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Abstract

Restoration of bottomland hardwood forests is the
subject of considerable interest in the southern United
States, but restoration success is elusive. Techniques
for establishing bottomland tree species are well de-
veloped, yet problems have occurred in operational
programs. Current plans for restoration on public and
private land suggest that as many as 200,000 hectares
could be restored in the Lower Mississippi Alluvial
Valley alone. The ideal of ecological restoration is to
reestablish a completely functioning ecosystem. Al-
though some argue that afforestation is incomplete
restoration, it is a necessary and costly first step but
not an easy task. The 1992 Wetlands Reserve Program
in Mississippi, which failed on 90% of the area, illus-
trates the difficulty of broadly applying our knowl-
edge of afforestation. In our view, the focus for eco-
logical restoration should be to restore functions, rather
than specifying some ambiguous natural state based
on reference stands or pre-settlement forest conditions.
We view restoration as one element in a continuum
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model of sustainable forest management, allowing us
to prescribe restoration goals that incorporate land-
owner objectives. Enforcing the discipline of explicit
objectives, with restoration expectations described in
terms of predicted values of functions, causal mecha-
nisms and temporal response trajectories, will hasten
the development of meaningful criteria for restoration
success. We present our observations about current ef-
forts to restore bottomland hardwoods as nine myths,
or statements of dubious origin, and at best partial
truth.

Key words: afforestation, functions, Wetlands Reserve
Program.

Introduction

R estoring degraded ecosystems is a major new fo-
cus of research and practice (National Research

Council 1992; Cairns 1995). Nevertheless, the scientific
basis for ecological restoration is thin. Many authors
stress the need for clear objectives in a restoration
project, in order that indicators of restoration success
can be specified. Anderson and Dugger (1998) provide
a conceptual basis for evaluating success, and Toth and
Anderson (1998) describe a very complete set of indica-
tors for one of the largest and most expensive restora-
tion projects in the United States, the Kissimmee River
in Florida. Restoration of bottomland hardwood forests
is the subject of considerable interest in the southern
United States (Clewell & Lea 1990; Sharitz 1992; Noss et
al. 1995),  although there is little consensus on what con-
stitutes restoration success. Techniques for establishing
bottomland trees species are well developed (Allen &
Kennedy 1989; Stanturf  et al. 199%;  Allen et al. in press),
yet problems have occurred in operational programs. In
this paper, we share experience and insight gained
from our research projects, technology-transfer activities
and training programs. We believe that many problems
stem from misunderstanding the ecology of bottomland
hardwood forests, unclear restoration objectives or re-
sistance to new methods and approaches. We synthe-
sized our observations into nine statements about resto-
ration of bottomland hardwoods that we characterize
as myths, or statements of dubious origin, and at best
partial truth. To assist in understanding the origin and
significance of these mythical statements, it is necessary
to place them in their ecological and sociopolitical con-
text.

Ecological Context

Restoration of forested wetlands requires an under-
standing of site variation within floodplains and the site
requirement of the species to be used. Although most
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floodplains are relatively flat, large differences in site
quality and species suitability occur due to small changes
in topography. Many unsuccessful restoration projects
foundered by failing to recognize these differences. Chang-
ing elevation by a few inches can have a marked effect on
site quality, and thereby on species occurrence and stand
development (Hodges & Switzer 1979; Wharton et al.
1982; Hodges 1997, 1998). Differences in hydroperiod,
soil drainage and aeration and soil redox  potential are
associated with these minor elevation changes. They
also reflect differences in soil texture, structure and pH,
which all affect species suitability for a particular site
(Baker & Broadfoot 1979).

The origin and development of floodplain geomor-
phic features are discussed in basic texts on fluvial  geo-
morphology and wetlands (Mitsch  & Gosselink 1993).
The significance of these features in patterning flood-
plain vegetation has been described in detail by Hodges
(1997, 1998) and Kellison et al. (1998); the specific soil
relationships are summarized in Stanturf  and Schoen-
holtz (1998). In summary, fronts and ridges are the high-
est, best-drained and most productive sites within the
floodplain. Soils are generally sandy or silty loams. Soils
on flats are predominantly clays and these sites are poorly
to somewhat poorly drained. Sloughs and swamps arise
from old streambeds which are almost filled or are being
filled with sediment. The soils in sloughs and swamps
are generally fine textured, at least in surface horizons,
and drainage is poor. Standing water may be present in
swamps except in extremely dry years.

A knowledge of stand development and replacement
patterns on bottomland hardwood sites is important for
long-term success of restoration projects. In addition to
the kinds of overstory disturbances and plant-mediated
responses as occur in uplands, bottomland sites change
over time by deposition of sediment and meandering of
the river. Hodges (1997) recognized three general pat-
terns of stand replacement in major river bottoms. On
permanently flooded sites where little deposition oc-
curs, such as Taxodium-Nyssa swamps, compositional
changes may not occur for hundreds of years absent
major disturbances such as hurricanes (Conner & Bu-
ford 1998). The Taxodium-Nyssa type often is the oldest
community in a floodplain, with the oldest individuals.
Stands can be as young as 200-300 years old before re-
placement occurs.

Another pattern can be discerned on poorly drained
sites at low elevation that are not permanently flooded.
The pioneer tree species on these sites with heavy soils
is usually Salin:  nigra  Marsh (black willow). Break-up of
willow stands may begin as early as age 30 and few
remnants survive beyond age 60 (Johnson & Shropshire
1983). Development of the vegetation depends on the
rate of sediment deposition and sometimes on the tex-
ture of the sediment. Although there are several path-

ways, development tends toward the Litmus-Fruxinus-
Celtis (elm-ash-hackberry) type, which is the most
common community in the major bottoms of the Mis-
sissippi River alluvial plain and the western Gulf of
Mexico coastal plain.

The third pattern, termed the riverfront association,
occurs on the higher elevation, better-drained ridge and
front sites. Populus deltoides var. deltoides (Bartr.) ex
Marsh (Eastern cottonwood) is the pioneer species on
“new land” formed by exposure of point bars, or after
major stand-removing disturbances that expose bare
mineral soil. This community does not last long; cotton-
wood stands begin to break up at age 45 or earlier, but
remnant stems may survive on these highly productive
sites until age 80-100 years (Johnson & Shropshire
1983). Stand composition following cottonwood can
vary, depending on how quickly replacement occurs.
Shade-tolerant species such as Acer negundo L. (box-
elder), Celtis luevigutu  Willd. (sugarberry), Acer succhuri-
num L. (silver maple) and Celtis occidentalis L. (hack-
berry), usually well established beneath cottonwood,
will capture the site if the break-up is gradual. If stand
replacement is rapid, species composition of the subse-
quent stand depends on presence of advance regenera-
tion and the ability of shade-intolerant species to es-
tablish. In the Mississippi River system between the
protecting levees (batture), composition is commonly
Plutunus  occidentalis  L. (American sycamore), Curyu illi-
noensis (Wangenh.), K. Koch (pecan) and Litmus spp.
(elms). Other species present can include Fruxinus spp.
(ashes), Liquidumbar  styrucifluu  L. (sweetgum), Quercus
phellos L. (willow oak) and Q. nigru  L. (water oak). The
riverfront association may persist for 75-125 years. The
long-term tendency is toward the Litmus-Fruxinus-
Celtis association, which may replace itself and persist
for 200-300 years. A transitory Liquidumbur-Quercus
type can occur following natural disasters or heavy cut-
ting, but this depends upon the presence of advance
oak regeneration, coppice regeneration or both. The Liq-
uidumbur-Quercus type may persist for 200 years or
longer. When flooding frequency diminishes, sedimen-
tation ceases and soils begin to mature, the site begins
to function more like a terrace than a ridge. Other oaks
such as Q. falcutu  zlur.  pugoduefoliu  Ell. (cherrybark oak),
Q. pulustris  Muenchh. (pin oak) and Q. michuuxii  Nutt.
(swamp chestnut oak), adapted to better drained condi-
tions, will appear.

Sociopolitical Context

The original extent of southern bottomland hardwood
forests was probably around 40-50 million hectares be-
fore European settlement (The Nature Conservancy
1992). These forests occur mostly in the floodplains of
major rivers and their tributaries within the broad
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Figure 1. Present extent of bottomland hardwood ecosystems
in the southern United States. Inset map indicates the location
of the Coastal Plain and Lower Mississippi River Valley phys-
iographic provinces which contain most of the bottomland
hardwood forests.

coastal plain stretching from Virginia to Texas (Fig. 1).
Most of our research is concentrated in the Lower Mis-
sissippi Alluvial Valley, where about 2 million hectares
of bottomland hardwood forests remain of an original
8-10 million hectares (MacDonald et al. 1979). The
highly fertile soils in this region were cleared for agri-
culture and major crops today are cotton, rice, soy-
beans, wheat, aquaculture and sugarcane (McWilliams
& Rosson  1990).

Extensive clearing of this land for agriculture began
in the early 1800s and continued sporadically through
the 1970s. The forest in 1800 was likely secondary suc-
cession, resulting from abandonment of extensive Na-
tive American agricultural fields upon loss of human
population to diseases in the late sixteenth century
(Hamel  & Buckner  1998). The latest episode of clearing

was driven by a steep rise in soybean prices, the devel-
opment of short season varieties that could be grown
profitably on lower lying land and an extended dry pe-
riod (Sternitzke 1976). But many hectares were cleared
that remained subject to late spring and early summer
flooding, and remain uneconomical for cropping. This
land is now being restored to forests under the Conser-
vation Reserve Program (CRP)  and the Wetlands Re-
serve Program (WRP),  both administered by the U.S.
Department of Agriculture (Kennedy 1990; Shepard
1995; Stanturf et al. 1998b).

In addition to programs on private land, afforestation
of public land is underway by federal and state agen-
cies. The U.S. Fish and Wildlife Service began an ag-
gressive afforestation program in the Lower Mississippi
Alluvial Valley, beginning in 1987 (Haynes et al. 1995),
on both refuge land and in partnership with adjacent
private landowners. The U.S. Army Corps of Engineers
must mitigate forested wetland losses caused by con-
struction projects, generally to control flooding. One
ambitious project is the Lake George property in the Ya-
zoo River Basin in Mississippi (U.S. Army Corps of En-
gineers 1989). State government agencies in the Delta
states of Mississippi, Arkansas and Louisiana have un-
dertaken their own afforestation projects (Savage et al.
1989; Newling 1990). Current plans for restoration on
public and private land suggest that as many as 200,000 ha
could be restored in the Lower Mississippi Alluvial Val-
ley alone (Table 1).

Myth 1. Afforestation Is Not the Same as Restoration

Although some argue that afforestation is incomplete
restoration, it is a necessary and costly first step. The
ideal of restoration is to reestablish a completely func-
tioning ecosystem. But we know little about establish-
ing understory species (Walker & Boyer 1993; Packham
et al. 1995) and even less about non-vegetative compo-
nents such as soil quality (Parrotta 1992; Doran  & Par-
kin 1994). Fortunately, most functional attributes are
correlated to vegetation composition and structure
(Cairns 1986).

Table 1. Potential afforestation in the Lower Mississippi Alluvial Valleya

Program Agency b Areu  (ha) in 1995 Area (ha) Planned to 2005

Wetlands reserve NRCS 53,000 47,750
Wildlife refuges USFWS 5,180 10,000
Wetland mitigation COE 2,025 9,700
State agencies MS, AR, LA 13,500 40,500
Total 73,705 107,950

Total Area 01~4

100,750
15,180
11,725
54,000

181,655

aEstimates  were provided by participants at a workshop, Artificial Regeneration of Bottomland Hardwoods: Reforestation/Restoration
Research Needs, held in Stoneville, Mississippi, on 11-12 May 1995.
bNRCS,  Natural Resources Conservation Service; USFWS, U.S. Fish and Wildlife Service; COE, U.S. Army Corps of Engineers; MS, Mis-
sissippi; AR, Arkansas; LA, Louisiana.
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While there is more to restoration of a bottomland
hardwood ecosystem than afforestation, it is hard to en-
vision a successful restoration program that does not
restore forested conditions. Even more problematic is
who would bear the cost of attempting complete resto-
ration of such large areas (Table 1). Even if the empha-
sis is on restoring hydroperiod, evapotranspiration of
the forest canopy is a driving component of wetland
hydrology (Williams 1998) and hydroperiod in bottom-
land hardwood systems cannot truly be restored absent
forest condition. It is irrational to contemplate reestab-
lishing the pre-settlement hydroperiod of the Missis-
sippi River. However, it is feasible to restore local
drainage on restoration sites to foster wetter conditions,
particularly during the dormant season. Ponding water
through the winter and removing it before the growing
season mimics seasonal fluctuations. Flooding agricul-
tural fields during the winter is increasingly common,
undertaken to enhance waterfowl habitat. Because the
Lower Mississippi Alluvial Valley is so flat, this ap-
proach will require ongoing water management to pro-
tect neighboring landowners and to prevent the take-
over of the site by beaver (Castor canadensis).

dominant canopy species) after 3 years. This standard
allowed for volunteer species as well as those planted
or direct seeded by contractors. Only two tracts were
successfully afforested by this standard (C. J. Schweitzer,
unpublished data). On an area basis, this is a 90% fail-
ure. We believe higher stocking should be attempted-
750 stems per hectare. This can be achieved by planting
more seedlings, by applying more intensive weed con-
trol or by both. By our more restrictive standard, only
one parcel was successfully afforested and it adjoined a
natural stand and received windblown seed. We esti-
mated the cost of this program, in one state in one year,
at $4.5 million. Replanting the failures will cost a further
$500,000 (F. Woods, personal communication 1997).

What went wrong? Although we cannot be certain,
indirect evidence points to two main causes for failure:
species were not adequately matched to sites, and over-
sight of the contractors was insufficient. It would be
easy to regard this experience as unusual, but in fact
few restoration projects are subjected even to a cursory
post-operation evaluation (Anderson & Dugger 1998).

Myth 3. Desired Future Condition Can Be Specified

Myth 2. Restoration Is Easy-Anyone Can Do It

A related myth is that restoration, viewed as afforesta-
tion of small tracts within a landscape matrix of inten-
sive, row-crop agriculture, is easy and anyone can spec-
ify how to restore a site. While we know how to afforest
many sites (Kennedy 1993; Stanturf et al. 199821),  recent
experience with the WRP in Mississippi illustrates the
difficulty of applying this knowledge broadly. Affores-
tation  is a system where something can go wrong with
any or several steps. We have observed problems with
poor seed sources, improper storage or handling of
seed and seedlings, prescribing species that were not
adapted to the site, and poor planting techniques. In ad-
dition, there are the natural factors out of our control
such as unusually late flooding, droughty spring after
planting and deer and small mammal depredations.

After disposing of the myth that afforestation bears no
resemblance to restoration and the myth that restora-
tion is easy, we are left with the question of what consti-
tutes restoration. What are our objectives, and how can
they be specified in a measurable indicator of success?
Most practitioners seem to favor the use of reference
sites (Brinson & Rheinhardt 1996; Anderson & Dugger
1998). Restoration guidelines usually recommend iden-
tifying older, relatively undisturbed reference stands as
the criteria for successful restoration. Alternatively, the
goal is less specific, to restore the site to natural condi-
tions as embodied by some notion of the pre-settlement
forest. We regard both versions of the desired future
conditions of the restoration site as problematic.

Problems with Reference Stands

We surveyed the success of the WRP in Mississippi in Reference stands for bottomland hardwoods in the
1992 (C. J. Schweitzer, unpublished data). The WRP Lower Mississippi Alluvial Valley probably have hy-
pays the costs of planting trees on farmland that floods droperiods altered by the same levee system and re-
frequently, and further pays for a conservation ease- gional drainage that permitted the degraded site to be
ment. The one-time, lump-sum easement payment is to cleared and farmed. Extensive levee and drainage con-
compensate the landowner for loss of income from struction have isolated large areas of the Lower Missis-
farming. The farmer can elect to provide an easement sippi Alluvial Valley from infrequent but regular flood-
for 30 years or in perpetuity, and the payment is ad- ing of the mainstem  Mississippi River and its tributaries.
justed accordingly (Shepard 1995). There were 4,000 ha Sites in the Lower Mississippi Alluvial Valley on the
placed in the program in fiscal year 1992, representing protected side of the levees are “drier” now than histor-
47 parcels of land, each approximately 85 ha in size. The ically, and older stands in some areas were therefore es-
standard of success used by the contracting agency, the tablished under wetter conditions. One consequence is
Natural Resources Conservation Service, is at least 247 that the current preference for establishing oak planta-
stems per hectare of acceptable species (mostly native, tions (Haynes et al. 1995) on wildlife management areas
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could result in greater occurrence of oak regionally than
was typical of pre-settlement forests (The Nature Conser-
vancy 1992). Conversely, an incomplete regional drain-
age project on the Yazoo River in Mississippi has resulted
in wetter conditions in the southern half of the Yazoo ba-
sin than historically, making it difficult to establish the
species of bottomland hardwoods that occurred in the
pre-settlement forests.

The interaction of plant succession and hydroperiod
under natural conditions is dynamic and complex.
When one or both have been altered by human inter-
vention, however, the present condition of the reference
site may not be the same as when the stand was initi-
ated. Thus, the site factors that shaped the development
of the restoration stand are no longer present, and the
present stand is not a good indicator of the stand that
would develop under the present site conditions. Clewell
and Lea (1990) pointed out the drawbacks of using spe-
cific reference forests to gauge success, including the
lack of similarity in stands of the same community type
due to accidents of dispersal or localized disturbances.
To this we would add that past stand manipulation, ei-
ther by silvicultural treatments or by high-grading, would
have changed species composition and stand structure.

Although there are drawbacks to using reference
sites to measure success, they may be useful in defining
goals. A restoration site, once developed, should fit
within the range of species composition and stand
structure for that forest type, as it occurs in the vicinity
(Clewell & Lea 1990). Hydroperiod restoration should
aim at establishing a diversity of sites within the range
of wetland types in the landscape (Bedford 1996). Refer-
ence sites can be chosen which represent target condi-
tions for the restoration site. Care must be taken, how-
ever, to establish a hydrological record for both the
restoration and reference sites. When comparing the
restoration and reference stands, one should always
take into account temporal variability of stand condi-
tions. We have to recognize that there are often multiple
pathways of stand development (Oliver & Larson 1996;
Parker & Pickett 1997) and functional attributes such as
biodiversity will change as a stand develops.

Disturbance regimes and past land use can dramati-
cally influence present vegetation of reference stands.
For example, we are intensively studying a minor river
bottom, Iatt Creek, in central Louisiana. This relatively
undisturbed bottomland ecosystem on the Kisatchie
National Forest is representative of approximately 7
million hectares of minor bottoms across the South. A
vegetation ordination and a soil survey (Gardiner et al.
1996) have shown that higher, terrace-like sites within
the 300-ha study area are occupied by more mesic  spe-
cies such as Fagus grundifolia  Ehrhart (American beech).
Soil profiles contain a distinct buried A (surface) hori-
zon at approximately 1.5 m, evidence of considerable

sediment deposition since European settlement (C.
Meier, unpublished data). Accelerated erosion of the
uplands within the basin by cotton farming in the nine-
teenth century was the most probable cause (W. Hud-
nall, personal communication 1998).

Problems with Pre-Settlement Forest

We are just beginning to realize that our notions of pre-
settlement forests are oversimplified. Hamel and Buck-
ner (1998) suggested three points in time that could be
used as the reference pre-settlement forest to represent
the natural state. We can use the immediate post-glacial
forest (approximately 15,000 years before present) that
included many boreal and northern species that are ill-
adapted to today’s climate. This is the only reference for
conditions when anthropogenic effects were minimal.
Alternatively, the forest as it was immediately prior to
European settlement (1492) is usually chosen. However,
population levels of indigenous peoples were higher
than most people today realize, and extensive areas
were cleared periodically by slash and burn (shifting
cultivation) or even semi-permanent agriculture. What
is usually taken as the condition of the pre-settlement
forest is that found by the early settlers and literate
travelers (Bartram 1791) in the seventeenth and eigh-
teenth centuries. These latter forests actually developed
in old fields or in fire-maintained communities, after
abandonment by the indigenous peoples who were
decimated by introduced diseases such as measles, ty-
phus, malaria and small pox. It is critical to realize that
these diseases spread from earliest contact with explor-
ers, trappers and traders long before European settle-
ments were established. Although the magnitude of
Native American populations is fiercely debated, the
consensus among anthropologists is that populations
declined 90% in the 1500s (Whitmore 1991; Love11 1992).
Thus the forest primeval found in 1607 (the date of the
first permanent English settlement) was the result more
of changing human intervention and land use than
from ecological processes in a stable natural forest. As
Oliver and Larson (1996) have argued, it is doubtful
that steady-state conditions ever existed in North Ameri-
can forests. If nothing else, climatic variation in the Ho-
locene has profoundly shifted distribution of individual
species. Historical plant communities existed for which
we have no modern day analogs (Devall & Parresol1998).
Future shifts in climatic extremes, such as increased fre-
quency of hurricanes, fires and drought, could severely
impact development of restoration stands in the future.
Rising sea level will disproportionately affect coastal
wetlands in addition to plant communities in the entire
Lower Coastal Plain (Devall & Parresol 1998) due to rais-
ing the base level and changing flooding extent, frequency
and duration.
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Focus on Restoring Functions, Not on Naturalness

What should be the target for ecological restoration?
Hamel and Buckner (1998) concluded that this is a so-
ciopolitical question. To make informed choices, we
suggest focusing on restoring functions, rather than
specifying some ambiguous natural state. We can set
objectives for achieving levels of functions and develop
techniques for establishing the forest communities that
produce the desired conditions. If we build into our ex-
pectations that a time element is involved in restora-
tion, we can describe our expectations in terms of a pre-
dicted value, a mechanism and the temporal response
trajectory (Toth & Anderson 1998). The predicted value
for a function specifies where the values for a function
are going. Understanding the mechanism by which we
reach the predicted value enables us to comprehend the
intermediate values the function will have over time,
the temporal response trajectory. Different functions
will have their own timeframes.

Data from one of our studies (S. H. Schoenholtz, un-
published data) will illustrate this approach. We quan-
tified the effect of restoration on soil quality by sarn-
pling a chronosequence of stands on the same soil series
and landform  position. We chose as representative of
many Wetlands Reserve Program sites the Sharkey clay
(very fine, montmorillonitic, non-acid, thermic vertic
Haplaquepts; Pettry & Switzer 1996),  nearly level phase
(0.5-2% slope, not subject to backwater flooding). We
sampled QUercUs  nuttallii  Palmer (Nuttall  oak) stands in
four age classes: newly planted sites, plantations aged
5-8 years, plantations aged 18-25 years and natural
stands about 60 years old. We sampled three stands in
each age class for soil properties at several depths. Figure
2 illustrates the average values for soil organic carbon
in the O-5 cm depth and bulk density of the surface 10
cm, across the chronosequence. There appears to be a
pronounced, immediate impact of increasing soil car-
bon and decreasing bulk density within the first 5-10
years, and then a more gradual trajectory. The mecha-
nisms accounting for the carbon response are increasin’g
return of plant material to the upper soil horizons from
leaf litter return to the surface and fine root turnover in
the upper soil horizons, in concert with lower decom-
position rates from lower soil temperatures and less soil
disturbance (i.e., cessation of soil tillage). The decrease
in bulk density results from cessation of machine traffic,
proliferation of woody roots (which increases porosity)
and protection of the soil surface from raindrop impacts
by the developing tree canopy.

Twedt et al. (1999) provide another example of the re-
covery of a different function. They compared avian
densities in natural bottomland hardwood forests to
short-rotation Eastern cottonwood plantations as well
as farmland afforested with cottonwood. Partial cutting

kg m-3
T 1.2

Ii I

0.5.i t
0.2

0 I / 0
0 1 0 2 0 3 0 4 0 5 0 6 0

Stand Age

- - Soil Carbon -Bulk Density

Figure  2 .  Temporal  response  t ra jec tor ies  for  soi l  organic  car-
bon and bulk density in bottomland hardwood afforestat ion.
Values developed from a chronosequence of  QueYcus  nutta l l i i
plantations and natural  bottomland stands on Sharkey clay
soi ls  in  northwestern  Miss iss ippi .  The  values  for  so i l  carbon
(lef t  y-axis)  and bulk densi ty  (r ight  y-axis)  are  for  the upper
5 cm of soil.

of natural stands shifted avian communities toward in-
tensively managed cottonwood plantations, although
within 6 years the avian communities were the same in
cut and uncut natural stands. Avian community struc-
tures within managed cottonwood plantations changed
markedly as stands aged to about 5 years; if planted cot-
tonwood stands were allowed to develop into bottom-
land hardwood stands, avian communities appeared to
be similar to those in natural stands. If cavity nesters
were excluded from the analyses, natural bottomland
hardwood stands and managed cottonwood stands were
alike in terms of avian species richness and territory den-
sity. When compared to other studies of agricultural
fields or grasslands, managed cottonwood plantations
were more like forests in terms of avian territory density.

Myth 4. The Same Strategy Is Appropriate to
All Ownerships

The strategies used to afforest bottomland hardwoods
cover a spectrum from extensive (plant seedlings or di-
rect-seed acorns) to intensive techniques for creating
multi-species stands. The dominant goal of all restora-
tion programs in the Lower Mississippi Alluvial Valley,
whether on public or private land, has been to create
wildlife habitat and improve or protect surface water
quality. The extensive strategy that predominates on
public land has shaped the federal programs aimed at
private land. While the extensive strategy may be ap-
propriate on public land, an arguable proposition, it is
not always appropriate for private land (Stanturf et al.
19984.
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The extensive strategy seeks the lowest establishment
cost per hectare and usually involves widely-spaced
plantings of heavy-seeded species of value to wildlife
such as Quercus spp. These are planted as 1-O bareroot
seedlings or direct-seeded acorns because they are the
most difficult to obtain by natural processes. The man-
ager then relies on wind and water to disperse light-
seeded species such as ash, elm and maple (Stanturf et
al. 199%). The light-seeded species are needed for di-
versity and to fill in the space between the oak seed-
lings, in order to fully occupy the site and to create for-
ested conditions (Allen 1990; Haynes et al. 1995). This
strategy on private land is flawed on several counts.
First, wind and water dispersal of light-seeded species
to these small, isolated tracts is unreliable if natural
seed sources are more than 100 m away (Allen 1990;
Allen et al. in press). Second, more intensive strategies
are available that provide wildlife benefits and restore
forested wetland functions more quickly. Third, the
stocking that results from successful federal cost-share
programs (i.e., 257 stems per hectare at age 3) will not
be sufficient to support a commercial pulpwood thin-
ning even at age 20 or 30 years (Goelz 1997),  rendering
timber production infeasible and limiting opportunities
to shape stand structure.

We have demonstrated more intensive strategies of
establishing a closed-canopy forest quickly, albeit at
higher initial cost than the extensive techniques (Sch-
weitzer et al. 1997). In the interplanting technique, a
manager establishes a closed-canopy forest in 2 years,
using fast-growing native species such as Eastern cot-
tonwood. Once this nurse crop is established, slower
growing species of oak (we used Nuttall  oak in our
study) can be interplanted between every other row of
cottonwood. Later, the manager will intervene to shape
stand structure and composition of the stand as it de-
velops. Possibilities include harvesting the cottonwood
at age 10, in the winter to maximize sprout growth and
afford the manager a second coppice rotation of the cot-
tonwood, or in the summer to minimize cottonwood
sprouting and release the oak seedlings. Alternatively,
the landowner could selectively harvest the cotton-
wood (for example, by mechanically thinning every
other row of cottonwood), thereby partially releasing
the oak saplings. If the thinning takes place in the win-
ter and sprouting occurs, a second age class of cotton-
wood is possible. Another option would be to remove
all but a few cottonwood in the summer, completely re-
leasing the oak saplings and retaining some Populus  to
develop cavity trees. If these stands have developed
similarly to managed cottonwood plantations in the
Lower Mississippi Alluvial Valley, there should be sig-
nificant advance reproduction of light-seeded species
such as ash and elm in the understory that will be re-
leased with the oak saplings (Twedt & Portwood 1997).

Myth 5. Plantations Have No Wildlife Value

Underlying the extensive strategy is a disdain for plan-
tations of any species, but especially cottonwood be-
cause plantations are monocultures bereft of wildlife
value. Several studies have shown the value of even in-
tensively managed cottonwood stands to wildlife
(Twedt & Portwood 1997; Twedt et al. 1999; Wesley et
al. 1981). Some wildlife managers believe the low-cost,
widely spaced stands produced by the extensive ap-
proach will meet their objectives. But even when natu-
ral invasion successfully increases stocking, it will be 20
years or more before forested stand conditions develop
(Allen 1990). During that interval, significant opportu-
nities will be missed to provide habitat for Neotropical
migratory birds (Twedt & Portwood 1997; Twedt et al.
1999) and other wildlife (Wesley et al. 1981). Addition-
ally, managers will have few opportunities to manipu-
late these understocked stands to further enhance wild-
life habitat in the future. A more intensive approach
(increased stocking of single or multiple tree species)
would provide greater diversity at both the stand and
landscape levels more quickly, and provide opportuni-
ties for shaping stand structure and composition.

Myth 6. Understocked Stands Are Sufficient

Resistance to intensive methods arises from disagree-
ment over stocking levels. Adequacy of stocking, and
the planting density necessary to achieve it, depend on
objectives. If the objective is to restore forested condi-
tions and if we use time to canopy closure as a measure
of success, the tradeoffs are estimated in Fig. 3. Across
the ordinate axis we have arrayed four techniques used
in the Lower Mississippi Alluvial Valley for afforesta-
tion, in order of increasing intensity. The least intensive
method is to do nothing after ceasing cropping, and al-
low natural succession to take its course. The two most
common afforestation methods are direct-seeding acorns
or planting oak seedlings by wide spacing, 3.6 X 3.6 m.
The most intense practice is interplanting cottonwood
on 3.6 X 3.6 m spacing, with oak interplanted on 7.2 X
3.6 m spacing. Time to canopy closure is shown on the
left-abscissa and cost per hectare on the right-abscissa
(Fig. 3). We estimated time to canopy closure by calcu-
lating the distance between trees to be approximately
5.7 m, assuming uniform spacing at the target density
(309 stems per ha). The dbh of an open-grown Nuttall
oak with a crown radius of 2.9 m was estimated from
Goelz (1996) to be 17.8 cm. Results of a spacing study
(Carlson  & Goelz 1998) were extrapolated to estimate
the time to grow a tree to this diameter, approximately
40 years.

While the time to canopy closure values are open to
debate, the overall picture is accurate: obtaining resto-
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Figure 3 .  Time to  canopy closure,  one measure of  restorat ion
success ,  arrayed against  four afforestat ion techniques in order
of  increasing ef fort  and cost ,  f rom al lowing natural  success ion
( lowest  intensi ty ,  lowest  es tabl ishment  cost )  to  interplant ing
fast-growing Eastern cottonwood with Nuttall  oak (highest
intensity, highest cost). The solid line indicates cost in $US per
hectare  for  es tabl ishment  ( r ight  y-axis ) .

ration benefits quickly, costs more money. If time to
canopy closure and regaining vertical structure are use-
ful measures of restoration success, then the intensive
method achieves success in 2 years versus 2040 years
for current methods. An intermediate approach would
be to double the current planting density, with a target
stocking of more than 500 stems per hectare of oak
seedlings at age 3. An area of future research should be
the most cost-effective ways to directly produce mixed
species stands by interplanting.

Myth 7. Preservation Is the Only Valid Goal

A prevalent myth is that preservation of the restored
stand is the only valid goal of restoration programs. Pri-
vate landowners are viewed as interested in restoration
only if they are compensated, and if they are paid to
participate they have no right to expect to receive in-
come from the restored forest. Restoration programs in
the Lower Mississippi Alluvial Valley, therefore, have
evolved into land retirement programs, which was not
the intent of the legislation that established and funded
programs such as the Wetlands Reserve Program (H.
Shipman,  personal communication 1997).

We view restoration differently and see it as an ele-
ment in a continuum model of sustainable forest man-
agement (Walker & Boyer 1993; Stanturf & Meadows
1996). This can be illustrated by Figure 4, adapted from
the figure used by Maini  (1992) to illustrate the renewal

Natural 4

Ecosystem State

. Degraded

Figure 4 .  The continuum model  of  sustainable forest  manage-
ment (adapted from Maini [1992]). The state of the forest eco-
system ranges from natural to degraded (x-axis) and levels of
state  factors  ( lef t  y-axis)  change in  response to  disturbance
along the  sol id  l ine  (fr-f2),  the forest  degradation tra jectory.
Cost  of  recovery (r ight  y-axis )  fo l lows the  dashed l ine  (ci<J.
The recovery pattern is  divided into three levels  characterized
by the extent  of  management intervention:  self-renewal,  reha-
bi l i tat ion or  restorat ion.  In  the  se l f -renewal  phase ,  the  forest
can return to  i ts  or iginal  s tate ,  more  or  less ,  without  human
intervent ion in  a  re lat ively  short  t ime ( indicated by the  l ines
fi-fi,  and fr-fib).

capacity of forests and their responses to stress. The
state of the forest ecosystem ranges from natural to de-
graded. Levels of state factors such as biomass or biodi-
versity in forests subjected to disturbance follow the solid
line (f,-f,), the forest degradation trajectory. The actual
shape of the trajectory is characteristic of the state fac-
tor. At any point along the line, recovery can be initi-
ated once the stress or disturbance abates. The recovery
pattern is divided into three levels: self-renewal, reha-
bilitation or restoration. In the self-renewal phase, the
forest can return to its original state, more or less, with-
out human intervention in a relatively short time (indi-
cated by the lines fi-fl, and fr-fib). Natural regeneration
of forests managed for timber is an example of reliance
on self-renewal processes. At intermediate levels of dis-
turbance, it will take longer to recover naturally, but the
time required may be shortened by human interven-
tion. One example might be rehabilitation by reforesta-
tion of forests consumed by wildfire. At their most de-
graded state, forests may recover naturally after a
century or more, but after only decades with human in-
tervention.

The forest that results from restoration may never re-
cover to the original state for all functions (see Har-
rington  1999 for a graphical representation of possible
trajectories). Our usage of restoration differs from the
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otherwise very satisfactory terminology of Bradshaw
(1997),  as we do not accept the “ideal state” connotation
he gives it. If we can move the ecosystem from the de-
graded to the natural state, we can then depend upon
self-renewal processes in managing the resulting forest.
How quickly the forest moves to the self-renewal phase
is a function of the amount we are willing to invest to
overcome the degraded conditions, the dashed line (cl--
c2).  This line may shift its vertical position depending
upon available silvicultural techniques. The continuum
model not only avoids the meaningless exercise of spec-
ifying an endpoint for restoration, but it offers a broader
context for restoration on private land. Landowners with
management objectives other than preservation are able
to contribute to ecosystem restoration (Stanturf et al.
199&l).

Myth 8. Ecological and Economic Goals Are Incompatible

A related myth is that ecological and economic values
are incompatible and that we must choose at the most
basic level between timber production and preserva-
tion. Ecological and economic goals are not mutually
exclusive. A win-win situation is possible, especially on
land owned by small non-industrial private landown-
ers who are generally not interested in maximizing
commodity outputs. A landowner may focus on bene-
fiting wildlife, disregarding financial return even as a
secondary objective. Nevertheless, harvesting some tim-
ber may be in his or her best interest because the easiest
way to benefit wildlife may be the vegetation structure
that results from thinning a young stand. The proceeds
from sale of the pulpwood removed can offset at least
some of the costs of habitat improvement. This income
eases the financial burden of improving habitat and en-
sures that the enhancement actually occurs. Financial
returns can help pay for restoration costs, aftercare ex-
penses and landholding expenses such as taxes and
management, thereby achieving a higher level of resto-
ration benefit. This same rationale can be applied to
public lands where appropriations for management are
shrinking.

Myth 9. Restoration Can Proceed Without Management

We have taken a decidedly pro-management stance
throughout this paper, in contrast to a prevailing myth
that restoration can proceed without ongoing manage-
ment. Many restoration projects are conceived as re-
quiring little or no intervention once the original invest-
ment is made, as it is wrongly assumed that a self-
renewing forest has been established. Certainly the ex-
tensive strategy for restoring bottomland hardwoods i n
the Lower Mississippi Alluvial Valley is an example of
a “plant and walk away” mentality. We have argued for

consideration of more intensive strategies for two rea-
sons: first, the extensive strategy does not meet pro-
gram objectives of restoring forest conditions; and sec-
ond, the greater benefits that accrue from more intensive
techniques outweigh their higher costs. Other restora-
tion goals can be met by restoring hydroperiod but this
requires ongoing water management. Initial confusion
over who had responsibility for maintaining existing
drainage structures on land under permanent easement
within the Wetlands Reserve Program has been resolved,
with the landowner retaining responsibility (F. Woods,
personal communication 1998).

Conclusions

Restoration is not easy; in practice, afforestation has
been difficult when attempted on a large scale. Com-
plete restoration, in the sense of completely restoring all
functions of an intact bottomland hardwood ecosystem,
may not be achievable. For the foreseeable future, resto-
ration will be afforestation of potential overstory spe-
cies. We must do a better job of this first step in restora-
tion. The majority of bottomland hardwood restoration
will be on private land enrolled in the Wetlands Re-
serve Program where intensive restoration currently is
allowed only on a few demonstration sites, although it
has occurred under the Conservation Reserve Program
(J. Portwood, personal communication 1998). Much re-
search in progress will sharpen our understanding of
the economic as well as the ecological values of these
forests. We continue to develop and test restoration tech-
niques (Schweitzer et al. 1999). For most landowners,
costs and the availability of incentive programs will con-
tinue to determine the kinds of restoration undertaken.

Viewing the restoration effort in the context of the
continuum model allows us to be prescriptive in setting
restoration goals. Enforcing the discipline of explicit ob-
jectives, with restoration expectations described in terms
of predicted values of functions, causal mechanisms
and temporal response trajectories, will hasten the de-
velopment of meaningful criteria for restoration suc-
cess. Given our objective of restoring bottomland hard-
wood forest ecosystems, one criterion for success should
be the establishment of forested conditions, i.e., canopy
closure. Landowners should be given opportunities to
pursue more intensive restoration techniques. Long-term
maintenance and aftercare, and enhancement opportu-
nities should be given greater attention when planning
restoration projects. For most restoration projects, the
afforestation stand will be an initial step along a path
toward a naturally self-renewing forest. The time it takes
to traverse that path will be determined by the willing-
ness of landowners or taxpayers to pay the costs of more
complete restoration.

JUNE 2001 Restoration Ecology 197



Bottomland Mutks

Acknowledgments

We thank I’. R. Burbridge, E. S. Gardiner, I’.  B. Hamel,  J. D.
Hodges, S. B. Jones, I’. Madsen, C. E. Meier, M. G. Messina
and C. J. Portwood  for stimulating discussions of the con-
cepts and approaches presented in this paper. The work
that formed the basis of these ideas was supported vari-
ously by the U.S. Department of the Interior Fish and
Wildlife Service, Crown Vantage, International Paper, the
National Council for Air and Stream Improvement and
competitive grants internal to the U.S. Forest Service. In-
valuable assistance has always been cheerfully provided
by Tim Wilkins, Lamar Dorris, Randy Breland and the
staff of the Yazoo National Wildlife Refuge.

after 20 years on a minor stream bottom in southeast Arkan-
sas:  survival ,  growth,  and volunteer in-growth.  Pages 555-
559 in T.  Waldrop,  editor.  Proceedings of  the Ninth Biennial
Southern Si lvicultural  Research Conference,  25-27 Feb.  1997,
Clemson,  South Carol ina.  General  Technical  Report  SRS-20,
U.S. Department of Agriculture, Forest Service, Southern Re-
search Station, Asheville, North Carolina.

Clewell ,  A.  F. ,  and Lea,  R.  1990.  Creation and restoration on for-
ested wetland vegetation in the southeastern United States.
Pages 195-231 in J .  A. Kusler,  and M. E.  Kentula,  editors.
Wetland creat ion and restorat ion:  the status of  the science.
Is land Press,  Washington,  D.C.

Conner, W. H., and M. A. Buford. 1998. Southern deepwater
swamps. Pages 261-287 in M. G. Messina, and W. H. Conner,
editors .  Southern forested wetlands,  ecology and manage-
ment. Lewis Publishers, Boca  Raton,  Florida.

LITERATURE CITED

Allen, J. A. 1990. Establishment of bottomland oak plantations on
the Yazoo National  Wildl i fe  Refuge Complex.  Southern
Journal of Applied Forestry 14:206-210.

Al len,  J.  A.,  and H. E. Kennedy, Jr.  1989. Bottomland hardwood
reforestation in the Lower Mississippi Valley. Bulletin, U.S.
Department  of  the Interior ,  Fish and Wildl i fe  Service ,  Na-
tional Wetlands Research Center, Slidell, Louisiana and U.S.
Department  of  Agricul ture ,  Forest  Service ,  Southern Forest
Experiment Station, Stoneville, Mississippi.

Allen, J.  A., B. D. Keeland,  J. A. Stanturf, A. F. Clewell, and H. E.
Kennedy,  Jr .  A guide to bottomland hardwood restorat ion.
Biological Report 2001, U.S. Department of the Interior, Geo-
logical  Survey,  National  Wetlands Research Center ,  Lafay-
ette, Louisiana. (In press.)

Anderson, D. H.,  and B. D. Dugger.  1998.  A conceptual  basis  for
evaluating restoration success. Pages 111-121 in K. G. Wads-
worth, editor. Transactions of the 63rd North American
Wildlife and Natural  Resources Conference,  20-24 March,
1998, Orlando, Florida. Wildlife Management Institute,
Washington,  DC.

Devall ,  M. S. ,  and B.  R.  Parresol .  1998.  Effects of  cl imate change
on biodiversity in forests of the southern United States.
Pages 663-681 in R. Mickler,  and S. Fox, editors. The produc-
t iv i ty  and susta inabi l i ty  of  southern forest  ecosystems in  a
changing environment.  Springer-Verlag,  New York.

Doran,  J. W., and T. B. Parkin.  1994.  Defining and assessing soi l
quality. Pages 3-21 in J. W. Doran,  D. C. Coleman, D. F.
Bezdicek, and B. A. Stewart, editors. Defining soil quality for
a sustainable environment. SSSA Special Publication 35. Soil
Science Society of America, Inc., Madison, Wisconsin.

Gardiner, E. S., I’. B. Hamel,  C. E. Meier, and J. A. Stanturf. 1996.
Ini t ia l  ordinat ion of  the  overstory and midstory  vegetat ion
of Iatt  Creek floodplain,  Louisiana.  Pages 160-164 in K. M.
Flynn,  editor .  Proceedings of  the Southern Forested Wet-
lands Ecology and Management Conference, March 25-27
1996,  Clemson Universi ty,  Clemson,  South Carol ina.  Con-
sort ium for  Research on Southern Forested Wetlands,  Clem-
son, South Carolina.

Baker,  J .  B. ,  and W. M. Broadfoot.  1979.  A practical  f ield method
of  s i te  evaluat ion for  commercia l ly  important  hardwoods.
General  Technical  Report  SO-36.  U.S.  Department  of  Agri-
cul ture  Forest  Service ,  Southern Forest  Exper iment  Stat ion,
New Orleans,  Louisiana.

Goelz,  J .  C.  G.  1996.  Open-grown crown radius of  eleven bottom-
land hardwood species: prediction and use in assessing
stocking. Southern Journal of Applied Forestry 20~156-161.

Goelz,  J.  C.  G.  1997.  C-l ines  of  s tocking for  southern bottomland
hardwoods:  a  guide to  identi fying insuff ic ient  s tocking.  Re-
search Note SRS-385. U.S. Department of Agriculture, Forest
Service ,  Southern Research Stat ion,  Ashevi l le ,  North Caro-
lina.

Bartram,  W. 1791.  The travels  of  Wil l iam Bartram:  naturalist ’s
edit ion,  1958.  F.  Harper,  editor .  Yale University Press,  New
Haven, Connecticut.

Bedford, B. L. 1996. The need to define hydrologic equivalence at
the landscape scale  for  freshwater  wetland mitigation.  Eco-
logical Applications 6~57-68.

Bradshaw, A. D. 1997.  What do we mean by restoration? Pages
8-14 in K. M. Urbanska, N. R. Webb, and P. J.  Edwards, edi-
tors .  Restorat ion ecology and sustainable  development.
Cambridge Universi ty  Press ,  Cambridge,  United Kingdom.

Brinson, M. M.,  and R. Rheinhardt.  1996.  The role of reference
wetlands in functional assessment and mitigation. Ecological
Appl icat ions  6~69-76.

Cairns,  J . ,  Jr .  1986.  Restoration,  reclamation,  and regeneration of
degraded or destroyed ecosystems. Pages 465484 in M. E.
Soule, editor. Conservation biology. Sinauer Publishers, Ann
Arbor ,  Michigan.

Hamel,  I’. B., and E. R. Buckner.  1998.  How far could a squirrel
t ravel  in  the  t reetops?  A prehistory of  the  southern forest .
Pages 309-315 in K.  G.  Wadsworth,  editor.  Transactions of
the 63rd North American Wildl i fe  and Natural  Resources
Conference,  20-24 March,  1998,  Orlando, Florida.  Wildlife
Management Institute,  Washington,  D.C.

Harrington, C. A. 1999. Forests planted for ecosystem restoration
or conservation. New Forests 17~175-190.

Haynes,  R.  J . ,  R.  J .  Bridges,  S.  W. Gard,  T.  M. Wilkins,  and H. R.
Cooke,  Jr .  1995.  Bottomland hardwood reestablishment ef-
forts of the U.S. Fish and Wildlife Service: Southeast Region.
Pages 322-334 in J. C. Fischenich, C. M. Lloyd, and M. R. Pal-
ermo,  editors .  Proceedings of  the Engineering for  Wetlands
Restoration National  Workshop,  3-5 August  1993,  St .  Louis ,
Missouri .  Technical  Report  WRP-RE-8.  U.S.  Army Corps En-
gineers ,  Waterways Experiment  Stat ion,  Vicksburg,  Miss is -
sippi.

Cairns ,  J.,  J r .  1995.  Restorat ion ecology:  protect ing our nat ional
and global life support systems. Pages l-12  in J.  Cairns Jr., ed-
i tor .  Rehabil i tat ing damaged ecosystems.  2nd edit ion.  Lewis
Publishers, Boca  Raton,  Florida.

Hodges, J. D. 1997. Development and ecology of bottomland hard-
wood sites. Forest Ecology and Management 90:117-125.

Hodges,  J .  D.  1998.  Minor al luvial  f loodplains.  Pages 325-341 in
M. G. Messina, and W. H. Conner, editors. Southern forested
wetlands,  ecology and management.  Lewis Publishers,  Boca
Raton,  Florida.

Carlson,  D. W.,  and Goelz,  J.  C. G. 1998. Hardwood plantations Hodges,  J .  D.,  and G. L.  Switzer.  1979.  Some aspects of the ecol-

199 Restoration Ecology JUNE 2001



Bottomland Myths

ogy of  southern bottomland hardwoods.  Pages 22-25 in Pro-
ceedings of the Society of American Foresters Annual Meet-
ing, St. Louis, Missouri, 1978. Society of American Foresters,
Bethesda, Maryland.

Johnson, R.  L. ,  and F.  W. Shropshire.  1983.  Bottomland hard-
woods. Pages 175-179 in R. M. Burns, editor. Silviculture for
the major forest types of the United States. Agricultural
Handbook 445.  U.S.  Department  of  Agriculture,  Forest  Ser-
vice ,  Washington,  DC.

Kellison, R. C., M. J.  Young, R. R. Braham,  and E. J. Jones. 1998. Ma-
jor al luvial  f loodplains.  Pages 291-323 in M. G. Messina and
W. H.  Conner,  editors .  Southern forested wetlands,  ecology
and management. Lewis Publishers, Boca  Raton,  Florida.

Kennedy, H. E. ,  Jr .  1990.  Hardwood reforestation in the South:
landowners can benefi t  from Conservation Reserve Program
incentives.  Research Note SO-364.  U.S.  Department of  Agri-
culture, Forest Service, Southern Forest Experiment Station,
New Orleans,  Louisiana.

Kennedy,  H.  E. ,  Jr .  1993.  Arti f ic ial  regeneration of  bottomland
oaks. Pages 241-249 in D. L. Loftis,  and C. E. McGee, editors.
Oak regenerat ion:  ser ious problems,  pract ical  recommenda-
t ions.  Oak Regenerat ion Symposium, Knoxvi l le ,  Tennessee,
8-10 September 1992.  General  Technical  Report  SE-84.  U.S.
Department of Agriculture, Forest Service, Southeastern For-
est Experiment Station, Asheville, North Carolina.

Lovell ,  W. 1992. Heavy shadows and black night:  disease and de-
population in colonial Spanish America. Annals of the
American Association of Geographers 8Z426-443.

Maini,  J .  S .  1992.  Sustainable development of  forests .  Unasylva
43:3-8.

MacDonald, I’.  O.,  W. E.  Frayer,  and J .  K. Clauser.  1979.  Docu-
mentation, chronology, and future projections of bottomland
hardwood habitat  losses  in  the Lower Mississ ippi  Al luvial
Plain. Vols. 1 and 2. U.S. Department of the Interior, Fish and
Wildlife Service, Washington, D.C.

McWilliams,  W. H., and J.  F. Rosson,  Jr .  1990.  Composition and
vulnerability of bottomland hardwood forests of the Coastal
Plain Province in  the south central  United States .  Forest
Ecology and Management 33/34:485-501.

Mitsch,  W. J . ,  and J .  G.  Gosselink.  1993.  Wetlands.  2nd edition.
Van Nostrand Reinhold,  New York.

National  Research Council .  1992.  Restoration of  aquatic  ecosys-
tems:  sc ience,  technology,  public  pol icy.  National  Academy
Press ,  Washington,  DC.

Newling, C. J. 1990. Restoration of the bottomland hardwood for-
est  in  the Lower Mississippi  Val ley.  Restorat ion and Man-
agement Notes 8:23-28.

Noss, R. F., E. T. Laroe III, and J. M. Scott. 1995. Endangered eco-
systems of  the  United States :  a  prel iminary assessment  of
loss  and degradation.  Biological  Report  28.  U.S.  Department
of the Interior, National Biological Service, Washington, D.C.

Oliver, C. D., and B. C. Larson. 1996. Forest stand dynamics. Up-
date Edition. John Wiley and Sons Inc., New York.

Packham,  J.  R., E. V. J.  Cohn, P. Millett, and I. C. Trueman.  1995.
Introduction of plants and manipulation of field layer vege-
tat ion.  Pages 129-148 in R.  Ferris-Kaan,  editor.  The ecology
of  woodland creat ion.  John Wiley and Sons,  Chichester ,
United Kingdom.

Parker, V. T., and S. T. A. Pickett.  1997. Restoration as an ecosystem
process :  impl icat ions  of  the  modern ecological  paradigm.
Pages 17-32 in K. M. Urbanska, N. R. Webb, and I’.  J. Edwards,
editors .  Restorat ion ecology and sustainable  development.
Cambridge University Press, Cambridge, United Kingdom.

Parrotta, J.  A. 1992. The role of plantation forests in rehabilitating
degraded tropical  ecosystems.  Agriculture,  Ecosystems and
Environment  41:115-133.

Pettry,  D. E., and R. E. Switzer. 1996. Sharkey soils in Mississippi.
Bul let in  1057.  Miss iss ippi  Agricul tural  and Forestry  Experi -
ment Station, Mississippi State, Mississippi.

Savage, L. ,  D. W. Pritchett,  and C. E.  DePoe.  1989.  Reforestation
of  a  c leared bottomland hardwood area in northeast  Louisi-
ana.  Restoration and Management Notes 7~88.

Schweitzer, C. J., J.  A. Stanturf, J.  I’.  Shepard, T. M. Wilkins, C. J.
Portwood, and L. C. Dorris, Jr. 1997. Large-scale comparison
of  reforestat ion techniques commonly used in the Lower
Mississippi Alluvial Valley: first year results. Pages 313-320
in S. G. Pallardy, R. A. Cecich, H. G. Garret, and P. S.
Johnson,  editors .  Proceedings of  the 11th Central  Hardwood
Forest  Conference.  General  Technical  Report  NC-188.  U.S.
Department  of  Agriculture ,  Forest  Service ,  North Central
Forest Experiment Station, St. Paul, Minnesota.

Schweitzer,  C.  J . ,  E.  S .  Gardiner,  J .  A.  Stanturf ,  and A.  W. Ezell .
1999.  Methods to improve establishment and growth of  bot-
tomland  hardwood art i f ic ial  regeneration.  Pages 209-214 in
J.  W. Str inger,  and D.  L.  Loftis,  editors .  Proceedings of  the
12th Central  Hardwood Forest Conference,  Feb 28-March 2,
1999,  Lexington,  Kentucky.  General  Technical  Report  SRS-
24. U.S. Department of Agriculture, Forest Service, Southern
Research Station, Asheville, North Carolina.

Sharitz ,  R.  R.  1992.  Bottomland hardwood wetland restoration in
the Mississippi  Drainage.  Pages 496-505 in Restorat ion of
aquatic  ecosystems:  sc ience,  technology,  and public  pol icy.
National  Research Council .  National  Academy Press,  Wash-
ington,  D.C.

Shepard, J .  I’.  1995.  Opportunit ies :  reforest ing marginal  agricul-
tural land. Forest Farmer 54~7-9.

Stanturf, J. A., and J. S. Meadows. 1996. Research challenges and op-
portunit ies  to  enhance ecological  funct ions in  forested wet-
lands. Pages 91-100 in S. D. Roberts, and R. A. Rathfon, editors.
Management of  forested wetland ecosystems in the central
hardwood region.  Department of  Forestry and Natural  Re-
source FNR 151. Purdue University, West Lafayette, Indiana.

Stanturf, J.  A., C. J. Schweitzer, S. H. Schoenholtz, J. I’.  Barnett, C.
K .  McMahon,  and D. J.  Tomczak. 1998a.  Ecosystem restora-
t ion:  fact  or fancy? Pages 376-383 in K.  G.  Wadsworth,  edi-
tor .  Transact ions of  the 63rd North American Wildl i fe  and
Natural Resources Conference,  20-24 March, 1998,  Orlando,
Florida.  Wildl i fe  Management Inst i tute ,  Washington,  D.C.

Stanturf, J. A., C. J. Schweitzer, and E. S. Gardiner. 1998b. Affores-
tation  of marginal agricultural land in the Lower Mississippi
River Alluvial Valley, U.S.A. Silva Fennica 32~281-297.

Stanturf ,  J .  A. ,  and S.  H.  Schoenholtz.  1998.  Soils  and landforms.
Pages 123-147 in M. G. Messina and W. H. Conner,  editors.
Southern forested wetlands,  ecology and management.  Lewis
Publishers, Boca  Raton,  Florida.

Sternitzke, H. S. 1976. Impact of changing land use on Delta hard-
wood forests. Journal of Forestry 74:25-27.

The Nature Conservancy.  1992.  Restoration of  the Mississippi
River  Alluvial  Plain as  a  funct ional  ecosystem.  The Nature
Conservancy,  Baton Rouge,  Louisiana.

Toth, L. A., and D. H. Anderson. 1998. Developing expectations for
ecosystem restoration. Pages 122-134 in K. G. Wadsworth, ed-
i tor .  Transact ions of  the  63rd North American Wildl i fe  and
Natural Resources Conference,  20-24 March, 1998,  Orlando,
Florida. Wildlife Management Institute, Washington, D.C.

Twedt,  D. J . ,  and J .  Portwood. 1997.  Bottomland hardwood refor-
estation for Neotropical migratory birds: are we missing the
forest for the trees? Wildlife Society Bulletin 25:647-652.

Twedt,  D.  J . ,  R.  R.  Wilson,  J .  L.  Henne-Kerr,  and R.  B.  Hamilton.
1999.  Impact of  bottomland hardwood forest  management
on avian bird densit ies .  Forest  Ecology and Management
123:261-274.

JUNE 2001 Restoration Ecology 199



Bottomland Myths

U.S. Army Corps of Engineers. 1989. Yazoo backwater area mitiga-
tion lands, Lake George property land acquisition, Yazoo Ba-
sin, Mississippi: environmental assessment. U.S. Army Corps
of Engineers, Vicksburg District, Vicksburg, Mississippi.

Walker, J. L., and W. D. Boyer. 1993. An ecological model and in-
formation needs assessment for longleaf  pine ecosystem res-
toration. Pages 138-147 in L. H. Foley, compiler. Silviculture:
from the cradle  of  forestry  to  ecosystem management .  Pro-
ceedings of  the National  Si lviculture  Workshop,  November
14,  1993,  Hendersonvil le ,  North Carolina.  General  Techni-
cal Report SE-88 U.S. Department of Agriculture, Forest Ser-
vice ,  Southeastern Forest  Experiment  Stat ion,  Ashevi l le ,
North Carol ina.

Wesley, D. E., C. J. Perkins, and A. D. Sullivan. 1981. Wildlife in

cottonwood plantat ions.  Southern Journal  of  Applied For-
estry 53742.

Wharton, C. H.,  W. M. Kitchen, E.  C. Pendleton, and T. C. Sipe.
1982. Ecology of bottomland hardwood swamps of the
southeast :  a  community prof i le .  FWS/OB-81/37.  U.S.  De-
partment of the Interior, Fish and Wildlife Service, Biological
Service  Program,  Washington,  DC.

Whitmore, T. M. 1991. A simulation of the sixteenth-century pop-
ulation collapse in the basin of Mexico. Annals of the Associ-
at ion of  American Geographers  81:464487.

Williams, T.  M. 1998.  Hydrology. Pages 103-122 in M. G. Mes-
sina,  and W. H. Conner, editors. Southern forested wetlands,
ecology and management.  Lewis Publishers,  Boca  Raton,
Florida.

.

200 Restoration Ecology J U N E  2 0 0 1


