-Water oak-Laurel (diamondleaf) oak
Live oak
Swamp chestnut oak-Cherrybark oak
Sweetgum-Willow oak
Sugarberry-American elm-Green ash
Sycamore-Sweetgum-American elm
Black willow
Overcup oak-Water hickory
Baldcypress
Baldcypress-Tupelo
Water tupelo-Swamp tupelo
Sweetbay-Swamp tupelo-Redbay
1

SAF Number1
61
62
63
65
88
89
91
92
93
94
95
96
101
102
103
104

Numbers refer to the classiﬁcation system used by the Society of American Foresters (SAF).
See Eyre (1980) and Appendix A for cover type descriptions.

The common and scientiﬁc names, along with information on habitat, ﬂood and shade tolerance, seed
ripening and storage requirements, and reproductive
characteristics of many tree species common to southern
bottomland hardwood forests are given in Chapter 4.
Table 13.2 contains the common and scientiﬁc names of
some wildlife species common in bottomland hardwood
forests. In addition, Appendix B lists the common and
scientiﬁc names of all species mentioned in the text.

Geographic Scope
This guide is designed primarily to provide information for restoration efforts in the lower Midwest,
including the Lower Mississippi Alluvial Valley (LMAV;
extending from the southern tip of Illinois to the Gulf
of Mexico and including portions of Illinois, Missouri, Kentucky, Tennessee, Arkansas, Mississippi, and
Louisiana) and the southeastern United States (ﬁg. 1.1).
The area with perhaps the greatest forested wetland
losses and potential for restoration is the delta portion of
Arkansas, Louisiana, and Mississippi. To a lesser degree,
the methods described here will be applicable to forested
wetlands throughout the United States.

What is Restoration?
Throughout this guide, “restoration” refers to the
ultimate goal of bottomland hardwood reestablishment
projects. It is therefore necessary to discuss the concept
of restoration and contrast it with other commonly used
terms, such as “reforestation,” “reclamation,” “creation,”
and “enhancement.”
Ecological restoration is deﬁned as the return of an
ecosystem to a close approximation of its condition
prior to disturbance (National Research Council, 1992).
This deﬁnition, supported by the Society for Ecological
Restoration, stresses that restoration is intentional and
that it emulates the structure, function, diversity, and dynamics of a previously existing natural ecosystem. The
Natural Resources Conservation Service (NRCS) deﬁnes
a restored wetland as “a rehabilitated degraded wetland
where the soils, hydrology, vegetative community, and
biological habitat are returned to the original condition
to the extent practicable” (NRCS, 1998). The NRCS’s
deﬁnition recognizes that it may not always be possible
to completely restore a site to some previous condition,
but that it is still desirable to restore it to the greatest
extent possible.
These deﬁnitions of restoration serve to highlight
some of the difﬁcult issues facing restorationists. Although the deﬁnitions are seemingly straightforward,
questions about what constitutes predisturbance or
original forest conditions are ambiguous and need to be
considered because they are often open to debate within
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Figure 1.1. Distribution of bottomland hardwood forests along rivers and streams in the lower Midwest and southeastern United States.
The dark band shows the extensive area covered by this forest type along the lower Mississippi River (modiﬁed from Putnam and others,
1960).

the scientiﬁc community. During the height of Pleistocene glacial activity, the forests of the southeastern
United States included many boreal forest species such
as spruce and ﬁr (Delcourt and Delcourt, 1987). While
it may be obvious that we should not try to restore to
the Pleistocene community type, it is often not so obvious that forests have been naturally changing for eons
and will continue to do so. Factors that have shaped the
structure, function, diversity, and dynamics of bottomland hardwood forests over the last 500 years (less
than the lifespan of some individual trees in the region)
include natural disturbances (e.g., hurricanes, droughts,
lightning-caused ﬁres), Native Americans’ agricultural
practices and use of ﬁre, and the agricultural, silvicultural, drainage, and ﬂood control practices of European
settlers. Restorationists need to be aware that, in a sense,
they are trying to hit a moving target. Trying to restore to
a previously existing natural ecosystem is less important
than matching the tree species to be planted with the
topographic, soil, and hydrologic conditions that will
exist on the site after the project is completed. We must,
therefore, use best judgement and any available data to

determine the composition and structure of the forests
we want to restore.
True ecological restoration may not be possible in
many cases because of factors beyond the restorationist’s
control. For example, Schneider and others (1989) have
shown that practically every major stream and hundreds
of smaller ones throughout the southeastern United
States have been affected by major construction projects.
Such projects often affect the timing, magnitude, and duration of ﬂooding as well as groundwater dynamics (i.e.,
a site’s hydrology). Ideally, restorationists would be able
to restore the hydrologic regime of their restoration sites,
but it is rarely possible to reverse the impacts of major
construction projects that affect hundreds or thousands
of square kilometers of land. Because hydrology drives
wetland ecosystems and determines the type of wetland
that will develop, it must be restored if possible. If complete hydrologic restoration cannot be accomplished,
then the trees to be planted must be selected based on
the expected hydrologic regime. If only the hydrology is
restored (a partial restoration), the vegetation and soils
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will develop naturally over a period of many years (and
eventually become a full restoration).
The lack of ability to conduct a full restoration does
not eliminate the importance of restoring those functions
and values that we understand or restoring an area as
close as possible to its previous condition. Restorationists, then, may frequently have to settle for more modest
goals than complete ecological restoration, such as
partial restoration or one of the terms described below:
reclamation, reforestation, creation, or enhancement.
Regardless of the level of restoration, the restorationist
should maintain a holistic approach to each project and,
to the greatest extent possible, establish an ecological
community that is not only as close as possible to the
original forest but is also well matched to the environmental conditions that will exist on the completed site.
Reclamation is deﬁned by Jordan and others (1988,
p. 55) as “any deliberate attempt to return a damaged
ecosystem to some kind of productive use or socially
acceptable condition short of restoration.” Reforestation
is deﬁned by the Society of American Foresters (SAF) as
the reestablishment of a tree crop on forest land (FordRobertson, 1971). With reforestation there is not necessarily any attempt to restore the same species of trees or
the same functions that occurred naturally on the site.
Establishment is deﬁned as the process of developing a
crop to the stage where it can be considered safe from
normal adverse inﬂuences such as weeds, browsing, or
drought (Ford-Robertson, 1971). Without hydrologic
restoration, most projects probably fall within the realm
of reforestation or reclamation. On any project, the restorationist is faced with the decision to spend a limited
budget to completely restore a small amount of land or
to reforest a much larger area.
Wetland creation has two meanings. First, it is “the
conversion of a persistent non-wetland area into a
wetland through some activity of man” (Lewis, 1990,
p. 418). This activity generally includes lowering the
surface of an upland sufﬁciently for the seasonal or permanent exposure of the water table. Conversely, wetland
creation can be accomplished by ﬁlling a deepwater
habitat with dredged materials to a sufﬁciently shallow
depth to support wetland plants. The second kind of
wetland creation occurs when an entire ecosystem is ﬁrst
destroyed and then re-created on the same site. Creation
in this manner takes place, for example, when a wetland
is destroyed during the course of surface mining. Following mining, the original ecosystem is re-created on
physically reclaimed land, which requires the ecological
engineering of new soils and hydrological conditions,
as well as the establishment of a biotic community. The
term “constructed wetland” is often used interchangeably with “created wetland” and is apparently coming

into preferred usage by many practicing restorationists.
Enhancement is deﬁned as “the increase in one or
more values of all or a portion of an existing wetland by
man’s activities, often with the accompanying decline in
other wetland values” (Lewis, 1990, p. 418). Examples
of forested wetland enhancement include selective removal of some tree species to favor growth of those species that provide greater values to desired wildlife and
diking tracts of bottomland forest so that ﬂooding can
be controlled (i.e., construction of green-tree reservoirs).
In many cases an enhancement for one species or suite
of species proves detrimental to many other species.
In contrast to enhancement, the process of ecological
restoration is holistic and does not favor individual species or particular ecological functions and values to the
detriment of other species or functions.

The Need for Restoration
During the last century, a large amount of the original
bottomland hardwood forest area in the United States
has been lost. Losses have been greatest in the LMAV
and East Texas. Of an estimated 9.7 million ha (24 million acres) of bottomland hardwood forest present in the
LMAV at the time of European colonization, only 2.1
million ha (5.2 million acres; 22%) remained by 1978
(MacDonald and others, 1979). Approximately 63% of
the original bottomland hardwood forest area in East
Texas has been lost (Frye, 1987). Proportionally, the
most extreme losses of bottomland hardwood forest have
occurred in the northern part of the LMAV; in southern
Illinois, about 98% of the original bottomland hardwood
forest area has been lost (Tiner, 1984).
The primary cause of bottomland hardwood loss has
been conversion of the land to agricultural production.
Approximately 87% of wetland losses in the United
States as a whole has been attributed to agriculture
(Tiner, 1984), and the losses of forested wetlands in the
LMAV have corresponded very closely to the expansion of agricultural land (MacDonald and others, 1979).
Additional losses of bottomland hardwood forests have
been caused by construction and operation of ﬂood control structures and reservoirs, drainage and conversion to
pine forests, surface mining, petroleum extraction, and
urban development.
While many of these alternative uses of bottomland
hardwood forest sites are important economically, the
functions and values of intact bottomland hardwood forests (storage of ﬂoodwaters, water quality improvement,
provision of wildlife habitat, etc.) are becoming increasingly appreciated. These functions and values have been
described both in technical terms (Wharton and others,
1982; Taylor and others, 1990; Wilkinson and others,

A GUIDE TO BOTTOMLAND HARDWOOD RESTORATION

1987) and in terms readily understood by nontechnically
oriented readers (Harris and others, 1984).
Growing public concern over the loss of bottomland
hardwood forests and wetlands in general has resulted
in unprecedented opportunities for protection of this
valuable resource. Clearly, preservation of the existing bottomland hardwood resource—through fee title
acquisition, easements, or other means—should be the
preferred protection strategy. Given the magnitude of the
losses that have already occurred, however, restoration
of former bottomland hardwood habitats has become a
key element in an overall strategy of protection. Over
the past 10 years, at least 62,500 ha (154,000 acres)
were reforested within the LMAV. Most of this area was
planted by the Natural Resources Conservation Service
(through the Wetland Reserve Program) or the U.S. Fish
and Wildlife Service, although other state and federal
agencies have also been involved in planting bottomland
hardwood forests (King and Keeland, 1999). The rate
of reforestation has been increasing to the point that the
amount of LMAV land scheduled for reforestation by all
agencies over the next 5 years totals 74,200 ha (183,300
acres). Although the amount of land being restored is
commendable, the continuing losses are staggering.
From the mid-1970’s to the mid-1980’s (the most current
data available) a total of 364,200 ha (900,000 acres)
of forested wetlands were lost in the LMAV region of
Arkansas, Louisiana, and Mississippi. Obviously, we are
a long way from our national goal of no net loss.

Restoration and Mitigation
The term “mitigation” in this guide refers to the
process of rectifying or compensating for the impact on
a wetland of a speciﬁc development project. In the strict
sense, mitigation is a much broader concept than restoration, including avoidance (no impacts to wetlands) and
minimization (project modiﬁcation to reduce the amount
of wetlands to be affected) (40 CFR 1508.20 [1998]).
Mitigation is usually required as part of the process of
obtaining a permit for a development project, such as a
“404” permit (Section 404 of the Clean Water Act) for
dredge or ﬁll operations in a wetland. Thus, mitigation
refers to activities taking place in a regulatory environment. Restoration in this situation can help achieve no
net loss of wetlands, but it is not likely to make a signiﬁcant contribution to making up for past losses.
Because so much of the bottomland hardwood resource has already been lost, the greatest contributions
are likely to be made by restoration projects that are
not done as mitigation. Voluntary projects to restore
agricultural ﬁelds, old unreclaimed surface mines, and
other such sites on public and private lands are needed

5

if restoration of bottomland hardwood forests is to be
achieved on a scale signiﬁcant enough to achieve a net
gain of wetlands.

Restoration, Ecosystems, and
Landscape
This guide contains information that is speciﬁc to
restoration of forested wetlands of the Southeast and
lower Midwest. The best approach to restoration is to
maintain the overall integrity of ecosystems, including
the entire global ecosystem. In practice, however, most
restoration projects are conducted in isolation, on a
site-speciﬁc basis. It is probable that some opportunities
to increase the value of an individual restoration project
are simply overlooked because not all restorationists
are used to thinking of their projects within an ecosystem or landscape context. Therefore, it is worthwhile to
consider individual restoration projects within a larger,
long-term context.
Where sufﬁcient ﬂexibility exists, restoration sites
should be selected to maximize their usefulness within a
larger geographic area. One obvious example is to locate
the site where it will have the most beneﬁcial impact on
water quality (or other desired function) within a watershed. Prime locations are along the edges of existing
streams or rivers, especially where the site will act as a
buffer between farm ﬁelds and other nonpoint sources of
pollution and the waterway. Also, by placing a forested
wetland near the lower end of a small watershed, it may
act as a ﬁlter for runoff and ﬂoodwaters from the entire
area upstream. By shading the water and increasing
inputs of plant debris and invertebrates, restoration sites
along waterways will also improve habitat values for
ﬁsh. In some cases, it might be beneﬁcial to choose a
restoration site that can act as a screen between an existing site, such as a marsh used by waterfowl, and a road,
housing development, or agricultural area.
Opportunities to maximize wildlife habitat values
should also be sought. For instance, choosing sites that
will increase the size of an existing but isolated tract
may improve habitat for forest interior species and reduce nest predation and parasitism. Many of the species
in most need of protection require the interior habitat
provided by large tracts. On the other hand, sites that
will provide a travel corridor between existing tracts of
forest might be more valuable than isolated sites in some
cases. Corridors, however, may actually have negative or
minimal impacts on some wildlife, and any reader contemplating creating a corridor is urged to look at some
of the recent literature on this subject (Simberloff and
others, 1992; Hobbs, 1992; Rosenberg and others, 1997;
Tiebout and Anderson, 1997).
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Those involved in land management and restoration
should keep abreast of developments in ﬁelds such as
conservation, biology, and systems and landscape ecology to the greatest extent possible. By developing an
increased appreciation of ecosystem and landscape level
processes, land-use planners, managers, and restorationists may be able to greatly increase the environmental
values of their projects.

The Environmental Impacts of
Restoration
The process of restoration can have both positive
and negative impacts on the environment. While it is
clear that a successfully restored site is healthier and
more desirable than a degraded site, there may well be
some hidden environmental costs associated with the
restoration process that can call the overall value of the
project into question.
One of the most obvious negative impacts associated
with restoration is when one wetland is degraded to
restore another. Plants or topsoil are sometimes removed from intact wetlands and moved to restoration
sites. When this causes signiﬁcant damage to the intact
wetland, then the net beneﬁt of the project must be
considered to be signiﬁcantly reduced. Fortunately, this
issue is being addressed by professional restorationists,
and especially with the ever-increasing availability of
commercially produced seed and seedlings, is becoming
less of a problem.
The creation of green-tree reservoirs is a common forested wetland management practice that has been shown
to degrade bottomland hardwood stands in the Southeast.
A green-tree reservoir is typically ﬂooded in the fall to
provide waterfowl habitat and then drained during the
next spring. This usually changes the timing, duration,
extent, and frequency of ﬂooding within these systems.
Although ﬂooding during the dormant season is generally not thought to harm most bottomland hardwood tree
species, studies have shown that the repeated ﬂooding of
green-tree reservoirs can result in the loss of the less water tolerant species. Quite often, the hard mast producing
species that the manager wants to maintain, such as Nuttall, cherrybark, and willow oaks, are the very species
killed by this management technique. These more desirable species are often replaced by overcup oak, water
hickory, swamp red maple, green ash, and baldcypress.
In addition, most green-tree reservoirs in the LMAV are
not dewatered on schedule each spring (Judy DeLoach,
U.S. Army Corps of Engineers Regulatory Functions
Branch, Memphis, TN, oral commun.), further impacting
the desirable hard mast species.

Another negative impact associated with some projects is the destruction of a healthy upland site to create a
wetland. The net beneﬁt of this type of project, which is
often required by regulatory agencies, is highly questionable, especially because of the low degree of certainty
that a fully functional, sustainable wetland can actually
be created on a former upland site. While this kind of
project could conceivably have an overall net beneﬁt in
some cases, the decision to destroy an upland site to create a wetland should never be taken lightly.
Hydrologic restoration is encouraged to the greatest extent possible; however, full consideration must be
given to the landscape context in which the restoration
will be developed. Many river processes, such as erosion, sedimentation, etc., are occurring at an accelerated
rate. Floodplain wetlands can be overwhelmed and/or
severely degraded if unnatural ﬂuctuations in river ﬂow
and unnatural loads of sediment, nutrients, and contaminants in the river are not reduced to approximate predisturbance levels (Humburg and others, 1996; Sparks
and others, 1998). In this case, the restored vegetation
may be destroyed and the site ﬁlled in with sediment to
the point where it can no longer be considered a (viable)
wetland.
Some restoration projects involve extremely high
expenditures for the restoration of relatively small areas.
It seems reasonable to consider the opportunity costs
associated with such projects. For example, is expending
$100,000 or more to restore a small, isolated wetland in
an industrial area worthwhile, or would it be better to put
that money towards some other environmentally oriented
project that might have a larger net beneﬁt? There is no
simple way to determine the answers to such questions,
but they are still worth considering.
Finally, the costs associated with energy-intensive
restoration projects should be considered. Use of heavy
earthmoving equipment, irrigation, and other operations
associated with restoration projects all require energy,
primarily from fossil fuels. Even use of nursery-produced planting stock (versus direct seeding or natural regeneration) may involve a moderately high expenditure
of energy. Because production and consumption of fossil
fuels and most other forms of energy involve negative
impacts to the environment, energy efﬁciency should
be considered when planning a restoration project.
Although it should certainly not be used as an excuse
for skimping on necessary operations such as good site
preparation, energy inputs to restoration projects should
be reduced where possible.

Sustainability of Restoration Projects
Restored wetlands are no different than other ecological systems in that they are both naturally dynamic
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and subject to future human-induced perturbations.
Examples of natural changes that might be expected to
occur include succession and damage caused by storms,
animals, insects, or disease. Examples of human-induced
perturbations include changes in hydrology as encroaching development increases runoff into the wetland
and long-term changes in global climate effects on local
weather patterns.
In cases where there is a desire to limit or control
natural change (e.g., to maintain a restoration site in a
stage dominated by early to midsuccessional species),
long-term management of the site needs to be planned.
The silvicultural techniques discussed in Chapter 14
will be the primary tools for most forms of long-term
management.
The concept of “freeboard” has been suggested as
one way of increasing the sustainability of a restoration
site in the face of human-induced changes in hydrology (Willard and Hiller, 1990). This concept is that the
restoration site should be designed so that there is room
for the desired plant community to shift to higher or
lower elevations in response to gradual shifts in the site’s
hydrology. Wetlands with steep transitions to uplands
or steep dropoffs to deep water do not have as much
freeboard as sites with long, gentle slopes and therefore
should be avoided where possible.
The one certainty about a restoration project is that,
as time passes, it will be subjected to both natural and
man-made agents of change. Restorationists, therefore,
need to consider multiple decades when designing projects and not just project time speciﬁed in permits or the
lifetime of the ﬁrst generation of trees.
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Chapter 2: General Planning
Considerations
A successful restoration project starts with good
planning. In general, the plan should deﬁne the goals for
restoration and subsequent management of the project
site and should identify speciﬁc procedures to meet the
goals. The major steps in the planning process are (1)
identify goals; (2) characterize the restoration site; (3)
select species to be restored; (4) develop a design for the
site; (5) determine site preparation needs; (6) determine
best regeneration method(s); (7) determine what postregeneration operations will be carried out; (8) develop a
timetable for obtaining planting stock, equipment, and
personnel; (9) develop a budget and identify the source
of funds; and (10) develop speciﬁc performance standards for evaluating project success. Some of these steps
are discussed in this chapter while all are covered in
more detail throughout the manual.

Project Goals, Objectives, and Success
Criteria
Ideally, restorationists should begin their projects by
developing a list of general goals or long-term objectives. General goals might include something like (1)
establishment of a bottomland forest similar in species
composition to the original forest or (2) establishment of
a forested wetland that will provide wintering habitat for
mallards and wood ducks.
Once general goals have been listed, more speciﬁc
objectives can be developed. An example of a speciﬁc
objective is a list of the species to be established and the
number of each to be planted per hectare (acre). Another
speciﬁc objective might be that the site should either
ﬂood naturally or have the capability of being ﬂooded
artiﬁcially during the winter months so that waterfowl
can feed within the forest. Much time, effort, and money
can be wasted on a project if objectives are not speciﬁed in the planning stage, yet simply developing a set of
objectives is not sufﬁcient. Speciﬁc performance criteria
should also be developed to help assess whether the
objectives are being met.
Frequently, project objectives are limited to the establishment of vegetation. Success criteria for these projects
are often simple, such as the survival rate of all species
planted should be at least 50% after one complete growing season, or a minimum of 980 trees per ha (400 per
acre) of preferred species should be established on the
site; the trees should be at least 2 m (~6 ft) tall and have
been growing on the site for at least 24 months.
Therefore, speciﬁc goals or objectives and success
criteria ideally should be established for all elements
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of the restoration project. In addition to vegetation, it is
desirable to establish criteria for soils, hydrology, water
quality, and ﬁsh and wildlife habitat. The Mitigation Site
Type classiﬁcation system (MiST; White and others,
1990) provides both general and speciﬁc success criteria
for bottomland hardwood restoration projects (table 2.1).
Although these criteria are directed toward mitigation,
they can serve as a starting point for developing more
speciﬁc success criteria for a given project. The MiST
is recommended reading for all restorationists involved
with bottomland hardwood and other forested wetland
systems. In many ways the planning process from an
overall landscape perspective is an artistic process and
deserves optimum time and attention to detail before
moving forward toward implementation.

Project Site Design
The level of effort put into project site design can
vary considerably. For small projects that do not involve
extensive earthmoving or are not being carried out for
mitigation, the design may simply be what a restorationist envisions. For larger, more complex projects, the process of site design may involve development and review
of a series of engineering drawings depicting surface
contours, structural speciﬁcations, and locations of various forest types to be planted (ﬁg. 2.1). Regardless of
the level of detail in the ﬁnal design, the process of site
design should only begin after project objectives have
been determined and the site evaluation is completed.
The three-stage design process outlined in the Soil
Conservation Service’s (now the NRCS) Engineering
Field Handbook (Soil Conservation Service, 1992a) is
appropriate for the design of restoration projects. Their
ﬁrst step, data collection and evaluation, is analogous to
the site evaluation process described in Chapter 3.
The second stage is the development of a preliminary
design, which consists of (1) developing a list of the
general project features; (2) identifying any structures
needed; and (3) developing a preliminary layout of the
site (e.g., contours, location of any stream channels, and
location/area of vegetation types to be established). The
preliminary design may consist of a variety of alternatives and should be sufﬁciently detailed to allow for
a well-informed choice of alternatives based on both
ecological and economic grounds.
The third stage is development of the ﬁnal design,
which consists of (1) assessment of the accuracy of the
data used in the preliminary design; (2) review of the
accuracy of all drawings developed in the preliminary
design; (3) selection of alternatives; (4) development of
ﬁnal drawings depicting site layout and any structures;
and, ideally, (5) production of a report covering both the
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Table 2.1. General deﬁnitions of mitigation success used in the Mitigation Site Type classiﬁcation system (MiST) (see White and others,
1990 for more information).
General deﬁnitions of mitigation success

Vegetation
Successfully mitigated project sites shall contain:
(1) An approved species composition represented by self-sustaining species populations.
(2) Adequate tree abundance in terms of overall density and spatial distribution throughout the project site.
(3) Well-established trees (e.g., trees should have been growing on site for at least 1 year).
(4) An adequate representation of undergrowth species.
Soil
A succ
successfu
deﬁnitions of the current U.S. Army Corps of Engineers Wetland Delineation Manual.
Hydrology

,

duration, and seasonality of the ﬂooding or soil saturation and the source of the water.

Water quality
Water q
of the frequency distribution of the reference site when graphically represented. Minimally, measured levels of parameters should not
violate State or Federal water quality standards.
Fish and wildlife habitat
Because of the long-term nature of forested wetland restoration, the habitat for ﬁsh and wildlife will be considered restored if the
success criteria for vegetation, soils, and hydrology are met.

ﬁnal design and a plan for any relevant operation, maintenance, and monitoring.
Review and approval by a licensed civil engineer
may be required for designs of structures and surface
contours. Local NRCS ofﬁcials and relevant regulatory
agencies should be contacted to determine what regulations apply to restoration project designs.

Regeneration Method

Figure 2.1. Engineering drawings depicting surface contours,
structural speciﬁcations, and locations of various forest types to be
planted can be helpful when designing a restoration project.

Several regeneration methods have been used effectively to restore bottomland hardwood forests. These
methods include direct seeding, planting seedlings,
planting cuttings, and transplanting saplings or larger
trees. Natural regeneration and topsoiling (the spreading
of topsoil from a healthy wetland over a restoration site
to introduce seeds and other propagules) are other options that are effective in some cases and should also be
considered. Regeneration methods are described in more
detail in Chapters 7, 8, 9, and 10.
The ﬁnal choice of regeneration method should be
based on a thorough knowledge of the advantages and
disadvantages of each method, characteristics of the
species to be planted, condition of the site, availability of
planting stock, personnel, equipment requirements, and
costs. It is worth noting that, on many restoration projects, combinations of planting methods have been used
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effectively. For instance, direct seeding might be used as
a primary method for regenerating trees, while topsoiling
could be employed to introduce understory species, and
seedlings of some difﬁcult to establish tree species could
be planted.
Decisions about regeneration methods on a given
project should be made well in advance of the planting
date to ensure the availability of suitable planting stock.
If planting is scheduled for late fall through spring, then
the choice of planting methods should ideally be made
the previous spring or summer for small sites (smaller
than about 8 ha [~20 acres]), and even earlier for large
sites.
In a survey of federal and state agencies involved
in restoring/reforesting bottomland hardwood sites,
King and Keeland (1999) found that nearly half of the
restorationists experienced problems obtaining sufﬁcient
seed of the desired species, and that greater than 80%
were unable to obtain the required number of seedlings.
In many cases the restorationists were forced to use
substitute species. For example, a general shortage of
ash seedlings in 1998 forced restorationists to search for
seedlings of a variety of other species as replacements.

Obtaining Planting Stock
In most cases, it is best to obtain planting stock from
existing suppliers; exceptions will occur most frequently
in the cases of large-scale or long-term restoration programs or when using cuttings, transplants from the wild,
or direct seeding. A large number of suppliers operate in
the region covered by this guide, including state forestry
commission nurseries, private nurseries, and both largeand small-scale seed suppliers (see Appendix C for a
partial listing of suppliers).
In general, it is best to obtain planting stock as locally
as possible. If purchasing planting stock from a local
supplier, be sure that their seed was collected from an
acceptable (local) source, which will help ensure (but not
guarantee) that the stock is adapted to the region where
the planting will take place. It may also help reduce
damage to planting stock from shipping. Also, nurseries may need lead time greater than 1 year for unusually
large orders of seed or seedlings.

Personnel Requirements
Project planning and supervision should be carried out
by well-qualiﬁed personnel. The project manager should
know which speciﬁc technical skills are needed to design
a project (e.g., forestry, plant ecology, civil engineering,
hydrology) and should take the necessary steps to ensure
that skilled personnel are available for each task.
It is also important to ensure that personnel who actually implement the project in the ﬁeld have the requisite
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skills and are closely supervised. Personnel may be
required for skilled (and sometimes dangerous) tasks,
such as heavy machinery operation and herbicide application, and for simpler tasks, such as tree planting. The
temptation exists to hire an inexpensive, untrained labor
force that is poorly supervised, especially for the simpler
tasks. The success of some projects has been drastically
reduced, however, by the use of poorly trained and inadequately supervised personnel (table 2.2).

Equipment
Some of the equipment needed for restoration projects
is described in the following chapters. Actual equipment
needs will obviously vary, depending on type of site
preparation needed, planting method(s) used, etc. The
restorationist should determine in advance what equipment will be needed and take steps to ensure its availability at the appropriate time. Table 2.3 lists some of the
equipment that may be required for a restoration project.

Timing of Project Operations
The need to plan in advance for the acquisition of
equipment and planting stock has already been mentioned. In addition, careful planning of the overall operations of the project is required.
Forested wetlands typically have periods where the
soil is too wet for heavy equipment to operate. Even if
the equipment can operate under wet site conditions,
this practice should be avoided in order to minimize
compaction and soil erosion. Dry seasons, usually in
late summer or fall over most of the area covered by this
guide, are a good time to do most of the jobs that involve

Table 2.2. Seven “grievous errors” that have been made on
restoration projects in the absence of adequate training and
supervision (Clewell and Lea, 1990).
1. Vigorous saplings were loaded at a nursery into open trucks and
delivered to a project site dead from windburn and desiccation. The
unsupervised planting crew planted the dead trees.
2. Potted trees were delivered on a Friday afternoon and allowed
to roast in the direct summer sun before being planted dead on
Monday.
3. Gallon-sized trees were removed from ﬂat-bottomed pots and
planted in holes dug with pointed spades. Air pockets remained
beneath their root balls and stressed or killed many saplings.
4. Nurseries shipped trees of the wrong species, the error was either
unnoticed or unreported, and the trees were planted.
5. Mesic trees were planted in hydric sites.
6. Cuttings of willows and cottonwoods were planted upside down.
7. Project sites were not fenced or staked, and work crews planted up
to 40% of their seedlings on adjacent land.
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Table 2.3. Partial list of equipment occasionally used in restoration projects and examples of how they are
used.
Equipment

Use(s)

Dragline
Scraper
Bulldozer
Dump truck
Front-end loader
Tractor
Rippers, chisel, plows, offset disks
Mechanical seed planter
Mechanical seedling planter
Gasoline-powered soil auger
Tree spade
Dibble bar, sharpshooter shovel
Backpack sprayer
Brushhook, machete

Excavation; removal of topsoil
Removal, segregation, and transport of soil and/or overburden
Removal and spreading of soil and/or overburden; surface contouring
Transport of topsoil
Removal of soil and/or overburden; loading trucks
Site preparation; planting; weed control; ﬁre lane construction
Reduction of soil compaction; preparation of soil surface for planting
Direct seeding
Planting bare-root seedlings
Planting containerized seedlings
Transplanting saplings and larger trees
Hand planting seedlings
Weed and exotic plant control
Vine control

earthmoving or other site preparation jobs requiring
heavy equipment.
In some cases, sufﬁcient time must be allowed between site preparation and planting so that the soil can
settle, the hydrology can be double-checked, a green manure crop can be planted and plowed under, and so on.
For relatively complex restoration projects, a schedule of
operations should be prepared and approved by key personnel involved in project planning and implementation.
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Chapter 3: Evaluation of the Site
Site is a central concept in the practice of forestry
and forest restoration. The term “site” is rarely deﬁned
precisely but may be interpreted as being synonymous
with the term “habitat.” It refers to the place in which
trees grow and encompasses both the abiotic (nonliving)
and biotic (living) factors that may have an impact on
the survival and growth of the trees. The size of an area
that is considered one site can vary considerably, as long
as the critical environmental factors remain relatively the
same.
The term “project site” is used occasionally in this
guide. In some cases the project site may be homogeneous enough to be considered as one site in the ecological sense of the word. In other cases, variation within
the project site, such as different degrees of ﬂooding,
different soil types, slope, aspect, existing vegetation,
etc., may require that it be treated as a number of smaller
sites, each of which may have different site preparation
needs, speciﬁc levels of suitability for different species,
and so on.
In this chapter, it is assumed that the site to be restored has already been chosen. It is expected that the
choice of sites will be limited in most cases, either for legal reasons (e.g., permit requirements that a speciﬁc area
be restored after surface mining) or for managementrelated objectives (e.g., the desire to provide a travel
corridor for wildlife between two large blocks of forest).
The principles described in this chapter, however, can
also be used to select a site for restoration.
Once the site is identiﬁed, the ﬁrst task is to conduct a site evaluation. Site evaluation can be informal,
involving no more than a windshield survey, or it can
be much more elaborate (and expensive), involving
the development of ecological baseline information by
means of prerestoration monitoring (e.g., hydrology) and
analytical testing (e.g., soil characteristics). The intensity of the evaluation will depend on factors such as the
restorationist’s prior experience with similar sites, the
degree to which the site has been altered, and available
funds. At a minimum, the site should be walked over or
traveled by ATV to conﬁrm the restorationist’s expectations

from various sources (e.g., NRCS soil survey, etc.).
Whatever the intensity of the evaluation, the abiotic
and biotic factors described in this chapter should be
considered.

Abiotic Site Factors
The most important abiotic factors to be considered
in bottomland areas are climate, hydrology, and soils.
These three factors interact with each other but are
treated separately in this section.

Climate
Climate is one of the major factors affecting tree species distribution and the growth of individual trees. The
primary climatic factors operating on trees are precipitation (amount and distribution), temperature regime, and
evapotranspiration.
Although climate is critical, it is generally not the
most important aspect of a site evaluation as long as the
species to be established are within their natural range.
There is little or no practical need for a detailed climatic
assessment if the planting stock is known to be well
adapted to the area. Knowledge of the normal variation
in local climate could be very important, however, as
the success of any plantings could be adversely affected
by extremes of temperature and/or precipitation (i.e.,
drought or ﬂooding) during the ﬁrst year or two after
planting.
The consideration of climate becomes most important when the introduction of a species not indigenous
to the area—or a different subspecies or provenance of
an indigenous species—is contemplated. In such cases,
it is important to know the general climatic characteristics of the site (see table 3.1), but it may be even more
important to know the climatic extremes that can occur.
Forestry literature is replete with examples of species
introductions that were successful until some natural but
uncommon event occurred, such as a prolonged drought
or ﬂood, an unusually long, deep freeze, or an ice storm.
By deﬁnition, nonnative species should not be used in
restoration projects.

Table 3.1. Abiotic site data that should be obtained if possible.1
Climate

Hydrology

Soils

Mean annual rainfall
Mean monthly rainfall
Mean monthly temperature
Evapotranspiration potential
Incidence of droughts,
extreme cold, extreme heat,
ice storms, and hurricanes

Mean annual ﬂood duration
Mean growing season ﬂood duration
Mean growing season water table depth
Hydrologic system
Topographic position

Degree of soil saturation
Presence of pans or depressions
Degree of mottling
Percent organic matter
Soil type, texture, structure,
depth, pH, compaction, and color

1

13

Where mean data is speciﬁed above, it is also desirable to obtain an indication of variability (e.g., standard deviations).
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Occasionally, microclimate can be an important
consideration, but this is less often the case on bottomland sites than on upland sites, where slope and
aspect may greatly affect the temperature and moisture
regime. The exposed nature of most restoration sites,
which can result in hotter and drier conditions than in
adjacent mature forested wetlands, must be considered.
Frost pockets—low, concave areas that tend to trap cold
air—are also sometimes a problem within restoration
sites at relatively high elevations. Such areas are not
likely to occur on large ﬂoodplains, but where present,
frost pockets may result in direct damage to trees or may
literally uproot seedlings by the process of frost heaving.

Hydrology
Hydrology is the most important factor affecting the
local distribution of bottomland tree species within their
natural ranges. Hydrology as treated in this guide refers
to the frequency, duration, depth, seasonality, and source
of ﬂooding and/or soil saturation that occur on a site, as
well as the depth of the water table.
Detailed hydrologic data, such as the ﬁrst three items
listed in table 3.1, will often not be available for a given
site but should be obtained to the greatest extent possible. The U.S. Geological Survey’s Water Resources
Division provides real-time hydrologic data online at
http://water.usgs.gov. In most cases, the restorationist
will have to make do with knowing only the hydrologic
system type and the topographic position of the site. Fortunately, much can be inferred about a site’s hydrologic
characteristics from this information.
The main hydrologic systems in the the lower Midwest and southeastern United States are large alluvial
rivers, minor stream bottoms, blackwater rivers (those
originating in the Coastal Plain), spring-fed streams,
isolated basins, backwater swamps, bogs, and seep areas.
Different hydrologic systems can have very different
ﬂooding patterns (ﬁg. 3.1). Large alluvial rivers tend
to have longer periods of high water, with most of the
ﬂooding occurring between November and May. Minor
stream bottoms and blackwater rivers tend to have more
erratic ﬂooding, since these smaller systems are more responsive to local precipitation. Spring-fed streams, bogs,
and seeps tend to have much more stable hydrologic
patterns, and groundwater table levels assume greater
importance than overbank ﬂooding.
Topographic positions within ﬂoodplains include
sloughs, natural levees, lower ﬂoodplain or ﬁrst bottoms,
terraces, and slopes (transitional areas to uplands; ﬁg.
3.2). The depth and seasonality of ﬂooding, as well as
numerous other site characteristics, varies substantially
with topographic position. Other sites such as cypress
domes support forested wetlands somewhat similar
in nature to bottomland hardwoods. These wetlands

Figure 3.1. Hydrographs of typical bottomland hardwood sites
(redrawn from Wharton and others, 1982).

typically occur as isolated basins rather than within a
riverine ﬂoodplain.
It is important to realize that hydrologic alterations
have occurred at most sites. Drainage and ﬂood control
projects, diversions of ﬂows, pumping from aquifers,
road construction, and numerous other developments
are so ubiquitous that nearly every site has a hydrologic
regime different than it had 50-100 years ago. A tract
of mature forest in the immediate vicinity can be very informative. If the existing overstory trees in the tract look
stressed, or the understory trees are mostly either less or
more ﬂood tolerant than the overstory trees, then there
may have been substantial hydrologic modiﬁcations to
the site. Hydrologic records, maps, aerial photos, and
interviews with people knowledgeable about the site
may all be used to determine what types of hydrologic
changes have taken place. It may be impossible to restore a site’s hydrology back to historic conditions.
In cases where the natural hydrologic pattern of a
site has been altered drastically, or for areas that are
not naturally bottomland hardwood sites, more speciﬁc hydrologic information may be necessary. Along
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Figure 3.2. Topographic positions and associated forest cover types within a river ﬂoodplain (modiﬁed from Wharton and others, 1982).

reservoir shorelines, for example, water levels may
ﬂuctuate dramatically, and seasonal patterns of ﬂooding
and drawdown need to be understood in detail. In areas
where heavy machinery has been operated, topsoil has
been displaced, or water control structures have been
installed, surface ﬂooding and/or water table levels may
vary considerably from an undisturbed site. On the most
heavily disturbed sites, such as surface-mined areas that
have been regraded, it is advisable to collect as much detailed information as is available or even to monitor the
hydrologic regime of the site prior to selecting species
and initiating planting (see Chapter 13).

Soils
Alluvial bottomland soils generally have more clay
and organic matter than upland soils, and therefore they
tend to have higher moisture-holding capacity, fertility,
and productivity. There are numerous exceptions and
potential soil-related problems, however, and an appreciation of soil conditions is important for ensuring the
success of a restoration project.
A good place to start evaluating the soils on a site is
with the county or parish soil survey. Even if the site has
been drastically altered, county or parish soil surveys
can provide information on the soil originally found on
the site. Soil surveys should be used with caution, however, since the information on forested wetland sites is

usually much less detailed than information on adjacent
agricultural lands. In many instances, the mapped soil
type within a wetland may include one to several areas
of a different soil type. Soil surveys are available for
most of the counties and parishes covered by this guide
and can be obtained from local NRCS ofﬁces (also
see NRCS National Soil Survey Center data at http:
//www.statlab.iastate.edu/soils/nssc). The restorationist
should know what soil series are present on the project
site and be familiar with their basic characteristics. A list
of some of the soil characteristics that are often important to know and which are for the most part available in
soil surveys is provided in table 3.1.
Soil texture (relative amounts of sand, silt, and clay) is
basic information for a restorationist because texture affects other soil characteristics important for tree survival
and growth and also because it may greatly affect planting operations. In particular, heavy clay (and organic
soils) can present difﬁculties for planting operations.
Soil moisture characteristics are also critical (see hydrology section, this chapter). In addition to the hydrology data listed in table 3.1, soil color and mottling can
provide good indications of the degree of soil saturation.
Dark, dull soils (i.e., those with low chroma values) indicate prolonged soil saturation. Soils that are somewhat
less saturated may contain brightly colored mottles.
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Although soil surveys can provide much information,
they are not a substitute for an on-site examination or
for soil testing, especially if the site has been heavily
disturbed. If there is evidence of soil compaction (e.g.,
signs of overgrazing, ruts caused by heavy machinery,
lots of puddles), it would be worthwhile to determine
the bulk density of the soil. Most bottomland hardwood
trees will not grow well if bulk density exceeds 1.4
g/cm3, and they may not survive if the bulk density exceeds 1.7 g/cm3. Soil penetrometers (ﬁg. 3.3), or simple
soil probes, can be used as a quick means to assess the
degree of compaction.
On some sites, in particular areas that have been surface-mined for coal, soil pH assumes great importance.
Soil pH on these sites may be below 4.0 to 4.5, which is
the lower limit that most bottomland species apparently
tolerate. Soil can also be too alkaline. Some riverfront
soils along the Mississippi and Red Rivers have pH values of 7.5-8, and this degree of alkalinity has probably
been responsible for the failure of planting trials with
oak species such as Nuttall and cherrybark. Sites mined

Figure 3.3. Soil penetrometer being used to assess soil
compaction.

for phosphate may also have a pH in excess of 7, which
is high enough to affect the survival and growth of some
bottomland hardwood species.
Nutrient deﬁciencies are generally not a problem on
bottomland sites, except where soils have been drastically disturbed (e.g., by surface mining or topsoil
removal) or have been in agricultural production over
long time periods. In such cases, nitrogen is likely to be
deﬁcient. Nutrient deﬁciencies may be detected by soil
tests. Guidelines for soil sampling, testing, analysis, and
interpretation can be found in some of the references at
the end of this chapter.

Biotic Site Factors
Four biotic factors may affect the success of a restoration project: plant competition (including competition
from exotic species), animals, insects, and disease.

Plant Competition and Exotic Species
Competition from other plants for light, water, or
nutrients may reduce the survival and growth of planted
trees. Although there have been cases where the partial
shade caused by competing vegetation actually increased
survival of planted trees—and planted trees will usually win out over weeds given enough time—competition generally reduces both overall survival and initial
growth. In addition, a heavy plant cover can (1) interfere with tree planting operations, (2) provide habitat
for small rodents and other animals that can consume
planted seeds or seedlings, and (3) serve as fuel for
wildﬁre. It is therefore important to evaluate the current plant cover on the restoration site and also attempt
to determine what type of plant competition may occur
after planting.
Certain types of plants can be particularly harmful
to planted trees. A heavy growth of vines, for example,
can shade tree seedlings and their weight can cause
bending or physical damage. Some exotic weeds, such
as Johnson grass, Vasey grass, and cogongrass grow so
tall and thick that they can reduce growth and signiﬁcantly increase mortality of planted trees. Fescue, bahia
grass, and other turf-forming grasses that are commonly
planted for pasturage and erosion control often compete
successfully against young planted trees for water during
times of drought.
The amount and type of weeds that can be tolerated
on a site before or after planting depends on the objectives of the project and the planting methods being
considered. There is rarely a need to quantify the weed
cover precisely, but it is useful to know if weeds cover
much of the site, how tall the weedy vegetation is, and
what dominant species are present.
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An attempt should be made to determine in advance
what type of plant competition may arise after planting. This determination will aid in the planning and
budgeting of postplanting operations and can be accomplished by examining similar restoration sites, reviewing
available literature, the NRCS Plants Database (http:
//plants.usda.gov/), or talking to people with knowledge
of the area (such as county foresters or agricultural
extension agents).
In many restoration projects done as mitigation, there
is a requirement that no more than a certain percentage of the total plant cover (typically 5-10%) consists
of exotic species. Therefore, a special effort needs to
be made to determine in advance what types of exotic
plants are likely to become established and what control
measures will be necessary. Exotic species of particular
concern include melaleuca, Brazilian pepper, and cogongrass in peninsular Florida. Elsewhere, nuisance exotic
species may include Chinese tallow, Japanese honeysuckle, kudzu, multiﬂora rose, wild grapes, and various
turf grasses.

Animals
Both domestic animals and various wildlife species
may damage or destroy planted trees. The animals most
likely to cause damage to planted seeds or seedlings
include deer, raccoons, beaver, nutria, small rodents,
cattle, and hogs. The restorationist should therefore
ﬁnd out if any of these animals are present in numbers
large enough to affect tree species selection or to make
specialized protection measures necessary. An accurate appraisal of deer damage may best be obtained by
requesting the assistance of a wildlife biologist from the
state wildlife agency.
Field personnel need to be trained to look for and
recognize animal damage in potential restoration sites
(Larry Savage, Louisiana Department of Wildlife and
Fisheries, oral commun.; Waller and Alverson, 1997)
because grazing can affect the long-term species composition of the site. In the bottomland hardwoods of southern Illinois, deer browsing on planted oaks and natural
sugarberry have resulted in an overabundant advanced
regeneration of the less palatable sweetgum and boxelder
(Larry Savage, Louisiana Department of Wildlife and
Fisheries, oral commun.). Boerner and Brinkman (1996,
p. 309) reported that “deer browsing was more important than environmental gradients or climate factors in
determining seedling longevity and mortality.” Seedlings
that are fertilized and irrigated in nurseries are especially
preferred by browsing deer.
Rodents have caused extensive mortality to restoration
projects that have used direct seeding. Savage and others
(1996) reported successful seedling establishment by
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seeding willow oak acorns at rates 62% higher than normal (5,982 per ha [2,420 per acre]) in spite of extensive
damage caused by rice and cotton rats. In areas subject
to long-term ﬂooding, nutria and beaver have been
especially damaging. Nutria can decimate baldcypress
regeneration and are a major factor limiting baldcypress
regeneration in swamp forests of Louisiana (Conner and
others, 1986). Damage to baldcypress usually consists
of pulling up the seedling and eating the bark from the
taproot. Although seedling protectors have proven successful in some studies, they have not been universally
successful and add substantially to the cost of planting.

Insects and Disease
Numerous injurious insects and diseases affect bottomland hardwood tree species. Many of these agents
can drastically lower the value of trees for timber production, but seldom will they cause the total failure of a
restoration project. Most cases where insects or disease
destroyed large numbers of planted seeds or seedlings
occurred when the trees planted were not well suited to
the site and were therefore heavily stressed. Although it
will generally not be a problem, the potential for insect
or disease outbreaks should be investigated any time the
restorationist is working in an unfamiliar area.

Human Inﬂuences
In addition to abiotic and biotic factors, restorationists should assess the potential for human impacts on the
restoration site. Among other things, people may use the
site as a play area, drive over it in off-road recreational
vehicles or farm machinery, accidentally douse it with
herbicides from nearby farm or forestry operations, burn
it with a carelessly thrown cigarette, or intentionally
vandalize it.
Some indirect human inﬂuences are much less obvious but can still cause the total failure of a restoration
project. For example, residual herbicides applied to
previous agricultural crops can stunt or kill many tree
species. Some tree planting failures in the Lower Mississippi Alluvial Valley have repeatedly occurred on ﬁelds
where milo was grown the previous year, and the effect
of residual herbicides was a prime suspect. Although the
effect of residual herbicides has not been demonstrated
experimentally, it cannot be ruled out as a possible inﬂuence on restoration success.
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Chapter 4: Species Selection
Tree species selection is one of the more critical phases of a restoration project. An inappropriate choice can
result in a total planting failure, an inadequately stocked
and underproductive forest, or a forest of minimal value
for wildlife.
The choice of species to be planted depends on the
project goals, the characteristics of the site, and the
availability of planting stock, equipment, and personnel. An informed choice also requires knowledge of the
silvical characteristics (see Burns and Honkala, 1990a,b,
“Silvics of North America, Volumes 1 and 2”) and uses
of bottomland hardwood tree species (Putnam and others, 1960).
There is no standard or widely recommended procedure for selecting the species to be planted. Assuming
the goal of the project is full restoration and the site has
not been irreversibly modiﬁed, information about the
original forest composition of the site, or of a nearby
forest with similar site characteristics (see reference sites
section, this chapter), should be used as the basis from
which to begin the selection process. Once the restorationist has an idea of the original forest composition
(keeping in mind that forest composition is continually
changing), then he or she can begin to narrow the number of species to be planted. Species selected must be
tolerant of the soils and hydrological conditions on the
project site. Flood tolerant tree species (e.g., Nuttall oak
or green ash) can be planted in areas that rarely ﬂood,
but less ﬂood tolerant species cannot survive in ﬂood
prone areas.
Tree species that are likely to colonize the restoration
project site by natural dissemination of seeds or other
propagules need not be planted, or at least not in great
numbers. Assuming a nearby seed source exists, such
species generally include sweetgum, sycamore, and the
common species of maple, elm, and ash. These species
fruit proliﬁcally almost every year and produce fruits
that are carried great distances from parent trees by the
wind. In contrast, heavy fruited species such as most
oaks and hickories should be planted. Such species may
produce mast proliﬁcally only once in several years, and
their dispersal mechanisms are weak or unreliable.
If the primary purpose of the restoration is for wildlife
habitat, fast growing species such as cottonwood or
sycamore can be planted to provide some vertical structure within a few years. These species can attain heights
of 10 m or more within 3 to 4 years and could provide
Neotropical migratory bird habitat during the early
developmental stage of the restoration. As these fast
growing trees begin to provide vertical structure, their
use by birds will assist in increasing biodiversity through
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the introduction of numerous seeds (Twedt and Portwood, 1997). An additional consideration, especially on
private land, might be the market value of cottonwood
or sycamore for pulp within 10 years. Schweitzer and
others (1999) reported on an experimental cottonwood
plantation that was used to provide a ﬁnancial return to
the landowner within 10 years while acting as a nurse
crop to Nuttall oak seedlings. Such innovative plantings
can provide multiple beneﬁts, including the development
of improved soil structure and increased organic matter,
while the long-term target vegetation (the underplanted
seedlings such as oak) are developing. Upon harvest,
some of the cottonwood trees can be retained to provide
future sawlogs or den trees.
To assist with the process of species selection, several types of information are provided here. Selected
silvical characteristics and wildlife-related uses of 69
bottomland hardwood species are listed in table 4.1.
Supplemental information on species associations and
ecological relationships, based on the Society of American Foresters cover types listed in table 1.1, is provided
in Appendix A. Additional information on matching
species and soil types in the Midsouth is supplied in Appendix D, and for the Southern Atlantic Coastal Plain,
information is in Appendix E. Also, several references to
more detailed treatments of individual species or other
aspects of species selection are provided at the end of
this chapter (page 34).

Reference Sites
The concept of a “reference wetland” has been used
for several years by professionals involved in wetland
restoration and creation for mitigation purposes. Using
the reference wetland approach, data are collected on the
plant community, hydrology, and other characteristics
of a natural, relatively undisturbed wetland on a site
similar to and in the vicinity of the proposed mitigation
site. These data are then used as a basis for designing the
mitigation project and judging its success.
Because of the high degree of variability within
natural bottomland hardwood forests, the use of a “reference forest ecosystem” has been proposed. A reference forest ecosystem has been deﬁned as a conceptual
forest selected for creation or restoration. It is based on
forested wetlands represented locally (in the same or a
nearby watershed) in terms of species composition and
physiognomy. The key difference between a reference
forest ecosystem and a reference wetland is that a reference wetland is a speciﬁc wetland, whereas a reference
forest ecosystem is a composite description from several
similar forested wetlands.
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Table 4.1. Characteristics of selected tree and shrub species suitable for reforestation in bottomland hardwood forests of the
southeastern United States: typical habitat; ﬂood and shade tolerance; seed ripening and storage requirements; reproductive
characteristics; and suitability for direct seeding, wildlife food and habitat, and wood products.
Key to Flood Tolerance:
T (tolerant) —Species are able to survive and grow on sites where soil is saturated or ﬂooded for long periods during the growing season. Species have special adaptations for ﬂood tolerance.
MT (moderately tolerant) —Species are able to survive saturated or ﬂooded soils for several months during the growing season, but mortality is high if ﬂooding persists or reoccurs for several
consecutive years. These species may develop some adaptations for ﬂood tolerance.
WT (weakly tolerant) —Species are able to survive saturated or ﬂooded soils for relatively short periods of a few days to a few weeks during the growing season; mortality is high if ﬂooding
persists longer. Species do not appear to have special adaptations for ﬂood tolerance.
I (intolerant) —Species are not able to survive even short periods of soil saturation or ﬂooding during the growing season. Species do not show special adaptations for ﬂood tolerance.

Species Name

Tolerance
Flood
Shade

Habitat

Seed
ripening

Seed storage requirements1

Ash, green
Fraxinus
pennsylvanica

First bottoms and newly
deposited sediments
except in deep swamps.
Most common on ﬂats
or shallow sloughs.

MT

Adult = I;
Sept.- Oct.
Seedling = MT
to T

Sealed container at
41°F (5°C) and 7-10%
seed moisture.

Ash, pumpkin
Fraxinus profunda

Widely distributed on new
sediments, in ﬁrst bottoms,
and edges of swamps.
Similar to green ash.

T

Adult = I to MT; Oct. - Dec.
Seedling = MT

Sealed container at
41°F (5°C) and 7-10%
seed moisture.

Ash, white
Fraxinus americana

Widely distributed; however,
limited to ridges and high
hummocky ﬂats of older
alluvium, outwashes from
uplands, and creek bottoms.

WT

Adult = I;
Sept. - Dec.
Seedling = MT

Sealed container at
41°F (5°C) and 7-10%
seed moisture.

Bay, loblolly
Gordonia lasianthus

Swamps, bays, and wet
sites in pine barrens of
Coastal Plain.

MT

T to I

Sept. - Dec.

Unknown.

Bay, red
Persea borbonia

Borders of swamps in rich,
moist, mucky soil and wet
pine and hardwood ﬂats
and bays. Not on alluvial sites.

MT

T

Sept. - Oct.

Unknown.

Bay, swamp
Persea palustris

Pine barrens, swamp
margins, and river bottoms.

MT

T

Unknown

Unknown.

Bay, sweet
Magnolia virginiana

Edges of headwater and
muck swamps and pocosins.

MT

MT

July - Oct.

Store in sealed
container at 32-41°F
(0-5°C). Seeds stored
at higher temperatures
should not be cleaned.

Beech, American
Fagus grandifolia

Mostly creek bottoms and
occasionally in minor river
bottoms and on ridges of
old alluvium or terraces.

I

VT

Sept. - Nov.

Store loosely in sealed
polyethlyene bags from
fall until February of the
following winter at
20-30% moisture and
33-41 °F (1-5 °C).
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Key to Shade Tolerance:
In some cases a range of tolerance is given depending on the so
others, 1960 and Burns and Honkala, 1990.
Adult —Refers to the shade t
Seedling —Refers to the shade tolerance of seedlings.
VT (very tolerant) —Species are able to survive and thrive in the deep shade of a closed canopy forest.
T (tole
MT (moderately tolerant) —Species will
WT (weakly tolerant) —Species will grow with partial shad
overtopping competition.
I (Intolerant) —Species require open conditions and full sunlight for normal growth and development.
Key to Suitability:
H = high
M = medium
L = low
I = insufﬁcient data to determine suitability or unsuitability

Reproductive characteristics

Direct
seeding

Waterfowl
food

Deer/turkey
food

Neotropical
migrant

Wood
products

Germination best on bare, moist soil
in openings. Excellent natural seed
dispersal. Sprouts well.

I

L

L

I

M

Seedlings establish on bare, moist soil
after water has drained off. Sprouts
well from stumps.

I

L

L

I

M

Seedlings establish best in openings
on bare, moist soil after water has
drained off. Sprouts proliﬁcally from
stumps.

I

L

L

I

H

Seedlings establish best in relatively
open areas with exposed soil.

I

L

L

I

I

Seedlings establish in both understory
and openings. Fire stimulates
germination. Sprouts well from stumps.

I

L

L

I

L

Seedlings establish both in understory
and openings. Sprouts well from stumps.

I

I

I

I

L

Seedlings establish both in shade
and especially in openings and
heavy thinnings.

I

L

L

I

L

Regeneration is generally sparse but
persistent. Seedlings establish best in
shade on moist, well-drained soil.
Sprouts well from roots and stumps.

I

L

M

I

L-M

21

22

INFORMATION AND TECHNOLOGY REPORT USGS/BRD–2000-0011

Species Name

Tolerance
Flood
Shade

Habitat

Seed
ripening

Seed storage requirements1

Birch, river
Betula nigra

Near river fronts and banks
of minor streams. Not below
Memphis in the Delta but
extends to the coast on
secondary streams.

MT

I

May - June

Store at 1-3% moisture
content and 36-38 °F
(2-3 °C).

Blackgum
Nyssa sylvatica

Throughout bottoms on
ridges and high ﬂats of
older silty alluvium. Well
drained, silty and loamy soils.

WT

I to WT

Sept. - Oct.

Store over winter in
cold, moist sand or in
cold storage.

Boxelder
Acer negundo

Scattered throughout
riverfronts of major streams,
bottomlands, ridges, and
high ﬂats.

MT

MT to T

Aug. - Oct.

Air dry to a moisture
content of about 10-15%
before storage.

Buttonbush
Cephalanthus
occidentalis

Mostly in Gulf of Mexico
coastal plains and Delta.
Also in swamps along
streams and margins of
ponds.

T

T

Sept. - Oct.

Unknown.

Cherry, black
Prunus serotina

Sparsely scattered throughout on oldest alluvium and
outwash from uplands.
Often in hammocks.

I

I to MT

Late Aug.Sept.

Unknown.

Cottonwood, eastern
Populus deltoides

Mostly on newly deposited
soil along major streams,
recently abandoned ﬁelds,
right-of-ways, clean burns,
wet spots in pastures, and
banks of small drainages
and ditches.

WT - MT

VI

May - Aug.

Air dry 4 days at room
temperature. Store in
stopper vials at 36-40°F
(2-4 °C).

Cottonwood, swamp
Populus heterophylla

Scattered in shallow
swamps, in deep sloughs,
along often ﬂooded creek
bottoms, and on wet spots
on low hammocks on the
east coast.

MT

I to WT

Apr. - July

Cold storage of 41°F
(5 °C) and 5-8%
moisture content.

Cypress, bald
(baldcypress)
Taxodium distichum

Very poorly drained organic
or clay soils. Swamps, deep
sloughs, borders of old lake
beds, very wet areas with up
to 3 m (10 ft) of ﬂooding.
Commonly originates as
dense, even-aged stands.

VT

I to WT

Oct. - Dec.

Seeds keep well in dry
storage of 41 °F (5 °C)
for at least one winter.

Cypress, pond
(pondcypress)
Taxodium distichum
var. nutans

Shallow piney woods,
headwater and/or back
swamps, perched ponds,
sloughs, and wet ﬂats on
lower Coastal Plain, mostly
east of the Mississippi River.

T

I

Oct. - Dec.

Seeds keep well in dry
storage of 41 °F (5 °C)
for at least one winter.

Dogwood, ﬂowering
Cornus ﬂorida

Common in bottoms of
minor streams and on welldrained sites.

I

VT

Sept. - Oct.

Store cleaned seeds in
sealed containers at
38- 41 °F (3-5 °C) for
2-4 years.
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Reproductive characteristics

Direct
seeding

Waterfowl
food

Deer/turkey
food

Neotropical
migrant

Wood
products

Seedlings establish on moist, well-drained
soils. Rapid early growth from seed.

I

L

L

I

L

Sparse regeneration. Germination and
establishment only on dry soil. Stumps to
30 cm (12 inches) sprout well.

I

M

M

I

L

Germinates best on moist, bare, mineral
soil in shade or openings. Sprouts well
from stumps.

I

L

H

I

L

Very moist seed bed is optimum. Stumps
of all sizes sprout.

I

M

L

I

L

Seeds establish in bare mineral soil or in
leaf litter. Sprouts from stumps.

I

L

M

I

H

Germination best on wet mineral soil.
Continued moisture and top light
imperative. Sprouts well from stumps up
to 30 cm (12 inches).

I

L

M

I

H

Reproduction is erratic and sparse.
Germination best on bare, moist, mineral
soil. Rapid early growth. Sprouts from
stumps up to 30 cm (12 inches).

I

L

M

I

L

Generally poor regeneration but
occasionally excellent in openings. Best
germination on very moist muck substrate.
Sprouting inconsistent from stumps up to
50 cm (20 inches).

I

L

L

I

H

Similar to baldcypress.

I

L

L

I

M

Germination best on bare mineral soil in
understory or openings. Stumps of all
sizes sprout well.

I

L

H

H

L
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Species Name

Tolerance
Flood
Shade

Habitat

Seed
ripening

Seed storage requirements1

Dogwood,
rough-leafed
Cornus drummondii

Dry to very wet sites and
on soils that range from
sand to clay.

T

T

Aug. - Oct.

Store cleaned seeds in
sealed containers at
38- 41 °F (3-5 °C) for
2-4 years.

Elm, American
Ulmus americana

Common on ﬂats in newer
alluvium.

MT

MT to T

Late Feb. June

Store at 3-4% moisture
content in sealed
containers at 25°F
(-4 °C).

Elm, cedar
Ulmus crassifolia

High ﬂats, poorly drained
ridges, usually on impervious
silty clay soils.

MT

MT to T

Sept. - Oct.

Air dry and store at
39 °F (4 °C) in sealed
containers.

Elm, slippery
Ulmus rubra

Occasionally on banks of
secondary streams.

I

T

Apr. - June

Sealed containers.

Elm, water
Planera aquatica

Swamps, deep sloughs or low,
poorly drained ﬂats. Usually
found on clay soils covered with
water for part of the year.

T

T

Early spring

Unknown.

Elm, winged
Ulmus alata

Ridges and high ﬂats of older
alluvial soils and terraces.
Generally in creek bottoms
and hammocks.

WT - I

T

April

Air dry and store at
39°F (4 °C) in sealed
containers.

Hackberry
Celtis occidentalis

Common on ﬂats and river
fronts of new alluvium but not
in deep swamps.

MT

MT to VT

Sept. - Oct.

Store in sealed
container at 41°F
(5 °C) for up to 5 ½
years without losing
viability.

Hawthorn
Crataegus spp.

Dry, sandy, stony ridges to
moist river bottoms and in
margins of swamps.

MT

I

July - Nov.

Unknown.

Hickory, shagbark
Carya ovata

Moderately well-drained loams.

WT

MT

Sept. - Oct.

Same as for water
hickory.

Hickory, shellbark
Carya laciniosa

On river terraces and on loamy
ﬂats in second bottoms. Also
grows well on clay and silt
loams, dry and sandy soils.

WT

VT

Sept. - Nov.

Same as for water
hickory.

Hickory, water
(bitter pecan)
Carya aquatica

Common to ﬂats, sloughs,
and margins of swamps of
major alluvial streams. Poorly
to moderately well-drained
clays and loams.

MT

MT

Sept. - Nov.

Store at 41 °F (5 °C) in
closed containers for
3 to 5 years. Storage
for one winter is
achieved by
stratiﬁcation.

Pecan, sweet
Carya illinoinensis

Current or recent river fronts
on moderately well-drained
loams.

WT

I to MT

Sept. - Oct.

Store at 41 °F (5 °C)
in closed containers for
3 to 5 years. Storage for
one winter is achieved
by stratiﬁcation.
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Reproductive characteristics

Direct
seeding

Waterfowl
food

Deer/turkey
food

Neotropical
migrant

Wood
products

Seedlings establish best on moist soil
under partial shade. Sprouts well from
stumps.

I

L

H

H

L

Germination and establishment on surface of
moist mineral soil or on undisturbed humus;
seldom on bare areas. Stumps up to 33 cm
(13 inches) sprout well. Seeds remain viable
submerged for a month.

I

M

M

M

L-M

Seedlings establish in shade or in openings
on moist, bare mineral soil. Stumps up to
30 cm (12 inches) sprout well.

I

M

M

M

L

Seedlings establish in shade or in openings
on moist, usually well-drained soil. Stumps up
to 30 cm (12 inches) sprout well.

I

M

M

M

L

Seedlings establish after water recedes.
Sprouts well from stumps.

I

M

L

M

L

Seedling establishment proliﬁc in new
openings but sparse in understory. Stumps
up to 30 cm (12 inches) sprout well.

I

M

M

M

L

Seedlings often become established in full
shade but cannot withstand submergence.
Sprouts well from stumps up to 30 cm
(12 inches).

I

L

L-M

H

M

Does not readily establish seedlings. Trees
are good sprouters.

I

L

M-H

M-H

I

Seedlings require moderately moist seedbed.
Sprouts well from stumps.

L

I

M

I

L

Needs moist soil for germination and
establishment in understory and openings.
Sprouts well from stumps.

I

L

M

I

L

Proliﬁc regeneration in full sunlight. Seedlings
are more common in new openings but also
occur in understory. Sprouts well from stumps
to 50 cm (20 inches).

L

L-M

L

I

L

Adequate regeneration in small or partial
openings. Seedlings establish best under
about an inch of loamy soil.

M

H

H

I

H
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Species Name

Tolerance
Flood
Shade

Habitat

Seed
ripening

Seed storage requirements1

Holly, American
Ilex opaca

Minor stream bottoms and on
high ridges of oldest alluvium.

WT

VT

Sept. - Oct.

Store in sealed
container.

Honeylocust
Gleditsia triacanthos

Scattered in large bottoms on
all sites except swamps and
sloughs. Grows best on the
better ridges of new alluvium.

MT

I

Sept. - Oct.

Seeds will retain
viability for several
years when stored in
sealed containers at
32-45 °F (0-7 °C).

Hophornbeam,
eastern
Ostrya virginiana

Slopes and ridges,
occasionally in bottoms.

I

T to VT

Late Aug. Oct.

Unknown.

Hornbeam, American
Carpinus caroliniana

Rich, moist loams.

MT

VT

Aug. - Oct.

Store at 35-49 °F
(2-9 °C) in moist sand,
sand and peat, or soil
for up to 2 years.

Magnolia, southern
Magnolia grandiﬂora

On old alluvium and outwash
areas. More common in minor
or secondary stream bottoms,
hummocks, and wet ﬂats.

WT

T

July - Oct.

Store in sealed
containers at 32-41 °F
(0-5 °C). Seeds stored
at higher temperatures
should not be cleaned.

Maple, Florida
Acer barbatum

Drained sites in secondary
bottoms.

WT

T

March - April Unknown.

Maple, silver
Acer saccharinum

On riverfronts and streambanks on moderately welldrained loams.

MT

I to T

April - June

Air dry to 30% moisture
content before storage.

Maple, swamp red
Acer rubrum

Common on low, wet ﬂats and
edges of headwater swamps.

MT

T

April - June

Air dry to a moisture
content of about
10-15% before storage.

Mulberry, red
Morus rubra

Common on heavy, moist but
well-drained soils in ﬁrst
bottoms.

WT - I

T to VT

June - Aug.

Store dry seeds
at subfreezing
temperature of about
-10 to 0 °F (-23 to -17 °C).

Oak, bur
Quercus macrocarpa

On better ﬂats and low ridges
of older alluvium and tributary
bottoms north of latitude of
Memphis. Commonly found on
limestone ridges.

I

WT

Aug. late Nov.

White oak group

Oak, cherrybark
Quercus pagoda

Widely distributed on the best
loamy sites on all river-bottom
ridges and all better drained
creek bottoms and hammocks.
Predominantly on older
alluvium.

WT - I

I

Sept. - Nov.

Red oak group

Oak, delta post
Quercus stellata
var. mississippiensis

Large bottoms of the lower
Mississippi River. Well-drained,
silty clay and loam sites on
older alluvium.

WT - I

WT

Sept. - Nov.

White oak group
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Reproductive characteristics

Direct
seeding

Waterfowl
food

Deer/turkey
food

Neotropical
migrant

Wood
products

Seedlings occur in understory and openings.
Sprouts well from stumps.

I

L

L

I

L

New seedlings are usually found in openings
and rarely in the understory. Sprouts well from
stumps.

I

L

L

H

L

Seedlings establish best on moist mineral
soil in understory and in openings. Sprouts
well from stumps of all sizes.

I

L

L

I

L

Seedlings establish best on moist mineral
soil in understory and in openings. Sprouts
well from stumps of all sizes.

I

L

L

I

L

Usually good seed crops but low germination.
Sprouts well from stumps.

I

L

L

M-H

L-M

Germinates best on moist mineral soil in
shade or openings. Sprouts well from stumps.

I

L

I

I

L

Seedlings occur on bare mineral soil in shade
or especially in openings. Sprouts well from
stumps.

I

L

H

I

M

Germinates best on moist mineral soil in
shade or openings, often after water recedes.
Sprouts well from stumps.

I

L

M

I

L

Seedlings occur in shade or openings.
Sprouts well from stumps.

I

L

M-H

H

M

Germination may be proliﬁc in open
bottomland areas. Seedlings are often killed
if ﬂooded during the growing season. Sprouts
well from stumps and following burning of
small trees, but the quality of sprouts is
usually poor.

I

L

H

I

H

Good regeneration with full light but never
proliﬁc. Poor quality stump sprouts.

H

H

H

I

H

Good regeneration with light but seldom
proliﬁc. Seedlings most common in openings.
Not a good stump sprouter.

I

I

H

I

H
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Species Name

Habitat

Tolerance
Flood
Shade

Seed
ripening

Seed storage requirements1

Oak, laurel
(diamondleaf)
Quercus laurifolia

Near the coast on wet ﬂats,
margin of swamps, low clay
ridges, or even low sandy loam
ridges of blackwater streams.

WT MT

I-T

Sept. - Oct.

Red oak group

Oak, live
Quercus virginiana

Usually in well-drained loams
and sandy soils along the
coast but also may occur in
heavier clays.

WT - T

I

Sept. - Dec.

White oak group

Oak, Nuttall
Quercus nuttallii

Flats, low ridges, shallow
MT
sloughs, and margins of
swamps in recent alluvial sites, and
heavy, poorly drained clays and
clay loams. Strictly limited to
bottoms of major streams
entering the gulf and their
larger tributaries.

I

Sept. - Oct.

Red oak group

Oak, overcup
Quercus lyrata

Widely distributed on poorly
drained, heavy soils of major
alluvial bottoms. Prevalent in
sloughs, on margins of
swamps, and in backwater
areas.

MT

WT

Sept. - Nov.

White oak group

Oak, pin
Quercus palustris

In ﬁrst bottoms and terraces
on wet ﬂats with heavy, poorly
drained to moderately welldrained clays or clay loams.

MT

I

Sept. - Dec.

Red oak group

Oak, Shumard
Quercus shumardii

Restricted to well-drained
ridge soils in older alluvium
and outwash from uplands and
to well-drained creek bottoms
and hammocks.

WT

I

Sept. - Oct.

Red oak group

Oak, swamp
chestnut
Quercus michauxii

Common in large creek
bottoms and hammocks on
best, well-drained loamy ridges.
Occasionally on a wet, silty
clay, high ﬂat.

WT

I to WT

Sept. - Oct.

White oak group

Oak, swamp white
Quercus bicolor

Extreme northern part of the
lower Mississippi Valley, mainly
in smaller bottoms on sites
with pervious but poorly drained
mineral soils.

MT

WT

Sept. - Oct.

White oak group

Oak, water
Quercus nigra

Widely distributed on loam
ridges in ﬁrst bottoms and on
any ridge and silty clay ﬂats in
second bottoms or terraces.
Moderately well-drained silty
clays and loams.

WT - MT

I

Sept. - Nov.

Red oak group
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Reproductive characteristics

Direct
seeding

Waterfowl
food

Deer/turkey
food

Neotropical
migrant

Wood
products

Regeneration erratic but plentiful with light.
Seedlings establish in shade or openings
but require release. Sprouts when cut or burned.

I

H

H

I

L

Germination best on moist, warm soil.
Sprouts well from roots.

M

H

H

I

L

Acorns remain viable in water for up to 311
days. Seedlings establish in openings or
shade but die soon under shade. Seedlings
are killed by ﬂooding during the growing
season. Stumps of young trees sprout readily.

H

H

H

I

M

Germination is best on moist mineral soil in
open or shade but dies under continued shade.
Seedlings may be killed by high water during
ﬁrst growing season. Sprouts from small
stumps only.

M

M

H

I

L

Seedlings become established in understory
openings, but many are killed by ﬂooding
during the growing season. Seedlings among
most tolerant of oaks. Sprouts well from
stumps of small trees.

H

H

H

I

L

Seedlings establish best in full light. Overall
poor quality of sprouts but better on young trees.

H

M-H

H

I

H

Germination best on moist, well-drained soils
with light cover of leaves. Seedlings require
full sunlight for best development. Seedlings
are intolerant of ﬂooding. Sprouts from small
stumps.

M

M

H

I

H

Regeneration is adequate to sparse, never
proliﬁc. Sprouts well from stumps.

I

I

M

I

M

Seedlings establish best on moist, wellaerated soil under leaf litter. Prolonged
submergence of seedlings during the growing
season is fatal. Sprouts readily from young
stumps.

H

H

H

I

M
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Species Name

Tolerance
Flood
Shade

Habitat

Seed
ripening

Seed storage requirements1

Oak, white
Quercus alba

Widely distributed on welldrained loams of the oldest
alluvium. Common in better
drained creek bottoms above
the lower Coastal Plain.

I - WT

WT

Sept. - Nov.

White oak group

Oak, willow
Quercus phellos

Widely distributed on ridges
and high ﬂats of major streams.
Less common in creek bottoms.
Moderately well-drained silty
clays and loams.

WT - MT

I

Aug. - Oct.

Red oak group

Pawpaw
Asimina triloba

Rich soils along streams and
in bottoms.

I

VT

Aug. - Sept.

Unknown.

Persimmon,
common
Diospyros virginiana

Scattered widely on wet ﬂats,
shallow sloughs, and swamp
margins on poorly drained
clays and heavy loams. Rare in
creek bottoms.

MT

VT

Sept. - Nov.

Clean, dry seeds
should be stored in
sealed containers at
41 °F (5 °C).

Poplar, yellow
Liriodendron
tulipifera

Mainly on high quality, welldrained terrace site and
outwashes of minor streams.
Not primarily a bottomland
species.

I

I to VI

Aug. - Oct.

Store dried seeds in
sealed cans or plastic
bags at 36-40°F
(2-4°C) for 3 to 4 years.
Moist storage in
outdoor soil pits or
drums of moist sand in
cold storage at 36°F
(2°C).

Possumhaw
Ilex decidua

Margins of swamps, streams,
and in rich upland soils.

MT

VT

Early autumn Unknown.

Sassafras
Sassafras albidum

Scattered widely on any welldrained site, especially moist
but well-drained sandy loam
soils.

I

I

Aug. - Sept.

Store in sealed
containers at 35-41°
(2-5 °C).

Sugarberry
Celtis laevigata

Common on ﬂats and river
fronts of new alluvium but not
in deep swamps.

MT

T to VT

Sept. - Oct.

Store in sealed
container at 41°F (5°C)
for up to 5 ½ years
without losing viability.

Swampprivet
Forestiera
accuminata

Swamps, wet ﬂats, and other
low lying areas.

T

T

Summer

Unknown.

Sweetgum
Liquidambar
styraciﬂua

On almost all but the wettest
sites. Best developed on clay
loam ridges of newer alluvium.

MT

I

Sept. - Nov.

Store at a moisture
content of about 1015% in sealed bags at
35-40 °F (2-4 °C) for up
to 4 years.
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Reproductive characteristics

Direct
seeding

Waterfowl
food

Deer/turkey
food

Neotropical
migrant

Wood
products

Germination best on moist, well-drained soil
under direct light. Seedlings intolerant of
ﬂooding. Sprouts well from stumps and
following ﬁre damage.

M

H

H

I

H

Germination best in full light on moist, wellaerated soil with light leaf litter. Sprouts from
young stumps.

H

H

H

I

M

Seedlings establish well in shade or
openings. Sprouts well from stumps.

I

L

I

I

L

Seedlings establish mainly in the understory
but also in openings. Sprouts readily from
stumps and roots.

I

L

H

I

M

Seedlings establish best on moist seedbeds
of exposed mineral soil and survive only in full
sunlight. Seedlings cannot tolerate ﬂooding.
Sprouts readily from stumps.

I

L

L

I

H

Seedlings occur in understory and especially
in partial openings. Sprouts well from stumps.

I

L

L

H

L

Germination sparse but is best on moist,
loamy soil with litter. Grows well in openings.
Sprouts well from roots and stumps.

I

L

L

M-H

L

Seedlings often become established in full
shade but cannot withstand submergence.
Sprouts well from stumps up to 30 cm
(12 inches).

I

L

L-M

H

M

Germination is best in moist mineral soil.
Sprouts well from stumps.

I

L

L

I

L

Germination is best on mineral soil in the open.
Sprouts well from roots and stumps.

I

M

L

H

M
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Species Name

Tolerance
Flood
Shade

Habitat

Seed
ripening

Seed storage requirements1

Sycamore
Platanus
occidentalis

Widely distributed on fronts of
major streams and on banks
of minor streams, generally on
moderately well-drained loams.

MT

WT to I

Sept. - Oct.

Short-term storage in
ventilated open-mesh
bags. For longer
storage, dry to 10-15%
moisture content and
store in sealed
containers at 20-38°F
(-7 to 3°C).

Tupelo, Ogeechee
Nyssa ogeche

Limited to backwater streams
and coastal swamps.

T

I

July - Aug.

Store over winter in
cold, moist sand or in
cold storage.

Tupelo, swamp
Nyssa sylvatica
var. biﬂora

Nonalluvial muck and coastal
swamps, seepage areas of
upland, and on edges of
secondary and minor bottoms.

T

I to WT

Aug. - Oct.

Store over winter in
cold, moist sand or in
cold storage.

Tupelo, water
Nyssa aquatica

Swamps and ﬂoodplains of
alluvial streams.

VT

I to WT

Sept. - Oct.

Store over winter in
cold, moist sand or in
cold storage.

Walnut, black
Juglans nigra

Scattered on well-drained
loamy sites, typically a creek
bottom species.

WT

I

Sept. - Oct.

Clean seed, 20-40%
moisture content at
37°F (3 °C) for 1 year in
plastic bags or 50%
moisture content in
screen container
buried in pits for up to
5 years.

Waterlocust
Gleditsia aquatica

Swamps, sloughs, and wet ﬂats.

MT

I

Aug. - Oct.

Seeds will retain
viability for several
years when stored in
sealed containers at
32-45 °F (0-7 °C).

Willow, black
Salix nigra

Margins and batture of sloughs
of principle rivers, also on ditch
banks and swamp margins.

T

VI

June - July

Wet seeds may be
stored up to a month
if refrigerated in a
sealed container.

Willow, sandbar
Salix exigua

Along river margins, on newly
formed, low bars and towheads.

MT

VI

Apr. - May

Wet seeds may be
stored up to a month if
refrigerated in a sealed
container.

1

See seed handling section, C
. Seeds from the red oak group can be
stored for up to about 6 months. Seed storage for longer than 6 months should be dry, in sealed containers at 32-36 °F (0-2 °C), but viability loss will be signiﬁcant.
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Reproductive characteristics

Direct
seeding

Waterfowl
food

Deer/turkey
food

Neotropical
migrant

Wood
products

Seedlings establish best on moist mudﬂats
or other exposed mineral soils, never in shade.
Seedlings remain viable in water for 1 month.
Sprouts well from stumps.

I

L

L

I

M

Germination and establishment occurs in
openings on bare mud when the water recedes.

I

M

M

I

L

Germination best in openings on moist
seedbed. Seeds remain viable for months
in water. Sprouts well from stumps.
Sprouts produce viable seed within 2 years.

I

L-M

L-M

I

L-M

Need full sunlight for germination. Seeds
remain viable for months in water. Stump
sprouts produce viable seeds within 2 years.

I

L-M

L

I

L-M

Seedlings are mainly found in forest openings
but are intolerant of ﬂooding. Sprouts well from
small stumps.

I

L

L

I

H

New seedlings are usually found in openings
and rarely in the understory. Sprouts well from
stumps.

I

L

M

I

L

Germination best on very moist, exposed
mineral soil. Seeds will germinate in water.
Sprouts well from stumps of small trees.
Intolerant of competition.

I

L

H

M-H

M

Germination best on very moist, exposed
mineral soil. Seeds will germinate in water.
Seedlings more ﬂood tolerant than mature trees.
Sprouts well from stumps of small trees.
Intolerant of competition.

I

L

H

I

L
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An inherent difﬁculty with using either reference
wetlands or reference forest ecosystems is that forested
wetland restoration projects are long-term efforts. Thus,
many years will pass before the restoration project
can be compared to the reference. Still, the process of
characterizing similar natural wetlands in the vicinity of
the restoration site is useful for species selection and for
developing success criteria (see Chapter 2).
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Chapter 5: Site Preparation
The main purpose of site preparation is to create suitable growing conditions for tree seeds or seedlings. On
sites with minimal disturbance, preparation may consist
solely of improving soil structure and reducing the existing plant cover and debris by disking, mowing, or burning. Site preparation may also involve other treatments,
such as fertilization, modiﬁcations of the site’s hydrology, replacing topsoil, or large-scale earthmoving.
Another function of site preparation is to create
improved conditions for the use of mechanical planting
equipment, which is often necessary following logging
(because of all the logging slash, fallen snags, etc.) and
is sometimes important in other cases, such as on surface
mine sites, where grading may be required.
Site preparation is not always necessary and in some
cases may hinder the invasion of woody species. In a
study of natural invasion of woody seedlings onto abandoned agricultural ﬁelds, Allen and others (1998) found
signiﬁcantly more seedlings in areas that had not been
disked. The effects of disking on the long-term survival
of seedlings that did become established, however,
was not examined in that study, and most studies have
shown that site preparation will improve the survival
and growth of planted seeds or seedlings. Even though
site preparation can add a considerable amount to the
costs of restoration, it should never be ignored if the site
evaluation indicates it is needed.

Site Preparation on Old-Field Sites
A common type of restoration site is abandoned
agricultural land. Since old-ﬁeld sites are generally well
suited for growing agricultural plants, they often require
only minimal site preparation to grow trees and other
forest vegetation. Trees have often been planted successfully on old ﬁelds with virtually no site preparation.
The method of regeneration is a key factor in determining the level and type of site preparation on old ﬁelds.
For example, if seedlings are to be mechanically planted,
then the site should not be disturbed unless there is
substantial soil compaction (see Restoring Soil section,
this chapter). Crop stubble and/or standing weeds should
be left alone because they tend to provide better support
for the tractor. If seedlings are to be hand planted, then
crop stubble should be left standing, but standing weeds
in fallow ﬁelds should be mowed. For machine planting
of acorns on heavy clay soils, the site should be double
disked the fall prior to planting to prevent cracking of the
soil along the furrow lines during dry weather. If acorns
are planted on silty or lighter soils not prone to cracking,
the site can be planted without tilling.
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Restoring Hydrology
Before any restoration project can be considered
complete, the hydrology must be restored to approximate some historic pattern of ﬂooding. As mentioned
previously, hydrological records, maps, aerial photos
and personal interviews can provide information about
hydrologic changes that have taken place. The hydrologic regimes of many old-ﬁeld sites in the southern
United States have been altered either by localized drainage efforts such as ditching or tiling or by larger scale
drainage or ﬂood control projects. Some ﬁelds are still
subject to frequent ﬂooding, although the ﬂooding may
not be as deep or as long in duration as it was originally.
Other ﬁelds ﬂood much less frequently or not at all. In
some cases, ﬂooding has been increased by large-scale
projects. For example, the Atchafalaya Basin of southern Louisiana is now used as a ﬂoodway for a portion
of the Mississippi River ﬂow. As such, the bottomland
hardwood forests in this area are subjected to increased
frequency, duration, and depth of ﬂooding, and they are
further subjected to greatly increased sedimentation. The
restorationist must also remember that the hydrologic
regime refers to groundwater dynamics, soil saturation,
and periods of low ﬂow, not just to overbank ﬂooding.
When localized drainage is the primary factor, it may
be possible to restore hydrology to its original or an
otherwise suitable condition by plugging ditches, removing tiles, building or removing dikes, or some similar
manipulation. In many cases, only a portion or portions
of a levee or dike will have to be removed, rather than
spending the time, effort, and money to remove the
entire structure. The remaining portions of the levee
will provide topographic relief and increase biodiversity by supporting a different forest community type. In
areas where land-leveling has removed ridge and swale
topography, a complete restoration will require use of
earthmoving equipment to restore surface microtopography and hydrology. Interpretation of historic aerial
photography can often provide locations of natural
swales and other topographic high and low areas, as well
as connections to natural aquatic systems as they existed
before land-use conversions, land leveling, and other human-induced modiﬁcations.
Ideally, hydrology should be restored by methods that
require little, if any, long-term maintenance. Flashboard
risers and other water control structures requiring occasional maintenance are acceptable if the area to be
restored is under permanent management (e.g., a wildlife
refuge) but will become problematic in projects that
receive little postplanting attention. If long-term maintenance is required, it is likely that nature will eventually take over, and the area may not remain a wetland.
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Wetland restoration projects that rely on pumped water,
for example, are suspect because of the long-term maintenance and expense required.
Where hydrologic modiﬁcations are the result of
larger scale drainage, it may not be feasible to restore the
natural hydrology. Flood control projects on major rivers
or channel modiﬁcations that have resulted in a dropping of the water table, for example, may put hydrologic
restoration beyond the capability of the restorationist. It
may still be possible to partially restore the hydrology
with the realization that under some conditions, such as
large-scale ﬂood events, an unnatural hydrology may
still dominate. In these situations, the best that can be
done is to make sure the species planted are appropriate
for the expected hydrology.
Whenever a modiﬁcation of the existing hydrology
of a ﬁeld site is contemplated, every effort should be
made to ensure that adjacent landowners will not be affected. Increasing the ﬂooding on a ﬁeld to be restored,
for example, may also increase the ﬂooding of adjacent
ﬁelds that are still in crop production or possibly on
roads or residential areas. Any modiﬁcation to the local
hydrology will likely have some effect outside of the
project area. A reduction of ﬂooding in one area almost
always results in increased ﬂooding somewhere else.
The possibility of these unwanted effects should be
investigated before project initiation.

Restoring Soil
Most old ﬁelds have at least a moderate degree of soil
compaction, mainly because of repeated use of heavy
farm equipment. Soil compaction can usually be easily
overcome by disking (ﬁg. 5.1). Ideally, ﬁelds should be
disked no more than 2 months before planting. However,
disking may need to be done earlier if mid- to late-winter
planting is planned and if ﬂooding is a possibility. Two
passes with the disk plow or harrow should be made, and
disking should be to a depth of at least 15 cm (6 inches)
but preferably 20-35 cm (8-14 inches). Disking to these
recommended depths may be difﬁcult or impractical
on some heavy clay sites, although it can sometimes be
accomplished by waiting until soils are moist throughout
the desired depth.
In cases where compaction is especially severe, the
ﬁeld should be subsoiled by using a chisel plow or
ripper (ﬁg. 5.2). Subsoiling is most effective when the
soil is dry and should be done far enough in advance of
planting to allow rainfall to close up and ﬁrm the soil.
Normally, the soil should be ripped to a depth of 45-60
cm (18-24 inches). On most soils, the tractor should
have at least 40 horsepower per shank, but more power
may be required on heavy clays. Ripped furrows should
be oriented with the landform contour in areas with

potential for erosion. Where trees are to be planted in
rows, spacing between furrows should correspond to the
desired spacing.
Although the soils on most bottomland old-ﬁeld sites
are naturally fertile, their fertility has often been reduced
over time by repeated cropping or poor management. In
general, nitrogen is the most limiting nutrient, followed
by phosphorus and potassium. If the early growth rate of
the planted trees is critical, a soil test should be carried
out before planting, and the ﬁeld should be fertilized as
needed.
Since fertilization may cause a lush growth of weedy
species, it may be necessary to plan for some postplanting weed control if fertilization is planned. If no postplanting weed control is carried out, fertilization may
indirectly reduce survival of planted trees by increasing
the population of small rodents, which are attracted to
the increased weed cover.

Control of Plant Competition
On old ﬁelds that have been fallow through one or
more growing seasons, weed cover may need to be reduced or eliminated before planting. Eliminating weeds
will reduce plant competition and temporarily reduce
the number of small mammals that may destroy planted
seeds or seedlings. A particularly effective way to do this
is by disking because not only does it reduce soil compaction but it increases soil organic matter (by turning
the weeds into the soil). A variety of other types of farm
or construction machinery can also be used for weed
control if necessary (e.g., bushhog, mowers, scrapers,
bulldozers), but disking is generally preferable.
Prescribed ﬁre is another tool that can be used to
reduce weed cover effectively. Late spring burns, for example, are generally very effective in reducing the cover
of highly competitive pasture grasses such as fescue.
Fire does, however, have some potentially serious disadvantages. There is always the danger of the ﬁre escaping and causing damage to nearby property, smoke can
reduce visibility on adjacent roads, and the time when
burning can be done effectively (and safely) is relatively
limited. Prescribed ﬁre for weed control should be carried out only by trained personnel with adequate ﬁre
control equipment. Also, permits to conduct prescribed
burns are required in some areas.
Herbicides are frequently used for weed control in
commercial forestry applications but are not recommended for site preparation on old ﬁelds except as a last
resort. Examples of situations where use of herbicides
may be justiﬁed include sites where weed cover is too
heavy to use a disk, where use of heavier equipment
or prescribed ﬁre is not feasible, and on sites with a
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Figure 5.1. Old ﬁeld being disked to alleviate soil compaction before planting. Disking can also be used to create a
ﬁre break around a restoration site.

Figure 5.2. Subsoiling for severe cases of soil compaction.
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signiﬁcant cover of exotic or particularly noxious native
weed species.

Site Preparation on Heavily Disturbed
Sites
Surface-mining and other activities that drastically alter a site have caused much less loss of bottomland hardwood forests than clearing for agriculture. Coal mining,
however, has affected some bottomland hardwood areas,
most notably in the lower Midwest, and phosphate mining has caused extensive losses in Florida and smaller
losses in North Carolina and Tennessee. Peat mining
has damaged pocosins in the Carolinas, and localized
sand and gravel mining has affected sites throughout the
lower Midwest and southeastern United States.
While the losses of forested wetlands due to mines are
relatively small, areas affected are much more dramatically altered than agricultural ﬁelds (ﬁg. 5.3). Restoration of these sites is costly and complex and should be
attempted only by experienced restorationists working
closely with mine managers and reclamation engineers.
Throughout this discussion about site preparation on
heavily disturbed sites, the term “restoration” is used.

The terms “created” or “constructed,” however, are
often more appropriate for such discussions because an
entire ecosystem must be established, including soils,
hydrology, and biotic communities. Also, the newly
established ecosystems may either be the same types of
ecosystems originally on the project site but in different locations than the original systems, or they may be
entirely new types of ecosystems.

Surface Contouring
The ﬁrst consideration for site preparation on heavily disturbed sites is to establish an appropriate surface
contour. Because the landscape has been so drastically
altered, the restorationist ﬁrst needs to decide what kind
of ecosystems are to be created on the reclaimed land,
how they should be placed in relation to each other, and
how they should interact with existing ecosystems on
adjacent unmined lands. The guiding principle is to integrate the new contour into the regional drainage system.
A restored bottomland forest should function ecologically within the regional drainage system in a manner
comparable to bottomland forests on undisturbed lands.
Therefore, the restored forest must be positioned where

Figure 5.3. Phosphate mine site showing the degree of habitat alteration.
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it receives adequate surface runoff and groundwater
baseﬂow to maintain a desirable hydroperiod. Prediction
of the hydrologic regime that will occur after contouring is probably the most technically difﬁcult challenge
involved in restoration. Such predictions require that
surface and groundwater ﬂows be determined, with full
consideration given to seasonal hydrologic patterns and
expected ﬂows during extreme events (such as 100-yr
storms and unusually dry periods). Ideally, the restorationist should work closely with a hydrologist when
designing the surface contour for a project site.
The restorationist should know the types of materials
that are available for use as ﬁll for the site and how they
will inﬂuence hydroperiod, surface and subsurface ﬂow,
groundwater quality, and soil development. Clayey materials, for example, may swell upon hydration, possibly
affecting water table depths and zones of soil saturation.
In other cases, much of the ﬁll material might be nearly
pure sand, which will cause entirely different groundwater dynamics and tree survival.
The construction of a stream channel poses special
challenges. Extensive gullying and downstream sedimentation can happen during a single heavy rainstorm,
requiring difﬁcult repairs and disrupting other project
activities. Stream channels are less prone to gullying
if they are relatively broad, shallow, and have a gently
rounded bottom conﬁguration. They should also have
a low gradient and be meandering, rather than straight,
because this will act to retard erosive ﬂows in storm
events. The bottom should either consist of indurated
materials or should be vegetated with densely rooted
wetland plants. Grading techniques, soil treatments,
and cover crops that encourage the rapid inﬁltration of
surface runoff upslope will also diminish the potential
for channel erosion.
It is difﬁcult to create a natural-appearing yet completely stable channel, so it is likely that the shape of the
channel will change somewhat over time. Natural stream
channels also change over time, thus some change in the
course of the created stream channel should be expected,
tolerated, and even planned. One way to introduce a
dynamic element is to place barriers made of logs at intervals along the created channel. The logs will help reduce stream velocities and initiate meandering. Logs are
present in natural streams, and in addition to affecting
stream morphology, play a major role in the stream ecosystem by acting as a substrate for invertebrate and algal
production and as a site for feeding by ﬁsh and wading
birds.

Restoring Soil Characteristics
Restoring soils on heavily disturbed sites is a much
more difﬁcult and expensive proposition than it is on old
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ﬁelds. Among other things, the soils on heavily disturbed
sites may have the original soil horizons mixed together,
may be more (or less) acidic, may be highly compacted,
and typically have much less organic matter.
Where possible, the impacts of projects that drastically alter soils can be minimized by stockpiling the
topsoil (organic material and surface mineral horizons)
separately from the underlying horizons. Once the surface is contoured, the topsoil can be placed back on the
surface.
The postproject soil conditions will not be identical to
preproject conditions, of course, but stockpiled topsoil
is still generally preferable to a more thoroughly mixed
soil. An exception is heavy clay topsoil, which may
impede inﬁltration of water when spread over mined and
reclaimed land. Also, it should be recognized that many
bottomland soils are Inceptisols or Entisols (soils with
relatively little proﬁle development). This makes identiﬁcation of topsoil rather difﬁcult, but it is generally safer
to mix surface and subsurface soil horizons of young
soils than it is to mix more developed soils.
When using stockpiled topsoil, every effort should
be made to minimize the time that soil is stored because
organic matter and numbers of desirable soil organisms
usually decline rapidly. Also, stockpiles should be kept
as low as possible because the quality of stockpiled topsoil declines substantially when the depth exceeds 1 m.
The surface soil of a recontoured site will often be
nearly devoid of organic matter. Cover crops and volunteering weeds contribute humus, but additional organic
matter will accelerate forest establishment and soil maturation. If possible, organic matter should be added to the
surface soil at the conclusion of ﬁnal grading. Composted sludge has shown promise in experimental plots
as a source of both organic matter and nutrients. Yard
trimmings, which municipalities may provide without
charge, are another source of organic matter. Experimental plantings conducted by the Florida Institute of
Phosphate Research have shown that hay cover signiﬁcantly increases tree survival and growth. Hay, if applied
in a deep enough layer, conserves soil moisture, prevents
the establishment of competitive weeds, retards erosion,
and reduces the daily changes of soil temperatures in the
root zone. If applied in a thin layer that allows sunlight
through to the soil surface, though, seeds carried in
the hay can foster pernicious growth of weeds and turf
grasses. Pine straw (needles) have also been used effectively as a mulch.

Establishment of Ground Cover
In an effort to reduce soil erosion, many regulatory
agencies require that surface mined and other highly disturbed sites be planted with a cover of grass immediately
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after surface contouring. Usually, a rapidly growing
and spreading species such as fescue, Bahia grass, or
Bermuda grass is required. Unfortunately, the same characteristics that make these ground cover species good
for erosion control make them strong competitors with
planted tree seeds or seedlings. Tree survival and growth
are almost always diminished when the planting site is
covered by these species.
While planting a ground cover species may reduce
erosion in some cases, the nearly ﬂat soil surface typical
of forested wetland restoration sites and the rapid natural
invasion of herbaceous species on these sites already
reduce the potential for erosion. Such plantings, which
are sometimes required in mitigation plans, are therefore
of questionable value on wetland sites.
An alternative to planting aggressive grass species is
to plant nitrogen-ﬁxing species (such as clovers, alfalfas,
or many other legumes) that can be disked under after
one growing season as green manure. Green manuring
can reduce erosion and at the same time improve soil
structure and fertility. The main drawback to this practice, however, is that the desired tree species cannot be
planted during the ﬁrst growing season after contouring.
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Chapter 6: Seed Collection,
Handling, and Storage
Quality seed must be obtained regardless of whether
the method of reforestation will be direct seeding or by
planting seedlings. It is assumed for the purposes of this
guide that the restorationist is not planning to grow his
or her own seedlings; rather, it is expected that the seed
will either be sown directly on the site to be restored or
given to a nursery for seedling production. Guides to the
production of seedlings in nurseries are provided in the
references at the end of this chapter, but nursery management is too large in scope to be covered in this guide.

Seed Collection
Regardless of the type of seed to be collected, ﬁve
principles will always apply. First, the restorationist must
know when the seed of the species of concern ripens
(see table 4.1) and should scout the seed crop as it nears
maturity. If adequate storage facilities are available, it is
advisable to take full advantage of years with good seed
production because collection is easier, usually more of
the seed is viable, and it ensures an adequate supply of
seed during years with poor seed crops.
Second, collection should take place as soon as the
seeds are mature. If seeds are collected too early they
may not germinate, or high moisture content may lead to
handling and storage problems. If collection begins too
late, much of the crop may have been eaten or otherwise
made inviable.
Seed maturity is often indicated by color. For instance, the fruits of ashes, sweetgum, yellow poplar, and
sycamore all should have turned from green to greenishyellow or yellow by the time they are collected. Maturity
of acorns can be recognized by the color of the nut (pericarp), which is green when immature, brown or black for
mature acorns in the red oak group (e.g., cherrybark oak,
laurel oak, Nuttall oak, pin oak, Shumard oak, water
oak, and willow oak), and brown or a mottled-looking,
yellow-brown for mature acorns in the white oak group
(e.g., bur oak, Delta post oak, live oak, overcup oak,
swamp chesnut oak, white oak, and swamp white oak).
Another good criterion for acorn maturity is easy release
from the cups; immature acorns are more difﬁcult to
separate from their cups.
Third, if possible, seeds should be collected from
trees in the same general area as the site to be restored.
The abiotic factors of the site where the seeds are collected (see Chapter 3) should resemble those of the
restoration site as closely as possible to help insure that
the seedlings will be adapted to the local environment.

41

Fourth, to enhance genetic diversity, seeds should be
collected from numerous trees, preferably at least ten. To
help maximize genetic diversity, seed trees should be at
least 100 m apart. If timber production is an objective,
collection should be from mature trees of good form,
even though this may make collection more difﬁcult.
Likewise, if production for wildlife is the main objective,
collection should be from the heaviest seedbearers.
Fifth, records should be kept on each batch of seed
collected and include at a minimum the species, the date,
and the speciﬁc location (provenance) of collection. Subsequent seedling performance for each lot can then be
checked, and the best seed sources can be used in future
restoration projects.
Most collection of bottomland hardwood seed is
done in forests rather than in seed orchards. Seeds are
typically collected manually, either by collecting freshly
fallen seed from the ground, by using pruning poles, by
climbing trees, or by collecting from logging slash (ﬁg.
6.1). When possible, it is worth taking advantage of logging operations, because seed collection directly from
felled trees can be easy, and many other seeds will fall
on the ground during felling. Mechanized seed collection techniques exist (see references at the end of this
chapter).
Inevitably, nonviable seed will be collected along with
viable seed, but this can be minimized by learning to
recognize indicators of seed quality. If there is evidence
of insect depredation, decay, or physical damage, or if
the seed feels exceptionally light, it should be discarded.
Cutting open a small number of seeds to look for signs
of insect infestation, decay, or other problems is advisable.
In the ﬁeld, freshly collected seed should NOT be
kept in plastic or other containers providing low aeration
(ﬁg. 6.1), especially if large batches of seed are being
collected at one time and it will be a day or more before
the seed is processed. The combination of heat buildup
due to cellular respiration and the high moisture content
of fresh seed can damage seed and promote the growth
of molds.

Seed Handling
Seed handling steps include seed extraction and drying, separation of chaff and nonviable seed from sound
seed, and in some cases, prestorage treatments. Depending on the type of seed and the type of planting operation
planned, not all of these steps may be necessary.
Most seeds, other than heavy-seeded species such as
oaks and hickories, require some type of drying and/or
extraction process. The ﬁrst step is usually air-drying.
Screens or trays can be set up outdoors (and protected
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Figure 6.1. Fresh acorns being collected in an appropriate
container in the ﬁeld.

Figure 6.2. Processing acorns using the ﬂoat test to determine
viability. Nonviable acorns ﬂoat to the top and are discarded.

from rain, dew, and excessive direct sunlight) in a
greenhouse or in a building. Fruits and cones should be
air-dried only until the point where extraction is possible
(e.g., the cones or pods open up); longer drying may reduce viability. Solar driers, kilns, and other mechanized
means of drying are recommended when large batches of
seed will be handled annually.
Seeds within ﬂeshy coverings should be extracted
before drying to avoid fermentation or spoilage. The
ﬂeshy material can be removed ﬁrst by macerating
the fruit by hand (perhaps by rubbing the fruits across
hardware cloth) or with a machine such as a feed grinder
or commercial seed macerator and separator. The seed
of some small stony-seed species (e.g., the hollies) can
be extracted using an ordinary blender with a little water
added. Following maceration of the fruits, seed can be
separated from the ﬂeshy material and other debris by
swirling in a bucket of water. Once the seed is completely separated, it will sink if viable.
Because viable acorns of most oak species sink in
water, a ﬂoat test is highly recommended (ﬁg. 6.2). The
ﬂoat test will work for all oak species except overcup

oak, which ﬂoats when viable because it retains its cup
after the acorns are mature. In addition to separating
viable acorns from unsound acorns and other chaff, the
ﬂoat test can also serve to rehydrate desiccated acorns.
Acorns should be ﬂoated on the day of collection but
can be placed in cold storage for several days before
ﬂoating if necessary. If conditions are dry at the time of
collection, acorns should be left in the water for 16-24
h because many viable acorns will ﬂoat at ﬁrst if a little
dry. The acorns should be stirred once or twice to allow
all unsound acorns to ﬂoat up to the surface. After ﬂotation, the unsound acorns and chaff should be skimmed
off the surface and the water drained away. Complete
surface drying of the acorns is not necessary, but there
should not be enough water remaining to form a pool in
the bottom of the container.

Seed Storage
Seeds of many species can be stored for several years
(at least ﬁve) if dried to a moisture content of 6-10%,
placed in airtight containers, and kept at temperatures
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slightly below freezing (-18 to -1 °C [0-30 °F]). Storage for shorter periods can often be successful at normal
refrigerator operating temperatures of around 2-3 °C
(36-37 °F) (table 4.1).
Acorns, however, are a special case. Even with the
best of care, acorns of white oaks generally cannot be
stored longer than a few months, and the percentage of
viable red oak acorns drops substantially after 3 years.
Following guidelines provided by the U.S. Forest
Service’s Southern Hardwoods Laboratory (Johnson,
1979; Bonner and Vozzo, 1985), the Louisiana Department of Wildlife and Fisheries has been able to store
overcup oak acorns for up to 2 years and Nuttall oak
acorns for up to 6 years (Larry Savage, Louisiana State
Department of Wildlife and Fisheries, personal communication).
To store acorns successfully, high moisture content
must be maintained: about 35% for red oaks and 50%
for white oaks (wet weight; see table 4.1). High moisture
content is best accomplished by placing the acorns in
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storage immediately after completing the ﬂoat test (ﬁg.
6.3). Occasional testing of moisture content is recommended during storage. If the moisture content drops
below 30% for red oaks or 40% for white oaks, the
acorns should be immersed in water for at least half a
day. Actual measurements are not always required; when
acorns are stored in clear plastic, condensed moisture on
inside bag walls indicates that acorns are still moist.
It is important to keep acorns cool but at temperatures
above freezing (1-3 °C [34-37 °F]). Bags or other containers used to store acorns should not be completely airtight but should be loosely fastened. Containers should
be separated within the cold storage unit to allow for air
circulation. If bags are used, they should be placed on
wire racks rather than on solid shelves (ﬁg. 6.3). Turning
the bags frequently is also recommended. Polyethylene
bags 0.1-0.15 mm (4-6 mils) thick holding up to about
11 kg of acorns work very well because they hold in
moisture but allow exchange of oxygen and carbon dioxide, which is necessary because cellular respiration still
occurs. Drums or boxes with polyethylene liners are also
satisfactory. There is some evidence that because white
oak acorns tend to respire more rapidly than red oak
acorns, they may store better in cloth bags or polyethylene bags (or liners) as thin as 0.04 mm (1.5 mils) thick.
If facilities for refrigeration are not available, acorns can
be stored successfully over a winter by burying them 3060 cm (12-24 inches) underground.
Nuttall oak acorns have also been stored successfully
over one winter in refrigerated tap water and wet sand.
Storage in water apparently also reduces the number of
acorns that germinate in storage.
A 4-8 week period of cold stratiﬁcation is recommended for most southern oaks. A somewhat longer
period (8-12 weeks) is recommended for Shumard oak
and water oak. In general, the needs for stratiﬁcation are
met by proper cold storage.
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Chapter 7: Direct Seeding
Direct seeding is an important bottomland hardwood
forest restoration technique, particularly for establishing oaks on old-ﬁeld sites and sites surface-mined for
coal. In situations where it can be applied successfully,
direct seeding is very appealing because it is relatively
inexpensive compared with planting tree seedlings (table
7.1). Direct seeding may cost as little as half of what
planting seedlings costs on a per area basis, although
the cost depends on factors such as the price of seed and
labor, the availability of suitable equipment, and the success of the ﬁrst direct seeding effort.
Direct seeding is also appealing because of its ﬂexibility. The planting window for direct seeding is much
longer than for planting seedlings (see the seasonal timing section, this chapter, and Chapter 8); therefore there
is greater freedom in scheduling site preparation and
planting operations.
Another advantage of direct seeding is that it allows the tree’s roots to develop naturally. In contrast,
seedlings taken from a nursery or the wild usually have
had their roots pruned, balled up, or twisted. Also, it is
very difﬁcult to plant a seedling so that its roots are as
spread out as they would be naturally, even if seedlings
arrived from the nursery in perfect condition. To do so
requires digging a wider planting hole and taking much
more care placing soil around the roots than is typically
done. This extra attention to planting slows the planting operation and ultimately costs more money. Roots
that develop unnaturally may cause the tree to be more
susceptible to drought stress and windthrow.
On the other hand, many direct seeding projects have
failed, sometimes because newly germinated seedlings
lack sufﬁcient energy reserves to survive stresses caused
by events such as dry periods. It is likely, however, that
most failures have been caused by lack of attention to
one of eight controllable factors described by Toumey
and Korstian (1942): (1) seed quality; (2) species selection; (3) competing vegetation present on planting site;
(4) soil condition; (5) presence of seed predators; (6)
seeding rate; (7) timing of seeding; and (8) depth of sowing. The Louisiana Department of Wildlife and Fisheries
suggests that proper handling of seeds from cold storage
to actual planting be explicitly considered in item (1)
above because seed quality can diminish very rapidly if
the seed is not protected from heat and sun before planting.
Recent successes, such as those obtained by Louisiana
Department of Wildlife and Fisheries personnel in northern Louisiana (ﬁg. 7.1), demonstrate that direct seeding
can be effective. In addition, recent evidence suggests
that some sites planted by direct seeding of acorns that
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were considered failures were later determined to meet
density requirements. The lack of apparent early success
may have been a result of delayed germination, rodents
clipping the stem (but not killing the roots), or the difﬁculty of locating small seedlings in dense herbaceous
vegetation. Most practitioners recommend that sites
planted by direct seeding should not be abandoned until
they have been evaluated at least 5 years after planting.
A major limitation of direct seeding as currently
practiced is that its use is restricted mostly to oaks and
other large-seeded species. The few efforts that have
been made with light-seeded species (such as ashes,
sweetgum, and elms) have almost all failed, although
some successes with green ash have been reported in
West Virginia and eastern Kentucky. The failures were
primarily due to depredation by birds and rodents or to
drought stress shortly after germination. Because smallseeded species have low energy and moisture reserves
they are particularly susceptible to drought. It is probable that these light-seeded species, which must be sown
on or near the soil surface, will require some sort of
protection in order to become established. Use of rodent
and bird repellents may eventually prove successful,
but none have been demonstrated to work on bottomland hardwood species at this time. Mulches, slurries,
and other techniques may also work, but no evidence
exists that these have been tried in bottomland projects.
Limited trials in Florida suggest that direct seeding of
light-seeded species requires exposed, moist mineral soil
and regularly distributed rainfall for several months after
seeding.

Seasonal Timing
Most direct seeding is done in late fall, spring, or early summer. Research with red oak acorns indicates that
direct seeding may also be successful at all other times
of the year; however, Wood (1998) showed that cumulative germination of Nuttall and willow oaks was greatest with December planting (~70%), less with March
planting (~50%), and least with June planting (~15%).
The period of June through October is not recommended
in most of the Deep South.
Species such as the white oaks, which are difﬁcult
to store successfully, are most likely to do well when
planted immediately after seed collection (i.e., in late
fall). Other types of seed can be stored and planted when
labor and equipment are not engaged in other activities or when planting conditions on the site are most
favorable for the type of equipment being used. At least
some red oaks (Nuttall and willow) perform best when
planted in December, regardless of ﬂood conditions
(Wood, 1998).

46

INFORMATION AND TECHNOLOGY REPORT USGS/BRD–2000-0011

Table 7.1. Pros and cons of direct seeding and planting seedlings (from Haynes and others, 1995).
Pros

Cons
Direct Seeding

Typically about half to one-third as expensive as
planting seedlings.
Roots develop naturally without problems caused by
disturbing roots and removing seedlings from nursery.
Acorns may remain in a dormant state for a period of
time under adverse site conditions (drought or too wet),
thereby increasing survival potential.
Can plant twice as fast, normally using a two-row
planter versus a one-row with a seedling planter
(however, there are some two-row seedling planters
now being used).
Proven method of reforestation when site is properly
prepared using viable seed that has been
properly stored.
Window for planting is longer than for seedlings
(acorns can usually be planted successfully from
October through April or May).

Proven reliable only for oaks and some other large
seeded species.
Slower initial establishment and development,
although long-term growth and survival may not be
signiﬁcantly different from seedlings.
Local acorn supply for one or more species may be
scarce or difﬁcult to obtain from commercial sources.
Rodents can sometimes be a problem by digging up
and eating the acorns; however, planting in large
open ﬁelds typically results in little damage.
Cold storage of acorns is generally limited to red oaks
(see table 4) and sweet pecan. White oaks do not
usually store well for periods greater than 3 months.
Acorn-adapted planters (i.e., J.D. Max-Emerge 7100,
converted) have more working parts, thus more
potential for breakdowns than seedling planters.
More difﬁcult to monitor success, since it takes several
years for germinated seedlings to become large
enough to ﬁnd easily.

Planting Seedlings

Planting tree seedlings is a reliable and well
established method of reforestation.
Usually a good selection of reliable commercial
suppliers of seedlings; seedlings available for
many species.
Initial seedling development is faster than for planting
acorns, although long-term growth and survival may
not be signiﬁcantly different.
Taller seedlings may be able to survive ﬂooding events
during the growing season if water does not top the
seedling for extended periods.
For monitoring compliance and determination of
planting success, planted seedlings are easier to
locate than newly germinated seedlings from acorns
or other seed.

Depth of Sowing and Spacing
Acorns and other large seeds can be sown successfully at depths between 5-15 cm (2-6 inches). Sowing 510 cm (2-4 inches) deep usually results in better germination and survival than sowing between 10-15 cm (4-6
inches), and is easier (and faster) than sowing deeper.
Wood (1998) observed signiﬁcantly greater germination
for seeds sowed at 7-10 cm (3-4 inches) than sowed at
3-5 cm (1-2 inches) in the absence of herbivory. Sowing deeper than 10 cm (4 inches) may pay off, however,

About two or three times as expensive as direct
seedling of acorns.
Seedlings subjected to adverse site conditions
(drought or severe ﬂooding) will perish quickly.
Seedlings must be planted during the dormant period
(January through March) when many bottomland
forest sites may be ﬂooded. Planting in extreme wet
conditions must be done by hand.
Seedlings that have been fertilized in the nursery are a
preferred food for rodents and deer.

in situations where there are a lot of rodents or the soil
surface is subject to freezing or drying out completely.
Experience has shown that as many as 25% of acorns
sown in relatively weed-free old ﬁelds, and about 10%
of acorns sown in cleared forests, will produce trees
still growing well after 10 years. Initial germination
and establishment success may be as high as 80%, but
usually it is closer to 35 or 40%. Based on these initial
germination and longer term survival estimates, sowing
of acorns should range from 1,700-3,700 acorns per ha
(700-1,500 per acre). On old ﬁelds with good site preparation, 1,700-2,500 acorns per ha (700-1,000 per acre)
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Table 7.2. Number of seed or seedlings required per hectare (acre)
at various spacings.1
Spacing
Meters

0.75
0.9
0.9
0.9
0.9
1.8
1.8
1.8
1.8
2.44
2.75
2.75
2.75
3.05
3.05
3.65
3.65
3.65
4.57
4.57
6.10

1

Figure 7.1. Restoration site where oaks have been successfully
established by direct seeding (Ouachita Wildlife Management
Area, Louisiana).

×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×

3.65
1.80
2.75
3.65
4.57
1.80
2.75
3.65
4.57
3.05
2.75
3.65
4.57
3.05
3.65
3.65
4.57
6.10
4.57
6.10
6.10

Number
Feet

2.5
3
3
3
3
6
6
6
6
8
9
9
9
10
10
12
12
12
15
15
20

×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×

12
6
9
12
15
6
9
12
15
10
9
12
15
10
12
12
15
20
15
20
20

per ha

(acre)

3,586
5,977
3,984
2,989
2,391
2,989
1,993
1,494
1,195
1,346
1,331
995
798
1,077
897
746
598
450
479
358
269

(1,452)
(2,420)
(1,613)
(1,210)
(968)
(1,210)
(807)
(605)
(484)
(545)
(539)
(403)
(323)
(436)|
(363)
(302)
(242)
(182)
(194)
(145)
(109)

Assuming a 25% survival rate for direct seeding of acorns, reduce number per area by 75% to
estimate the number of surviving trees per area (ha or acre) (Haynes and others, 1995).

wavy lines or even at random. The main thing to keep
in mind is to allow adequate growing space around each
seed.

Hand Sowing

should be adequate. Sowing rates of 3,000-3,700 acorns
per ha (1,200-1,500 per acre) are recommended for sites
where seedling survival is questionable, including mine
spoils and areas with a dense vegetative cover. Savage et
al. (1996) reported that seeding rates of 5,900 acorns per
ha (2,400 per acre) were necessary in a ﬁeld with a particularly high population of rice and cotton rats. Because
acorns are a relatively inexpensive part of the overall
direct seedling operation, higher seeding rates should be
seriously considered where appropriate.
Direct seeding is generally done in rows, which are
most often spaced between 2.5-4.5 m (8-15 ft) apart.
Spacing within rows will depend on the distance between rows and the number of seeds sown per acre; a
range of possible spacings is depicted in table 7.2. If the
aesthetics of the reforested site are an important consideration, the restorationist can avoid the appearance of
a plantation, with its neat rows of trees, by planting in

Direct seeding by hand can be accomplished using
very simple and inexpensive equipment. The simplest
approach is to use a metal bar, broomstick, or even a
stick found in the woods, to make a planting hole. The
seed is then dropped in the hole, after which the planter
closes the hole with his or her foot. A hand tool, such as
the one developed by the U.S. Forest Service (ﬁg. 7.2),
can make the job easier because the seed is dropped
down the tube to a preset depth in the ground, thereby
avoiding the need to bend over to put the seed in the
hole. The hole is then closed by foot.
On a relatively clean site with favorable soil moisture
conditions, a single planter with the Forest Service’s
hand planter can sow 2.8-3.2 ha (7-8 acres) per day at a
rate of 3,000-3,700 seeds per ha (1,200-1,500 per acre).
A planter using just a stick or bar probably will plant no
more than 2.0-2.5 ha (5-6 acres) per day. These rates can
decline considerably depending upon the experience and
physical condition of the planter, the depth of sowing,
the distance the planter has to hand carry seed before being able to start planting, and the actual site conditions.
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Figure 7.2. This hand tool, developed by the U.S. Forest Service,
can make hand sowing of acorns much easier.

Machine Sowing
On clean sites with slopes of 10% or less, sowing
seeds with a mechanical planter may work very well.
Almost all of the planters that have been used on bottomland hardwood sites in the past are modiﬁed agricultural planters.
Two main types of modiﬁcations to agricultural planters have been made to date. One modiﬁcation involves
placing seats behind the drop tubes and requires personnel to ride on the planter and drop seeds in by hand (ﬁg.
7.3a). The second modiﬁcation involves adapting a notill planter so that it can handle both the deeper planting
depths and larger seeds that are necessary when direct
seeding acorns, while still dropping the seeds automatically (ﬁg. 7.3b). Speciﬁcally, use of agricultural (no-till)

planters requires modiﬁcation of the hopper bottoms
and drop tubes to handle acorns (especially the larger
species, such as Nuttall oak) and installation of heavyduty coulters, down pressure springs, closing wheels,
and other equipment that allows the planter to dig deep
enough into the soil, cut through a heavy weed cover,
and drop in large seeds.
Although not essential, an electronic seed monitor
is desirable when using modiﬁed no-till planters. Seed
monitors let the tractor operator know if the hoppers become jammed and seeds are not being planted properly,
which is a frequently encountered problem. Jammed
hoppers are common because tree seeds tend to be more
irregular in size, and more foreign matter is likely to be
present than in agricultural seed lots.
Electronic seed monitors are expensive, yet they can
be very cost effective. They eliminate the need for constant checking of the hoppers (and replanting rows that
were “planted” with a jammed hopper). They can also
reduce the size of the planting crew needed, since one
person can both drive the tractor and continually ensure
that seed is actually being planted.
Use of modiﬁed agricultural seed planters can greatly
increase the rate of planting. Three people can sow at
least 16-24 ha (40-60 acres) per day with the ﬁrst type of
modiﬁed planter, and one person can sow up to 8 ha (20
acres) per hour with the second type of planter equipped
with a seed monitor.
At least two recently developed planters designed
speciﬁcally for acorns or other large, irregular seeds appear to have real potential: the Truax large seed planter
(ﬁg. 7.4), and a planter designed by the U.S. Forest
Service’s Missoula Technology and Development Center
for sowing multiple rows of acorns in nursery seedbeds
(ﬁg. 7.5a,b). The basic design of the U.S. Forest Service
planter (ﬁg. 7.5a,b) could probably be adapted for use on
restoration sites.
To date, very little direct seeding has been done using
broadcast seeders, but this would appear to be quite possible and may become a viable method when there is a
desire to avoid the look of a tree farm (i.e., with the trees
in neat rows). One trial on the Ouachita Wildlife Management Area in Louisiana showed that the technique is
feasible, but another trial showed that the method is less
efﬁcient than direct seeding by hand or machine, mostly
because of rodent damage (Tom Dean, Louisiana State
University, School of Forestry, Wildlife, and Fisheries,
unpub. data). A few attempts at broadcast seeding have
been made in Florida, but most have resulted in failure.
The few successes were on freshly disked sites. More
research and development work is needed before any
speciﬁc guidelines on this approach can be published.
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b.

Figure 7.3. Two types of modiﬁed agricultural planters used for direct seeding: (a) planter requiring
personnel to drop seeds in manually and (b) planter that drops seeds in automatically.
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Figure 7.4. The Truax large seed planter.
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Figure 7.5. Machine developed by U.S. Forest Service for sowing acorns in nursery seedbeds: (a) machine sowing acorns and (b)
schematic drawing of hopper mechanism.
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Aerial Seeding
Aerial seeding has been widely used in the southern
United States to sow pine seed, but it has rarely been
used for direct seeding of hardwood species. The primary advantages of aerial seeding are that seeding rates
are increased dramatically over manual and mechanical
seeding; it can be more cost effective on large projects;
it can be employed on sites too wet or unstable for
mechanical seeders; and, because it is much faster than
machine planting, more area can be planted during the
sometimes brief window of suitable site conditions that
exist on heavy clay soils. Also, in much of the area covered by this guide, aircraft normally used for crop dusting can be hired for direct seeding. Crop dusters often
are not busy at the time of year direct seeding is carried
out and may welcome the additional business.
Several small trials carried out between 1989 and
1992 in southern Arkansas, and more recently in the
Mississippi delta by U.S. Fish and Wildlife Service,

Figure 7.6. Crop duster used for sowing acorns.

Division of Refuges (Larry Threet, Felsenthal National
Wildlife Refuge, oral commun.), have shown that aerial
seeding has potential on bottomland sites. In these trials,
ﬁelds were disked in the fall prior to seeding so that
large clods were produced. Then, a crop duster was loaded with acorns (ﬁg. 7.6), and the seeds were broadcast
over the ﬁeld either in the fall or the following spring.
Several methods of burying the seeds after aerial
seeding have been tried by the various refuge staffs. The
simplest method was aerial seeding immediately before
predicted rains with the hope that acorns would be buried as soil clods were broken up by raindrops. In other
cases, the soil surface was rebroken in the spring just
before seeding using a cutting disk or a ﬁeld cultivator.
All ﬁelds in the latter trial were also disked or cultivated
after seeding, and some of the area was compacted using
a roller drum.
These trials, although promising, showed that several
aspects of the process need to be resolved before aerial
seeding of bottomland hardwoods is considered a truly
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effective technique. One problem with aerial seeding is
that the standard hopper and gate system on cropdusters cannot handle more than one size class of acorns at
a time. Unless a more ﬂexible system is developed that
allows several sizes of acorns to be sown simultaneously,
multiple passes over a ﬁeld will be required.
Applied research on calibration of hoppers, gates,
and air speeds is needed to ensure desired sowing rates
are achieved. Also, deﬁnitive guidelines need to be
developed on the best ways to ensure that seed is buried
deeply enough. For example, the ﬁeld cultivator worked
better than disking when the soil moisture was high.
In short, testing of aerial seeding methods needs to be
expanded and replicated over a variety of site and soil
types.
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Chapter 8: Planting Seedlings
Planting tree seedlings is an old, well-established
method of reforestation. The primary advantage of using
seedlings is that, overall, the chances for success appear
to be higher than with direct seeding. Also, the initial
development of the trees is usually somewhat faster. The
main disadvantage is the higher cost, since seedlings
must ﬁrst be raised in a nursery (or dug up from under
existing stands; see Chapter 9).
Although chances for success are high when planting
seedlings, incorrect or careless handling or planting of
seedlings can easily result in an expensive failure. In addition to selection of the appropriate species for the site,
the keys to successful establishment of tree seedlings are
obtaining good quality seedlings, taking proper preplanting care of the seedlings, and using proper planting
techniques.

Choice of Seedling Type
There are two major types of seedlings used in planting operations, bare-root and containerized. Bare-root
seedlings have been separated from the soil in which
they were growing at the nursery by a process known as
“lifting,” which usually involves cutting the tap root 1530 cm (6-12 inches) below the soil surface and mechanically loosening the soil around the roots. Containerized
seedlings come in a variety of forms, ranging from very
small seedlings in small tubes to larger seedlings (or
saplings) in gallon-sized or larger pots or bags (ﬁg. 8.1).
The choice of seedling type depends to a large degree
on the conditions at the restoration site. In some situations bare-root seedlings will be preferred, and in other
situations containerized stock will be preferred.

use of larger seedlings may be especially important for
projects where no site preparation or weed control will
be carried out. Although larger seedlings may be more
expensive, their use will still generally be cost-effective
because mortality will be lower, meaning that less seedlings need to be planted. The cost of planting is usually
considerably more than the cost of seedlings; therefore,
the higher cost of large, good-quality seedlings may be
more than offset by the reduced expense of planting a
large number of seedlings. On the other hand, seedlings
that are much larger than about 90 cm (36 inches) in
top height are difﬁcult to handle and plant. Seedlings
in the 60-90 cm (24-36 inches) range are ideal for most
applications.
In addition to their large size, bare-root seedlings
should have a good balance between shoot size and root
volume. The roots should be healthy looking, well-developed (i.e., have several lateral roots greater than about
1 mm [1/25 inch] in diameter), and pruned to a length of
about 20 cm (8 inches) (ﬁg. 8.2). Seedlings that have too
much top growth for the roots to support will often die
back and resprout from the root collar. It is preferable to
top prune the seedlings back to a favorable size.

Bare-Root Seedlings
Bare-root seedlings can be expected to survive and
grow well as long as the planting site is not too droughtprone and the soil conditions are not otherwise unfavorable. They are less expensive, lighter, easier to transport, and generally easier to plant than containerized
seedlings. Bare-root seedlings must be planted during
the dormant season, December through mid-March.
Some species, such as baldcypress, can be planted along
water bodies in ﬂood prone areas later in the season as
the water recedes.
Bare-root hardwood and cypress seedlings should
have a top height of at least 46 cm (18 inches). The
root collar (the part of the root just below ground level)
should be at least 0.6 cm (1/4 inch) thick. When possible, though, selected seedlings should have a minimum
top height of 60 cm (24 inches) and a minimum root
collar diameter of 0.9-1.3 cm (3/8 to 1/2 inch). The

Figure 8.1. Selection of larger sized containers for growing
seedlings.
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containerized stock. Most containerized seedlings
are grown in gallon-sized pots, and the seedlings are
outplanted upon attaining heights of 45-125 cm (18-48
inches); however, a wide variety of small containers
have been recently developed for seedling propagation.
Containerized seedlings offer the advantage of reducing transplant shock and have a wider planting window.
Burkett (1996) suggested that the more extensively
developed root system of containerized stock may offer
potential advantages when seedlings are planted at sites
prone to drought. Also, inoculation of the containerized
seedlings with mycorrhizae slightly but signiﬁcantly
enhanced root ﬁbrosity (Burkett, 1996). If grown in too
small of a container, however, containerized seedlings
can often be root bound with the roots curled around the
inside of the pot (ﬁg. 8.3). Root-bound seedlings tend
not to form vigorous root systems when planted. They
may grow for several years as vigorous saplings and then
suddenly die, their roots apparently unable to supply
adequate water during especially dry periods. Quality is

Figure 8.2. Good quality bare-root oak seedlings.

In some cases, it might be desirable to obtain toppruned, bare-root seedlings. Top-pruned seedlings are
cheaper to ship and easier to plant, and they may have
better survival or less dieback on sites prone to drought
stress. Seedlings can be top-pruned after purchase using
simple equipment such as a machete. In general, though,
few differences in long-term performance have been
found, so the primary advantages of top-pruning may be
in lower shipping costs and easier planting.

Containerized Seedlings
When planting on harsher sites and/or outside of the
dormant season, containerized seedlings are preferable
because their roots are protected by the same soil they
were grown in at the nursery. This can lessen the initial
shock of transplanting and ensures that the roots of the
seedlings remain moist for a longer period after planting.
Containerized seedlings are used most extensively
in peninsular Florida, where prolonged dry, hot seasons
occur in late spring and again in late autumn. Small
containers are also gaining in popularity in the Lower
Mississippi Alluvial Valley. The U.S. Army Corps of
Engineers has planted over 800 ha (2,000 acres) with

Figure 8.3. Root-bound seedling grown in a 1-gallon container.
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hard to summarize for containerized seedlings because
of the variety of container types. In general, seedlings
should have good root development but should not be
root bound. There should be a good balance between
root mass and size of the shoot.
Recently, restorationists in Florida have been planting sack-grown trees with much better success. The thin
plastic sacks are 0.3 m (12 inches) long cylinders with
drain holes at the bottom (ﬁg. 8.4). Roots of sack-grown
trees grow downward without curling. After the roots
have reached the sack bottom, the seedling is approximately 60 cm (24 inches) tall and ready for planting.
Gasoline-powered soil augers drill holes into which the
root ball ﬁts snugly. The roots are deep enough when
planted to reach moist soil layers during dry seasons.
Experimental plot studies by the Florida Institute of
Phosphate Research are corroborating the generally
superior results of restorationists who have tried sack
trees. Costs of growing and planting sack trees are lower
than for gallon-sized seedlings, but start-up costs are

Figure 8.4. Carolina ash seedlings grown in plastic sacks.

much higher. The substitution of fabric containers for
sacks is still more promising because aeration and root
development are more uniform than in plastic sacks. No
large-scale trials with fabric containers, however, have
been tried.
Another seedling type, used in Florida, is the tubeling
or “plug.” Plugs have features of both bare-root seedlings and containerized stock. Their densely compacted
roots enclose only a very small amount of soil (ﬁg. 8.5).
They are grown in specially designed ﬂats, called “liners,” from which they are removed before delivery at a
project site. Planting of plugs can be accomplished with
a bulb planter that extracts a plug of soil, leaving a cylindrical hole (ﬁg. 8.6). They combine the convenience and
low cost of bare-root seedlings with a somewhat higher
probability of survival on harsh sites. They are less likely
to survive during prolonged dry seasons, however, than
seedlings grown in larger containers. For this reason,

Figure 8.5. Dahoon tubelings removed from their pots and ready for
planting.
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Another method of temporary storage is “heeling-in.”
Using this method, seedlings are spread out in a Vshaped trench (dug in a shaded location), and their roots
covered with loose soil. The soil is then watered and
gently packed down to remove any air pockets, and the
roots are kept moist throughout the storage period.
Only as many seedlings as can be planted in one day
should be taken to the ﬁeld. The seedlings should either
be taken out of the nursery-supplied bundles and planted
immediately or transferred in small groups to a bucket
or a planting bag (ﬁg. 8.7). A group of seedlings should
never be carried by hand while planting. Smith (1986,
p. 296) wrote, “In any step in handling bare-rooted
seedlings it is vital that the roots always remain visibly
moist. They should not be uncovered for more than 2-3
minutes at any time whether it is just after lifting, in the
packing shed, or when it is ﬁnally planted. Even briefer
exposure is preferable . . . Tree roots are so easily killed

Figure 8.6. A bulb planter is a
commonly used hand tool for
planting seedlings.

most restorationists opt for more traditional types of containerized stock. No matter what type is used, only good
quality seedlings should be planted. The importance of
this cannot be overemphasized. Even if everything else
is done right on a restoration project, the project will still
be a failure if poor quality seedlings are used.

Handling Seedlings
As discussed, bare-root seedlings have important
advantages, but they require especially careful handling.
Because their roots are exposed, care must be taken to
prevent them from drying out. The seedlings will typically come from the nursery in bundles of about 50 to
200 (up to 400), ideally with their roots packed together
and wrapped in sphagnum moss or some type of waterretaining material and the whole bundle wrapped in
waterproof paper bags or cardboard boxes.
If the seedlings are not planted immediately, they
should be stored at a temperature slightly above freezing, preferably in a cold storage unit. Storage in a barn,
shed, or dense shade will be adequate for a few days to a
few weeks, as long as the seedlings stay reasonably cool
and the roots are not allowed to freeze or dry out.

Figure 8.7. A good ﬁeld method to protect the roots of seedlings is
to carry them in a planting bag.
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that it is remarkable indeed that many millions of barerooted seedlings survive planting.”
Although containerized seedlings are less susceptible
to freezing or drying out, they can also be damaged or
destroyed by careless handling. If containerized seedlings are transported in a closed truck, they can become
overheated, especially when planting in late spring or
summer. On the other hand, if seedlings are transported
in an open vehicle they can become desiccated or damaged by having their stems and leaves blown about in
the wind. Seedlings should be transported in ways that
provide good ventilation (especially on hot days so that
they do not overheat), although too much wind directly
on the leaves causes desiccation.

fewer seedlings are required per hectare (see table 7.2),
wider spacings are more economical and may be just
as effective in meeting the project objectives. Also, using a wider spacing will allow openings for the natural
invasion of light-seeded tree species. Wide spacing of
the seedlings is one potential, but not always reliable,
method for increasing species diversity on the restoration
site.
As mentioned previously, making the spacing very
precise is undesirable unless timber production is the
primary goal or weed control by mowing or disking is
planned. A tree farm appearance should be avoided if
wildlife, aesthetics, or a more natural appearing forest
are the primary goals.

Timing of Planting

Planting with Hand Tools

The best time to plant bare-root seedlings is when
they are dormant and the soil is moist. Generally,
planting conditions in the South are most suitable from
January through March. Planting can usually be done in
November and December, especially for species which
have lost their leaves, such as green ash and sycamore,
but planting earlier than November is not usually recommended. Planting can also be done later than March if
the seedlings are kept in cold storage and the roots kept
moist until planting. Planting bare-root seedlings that
have broken dormancy is not recommended.
The most frequent limitations on planting are excessive cold and ﬂooding. Bare-root seedlings should
not be planted in subfreezing temperatures. The more
ﬂood-tolerant species can be planted in shallow water,
up to about 15 cm. Disked soils should be moist but not
ﬂooded.
An advantage of containerized seedlings is that they
can be planted safely once they have broken dormancy.
It is still advisable to plant in the winter or early in
the growing season while the temperatures are cool
and the soil is moist, but as long as conditions are not
excessively hot and dry, later plantings will usually be
successful. In Florida, containerized seedlings are also
successfully planted at the beginning of the summer
rainy season, which usually starts in June.

Bare-root seedlings can be planted using a dibble bar
or sharpshooter shovel (ﬁg. 8.8). The proper technique
for use of these tools is shown in ﬁg. 8.9. Occasionally, other tools are used, such as grub hoes, mattocks,
and hoedads. Regardless of what type of tool is used,
roots should be placed in the hole so they can spread out
naturally; they should not be twisted, balled up, or bent.

Spacing
Spacings of planted seedlings will depend on objectives. Spacings of 3 × 3 m (10 × 10 ft) or closer are often
used for wood production and may be required to ensure
the number of surviving seedlings stipulated in some
permits. In other cases, wider spacings can be used, such
as 3.6 × 3.6 m (12 × 12 ft), 4.5 × 4.5 m (15 × 15 ft), or 6
× 6 m (20 × 20 ft). The standard spacing for the Natural
Resources Conservation Service and the U.S. Fish and
Wildlife Service is 3.6 × 3.6 m (12 × 12 ft). Because

Figure 8.8. Bare-root seedlings can be
planted using a sharpshooter shovel, dibble
bar, or bulb planter.

A GUIDE TO BOTTOMLAND HARDWOOD RESTORATION

59

Figure 8.9. Planting technique for use with hand tools.

Moist soil should then be ﬁrmly packed around the roots.
Hand planting of most types of containerized seedlings
is done with a shovel, although specialized hand tools
have been developed for some of the smallest types of
containers.
Planting a tree by hand is a simple task but nevertheless is often done incorrectly. If a crew of inexperienced tree planters is used, it is essential to demonstrate
clearly to them the proper way to plant. The crew should
be supervised closely, especially the ﬁrst time they plant
and late in the day after they have become tired and
perhaps careless.
Seedlings should be planted with their root collars
just below the soil surface (ﬁg. 8.10a). One of the most
common planting mistakes is planting seedlings either
too deep (ﬁg. 8.10b) or not deep enough (ﬁg. 8.10c).
Another common mistake is digging a hole too shallow
for proper root placement. If this occurs, roots may be
bent upwards, or “J-rooted” (ﬁg. 8.10d), which results
in roots not penetrating deeply enough into the soil to
protect the tree from windthrow or drought. Additional
mistakes are planting so that settling soil leaves the rootcollar exposed and leaving an air pocket near the roots
after closing the hole (ﬁg. 8.10e), which allows the roots
to dry out.

Figure 8.10. It is critical that tree seedlings be (a) planted properly;
they should not be planted (b) too deep, (c) too shallow, (d) with
roots bent upwards, or (e) with air pockets.

60

INFORMATION AND TECHNOLOGY REPORT USGS/BRD–2000-0011

When planting containerized seedlings, the container
should be removed ﬁrst, although this may not be as critical if the container is biodegradable. If a biodegradable
container is not removed, it should be trimmed so as not
to protrude above the ground, since this can cause drying
of the soil through a process known as “wicking.” When
seedlings are removed from their containers, any roots
encircling the outside of the root ball should be loosened
up and pointed outwards and downwards or removed.
Otherwise, these roots will not spread out properly and
could even girdle the stem. The seedlings should be
planted in a hole deep enough so that the tops of the root
balls are slightly below ground level. The ﬁnal step in
planting a containerized seedling is to ﬁll the hole and
pack the soil ﬁrmly around the root ball to remove any
air pockets and keep the seedling pointed straight up.
Just like the number of seeds a single person can plant
in a day will vary widely, the number of seedlings that
can be planted will also vary, depending on factors such
as the size and type of seedling, degree of site preparation, spacing, soil type, soil condition, weather, experience and physical condition of the planter, and distance
the planter has to carry seedlings before being able to
start planting. On a clean, level site, a planter should
be able to plant at least 500 to 800 bare-root seedlings
per day or sometimes up to 1,000 seedlings per day for

Figure 8.11. Mechanical seedling planter.

planters with more experience. Because planting quality
can diminish through the day as the crew becomes tired,
planting quality should be monitored more closely after
several hours of work. The number of seedlings planted
per day will be much less if containerized seedlings are
being planted, the locations of individual seedlings must
ﬁrst be marked, or if planting conditions are suboptimal.

Planting with Machines
When site conditions are favorable, machine planters
can speed up the planting of bare-root seedlings dramatically on soils other than heavy clays. An experienced
crew of two or three may plant from 4,000 to 10,000
seedlings a day with a machine planter. Also, survival will often be better than that achieved by a large,
relatively inexperienced crew of hand planters. Some
of the newer planting machines perform well in heavy
clays, planting 5,000 to 8,000 seedlings per day with an
experienced crew.
One disadvantage of machine planters is that intensive
site preparation may be required. Machines cannot readily operate where there are stumps or heavy debris. On
heavy clays, planters may become clogged or be unable
to penetrate deeply enough to ensure that the roots are
completely covered. Also, the furrows dug by the planter
may reopen in the summer when the clay dries out,
thereby exposing the roots. On abandoned agricultural
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ﬁelds, no site preparation may be needed for mechanically planting seedlings. Machine planting is becoming
a more extensively used reforestation method and, as
new tools are being developed, may become preferred
even on heavy clay soils as long as soil conditions (e.g.,
moisture) remain favorable.
Another disadvantage of mechanical planters is their
high cost, which is prohibitive for most small planting
projects. It is possible in some areas to rent or borrow
a planter; a good source of information on the local
availability of planters is the county, parish, or district
forester.
An example of one type of mechanical planter is
shown in ﬁg. 8.11. Other types of planters, including
some that are considerably less expensive, are available
through sources such as forestry supply companies.
The planting rate for containerized seedlings may also
be increased by using machines to dig the planting holes.
Machines that have been used for this purpose range
from augers to backhoes, depending on the size of the
planting stock.
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Chapter 9: Other Options for
Revegetation
Although direct seeding and planting seedlings are the
two most widely used techniques for reestablishing bottomland hardwood trees, there are several other regeneration methods available. In this chapter, four methods of
revegetation are covered: use of cuttings, transplanting,
topsoiling, and natural regeneration.

5-10 cm (2-4 inches) above the soil surface. Cuttings of
cottonwood, green ash (ﬁg. 9.2), sycamore, and black
willow have also been planted horizontally, in slits about
2.5-5 cm (1-2 inches) deep.
Cuttings should be planted when dormant because
survival generally decreases substantially if they are
planted once the buds have begun to open. Ideal planting
sites are moist but not ﬂooded for long periods. Seedlings usually survive better than cuttings in areas with
extensive ﬂooding in the growing season.

Cuttings

Transplants

Several species of bottomland hardwoods can be
readily propagated with cuttings, or short lengths of
young shoots. Cuttings can be rooted ﬁrst in a nursery
and then planted as seedlings, or they can be directly
planted on the restoration site. Cuttings of black willow,
cottonwood (ﬁg. 9.1), green ash, and sycamore have
been successfully planted as unrooted cuttings. For most
other species, using rooted cuttings is likely to be more
successful.
Cuttings should be obtained in the dormant season
and can either be stored until spring or planted right
away. Effective temporary storage methods include
placing the cuttings in cool water or covering them with
wet burlap or similar material. Long-term storage can be
achieved by bundling cuttings and refrigerating them in
moist sand or plastic bags.
Success has been obtained with cuttings ranging
in size from 10-15 cm (4-6 inches) “slips” to poles of
2.5-3 m (8-10 ft) in length, depending on the species. In
general, cuttings 40-50 cm (16-20 inches) long and no
less than about 0.6 cm (1/4 inch) in diameter at the top
end should be used. Larger cuttings may be necessary on
sandy or drought-prone soils.
Cuttings are usually planted vertically with the buds
pointing upwards and the tops of the cuttings projecting

Seedlings or saplings transplanted from natural forests
(also known as “wildlings”) are sometimes used in restoration projects. Depending on size, the planting material
can be transplanted by using hand tools or heavy equipment such as tree spades (ﬁg. 9.3) or backhoes. Unless
the transplanting is done very carefully, mortality will be
high, and surviving transplants will suffer so much shock
that they will not begin to grow for a year or more after
transplanting.

Figure 9.1. Bundle of cottonwood cuttings.

Figure 9.2. One-year-old green ash seedling grown from a
horizontally planted cutting.
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topsoiling, perhaps because the soil surrounding the
seedling’s or sapling’s roots is kept more intact than it is
with topsoiling. Of course, undesirable species may also
be introduced by transplanting, depending on the species
composition of the donor site. Another advantage of
transplanting is that the larger size stock provides perches for birds and therefore provides vertical structure and
enhances natural seed dispersal of some plant species.

Topsoiling

Figure 9.3. Tree spade used for planting large saplings or small
trees. Photo courtesy of Dr. Schilling, Louisiana State University
School of Forestry.

Transplanting is most successful when done in the
dormant season. The roots of large transplants (those
with basal diameters larger than about 5 cm) should be
balled and bagged before transporting to the restoration site. Smaller transplants can be transported without
being placed in bags, as long as their roots are protected
from drying out. If possible, transplants should be taken
from open sites, rather than from under dense forest
canopies, since the chances of shock caused by exposure
to full sunlight and high temperatures will be somewhat
reduced.
Transplanting has been most frequently employed
on restoration projects in Florida (Clewell, 1981; Posey
and others, 1984). Clewell (1981) suggests that about
200 saplings can be transplanted in a week using a tree
spade.
Some restorationists working in Florida observed that
transplanting can also introduce desirable understory
plants (Clewell, 1999). A few species appear to become
successfully established by transplanting yet not by

Topsoiling involves the transfer of topsoil from a natural wetland site to a restoration site. With this method,
topsoil is spread out over a restoration site in the hopes
that the seeds, stumps, rhizomes, and other plant parts
contained within it will produce new plants. Topsoiling
is commonly employed in marsh restoration but has been
used much less frequently to restore forested wetlands.
A major advantage of topsoiling is that it has the
potential to introduce many of the native understory tree,
shrub, and herbaceous species that ordinarily are not
planted. Also, it may result in successful introduction of
mycorrhizal fungi or soil biota that enhance soil conditions.
There are several possible disadvantages, however,
of topsoiling. A potentially serious drawback is that
topsoiling requires disturbance of an intact wetland. Unless the topsoil can be taken from a wetland about to be
destroyed, it means that one wetland has to be damaged
to restore another. A second disadvantage is that species
composition is difﬁcult to predict and control. In some
cases, topsoiling may also introduce exotic or otherwise
undesirable species.
A variety of methods have been employed to remove
topsoil from the donor site, transport it, and spread it on
the restoration site. If tree cover exists on the donor site,
the ﬁrst step is usually removal of the trees. The topsoil
can then be removed using equipment such as draglines,
scrapers, or bulldozers. Only the top 20-30 cm (8-12
inches) of topsoil should be removed because below that
depth the number of viable seeds drops off signiﬁcantly.
Transportation methods for moving topsoil will depend on the distance between the donor and the restoration sites. Dump trucks are generally used for transportation distances in excess of 1.6 km (1 mile). Scrapers (ﬁg.
9.4) can be cost effective for shorter hauls, although they
do not work well in very wet situations or with heavy
clay soils that may require additional heavy equipment
to push or pull them. For very small distances, simply
pushing the topsoil to the restoration site with a bulldozer or transporting it with a front end loader may be
effective. Light, crawler-mounted bulldozers (ﬁg. 9.5)
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Figure 9.4. Scrapers are useful for short-distance transport of topsoil.

are recommended for spreading the topsoil on the restoration site because they minimize soil compaction.
Topsoil should be spread on the restoration site to a
depth of about 10-20 cm (4-8 inches). Depths shallower
than about 7 cm (3 inches) may not contain enough
seeds and other plant material to ensure adequate plant
establishment. Spreading topsoil to depths much greater
than 20 cm (8 inches) may actually be counterproductive
because costs become excessive, and many seeds will be
buried too deep for germination.
In general, topsoiling will be most successful on
sites where the topsoil will remain moist. In most of the
Southeast, spring is the best time of year for topsoiling. On exposed sites where the soil surface is likely to
dry out, irrigation will be required. In most situations,
topsoiling should be viewed as a useful secondary means
of revegetation with one of the other methods used as the
primary means of reestablishing trees.
The term “mulching” is often used when referring to
topsoiling, but mulching is technically a broader term
that describes the process of applying any organic or
inorganic material to the soil surface. Examples of other
materials occasionally used as mulches include agricultural residues such as straw, hay, or bagasse and wood
residues such as bark, sawdust, or wood chips.

Natural Regeneration
Natural regeneration—allowing vegetation to become established from natural sources—is an attractive
alternative for restoration because the cost of planting
is avoided. Also, any plants that become established on
the restoration site should be well adapted to the site. If
conditions are suitable, natural regeneration can be quite
rapid, but highly degraded sites or sites far from a seed
source will take much longer to naturally revegetate.
Many restoration projects rely on natural regeneration for all or part of vegetation establishment. In the
Lower Mississippi Alluvial Valley and on some western
Kentucky coal-mined sites, for example, only hard mast
producing tree species are planted on most old-ﬁeld restoration projects, and natural regeneration is relied upon
for establishment of light-seeded tree species, understory
tree species, and herbaceous vegetation.
Sites where use of natural regeneration is most appropriate include small or narrow sites where most of the
site is no farther than about 70-90 m (75-100 yds) from
an existing forest and sites that are subject to frequent
ﬂooding. A general rule of thumb is that natural regeneration will succeed without intervention in areas that are
within a distance from an existing forest no greater than
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Figure 9.5. Bulldozer spreading topsoil at Hall’s Branch restoration site.

twice the height of the dominant canopy trees. Although
disking is often used to reduce competition for the newly
planted seedlings, Allen and others (1998) showed that
disking of old-ﬁeld sites reduced the number of invading
woody seedlings that became established. They proposed
that the added soil drying and elimination of microrelief
(old bedding rows) resulted in reduced opportunity for
seedling establishment.
Seedlings of species not dispersed by wind are often
missing from naturally regenerated stands, or stands
show a clumped distribution related to bird roosting
and/or animal eating habits. Providing perches, planting
of a few large trees, and even placing snags on a restoration site can encourage the natural regeneration of plant
species dispersed by birds.
The major disadvantage of natural regeneration is that
species composition is difﬁcult to control. Light-seeded
or undesirable species may need to be thinned out to
allow the higher value heavy-seeded species time and
space to become established and grow.
Another potentially serious disadvantage is the longer
time period required for establishment of tree cover.
A naturally regenerated site is likely to go through a

successional process where the site is ﬁrst dominated
by annual plants, then perennial herbaceous plants, then
shrubs and light-seeded, shade-intolerant tree species,
and ﬁnally heavy-seeded and shade-tolerant tree species.
On large old-ﬁeld sites, the herbaceous plants may dominate a site for 10 years or more. On other types of sites
(e.g., clay settling basins), willows, boxelder, swamp
red maple, river birch, or other species that provide less
wildlife value (compared with hard mast species) may
dominant for many years (see table 4.1).
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Chapter 10: Establishing Native
Undergrowth Vegetation
Most species of plants occurring in forests are not
trees. For example, a bottomland hardwood forest in
western Kentucky contained 143 species, of which 80
(56%) were terrestrial herbs, and only 38 (27%) were
overstory trees; the remainder were shrubs and woody
vines. In hardwood forests along the upper reaches of the
Alaﬁa River near Tampa, Florida, 71% of the 409 plant
species were terrestrial herbs (292 species), consisting largely of ferns, sedges, grasses, and wildﬂowers
(Clewell and others, 1982). Only 36 plant species were
overstory trees. The remaining 81 species were small
understory trees, shrubs, woody vines, and epiphytes.
These and similar observations elsewhere demonstrate
that bottomland hardwood forest restoration is incomplete until a representative contingent of undergrowth
species is established. This conclusion complicates
revegetation activities, which, in the past, have focused
on tree planting. Four basic questions are immediately
raised: (1) are understory species so important ecologically that we should be concerned about them? (2) will
undergrowth species colonize a newly restored forest by
means of natural regeneration? (3) how many undergrowth species should be established to restore a forest
adequately? and (4) how can undergrowth species be
intentionally established at restoration project sites? This
chapter attempts to answer these questions.
Although the importance of understory species is
widely recognized by virtually all involved with bottomland hardwood restoration, some are of the opinion
that, over time, the overstory plantings will develop
conditions conducive to the natural establishment of
understory species from an existing seedbank or from
species brought into the area by wind, wildlife, or ﬂoodwater. Such natural invasion of understory species has
not been conclusively demonstrated, but most restoration
projects are still relatively young. The restorationist must
determine if the time and resources spent on physically
establishing understory species are well spent or if they
may be better spent on other projects.

Ecological Importance of Understory
Plants
Biodiversity
The aforementioned 292 species of terrestrial herbs
occurring along Florida’s Alaﬁa River were tallied in
sample areas totaling only 4.6 ha (11.3 acres). In spite
of this small sample size, these herbs represented 8% of
all vascular plant species known from the entire state of
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Florida. This ﬂoristic wealth vividly demonstrates the
importance of forest undergrowth with respect to regional biodiversity. If ample biodiversity is a goal of restoration, then undergrowth cannot be ignored. Undergrowth
vegetation that would likely overtop newly planted tree
seedlings may best be planted one to several years later
to allow the tree seedlings time to attain sufﬁcient height
to be above the undergrowth.

Ecological Functions
When considered by forest ecologists, the numerous undergrowth species are generally treated collectively by stratum or by life form. The functional roles
of individual species are poorly known because the
autecology (relationship between an individual species
and its environment) of very few have been investigated.
Perhaps the best known functional roles of undergrowth
are those pertaining to wildlife habitat in terms of providing cover, forage, and nesting sites. Another obvious
beneﬁt provided by undergrowth is anchorage of the soil,
which counters the erosive forces of runoff and overbank
ﬂooding. Undergrowth vegetation also contributes friction (roughness) to the forest surface, thereby retarding
the velocity of ﬂoodwater. Anchorage and reduction of
ﬂood velocities both contribute to substrate stability and
encourage sedimentation on ﬂoodplains. Sedimentation,
in turn, increases the reservoir of nutrients available to
vegetation.
Another function of the undergrowth that is not well
documented but may contribute substantially to herbivore control and food chain stability is the harboring
of predacious arthropods, mainly insects and spiders. A
given species of arthropod spends much of its lifetime
inhabiting a particular species of plant. The greater the
number of plant species available in an area, the greater
the diversity of predacious arthropods. This feature is
realized by specialists in the biological control of crop
pests. They have found that pest control is enhanced by
having a diverse array of native plant species growing in
close association with crops. It seems likely that these
same predacious insects and spiders are also controlling
herbivorous insects that attack native forest trees. Another array of insects associated with ﬂoristically diverse
undergrowth may serve to pollinate ﬂowers, including
those of trees.
Undergrowth vegetation adds complexity to biogeochemical cycling of nutrients because root systems
vary from species to species. The greater the diversity
in the kinds of root systems, the greater the efﬁciency
of conserving and cycling nutrients released by detrital
decomposition. Undergrowth vegetation contributes to
detrital biomass upon which soil microﬂora and detritivores depend. Undergrowth vegetation may also provide
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beneﬁts to a forest in terms of mycorrhizal associations
(a symbiotic relationship between certain fungi and the
roots of some plants). In addition, understory vegetation
can incorporate a tremendous amount of organic matter
into the soil.
In summary, undergrowth plays various roles in forest
processes and ecological functions. The importance of
these roles may be much greater than has thus far been
appreciated.

Natural Regeneration of Undergrowth
A considerable area of bottomland forests has been
cleared for agriculture and later left to lay fallow. These
lands generally become reforested through the well
known process of old-ﬁeld succession. This natural
regeneration includes a substantial development of
herbaceous and shrubby vegetation beneath the new
forest canopy. Initial undergrowth may consist largely
of relatively undesirable species that persist for some
time following canopy closure. The undergrowth may be
dominated by one or a few species such as goldenrod or
wild onions or exotics such as Johnson grass or Japanese
honeysuckle.
In contrast, forests occupying undisturbed soils have
more undergrowth species, with no one species being disparately abundant. These species tend to be less
weedy and more characteristic of deep forest conditions.
The weedier species predominate only in disturbed
areas, such as in canopy gaps formed by the loss of
an overstory tree. Plant species (including overstory
trees) that are typical of mature, undisturbed forests are
particularly welcome at a restoration project site because
they may hasten forest development. For this reason,
they may be termed “preferred species.”
Even old-growth forests contain contingents of weedier undergrowth species in their canopy gaps that presumably contribute to ecological functioning and should not
be discounted. In fact, four categories of undergrowth
species can be distinguished, although some species
may defy easy classiﬁcation. Each category description
is followed by examples of species for the category, as
they occurred in mature forests along the Alaﬁa River
(Clewell and others, 1982). These species do not necessarily belong in the same categories in other regions or
other forest types. See appendix B for scientiﬁc names
of all species.
Category 1. Species largely or entirely restricted
in their regional distribution to mature, undisturbed
stands (e.g., restricted to a ﬂoodplain swamp and
also to adjacent mesic forests in the same valley).
These are all preferred species: aquatic milkweed, small-spike falsenettle, shiny spikegrass,
millet beakrush, water pimpernil, and species of

swamplily, bugleweed, lizard’s tail, and ferns (Osmunda, Thelypteris, and Woodwardia).
Category 2. Species that are frequent or at least
locally abundant in mature stands and are also
abundant in other regional ecosystems (e.g., in
a ﬂoodplain swamp as well as in open marshes).
These are all preferred species: small-fruit beggartick, Mexican water-hemlock, hairlike mock
bishop-weed, and species of pickerel weed, smartweed, and burreed.
Category 3. Species occurring much more
frequently or abundantly in other regional ecosystems or species that are much more abundant in
disturbed or early serial stages than in more mature
stands. These are not preferred species: bushy
bluestem, southern carpetgrass, sheathed ﬂatsedge,
small dogfennel, Peruvian seedbox, Florida pokeweed, licorice weed, and cattail.
Category 4. Species occurring adventively or
exotic species, including naturalized exotics. These
are not preferred species: annual ragweed, American wormseed, crabgrass, Japanese climbing fern,
and coffeeweed.
A satisfactory restoration should have a diversity
of undergrowth species, including most species from
Category 1. In order to determine in which category each
species belongs, an experienced botanist will have to use
baseline information to group the undergrowth species
into the four categories.

Number of Species Necessary for
Restoration
A mature, fully restored forest should contain most
of the “preferred species,” as determined from baseline
studies, particularly those from Category 1. In the Alaﬁa
River study (Clewell and others, 1982), at least 60 (20%)
of the 292 terrestrial herbaceous species qualiﬁed as
preferred species (i.e., Categories 1 and 2).
Preferred species need not be planted concurrently
with trees. Several years will pass before the planted
trees can provide the shade that many forest undergrowth plants require for their survival. At that time,
an inspection can be made to determine what preferred
species have already colonized the project site through
natural regeneration. Category 1 species that are absent
may then be planted. Preferred species of vines, however, should not be intentionally established. As a class,
vines tend to proliferate and become nuisance species at
new restoration sites, sometimes threatening the establishment of key tree species.
The remaining question is, how many plants of each
preferred species should be established? The answer is
only a few of each species. The guiding assumption is
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that as forested conditions develop, preferred plants will
proliferate at the expense of the weedier species, which
initially colonized the site and are succumbing to competition from the planted trees. Such proliferation indeed
happened at two maturing restoration sites on mined and
reclaimed land in central Florida: Hall Branch Restoration (Clewell, 1999) and Dogleg Branch Restoration
(Clewell et al., 2000). Clusters of a few plants of each
preferred species should be planted at wide intervals to
ensure establishment on different parts of the project
site. Clustering is needed to ensure cross-fertilization
in self-incompatible species. Particularly large project
sites can be partitioned into smaller units of perhaps 4
ha (10 acres), in which each preferred species will be
established.

Establishing Undergrowth Plantings
Transplanting
There is currently little demand for preferred species
of forest undergrowth, and native plant nurseries rarely
stock them. Over time, this situation should improve, but
presently it is usually necessary to collect seeds, rootstocks, or whole plants from natural populations. Ideally,
collections of rootstocks and whole plants should be
made as rescue or salvage operations at sites that are
scheduled for development. These collections can be
transferred directly to the project site, or, if a nursery is
available, salvaged stock can be propagated for later distribution. Some Natural Resources Conservation Service
facilities are making space available to propagate such
native plant materials.
Plant material may have to be removed from donor
forests that are not scheduled for development. Plants
selected for removal should be spaced far enough apart
to prevent localized extirpation. Holes where plants are
removed should be ﬁlled. A posthole digger frequently
proves useful in removing herbaceous plants. This work
is labor-intensive and expensive in the absence of volunteer effort. Transplants should be planted in semishade in
moist soil. Care should be taken not to leave air pockets
around the root balls. For many species, transplanting
from the shade of a closed canopy forest to an open ﬁeld
is fatal, therefore, the restoration site must have developed sufﬁciently enough to provide at least semishaded
conditions for these species.

Topsoiling
Topsoiling (mulching with topsoil) is another method
of preferred species establishment. The method has
been attempted at reclaimed phosphate mines in central
Florida. A layer of topsoil only 10 cm (4 inches) thick
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can provide a bountiful regrowth of vegetation (see topsoiling section, Chapter 9). Topsoiling has proven most
successful when the soil is transferred from the donor
site directly to the restoration site without stockpiling
and when the restoration site is permanently moist or
wet (see restoring soil characteristics section, Chapter 5).
Plant propagules (seeds, rootstocks, spores) can
quickly lose their viability when stockpiled, owing to
poor aeration and to the generation of lethally high internal temperatures. Topsoil that is subjected to seasonal
drying after being spread at an open restoration site is
unable to sustain most undergrowth plants as they arise
from its propagule bank. These plants are adapted to
uniformly moist soils. If the amount of topsoil is scarce,
it can be transferred from a donor site with a tree spade
and planted as if it were a tree. The soil is transferred
intact, and undergrowth plants within the soil are less
traumatized than they would be if they were spread in a
layer. Topsoiling by any method introduces both organic
matter and soil microbiota, both of which may hasten
soil development, especially on surface-mined sites.
Topsoiling as a technique is largely limited to salvage
operations at wetlands that are being cleared for development. Because such sites are rarely permitted for development, the opportunity of using topsoil is becoming
rare. Whenever a wetland is permitted for clearing, its
topsoil should be salvaged for restoration projects in the
vicinity. Unfortunately, hauling costs are prohibitive for
transport of topsoil to all but local projects.
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Chapter 11: Postplanting
Control of Undesirable
Vegetation
Bottomland hardwood forests have an abundance of
naturally occurring woody and herbaceous plants that
may be regarded as undesirable in a restoration project,
especially in the early stages when they might affect the
survival and growth of planted trees. Also, exotic species
are very well established in all areas covered by this
guide. In southern Illinois, for example, early stages of
succession on old-ﬁeld sites used to be dominated by native broomsedge, smooth and winged sumac, sassafras,
and common persimmon. Now, similar sites might be
dominated by sericea lespedeza, Chinese bushclover,
Japanese honeysuckle, multiﬂora rose, and autumn olive,
all of which are exotics.
Control of undesirable plant species is typically only
needed in the ﬁrst few years of a restoration project, after
which the planted vegetation should be large enough to
compete on its own. Control can be achieved manually,
with machines, or with herbicides.
Although an intensive program of postplanting weed
control may substantially increase survival and growth
of planted stock, control should be employed sparingly.
Weed control will reduce the initial value of a restoration site for small mammals and bird species that use
the weeds as food and cover. Also, these weeds may be
promoting forest development by contributing humus to
the soil and partial shade to forest tree seedlings.
Another reason to use postplanting weed control sparingly is that the long-term beneﬁts may not justify the
costs. In some experiments where a signiﬁcant growth
enhancement with weed control was found over the ﬁrst
5 to 10 years, the effect virtually disappeared after a few
more years.

Manual Vegetation Control
Vegetation control using hand tools such as hoes,
axes, brushhooks, and machetes has the potential advantage of being highly selective in what is removed (ﬁg.
11.1). A disadvantage of manual methods is that they
usually result in a very temporary form of control; unless
the undesirable plants are being uprooted, they are likely
to resprout quickly. Because the labor forces employed
for weeding are likely to be relatively inexperienced,
there is also a high probability of injury to workers and
inadvertent damage to desired species.
Manual weed control may be best employed on small
projects or as a supplement to other forms of weed
control on larger projects. It also may be the safest
method to use to remove vines from young hardwood

Figure 11.1. Manual vine control can be accomplished using
brushhooks or machetes.

trees because the vines grow too close to the tree to be
removed by cultivation, and herbicide applications may
also damage the tree.

Mechanical Vegetation Control
Mechanical weed control is widely used in commercial forestry operations and has proven to be highly
effective on bottomland sites. A disadvantage of mechanical weed control is that it is difﬁcult to employ if
the trees are not planted in rows. Other disadvantages are
the high equipment costs and energy consumption.
Cultivation should begin early in the ﬁrst growing
season (March or April) and may need to be repeated as
many as three to four times during the ﬁrst year. Supplementary hand weeding may also be needed to control
vines that are too close to planted trees to be removed
mechanically. There are many types of equipment available for cultivating bottomland hardwoods, but most
foresters prefer tractors of about 110 horsepower. Tractors of this size are small enough for cultivating between
rows but also large enough for other jobs such as clearing, disking, and planting.
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Front-mounted cultivators allow the driver to have
better visibility and control than rear-mounted cultivators, resulting in less damage to planted trees. Cultivators equipped with chisel- or shovel-type plows allow
tillage close to the young trees but do not damage them
appreciably. Two types of cultivators are most frequently used. One is a large, front-mounted cultivator
with 19 to 21 shanks that will straddle one row while
covering the space within the rows. The second type is
an offset front-mounted cultivator equipped with ﬁve or
six shanks that straddle the row while covering a small
area on each side; with this system, a disk or springtooth harrow drawn behind the tractor covers the area
between rows.
The unit in a cultivation operation therefore consists
of a tractor plus either a large cultivator or a small cultivator with a disk or harrow (ﬁg. 11.2). When the trees
become too tall to straddle, the cultivators are removed
and tillage between rows is accomplished with just a
disk or harrow.
To ensure the best results from cultivation and to
minimize tree damage and equipment breakage, the restoration site should be as free as possible from stumps,
large roots, and other debris. The cultivator shanks that

Figure 11.2. Mechanical cultivation of a restoration site.
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straddle the trees should be set to plow 8-10 cm (3-4
inches) deep to within 8-10 cm (3-4 inches) on each side
of the tree. The area between rows should be plowed to
a depth of 10-15 cm (4-6 inches). Cultivation to these
depths will probably cut some of the roots that lie in
the top 20 cm (8 inches) of soil, but some researchers
believe that cutting causes root proliferation and is
therefore beneﬁcial because it increases the absorptive
surface.
Disking patterns should be alternated during cultivation; that is, a row cultivated in, say, a north-south
direction during the ﬁrst trip down a row should be cultivated south-north during the next trip. If tandem disks
are used, the front blades should be set to throw soil toward the trees and the rear ones to throw soil away from
the trees. The disk blades should be about 50-60 cm
(20 to 24 inches) in diameter. The width of the disk or
harrow would be determined by tree spacing but would
be 0.6-0.9 m (2-3 ft) narrower than the spacing to allow
plowing to within 30-45 cm (12-18 inches) of the trees.
Cultivation should be postponed during wet weather
to avoid soil compaction, damage to tree roots, and
equipment damage.
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Vegetation Control with Herbicides
The many different herbicides and herbicide application methods available for use on restoration projects
are continuously evolving. It is important to refer to the
most up-to-date sources of information on such issues
as personal and environmental safety and relevant State
and Federal regulations. Recent sources of information
on herbicides for forestry and agricultural use are cited
at the end of this chapter, but keep in mind that little
research on the appropriate herbicides for use in bottomland hardwood sites has been conducted (but see Miller,
1993 and Ezell and Catchot, 1998). When herbicide use
is planned, a combination of proper herbicide prescriptions, technically sound applications, and a commitment
to minimizing negative impacts to the environment are
the keys to successful use.
Table 11.1 lists some of the most commonly used
herbicides for control of herbaceous and broad-leaved
(woody) vegetation. This table is meant to serve as an
initial source of information on herbicides, not as the
ﬁnal basis for herbicide selection and does not constitute
an endorsement of any of the herbicides listed. Also, not
all these herbicides are labeled for herbaceous or woody
vegetation control in all states.
The weed species controlled by speciﬁc herbicides
should be investigated thoroughly before making the
ﬁnal selection(s) for use on a particular project. Information such as that presented in table 11.2 is available

Table 11.1. Commonly used herbicides (adapted from Mitchell and
Lowery, 1994).
Common Name

Trade Name

Atrazine

Atrazine 4L
AAtrex 4L
AAtrex 80W
AAtrex Nine-O
Banvel CST
Banvel 720
Fusilade 2000
Accord CR
Roundup
Pronone 5G
Velpar L
Arsenal Applicator
Concentrate
Goal
Tordon
Poast
Oust
Garlon 3A
Garlon 4

Herbaceous
Herbaceous
Herbaceous
Herbaceous
Broad-leaved
Broad-leaved
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous
Herbaceous

Weedone 2,4,DP

Broad-leaved

Dicamba
Dicamba + 2,4,D
Fluazifop-butyl
Glyphosate
Hexazinone
Imazapyr
Oxyﬂuorfen
Picloram + 2,4-D
Sethoxydim
Sulfometuron methyl
Triclopyr
Triclpoyr + Butoxyethyl
ester
2,4-D

for most herbicides and should be referred to once the
restorationist knows which weeds are most in need of
control.
The optimum timing for herbicide applications varies
with the type of weeds being controlled and the particular herbicide and application method being used.
Guidance on timing for some of the most common
herbicides used in commercial forestry operations is
presented in ﬁg. 11.3.
Since weed control should be used very sparingly on
most restoration projects, only the most selective application methods are recommended. To control herbaceous
vegetation around individual planted trees, backpack
or hand-held sprayers (ﬁg. 11.4) are very effective. To
control undesirable woody species, tree injectors, hypohatchets, hatchet and spray bottle combinations, or spot
guns are recommended.
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Herbaceous
Broad-leaved
Herbaceous
Herbaceous
Broad-leaved
Broad-leaved

Table 11.2. Weed species susceptible to Oust (Mitchell and
Lowery, 1994).
Susceptible
Controlled by
3 oz/acre
Panic grasses
Fescue
Horseweed
Burnweed
Boneset
Ragweed
Sunﬂower
Poorjoe
Dewberry
Vetch
Geranium
Goldenweed
Sweet clover
Crabgrass

Moderate
Controlled by
5 oz/acre
Goldenrod
Dogfennel
Bahia grass
Johnson grass

Tolerant
Not controlled
Bermuda grass
Morning glory
Broomsedge
Wooly croton
Trumpet creeper
Sicklepod
Cocklebur
Nutsedge
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Dates are approximate for the upper coastal plains. Spring dates will shift
plains to the mountains because of earlier frost.

Figure 11.3. Guidance on the timing of herbicide applications in commercial forestry (modiﬁed from Miller and Bishop, 1989).

Figure 11.4. Herbicide application with a backpack sprayer.
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Chapter 12: Protection of the
Restoration Site
Restoration projects can be damaged or destroyed by
a variety of agents, ranging from depredation by herbivores to vandalism. To the degree possible, the needs for
protection from these agents should be anticipated in the
site evaluation stage, and plans should be drawn up for
implementing protective measures.

Protection from Animals
Herbivores (and the occasional omnivore) can seriously damage or destroy planted seed or seedlings. The
most frequent offenders are deer, raccoons, squirrels,
beaver, nutria, and small rodents. In some cases, cattle,
hogs, or birds may cause damage.
One of the best forms of protection against the smaller
rodents is to plant seed or seedlings on a relatively weedfree site, since this minimizes the amount of cover available to protect rodents from predation. Usually by the
time the weeds provide enough cover for small rodents,
the seedlings are relatively safe; however, if there is
evidence of damage to seedlings (e.g., girdling, clipped
twigs), it is advisable to carry out some postplanting
weed control.
Protection of some planted sites can be achieved by
controlling water levels, but speciﬁc guidelines for use
of this technique are not available. For example, water
tolerant species can be temporarily ﬂooded to protect

a.
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them from small rodents, or in the case of beaver and
nutria, the site can be kept drained until the seedlings
are well established. In large open ﬁelds, provision of
perches for raptors may be an effective strategy for
reducing rodent populations.
More direct forms of control may be necessary in
cases where animal populations are particularly high
and/or cover cannot be reduced adequately by other
means. These forms of control, however, should only
be employed as a last resort, especially near populated
areas and on public lands. Traps or poison can be used to
temporarily reduce populations of small rodents. Larger
animals can also be shot. For instance, shooting nutria or
beaver can be a very effective means of short-term control; one technique is to go out at night with a light and
use a .22 riﬂe (which is fairly quiet). The only practical
direct control measure for deer is an either-sex harvest
in conjunction with state hunting seasons, which is obviously out of the control of most restorationists.
Fencing the site will protect it from cattle and hog
damage. Fencing may also provide protection from
beaver and nutria, although these animals, especially
nutria, may be able to burrow under or even climb over
a fence. Fencing will only work well if it is done right
(using good quality fencing material and sturdy, metal or
treated wooden posts) and if it is periodically inspected
and maintained.
Individual seedlings can be protected by using
either wire predator guards or plastic tree shelters (ﬁg.
12.1a,b), but costs can be prohibitive on large projects.

b.

Figure 12.1. Herbivory protection by (a) wire predator guard and (b) plastic tree shelter.
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Tree shelters have the additional advantages of enhancing growth and making it easier to safely apply herbicides around the base of individual seedlings. While
generally effective, neither wire guards nor tree shelters
can ensure complete protection in cases where animal
populations are high and alternative food sources are
low. For example, both methods have occasionally failed
to protect newly planted baldcypress seedlings from nutria, which have burrowed under, climbed over, knocked
over, and chewed through these protectors. In extreme
cases, these wire guards or tree shelters should be used
in conjunction with direct population control measures.

peak ﬁre danger. Firebreaks are particularly important in
areas where prescribed ﬁre is frequently used or where
the restoration site is close to a heavily traveled road.
In peninsular Florida and in the northern Gulf of
Mexico Coast the rapid spread of cogongrass, an exotic
species, has created a ﬁre hazard. This species burns
readily and can spread and intensify a ﬁre rapidly. Heavy
applications of herbicides are being made to eliminate
this grass as it appears in bottomland hardwood creation
sites on mined lands. As cogongrass continues to spread,
its threat of carrying ﬁres could increase substantially in
the next few years.

Protection from Fire

Protection from Human Impacts

Although most bottomland hardwood sites are wet
throughout much of the year, they do occasionally dry
out, and there are several instances in which restoration
sites have been damaged by ﬁre. The best protection is to
make a ﬁrebreak around the site, usually by disking (see
ﬁg. 5.1). Firebreaks should be periodically inspected and
maintained, particularly before and during periods of

In most areas, restoration sites are subject to some
damage from humans, be it intentional or unintentional.
Fencing and “No Trespassing” signs may prove necessary in areas that could be used by off-road recreational
vehicles, play areas for children, or places to dump trash
and yard wastes. Informing nearby residents of the project and/or putting an informative sign about the project
on the site (ﬁg. 12.2) may also help reduce damage.

Figure 12.2. An informative sign such as this can provide useful information to individuals using or visiting the site.
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In agricultural areas, some restoration sites have been
damaged or destroyed by farm machinery or aerial drift
from nearby herbicide applications. Farmers on adjacent
land should be informed about restoration sites on which
they might potentially have an impact.
In urban areas, plants have actually been stolen from
some restoration sites. This is most likely to happen
when larger, high-value planting stock has been used,
such as tree seedlings that were in 1-gallon or larger
size containers. Sites where theft is a possibility should
be protected by fencing. In some cases armed guards
have been employed to protect restoration sites. Where
theft or vandalism is likely to be a problem, it may be
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desirable to use smaller, less conspicuous (and less valuable) planting stock.
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Chapter 13: Monitoring
Monitoring is an important element in any properly
conducted restoration project. Too often, however, restoration projects are put in place and monitored poorly if
at all. Failure to follow up on a project obviously results
in a lack of information on how well the project is succeeding in meeting its objectives. Success criteria (as
discussed in Chapter 2) can only be evaluated through
a program of monitoring. The lack of monitoring also
eliminates the chance for promptly carrying out postplanting corrective measures (midcourse corrections)
that may save a project. Furthermore, the failure to
monitor projects may result in repeating mistakes in
future projects.
Monitoring does not always have to be sophisticated
and expensive to be effective. Simply walking through
a restoration site may be enough to spot some problem that needs to be remedied, such as excessive weed
competition, damage to a fence, herbivory problems, or a
malfunctioning water control structure. To be most effective, this type of monitoring should be done frequently at
ﬁrst (at least monthly), especially if extensive earthmoving or hydrologic modiﬁcations were done, or the site is
an area subject to human disturbance.
When designing a monitoring program involving the
collection of quantitative information, ﬁve things should
be considered carefully: (1) what is the purpose of the
monitoring program? (goals which are tied directly to
success criteria should be speciﬁed), (2) what are the
most appropriate methods for achieving the goals? (3)
how should the data be handled and analyzed? (4) how
will the data be interpreted (and who will do the interpretation)? and (5) when will the monitoring program
achieve its goals and be terminated? Two guiding
principles should be to keep the program as simple as
possible and to collect data only if it meets a speciﬁc
need and addresses a speciﬁc success criterion. It should
also be kept in mind that because of the relatively longterm nature of many monitoring projects, personnel will
change over time. Good records should therefore be kept
on all aspects of the program, including sampling protocols, plot locations, and information on how and where
data are stored.

Vegetation Monitoring
A wide range of techniques developed by plant
ecologists and foresters is available for use in vegetation monitoring. Most of these techniques are based
on the sampling of vegetation along transects and/or in
plots. Some of the most commonly used measures of
vegetation abundance or plant performance are summarized in table 13.1. In general, an effective monitoring

program will use a combination of absolute measures of
abundance and selected measures of performance.
If transects or plots are used, they should be permanently marked because remeasuring the same area each
time will provide information on trends in survival and
plant performance. Sections of PVC pipe placed at
either end of transects or in plot centers works well in
most cases, especially where vandalism is not a major
problem. Plots and transects should also be located in a
truly random or systematic fashion, not selected subjectively.
One example of a simple, inexpensive, and yet appropriate monitoring system is that used by the Louisiana
Department of Wildlife and Fisheries to evaluate the survival of their direct-seeded reforestation sites. They establish 50-ft (15.2 m) transects along every third row at
the time of planting. The transects are marked with ﬁve
ﬂags; some of the ﬂags are tagged in such a way that the
exact position of the transect can be relocated if one or
more ﬂags are lost. The transects are established so they
stretch out either diagonally across the ﬁeld (ﬁg. 13.1)
or in another arrangement that captures the variability of
topography within the ﬁeld. In late summer and again 2
or 3 months later, at the end of the ﬁrst growing season,
the seedlings along these transects are counted. If the
average number of seedlings per transect is below the
target of three, then the ﬁeld may be replanted. Since the
only stated goal of these restoration projects is reestablishment of the hard mast producing species that were
actually planted, there is no need for more extensive
monitoring. The decision to replant a site should only be
made after consideration of the fact that many seedlings
may be difﬁcult to see (hidden by herbaceous vegetation,
delayed germination of direct-seeded acorns, clipped
by rodents but retaining living roots, etc.). It is usually
advisable to wait until at least 3 to 5 years post planting
before evaluating seedling survival and stocking rates.
An example of a somewhat more complicated and
expensive vegetation monitoring system is that used by
Agrico Chemical Company on their Morrow Swamp
restoration site in central Florida. They established a system of 12 permanent belt transects (elongated quadrats)
that are 29.5 ft (9 m) in width and from 300 to 900 ft
(90-275 m) in length (ﬁg. 13.2). All trees were measured
for height and crown diameter and classiﬁed into one
of seven categories based on the tree’s condition (live,
stressed, tip dieback, basal sprouts, apparently dead,
dead, and missing). The transects are measured annually,
and the data are summarized in a series of tables and
graphs (ﬁg. 13.3).
Where reference wetlands have been used as a guide
for designing the restoration project, various indices can
be employed to compare the reference and restoration
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Table 13.1. Measures of vegetation abundance and plant performance that can be used for monitoring.
Abundance measures

Description

Presence or absence of vegetation

This is a simple list of what species are present without more speciﬁc information on abundance.

Presence or absence of
vegetation combined with frequency
estimates

In addition to listing species present, an estimate of frequency (e.g., common, occasional, rare) is
made. Simple, but relatively imprecise.

Absolute measures
Density

Number of individuals per unit area. Easy to use with trees but difﬁcult with herbaceous plants.

Cover

Proportion of ground covered by a species (should be envisioned as a vertical projection of the
species to the ground). Often estimated by eye, although this can be inaccurate, and results
will vary from worker to worker.

Biomass/yield

Usually involves destructive sampling of plots to obtain dry weight estimates for each species.
Cannot be recommended for restoration projects unless samples are small or biomass/yield
can be accurately estimated from variables such as plant height and diameter.

Basal area

Cross-sectional area of each species per unit area (e.g., ft2/acre). Widely used for tree and shrub
species.

Nonabsolute measure
Frequency

Measures of plant performance
Growth

The proportion of plots containing a particular species. Simple, but results may vary with plot size
and sampling intensity.

Most commonly deﬁned as height or diameter growth.

Mast/seed production

Could include proportion of individuals producing seed and/or a quantitative measure of seed
production (i.e., yield).

Indicators of plant
health or damage

Possible indicators include evidence of branch dieback, defoliation, nutrient stress, and ﬁre or
browsing damage.

sites. These include simple tallies of the number of species on each site (species richness) and more complex
diversity and similarity indices. Index values should be
evaluated with caution, however. High species richness
or diversity, for example, may be due to the presence
of weeds and undesirable exotic species. It is therefore
advisable to limit some index comparisons to those
preferred species that are typical of mature, undisturbed
forest. Also, such indices are of limited use for most
restoration projects because of the large differences that
naturally occur between forests in early successional
stages (the project site) and mature forests (the reference
sites).

Hydrologic Monitoring
On restoration sites with minimal disturbance, qualitative monitoring of hydrology may be adequate. Hydrologic monitoring could involve visiting the site during
seasons when ﬂooding or saturated soils are expected to
occur, or inspecting the site at other times for evidence

that the hydrology is adequate (e.g., drift lines, sediment
deposited on leaves, water lines on trees).
The use of quantitative monitoring techniques is
worthwhile for projects on heavily disturbed sites. Staff
gages, piezometers, and shallow monitoring wells (ﬁg.
13.4) can be used for measuring water table levels and/or
groundwater ﬂow directions. Staff gages provide a measure of standing water above the soil surface. They are
inexpensive, easy to install, and easy to read. Piezometers, which are screened for water entry (and sediment
exclusion) only near their bottom end, are used to measure the potentiometric surface, which is not necessarily
the same as water table level. These data are used to
determine groundwater ﬂow directions and water levels
(pressures) below a conﬁning layer in the soil. Piezometers are especially useful for monitoring contaminant
movement (Freeze and Cherry, 1979). Shallow monitoring wells are screened along most of their length and
are useful for measuring the water table depth in soils
without a conﬁning layer. Great care must be exercised
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Figure 13.1. Diagonal layout of sample transects across a directseeded ﬁeld.

in the installation of monitoring wells (Sprecher, 1993).
If a well is installed through a conﬁning layer, such as
a clay layer, water may be able to ﬂow through the well
casing from a perched aquifer above the conﬁning layer
into a lower layer below the clay, resulting in bad data
and possible damage to the local wetland.
Staff gages, piezometers, and monitoring wells should
be distributed to cover the range of hydrologic variability
within the restoration site. As an example, ﬁgure 13.5
shows the placement of piezometers and staff gages on
a phosphate mine reclamation site in Florida. Readings
of these gages and wells should be taken on at least a
monthly basis for the ﬁrst year of most projects. The actual measurement interval will depend on the hydrologic
regime, soil type, topography, and type of study.
In some cases periodic water level measurements
may be inadequate, and more frequent monitoring will
be necessary. Several methods are available to provide
continuous measurements of above- or belowground
water levels. Chart type water level recorders have been
used extensively in the past. These recorders typically
use a chain/cable and weight attached to a ﬂoat in a
stilling well. As the ﬂoat moves up and down with water
levels, a chart is rotated under a pen and water levels
are recorded on the scaled chart. The main shortcoming of these types of recorders is that they are relatively
expensive and can only measure one variable (water
level) at one location. Another disadvantage is that the

data on the chart must be read and recorded separately,
adding another step and delay in making the data available. Updated (and more expensive) versions of these
recorders that log the measurements electronically are
also available.
More recently, dataloggers have been used extensively
for recording water levels and numerous other variables,
such as wind direction and speed, total solar radiation
and/or photosynthetically active radiation, temperature
of the air, soil or water, relative humidity, precipitation,
etc. A good quality datalogger can be obtained for about
the same price as a chart type recorder, but individual
probes push the cost somewhat higher. Although some
probes such as air/water/soil temperature probes are
inexpensive at about $70 each, other probes such as
commercially available water level sensors can be quite
expensive at about $600 each. Inexpensive water level
sensors can, however, be constructed using readily available materials for about $60 or less each (Keeland and
others, 1997).
Many researchers have started using single purpose
water level recorders, such as the WL-40 or WL-80
manufactured by Remote Data Systems (ﬁg. 13.6).

Figure 13.2. Location of forest reclamation strip quadrats at the
Morrow Swamp (Agrico Swamp West) restoration site (from Kevin
L. Erwin, Consulting Ecologist, Inc., 1990).
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Figure 13.3. Tree survival trends at Morrow Swamp (Agrico Swamp West) restoration site (from Kevin L. Erwin, Consulting Ecologist, Inc.,
1990).

Figure 13.4. Staff gages, piezometers, and monitoring wells can be used to determine the pattern of ﬂooding (hydrologic regime) of a
restoration site. Such piezometers and wells can be purchased commercially or made from PVC pipe.
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Water Quality Monitoring

An advantage of these instruments is the ease of data
downloading, which is accomplished with a hand held
calculator using an infrared-light communications
pathway. The instruments can be easily camouﬂaged (do
not use paint for camouﬂage as it may block the water
entry pathways) in ﬁeld situations where tampering may
be likely. A disadvantage is that they only work over a
limited range (1 or 2 m - 40 or 80 inches) and are almost
as expensive as the chart type recorders or more capable
dataloggers which work over a much wider range of
water levels. In areas with a limited range of water level
ﬂuctuations, single purpose water level recorders are
probably the instrument of choice, but in riverine sites
where water levels ﬂuctuate more than 2 m, they may
not be adequate.
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Water quality monitoring of bottomland hardwood
restoration projects may be required to demonstrate
compliance with state water quality regulations; otherwise, monitoring will be useful primarily in those cases
where speciﬁc problems are anticipated. Examples of
water quality parameters that may be measured include
pH, alkalinity, dissolved oxygen, nitrogen, phosphorus,
turbidity, suspended solids, total organic carbon, presence of heavy metals, water temperature, redox potential, speciﬁc conductance and/or salinity, etc.
Considerations for a water quality monitoring
program include measurement protocols (these should
generally conform to Environmental Protection Agency
standards), sample size and frequency, distribution of
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Figure 13.5. Placement of piezometers and staff gages on a reclaimed phosphate site
in Florida (from Kevin L. Erwin, Consulting Ecologist Inc., 1990).
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Soils Monitoring
On sites with minimal soil disturbance, such as oldﬁeld sites, very little soil monitoring is necessary, especially if the project is not being conducted as mitigation
for a speciﬁc development project. It might be worthwhile, however, to inspect the site and determine if one
or more of the ﬁeld indicators of hydric soils described
in the U.S. Army Corps of Engineers Wetlands Delineation Manual (Environmental Laboratory, 1987) are present. These ﬁeld indicators include presence of organic
soils; histic epipedons; sulﬁdic material; an aquic or
peraquic moisture regime; direct evidence of reducing
conditions; gleyed, low chroma and low chroma/mottled
soils; and iron and manganese concretions. The delineation manual provides additional indicators of wetland
hydrology for special soils, such as highly sandy soils or
soils with spodic horizons.
On heavily disturbed sites, bulk density, soil pH,
nutrient status, organic matter, and in some cases,
redox potential or speciﬁc phytotoxin levels need to be
assessed. Measurement of soil macroinvertebrates and
microorganisms may also be worthwhile, especially
when compared to an appropriate reference wetland,
since the biomass and species composition of these communities are two of the best indicators of whether a soil
is functioning as desired.

Wildlife Monitoring
Figure 13.6. Example of an automated, single purpose water
level recorder, the WL-80 being downloaded. The WL-80 (arrow)
is mounted next to the stilling well of a Stevens type recorder.
Inset shows the head of the WL-80 and the calculator used for
downloading.

sampling stations, and the availability of a suitable
site for comparison (i.e., a reference site or a suitable
upstream location). The MiST document (White and
others, 1990) suggests that at a minimum, 24 sets of
samples from surface water and groundwater be taken
on a monthly basis from both the restoration site and a
reference site for the ﬁrst 2 years of the project (see table
2.1). Other monitoring programs, such as the Agrico
phosphate mine site in Florida, have sampled water quality on a quarterly basis.
In addition to regular sampling, it may be desirable to
sample water quality during unusual conditions, such as
peak ﬂoods and low water events. Water quality conditions during these times may be a controlling inﬂuence
on the overall success of the wetland restoration project.

Monitoring the wildlife use of restored bottomland
forests is in some ways more difﬁcult than monitoring
vegetation, hydrology, and soils. For one thing, many
animal species are secretive, and it may therefore be
very difﬁcult to determine whether they are using the
restoration site. A more fundamental problem is that
many years must pass before an adequate evaluation can
be made if the goal is to provide habitat for wildlife that
use mature forest habitat.
One way to address the difﬁculties of monitoring
wildlife is to characterize use of the site by common,
relatively conspicuous (or easily trapped) species that
use forested wetlands in early stages of succession. Table
13.2 lists some wildlife species that use forested wetland
sites in the early stages of forest development, from open
ﬁelds or forest gaps to a stage just before crown closure.
More extensive lists of expected species could be developed for particular project sites and compared with the
species actually found on the site.
Where direct monitoring is employed, techniques will
vary depending on the species being sought and whether
the goal is simply to determine presence or absence
(qualitative monitoring) or approximate numbers of
individuals present (quantitative monitoring). Another
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Table 13.2. Wildlife species that use early successional stages of bottomland hardwood forested wetlands (order of species, common
names, and scientiﬁc names follows Banks and others, 1987).
Common Name

Scientiﬁc Name

Amphibians
Eastern newt
Flatwoods salamander
Eastern tiger salamander
Southern dusky salmander
Two-lined salamander
Dwarf salamander
Mud salamander
Many-lined salamander
Greenhouse frog
Bird-voiced tree frog
Pine woods treefrog
Squirrel treefrog
Gray treefrog
Ornate chorus frog
Striped chorus frog
Wood frog

Notophthalmus viridescens
Ambystoma cingulatum
Ambystoma tigrinum
Desmognathus auriculatus
Eurycea bislineata
Eurycea quadridigitata
Pseudotriton montanus
Stereochilus marginatus
Eleutherodactylus planirostris
Hyla avivoca
Hyla femoralis
Hyla squirella
Hyla versicolor
Pseudacris ornata
Pseudacris triseriata
Rana sylvatica

Reptiles
Common mud turtle
Snapping turtle
Painted turtle
Diamondback terrapin
Eastern fence lizard
Eastern glass lizard
Ground skink
Eastern indigo snake
Black rat snake
Yellow rat snake
Green rat snake
Eastern mud snake
Rainbow snake
Common kingsnake
Plain-bellied water snake
Gopher snake
Pine woods snake
Midland brown snake
Eastern ribbon snake
Common garter snake
Southern copperhead
Eastern cottonmouth

Kinosternon subrubrum
Chelydra serpentina
Chrysemys picta
Malaclemys terrapin
Sceloporus undulatus
Ophisaurus ventralis
Scincella lateralis
Drymarchon corais couperi
Elaphe obsoleta
Elaphe obsoleta quadrivittata
Elaphe triaspis
Farancia abacura
Farancia erythrogramma
erythrogramma
Lampropeltis getulus
Nerodia erythrogaster
Pituophis melanoleucus
Rhadinaea ﬂavilata
Storeria delayi wrightorum
Thamnophis sauritus
Thamnophis sirtalis
Agkistrodon contortrix contortrix
Agkistrodon piscivorus piscivorus

Birds
Great blue heron
Green-backed heron
Great egret
Yellow-crowned night heron
Wood stork
Wood duck
Blue-winged teal
Mallard
Red-tailed hawk
American swallow-tailed kite
American kestrel

Ardea herodias
Butorides striatus
Casmerodius albus
Nycticorax violaceus
Mycteria americana
Aix sponsa
Anas discors
Anas platyrhynchos
Buteo jamaicensis
Elanoides forﬁcatus
Falco sparverius

Common Name

Scientiﬁc Name

Birds, continued
Wild turkey
Northern bobwhite
American woodcock
Mourning dove
American crow
House wren
American robin
Gray catbird
Brown thrasher
Loggerhead shrike
White-eyed vireo
Yellow-rumped warbler
Common yellowthroat
Yellow-breasted chat
Northern Parula
Prothonotary warbler
Northern cardinal
Bachman’s sparrow
Dark-eyed junco
Song sparrow
Rufous-sided towhee
White-throated sparrow
Red-winged blackbird
Common grackle

Meleagris gallopavo
Colinus virginianus
Scolopax minor
Zenaida macroura
Corvus brachyrhynchos
Troglodytes aedon
Turdus migratorius
Dumetella carolinensis
Toxostoma rufum
Lanius ludovicianus
Vireo griseus
Dendroica coronata
Geothlypis trichas
Icteria virens
Parula americana
Protonotaria citrea
Cardinalis cardinalis
Aimophila aestivalis
Junco hyemalis
Melospiza melodia
Pipilo erythrophthalmus
Zonotrichia albicollis
Agelaius phoeniceus
Quiscalus quiscula

Mammals
White-tailed deer
Virginia opossum
Nine-banded armadillo
Carolina shrew
Least shrew
Prairie mole
Gray fox
Red fox
Black bear
Raccoon
Mink
Striped skunk
River otter
Bobcat
Muskrat
Beaver
Eastern woodrat
Marsh rice rat
Southern golden mouse
Cotton mouse
White-footed mouse
Fulvous harvest mouse
Eastern harvest mouse
Hispid cotton rat
Nutria
Swamp rabbit
Cottontail rabbit
Marsh rabbit

Odocoileus virginianus
Didelphis virginiana
Dasypus novemcinctus
Blarina carolinensis
Cryptotis parva
Scalopus aquaticus machrinus
Urocyon cinereoargenteus
Vulpes vulpes
Ursus americanus
Procyon lotor
Mustela vison
Mephitis mephitis
Lontra canadensis
Lynx rufus
Ondatra zibethicus
Castor canadensis
Neotoma ﬂoridana
Oryzomys palustris
Peromyscus aureolus
Peromyscus gossypinus
Peromyscus leucopus
Reithrodontomys fulvescens
Reithrodontomys humulis
Sigmodon hispidus
Myocaster coypus
Sylvilagus aquaticus
Sylvilagus ﬂoridanus
Sylvilagus palustris
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alternative for monitoring wildlife is to take an indirect
approach. Indices such as those provided by habitat suitability index models (Schamberger and Farmer, 1978;
U.S. Fish and Wildlife Service, 1981), the Wetland Evaluation Technique (WET; Adamus, 1983), the Hydrogeomorphic Method (Brinson and others, 1994; Smith and
others, 1995), or the Rapid Impact Assessment Method
(Stein and Ambrose, 1998) can be used to evaluate the
suitability of wildlife habitat for key species or species
groups.
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Chapter 14: Rehabilitation
and Management of Existing
Forests
Although this guide emphasizes restoration of bottomland forests on sites without tree cover, there are
extensive areas of degraded natural forests in need of
rehabilitation. Often the degradation is due to past mismanagement such as high grading or holding water late
into the growing season in green-tree reservoirs. In other
cases, hydroperiod alterations, hurricanes, severe ﬂoods,
or insect outbreaks may have degraded the stands. Many
southern bottomland hardwood stands have deteriorated
to such a point that they have little value for timber,
wildlife production, recreation, or aesthetics (ﬁg. 14.1).
This chapter presents basic information on bottomland hardwood silviculture. The suite of techniques
employed by silviculturists can be used to achieve a
wide range of objectives, including forest rehabilitation.
The principles described in this chapter can be applied
not only to rehabilitating existing degraded stands but
also to the long-term management of restoration forests
as described in the preceding chapters of this guide.
There are three key steps in planning the management of bottomland hardwood forests: (1) understanding
current forest and environmental conditions; (2) clarifying objectives (the desired future condition); and (3)

deﬁning feasible actions that will transform the stand to
the desired condition. In most cases, the silviculturist
has several options for intervening in stand development,
as there are multiple silvicultural pathways toward the
desired future condition. The choice of silvicultural
treatment will affect the ﬁnancial cost, the nature of
intermediate stand conditions, and the time it takes to
achieve the desired condition. In general, silvicultural
treatments consist of partial to complete removal of the
trees on a site. Partial removals may consist of thinnings
of desirable species to allow greater growing space of
the leave trees or removal of undesirable species. If the
silvicultural treatment can be combined with a timber
sale, the landowner may be able to accomplish the treatment at no cost or even at a proﬁt. It is imperative that
silvicultural decisions are made with clear objectives in
mind and with an eye toward rehabilitation success.

Determining Present Site and Stand
Conditions
Diagnosing present site and stand conditions requires
information to be gathered in an organized and rigorous
fashion. The ﬁrst step in forest management, including
rehabilitating degraded bottomland forests, is to determine what currently occupies the site. A simple reconnaissance can give much of the preliminary information

Figure 14.1. Bottomland hardwood stand degraded by years of mismanagement.
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needed for planning subsequent forest management.
The initial reconnaissance should be followed by a more
detailed site inventory before a silvicultural system is selected and interventions are prescribed. These activities
should be performed by a knowledgeable forester.

Site Reconnaissance and Inventory
In the reconnaissance, boundaries of the site should
be located and possible boundary-related problems identiﬁed. Potential problems could stem from trespassing
or land-use practices on adjacent tracts, such as burning or herbicide spraying that may endanger the forest
to be rehabilitated. Examples of other urgent problems
discovered at this stage include destructive grazing, the
presence of dump sites containing hazardous materials,
or beaver dams in areas where they will cause excessive
damage to the stand or limit access to the site. These
problems should be addressed immediately.
The operability of the site, including soil and ﬂooding
conditions affecting accessibility to logging and other
heavy equipment, existence of roads, and other practical considerations that will affect management options,
should also be assessed during the reconnaissance.
Included in this assessment should be a rough estimate
of the timber volume and quality on the site. Getting a
contractor to carry out desired management on the site
may depend on the existence of enough timber to cover
the costs of the operation.
A ﬁnal goal of the reconnaissance should be to identify logical subunits of the site, called compartments,
for subsequent inventory and management. Identifying
subunits is important if the project site is large enough
to contain different forest types, stands of different ages,
or areas with special problems such as lack of access.
Readily identiﬁable compartment boundaries, such as
roads, streams, or power lines, should be used when
possible.
A more detailed inventory of the site should generally
follow the reconnaissance. If an area is large and rehabilitation will proceed over several years, it may be advantageous to delay the inventory until just before the ﬁrst
managed cut (i.e., the ﬁrst thinning or the regeneration
cut). The main advantage of delaying the inventory is
that more accurate information on timber volume and
quality will be available for setting up a contract with a
timber buyer. Several references listed at the end of this
chapter describe forest inventory techniques. Most often,
the inventory will make use of randomly or systematically located sample plots for the overstory trees and
nested subplots for seedlings and saplings. Methods for
evaluating regeneration potential are discussed later in
this chapter.
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Assessment of Site Potential
Site “potential” refers to the combination of relatively
unchanging physical factors which affect species composition and stand vigor: soil and landform (characteristics
of which determine moisture availability, aeration, and
fertility) and hydroperiod (ﬂood frequency, duration,
depth, and seasonal timing). These physical factors are
not immutable, however, and changes in hydroperiod
especially can degrade a site. On the other hand, selectively logging the biggest and best trees of a few species
may degrade the stand without lowering the potential of
the site.
Often a stand is so degraded that true site potential,
in terms of species composition and productivity, is
masked. Conversely, one must be careful to avoid attributing a higher potential than is warranted and mistakenly
blaming degradation for inherently poor site conditions.
A site’s potential, and whether it has been degraded, sets
limits on what can be achieved by silvicultural intervention. Site potential also determines the general direction
of stand development and the likely outcome of any
major disturbance that affects the existing stand. Because site potential has to do with physical factors, it is
necessary to ﬁrst place a site within a landscape context;
for example, a silviculturist should assess whether a site
occurs in the ﬂoodplain of a major or minor river system
(Hodges, 1998; Kellison and others, 1998). On major
river systems, sediment deposition causes a pattern of
higher sites (ridges, fronts, natural levees) nearer to
present or historic river channels, with lower lying sites
farther away (ﬂats). Inactive older channels (sloughs)
and depressions are the wettest sites. Each of these
“topographic sites” has the potential of being managed
as a different compartment. Minor river bottomlands
occur within a narrow ﬂoodplain, and therefore landform
patterning is at a much ﬁner scale. Stands in minor river
bottoms may not differentiate into large enough areas to
manage as separate compartments.
Each of these differences in topography and hydrology affect the species composition of the individual
stands. Eight important species groups of bottomland
hardwood forests are described brieﬂy in table 14.1;
more detail can be found in Meadows and Stanturf
(1997); Hodges (1997); Johnson (1981); and Kellison
and others (1988). The adaptation of species important
for timber production to speciﬁc site conditions can be
found in Baker and Broadfoot (1979), and the important
silvical characteristics of most bottomland hardwood
trees are treated by individual authors in Burns and
Honkala (1990). Once a site’s potential is understood, it
is important to compare that to actual stand conditions
and then to diagnose why there may be a difference.

Flats

Bar (new land)

Swamp

Front, high ridge
Wide ﬂats
Ridges

Second bottoms,
high ridges
Low ﬂats, sloughs

Black willow

Cypress-water tupelo

Elm-sycamorepecan-sugarberry

Elm-ash-sugarberry

Sweetgum-red oaks

Red oakswhite oaks2-mixed

Overcup oak-bitter pecan

2

1

Terrace

Front (new land)

Cottonwood

Cherrybark oak, laurel oak, Nuttall oak, pin oak, Shumard oak, water oak, and willow oak.
Bur oak, Delta post oak, live oak, overcup oak, swamp chestnut oak, white oak, and swamp white oak.

High ﬂats

Slough

Site Preference
Major Bottom
Minor Bottom

Species Association

Table 14.1. Species groups and expected regeneratio
Meadows and Stanturf, 1997).

Red oaks, sweetgum, green ash

Shelterwood

Overcup oak, bitter pecan
Overcup oak, bitter pecan, Nuttall oak,
green ash

Group selection
Shelterwood

Red oaks, white oaks, hickory, green ash,
sweetgum, American hornbeam

Sweetgum, red oaks, and green ash favored,
with sweetgum favored the most

Clearcut

Shelterwood or group selection

Sweetgum, red oaks, green ash

Elm, green ash, sugarberry, Nuttall oak,
willow oak

Group selection

Clearcut or group selection

Sweetgum, red oaks1, sycamore, sweet pecan,
sugarberry, green ash

Baldcypress, water tupelo, sometimes green
ash, overcup oak, bitter pecan, or elm and maple

Clearcut
Group selection or clearcut

Baldcypress, water tupelo, sometimes green
ash, overcup oak, bitter pecan

Sugarberry, green ash, baldcypress, American
elm, overcup oak, bitter pecan, Nuttall oak

Clearcut
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Black willow

Seed tree with site preparation

Sycamore, sweet pecan, green ash,
boxelder

Clearcut

Species Favored

Eastern cottonwood

Silvicultural System

Seed tree with site preparation
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Site Inventory
Ideally, the inventory should quantify the species
composition, timber volume, and quality of the overstory
trees. Just as important is the inventory of the seedling
and sapling component of the stand. This understory
component, called advance regeneration, has the potential to dominate the stand in time. Quantifying advance
regeneration helps the silviculturist predict the future
species composition of the stand and decide whether
planting of desired species will be necessary. Quantifying existing regeneration is particularly important if the
management goal is to obtain a large component of oak
species (or other heavy-seeded species with limited or
unreliable seed dispersal) in the stand.
Advance regeneration can also alert the silviculturist to possible changes in site hydrology; if the ﬂood
tolerance of the species making up the overstory and
understory differ substantially, hydrologic changes probably have occurred. At this point, the silviculturist will
have to decide whether to work with the new hydrologic
regime or attempt to restore the former regime.
Oaks are an important component of bottomland
hardwood forests, valued for their timber quality, their
hard mast production for wildlife, and generally for their
aesthetically pleasing growth habit. As a group, oaks,
and red oaks in particular, are difﬁcult to perpetuate in
successive stands on a site. In addition, oaks are the most
likely species to have been selectively removed in high
grading. Therefore a key challenge for silviculturists is
successfully maintaining a viable oak component, which
can be done by ensuring that adequate oak advance
regeneration exists before timber removal or by artiﬁcial
regeneration (i.e., planting seedlings or direct seeding
of acorns). Information on oak regeneration potential
is critical in most stand rehabilitation efforts. Johnson
(1980) developed a system for assessing regeneration
potential for a variety of bottomland hardwoods. Belli
and others (1999) evaluated Johnson’s system for high
quality sites in terms of red oaks and green ash, which is
another valuable timber species. Their method is based
upon 1/100-acre (0.004 ha) circular plots systematically
located throughout a stand. Each plot is evaluated for
the number of red oak or green ash seedlings in three
height classes: less than 1 ft (30 cm), 1 to 3 ft (30-90
cm), and greater than 3 ft (90 cm) tall. In addition, points
are given for trees with high potential for producing
acceptable stump sprouts (red oak or green ash trees 1
to 5 inch [2.5-12.7 cm] dbh). Each plot can be evaluated
for the probability that it will have at least one seedling
in a free-to-grow position after three growing seasons.
From this information, one can determine the number
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and distribution of “stocked” plots, an indication of the
future stocking of the stand.

Identifying Cause of Site Degradation
The cause of site or stand degradation should be identiﬁed. Stand degradation from high grading can often be
remedied through vegetation manipulation alone. Alteration of the site by changed hydroperiod, on the other
hand, poses broader questions. Can the hydroperiod be
restored or the effects of alteration somehow mitigated?
Should the rehabilitation effort target a different vegetation assemblage more adapted to the present hydroperiod
and site conditions? Hydroperiod alterations caused by
ﬂood control projects, dams, or highway construction
tend to be irrevocable, at least in the short-term. Flooding caused by beaver dams, however, can be reduced by
removing the dam, but ongoing management of beaver
population levels will be required to avoid recurring
problems. Management of green-tree reservoirs is often
politicized, and management of water levels to protect
the vigor and survival of the hardwood stand in many
instances conﬂicts with public perception of how to
optimize waterfowl habitat. The guiding principle should
be to rehabilitate or restore in accordance with existing
hydroperiod, unless alteration is feasible, affordable, and
within the control of the silviculturist.

Clarifying Objectives
Appropriate silvicultural practices can be designed for
any objective. Most common objectives include timber,
wildlife habitat for game species, or aesthetics. Increasingly other objectives are considered, including carbon
sequestration, biological diversity, nongame mammals
and birds, endangered animals and plants, protection
of water quality and aquatic resources, and recreation.
Different outputs may be sought for each objective. The
timber management objective, for example, may be for
sawlogs and veneer logs, or for pulpwood. Appropriate
timber management, in particular rotation length, will
vary according to the desired product size. Appropriate management techniques for wildlife will also vary
for different species. Even Neotropical migratory birds
have different habitat requirements, from mature closed
forests to early successional seres. Choosing the appropriate silvicultural techniques presents a challenge
for those individuals managing for apparently incompatible objectives. Slight modiﬁcations in technique may
have negligible impacts on outcomes or outputs for one
objective but major effects on another objective. Clarity
of objectives, combined with an adequate understanding of feasible goals developed from information on
current conditions, allows the silviculturist to choose a
silvicultural system that will maximize satisfaction of
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multiple objectives; however, no single objective is usually optimized when multiple objectives are undertaken.
Nevertheless, the chosen system may be adjusted to
minimize impacts on other ecosystem functions.
The most developed basis for specifying a silvicultural system to meet an objective is for timber production. To the extent that we know the habitat requirements
for a wildlife species, we can prescribe an appropriate
silvicultural system that will provide suitable habitat. All
species of bottomland hardwoods provide some beneﬁt
to wildlife (table 14.2), but we lack the knowledge to
specify optimal habitat conditions for many species.
Nevertheless, most objectives can be tied to some combination of vegetation species composition and stand
structure, which can be manipulated by silvicultural
techniques.

Choosing the Silvicultural System
Silvicultural systems in southern bottomland hardwoods integrate regeneration and intermediate treatments in an orderly process for managing stand development (Meadows and Stanturf, 1997). Techniques can
be designed for manipulating species composition and
stand structure to meet any management objective. Species favored under any silvicultural system can support
several objectives. Although the greatest emphasis is
usually placed on maintaining an oak component, forests
can be managed without oaks and still yield multiple
beneﬁts. Silvicultural systems are commonly divided
into even-aged and uneven-aged management, with the
regeneration method used deﬁning the system. Evenaged regeneration methods include clearcut, seed-tree,
and shelterwood. Uneven-aged methods include singletree and group selection (Meadows and Stanturf, 1997).
In practice, there are many variations of these practices
with some overlap and hybridization. A general guide
to the types of regeneration expected under different
silvicultural systems applied to important bottomland
hardwood associations is given in table 14.1.

Management Versus Regeneration
The silviculturist must initially decide whether the degraded stand has the potential to attain the future desired
condition through judicious manipulation, or whether
the stand is so lacking in vigor, stocking, or acceptable
species that the only alternative is to regenerate. Manuel
and others (1993) developed a model to help make this
decision. Their model is based on expert judgement and
is constrained to consider only clearcutting for regeneration. It has been calibrated for a limited set of timber
management objectives, but the approach is valid for any

management objective. Each tree in a sample from the
stand is evaluated for its contribution to future stocking,
based on species, size (dbh), crown class, merchantable
height, butt log grade, and vigor. This approach can be
extended to include other management objectives and
additional regeneration techniques.

Is Oak An Objective?
If maintaining oak in the stand is necessary to meet
objectives, extra attention to regeneration potential is
needed and extraordinary steps may be necessary. Clatterbuck and Meadows (1993) summarized the complexity of attempting to regenerate oaks in bottomland
hardwood forests. Although no blanket prescription can
account for all the factors which impact oak regeneration
potential, their generalized prescription offers the best
approach present knowledge can provide (table 14.3).
A regeneration evaluation is necessary at the outset. A
modiﬁed system such as that of Belli and others (1999),
where points are assigned based on species and size
of advance regeneration can be used. For example, if a
regeneration plot has at least 20 points from oak advance
reproduction or stump sprouting potential, the probability of obtaining at least one free-to-grow oak stem
at age three is 83% or more. If most of the regeneration
plots in a stand meet this criterion, the regenerated stand
has a high probability of oak dominance at maturity. We
recommend that 80% of the plots in the entire stand meet
this level of oak stocking. This is a judgement, however,
and should be adjusted depending upon site conditions
and landowner objectives. For example, if most of the
points come from large seedlings (greater than 1 m or 3
ft tall), a lower probability level may be justiﬁed. On the
other hand, sites prone to growing season ﬂooding may
require a more stringent criterion.
When the prospects for oak regeneration are good,
the stand should be harvested while trees are dormant to
maximize stump sprouting. All residual stems 2 inches
dbh and larger should be felled to create the proper light
environment for the oak regeneration and to minimize
competition from other species. Retaining some stems
in a clearcut (depending on the purpose of these residual
trees, this may be called a deferment cut, clearcut with
residuals, or an irregular shelterwood) may be necessary
to meet wildlife or aesthetic objectives.
A follow-up examination to determine regeneration
stocking at age three is needed to guide future management. Experience has shown that as few as 150 free-togrow oaks per acre (370 per ha) at age three will result in
an oak dominated stand.
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Table 14.2. S
LA = leaf gall aphids; BU = buds; IB = inner bark; BA = bark.
Species

Deer

Ash, green
Ash, pumpkin
Ash, white
Birch, river
Buckthorn bumelia
Buttonbush
Cottonwood, eastern
Cypress, bald
(baldcypress)
Dogwood, swamp
Elm, American
Elm, cedar
Elm, water
Elm, winged
Blackgum
Sweetgum
Hawthorn
Pecan, sweet
Hickory, water
Holly, American
Holly, deciduous
Hornbeam, American
Locust, black6
Locust, honey6
Locust, water
Boxelder
Maple, red
Mulberry, red
Oak, cherrybark
Oak, Delta post
Oak, Nuttall
Oak, overcup
Oak, Shumard
Oak, swamp chestnut
Oak, swamp white
Oak, water
Oak, white
Oak, willow
Pawpaw
Persimmon, common
Privet, swamp
Sassafras
Sugarberry
Sycamore, American
Tupelo, water6
Willow, black

Quail

Songbirds

FO

S

FO
FO

S

S
S
S
S
FR

FO
FO

LA

FO

FR

Squirrel

Waterfowl

S

FO,FR
FR

FR
FR

FO
FO
FR
FR
FO
FR
FO
FO
FO
FO,FR
FR
FO,FR
FR
FO,FR
FR,FO
FR
FO,FR
FR,FO
FO,FR

FR
FR
FR

FO,FR

FR

FO
FO

FR

FO,FR

FR
FR
FR
FR
FR
FR
FR
FR

Raccoon

Beaver

Other

S1
S1
S1
S1
FO
S1

FR

FR
FR
FR

FR

Small mammals
2
Opossum
3
Rabbit
4
Skunk and fox
5
Black bear
6
Flowers furnish nectar for honey bees
1

Turkey

S, BU
FR
FR
FR

S
FR
FR

FR
S
FR
S, BU
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR
FR

FR
FR

S
FR
FR
FR

FR
FR
FR

FR2, FO3

FR

FR

IB

FR

FR1

FR
FR

FR1

FR
S

FO3, FR1,3
S
S
FR
FR
FR

FR
FR

FR3
S1
S1
FR1 , BA3
FR1
FR1
FR1
FR1
FR1
FR1
FR1
FR1
FR1
FR1
FR2
FR1,2,4
FR1
FR5
FR1

FR

FR
FR
FR

FR

FR
FR

FR

FR
FR
FR

FR1,2
S1
FR1

FR
FR
FR
FR
FR
FR
FR
S
FR

FR
FR
FR
FR
FR
IB
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Table 14.3. Decision key for choosing a regeneration procedure for
bottomland oaks (Clatterbuck and Meadows, 1993; Belli and others,
1999)
Go to
1.

2.
3.

4.
5.

6.

Regeneration Evaluation
a. 20 points or more, average of all plots;
oak prospects good
b. Less than 20 points, oak prospects poor
Treat and harvest during dormant season;
control residual stems prior to next growing season
Evaluate at age 3
a. More than 150 free-to-grow oaks per acre
b. Less than 150 free-to-grow oaks per acre
Leave alone or clean, weed, or thin if needed
Oak stocking is less than adequate
a. Accept
b. Convert to plantation
Promote oak advance reproduction and evaluate again
a. Increase light to forest ﬂoor (understory removal and/or
overstory reduction, shelterwood)
b. Shelterwood with understory removal and supplemental
planting of oak seedlings
c. Convert to plantation

2
6
3

4
5

and regeneration cuts may not be needed for 10 or more
years. In the case of extremely degraded stands with
inadequate advance regeneration, however, it may be
necessary to bypass the ﬁrst two management steps and
go straight to a regeneration cut. A general guideline
used by some foresters to decide whether to proceed
straight to a regeneration cut is shown in ﬁgure 14.2.
If the average basal area per acre for a stand of a given
age is below the line, then the stand is promptly cut. For
most stands older than 40 years, basal areas below 60 ft2
per acre indicate the need to regenerate. More precise
guidance is available in stand density diagrams that take
into account average stem size and age.
Timber Stand Improvement

1
1

If oak regeneration is inadequate in the current
stand (table 14.3), the challenge is to create the proper
light conditions on the forest ﬂoor to promote seedling
growth. Reducing the overstory and removing the understory through a shelterwood treatment can be successful if small oak seedlings are already present. It may
even be possible to time the shelterwood treatment (see
shelterwood section, this chapter) with a good mast year;
otherwise underplanting oak seedlings before the ﬁnal
overstory removal can augment the shelterwood. This
may require releasing the oak seedlings from competition by using herbicides. There are no guidelines on how
to accomplish this successfully. Another approach is to
supplement a clearcut by planting or direct seeding of
oak but again, no guidelines are available.

By deﬁnition, degraded stands have a history of high
grading, liquidation cuts, ﬁre, and other destructive
inﬂuences that have resulted in a high proportion of trees
that are undesirable as future growing stock. Low-grade,
overcrowded, damaged, diseased, and cull trees, as well
as exotic or otherwise undesirable species, may be occupying space and competing for light, water, and nutrients
that ideally could be supporting more valuable trees.
Therefore the ﬁrst stand manipulation is usually a judicious improvement cut designed to “clean up” the forest.
In ideal cases, the stand will be accessible and there
will be enough timber to interest potential buyers. In
such a situation, timber stand improvement can be done
at no cost (or possibly even at a proﬁt) to the landowner.
Some desirable growing stock may need to be cut to
make openings for regeneration or to have enough
timber to interest a buyer. The goal, however, should
be to cut the over-mature, damaged, or dying trees of
marketable size and quality. One should not remove a
large component of desirable growing stock just to make

Managing the Existing Stand

80

60

2

B.A. (ft /acre)

In a stand with trees of commercial value, a logical
sequence of management actions would be (1) initial intermediate management, consisting of an “improvement
cut” to favor a desirable species composition and to
increase the quality and value of the stand; (2) advanced
intermediate management, where thinning is used mostly
to favor growth on residual trees but also to improve
stand value; and (3) regeneration cutting. Intermediate stand management in most bottomland hardwood
situations is a combination of improvement cutting and
thinning. The relative emphasis changes with the degree
of stand management (initial versus advanced).
In the short term, the silviculturist will be most
concerned with improvement cutting because thinning

40

Harvest
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Figure 14.2. A generalized guide for regenerating southern
hardwoods based on basal area (measured in ft2 per acre) of
desirable trees and stand age (redrawn from Kellison and others,
1988).
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a sale, as such trees are often growing at a high rate and
will be much more valuable to the landowner in the
future.
Landowners unfamiliar with contracting with buyers
for removal of timber are well advised to consult with
a professional forester. A properly designed and supervised timber sale should lead to the improvement of the
forest. Under the wrong conditions, however, a buyer
may end up removing trees that should remain, damaging remaining trees in felling or skidding of harvested
trees, creating inordinate amounts of soil disturbance, or
degrading water quality of adjacent streams (ﬁg. 14.3).
After marketable trees are cut and removed, cull and
otherwise undesirable trees that remain should be killed
to enlarge or clear openings for regeneration. Injection
is the usual method of killing unwanted trees. Generally,
injection just after full leaf-out in the spring gives good
results, but satisfactory results have also been obtained
with applications in other seasons. Girdling is another
method that is occasionally used to kill unwanted trees,
but this is often unsuccessful when used alone because
trees can heal over incomplete wounds and girdled trees
may sprout.
It should be kept in mind, of course, that a “clean”
forest from a strictly timber management perspective
may not be the goal of the silviculturist. Mature cane
breaks (ﬁg. 14.4) will not bring any ﬁnancial return to
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the landowner but they provide habitat for numerous
wildlife species (including swamp rabbits and several
species of rare warblers). Leaving some large, poorly
formed trees and snags may be beneﬁcial to several species of wildlife or may meet other objectives (ﬁg. 14.5).
As with other silvicultural techniques, timber stand
improvement should be viewed as a ﬂexible tool that can
accomplish a variety of objectives.
Thinning
Once timber stand improvement has produced a stand
consisting of good quality trees at desirable spacing,
growth rates of the remaining “leave” trees should
increase. Eventually, the leave trees will fully occupy
the space opened up by the removal of undesired trees
and begin to compete intensely with each other. Thinning at this point allows for the use of trees that would
otherwise die and allows for distribution of growth over
fewer, larger trees. Thinning has the additional advantages of increasing mast production in the overstory
and allowing more light to reach the forest ﬂoor. This
stimulates understory and midstory plant growth, which
increases vertical structure important to some Neotropical migratory birds.
Thinning has not been widely practiced in southern
bottomland hardwood stands, especially in stands with

Figure 14.3. Example of damage caused by poor logging practices.

94

INFORMATION AND TECHNOLOGY REPORT USGS/BRD–2000-0011

Figure 14.4. Mature cane brakes provide habitat for numerous wildlife species.

only pulpwood or smaller sized trees (i.e., less than
about 25-30 cm [10-12 inches] dbh). As markets develop
for pulpwood and ﬁrewood, thinning is becoming more
common. The ﬁrst commercial thinning typically occurs
when trees reach small sawtimber size, about 35 cm
(14 inches) dbh. A second thinning may be conducted
when trees reach 50-56 cm (20-22 inches) dbh. Earlier
thinning (precommercial) is practical from an economic
standpoint if one of the major goals of management is
production of sawtimber.
Because of inherent growth differences among species, it would be hard to give an average age for the ﬁrst
thinning. Cottonwood may reach merchantable size by
age 5 to 10 years, whereas it may take green ash 20 to 30
years to reach pulpwood or small sawtimber size. Findings thus far in natural and planted stands offer some
guidelines for thinning (Meadows, 1996). Thinning
should begin early, and larger trees with well-developed
crowns should be favored. For good diameter growth,
most species require a minimum live crown to total
height ratio of 40%. Trees with less crown are usually in
a subordinate position, so thinning is from below (i.e.,
the trees removed in the thinning are usually partially or
completely overtopped by other trees).

Frequent light thinnings are better than infrequent
heavy thinnings. Light thinnings allow fuller use of the
site and less chance for epicormic branches to develop
on the leave trees. One disadvantage of frequent thinnings, though, is the greater chance of logging damage
to the leave trees. As a stand matures, thinning should be
used to develop advance reproduction of desirable species so that the need for corrective measures at the time
of regeneration will be less.

Regeneration
Bottomland hardwoods reproduce naturally and proliﬁcally through seedlings established in the understory,
through sprouts that emerge from stumps or roots of cut
trees, or through seedlings that start in new openings.
As long as there are no fundamental changes to the site,
management of the natural regeneration can generally be
relied upon to yield the desired forest composition.
As a rule, silviculturists should rely on natural
regeneration. Artiﬁcial regeneration, however, will be
needed for rehabilitation when none of the natural means
of reproduction can be counted on to provide adequate
numbers of desirable species. This situation arises where
there is inadequate advance regeneration of desirable
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Figure 14.5. Snags left in a clearcut on Scott Paper land near Mobile, Alabama.

species and there are no mature trees of desired species in the overstory or adjacent to the site to provide
a seed source. In such cases, the silviculturist has two
main alternatives. First he or she must try to increase
the component of desirable species by planting before
(enrichment underplanting) or after a regeneration cut
(supplemental planting). Second, the silviculturist can
take the more drastic measure of converting the stand to
another vegetation type by clearcutting the site, shearing all remaining trees and saplings, and preparing the
soil to plant seedlings of one or more species (ﬁg. 14.6).
Generally, this will only be warranted if the site has been
captured by invasive exotic species such as Chinese tallow, Japanese privet, or melaleuca.
Regeneration Cuts
A landowner may wish to manage a stand as an oldgrowth forest without any human intervention. Over
time, natural mortality and gap phase regeneration will
convert the forest to shade tolerant species. Otherwise,
all stands will eventually reach a stage when it is appropriate to harvest some or all of the large trees. This
not only allows for an economic return from the stand,
but also gives the landowner the ability to control the

future composition of the stand to meet any of a variety
of management goals. By proper choice and application
of a regeneration system, the landowner can help ensure
that the desired type of forest will occur on the site for
many years to come.
Bottomland hardwoods can be managed as even-aged
or uneven-aged forests. Silvicultural systems used for
even-aged management are clearcuts, shelterwood cuts,
and seed tree cuts. The primary silvicultural system for
uneven-aged management is single-tree selection. Group
selection is technically an uneven-aged management
system, but as practiced in bottomland hardwood forests,
it should be viewed as a compromise between even- and
uneven-aged management. All of these systems can be
used effectively in bottomland hardwood forests. The
choice of silvicultural system will depend primarily
on the management goals for the forest, as constrained
by the initial condition of the stand. Even-aged management, in particular clearcutting, is the most common
form of management when timber is the primary goal
or when rehabilitating a high-graded stand. Shelterwood
and group selection are more commonly used when
wildlife management is an important goal, when
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Figure 14.6. Natural forest site that has been clearcut, sheared, root-raked, and disked.

aesthetics are important, and when adequate advance
regeneration is not present. Group selection can be
used for timber production in fully stocked stands, and
variations on shelterwood can be used especially when
attempting to regenerate oak.
Clearcuts
Clearcutting involves the cutting and removal of all
merchantable trees in an area of about 4 ha (10 acres) or
more. Typically, the residual trees, which are comprised
of undesirable species or are of poor quality and may interfere with regeneration of desirable trees, are either cut
down and left in place or killed by injection or girdling.
The site usually will be left to regenerate naturally, although site preparation, supplemental planting, and other
measures may be applied to control species composition.
A clearcut site will go through a jungle-like stage for
about 10 years before individual stems begin to restore a
forest-like appearance to the area (ﬁg. 14.7).
Clearcutting is designed to favor the reproduction of
shade-intolerant species, which also tend to be the more
economically valuable species. While often criticized as
a destructive and unsightly form of forest management,
clearcutting with natural regeneration repeatedly has
been demonstrated to be effective for regenerating nearly
every major forest type found on bottomland hardwood
sites in the Southeast. The aesthetic impacts and risk of
erosion associated with clearcutting are real but are less

in relatively ﬂat bottomland settings as compared to
steep mountainsides.
As a general rule, clearcutting with natural regeneration will tend to favor shade-intolerant, light-seeded
species that are easily transported by wind or water (see
table 4.1). Species that regenerate from coppice such
as the oaks must be present prior to cutting as large
seedlings or small trees. Conversely, seedlings of more
shade-tolerant species such as hickories, elms, ashes,
ironwood, and some oaks tend to become established in
small openings.
To the silviculturist, it will be appropriate to employ
clearcutting as the ﬁrst step in rehabilitating a stand
that is so completely degraded that there is very little
advance regeneration of desirable species. In such
cases, there is little point in attempting to manipulate
the stand by timber stand improvement and thinning.
Essentially starting over by clearcutting with natural
regeneration and possibly some planting, or totally by
artiﬁcial regeneration, will be the most efﬁcient means
of rehabilitation.
Shelterwood Cutting
The goal of shelterwood cutting is the same as
clearcutting—to favor species that require high light levels to regenerate. With a shelterwood cut, however, the
overstory is harvested in at least two stages. In the ﬁrst
stage, a large portion of the existing overstory (perhaps
about 50%) is harvested. Trees that are left are generally
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Figure 14.7. Five to ten-year-old regenerating clearcut.

of good quality and expected to be good seed producers (ﬁg. 14.8). After about 5-8 years, either all or about
half of the remaining overstory trees are removed. In the
latter case, the remaining trees are generally harvested
in a third cut after another 5-8 years. Shelterwood may
be combined with the underplanting of oaks before ﬁnal
overstory removal. Usually midstory removal is necessary in bottomland hardwoods to gain the full beneﬁts of
the shelterwood system.
The main purpose of the shelterwood system is to
favor regeneration of species with limited seed dispersal
and those that regenerate best in partial shade. Oaks, for
example, are believed to respond well to shelterwood
regeneration when there are sufﬁcient individuals in
the existing overstory. The shelterwood system is also
a good alternative to clearcutting when aesthetics are
important and complete overstory removal in one cut is
not an option.
Seed Tree System
The purpose of the seed tree system is to provide a
seed source after a complete overstory removal. Theoretically, heavy-seeded species such as oaks can be
regenerated by this method, but in reality this method
regenerates light-seeded species in bottomland hardwoods.

Approximately 25 per ha (10 per acre) are usually
retained after the ﬁrst cut, so the area will resemble a
clearcut with just a few, large scattered trees remaining. In appearance, this is the same as a deferment cut
for aesthetics or leaving potential den trees for wildlife.
What separates these variants on even-aged management
is the purpose for leaving residual trees.
As a regeneration method, seed tree cuts are more
effective for light seeded species such as sweetgum.
When coupled with intensive site scariﬁcation, it is the
recommended method to naturally regenerate Eastern
cottonwood and black willow. Experience suggests
that bottomland hardwood stands dominated by oaks
respond to a seed tree cut as if they were clearcut (i.e.,
by advance regeneration, by sprouts, and by germination
of existing seeds or seeds brought in by wind, water, or
animals). Furthermore, the remaining trees often become
degraded by epicormic branching, lightning strikes, and
wind damage, and therefore lose much of their economic
value.
Single-Tree Selection
This system involves the selective removal of individual mature trees at regular intervals. It may also be
accompanied by deadening (i.e., injection, girdling) or
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Figure 14.8. Shelterwood cut.

removal of unmerchantable trees. Because single-tree
selection opens relatively small holes in the canopy, it
tends to favor regeneration of species that are shade tolerant. Repeated application of single-tree selection in a
stand will shift species composition to the less valuable,
more shade-tolerant sugarberry, boxelder, elms, maples,
and hickories (table 14.1).
Properly practiced, this method can be very effective for maintaining a relatively dense uneven-aged
forest over a large area. It can, however, result in the
degradation of the forest. In fact, many of the degraded
bottomland hardwood forests that are the subject of this
chapter were created by what might be considered a very
poor form of single-tree selection. Too often, only the
best trees were selected for harvest. If this cycle is repeated, then over time the stand will become dominated
by a mix of damaged, diseased, and poorly formed trees
and trees of undesirable species. This form of management is known as high-grading.
Single-tree selection is not generally viewed as
economically feasible because it leaves species which
are generally less valuable and also because it requires
frequent small harvests, thereby sacriﬁcing the economy
of scale of larger harvests. Frequent entry into the stand

with heavy logging equipment also poses the risk of
damage to the remaining trees and the introduction of
diseases. Such stresses may predispose a stand to insect
outbreaks.
Group Selection
The goal of group selection is to develop a patchy
environment made up of numerous very small evenaged groups. This is accomplished by making numerous
scattered large openings (small patch clearcuts) ranging
in size from 1 to several acres (ﬁg. 14.9). The distinction in opening size between group selection and patch
clearcut is a blurry one. A 10-acre cut can be viewed as a
very large group selection or a small clearcut, depending
on one’s perspective. The real difference is whether the
resultant stand will be managed as an uneven-aged stand
or several even-aged stands.
The group selection system has several advantages.
By creating sufﬁciently large openings, it favors the
more economically valuable shade-intolerant species
such as oaks. In addition, by creating a patchy environment of several different age classes, it favors numerous species of wildlife. As the openings are small and
scattered, group selection is more aesthetically pleasing
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plant regeneration dictate the rate of weed removal.
From the third principle, it should be clear that this is a
slow approach to rehabilitation. It also requires a fairly
high degree of knowledge about the growth habits and
ecology of plant species and is very labor intensive.
The best way to apply this approach may be to work
with knowledgeable volunteers to rehabilitate a small
tract of forest in or near an urban area. The most valuable aspect of this approach may be as a tool for promoting environmental awareness and education.
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Figure 14.9. Aerial photo of several group selection cuts.
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Glossary
Advance regeneration - Advance growth seedlings or
saplings that develop and are present in the understory.
Adventive plants - Nonnative plants that have been introduced to an area but have not become permanently
established.
Basal area - The cross-sectional area of a stand of trees
measured at breast height (140 cm or about 4 ft 6
inches aboveground). The area is expressed in square
meters per hectare (ft per acre) and is a measure of
stocking density.
Broad-leaved - Characterizing plants that have leaves
that are broad and ﬂat rather than needle-shaped.
Clustering - With respect to the planting of seed or seedlings, clustering refers to planting in groups within
close proximity of each other so that cross-fertilization within species can occur with some level of
certainty.
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DBH (diameter at breast height) - The diameter of a
standing tree measured 140 cm (4.5 ft) from the
ground.
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High grading - Forest harvesting where only the most
commercially valuable trees are cut. This method of
harvest usually results in a forest dominated by undesirable or weedy tree species.

Deciduous - Pertaining to perennial plants that lose their
leaves part of the year, that is, hardwood trees such as
oak, hickory, and maple.

Hydric - Characterized by or requiring an abundance of
moisture.

Epicormic branching - The development of small
branches along the bole, or trunk, of a tree. This
often develops in response to thinning operations
where substantially greater sunlight penetrates to the
tree stems.

Hydrologic regime - The pattern of water level dynamics, generally referring to the timing, frequency,
depth, and duration of aboveground ﬂooding, but
hydrologic regime also refers to belowground water
level ﬂuctuations.

Even-aged management - Silvicultural system in which
the individual trees originate at about the same time
and are removed in one or more harvest cuts, after
which a new stand is established.

Hydroperiod - Generally synonymous with hydrologic
regime, but hydroperiod is often considered to refer to
aboveground ﬂooding only.

Exotic species - Species that are not native to an area and
have become naturalized.
Gap phase regeneration - Progressive changes in community structure, composition, and diversity resulting
from the canopy gap created by the death of individual trees (as a result of events such as old age, wind,
lightning strikes, insect attacks, etc.) being ﬁlled by
young individuals of the same or other species.
Green manure - Refers to herbaceous plants that are
plowed under while still green to add large quantities
of organic matter to the soil, improving soil structure.
Green-tree reservoir - Any impoundment created with
the intention of ﬂooding a forested area for a portion
of the year, yet retaining the forest cover. Green-tree
reservoirs are usually ﬂooded during a portion of the
fall and winter to provide waterfowl habitat. Quite often, however, the tree species desirable for waterfowl
habitat are gradually killed by the repeated ﬂooding.

Improvement cutting - A cutting made in a stand past
the sapling stage primarily to improve composition
and quality by removing less desirable trees of any
species.
Initial management - The ﬁrst management action being
performed as part of a long-term multiphase management plan for a given forest stand.
Invader - Any species that disseminates to and becomes
established on a site without human intervention can
be considered an invader. Invading seedlings can
be either desirable or undesirable. The term invader
does not refer only to exotic species.
Light-seeded species - Species such as ash, elm, sweetgum, and sycamore that have light weight seeds
that can be easily dispersed by wind or water. Many
of these seeds, however, can also be dispersed by
animals.
Mesic - Characterized by intermediate moisture conditions that are neither excessively wet nor dry.

Hard mast-producing - Species such as oaks, pecans, or
hickories that produce a large nut (acorn) that in turn
provide food for a variety of wildlife such as deer,
turkey, hogs, and some waterfowl (see heavy-seeded
species).

Nonpoint source pollution - Pollution that is not from
a single, well-deﬁned site such as a factory. Runoff
from agricultural ﬁelds is generally considered nonpoint source.

Heavy-seeded species - Species such as oaks, pecans,
or hickories that have heavier seeds. These species
are generally believed to provide the greatest overall
value to wildlife such as deer, turkey, squirrel, and
waterfowl.

Palustrine system - A classiﬁcation by Cowardin and
others, 1979, that includes all nontidal wetlands
dominated by trees, shrubs, persistent emergents,
emergent mosses or lichens, and all such wetlands
that occur in tidal areas where salinity due to oceanderived salts is below 0.5 ppt.

Herbaceous - Soft and green vegetation which dies back
to the ground each year, generally containing little
woody tissue.

Provenance - The original region in which an individual
of any plant or animal species was found. Provenance
tests take individuals of any selected species from
several regions and grow them in a common area
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(plantation) to search for maximum growth or productivity for that species.
Regeneration - The natural or artiﬁcial replacement of
old trees with new tree growth.
Self-incompatible species- Plant species for which one
ﬂower on an individual cannot fertilize another ﬂower
on the same individual.
Sere - Collectively, all temporary plant communities in a
chronosequence of change, as different species invade
and later dominate or are competitively excluded
from a given local area.
Shelterwood cut - A cut in which the mature stand is
generally removed in a series of two or more cuts, the
last of which is when the new even-aged stand is well
developed.
Silviculture - The science and art of regenerating and
managing a forest to meet speciﬁc objectives.
Soil horizon - A distinct layer of soil parallel to the
surface that has deﬁnitive physical, chemical, and
hydrologic characteristics.
Stand - A contiguous group of trees sufﬁciently uniform
in age class distribution, composition, and structure,
and growing on a site of sufﬁciently uniform quality
to be a distinguishable unit.
Stocking - An indication of growing-space occupancy
relative to a preestablished standard.
Thinning - Intermediate cuttings aimed primarily at
controlling growth of timber stands by adjusting stand
density.
Tiling - The placement of drain tiles below the ground to
eliminate excess ﬂooding or soil saturation.
Understory - Any plants growing under the canopy
formed by other plants, particularly herbaceous and
shrub vegetation under a brushwood or tree canopy.
Uneven-aged management - Silvicultural system in
which individual trees originate at different times and

result in a forest with trees of various ages and sizes.
Harvest cuts are often on an individual-tree selection
basis.
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!PPENDIX !
3OCIETY OF !MERICAN &ORESTERS
#OVER 4YPE $ESCRIPTIONS
4HE COVER TYPE DESCRIPTIONS LISTED IN THIS MANUAL FOR BOTTOMLAND HARDWOODS ARE FROM 3OCIETY OF !MERICAN &OREST
ERS 3!& PUBLICATION h&OREST #OVER 4YPES OF THE 5NITED 3TATES AND #ANADA v REPRINTED VERBATIM WITH PERMISSION
FROM %YRE  .UMBERS LISTED BELOW THE COVER TYPES REFER TO THE CLASSIlCATION SYSTEM USED BY THE 3!& &OR A
MORE COMPLETE LIST OF FOREST COVER TYPES OR FOR SCIENTIlC NAMES OF THE COMMON NAMES USED IN THE COVER TYPE DESCRIP
TIONS PLEASE SEE %YRE 

2IVER "IRCHn3YCAMORE

$ElNITION AND COMPOSITION 2IVER BIRCH AND SYCA
MORE COMMONLY FOUND ALONG RIVERS AND STREAMS IN EAST
ERN .ORTH !MERICA MAY BE RECOGNIZED AS A TYPE WHEN
OCCURRING TOGETHER AS DOMINANTS IN mOODPLAIN OR BOT
TOMLAND FORESTS 2IVER BIRCH USUALLY HAS THE GREATER DEN
SITY OF STEMS BUT SYCAMORE MAY BE MORE CONSPICUOUS
BECAUSE OF ITS GENERALLY GREATER SIZE AND MANY STEM
SPROUTS &OWELLS   4HE TYPE IS OF MINOR IMPORTANCE
IN ITS CONTRIBUTION TO FOREST COVER EXCEPT IN RELATIVELY NAR
ROW BANDS OF ABOUT  M  FT ON FREQUENTLY mOODED
MOIST ALLUVIAL SOILS
!SSOCIATED TREE SPECIES MAY INCLUDE BLACK WILLOW AT
THE EDGE OF THE RIVER AND FARTHER BACK OTHER mOOD TOLER
ANT SPECIES SUCH AS SWEETGUM COTTONWOOD RED MAPLE
SILVER MAPLE BOXELDER HACKBERRY !MERICAN ELM SLIP
PERY ELM WALNUT AND BUTTERNUT -ESOPHYTIC SPECIES
SUCH AS SUGAR MAPLE YELLOW POPLAR WHITE OAK OVERCUP
OAK LOBLOLLY PINE AND 6IRGINIA PINE FROM ADJACENT TER
RACES AND UPLANDS MAY APPEAR IN THE COMMUNITY
'EOGRAPHIC DISTRIBUTION 4HE TYPE OCCURS SPORADI
CALLY WHERE THE RANGES OF THE TWO SPECIES OVERLAP
'ENERALLY THIS IS A REGION THAT EXTENDS FROM NORTHEASTERN
&LORIDA WEST TO EASTERN 4EXAS NORTH TO SOUTHERN )LLINOIS
EAST THROUGH SOUTHERN /HIO AND THEN NORTHEAST INTO PARTS
OF SOUTHERN .EW %NGLAND ,ITTLE   )N COMBINATION
WITH OTHER BOTTOMLAND TYPES RIVER BIRCH SYCAMORE OCCURS
PRIMARILY ALONG RIVERS AND STREAMS AND OCCASIONALLY ON
WET LAKE MARGINS 4HE TYPE HAS BEEN REPORTED AT AN EL
EVATION OF  M   FT IN THE SOUTHERN !PPALACHIAN
-OUNTAINS !LLEN 2 "ATESON  PERSONAL COMMUNI
CATION AND MAY OCCUR AS HIGH AS  M   FT 
%COLOGICAL RELATIONSHIPS 4HE POSITION OF THE TYPE AD
JACENT TO RIVERS AND STREAMS SUGGESTS THAT IT APPEARS EARLY
IN THE ESTABLISHMENT OF mOODPLAIN VEGETATION AND FOLLOWS
PIONEER SPECIES SUCH AS BLACK WILLOW (OWEVER EITHER
OR BOTH SPECIES MAY OCCUR IN THE ABSENCE OF A WILLOW

BORDER 7ISTENDAHL   3EEDLING ESTABLISHMENT AND
SURVIVAL ARE MORE CLOSELY ASSOCIATED WITH mOODING PAT
TERNS AND WITH THE ABSENCE OF COMPETITION FOR LIGHT FROM
OTHER BOTTOMLAND AND mOODPLAIN SPECIES THAN WITH A RIGID
SUCCESSIONAL SEQUENCE !LTHOUGH TOLERANT OF PERIODS OF
SOIL SATURATION BOTH SPECIES GROW BEST IN THE GENERALLY
MOIST BUT PERIODICALLY DRAINED SANDY ALLUVIUM OF NATURAL
LEVEES WHERE LITTER ACCUMULATION IS SPARSE AND THERE IS
DIRECT LIGHT
2IVER BIRCH MAY FORM ALMOST PURE STANDS ALONG
STREAMS mOODED BY ACIDIC WATER WHERE A CONSEQUENTIAL
INCREASE IN DISSOLVED ALUMINUM IS TOXIC TO ASSOCIATED
SPECIES BUT NOT TO RIVER BIRCH #RIBBEN AND 5NGAR  
4HE OCCURRENCE OF RIVER BIRCH AND SYCAMORE TOGETHER
IN NUMBERS SUFlCIENT TO BE RECOGNIZED AS A TYPE IS PROB
ABLY FORTUITOUS AND DEPENDENT ON SEED DISPERSAL AT A
TIME WHEN BARE SOIL DEPOSITED BY mOODS OR EXPOSED BY
EROSION IS AVAILABLE FOR SEEDLING ESTABLISHMENT &LOOD
ING KILLS MANY SEEDLINGS 2IVER BIRCH SEED GERMINATE IN
LARGE NUMBERS SOON AFTER DISPERSAL IN LATE SPRING OR EARLY
SUMMER WHEREAS SYCAMORE SEED ARE DISPERSED IN THE
FALL BUT GERMINATE THE FOLLOWING SPRING &OREST 3ERVICE
53$!   &LOODING SUBSEQUENT TO THESE TIMES
REDUCES SEEDLING DENSITY OF ONE OR THE OTHER OR BOTH SPE
CIES
6ARIANTS AND ASSOCIATED VEGETATION 4HE RELATIVE
PROPORTION OF EACH SPECIES IN A GIVEN STAND VARIES GREATLY
)N AREAS AFFECTED BY ACID MINE WATER DRAINAGE THE TYPE
MAY BE COMPOSED OF BUT SIX OR FEWER SPECIES OF TREES
WITH RIVER BIRCH COMPRISING  PERCENT OR MORE OF THE
STEM DENSITY %LSEWHERE A GREATER MIX OF SPECIES 
OR MORE MAY BE FOUND WITH RIVER BIRCH HAVING APPROXI
MATELY HALF OF THE TOTAL STEM DENSITY )N SUCH STANDS
THE DENSITY OF SYCAMORE STEMS IS GENERALLY LESS THAN 
PERCENT #RIBBEN AND 5NGAR  
,OCALLY WITHIN ANY STAND RIVER BANK GRAPE OR WINTER
GRAPE MAY BE ABUNDANT 0OISON IVY OCCURS ON DISTURBED
OPEN SITES &EW SHRUBS ARE PRESENT BUT SMALL TREES
SUCH AS COMMON HAZEL ALDER !MERICAN BLADDERNUT
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AND !MERICAN HORNBEAM MAY FORM A DENSE UNDERSTORY
(ERBACEOUS PLANTS ARE HIGHLY DIVERSE AND ARE ABUNDANT
SEASONALLY ESPECIALLY SPOTTED TOUCH ME NOT AND WOOD
NETTLE
7ARREN ! 7ISTENDAHL
/HIO 5NIVERSITY

3ILVER -APLEn!MERICAN %LM

$ElNITION AND COMPOSITION 3ILVER MAPLE AND !MER
ICAN ELM ARE THE MAJORITY SPECIES IN THIS TYPE ALTHOUGH
THE PROPORTION OF EITHER DEPENDS ON THE HISTORY OF THE
STAND -AJOR ASSOCIATES MAY INCLUDE SWEETGUM PIN OAK
SWAMP WHITE OAK EASTERN COTTONWOOD SYCAMORE GREEN
ASH AND OTHER MOIST SITE HARDWOODS ACCORDING TO THE
REGION
'EOGRAPHIC DISTRIBUTION 4HE TYPE IS COMMON
THROUGHOUT THE CENTRAL FOREST REGION OF THE 5NITED 3TATES
AND IN THE DECIDUOUS SOUTHERN PORTION OF THE 'REAT
,AKES 3T ,AWRENCE FOREST REGION OF #ANADA )T OCCURS
PRIMARILY ON WELL DRAINED MOIST SITES ALONG RIVER BOTTOMS
AND mOODPLAINS AND BESIDE LAKES AND LARGER STREAMS 4HIS
TYPE IS ONLY SPARINGLY REPRESENTED ALONG THE %AST #OAST
AND IS ABSENT AT THE HIGH ELEVATIONS IN THE !PPALACHIANS
)T IS MOST COMMON IN THE /HIO 7ABASH UPPER -ISSIS
SIPPI AND -ISSOURI RIVER VALLEYS OF THE 5NITED 3TATES AND
IN THE mOODPLAINS OF SOUTHERN /NTARIO
%COLOGICAL RELATIONSHIPS 3ILVER MAPLEn!MERICAN ELM
IS GENERALLY REGARDED AS A SUBCLIMAX TYPE IN THE PORTION
OF ITS RANGE IN THE 5NITED 3TATES FOLLOWING COTTONWOOD
AND WILLOW AND AS A CLIMAX TYPE IN THE PORTION OF ITS
RANGE IN SOUTHERN /NTARIO WHERE IT REGENERATES IN WIL
LOW AND RED OSIER DOGWOOD THICKETS 3MALL POCKETS MAY
SOMETIMES DEVELOP AS PIONEER SUCCESSION ON ABANDONED
AGRICULTURAL LANDS ON mOODPLAINS 4HE TYPE IS MORE COM
MON ON ORGANIC SOILS THAN ON MEDIUM TO lNE TEXTURED
MINERAL SOILS RARELY DOES IT OCCUR ON CLAYS AND GRAVELS
6ARIANTS AND ASSOCIATED VEGETATION ! VARIANT SILVER
MAPLEn!MERICAN ELMnPIN OAKnSWEET GUM IS FOUND IN
SLOUGHS AND WELL DRAINED BENCHES ALONG MAJOR STREAMS
IN SOUTHERN )LLINOIS AND SOUTHERN )NDIANA 4ELFORD  
)N SOUTHERN /NTARIO THE TYPE GENERALLY CONSISTS OF A
MIXTURE OF SILVER MAPLE !MERICAN ELM GREEN ASH AND
EASTERN COTTONWOOD IN VARYING PROPORTIONS (OWEVER IN
THE WASHBOARD SWAMPS WHERE HIGH AND LOW GROUND IS
INTERMINGLED THE TYPE OFTEN INCLUDES SUCH SPECIES AS RED
MAPLE BASSWOOD BLACK WALNUT BLACK CHERRY BLACK GUM
HACKBERRY AND BOXELDER 4HE UNDERSTORY MAY INCLUDE
WILLOW REDBERRY ELDER RED OSIER DOGWOOD AND GREEN
BRIAR 4HE GROUND COVER MAINLY CONSISTS OF WOOD NETTLE
JEWELWEED POISON IVY FERNS SEDGES CARDINAL mOWER
*OE PYE WEED SWAMP MILKWEED AND BONESET

2OBERT % 0HARES
53$! &OREST 3ERVICE
.ORTHEASTERN &OREST %XPERIMENT 3TATION
( #EDRIC ,ARSSON
/NTARIO -INISTRY OF .ATURAL 2ESOURCES

#OTTONWOOD

$ElNITION AND COMPOSITION #OTTONWOOD IS PURE OR
COMPRISES A MAJORITY OF THE STOCKING BUT IT IS ASSOCIATED
WITH OTHER BOTTOMLAND HARDWOODS %ASTERN PLAINS AND
SWAMP COTTONWOOD ARE INCLUDED UNDER THE TYPE NAME
4HE CHIEF ASSOCIATES IN THE YOUNGER STAGES ARE BLACK
AND SANDBAR WILLOW 3WEETGUM IS RARE 7HITE OR GREEN
ASH SILVER MAPLE AND !MERICAN ELM MAY OCCUR IN THE
NORTHERN EXTREMITIES OF THE TYPE AND PECAN SYCAMORE
AND SUGARBERRY IN THE SOUTHERN
'EOGRAPHIC DISTRIBUTION 4HE TYPE IS CHARACTERISTIC
OF THE FRONTS OR BANKS OF ALL MAJOR STREAMS IN THE CENTRAL
AND SOUTHERN FORESTS )T IS FOUND ALONG MAJOR STREAMS OF
THE 'REAT 0LAINS BUT PARTICULARLY WITHIN THE -ISSISSIPPI
/HIO AND -ISSOURI RIVER SYSTEMS !LONG THE %AST #OAST
COTTONWOOD AS A TYPE OCCURS ONLY IN SMALL GROUPS ALONG
RIVER AND STREAM BOTTOMS
%COLOGICAL RELATIONSHIPS #OTTONWOOD IS A TEMPORARY
PIONEER TYPE CAPABLE OF PHENOMENAL GROWTH !LONG WITH
THE WILLOWS IT ESTABLISHES ITSELF WHEREVER MOIST BARE SOIL
IS AVAILABLE ON NEWLY MADE SANDBARS FRONT LAND RIDGES
AND WELL DRAINED mATS AND OCCASIONALLY ON ABANDONED
lELDS ON WELL DRAINED RIDGES IN THE lRST BOTTOMS 7HERE
COTTONWOOD AND WILLOW OCCUR TOGETHER COTTONWOOD
OUTGROWS WILLOW AND EVENTUALLY BECOMES DOMINANT UN
LESS FREQUENT AND EXTENDED mOODING DURING THE GROWING
SEASON COVERS THE TREES AND ONLY WILLOW SURVIVES 3ITES
COMMONLY SILT IN DURING THE LIFE OF THE STAND WITH POS
SIBLE ELEVATION CHANGES AS GREAT AS  M  FT THOUGH
THE INCREMENT FROM ANY ONE mOOD MAY RANGE FROM ONLY
 CM  IN TO  TO  M  TO  FT  #OTTONWOODS
AND WILLOW ARE RELATIVELY SHORT LIVED AND CANNOT REGENER
ATE UNDER SHADE )NVADERS IN THE NEXT SUCCESSIONAL STAGE
ARE SYCAMORE PECAN SUGARBERRY HACKBERRY RIVER BIRCH
GREEN ASH !MERICAN ELM SILVER MAPLE RED MAPLE AND
BOXELDER !S SOILS BUILD UP AND WILLOWS AND COTTONWOODS
DROP OUT SUCCESSION IN THE CENTRAL FOREST USUALLY PASSES
TO THE SILVER MAPLEn!MERICAN ELM TYPE OR TO BOXELDER
AND IN THE SOUTHERN FOREST TO SYCAMOREnSWEETGUMn
!MERICAN ELM SUGARBERRYn!MERICAN ELMnGREEN ASH OR
BOXELDER 4HE COTTONWOOD TYPE MERGES WITH THE COTTON
WOODnWILLOW TYPE IN THE 'REAT 0LAINS AREA
6ARIANTS AND ASSOCIATED VEGETATION #OMMON UNDER
STORY TREE SPECIES ARE BOXELDER SUGARBERRY RED MAPLE
SILVER MAPLE !MERICAN ELM RED MULBERRY ROUGHLEAF
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DOGWOOD AND SWAMP PRIVET 5NDERGROWTH MAY CONSIST
OF STINGING NETTLE POKEWEED POISON IVY GREENBRIER
TRUMPET CREEPER PEPPERVINE DEWBERRY AND GRAPE (ERBS
MAY OR MAY NOT BE PRESENT DEPENDING ON HOW DENSE THE
OVERSTORY IS AND HOW LONG mOOD WATERS COVER THE GROUND
DURING THE GROWING SEASON
,EVEE SYSTEMS AND STREAM CHANNELIZATION HAVE
RESTRICTED THE AREA AVAILABLE FOR FORMATION OF THE COT
TONWOOD TYPE
2- +2).!2$
53$! &OREST 3ERVICE
3OUTHERN &OREST %XPERIMENT 3TATION

0IN /AKn3WEETGUM

$ElNITION AND COMPOSITION 0IN OAK AND SWEETGUM
FORM THE MAJORITY OF TREES IN THE OVERSTORY ALTHOUGH
THE PROPORTION OF EACH VARIES ACCORDING TO GEOGRAPHIC
LOCATION AND EDAPHIC FACTORS !SSOCIATES MAY INCLUDE
RED MAPLE !MERICAN ELM BLACKGUM SWAMP WHITE OAK
WILLOW OAK OVERCUP OAK BUR OAK GREEN ASH .UTTALL
OAK SWAMP CHESTNUT OAK WHITE OAK AND SHELLBARK AND
SHAGBARK HICKORIES
'EOGRAPHIC DISTRIBUTION 4HIS FOREST COVER TYPE OC
CURS IN THE /HIO 2IVER 6ALLEY AND TRIBUTARIES FROM 7EST
6IRGINIA THROUGH SOUTHWESTERN /HIO SOUTHERN )NDIANA
SOUTHERN )LLINOIS +ENTUCKY EXCEPT THE EASTERN MOUN
TAINS AND IN THE WESTERN TWO THIRDS OF 4ENNESSEE )T
EXTENDS SOUTHWARD IN THE CENTRAL -ISSISSIPPI 2IVER 6AL
LEY FROM SOUTHEASTERN -ISSOURI TO CENTRAL !RKANSAS AND
WESTERN 4ENNESSEE AND THROUGH CENTRAL !RKANSAS IN THE
!RKANSAS 2IVER 6ALLEY 4ELFORD  #HAPMAN  
%COLOGICAL RELATIONSHIPS )N BROADER STREAM VAL
LEYS THE TYPE OCCURS ON CLAY mATS AND IN DEPRESSIONS
WHERE SHALLOW WATER ACCUMULATES DURING THE WINTER
AND ON CLAY RIDGES OF lRST BOTTOMS 0UTNAM AND "ULL
 "RAUN   +ILKUS   4HE TYPE IS RARE
HOWEVER ON THE MOST POORLY DRAINED SITES AND DOES NOT
OCCUR WHERE INUNDATION IS PERMANENT )T ALSO OCCURS IN
OLD lELDS ON POORLY DRAINED IMPERVIOUS WET UPLANDS
OF THE )LLINOIAN TILL PLAIN BUT PURE PIN OAK STANDS MUCH
MORE COMMONLY OCCUPY THESE SITES WHICH COMPRISE THE
hPIN OAK mATSv
4HE PIN OAKnSWEETGUM TYPE IS AN EARLY SUCCESSIONAL
STAGE IN THE REGROWTH OF BOTTOMLAND FORESTS ALTHOUGH IT
WAS COMMON IN THE ORIGINAL FORESTS AND MAY PERSIST FOR
PROLONGED PERIODS ON POORLY DRAINED SITES "RAUN  
7HERE DRAINAGE IS BETTER SWEETGUM WILL REMAIN AS A
COMPONENT OF LATER SUCCESSIONAL PHASES WHEREAS PIN OAK
IS THE lRST TO DISAPPEAR WITH FURTHER SUCCESSIONAL DEVEL
OPMENT )N SOUTHWESTERN /HIO WHERE SWEETGUM AND RED
MAPLE ARE ABUNDANT IN THE INITIAL REGROWTH PHASE BEECH
FOLLOWS IN THE INTERMEDIATE PHASE WHERE PIN OAK IS MORE



ABUNDANT IN THE INITIAL PHASE WHITE OAK FOLLOWS "RAUN
  3IMILAR PATTERNS PROBABLY DO NOT DEVELOP IN THE
WESTERN AND SOUTHERN PORTIONS OF THE RANGE OF THIS TYPE
6ARIANTS AND ASSOCIATED VEGETATION 4HE PROPORTION
OF SWEETGUM TO PIN OAK INCREASES FROM NORTH TO SOUTH
AND FROM WETTER SITES TO DRIER AND NEARLY PURE STANDS OF
EACH SPECIES MAY OCCUR ACCORDINGLY )N CENTRAL !RKANSAS
THIS TYPE MAY GRADE INTO SWEETGUMnWILLOW OAK AS THE
SOUTHERN RANGE LIMIT OF PIN OAK IS REACHED )N THE NORTH
VARIANTS INCLUDE WHITE OAKnPIN OAKnSWEETGUM AN INTER
MEDIATE SUCCESSIONAL STAGE PIN OAKn!MERICAN ELM PIN
OAKnRED MAPLE RED MAPLEn!MERICAN ELMnSWEETGUM
AND PURE PIN OAK )N THE LOWER /HIO AND CENTRAL -IS
SISSIPPI VALLEYS PURE PIN OAK STANDS ARE MORE ABUNDANT
THAN MIXED PIN OAKS AND SWEETGUM ,3 -INCKLER 
PERSONAL COMMUNICATION  3HRUBS AND SMALL TREES IF
PRESENT MAY INCLUDE BLUE BEECH !MERICAN HORNBEAM
DECIDUOUS HOLLY POSSUMHAW POISON IVY AND TRUMPET
CREEPER 4HE HERBACEOUS STRATUM IS WELL DEVELOPED ONLY
IN MORE OPEN STANDS AND INCLUDES NUMEROUS SEDGES AND
GRASSES "RAUN  6OIGT AND -OHLENBROCK  
'%/2'% 4 7%!6%2
3OUTHERN )LLINOIS 5NIVERSITY

7ILLOW /AKn7ATER /AKn$IAMONDLEAF ,AUREL /AK

$ElNITION AND COMPOSITION 4HE THREE SPECIES
TOGETHER COMPRISE A MAJORITY OF THE STOCKING BUT THE PRO
PORTION OF EACH MAY VARY WIDELY DEPENDING ON SITE AND
LOCATION 4HE ASSOCIATED TREE SPECIES MAY INCLUDE .UTTALL
OAK RED MAPLE GREEN ASH SWEETGUM SWAMP HICKORY
HONEYLOCUST AND ON THE WETTER SITES WATER HICKORY
WATERLOCUST AND OVERCUP OAK /N BETTER DRAINED AREAS
SPRUCE PINE LOBLOLLY PINE SWAMP CHESTNUT OAK AND CHER
RYBARK OAK MAY BE FOUND IN THE ASSOCIATION
)N HIS CHECKLIST ,ITTLE  DOES NOT RECOGNIZE A
DIFFERENCE BETWEEN DIAMONDLEAF OAK AND LAUREL OAK
BUT IN THE PAST DIAMONDLEAF HAS BEEN GIVEN THE STATUS OF
BOTH A VARIETY AND A SEPARATE SPECIES 1 OBTUSATA !SHE
3ARGENT   4HOSE WHO FAVOR SEPARATE SPECIES STATUS
POINT OUT THAT THERE ARE NOT ONLY RECOGNIZABLE ANATOMI
CAL DIFFERENCES BUT ALSO VAST DIFFERENCES IN SITE PREFER
ENCE 3PECIMENS lRST RECOGNIZED AS 1 LAURIFOLIA OCCUR
ON DEEP WELL DRAINED SOILS SUCH AS THE SANDY BANKS OF
STREAMS WHEREAS DIAMONDLEAF OAK OCCURS ON POORLY
DRAINED mAT SITES
'EOGRAPHIC DISTRIBUTION 4HE TYPE IS FOUND IN THE
#OASTAL 0LAIN FROM SOUTHEASTERN 6IRGINIA TO WESTERN
&LORIDA AND THROUGH THE 'ULF 3TATES INTO THE PINE REGION
OF EASTERN 4EXAS )T ALSO EXTENDS INTO SOUTHEASTERN /KLA
HOMA AND SOUTHERN !RKANSAS 4HE TYPE IS MOST ABUNDANT
IN ,OUISIANA SOUTHERN -ISSISSIPPI AND SOUTH CENTRAL
!LABAMA
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%COLOGICAL RELATIONSHIPS 4HE TYPE IS MOST COMMON
ON ALLUVIAL mOODPLAINS )T OCCUPIES RELATIVELY POORLY
DRAINED mAT SITES 7HERE DRAINAGE IS UNUSUALLY POOR
DIAMONDLEAF OAK MAKES UP MOST OF THE STAND SOMETIMES
FORMING ALMOST PURE STANDS !S ELEVATION INCREASES AND
DRAINAGE IMPROVES THE WILLOW AND WATER OAK COMPONENT
INCREASES /F THE TWO WATER OAK USUALLY OCCUPIES THE
SOMEWHAT BETTER DRAINED AREAS 4OPOGRAPHICALLY THE TYPE
IS USUALLY LOCATED BETWEEN THE SWAMP CHESTNUT OAKn
CHERRYBARK OAK TYPE ON THE BETTER DRAINED SITES AND THE
OVERCUP OAKnWATER HICKORY TYPE ON THE POORER DRAINED
SITES 4HE TYPE MAY ALSO OCCUR ON TERRACE mATS AND
POORLY DRAINED mATWOODS SITES AND IS OFTEN REFERRED TO AS
hOAK GLADESv OR hPIN OAK mATSv )T PROBABLY REPRESENTS A
TOPOGRAPHICEDAPHIC CLIMAX BUT WHEN IT IS HEAVILY CUT
SPECIES SUCH AS SUGARBERRY GREEN ASH !MERICAN ELM
AND RED MAPLE MAY CAPTURE THE SITE AT LEAST TEMPORARILY
6ARIANTS AND ASSOCIATED VEGETATION )N THE -ISSISSIPPI
2IVER DRAINAGE ESPECIALLY NORTH OF 6ICKSBURG THE TYPE
IS REPLACED BY SWEETGUMn.UTTALL OAKnWILLOW OAK WHICH
OCCUPIES SITES SIMILAR TO THOSE OF 4YPE  IN OTHER DRAIN
AGES )N AREAS ELSEWHERE THAN THE $ELTA OF THE -ISSIS
SIPPI DIAMONDLEAF MAY GRADUALLY BE REPLACED BY .UTTALL
OAK AS THE NORTHERN RANGE OF THE TYPE IS APPROACHED
3OME COMMON UNDERSTORY COMPONENTS ARE POISON IVY
GRAPE !LABAMA SUPPLEJACK RATTAN AND GREENBRIERS
&2!.+ 7 3(2/03()2%
53$! &OREST 3ERVICE
3OUTHEASTERN !REA 3TATE AND 0RIVATE &ORESTRY

,IVE /AK

$ElNITION AND COMPOSITION ,IVE OAK TYPICALLY COM
PRISES A MAJORITY OF THE STOCKING AND ON COASTAL RIDGES
IT MAY BE PURE #OMMON ASSOCIATES ARE WATER OAK AND
SOUTHERN MAGNOLIA /N SITES LESS WELL DRAINED SUGARBER
RY !MERICAN ELM AND GREEN ASH ACCOMPANY LIVE OAK
'EOGRAPHIC DISTRIBUTION 4HE LIVE OAK TYPE OCCURS
IN SOUTHERN ,OUISIANA AND SOUTHWESTERN -ISSISSIPPI
ON NATURAL LEVEES OR hFRONTLANDSv AND ON ISLANDS WITHIN
MARSHES AND SWAMPS
%COLOGICAL RELATIONSHIPS %LEVATION OF THE FRONTLANDS
WHERE LIVE OAK IS PRESENT HAS BEEN DETERMINED BY THE
mOOD HEIGHT OF THE RIVER THAT DEPOSITED THE SILT 7IDTH
OF A LIVE OAK FOREST BELT VARIES AT A MINIMUM IT MAY BE
ONLY  M A FEW HUNDRED FEET WIDE OR EVEN LESS AND
AT A MAXIMUM USUALLY UNDER  KM LESS THAN A MILE 
)N MANY PLACES THE BELT BECOMES NARROWER WITH TIME AS
THE LAND SUBSIDES AND MAN MADE LEVEES PREVENT FURTHER
mOODING AND SILTING

4HE SILT SOILS THAT SUPPORT LIVE OAK FORESTS REPRESENT
SOME OF THE BEST AGRICULTURAL LAND IN THE REGION AND
MUCH HAS BEEN CLEARED FOR THAT PURPOSE .ONETHELESS
THERE ARE ABANDONED lELDS IN THE .EW /RLEANS AREA THAT
HAVE REGROWN TO FORESTS NOW ABOUT  YEARS OLD "ONCK
AND 0ENFOUND  0ENFOUND AND (OWARD   4HE
SEQUENCE IS AS FOLLOWS ANNUAL AND PERENNIAL WEEDS OC
CUPY THE lELDS FOR ABOUT lVE YEARS AFTER WHICH SHRUBS
ESPECIALLY SOUTHERN BAYBERRY WAXMYRTLE AND ROUGHLEAF
DOGWOOD BEGIN TO TAKE OVER "Y  YEARS THE SHRUB
COMMUNITY APPROXIMATES A YOUNG FOREST BUT LIVE OAK
SEEDLINGS BEGIN TO APPEAR AND SEEM DESTINED TO GROW INTO
A TYPICAL LIVE OAK FOREST IN ANOTHER  YEARS
,IVE OAK GROWS ON UPLANDS BUT NOT AS A MAJORITY SPE
CIES 3EVERAL SALT DOMES THAT RISE  TO  M  TO 
FT ABOVE MARSHES IN SOUTHWESTERN ,OUISIANA HAVE GOOD
SOIL AND A CLIMATE COMPARABLE TO THAT WHERE LIVE OAK
FORESTS GROW (OWEVER THE DOMES SUPPORT A MIXED AN
GIOSPERM FOREST WITH LIVE OAK IN MIXTURE WITH SOUTHERN
MAGNOLIA WHITE BASSWOOD AND !MERICAN BEECH ,IVE
OAK HERE IS IN THE MAJORITY ONLY WHERE PLANTED
6ARIANTS AND ASSOCIATED VEGETATION 6ARIATION IN TREE
COMPOSITION IS DUE TO DIFFERENCES IN DRAINAGE THAT RESULT
FROM AN ELEVATION CHANGE OF ONLY ABOUT  M A VERY FEW
FEET  3HRUBS IN THE LIVE OAK FOREST USUALLY INCLUDE DWARF
PALMETTO YAUPON !MERICAN ELDER VINES ARE !LABAMA
SUPPLEJACK GRAPE POISON IVY AND 6IRGINIA CREEPER AND
HERBS ARE OAK FOREST GRASS AND 4RADESCANTIA SPIDERWORT 
7),,)3 ! %'',%2
7ARREN 7ILSON #OLLEGE

3WAMP #HESTNUT /AKn#HERRYBARK /AK

$ElNITION AND COMPOSITION 3WAMP CHESTNUT OAK
AND CHERRYBARK OAK TOGETHER USUALLY CONSTITUTE A MA
JORITY OF THE STOCKING BUT WHEN MANY SPECIES ARE IN
MIXTURE THEY MAY COMPRISE ONLY A PLURALITY 0ROMINENT
HARDWOOD ASSOCIATES ARE THE ASHES GREEN AND WHITE
AND THE HICKORIES SHAGBARK SHELLBARK MOCKERNUT AND
BITTERNUT AS WELL AS WHITE OAK $ELTA POST OAK 3HUMARD
OAK AND BLACKGUM 3WEETGUM MAY OCCASIONALLY BE OF
HIGH IMPORTANCE ON lRST BOTTOM RIDGES -INOR ASSOCIATES
INCLUDE WILLOW OAK WATER OAK SOUTHERN RED OAK POST
OAK !MERICAN ELM WINGED ELM WATER HICKORY SOUTH
ERN MAGNOLIA YELLOW POPLAR BEECH AND OCCASIONALLY
LOBLOLLY AND SPRUCE PINES
'EOGRAPHIC $ISTRIBUTION 3MALL AREAS OF THE TYPE ARE
SCATTERED OVER A LARGE PART OF THE 3OUTH WITHIN THE mOOD
PLAINS OF THE MAJOR RIVERS EXCEPT THAT OF THE -ISSISSIPPI
WHERE THE TYPE IS RARE
%COLOGICAL RELATIONSHIPS 4HE TYPE OCCURS ON THE
HIGHEST lRST BOTTOM RIDGES IN THE TERRACES ON THE BEST
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MOST MATURE lNE SANDY LOAM SOILS AND ALSO ON lRST BOT
TOM RIDGES ON A FEW WELL DRAINED SOILS OTHER THAN SANDY
LOAM 4HE SITE IS SELDOM COVERED WITH STANDING WATER
AND RARELY IF EVER OVERmOWS THOUGH IT MAY BE HUM
MOCKY AND WET BETWEEN HUMMOCKS 3WAMP CHESTNUT
OAKnCHERRYBARK OAK SUCCEEDS SYCAMOREnSWEETGUMn
!MERICAN ELM ON THE RIDGES IN THE TERRACES 4YPICALLY IT
IS CLIMAX ON OLDER ALLUVIUM 0UTNAM ET AL   3ITE
INDEXES AT  YEARS RANGE FROM  TO  FOR SWAMP
CHESTNUT OAK AND FROM  TO  FOR CHERRYBARK OAK
"ROADFOOT  
6ARIANTS AND ASSOCIATED VEGETATION 4HE TYPE MOST
COMMONLY OCCURS ADJACENT TO THE SYCAMOREnSWEETGUMn
!MERICAN ELM TYPE AND TO BEECHnSOUTHERN MAGNOLIA
STANDS FORMERLY RECOGNIZED AS TYPE .O   !MONG THE
SUBORDINATE TEES AND UNDERGROWTH ARE PAINTED BUCKEYE
PAWPAW !MERICAN HORNBEAM mOWERING DOGWOOD
DWARF PALMETTO #OASTAL 0LAIN WILLOW !MERICAN SNOW
BELL SOUTHERN ARROWWOOD POSSUMHAW DEVILS WALKING
STICK EASTERN REDBUD AND !MERICAN HOLLY
&2!.+ 7 3(2/03()2%
53$! &OREST 3ERVICE
3OUTHEASTERN !REA 3TATE AND 0RIVATE &ORESTRY

-AJOR REASONS ARE THE OAKS INSUFlCIENT ACORN CROPS
POOR SEEDLING ESTABLISHMENT AND VERY SLOW EARLY GROWTH
6ARIANTS AND ASSOCIATED VEGETATION 4HE TYPE
BECOMES PREDOMINANTLY SWEETGUM ON WELL DRAINED lRST
BOTTOM RIDGES AND PERVIOUS SILTY CLAYS ON TERRACE mATS )T
IS PREDOMINANTLY WILLOW OAK COMBINED WITH WATER OAK
ON CLAY SOILS ON lRST BOTTOM RIDGES AND BETTER DRAINED
mATS AND ON POORLY DRAINED TERRACE mATS .UTTALL OAK
DOMINATES ON WELL DRAINED lRST BOTTOM mATS 7ILLOW
OAK PREVAILS ON lRST BOTTOM RIDGES AND POORLY DRAINED
TERRACE mATS .EAR THE 'ULF #OAST LAUREL OAK DOMINATES
! CEDAR ELMnWATER OAKnWILLOW OAK VARIANT OCCURS ON
POORLY DRAINED IMPERVIOUS SOILS ON LOW INDISTINCT OR
mATTENED lRST BOTTOM RIDGES THIS VARIANT IS ALSO OF MINOR
IMPORTANCE ON CERTAIN IMPERVIOUS TERRACE SITES AMOUNT
ING TO HIGH SHALLOW mATS
5NDERSTORY SPECIES ARE SUGARBERRY GREEN ASH OAKS
RED MAPLE AND RED MULBERRY 5NDERGROWTH INCLUDES
GREENBRIER DWARF PALMETTO AND SEVERAL VINESREDVINE
PEPPERVINE TRUMPET CREEPER AND POISON IVY
2, */(.3/.
53$! &OREST 3ERVICE
3OUTHERN &OREST %XPERIMENT 3TATION

3WEETGUMn7ILLOW /AK


3UGARBERRYn!MERICAN %LMn'REEN !SH


$ElNITION AND COMPOSITION 3WEETGUM AND WILLOW
OAK COMPRISE A PLURALITY OF THE STOCKING WITH SWEETGUM
ESSENTIALLY THE KEY SPECIES 7ILLOW OAK MAY BE SUPER
SEDED BY WATER OAK IN THE SOUTHERNMOST RANGE OF THE
TYPE 3UGARBERRY GREEN ASH !MERICAN ELM AND .UTTALL
OAK ARE MAJOR ASSOCIATES ESPECIALLY ON SLIGHTLY LOWER
ELEVATIONS -INOR ASSOCIATES ARE OVERCUP OAK WATER
HICKORY CEDAR ELM EASTERN COTTONWOOD LAUREL OAK RED
MAPLE HONEYLOCUST PERSIMMON AND RARELY BALDCY
PRESS 4HE TYPE WAS FORMERLY NAMED SWEETGUMn.UTTALL
OAKnWILLOW OAK 3!&  
'EOGRAPHIC DISTRIBUTION 4HE TYPE IS WIDESPREAD
IN THE ALLUVIAL mOODPLAINS OF MAJOR RIVERS IN !RKANSAS
,OUISIANA -ISSISSIPPI !LABAMA EASTERN -ISSOURI AND
EASTERN 4EXAS -OST EXTENSIVE STANDS ARE IN THE -ISSIS
SIPPI 2IVER DELTA
%COLOGICAL RELATIONSHIPS 4HE TYPE PERPETUATES ITSELF
ON lRST BOTTOM RIDGES AND TERRACE mATS EXCEPT IN DEEP
SLOUGHS SWAMPS AND THE LOWEST mATS 5SUALLY IT IS
INTERSPERSED WITH THE SUGARBERRYn!MERICAN ELMnGREEN
ASH TYPE AND THE OVERCUP OAKnWATER HICKORY TYPE %LSE
WHERE HEAVY CUTTING USUALLY INCREASES THE SWEETGUM
COMPONENT BECAUSE OF THAT SPECIES SPROUTING CHARACTERI
STICS 4HE SPROUTS GROW RAPIDLY EARLY AND CONTINUE GROW
ING WELL ON SITES WHERE THIS TYPE OCCURS /N TRANSITIONAL
SITES THE SWEETGUMnWILLOW OAK TYPE IS USUALLY SUPER
SEDED BY THE SUGARBERRYn!MERICAN ELMnGREEN ASH TYPE

$ElNITION AND COMPOSITION 4HE TYPE SPECIES SUGAR
BERRY !MERICAN ELM AND GREEN ASH TOGETHER CONSTITUTE A
PLURALITY OF THE STOCKING (ACKBERRY REPLACES SUGARBERRY
IN THE NORTHERN PART OF THE RANGE -AJOR ASSOCIATES IN
CLUDE WATER HICKORY .UTTALL WILLOW WATER AND OVERCUP
OAKS SWEETGUM AND BOXELDER /THER ASSOCIATED SPECIES
ARE CEDAR AND WINGED ELM BLACKGUM PERSIMMON HON
EYLOCUST WATERLOCUST RED AND SILVER MAPLE !MERICAN
SYCAMORE AND EASTERN COTTONWOOD
'EOGRAPHIC DISTRIBUTION 4HE TYPE IS FOUND THROUGH
OUT THE SOUTHERN FORESTS FROM EAST 4EXAS TO THE !TLANTIC
FROM THE 'ULF #OAST TO SOUTHERN )LLINOIS )T IS FOUND
WITHIN THE mOODPLAINS OF THE MAJOR RIVERS
%COLOGICAL RELATIONSHIPS 4HE TYPE IS USUALLY LOCATED
IN TRANSITIONAL AREAS BETWEEN THE SWEETGUMnWILLOW OAK
TYPE WHICH OCCUPIES HIGHER ELEVATIONS AND THE OVER
CUP OAKnWATER HICKORY TYPE WHICH OCCURS AT THE LOWER
ELEVATIONS LT OCCUPIES LOW RIDGES mAT AND SLOUGHS IN
lRST BOTTOMS TERRACE mATS AND SLOUGHS AND OCCASIONALLY
NEW LANDS OR FRONTS 2ARELY DOES IT OCCUR ON MALTREATED
TERRACE RIDGES )T MAY BE FOUND ON CLAY OR SILT LOAM SOILS
AND IT TENDS TO BE LONG TERM IN THE SUCCESSIONAL SCALE
4HE TYPE SPECIES ARE ALL SHADE TOLERANT WHEN SMALL AND
REPRODUCE READILY !LL THREE BUT ESPECIALLY GREEN ASH
SPROUT PROLIlCALLY
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6ARIANTS AND ASSOCIATED VEGETATION /CCASIONAL SMALL
STANDS OF PURE GREEN ASH MAY OCCUR ALMOST ANYWHERE
WITHIN THE TYPE BUT MOST NOTABLY ON MOIST mATS OR IN
SHALLOW SLOUGHS 3TANDS COMPOSED PREDOMINANTLY OF
SUGARBERRY OCCUR ON NEW LAND OR FRONT SITES
4HE UNDERSTORY COMMONLY INCLUDES SUGARBERRY ASH
ELM WATER HICKORY .UTTALL OAK OVERCUP OAK RED MAPLE
ROUGHLEAF DOGWOOD HAWTHORN POSSUMHAW AND RED
MULBERRY 5NDERGROWTH INCLUDES SEVERAL VINESTRUM
PET CREEPER PEPPERVINE REDVINE RATTAN !LABAMA SUP
PLEJACK #AROLINA MOONSEED 6IRGINIA CREEPER GRAPE
AND POISON IVY (ERBACEOUS PLANTS INCLUDE BEDSTRAW
VIOLET WILD CARROT WILD LETTUCE AMSONIA MINT LEGUMES
SEDGE SMARTWEED AND FALSE INDIGO 7HEN OPENINGS ARE
CREATED IN THE STANDS A HEAVY GROWTH OF ANNUAL GRASSES
AND COCKLEBUR MAY OCCUR
2 , */(.3/.
53$! &OREST 3ERVICE
3OUTHERN &OREST %XPERIMENT 3TATION

3YCAMOREn3WEETGUMn!MERICAN %LM

$ElNITION AND COMPOSITION !MERICAN SYCAMORE
SWEETGUM AND !MERICAN ELM TOGETHER COMPRISE A
PLURALITY OF THE STOCKING BUT COMPOSITION VARIES WIDELY
FROM MIXED STANDS TO NEARLY PURE STANDS OF ONE OF THE
TYPE SPECIES 4HE TYPE INCLUDES THE RIVER FRONT SPE
CIES SITE TYPE DESCRIBED BY 0UTNAM ET AL  WHICH
OCCURS ON THE BANKS OR FRONT LAND OF MAJOR RIVERS IN THE
SOUTHERN FOREST 4HE MOST COMMON ASSOCIATED SPECIES
ARE GREEN ASH SUGARBERRY AND HACKBERRY IN THE NORTHERN
-ISSISSIPPI 2IVER 6ALLEY BOXELDER SILVER MAPLE COT
TONWOOD BLACK WILLOW WATER OAK AND PECAN 4HIS TYPE
WAS FORMERLY DESIGNATED SYCAMOREnPECANn!MERICAN
ELM 3!&  
'EOGRAPHIC DISTRIBUTION 3YCAMOREnSWEETGUMn
!MERICAN ELM OCCURS AS SCATTERED STANDS THROUGHOUT THE
SOUTHERN FOREST REGION EXCLUSIVE OF &LORIDA  4HIS AREA
INCLUDES THE SOUTHEASTERN #OASTAL 0LAIN $ELAWARE TO
'EORGIA THE 'ULF #OASTAL 0LAIN !LABAMA TO 4EXAS AND
NORTH TO SOUTHERN !RKANSAS AND SOUTHEASTERN /KLAHOMA
AND THE -ISSISSIPPI 2IVER mOODPLAIN ,OUISIANA TO SOUTH
ERN -ISSOURI  4HE TYPE IS ALSO PRESENT IN THE LOWER /HIO
2IVER 6ALLEY AND ITS LOWER TRIBUTARIES AND IN THE 0IED
MONT AND #UMBERLAND PLATEAUS AND ADJACENT AREAS
%COLOGICAL RELATIONSHIPS 4HE TYPE OCCUPIES RIVER
FRONTS IN THE lRST BOTTOMS OF MAJOR RIVERS THE BANKS
OF SMALLER RIVERS AND LARGE CREEKS THAT mOOD AND OC
CASIONALLY BRANCH HEADS AND COVES OF SMALL CREEKS
3LIGHTLY ELEVATED SITES WITH SOMEWHAT POORLY DRAINED TO
WELL DRAINED SILTY SOILS OF ALLUVIAL ORIGIN CHARACTERIZE THE
RIVER FRONTS "ROADFOOT   )N SMALL CREEK BOTTOMS THE
TYPE OCCURS ON NONALLUVIAL SOILS THAT ARE USUALLY COARSER
TEXTURED 4HE SOILS OF BOTH KINDS OF SITES TYPICALLY ARE

RICH WITH MODERATELY GOOD DRAINAGE AND HAVE ADEQUATE
MOISTURE THROUGHOUT THE GROWING SEASON 3ITE INDEXES AT
 YEARS RANGE FROM  TO  FOR SYCAMORE AND  TO
 FOR SWEETGUM "ROADFOOT  
4HE TYPE SUCCEEDS THE COTTONWOOD TYPE ON RIVER FRONT
SITES BUT MAY PIONEER ON HEAVILY CUT OVER SITES OR OLD
lELDS IN EITHER RIVER BOTTOMS OR SMALL CREEK BOTTOMS
7HERE REPEATED DISTURBANCES SUCH AS mOODS OCCUR
THE TYPE MAY REPRESENT A PERSISTENT SUBCLIMAX BUT THE
CLIMAX ON THESE SITES WILL BE SWAMP CHESTNUT OAKnCHER
RYBARK OAK OR SWEETGUMnWILLOW OAK
6ARIANTS AND ASSOCIATED VEGETATION 3YCAMOREnPE
CANn!MERICAN ELM VARIANT IS FOUND ON RIVER FRONTS IN THE
-ISSISSIPPI 2IVER 6ALLEY /N WETTER SITES WITH HEAVIER
SOILS IN ALLUVIAL BOTTOMS OF RIVERS THE TYPE BECOMES TRAN
SITIONAL WITH SWEETGUMnWILLOW OAK /N BRANCH HEADS
AND COVES OF SMALL CREEKS IN THE UPLANDS THE TYPE INTER
GRADES WITH SWEETGUMnYELLOW POPLAR 4HE COMPANION
TYPES IN THE CENTRAL FOREST REGION ARE RIVER BIRCHnSYCA
MORE AND SILVER MAPLEn!MERICAN ELM
3OME COMMON UNDERSTORY COMPONENTS OF THE TYPE
INCLUDE PAWPAW GIANT CANE AND POKEWEED -C+
NIGHT   6INES OFTEN PRESENT ARE POISON IVY GRAPE
!LABAMA SUPPLEJACK RATTAN GREENBRIERS AND *APANESE
HONEYSUCKLE 7OOD NETTLE IS SOMETIMES PRESENT IN MOIST
COVES AND BOTTOMS
3  "  ,!.$
-ISSISSIPPI 3TATE 5NIVERSITY

"LACK 7ILLOW

$ElNITION AND COMPOSITION "LACK WILLOW AND OTHER
SPECIES OF 3ALIX TOGETHER COMPRISE A MAJORITY OF THE
STOCKING #OTTONWOOD IS THE CHIEF ASSOCIATE PARTICULARLY
IN THE EARLY STAGES BUT GREEN ASH SYCAMORE PECAN
PERSIMMON WATERLOCUST !MERICAN ELM BALDCYPRESS
RED MAPLE SUGARBERRY BOXELDER AND IN SOME AREAS
SILVER MAPLE ARE INVADERS PRECEDING THE NEXT SUCCESSIONAL
STAGE
'EOGRAPHIC DISTRIBUTION 4HE TYPE IS CHARACTERISTIC
OF THE FRONTS AND BANKS OF MOST MAJOR STREAMS THROUGH
THE CENTRAL AND SOUTHERN FORESTS BUT EXTENDS ALSO INTO THE
NORTHERN FOREST !LONG THE %AST #OAST THE BLACK WILLOW
TYPE HAS ONLY MINOR DISTRIBUTION AND THEN GENERALLY IN
SWAMPS RATHER THAN IN RIVER BOTTOMS
%COLOGICAL RELATIONSHIPS "LACK WILLOW IS A TEM
PORARY PIONEER TYPE OF VERY RAPID GROWTH !LONG WITH
COTTONWOOD IT IS THE lRST TO APPEAR ON NEWLY FORMED
SANDBARS AND RIVER MARGINS ALMOST TO THE EXCLUSION OF
OTHER SPECIES )T IS ALSO FREQUENTLY FOUND IN FRONT LAND
SLOUGHS AND LOW mATS AND OCCASIONALLY IN SHALLOW
SWAMPS AND DEEP SLOUGHS THROUGHOUT THE lRST BOTTOM
7HERE WILLOW AND COTTONWOOD OCCUR TOGETHER COT
TONWOOD OUTGROWS WILLOW AND BECOMES DOMINANT EXCEPT
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WHERE FREQUENT AND EXTENDED GROWING SEASON mOODING
COVERS THE TREES AND KILLS THE COTTONWOOD 3ITES MAY SILT
IN  M  FT DURING THE LIFE OF THE STAND AND ANY ONE
mOOD MAY INCREASE THE ELEVATION FROM  CM  IN TO
 M  FT 
"LACK WILLOW IS RELATIVELY SHORT LIVED AND CANNOT
REGENERATE UNDER SHADE !S THE SOILS BUILD UP AND THE
WILLOW AND COTTONWOODS DROP OUT THE TYPE IS USUALLY
REPLACED IN THE CENTRAL FOREST BY THE SILVER MAPLEn!MERI
CAN ELM TYPE AND BY BOXELDER AND IN THE SOUTHERN FOREST
BY THE SYCAMOREnSWEETGUMn!MERICAN ELM TYPE AND BY
BOXELDER AND ON THE LOWER SITES BY SWAMP PRIVET 4HE
TYPE MERGES WITH THE COTTONWOODnWILLOW TYPE IN THE
PRAIRIE PLAINS AREA
6ARIANTS AND ASSOCIATED VEGETATION #OMMON UNDER
STORY TREE SPECIES ARE BOXELDER RED MAPLE RED MULBERRY
SWAMP PRIVET AND PLANER TREE WATERELM  5NDERGROWTH
MAY CONSIST OF BUTTONBUSH POSSUMHAW POISON IVY
TRUMPET CREEPER REDVINE AND PEPPERVINE (ERBS MAY
OR MAY NOT BE PRESENT DEPENDING ON LENGTH OF GROWING
SEASON OVERmOW AND DENSITY OF OVERSTORY
,EVEE SYSTEMS AND STREAM CHANNELIZATIONS HAVE RE
STRICTED THE AREA AVAILABLE FOR FORMATION OF THIS TYPE
2  -  +2).!2$
53$! &OREST 3ERVICE
3OUTHERN &OREST %XPERIMENT 3TATION

/VERCUP /AKn7ATER (ICKORY

$ElNITION AND COMPOSITION /VERCUP OAK AND WATER
HICKORY TOGETHER MAKE UP A MAJORITY OF THE STOCKING
-AJOR ASSOCIATES ARE GREEN ASH SUGARBERRY !MERICAN
ELM WATERLOCUST RED MAPLE AND .UTTALL OAK 7ILLOW
OAK PERSIMMON AND CEDAR ELM ARE MINOR ASSOCIATES
'EOGRAPHIC DISTRIBUTION 4HE TYPE OCCURS IN THE
mOODPLAIN FORESTS OF THE 'ULF AND SOUTH !TLANTIC STATES
AND ALSO IN 4ENNESSEE AND SOUTHERN )LLINOIS 4HE MOST
EXTENSIVE AREAS OCCUPIED ARE BACKWATER BASINS OF THE
PRINCIPAL RIVERS
%COLOGICAL RELATIONSHIPS 4HE TYPE USUALLY OCCURS IN
AREAS WHERE WATER STANDS INTO THE GROWING SEASONnLOW
LYING POORLY DRAINED mATS WITH CLAY OR SILTY CLAY SOILS
)T ALSO OCCURS IN SLOUGHS IN THE LOWEST BACKWATER BASINS
AND ON LOW RIDGES WITH CLAY SOILS THAT ARE SUBJECT TO LATE
SPRING INUNDATION 3ITE QUALITY IS USUALLY QUITE POOR
AND MOST SPECIES CANNOT SURVIVE WHERE THIS TYPE EXISTS
7HERE DRAINAGE IS IMPROVED THE TYPE MAY REVERT TO SUG
ARBERRYn!MERICAN ELMnGREEN ASH /VERCUP OAK REPRO
DUCES MORE CONSISTENTLY THAN OTHER OAKS ITS GOOD SEED
CROPS ARE FREQUENT AND ITS ACORNS WHICH SEEM TO BE LESS
DESIRABLE TO WILDLIFE THAN MOST RECEIVE SOME PROTECTION
FROM THE WATER 7ATER HICKORY IS A PROLIlC SPROUTER AND
REPRODUCES IN THIS FASHION WHEN THE STAND IS CUT "OTH



OVERCUP OAK AND WATER HICKORY ARE AMONG THE LAST TREE
SPECIES TO LEAF OUT IN THE GROWING SEASON AND THUS ARE
LESS SUBJECT TO THE MORTALITY THAT OCCURS WHEN SEEDLINGS
OR SPROUTS IN LEAF ARE COVERED BY STANDING WATER
6ARIANTS AND ASSOCIATED VEGETATION .EARLY PURE
WATER HICKORY STANDS OR PURE OVERCUP OAK STANDS CAN BE
FOUND REPRESENTING THE TYPE 3OMETIMES THERE IS CLEAR
DEMARCATION BETWEEN THE OVERCUP OAKnWATER HICKORY AND
THE SUGARBERRYn!MERICAN ELMnGREEN ASH TYPE BUT USU
ALLY THE TWO TYPES MIX IN A TRANSITIONAL ZONE
5NDERSTORY INCLUDES THE WATER HICKORY OVERCUP OAK
AND OCCASIONALLY .UTTALL OAK GREEN ASH SUGARBERRY
ROUGHLEAF DOGWOOD SWAMP PRIVET AND PLANERTREE
WATER ELM  5NDERGROWTH INCLUDES BUTTONBUSH AND
NUMEROUS VINESREDVINE PEPPERVINE TRUMPET CREEPER
AND POISON IVY "ECAUSE OF THE DEPTH AND DURATION OF
STANDING WATER IN THIS TYPE ASSOCIATED HERBACEOUS PLANTS
ARE FEW &OLLOWING CUTTING OR PARTIAL OPENING OF THE
STANDS HEAVY GROWTH OF ANNUAL GRASSES AND COCKLEBUR
MAY OCCUR
2, */(.3/.
53$! &OREST 3ERVICE
3OUTHERN &OREST %XPERIMENT 3TATION

"ALDCYPRESS

$ElNITION AND COMPOSITION "ALDCYPRESS IS PURE OR
COMPRISES A MAJORITY OF THE STOCKING )TS MAIN ASSOCIATES
ARE WATER TUPELO IN THE ALLUVIAL mOODPLAINS OR SWAMP
TUPELO IN THE SWAMPS AND ESTUARIES OF THE #OASTAL 0LAIN
/THER ASSOCIATES ARE PONDCYPRESS BLACK WILLOW AND
OCCASIONALLY SWAMP COTTONWOOD RED MAPLE !TLANTIC
WHITE CEDAR !MERICAN ELM GREEN ASH PUMPKIN ASH
#AROLINA ASH WATERLOCUST REDBAY COMMON PERSIMMON
OVERCUP OAK AND WATER HICKORY
'EOGRAPHIC DISTRIBUTION 4HE TYPE OCCURS INTERMIT
TENTLY THROUGH THE #OASTAL 0LAIN FROM SOUTHERN $ELAWARE
TO SOUTH &LORIDA AND WEST TO SOUTHEASTERN 4EXAS ALMOST
TO THE -EXICAN BORDER )NLAND IT OCCURS ALONG THE MANY
STREAMS OF THE COASTAL PLAINS AND NORTHWARD THROUGH THE
-ISSISSIPPI 6ALLEY TO SOUTHEASTERN /KLAHOMA SOUTH
EASTERN -ISSOURI SOUTHERN )LLINOIS AND SOUTHWESTERN
)NDIANA &OWELLS  
%COLOGICAL RELATIONSHIPS 4HE BALDCYPRESS SPECIES
IS UNUSUAL IN FORM SHAPE AND HABITAT REQUIREMENTS
3ITES ARE USUALLY CHARACTERIZED BY FREQUENT PROLONGED
mOODING &LOODWATERS MAY BE  M  FT DEEP OR MORE
AND MAY BE STAGNANT OR MAY mOW AT RATES UP TO  KM 
MI PER HOUR #YPRESS KNEES ARE COMMON ON TREES ON
MOST SITES BUT ARE USUALLY ABSENT WHERE THE mOODWATER
REMAINS AT A CONSTANT LEVEL OR WHERE THERE IS NO mOODING
)T IS NOT CLEAR WHAT ROLE CYPRESS KNEES PLAY IN AERATION OF
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THE ROOT SYSTEM BUT IT IS KNOWN THAT THEY EXCHANGE OXY
GEN AND CARBON DIOXIDE WITH THEIR SURROUNDINGS UNDER
NORMAL ATMOSPHERIC CONDITIONS 4HUS IT APPEARS THAT THEY
MAY BE BENElCIAL AS AN AERATION ORGAN BUT NOT CRITICAL TO
TREE SURVIVAL
"ALDCYPRESS SHOWS ADAPTATIONS TO mOODING SIMILAR TO
THOSE OF WATER AND SWAMP TUPELOS THE MAIN ASSOCIATES
IN THE TYPE 5NDER PROLONGED mOODING NEWLY ADAPTED
ROOTS DEVELOP NEAR THE BASE OF THE TREE 4HE NEW ROOTS
ARE MORE SUCCULENT LARGER IN DIAMETER AND LESS BRANCHED
THAN ROOTS OF CYPRESS GROWN IN MOIST WELL AERATED SOILS
.EWLY ADAPTED ROOTS OF TUPELOS HAVE BEEN OBSERVED TO
OXIDIZE THEIR RHIZOSPHERE IN mOODWATERS (OOK ET AL
  #YPRESS ROOTS ALSO SHOW EVIDENCE OF OXIDATION
AT DEPTHS UP TO  M  FT THUS PROVIDING OXYGEN TO
ACTIVE ROOT TIPS AND FACILITATING NUTRIENT UPTAKE FROM
OTHERWISE HIGHLY REDUCED SOIL ENVIRONMENT "ALDCYPRESS
GROWS ALONG THE ESTUARIES NEAR THE COAST BUT APPARENTLY
CANNOT TOLERATE SALINITIES ABOVE  PERCENT SALT -ONTZ
AND #HERUBINI  
#YPRESS HIGHLY PRIZED FOR ITS LUMBER WAS SO HEAV
ILY EXPLOITED DURING THE lRST HALF OF THE TH CENTURY
THAT THERE WAS MUCH CONCERN FOR ITS FUTURE !LL RECENT
EVIDENCE HOWEVER SUGGESTS A GENERAL REPLACEMENT BY
SECOND GROWTH 3TERNITZKE  
6ARIANTS AND ASSOCIATED VEGETATION 4HE TYPE HAS
ONE MAJOR VARIANT BALDCYPRESSnPONDCYPRESS ,ANGDON
  7HERE THE TWO SPECIES OCCUR TOGETHER IT IS DIF
lCULT AND SOMETIMES IMPOSSIBLE TO TELL THEM APART 4HESE
TWO INTERMINGLE IN VARYING PROPORTIONS IN THE LOWER
COASTAL PLAINS FROM SOUTHEASTERN 6IRGINIA TO EASTERN
,OUISIANA 4HE BALDCYPRESS TYPE HAS ONLY A FEW SHRUB
ASSOCIATES AND THESE VARY WIDELY 4HE MOST PROMINENT IN
SOUTH &LORIDA ARE COMMON BUTTONBUSH SWAMP STIFF
CORNEL DOGWOOD AND 7ALTER VIBURNUM )N CONTRAST
THE MOST COMMON ASSOCIATES IN .ORTH #AROLINA ARE THE
COAST LEUCOTHOE #AROLINA ROSE POISON SUMAC SWAMP
DOGWOOD AND POSSUMHAW VIBURNUM )N ADDITION FERNS
VINES EPIPHYTES ALLIGATOR WEED AND DUCKWEEDS ARE
PRESENT
$/.!, $ (//+
#LEMSON 5NIVERSITY

"ALDCYPRESSn4UPELO

$ElNITION AND COMPOSITION "ALDCYPRESS TOGETHER
WITH WATER TUPELO OR SWAMP TUPELO COMPRISES THE MAJOR
ITY OF THE STOCKING /N DEEP ALLUVIAL SWAMPS THE COM
MON ASSOCIATES ARE RED MAPLE BLACK WILLOW #AROLINA
ASH PUMPKIN ASH SWAMP COTTONWOOD PLANERTREE WATER
ELM AND WATERLOCUST )N THE SHALLOWER MARGINS OVERCUP
OAK WATER HICKORY !MERICAN ELM GREEN ASH .UTTALL
OAK LAUREL OAK SWEETGUM PERSIMMON AND SWEETBAY ARE
ALSO PRESENT LN #OASTAL 0LAIN SWAMPS RED MAPLE BLACK

WILLOW REDBAY SWEETBAY PONDCYPRESS SLASH PINE AND
LOBLOLLY PINE ARE FOUND /GEECHEE TUPELO IS AN ASSOCIATE
IN SOUTHWESTERN 'EORGIA AND NORTHERN &LORIDA !TLANTIC
WHITE CEDAR AND POND PINE ARE ALSO PRESENT IN SOME ACID
PEATY SWAMPS OF THE !TLANTIC #OASTAL 0LAIN
'EOGRAPHIC DISTRIBUTION 4HE TYPE OCCURS IN THE
SOUTHERN #OASTAL 0LAIN PARTICULARLY ON THE SEAWARD MAR
GINS FROM SOUTHEASTERN 4EXAS TO -ARYLAND EXCLUDING
THE LOWER THIRD OF THE &LORIDA PENINSULA )T IS ALSO PRESENT
IN THE -ISSISSIPPI 2IVER BOTTOM AND ALONG THE LOWER
REACHES OF ITS TRIBUTARIES NORTH TO SOUTHERN )LLINOIS
%COLOGICAL RELATIONSHIPS 4HE TYPE IS ALWAYS FOUND ON
VERY WET SITES WHERE IN YEARS OF NORMAL RAINFALL SURFACE
WATER STANDS WELL INTO OR THROUGHOUT THE GROWING SEASON
4HESE INCLUDE SWAMPS DEEP SLOUGHS VERY LOW POORLY
DRAINED mATS OF THE MAJOR RIVER mOODPLAINS SWAMPS
OF TIDAL ESTUARIES MARGINS OF COASTAL MARSHES AND THE
DEEPER MORE EXTENSIVE LANDLOCKED DEPRESSIONS OF THE
#OASTAL 0LAIN 0ENFOUND  
3OILS OF THE ALLUVIAL BOTTOMS ARE MINERAL SOILS AND
USUALLY RANGE IN TEXTURE FROM SILT LOAM TO ALMOST PURE
CLAY SURFACE SOIL P( VARIES FROM MODERATELY ACID TO
SLIGHTLY ALKALINE #OASTAL SWAMPS AND DEPRESSIONS OF THE
#OASTAL 0LAIN USUALLY HAVE A SURFACE OF MUCK OR SHALLOW
PEAT 4HE MINERAL FRACTION OF THE SOIL MAY RANGE FROM
lNE SAND TO CLAY AND SOIL P( RANGES FROM MODERATELY TO
STRONGLY ACID
3TAND MAKEUP IS STRONGLY INmUENCED BY SITE AS WELL
AS BY CUTTING 7ATER TUPELO CANNOT SURVIVE WHERE SOIL
ACIDITY IS HIGH OR SURFACE WATER BRACKISH #ONSEQUENTLY
IT IS ALMOST COMPLETELY RESTRICTED TO ALLUVIAL mOODPLAINS
AND IS REPLACED BY SWAMP TUPELO ON COLLUVIAL SOILS OF
THE #OASTAL 0LAIN AND IN COASTAL SWAMPS 3WAMP TUPELO
ALSO OCCURS IN MIXTURE WITH BALDCYPRESS AND WATER TUPELO
AROUND THE EDGES OF ALLUVIAL SWAMPS WHERE MAXIMUM
WATER DEPTH IS LESS THAN  M ABOUT  FT  "ALDCYPRESS
AND WATER TUPELO ARE MOST TOLERANT OF COMPLETE INUN
DATION AND ADVANCE INTO THE DEEPEST SITES WHEN WATER
DEPTH IS REDUCED DURING PERIODIC DROUGHTS PARTICULARLY
AROUND QUIET PONDS AND LAKES )N SHALLOW SWAMPS WATER
AND SWAMP TUPELO REGENERATE MORE SUCCESSFULLY THAN
BALDCYPRESS BECAUSE OF GREATER SEED PRODUCTION AND
SOMEWHAT FASTER EARLY GROWTH (ERE FOLLOWING HEAVY
CUTTING THE TYPE USUALLY REVERTS TO WATER OR SWAMP
TUPELO 0UTNAM ET AL   2EGENERATION OF SWAMP TU
PELO AND WATER TUPELO BY STUMP SPROUTS IS ALSO OF MAJOR
IMPORTANCE IN CUT OVER STANDS SPROUTING OF BALDCYPRESS
IS MINOR
.O CLEAR SUCCESSION HAS BEEN OBSERVED IN THIS TYPE
AND BARRING AGGRADATION IT IS CONSIDERED PERMANENT
AND IS HELD IN THIS STAGE BY PROLONGED PERIODS OF DEEP
mOODING 7ELLS   4HE RELATIVE SHADE TOLERANCE
OF BALDCYPRESS AND WATER TUPELO HAS NOT BEEN CLEARLY
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ESTABLISHED BOTH ARE RATED INTOLERANT AND BOTH ENDURE
HEAVY STOCKING IN EVEN AGED STANDS 7HEN IN ASSOCIATION
WITH BALDCYPRESS WATER TUPELO IS USUALLY THE YOUNGER
COMPONENT SUGGESTING THE GREATER TOLERANCE OF THE LATTER
AND A POSSIBLE TREND TOWARDS PURE STANDS OF THAT SPECIES
WITHOUT PERIODIC DISTURBANCE
6ARIANTS AND ASSOCIATED VEGETATION 3MALL PURE
STANDS OF BALDCYPRESS ARE SCATTERED THROUGHOUT THE TYPE
2EGENERATION OF BALDCYPRESS IS VERY UNCERTAIN HOWEVER
AND STANDS USUALLY REVERT TO TUPELO FOLLOWING HEAVY CUT
TING
)N THE DEEP SWAMPS AND UNDER DENSE STANDS UN
DERGROWTH SPARSE BECAUSE OF LOW LIGHT INTENSITY AND
LONG HYDROPERIODS IS LIMITED TO A FEW SHRUBS AND SOME
AQUATIC HERBS -OSSES AND LICHENS ARE COMMON ON THE
LOWER EXPOSED PORTIONS OF THE TREE TRUNKS 3PANISH MOSS
OFTEN DRAPES THE CROWNS LN SHALLOW SWAMPS AND ALONG
THE FRINGES OF THE DEEP SWAMPS A WIDE VARIETY OF WET
SITE SHRUBS MAY COMMONLY OCCUR BUTTONBUSH SWAMP
PRIVET 6IRGINIA SWEETSPIRE 6IRGINIA WILLOW SWAMP
CYRILLA BUCKWHEAT TREE STIFFCORNEL SWAMP DOGWOOD
FETTERBUSH LYONIA LEUCOTHOE DAHOON YAUPON SOUTHERN
BAYBERRY POSSUMHAW SWAMP ROSE AND POISON SUMAC
7OODY VINES THAT MAY BE COMMON INCLUDE GREENBRIERS
!LABAMA SUPPLEJACK SOUTHEAST DECUMARIA CROSSVINE
PEPPERVINE AND POISON IVY
(!229 3 ,!23%.
!UBURN 5NIVERSITY

7ATER 4UPELOn3WAMP 4UPELO

$ElNITION AND COMPOSITION 7HERE THE TYPE IS MOST
EXTENSIVE WATER TUPELO IS PURE OR PROVIDES A MAJORITY OF
THE BASAL AREA STOCKING /N CERTAIN MORE LIMITED SITES
HOWEVER SWAMP TUPELO TENDS TO TAKE THE PLACE OF WATER
TUPELO /N SOME SITES THE TWO TYPE SPECIES MIX #OM
MON ASSOCIATES OF WATER TUPELO WHERE mOODING IS DEEP
ARE BALDCYPRESS RED MAPLE BLACK WILLOW #AROLINA ASH
PUMPKIN ASH SWAMP COTTONWOOD PLANER TREE WATER
ELM AND WATERLOCUST LN SHALLOW WATER SWAMP TUPELO
OVERCUP OAK WATER HICKORY !MERICAN ELM GREEN ASH
.UTTALL OAK LAUREL OAK SWEETGUM PERSIMMON AND
SWEETBAY ARE ALSO PRESENT #OMMON ASSOCIATES OF SWAMP
TUPELO IN ADDITION MAY INCLUDE PONDCYPRESS REDBAY
SWEETBAY SLASH PINE AND LOBLOLLY PINE /GEECHEE TUPELO
IS AN ASSOCIATE IN SOUTHEASTERN 'EORGIA AND NORTHERN
&LORIDA !TLANTIC WHITE CEDAR AND POND PINE ARE ALSO
ASSOCIATES IN SOME ACID PEATY SWAMPS OF THE !TLANTIC
#OASTAL 0LAIN 4HE TYPE FORMERLY WAS NAMED WATER
TUPELO
'EOGRAPHIC DISTRIBUTION 4HE TYPE OCCURS IN THE
SOUTHERN #OASTAL 0LAIN FROM SOUTHEASTERN 4EXAS TO
SOUTHERN &LORIDA AND NORTHWARD TO SOUTHEASTERN 6IRGINIA
LT ALSO OCCURS IN THE -ISSISSIPPI 2IVER BOTTOM AND THE



LOWER REACHES OF ITS TRIBUTARIES AND IN BOTTOMLANDS OF THE
4ENNESSEE 2IVER IN !LABAMA 4HE WATER TUPELO COMPO
NENT IS NEARLY ABSENT FROM MOST OF THE &LORIDA PENINSULA
AND THE SOUTHEASTERN CORNER OF 'EORGIA
%COLOGICAL RELATIONSHIPS 4HE TYPE IS ALWAYS FOUND
ON VERY WET SITES WHERE IN YEARS OF NORMAL RAINFALL
SURFACE WATER STANDS WELL INTO OR THROUGHOUT THE GROW
ING SEASON 3TANDS OF WATER TUPELO ARE RESTRICTED TO DEEP
SWAMPS SLOUGHS AND LOW mATS OF THE ALLUVIAL mOOD
PLAINS WHEREAS THOSE OF SWAMP TUPELO OCCUR IN UPLAND
SWAMPS AND PONDS OF THE #OASTAL 0LAIN AND IN SLIGHTLY
BRACKISH SWAMPS OF COASTAL ESTUARIES AND MARSH BORDERS
0ENFOUND AND (ATHAWAY   -IXTURES OCCUR ALONG
THE SHALLOW BORDERS OF ALLUVIAL SWAMPS AND mATS AND
WHERE SUCH SITES GRADE INTO UPLAND SWAMPS 7ATER TUPELO
SITES ARE CHARACTERIZED BY DEEPER AND LONGER PERIODS OF
mOODING THAN SWAMP TUPELO SITES AND BY HIGHER P( AND
SILT PLUS CLAY CONTENT BUT LOWER ORGANIC MATTER CONTENT OF
THE SURFACE SOIL +LAWITTER  
4HE TYPE IS PERMANENT ON MOST SITES BECAUSE OF ANNUAL
mOODING 2ELATIVELY RAPID SOIL AGGRADATION OVER LIMITED
AREAS IN ALLUVIAL BOTTOMS UNDOUBTEDLY DOES OCCUR 4HE
RESULTING IMPROVEMENT IN SOIL AERATION SHOULD FAVOR
CHANGES IN COMPOSITION FOLLOWING THE SEQUENCE OBSERVED
IN SOUTHERN BOTTOMS ON SITES WITH INCREASING DRAINAGE
0UTNAM ET AL  
6ARIANTS AND ASSOCIATED VEGETATION 4HERE ARE NO
COMMON VARIATIONS OF THIS TYPE 5NCUT STANDS OF WATER
OR SWAMP TUPELO ARE TYPICALLY VERY DENSELY STOCKED
)N WATER TUPELO STANDS WITH NORMALLY DEEP mOODING
UNDERGROWTH IS OFTEN LIMITED TO SCATTERED SHRUBS WITH
SOME AQUATIC HERBS %PIPHYTIC MOSSES AND LICHENS ARE
COMMON ON THE EXPOSED TREE TRUNKS PARTICULARLY THE
LOWER AND NORTH FACING PORTIONS AND THE CROWNS MAY BE
DRAPED WITH 3PANISH MOSS 7ET SITE SHRUBS BECOME MORE
ABUNDANT ALONG SHALLOW MARGINS OF THE SWAMPS OR IN
STAND OPENINGS SPECIES OCCURRING WIDELY AND FREQUENTLY
INCLUDE BUTTONBUSH SWAMP PRIVET 6IRGINIA SWEETSPIRE
6IRGINIA WILLOW SWAMP DOGWOOD SWAMP CYRILLA
LEUCOTHOE POSSUMHAW SWAMP ROSE AND POISON SUMAC
7OODY VINES FREQUENTLY OCCURRING ALONG THE SHALLOW
SWAMP MARGINS ARE GREENBRIERS !LABAMA SUPPLEJACK
SOUTHEAST DECUMARIA CROSSVINE PEPPERVINE AND POISON
IVY
)N THE USUALLY SHALLOWER UPLAND SWAMPS WHERE SWAMP
TUPELO IS DOMINANT THERE ARE ADDITIONAL WOODY PLANTS
NOT COMMON TO THE ALLUVIAL SWAMPS 4HESE INCLUDE SUCH
SPECIES AS BUCKWHEAT TREE DAHOON YAUPON SOUTHERN
BAYBERRY FETTERBUSH LYONIA SUMMERSWEET CLETHRA SWEET
PEPPERBUSH AND SEVERAL HAWTHORNS
(!229 3 ,!23%.
!UBURN 5NIVERSITY
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3WEETBAYn3WAMP 4UPELOn2EDBAY

$ElNITION AND COMPOSITION #OMBINATIONS OF
SWEETBAY WITH SWAMP TUPELO REDBAY OR BOTH PROVIDE
A MAJORITY OF THE STOCKING AND LOCALLY ANY ONE OF THE
THREE MAY POSSESS A PLURALITY ! GREAT MANY SPECIES THAT
GROW ON MOIST TO WET SITES MAY BE ASSOCIATED WITH THIS
TYPE DEPENDING UPON GEOGRAPHIC LOCATION SITE AND STAND
HISTORY #OMMON HARDWOODS INCLUDE RED MAPLE BLACK
TUPELO LOBLOLLY BAY SWEETGUM WATER OAK LAUREL OAK
YELLOW POPLAR !MERICAN HOLLY #AROLINA ASH SOUTHERN
MAGNOLIA AND mOWERING DOGWOOD !SSOCIATED CONIFERS
INCLUDE BALDCYPRESS PONDCYPRESS SLASH PINE LONGLEAF
PINE LOBLOLLY PINE POND PINE AND !TLANTIC WHITE CEDAR
'EOGRAPHIC DISTRIBUTION 4HE TYPE IS FOUND THROUGH
OUT THE SOUTHERN #OASTAL 0LAIN FROM -ARYLAND AND
SOUTHEASTERN 6IRGINIA TO SOUTHEASTERN 4EXAS )T IS MOST
EXTENSIVE IN THE LOWER #OASTAL 0LAIN )NDIVIDUAL STANDS OF
THIS TYPE ARE COMMONLY LIMITED IN AREA ALTHOUGH LOCALLY
THEY MAY PREDOMINATE
%COLOGICAL RELATIONSHIPS 4HE TYPE OCCURS ON SITES
WHERE THE SOIL IS NORMALLY SATURATED OR AT LEAST MOIST
THROUGHOUT THE GROWING SEASON 3URFACE mOODING ALSO
OCCURS ON SOME SITES BUT IT DOES NOT PERSIST THROUGH THE
GROWING SEASON 3ITES INCLUDE BRANCH HEADS THE NARROW
BOTTOMS OF SMALL PERENNIAL OR INTERMITTENT STREAMS OR
BRANCHES POCOSINS AND POORLY DRAINED UPLAND DEPRES
SIONS IN THE #OASTAL 0LAIN SUCH AS SMALL PONDS PEAT
BOGS AND THE BORDERS OF SWAMPS
3OILS ARE SANDY IN TEXTURE AND PREDOMINANTLY COLLUVIAL
IN ORIGIN ALTHOUGH NARROW ALLUVIAL mOODPLAINS OCCUR IN
STREAM BOTTOMS 4HE WETTER SITES ARE CONSISTENTLY VERY
ACID P(   AND RELATIVELY STERILE WHEREAS SITES
WITH BETTER DRAINAGE ARE FREQUENTLY VERY PRODUCTIVE
3TANDS ON MORE ACID STERILE SITES GENERALLY CONTAIN A
HIGH PROPORTION OF HARDWOOD EVERGREENS SUCH AS REDBAY
SWEETBAY AND LOBLOLLY BAY AS WELL AS THE CONIFERS POND
PINE AND !TLANTIC WHITE CEDAR -ONK  
$EEP mOODING IN PONDS AND AROUND SWAMP BORDERS
FAVORS SWAMP TUPELO PONDCYPRESS BALDCYPRESS AND RED
MAPLE )MPROVED DRAINAGE INCREASES REPRESENTATION OF
SUCH SPECIES AS BLACK TUPELO YELLOW POPLAR SWEETGUM
!MERICAN HOLLY AND SOUTHERN MAGNOLIA #HANGES IN SOIL
DRAINAGE AND RELATED PROPERTIES ARE OFTEN ABRUPT AND
OVER SHORT DISTANCES STANDS MAY CONTAIN SPECIES REPRE
SENTATIVE OF BOTH THE MORE DEEPLY mOODED SWAMPS AND
THE SURROUNDING UPLANDS 4HE TYPE IS PERMANENT BECAUSE
OF PERSISTENT SOIL SATURATION
$ESPITE THE USUAL WETNESS OF THE SITES lRES FREQUENTLY
SPREAD INTO STANDS FROM THE SURROUNDING UPLANDS &IRE
DURING DROUGHT CAN BE VERY DESTRUCTIVE BECAUSE OF THE
mAMMABLE NATURE OF THE PEAT ACCUMULATIONS AND THE EV
ERGREEN FOLIAGE OF MANY SPECIES )N PEATY BOGS AND SHAL

LOW SWAMPS !TLANTIC WHITE CEDAR MAY DOMINATE IF THE
PEAT IS TOO WET TO BURN 3HALLOW BURNS FAVOR POND PINE
BUT STANDS MAY REVERT TO PONDCYPRESSnSWAMP TUPELO
AFTER DEEP BURNS 7ELLS   &IRES ON BETTER DRAINED
SITES WITH MINERAL SOILS INCREASE THE REPRESENTATION OF
SHADE INTOLERANT SPECIES SUCH AS SLASH AND LONGLEAF PINE
YELLOW POPLAR AND SWEETGUM BUT SELECTIVE CUTTING OF
THESE SPECIES HAS KEPT THEIR NUMBERS LOW 'EMBORYS AND
(ODGKINS   2ECURRENT lRES ON ANY SITE TEND TO DE
VELOP EVERGREEN SHRUB OR GRASS SEDGE RUSH COMMUNITIES
6ARIANTS AND ASSOCIATED VEGETATION 4HE TYPE ITSELF
EXHIBITS SUCH WIDE VARIATION THAT THERE IS NO SINGLE
COMMON VARIANT 5NDERGROWTH IS BOTH ABUNDANT AND
DIVERSE %VERGREEN SHRUBS AND SMALL TREES ARE PREVALENT
PARTICULARLY ON THE POORLY DRAINED ACID SITES #OMMON
SPECIES INCLUDE BUCKWHEAT TREE SWAMP CYRILLA SOUTHERN
BAYBERRY ODORLESS BAYBERRY DAHOON YAUPON LARGE GALL
BERRY INKBERRY COAST LEUCOTHOE FETTERBUSH AND STAGGER
BUSH LYONIA SUMMERSWEET CLETHRA SWEET PEPPERBUSH
AND SWITCHCANE #OMMON DECIDUOUS SHRUBS ARE 6IRGINIA
SWEETSPIRE 6IRGINIA WILLOW HAZEL ALDER SWAMP DOG
WOOD RED CHOKEBERRY POISON SUMAC !MERICAN SNOW
BELL POSSUMHAW VIBURNUM AND NUMEROUS ERICACEOUS
SPECIES
'REENBRIERS MUSCADINE GRAPE POISON IVY *APANESE
HONEYSUCKLE 6IRGINIA CREEPER SOUTHEAST DECUMARIA AND
CLIMBING HEMPWEED ARE COMMON PERENNIAL VINES (ER
BACEOUS SPECIES OCCURRING WITHIN THIS TYPE ARE INCOM
PLETELY CATALOGUED AND ARE TOO NUMEROUS AND VARIABLE TO
LIST 3OME RELATIVELY COMMON AND CHARACTERISTIC REPRE
SENTATIVES HOWEVER ARE FERNS MOSSES PITCHER PLANTS
PIPEWORTS YELLOW EYED GRASSES AND SEDGES
(!229 3 ,!23%.
!UBURN 5NIVERSITY
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0ENFOUND 74 AND %3 (ATHAWAY  0LANT COM
MUNITIES IN THE MARSHLANDS OF SOUTHEASTERN ,OUISIANA
%COLOGICAL -ONOGRAPHS  
0ENFOUND 74 AND *! (OWARD  ! PHYTOSOCIO
LOGICAL STUDY OF AN EVERGREEN OAK FOREST IN THE VICINITY
OF .EW /RLEANS ,OUISIANA !MERICAN -IDLAND .ATU
RALIST  
0UTNAM *! AND ( "ULL  4HE TREES OF THE BOT
TOMLANDS OF THE -ISSISSIPPI 2IVER DELTA REGION 53
$EPARTMENT OF !GRICULTURE &OREST 3ERVICE 3OUTHERN
&OREST %XPERIMENT 3TATION /CCASIONAL 0APER  
P
0UTNAM *! '- &URNIVAL AND *3 -C+NIGHT 
-ANAGEMENT AND INVENTORY OF SOUTHERN HARDWOODS
53 $EPARTMENT OF !GRICULTURE &OREST 3ERVICE !GRI
CULTURE (ANDBOOK   P
3ARGENT #3  -ANUAL OF THE TREES OF .ORTH !MERI
CA $OVER 0UBLICATIONS )NC .EW 9ORK  P
3OCIETY OF !MERICAN &ORESTERS 3!&   &OREST
COVERTYPES OF .ORTH !MERICA EXCLUSIVE OF -EXICO 
3OCIETY OF !MERICAN &ORESTERS 7ASHINGTON $# 
PP
3TERNITZKE (ERBERT 3  "ALD CYPRESS ENDANGERED OR
EXPANDING SPECIES %CONOMIC "OTANY  
4ELFORD #*  4HIRD REPORT ON A FOREST SURVEY OF
)LLINOIS )LLINOIS .ATURAL (ISTORY 3URVEY "ULLETIN 
 
6OIGT *7 AND 2( -OHLENBROCK  0LANT COMMU
NITIES OF SOUTHERN )LLINOIS 3OUTHERN )LLINOIS 5NIVERSITY
0RESS #ARBONDALE  P
7ELLS "7  0LANT COMMUNITIES OF THE #OASTAL
0LAIN OF .ORTH #AROLINA AND THEIR SUCCESSIONAL RELA
TIONS %COLOGY  
7ELLS "7  %COLOGICAL PROBLEMS OF THE SOUTH
EASTERN 5NITED 3TATES #OASTAL 0LAIN "OTANICAL 2EVIEW
 
7ISTENDAHL 7!  4HE mOODPLAIN OF THE 2ARITAN
2IVER .EW *ERSEY %COLOGICAL -ONOGRAPHS 
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!PPENDIX "
#OMMON AND 3CIENTIlC .AMES OF 0LANT AND 4REE 3PECIES
#OMMON NAME

3CIENTIlC NAME

0LANTS

!MERICA POKEWEED SEE POKEBERRY
!MERICAN WORMSEED SEE -EXICAN TEA
!NNUAL RAGWEED SEE RAGWEED
!QUATIC MILKWEED SEE MILKWEED
!UTUMN OLIVE
"AHIA GRASS
"EAKRUSH SEE MILLET BEAKRUSH
"EGGARTICK SEE SMALL FRUIT BEGGARTICK
"ERMUDA GRASS
"LACKBERRY
"ONESET
"RAZILIAN PEPPER TREE
"ROOMSEDGE
"UGLEWEED
"URNWEED
"UR REED BURREED
"USHY BEARDGRASS BUSHY BLUESTEM
#ANE
#ATTAIL
#HAIN FERN
#HINESE BUSHCLOVER
#HINESE TALLOW
#OCKLEBUR
#OFFEEWEED
#OGONGRASS
#OMMON CARPETGRASS SEE 3OUTHERN CARPETGRASS
#ORAL HONEYSUCKLE
#RABGRASS
$EWBERRY
$OG FENNEL SEE SMALL DOGFENNEL
&ALSENETTLE SEE SMALL SPIKE FALSENETTLE
&ERN VARIOUS SPECIES
&ESCUE
&LORIDA POKEWEED
'ERANIUM SEE PURPLE CRANES BILL GERANIUM
'OLDEN CLUB
'OLDENROD
'OLDENWEED SEE GROUNDSEL
'ROUNDSEL SEE GOLDENWEED
(AIRLIKE MOCK BISHOP WEED SEE MOCK BISHOP WEED HERBWILLIAM
(ERBWILLIAM SEE HAIRLIKE MOCK BISHOP WEED MOCK BISHOP WEED
(ONEYSUCKLE *APANESE
(ORSEWEED
*APANESE CLIMBING FERN
*APANESE PRIVET
*OHNSON GRASS

0HYTOLACCA AMERICANA
#HENOPODIUM AMBROSIOIDES
!MBROSIA ARTEMISIFOLIA
!SCLEPIAS PERENNIS
%LAEAGNUS UMBELLATA
0ASPALUM NOTATUM
2HYNCHOSPORA MILIACEA
"IDENS MITIS
#YNODON DACTYLON
2UBUS ARGUTUS
%UPATORIUM PERFOLIATUM
3CHINUS TEREBINTHIFOLIUS
!NDROPOGON VIRGINICUS
,YCOPUS SPP
%RECHTITES HIERACIFOLIA
3PARGANIUM SPP
!NDROPOGON GLOMERATUS
!RUNDINARIA GIGANTEA
4YPHA LATIFOLIA
7OODWARDIA SPP
,ESPEDEZA CUNEATA
4RIADICA SEBIFERUM
8ANTHIUM SPP
3ESBANIA MACROCARPA
)MPERATA CYLINDRICA
!XONOPUS lSSIFOLIUS
,ONICERA SEMPERVIRENS
$IGITARIA SPP
2UBUS HISPIDUS
%UPATORIUM CAPILLIFOLIUM
"OEHMERIA CYLINDRICA
/SMUNDA SPP 4HELYPTERIS SPP
&ESTUCA SPP
0HYTOLACCA AMERICANA VAR RIGIDA
'ERANIUM CAROLINIANUM
/RONTIUM AQUATICUM
3OLIDAGO SPP
0ACKERA AUREUS
0ACKERA AUREUS
0TILIMNIUM CAPILLACIUM
0TILIMNIUM CAPILLACIUM
,ONICERA JAPONICA
#ONZYA CANADENSIS
,YGODIUM JAPONICUM
,IGUSTRUM JAPONICUM
3ORGHUM HALEPENSE

! '5)$% 4/ "/44/-,!.$ (!2$7//$ 2%34/2!4)/.

#OMMON NAME

3CIENTIlC NAME

+UDZU
,ICORICE 7EED
,IZARDS TAIL
-ELALEUCA
-EXICAN TEA SEE !MERICAN WORMSEED
-EXICAN WATER HEMLOCK SEE WATER HEMLOCK
-ILKWEED SEE AQUATIC MILKWEED
-ILLET BEAKRUSH SEE BEAKRUSH
-OCK BISHOP WEED SEE HAIRLIKE MOCK BISHOP WEED HERBWILLIAM
-ORNING GLORY
-ULTImORA ROSE
.UTSEDGE
0ANIC GRASS
0ERUVIAN SEEDBOX SEE PRIMROSE WILLOW
0ICKEREL WEED SEE PICKERELWEED
0ICKERELWEED SEE PICKEREL WEED
0INELAND PIMPERNEL SEE WATER PIMPERNIL
0OKEBERRY SEE !MERICAN POKEWEED
0OORJOE
0RIMROSE WILLOW SEE 0ERUVIAN SEEDBOX
0URPLE CRANES BILL GERANIUM SEE GERANIUM
2AGWEED
2OUGH BUTTON WEED
3ERICEA LESPEDEZA
3HEATHED mATSEDGE
3HINY SPIKEGRASS SEE SPIKEGRASS SHINY WOOD OATS
3HINY WOOD OATS SEE SHINY SPIKEGRASS SPIKEGRASS
3ICKLEPOD
3MALL DOGFENNEL SEE DOG FENNEL
3MALL FRUIT BEGGARTICK SEE BEGGARTICK
3MALL SPIKE FALSENETTLE SEE FALSENETTLE
3MARTWEED
3OUTHERN CARPETGRASS SEE COMMON CARPETGRASS
3OUTHERN CRABGRASS
3PIKEGRASS SEE SHINY SPIKEGRASS SHINY WOOD OATS
3UMAC POISON
3UMAC SMOOTH
3UMAC WINGED
3UNmOWER
3WAMPLILY
3WEET BROOM
3WEET CLOVER
4RUMPET CREEPER
6ASEY GRASS
6ETCH
7ATER HEMLOCK SEE -EXICAN WATER HEMLOCK
7ATER PIMPERNIL SEE PINELAND PIMPERNEL
7ILD GRAPE
7ILD ONION
7INTER VETCH
7OOLY CROTON

0UERARIA LOBATA
3COPARIA DULCIS
3AURURUS CERNUUS
-ELALEUCA LEUCADENDRON
#HENOPODIUM AMBROSIOIDES
#ICUTA MACULATA
!SCLEPIAS PERENNIS
2HYNCHOSPORA MILIACEA
0TILIMNIUM CAPILLACIUM
)POMOEA SPP
2OSA MULTImORA
#YPERUS SPP
0ANICUM SPP
,UDWIGIA PERUVIANA
0ONTEDERIA CORDATA
0ONTEDERIA CORDATA
3AMOLUS VALERANDI VAR PARVImORUS
0HYTOLACCA AMERICANA
$IODIA TERES
,UDWIGIA PERUVIANA
'ERANIUM CAROLINIANIUM
!MBROSIA SPP
$IODIA RADULA
,ESPEDEZA CUNEATA
#YPERUS HASPAN
#HASMANTHIUM NITIDUM
#HASMANTHIUM NITIDUM
#ASSIA OBTUSIFOLIA
%UPATORIUM CAPILLIFOLIUM
"IDENS MITIS
"OEHMERIA CYLINDRICA
0OLYGONUM SPP
!XONOPUS AFlNIS
$IGITARIA CILIARIS
#HASMANTHIUM NITIDUM
4OXICODENDRON VERNIX
2HUS GLABRA
2HUS COPALLINA
(ELIANTHUS SPP
#RINIUM AMERICANUM
3COPARIA DULCIS
-ELILOTUS SPP
#AMPSIS RADICANS
0ASPALUM URVILLEI
6ICIA SPP
#ICUTA MACULATA
3AMOLUS VALERANDI VAR PARVImORUS
6ITIS SPP
!LLIUM SPP
6ICIA VILLOSA
#ROTON CAPITATUS
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#OMMON NAME

3CIENTIlC NAME

4REES

!MERICAN BEECH
!MERICAN ELM
!MERICAN HOLLY
!MERICAN HORNBEAM
"ALDCYPRESS
"ITTER PECAN SEE WATER HICKORY
"LACK CHERRY
"LACKGUM
"LACK WALNUT
"LACK WILLOW
"OXELDER
"UCKTHORN BUMELIA BUCKTHORN BULLY
"UR OAK
"UTTONBUSH
#AROLINA ASH
#EDAR ELM
#HERRYBARK OAK
#OMMON PERSIMMON
$AHOON
$ECIDUOUS HOLLY
$ELTA POST OAK
%ASTERN COTTONWOOD
%ASTERN HOPHORNBEAM
&IR
&LORIDA MAPLE
&LOWERING DOGWOOD
'REEN ASH
(ACKBERRY
(AWTHORN
(ONEYLOCUST
,AUREL DIAMONDLEAF OAK
,IVE OAK
,OBLOLLY BAY
.UTTALL OAK
/GEECHEE TUPELO
/VERCUP OAK
0AWPAW
0IN OAK
0ONDCYPRESS
0OSSUMHAW
0UMPKIN ASH
2ED BAY
2ED MULBERRY
2IVER BIRCH
2OUGH LEAFED DOGWOOD
3ANDBAR WILLOW
3ASSAFRAS
3HAGBARK HICKORY
3HELLBARK HICKORY
3HUMARD OAK
3ILVER MAPLE

&AGUS GRANDIFOLIA
5LMUS AMERICANA
)LEX OPACA
#ARPINUS CAROLINIANA
4AXODIUM DISTICHUM
#ARYA AQUATICA
0RUNUS SEROTINA
.YSSA SYLVATICA
*UGLANS NIGRA
3ALIX NIGRA
!CER NEGUNDO
3IDEROXYLON LYCIOIDES
1UERCUS MACROCARPA
#EPHALANTHUS OCCIDENTALIS
&RAXINUS CAROLINIANA
5LMUS CRASSIFOLIA
1UERCUS PAGODA
$IOSPYROS VIRGINIANA
)LEX CASSINE
)LEX DECIDUA
1UERCUS STELLATA VAR MISSISSIPPIENSIS
0OPULUS DELTOIDES
/STRYA VIRGINIANA
!BIES SP
!CER BARBATUM
#ORNUS mORIDA
&RAXINUS PENNSYLVANICA
#ELTIS OCCIDENTALIS
#RATAEGUS SPP
'LEDITSIA TRIACANTHOS
1UERCUS LAURIFOLIA
1UERCUS VIRGINIANA
'ORDONIA LASIANTHUS
1UERCUS NUTTALLII CURRENT ACCEPTED NOMEN
CLATURE IS 1 TEXANA
.YSSA OGECHE
1UERCUS LYRATA
!SIMINA TRILOBA
1UERCUS PALUSTRIS
4AXODIUM DISTICHUM VAR NUTANS
)LEX DECIDUA
&RAXINUS PROFUNDA
0ERSEA BORBONIA
-ORUS RUBRA
"ETULA NIGRA
#ORNUS DRUMMONDII
3ALIX EXIGUA
3ASSAFRAS ALBIDUM
#ARYA OVATA
#ARYA LACINIOSA
1UERCUS SHUMARDII
!CER SACCHARINUM

! '5)$% 4/ "/44/-,!.$ (!2$7//$ 2%34/2!4)/.

#OMMON NAME

3CIENTIlC NAME

3LIPPERY ELM
3OUTHERN MAGNOLIA
3PRUCE
3UGARBERRY
3WAMP BAY
3WAMP BLACK GUM SEE SWAMP TUPELO
3WAMP CHESTNUT OAK
3WAMP COTTONWOOD
3WAMP DOGWOOD
3WAMPPRIVET
3WAMP RED MAPLE
3WAMP TUPELO SEE SWAMP BLACK GUM
3WAMP WHITE OAK
3WEET BAY
3WEETGUM
3WEET PECAN
3YCAMORE
7ATER ELM
7ATER HICKORY SEE BITTER PECAN
7ATERLOCUST
7ATER OAK
7ATER TUPELO
7HITE ASH
7HITE OAK
7ILLOW OAK
7INGED ELM
9ELLOW POPLAR

5LMUS RUBRA
-AGNOLIA GRANDImORA
0ICEA SP
#ELTIS LAEVIGATA
0ERSEA PALUSTRIS
.YSSA SYLVATICA VAR BImORA
1UERCUS MICHAUXII
0OPULUS HETEROPHYLLA
#ORNUS FOEMINA
&ORESTIERA ACCUMINATA
!CER RUBRUM
.YSSA SYLVATICA VAR BImORA
1UERCUS BICOLOR
-AGNOLIA VIRGINIANA
,IQUIDAMBAR STYRACImUA
#ARYA ILLINOENSIS
0LATANUS OCCIDENTALIS
0LANERA AQUATICA
#ARYA AQUATICA
'LEDITSIA AQUATICA
1UERCUS NIGRA
.YSSA AQUATICA
&RAXINUS AMERICANA
1UERCUS ALBA
1UERCUS PHELLOS
5LMUS ALATA
,IRIODENDRON TULIPIFERA
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!PPENDIX #
0ARTIAL ,IST OF 3EED AND 3EEDLING 3UPPLIERS
3%%$
!LABAMA

)NTERNATIONAL &OREST 3EED #OMPANY
0/ "OX 
/DENVILLE !, 
   IN !LABAMA
   OUT OF STATE
&AX   
7EB PAGE HTTPISSCOLINNAEUSCOM

!RKANSAS

"ARRONS )NC
 /UACHITA 
#AMDEN !2 

&LORIDA

-ATT "UCHANAN
2OUTE  "OX 
-AYO &, 

'EORGIA

#0 $ANIELS )NC
0/ "OX 
7AYNESBORO '! 
  
&AX   
7EB PAGE  WWWBURKENETCPDANIEL
% MAIL CTDAN BURKENET

-ISSOURI

.ORTH #AROLINA -OUNTAIN &ARMS )NC
  2OAD
&AIRVIEW .# 
  
&AX   
3OUTH #AROLINA 4HOMAS #AVERLY
0/ "OX 
/RANGEBURG 3# 
4ENNESSEE

,ASSITER %NTERPRISES
 3HADY ,ANE
-IDWAY +9  

,OUISIANA

,OUISIANA &OREST 3EED #OMPANY
 &ORESTRY 2OAD
,E#OMPTE ,! 
  
&AX   
% MAIL LFSCO POPALEXLINKNETNET

-ISSISSIPPI

7ILLIAM ( "ROWN *R
&ORESTRY #ONSULTANT
 7HISPERING 0INES 2OAD
.ATCHEZ -3 

$ON -ARCUM
2OUTE  "OX 
3PENCER 4. 
7EST 4ENNESSEE &OREST 3EED #O
 *OYNERS (ILL 2OAD
"ELLS 4. 
  
-OBILE PHONE   
&AX   

3OUTHERN 3EED #OMPANY
0/ "OX 
"ALDWIN '! 
  
&AX   
+ENTUCKY

,OVELACE 3EEDS )NC
 "ROWNSMILL 2D
%LSBERRY -/ 
  
&AX   
7EB PAGE WWWINWEBNET^LOVELACE
% MAIL LOVELACE INWEBNET

3%%$,).'3
34!4% &/2%3429 .523%2)%3
!LABAMA

%! (AUSS .URSERY
2OUTE  "OX 
!TMORE !, 

!RKANSAS

!RKANSAS &ORESTRY #OMMISSION
"AUCUM .URSERY
 (IGHWAY  .ORTH
.ORTH ,ITTLE 2OCK !2 
  
&AX   

'EORGIA

&LINT 2IVER .URSERY
 2IVEROAD
"YROMVILLE '! 
  
&AX   

! '5)$% 4/ "/44/-,!.$ (!2$7//$ 2%34/2!4)/.

7ALKER .URSERY
(# "OX 
2EIDSVILLE '!  
  
)LLINOIS

.ORTH #AROLINA #LARIDGE .URSERY
 #LARIDGE .URSERY 2OAD
'OLDSBORO .# 
  
&AX   

-ASON .URSERY
 .ORTH #OUNTY 2OAD  %AST
4OPEKA ), 
  
&AX   

%DWARDS .URSERY
 3ANFORD $RIVE
-ORGANTON .# 
  
&AX   

5NION .URSERY
 3TATE 2D
*ONESBORO ), 
  
&AX   
+ENTUCKY

-ORGAN #OUNTY .URSERY
 4REE .URSERY 2D
7EST ,IBERTY +9 
  
&AX   
*OHN 2 2HODY .URSERY
0/ "OX 
'ILBERTSVILLE +9 
  
&AX   

,OUISIANA

-ISSISSIPPI

-ISSOURI

#OASTAL 0LAIN #ONSERVATION .URSERY
 #ONNERS $RIVE
%DENTON .# 
  
&AX   
/KLAHOMA

&ORESTRY $IVISION .URSERY
 .ORTHEAST TH !VENUE
'OLDSBY /+ 
  
&AX   

3OUTH #AROLINA 3OUTH #AROLINA &ORESTRY #OMMISSION
0/ "OX 
#OLUMBIA 3# 
  

#OLUMBIA .URSERY
0/ "OX 
#OLUMBIA ,! 
  
&AX   

4ENNESSEE

0INSON .URSERY
0/ "OX  /ZIER 2OAD
0INSON 4. 
  
&AX   

*EANE &ARMS
 (IGHWAY 
#ASTOR ,! 
  

4EXAS

)NDIAN -OUND .URSERY
0/ "OX 
!LTO 48  
  
&AX   
% MAIL IMN INUNET

6IRGINIA

!UGUSTA &ORESTRY #ENTER
0/ "OX 
#RIMORA 6! 
  

-ISSISSIPPI &ORESTRY #OMMISSION
 (IGHWAY 
7INONA -3 
  
&AX   
% MAIL HARDWOOD NETWORK ONECOM
'EORGE / 7HITE .URSERY
 3HAFER 2OAD
,ICKING -/ 
  
&AX   



.EW +ENT &ORESTRY #ENTER
 0OCAHONTAS 4RAIL
0ROVIDENCE &ORGE 6! 
  
&AX   
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3TATE OF 6IRGINA &ORESTRY
7EB PAGE HTTPSTATEVIPNETORGDOF

02)6!4% .523%2)%3
!LABAMA

"ECKS .URSERY
0/ "OX 
!UBURN !, 
)NTERNATIONAL 0APER
!LABAMA 3UPERTREE .URSERY
 #OUNTY 2OAD 
3ELMA !, 
   OR   
&AX   

!RKANSAS

)NTERNATIONAL 0APER
&RED # 'RAGG 3UPERTREE .URSERY
2OUTE  "OX 
"LUFF #ITY !2 
  
&AX   
7EYERHAUSER
-AGNOLIA 2EGENERATION #ENTER
 #OLUMBIA  %AST
-AGNOLIA !2 
   OR   
&AX   

&LORIDA

!PALACHEE .ATIVE .URSERY
2OUTE  "OX 
,LOYD &, 
  
&AX   
!MERICAN .ATIVE 0RODUCTS
0/ "OX 
3COTTSMOORE &, 
   OR   
&AX   
#ENTRAL &LORIDA ,ANDS AND 4IMBER
.URSERY $IVISION
2OUTE  "OX 
-AYO &, 
  
&AX   
% MAIL CmAT ALLTELNET
#ENTRAL &LORIDA .ATIVE &LORA )NC
0/ "OX 
3AN !NTONIO &,  
  

#OASTAL 2EVEGETATION
 3OUTH &EDERAL (IGHWAY
$ELRAY "EACH &, 
  
#REATIVE .ATIVE
0/ "OX 
0ERRY &, 
  
$ANS .ATIVE .URSERY
 ,AKE %ASY 2OAD
"ABSON 0ARK &, 
%COSHORES )NC
 3OUTH .OVA 2OAD
0ORT /RANGE &, 
  
&AX   
&LORIDA .ATIVES .URSERY )NC
 %HRLICH 2OAD 3UITE !
4AMPA &, 
  
'ONE .ATIVE .URSERY
0/ "OX 
*ENSEN "EACH &,  
   OR   
'REEN )MAGES
 4AYLOR #REEK 2OAD
#HRISTMAS &, 
  
&AX   
% MAIL GREENIMAGE AOLCOM
4HE ,INER &ARM
0/ "OX 
3AINT #LOUD &,  
  
&AX   
0LANTS FOR 4OMORROW
 .ORRIS 2OAD
,OXAHATCHEE &,  
3ALTER 4REE &ARM
2OUTE  "OX 
-ADISON &, 
  

! '5)$% 4/ "/44/-,!.$ (!2$7//$ 2%34/2!4)/.

3AVE ON 0LANTS ,INER .URSERY )NC
2OUTE  "OX 
!RCADIA &, 

#YPRESS #REEK .URSERY
 #LAY !NSLEY (IGHWAY
2USTON ,! 

3UPERIOR 4REES )NC
0/ "OX 
53  %AST
,EE &, 
  
&AX   

.ATIVES .URSERY
 .ORTH 4HEARD 3T
#OVINGTON ,! 
  
&AX   
% MAIL NATIVES WILDNET

4HE .ATIVES
 *" #ARTER 2OAD
$AVENPORT &, 
  

.ORTHEAST $ELTA 2#$
 &RONT 3TREET
7INNSBORO ,! 
  
&AX   
% MAIL NEDRCD LINKNETNET

4HE 0ALMETTO 0ATCH
 0ASCO 2OAD
7ESLEY #HAPEL &, 
  
4HE 7ETLANDS #OMPANY )NC
0/ "OX 
3ARASOTA &, 

2ICHARDS .URSERY
2OUTE  "OX 
&OREST (ILL ,! 
-ARYLAND

%NVIRONMENTAL #ONCERN )NC
 7EST #HEW !VENUE
0/ "OX 0
3T -ICHAELS -$ 
  
&AX   

-ISSISSIPPI

"EAR #REEK .URSERY
 0ATRICK 2OAD
#ANTON -3 
  
&AX   
% MAIL GH AOLCOM

5RBAN &ORESTRY 3ERVICES
2OUTE  "OX 
-ICANOPY &, 
'EORGIA

/AK 0OND &ARM
2OUTE  "OX 
4WIN #ITY '! 
  
3PANDLE .URSERY
2OUTE  "OX 
#LAXTON '! 
  
&AX   
% MAIL SPANDLAG NETNET

)OWA

,OUISIANA

#ASCADE &ORESTY 3ERVICE
 3ILLMORE 2D
#ASCADE )! 
  
&AX   
7EB PAGE WWWCASCADEFORESTRYCOM
% MAIL #ASCADE NETINSNET
"OSCH .URSERY )NC
 (WY 
*ONESBORO ,! 
  
&AX   



$ELTA 6IEW .URSERY
2OUTE  "OX 
/LD (IGHWAY  3OUTH
,ELAND -3 
  
&AX   
7EB PAGEWWWTECINFOCOM^HARDWOODS
% MAIL HARDWOODS TECINFOCOM
%AST OF %DEN .URSERY
2OUTE  "OX !
9AZOO #ITY -3 
  
4HOMAS .URSERY
2OUTE  "OX !
(IGHWAY 
%NTERPRISE -3 
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9AZOO (ARDWOOD .URSERY
2T  "OX 
0HILIPP -3 
  
&AX SAME AS PHONE NUMBER
% MAIL YHNURSERY MICROSPEDCOM
-ISSOURI

*OYNERS (ILLS .URSERY
 *OYNERS (ILL 2OAD
"ELLS 4. 
  
&AX   
4REES BY 4OULIATOS
 "ROOKS 2OAD
-EMPHIS 4. 
  
&AX   

&ORREST +EELING .URSERY
(WY  3OUTH
%LSBERRY -/ 
  

7ARREN #OUNTY .URSERY
 "EERSHEBA (WY
-C-INNVILLE 4. 
  
&AX   
7EB PAGE WCNURSERY BLOMANDNET

4OM ,ETT .URSERY
2OUTE  "OX #
#APE 'IRARDEAU -/ 
  
.ORTH #AROLINA 7EYERHAUSER
'EORGE (UNT 7ALKER .URSERY
 $INAHS ,ANGING 2D
7ASHINGTON .# 
  
&AX   
/KLAHOMA

4ENNESSEE

'REENLEAF .URSERY
2OUTE  "OX 
0ARK (ILL /+ 
  
"OYD .URSERY
0/ "OX 
-C-INNVILLE 4. 
   OR   
&AX   
'REENWOOD .URSERY
 -YERS #OVE 2D
-C-INNVILLE 4. 
   IN STATE OR
  
&AX   
(ILLIS .URSERY
 'ARDNER 2D
(IGHWAY  3
-C-INNVILLE 4. 
  
&AX   
7EB PAGE  WWWHILLISNURSURERCOM
% MAIL HILLISNSY BLOMANDNET

4EXAS

'REENLEAF .URSERY
(#  "OX 
(IGHWAY  3
%L #AMPA 48 
  
&AX   

6IRGINIA

5NION #AMP .URSERY
 %PPES $RIVE
#APRON 6!  
  

!DDITIONAL 3OURCES OF )NFORMATION
!SSOCIATION OF &LORIDA .ATIVE .URSERIES  
 0LANT AND 3ERVICE ,OCATOR 0/ "OX  3AN
!NTONIO &,    
0LANT )NDUSTRY $IVISION  #ERTIlED .URSERIES AND
0LANT #OLLECTORS OF .ORTH #AROLINA 2ALEIGH .#
.ORTH #AROLINA $EPARTMENT OF !GRICULTURE ;.OTE
/THER STATES MAY HAVE SIMILAR DIRECTORIES=
3OIL #ONSERVATION 3ERVICE 3TAFF  $IRECTORY OF
7ETLAND 0LANT 6ENDORS 7ETLANDS 2ESEARCH 0ROGRAM
4ECHNICAL 2EPORT 720 3-  6ICKSBURG -ISS 53
!RMY #ORPS OF %NGINEERS 7ATERWAYS %XPERIMENT
3TATION

! '5)$% 4/ "/44/-,!.$ (!2$7//$ 2%34/2!4)/.



!PPENDIX $
3PECIES 3ITE 2ELATIONSHIPS IN THE -IDSOUTH
7ALTER "ROADFOOT  IDENTIlED A NUMBER OF SOIL
TYPES IN THE MIDSOUTH THAT SUPPORT GOOD GROWTH OF BOT
TOMLAND HARDWOOD SPECIES 4HESE SOIL TYPES ARE LOCATED
IN lVE SOIL AREAS -ISSISSIPPI 2IVER mOODPLAIN COM
MONLY CALLED THE $ELTA ,OESS #OASTAL 0LAIN mOOD
PLAINS OF THE 2ED AND !RKANSAS 2IVERS AND THE "LACK
LAND AREAS lGS $ $ 
4HE FOLLOWING INFORMATION AND TABLES ON SOIL TYPES
IS TAKEN ALMOST VERBATIM FROM "ROADFOOTS PUBLICATION
h3OIL 3UITABILITY FOR (ARDWOODS IN THE -IDSOUTHv !C
CORDING TO "ROADFOOT h)NFORMATION WAS COMPILED FROM
DATA AND OBSERVATION OF NATURAL STANDS AND MAY NOT APPLY
WHERE PHYSICAL CHEMICAL AND MORPHOLOGICAL CONDITIONS
OF THE SOIL HAVE BEEN WORSENED OR WHERE THERE ARE UN
USUAL SOIL VARIATIONS SUCH AS SAND RIDGES AND EXCEPTION
ALLY DRY PHASES 3PECIES SITE RELATIONSHIPS IN PLANTATIONS
MAY ALSO DIFFER FROM THOSE INDICATEDv "ROADFOOT 
P   
4HE READER SHOULD KEEP IN MIND THAT THE FOOTNOTES ON
EACH TABLE REFER TO hWEED SPECIESv AND SUGGEST WHICH
SPECIES TO FAVOR OR NOT IN MANAGEMENT FROM A TIMBER
PRODUCTION POINT OF VIEW )F THE FOREST TO BE RESTORED WILL
BE USED FOR PURPOSES OTHER THAN TIMBER PRODUCTION THE
TABLE SYMBOLS AND FOOTNOTES MUST BE INTERPRETED CARE
FULLY -ANY SPECIES THAT ARE CONSIDERED hWEEDSv FROM A
TIMBER PRODUCTION PERSPECTIVE ARE OFTEN CONSIDERED DESIR
ABLE FOR WILDLIFE SEE TABLE  

$ELTA
4HE $ELTA AREA SOILS LIE IN THE mOODPLAINS OF THE -IS
SISSIPPI 2IVER 4HE SOILS ARE FORMED FROM ALLUVIAL MATE
RIAL WASHED DOWN FROM NORTHERN PARTS OF THE WATERSHED
4HEY ARE FERTILE AND UNDER PROPER MANAGEMENT THEY ARE
SOME OF THE BEST PRODUCERS OF HARDWOOD TIMBER &OUR
MAJOR TYPES OF SOILS OCCUR IN THE $ELTARECENT NATURAL
LEVEE OLD NATURAL LEVEE SLACKWATER AND DEPRESSIONAL
SOILSEACH OF WHICH IS MORE SUITABLE FOR SOME SPECIES
THAN OTHERS TABLE $ 
6ARIATIONS IN SOILS OF NATURAL LEVEES CAN BE TRACED
TO DIFFERENCES IN DRAINAGE AND TEXTURE 4HE ALLUVIAL
SEDIMENTS ARE IN THE lRST STAGES OF DEVELOPMENT BECAUSE
THEY HAVE BEEN IN PLACE SUCH A SHORT TIME 4HE SOILS ARE
USUALLY NEUTRAL TO ALKALINE BECAUSE OF LACK OF LEACHING
4HEY ARE LIGHT IN COLOR BECAUSE ORGANIC MATTER HAS NOT
HAD TIME TO BUILD UP

4HE OLD NATURAL LEVEE SOILS ARE ACID BECAUSE THEY HAVE
BEEN LEACHED 4HESE SOILS IN ADDITION TO SPECIES COM
MON ON THE YOUNGER NATURAL LEVEES SUPPORT OAKS AND
HICKORIES AS WELL AS SASSAFRAS
4HE SLACK WATER AREAS ARE NEARLY LEVEL OR GENTLY SLOP
ING OCCUPY BROAD AREAS AND ARE USUALLY SOME DISTANCE
FROM THE PRESENT AND FORMER CHANNELS OF THE -ISSISSIPPI
2IVER 4HEIR CLAY CONTENT IS HIGH AND HAS DEVELOPED
UNDER CONDITIONS OF POOR DRAINAGE 4HESE SITES SUPPORT A
HIGH SPECIES DIVERSITY
$EPRESSIONAL SOILS OCCUR IN OLD PARTLY lLLED RIVER
CHANNELS THROUGHOUT THE -ISSISSIPPI 2IVER mOODPLAIN
4HESE CHANNELS PROVIDE MEANS FOR THE SLOW RETURN OF
mOOD WATERS TO THE BAYOUS AND MAIN RIVER 4HEY ARE THE
LOWEST LYING SOILS OF THE REGION AND ARE SUBJECT TO PERI
ODIC mOODING BY LOCAL RUNOFF (ARDWOOD SPECIES ON THESE
SOILS ARE LIMITED TO THOSE MOST TOLERANT OF POOR DRAINAGE
AND AERATION

,OESS
4HIS IS THE NARROW BAND OF WIND DEPOSITED SOILS
LYING IMMEDIATELY EAST AND WEST OF THE $ELTA 4HESE
ARE MOSTLY UPLAND SOILS BUT SUPPORT MANY OF THE SAME
SPECIES FOUND ON HIGHER BOTTOMLAND SITES 3OIL TEXTURE
IS UNIFORM USUALLY SILT LOAM TO SILTY CLAY LOAM 4HESE
SOILS ARE HIGHLY ERODIBLE IF ENOUGH EROSION HAS OCCURRED
SO THAT A SITE HAS LESS THAN SIX INCHES OF TOPSOIL THE SITE
IS CONSIDERED MORE SUITABLE FOR PINES THAN HARDWOODS
3OME SOILS HAVE PANS OR ARE UNDERLAID WITH STIFF CLAYS
0INE SHOULD ALSO BE FAVORED ON THESE SITES ALONG WITH
SPECIES SUCH AS CHERRYBARK 3HUMARD AND WHITE OAK AND
SWEETGUM 4HE GENERAL SOIL CLASSES IN THE ,OESS AREA ARE
UPLAND TERRACES ACID BOTTOMS AND NEUTRAL TO ALKALINE
BOTTOMS TABLE $ 
4ERRACE SOILS IN THE ,OESS AREA SHOW CONSIDERABLE
PROlLE DEVELOPMENT ! NUMBER OF THE TERRACE SOILS ARE
POORLY DRAINED AND HAVE STRONG PANS THAT SERIOUSLY LIMIT
ROOT DEVELOPMENT AND HEIGHT GROWTH OF HARDWOODS 0RES
ENCE OF PANS SHOULD BE INVESTIGATED BY USE OF THE SOIL
SURVEY OR lELD INSPECTION
! NUMBER OF RIVER mOODPLAINS IN THE ,OESS AREA BORDER
THE $ELTA ON THE EAST 'ENERALLY THE SAME VARIETY OF SPE
CIES FOUND ON THE TERRACES OF THIS SOIL ARE ON THE BOTTOMS
4HE MIDDLE AND LOWER SLOPES OF THE UPLAND AND THE ACID
BOTTOMS ARE PARTICULARLY PRODUCTIVE
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4ABLE $ 3OIL SUITABILITY FOR SOUTHERN HARDWOODS IN THE $ELTA AREA 4REE NOMENCLATURE FOLLOWS ,ITTLE  

0OST AND SPECIALTY SPECIES BLACK LOCUST CATALPA AND mOWERING DOGWOOD ON MODERATELY TO WELL DRAINED ACID SOILS /SAGE ORANGE ON NEUTRAL TO ALKALINE SOILS MULBERRY ON ALL SOILS
,IMITED COMMERCIALLY OR IN OCCURRENCE BOXELDER ON NEUTRAL TO ALKALINE SOILS BUR OAK !MERICAN HOLLY WINGED ELM ON ACID SOILS POST OAK RIVER BIRCH HICKORIES EXC WATER AND WHITE OAK ON WELL
CEDAR ELM BUCKEYE AND +ENTUCKY COFFEETREE ON ALL SOILS
7EED SPECIES !MERICAN HORNBEAM AND
/CCURS FREQUENTLY FAVOR IN MANAGEMENT

/CCURS FREQUENTLY MANAGE BUT DO NOT FAVOR

/CCURS OCCASIONALLY FAVOR

/CCURS OCCASIONALLY MANAGE BUT DO NOT FAVOR

/CCURS FREQUENTLY MANAGE BUT DO NOT FAVOR
/CCURS OCCASIONALLY MANAGE BUT DO NOT FAVOR

/CCURS FREQUENTLY FAVOR IN MANAGEMENT

/CCURS OCCASIONALLY FAVOR

7EED SPECIES %ASTERN HOPHORNBEAM AND !MERICAN HORNBEAM ON ACID TERRACES AND BOTTOMS BLACKJACK OAK AND SMOOTH SUMAC

,IM
AC
WILLOW ON ALL POORLY DRAINED SOILS PECAN CHINABERRY CEDAR ELM WINGED ELM AND BUCKEYE ON ALL SOILS SPRUCE PINE ON ACID LOWER SLOPES TERRACES AND BOTTOMS

0OST AND SPECIALTY SPECIES BLACK LOCUST mOWERING DOGWOOD AND CATALPA ON WELL DRAINED ACID SOILS EASTERN REDCEDAR AND MULBERRY ON ALL SOILS

)NCLUDES ALL SLOPES GREATER THAN 



4ABLE $ 3OIL SUITABILITY FOR SOUTHERN HARDWOODS IN THE ,OESS AREA 4REE NOMENCLATURE FOLLOWS ,ITTLE  
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#OASTAL 0LAIN

"LACKLAND

-ANY SOILS SUPPORTING HARDWOODS IN THE MIDSOUTH
ARE ON TERRACES AND BOTTOMS WITHIN THE #OASTAL 0LAIN
)N GENERAL THEY ARE SANDY ACID AND LACKING IN NATURAL
FERTILITY BUT SOME HAVE ADEQUATE MOISTURE AND DRAINAGE
FOR GOOD BOTTOMLAND HARDWOOD DEVELOPMENT 4ABLE $
LISTS THE MAJOR #OASTAL 0LAIN SOILS AND SOME OF THE MAJOR
HARDWOOD SPECIES THAT NATURALLY OCCUR ON THEM

4HE "LACKLAND SOILS OCCUR IN !LABAMA -ISSISSIPPI
AND EASTERN 4EXAS WITH SMALLER AREAS IN ,OUISIANA AND
!RKANSAS 4HEY ARE FOUND WITHIN THE #OASTAL 0LAIN AREA
BUT DIFFER IN THEIR PRAIRIE LIKE NATURE AND COLOR 4HE PRIN
CIPAL SOIL CLASSES ARE SHOWN IN TABLE $
-OST SOILS ARE NEUTRAL TO ALKALINE BUT SOME HAVE
WEATHERED ENOUGH TO BECOME SLIGHTLY ACID 4EXTURE IS

4ABLE $ 3OIL SUITABILITY FOR SOUTHERN HARDWOODS IN THE #OASTAL 0LAIN AREA 4REE NOMENCLATURE FOLLOWS ,ITTLE  
4ERRACES
)MPORTANT COMMERCIAL SPECIES

#AHABA
+ALMIA
!MITE

&LINT
0RENTISS
4ILDEN
)ZAGORA

"OTTOMS FROM #OASTAL 0LAIN MATERIALS
3TOUGH
7AHEE
-YATT
,EAF

/CHLOCK
ONEE
)UKA
"RUNO

-ANTACHIE
5RBO

"IBB

#HASTAIN
#OARSE
SURFACE

*OHNSTON

&INE
SURFACE

!SH GREEN AND WHITE
"ALDCYPRESS
"EECH !MERICAN
"IRCH RIVER
#HERRY BLACK
#OTTONWOOD EASTERN
%LMS SLIPPERY AND !MERICAN
(ACKBERRY AND SUGARBERRY
(ICKORIES EXC WATER
-AGNOLIA SOUTHERN
-APLE RED
/AK CHERRYBARK
/AK LAUREL
/AK .UTTALL
/AK OVERCUP
/AK 3HUMARD
/AK SOUTHERN RED
/AK SWAMP CHESTNUT
/AK WATER
/AK WHITE
/AK WILLOW
0ERSIMMON COMMON
0INES EXC SPRUCE
0INE SPRUCE
3WEETGUM
3YCAMORE !MERICAN
4UPELO BLACK
4UPELO WATER
7ALNUT BLACK
9ELLOW POPLAR
0OST AND SPECIALTY SPECIES BLACK LOCUST AND mOWERING DOGWOOD ON MOIST WELL DRAINED SOILS MULBERRY ON ALL SOILS
,IMITED COMMERCIALLY OR IN OCCURRENCE BASSWOOD PECAN POST OAK AND SILVER MAPLE ON WELL DRAINED SOILS SHINGLE OAK SWEETBAY AND SWAMP TUPELO ON POORLY DRAINED SOILS BOXELDER WINGED ELM
HONEYLOCUST BLACK WILLOW SASSAFRAS !MERICAN HOLLY BUCKEYE CHINABERRY AND COMMON SWEETLEAF ON ALL SOILS
7EED SPECIES BLACKJACK OAK AND SMOOTH SUMAC ON WELL DRAN
HORNBEAM DEVILS WALKING STICK HAWTHORN AND mATWOODS PLUM ON ALL SOILS
/CCURS FREQUENTLY FAVOR IN MANAGEMENT

/CCURS FREQUENTLY MANAGE BUT DO NOT FAVOR

/CCURS OCCASIONALLY FAVOR

/CCURS OCCASIONALLY MANAGE BUT DO NOT FAVOR

! '5)$% 4/ "/44/-,!.$ (!2$7//$ 2%34/2!4)/.



4ABLE $ 3OIL SUITABILITY FOR HARDWOODS IN THE "LACKLAND AREA 4REE NOMENCLATURE FOLLOWS ,ITTLE  
"OTTOM SOILS
)MPORTANT COMMERCIAL SPECIES

4ERRACE
SOILS
+IPLING
'EIGER

2ECENT
COARSE AND
MEDIUM
TEXTURED
-ARIETTA
6ERONA

&INE TEXTURED ACID
+AUFMAN

(OULKA

&INE TEXTURED
CALCAREOUS
5NA

#ATALPA
7EST 0OINT

,EEPER
4USCUMBIA

!SH GREEN AND WHITE
#OTTONWOOD EASTERN
%LMS SLIPPERY AND !MERICAN
(ACKBERRY AND SUGARBERRY
(ICKORIES EXC WATER
-APLE RED
-APLE SILVER
/AK CHERRYBARK
/AK $URAND
/AK .UTTALL
/AK OVERCUP
/AK POST
/AK 3HUMARD
/AK SWAMP CHESTNUT
/AK WATER
/AK WHITE
/AK WILLOW
0ERSIMMON COMMON
3WEETGUM
3YCAMORE !MERICAN
4UPELO BLACK
9ELLOW POPLAR


.ONERODED PHASES ONLY

0OST AND SPECIALTY SPECIES BLACK LOCUST AND CATALPA ON ALL WEL
3PECIES LIMITED COMMERCIALLY OR IN OCCURRENCE BOXELDER WINGED ELM HONEYLOCUST AND PECAN ON ALL SOILS !MERICAN BEECH SOUTHERN MAGNOLIA SPRUCE PINE !MERICAN HOLLY SHINGLE OAK SASSAFRAS
AND CHINABERRY ON ALL ACID SOILS BLACK WALNUT AND BLACK CHERRY ON A
POORLY DRAINED SOILS
7EED SPECIES HAWTHORN AND PRIVET ON ALL SOILS !MERICAN HORNBEAM EASTERN HOPHORNBEAM ROUGHLEAF DOGWOOD AND mATWOODS PLUM ON ALL ACID SOILS SMOOTH SUMAC ON ALL MOIST WELL DRAINED
SOILS REDBUD AND (ERCULES CLUB ON TERRACES AND ACID SOILS
/CCURS FREQUENTLY FAVOR IN MANAGEMENT

/CCURS FREQUENTLY MANAGE BUT DO NOT FAVOR

/CCURS OCCASIONALLY FAVOR

/CCURS OCCASIONALLY MANAGE BUT DO NOT FAVOR

MOSTLY lNE OR CLAY SIZED 4HE ALLUVIAL SOILS ARE FERTILE
ENOUGH TO SUPPORT EXCELLENT GROWTH OF SOME HARDWOODS
PROVIDED MOISTURE AND DRAINAGE ARE ADEQUATE

2ED AND !RKANSAS 2IVER &LOODPLAINS
2EDDISH BROWN SOILS OCCUPY THE mOODPLAINS OF THE
!RKANSAS AND 2ED 2IVERS AND INCLUDE ACID TO ALKALINE
SANDS SILTS AND CLAYS 4HE MORE ALKALINE SOILS OCCUR IN
THE 2ED 2IVER mOODPLAIN AND THE MORE ACID SOILS OCCUR IN

THE !RKANSAS 2IVER mOODPLAIN 4HE TWO MAIN SOIL CLASSES
DESCRIBED FOR THIS AREA ARE TERRACE AND BOTTOM SOILS TABLE
$ 
4ERRACE SOILS RANGE FROM MODERATELY TO WELL DRAINED
ACID SOILS TO SOMEWHAT POORLY DRAINED TO POORLY DRAINED
ACID SOILS "OTTOMLAND SOILS RANGE FROM ACID TO NEUTRAL TO
ALKALINE TO CALCAREOUS IN P( 4HEY ARE GENERALLY MODER
ATELY TO WELL DRAINED
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4ABLE $ 3OIL SUITABILITY FOR HARDWOODS IN THE 2ED AREA 4REE NOMENCLATURE FOLLOWS ,ITTLE  
4ERRACES
)MPORTANT COMMERCIAL SPECIES

-C+AMIE
(ORTMAN
-USKOGEE

-ORSE
!SA

"OTTOMS
'ORE
!CADIA
7RIGHTSVILLE

0ULASKI
'ALLION
,ONOKE
-ER 2OUGE

9AHOLA
.ORWOOD

(EBERT
0ORTLAND
0ERRY

-ILLER
"UXIN
2OEBUCK
0LEDGER

!SH GREEN AND WHITE
#OTTONWOOD EASTERN
%LMS SLIPPERY AND !MERICAN
(ACKBERRY AND SUGARBERRY
(ICKORIES EXC WATER
(ONEYLOCUST
/AK CHERRYBARK
/AK .UTTALL
/AK OVERCUP
/AK SWAMP CHESTNUT
/AK WATER
/AK WHITE
/AK WILLOW
0ECAN
0INES
3WEETGUM
3YCAMORE !MERICAN
4UPELO BLACK
0OST AND SPECIALTY SPECIES BALDCYPRESS ON ALL POORLY DRAINED SOILS
ALL SOILS
3PECIES LIMITED COMMERCIALLY
OAK ON
SOILS CEDAR ELM CHINABERRY AND RED MAPLE ON ALL SOILS

WINGED ELM SASSAFRAS AND 3HUMARD
PUMPKIN ASH WATER HICKORY AND PIN OAK ON ALL POORLY DRAINED

7EED SPECIES !MERICAN HORNBEAM AND EASTERN O
/CCURS FREQUENTLY FAVOR IN MANAGEMENT

/CCURS FREQUENTLY MANAGE BUT DO NOT FAVOR

/CCURS OCCASIONALLY FAVOR

/CCURS OCCASIONALLY MANAGE BUT DO NOT FAVOR

2EFERENCES #ITED
"ROADFOOT 7-  3OIL SUITABILITY FOR HARDWOODS
IN THE -IDSOUTH 53 &OREST 3ERVICE 2ESEARCH .OTE
3/   P

,ITTLE %, *R  #HECK LIST OF NATIVE AND NATURALIST
TREES OF THE 5NITED 3TATES INCLUDING !LASKA  53
$EPARTMENT OF !GRICULTURE (ANDBOOK   PP
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!PPENDIX %
3PECIES 3ITE 2ELATIONSHIPS IN THE 3OUTHERN !TLANTIC #OASTAL
0LAIN
2ECOGNIZING THE INCREASING DEMAND FOR HARDWOODS FOR
BOTH PULPWOOD AND SAWTIMBER THE !MERICAN 0ULPWOOD
!SSOCIATION DEVELOPED A BOOKLET ON STANDS OF BOTTOMLAND
HARDWOODS +ELLISON AND OTHERS   )N THIS BOOKLET
THE AUTHORS DISCUSS SITE TYPES STAND ASSESSMENTS AND
SILVICULTURAL SYSTEMS AND REGENERATION METHODS +ELLISON
AND OTHERS  DISCUSSION ON SITE TYPES IS REPRODUCED
HERE WITH PERMISSION
2ECOGNITION OF SITE TYPE IS ESSENTIAL FOR PROPER MAN
AGEMENT OF BOTTOMLAND HARDWOODS 3ITE TYPES ARE LAND
FORMATIONS WITH UNIQUE SOIL AND WATER CHARACTERISTICS AND
SPECIES COMPOSITIONS "OTTOMLAND SITE TYPES BEST SUITED

FOR HARDWOODS INCLUDE MUCK SWAMPS RED RIVER BOTTOMS
BLACK RIVER BOTTOMS BRANCH BOTTOMS CYPRESS STRANDS
CYPRESS DOMES AND 0IEDMONT BOTTOMLANDS (YDROLOGIC
CHARACTERISTICS AND SPECIES COMPOSITION OF THE BOTTOM
LAND TYPES ARE SHOWN IN TABLE %

2EFERENCE #ITED
+ELLISON 2# -ARTIN *0 (ANSEN '$ AND ,EA 2
 2EGENERATING AND MANAGING NATURAL STANDS OF
BOTTOMLAND HARDWOODS 7ASHINGTON $# !MERICAN
0ULPWOOD !SSOCIATION !0!  !   P

4ABLE % "OTTOMLAND HARDWOOD SITE TYPES BY SURFACE WATER CLASSIlCATION AND INDICATOR SPECIES
(ARDWOOD 3ITE 4YPE
-UCK SWAMP
2ED RIVER BOTTOM
"LACK RIVER BOTTOM
"RANCH BOTTOM
#YPRESS STRAND
#YPRESS DOME
0IEDMONT BOTTOMLAND

3URFACE 7ATER #LASSIlCATION
&LOODED  TO  MONTHS
&LOODED WINTER SPRING
&LOODED WINTER SPRING
"OGGY THROUGHOUT YEAR
&LOODED WINTER SPRING SUMMER
&LOODED THROUGHOUT YEAR
&LOODED WINTER

)NDICATOR 3PECIES
"ALDCYPRESS TUPELO
3YCAMORE SWEETGUM CHERRYBARK OAK
4UPELO SWAMP BLACK GUM
3WAMP BLACK GUM
"ALDCYPRESS
0ONDCYPRESS BALDCYPRESS
9ELLOW POPLAR SWEETGUM

-5#+ 37!-0
6ERY POORLY DRAINED AREA USUALLY WITH STANDING WATER
BROAD EXPANSES BETWEEN TIDEWATER AND UPSTREAM RUNS
AND ALONG BLACK RIVERS AND BRANCH BOTTOM STANDS ALSO
FOUND IN MINIATURE IN SLOUGHS AND OLD OXBOWS OF RED
RIVERS AND BRANCH BOTTOMS CHARACTERIZED BY ACCUMULATION
OF ORGANIC MATTER AMORPHOUS LACKING STRUCTURE  3OILS
RANGE FROM SILT LOAM THROUGH CLAY 7ATER TUPELO AND
BALDCYPRESS ARE COMMON IN DEEPLY mOODED AREAS AND
SWAMP BLACKGUM PREDOMINATES TOWARD THE FRINGES

'ROUND LINE
7ATER TABLE
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2%$ 2)6%2 "/44/&LOODPLAIN OF MAJOR DRAINAGE SYSTEM ORIGINATING IN
THE 0IEDMONT OR -OUNTAINS )MMEDIATELY ADJACENT TO THE
DRAINAGE SYSTEMS SLOUGHS AND OXBOWS ARE COMMONLY
FOUND IF OF SUFlCIENT SIZE THEY ARE CLASSIlED AS MUCK
SWAMPS 3OME ORGANIC MATTER MAY ACCUMULATE ON THE
CLAY SOILS 7ATER TUPELO PREDOMINATES OVER CYPRESS RED
MAPLE SWAMP BLACKGUM SWAMP COTTONWOOD LAUREL OAK
AND OTHERS "EYOND THE SLOUGHS AND OXBOWS ARE lRST BOT
TOMS LOW RIDGES WHICH mOOD PERIODICALLY TO CONSIDER
ABLE DEPTHS (OWEVER DRAINAGE IS FAIRLY RAPID BECAUSE OF
HIGHER ELEVATION 3OILS RANGE FROM SANDY LOAMS OR CLAY
LOAMS 3PECIES INCLUDE SWEETGUM ASH WATER HICKORY
SYCAMORE RED MAPLE RIVER BIRCH ELM HACKBERRY AND
WILLOW WATER LAUREL AND OVERCUP OAKS !T STILL HIGHER
ELEVATIONS SECOND BOTTOMS AND TERRACES ARE FOUND &LOOD
ING IS INFREQUENT OR RARE AND MORE MESOPHYTIC SPECIES OF
CHERRYBARK SWAMP CHESTNUT AND WHITE OAKS HICKORIES
BEECH AND OCCASIONALLY YELLOW POPLAR OCCUR %XAMPLES
OF RED RIVER BOTTOM ARE 2OANOKE 6IRGINIA .ORTH
#AROLINA 3ANTEE 3OUTH #AROLINA /CONEE 'EORGIA AND
!LABAMA !LABAMA

",!#+ 2)6%2 "/44/&LOODPLAIN OF MAJOR WATER SYSTEM ORIGINATING IN THE
#OASTAL 0LAIN #LASSIlCATION OF MINOR SITE TYPES AND
SPECIES SIMILAR TO RED RIVER BOTTOM WITH EXCEPTION OF
MUCK SWAMPS BEING MORE PREVALENT AND lRST AND SECOND
BOTTOMS AND TERRACES BEING ON A MORE MODEST SCALE 0RE
DOMINANT SPECIES ARE SWEETGUM TUPELO RED MAPLE AND
CUT LEAF RED OAK %XAMPLES OF BLACK RIVER BOTTOMS ARE
"LACKWATER 6IRGINIA 7ACCAMAW .ORTH #AROLINA 3OUTH
#AROLINA "LACK 3OUTH #AROLINA AND 3T -ARYS 'EORGIA
AND &LORIDA

! '5)$% 4/ "/44/-,!.$ (!2$7//$ 2%34/2!4)/.



"2!.#( "/44/2ELATIVELY mAT ALLUVIAL LAND ALONG MINOR DRAINAGE
SYSTEM WHICH IS SUBJECT TO MINOR OVERmOW /N WETTER
PORTIONS WITH HEAVIER SOILS THE PREDOMINANT SPECIES
ARE WILLOW WATER AND LAUREL OAKS SWAMP BLACK GUM
SWEETGUM RED MAPLE AND ASH 4HE LIGHTER SOILS OF SECOND
BOTTOMS AND TERRACES SUPPORT CHERRYBARK 3HUMARD
SWAMP CHESTNUT AND WHITE OAKS SWEETGUM HICKORY
YELLOW POPLAR AND LOBLOLLY PINE 3LOUGHS AND OXBOWS OF
LIMITED EXTENT ALONG THE MAIN CHANNEL SUPPORT TUPELO AND
SWAMP BLACKGUM %XAMPLES "IG 3WAMP .ORTH #ARO
LINA 7AMBAW 3OUTH #AROLINA

#902%33 342!.$
,OW AREAS IN SOUTH 'EORGIA AND NORTHERN &LORIDA
WHERE SHALLOW WATER mOWS DURING THE WET SEASON ABOVE
THE HARDPAN WHICH IS USUALLY PRESENT 3UCH STRANDS OR
STRINGERS ARE COMMON IN THE LOWER !PALACHICOLA 2IVER
REGION INCLUDING 4ATES (ELL 3WAMP #YPRESS FORESTS
IN THESE STRANDS ARE USUALLY OPEN WITH SEDGES BENEATH
3OME CYPRESS TREES EXTEND INTO ADJACENT SAVANNAHS
AND BOGGY mATWOODS OF SLASH PINE AND EVEN LONGLEAF
PINE "LACKGUM IS A COMMON ASSOCIATE JUST BENEATH THE
CYPRESS CANOPY 4HE SOILS VARY IN DEPTH OF THE SURFACE OR
GANIC HORIZON AND IN THE PRESENCE OR ABSENCE OF A SPODIC
OR AN ARGILLIC HORIZON 4HE VALUES FOR P( AND AVAILABLE
NUTRIENTS ARE GENERALLY LOW
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#902%33 $/-%

)SOLATED PEATY ACID DEPRESSION DOME USUALLY FOUND
IN &LORIDA WHICH IS MOIST OR INUNDATED FOR WEEKS OR
MONTHS AT A TIME 0ONDCYPRESS PREDOMINATES BUT OTHER
SPECIES SUCH AS BLACKGUM SLASH PINE SWEETBAY AND
LOBLOLLY BAY ARE FOUND ON SMALL HUMMOCKS WHERE THE
HYDROPERIOD IS LESS PROLONGED 'ROUND COVER IS USUALLY
ABSENT EXCEPT ON HUMMOCKS 4HE TALLEST TREES OCCUR IN
THE CENTER OF THE DOMES WHERE PEAT CAN ACCUMULATE TO
  FEET IN DEPTH OTHER TREES ARE PROGRESSIVELY SHORTER TO
THE PERIPHERY $OMES TYPICALLY HAVE CLAY PANS OR LENSES
BENEATH THE SANDY SURFACE SOILS WHICH SERVE TO LIMIT SUB
SURFACE GROUNDWATER RECHARGE

0)%$-/.4 "/44/-,!.$

)N LOWER 0IEDMONT CONDITIONS IDENTICAL TO RED RIVER
BOTTOM ARE ENCOUNTERED (OWEVER UPSTREAM SLOUGHS
OXBOWS AND lRST BOTTOMS DECREASE IN FREQUENCY AND AREA
UNTIL ONLY WELL DRAINED BOTTOMLAND SECOND BOTTOM AND
TERRACE IS ENCOUNTERED 3PECIES INCLUDE SYCAMORE BIRCH
YELLOW POPLAR SWEETGUM GREEN ASH COTTONWOOD WATER
AND WILLOW OAK LOBLOLLY PINE AND OTHERS %XAMPLES OF
BOTTOMLAND SITE TYPES ARE -EHERRIN 6IRGINIA .EUSE
.ORTH #AROLINA 3ALUDA 3OUTH #AROLINA /CONEE 'EORGIA
AND 3IPSEY !LABAMA

4HE 53$! PROHIBITS DISCRIMINATION IN ALL ITS PROGRAMS AND ACTIVITIES ON THE BASIS OF RACE COLOR NATIONAL ORIGIN SEX RELIGION
AGE DISABILITY POLITICAL BELIEFS SEXUAL ORIENTATION OR MARITAL OR FAMILY STATUS .OT ALL PROHIBITED BASES APPLY TO ALL PROGRAMS
0ERSONS WITH DISABILITIES WHO REQUIRE ALTERNATIVE MEANS FOR COMMUNICATION OF PROGRAM INFORMATION "RAILLE LARGE PRINT AUDIOTAPE
ETC SHOULD CONTACT 53$!S 4!2'%4 #ENTER AT    VOICE AND 4$$ 
4O lLE A COMPLAINT OF DISCRIMINATION WRITE 53$! $IRECTOR /FlCE OF #IVIL 2IGHTS 2OOM  7 7HITTEN "UILDING 
)NDEPENDENCE !VENUE 37 7ASHINGTON $#   OR CALL    VOICE AND 4$$  53$! IS AN EQUAL OPPORTUNITY
PROVIDER AND EMPLOYER

53 'EOLOGICAL 3URVEY

0RINTED ON RECYCLED PAPER

2EVISED -AY 

!S THE .ATIONS PRINCIPAL CONSERVATION AGENCY THE $EPARTMENT
OF THE )NTERIOR HAS RESPONSIBILITY FOR MOST OF OUR NATIONALLY OWNED
PUBLIC LANDS AND NATURAL RESOURCES 4HIS RESPONSIBILITY INCLUDES FOS
TERING THE SOUND USE OF OUR LANDS AND WATER RESOURCES PROTECTING OUR
lSH WILDLIFE AND BIOLOGICAL DIVERSITY PRESERVING THE ENVIRONMENTAL
AND CULTURAL VALUES OF OUR NATIONAL PARKS AND HISTORICAL PLACES AND
PROVIDING FOR THE ENJOYMENT OF LIFE THROUGH OUTDOOR RECREATION 4HE
$EPARTMENT ASSESSES OUR ENERGY AND MINERAL RESOURCES AND WORKS TO
ENSURE THAT THEIR DEVELOPMENT IS IN THE BEST INTERESTS OF ALL OUR PEOPLE
BY ENCOURAGING STEWARDSHIP AND CITIZEN PARTICIPATION IN THEIR CARE
4HE $EPARTMENT ALSO HAS A MAJOR RESPONSIBILITY FOR !MERICAN )NDIAN
RESERVATION COMMUNITIES

53'3 "2$ )42   AND 53$! &OREST 3ERVICE 'ENERAL 4ECHNICAL 2EPORT 323 

53 $EPARTMENT OF THE )NTERIOR

! 'UIDE TO "OTTOMLAND (ARDWOOD 2ESTORATION 

4HE &OREST 3ERVICE 5NITED 3TATES $EPARTMENT OF !GRICULTURE 53$! IS DEDICATED TO THE PRINCIPLE
OF MULTIPLE USE MANAGEMENT OF THE .ATIONS FOREST RESOURCES FOR SUSTAINED YIELDS OF WOOD WATER FORAGE
WILDLIFE AND RECREATION 4HROUGH FORESTRY RESEARCH COOPERATION WITH THE 3TATES AND PRIVATE FOREST OWNERS
AND MANAGEMENT OF THE .ATIONAL &ORESTS AND .ATIONAL 'RASSLANDS IT STRIVESAS DIRECTED BY #ONGRESSTO
PROVIDE INCREASINGLY GREATER SERVICE TO A GROWING .ATION

