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Restoration concepts for temperate and boreal forests of
North America and Western Europe
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ABSTRACT - Throughout the boreal and temperate zones, forest restoration
efforts attempt to counteract negative effects of conversion to other land use
(afforestation and remediation) and disturbance and stress on existing forests
(rehabilitation). A p
forest restoration o

ropriate silvicultural practices can be designed for any
%.jective. Most common objectives include timber, wildlife

habitat for game species, or aesthetics. Increasingly other objectives are
considered, including carbon sequestration, biological diversity, non-game
mammals and birds, endangered animals and plants

T
rotection  of water quality

and aquatic resources, and recreation. Plantation orestry remains the most
effective approach to restoration of forest cover to large areas, and recent trends
toward more complex plantations are explored. Rehabilitation of degraded
forests increasingly relies on re-establishing natural disturbance regimes and
emphasizes “close-to-nature” approaches to regeneration and stand
management. The objectives of this paper are to clarify concepts of forest
restoration and to present examples of restoration activities in temperate and
boreal forests of North America and Western Europe.
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Forest cover in populated areas of the world is the
reserve, land left over after clearing for agriculture and
urban uses. Forest cover has declined globally, from an
estimated 6 billion ha of original forest extent to the pre-
sent 3.87 billion ha (KIUSIINASWAMY  & HANSON, 1999;
FAO, 2001).  The greatest loss in cover has occurred in
Asia-Pacific, Africa, and Europe (all more than 60 per-
cent loss of forest cover). Losses in North America are
relatively low (25 percent), while Latin America (Central
and South) has lost over 30 percent of the original forest

cover (Figure 1). Forest cover is increasing in North
America and Western Europe as a result of shifts from
marginal agriculture. Many forests experience distur-
bances and stresses that negatively affect ecological sta-
bility (LARSEN, 1995) or maintain the forest in a condi-
tion that can be seen as unsustainable (KIUSHNASWAMY
& HANSON, 1999). Global assessments of forest condi-
tion identify the factors causing loss of forest cover and
degradation of remaining forests, including changing
land use, increasing demand for fibre, and exogenous
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FI(;I:KI:  2 The terminology of forest restoration is best viewed in
terms of land use as well as land cover change.

FIGURI:  1 Loss of original forest cover, from 6 billion ha to 3.45
billion ha. (Source: KI<lstrN,\s~~j~nl~7  &  H/\NSON, 1999).

stresses such as global climate change and loss of biodi-
versity (KRISHIWWWAMY  & HANSON, 1999; WRI,  2000).
Market forces, changing trade policies, agricultural
reforms, and conservation efforts are driving conversion
of cleared land back to t rees  in many countries.
Nevertheless, the area in forest plantations is only 187
million ha, although increasing (KANOWSKI,  1997; FAO,
2001). Throughout the boreal and temperate zones, for-
est restoration efforts attempt to counteract negative
trends. Plantation forestry remains the most effective

approach to restoration of forest cover to large areas
through afforestation, and recent trends point toward
more complex plantations (KANOWSKI, 1997).
Rehabilitation of degraded forests increasingly relies on

re-establishing natural disturbance regimes and empha-
sises “close-to-nature” approaches to regeneration and
stand management. The objectives of this paper are to
clarify concepts of forest restoration and to present
examples of restoration activities in temperate and bore-
al forests of North America and Western Europe.

TAHLE  1
Comparison of terms commonly used to describe forest cover condition

W1srr 101~1~  (1993)
Natural

FIIENKH,  (1970) in GOUUI~:  (1986) Extent of human influence
Natural No human disturbance
Degraded Sporadic but incomplete

disturbance
Degraded Vegetation structure

significantly altered
Cultivated Constant disturbance

accompanied by the
intentional introduction
of plants

Ruderal Sustained disturbance and
altered structure but no
introduction of plants

Cultivated Constant disturbance
accompanied by the
intentional introduction
of plants

Artificial Introduced plants anJ
altered climate and soil

Terms used in this paper
Idealized
Natural Subnatural

Managed, Naturally Regenerated S&natural or Semi-natural

Managed, Artificially Regenerated Semi-natural or cultivated

Degraded

Cultivated

Seminatural

Cultural

Artificial Cultural



TERMIAJOLOGY

What constitutes restoration can be confusing when the
term is used indiscriminately. Equally confusing is the
use of terms such as natural, degraded, and semi-natur-
al to describe forest cover conditions (Table 1).  We find
it helpful to consider the dynamic relationship between
processes degrading and restoring forests in light of two
dimensions, changes in land cover, land use, or both. If
we consider the undisturbed, idealised natural mature
forest (sefzsu  WESTHOFF,  1983; GOUDIE,  1986) as a start-
ing point (Figure 2), then conversions to other land use
such as agriculture (cultural landscape) or pasture (semi-
natural landscape) are through deforestation. Relatively
frequent but moderate disturbance (plowing, herbi-
cides, grazing) maintains the non-forest cover.
Similarly, a change in both land cover and land use
occurs when forests are converted to urban areas, flood-
ed by dams, or removed along with topsoil/overburden
in mining and extractive activities. Such drastic conver-
sion usually involves severe disturbance and the non-for-
est cover is maintained more or less permanently by
structures, more so than by cultural activities (Figure 2).
Even-aged harvesting of mature forest in a sustainable
manner is a change of land cover but not land use. A
new, young forest will result from natural regeneration
or by reforestation (i.e., planting trees in a cutover).
Unsustainable harvesting without securing adequate
regeneration, such as high-grading (as is true for many
diameter-limit harvests or selective harvests), may
degrade stand structure or diversity. Pollutant loading,
outbreaks of insects or diseases (especially exotic
species), fire suppression and disruption of natural fire
regimes, invasion by aggressive exotic plants, or disas-
ters such as hurricanes or wildfires can degrade forest
stands and change attributes of land cover, but do not
change land use. In all these instances, intervention to
restore species diversity or stand structure can be
termed rehabilitation (Figure 2).
Given sufficient time and the cessation of disturbances,
agricultural land as well as urbanised land will revert to
forest, if that is the potential natural vegetation as deter-
mined by climate. Abandonment and reversion to
forests, although secondary, seminatural,  or degraded
forest types, will be on a time scale of a few decades to
centuries. Human intervention, however, can accelerate
the reversion process. Afforestation of agricultural land
may consist of simply planting trees, although tech
niques that are more intensive are available. Reclamation
of urbanised land usually requires extensive modifica-
tion. This may include stabilisation of spoil banks or
removal of water control structures, followed by tree

planting. Because severe site degradation may limit the
possibilities for reclamation, this is sometimes called
replacement (BIUDSHAW,  1997).
Generally, restoration connotes some transition from a
degraded state to a former “natural” condition. All the
restorative activities described (afforestation, reclama-
tion, and rehabilitation) have been called forest restora-
tion, although to the purist none would qualify as true
restoration (BRADSHAW,  1997; HAIUUNGT~N,  1999; but
see V~ZN  DIMXLEN  et al., 2001; WAGNER et al., 2000). In
the narrowest sense, restoration requires a return to an
ideal natural ecosystem with the same species diversity,
composition, and structure as occurred before human
intervention (BRADS~W,  1997) and as such is probably
impossible to attain (CMRNS,  1986). We adopt an alter-
native approach and use the term forest restoration
broadly to describe situations where forest land use and
land cover are restored (afforestation or reclamation), as
well as instances when an existing forest is rehabilitated
(no change in land cover) such that structure or species
composition are modified.

Tt!x~  Disturbance Model

We view restoration as an element in a disturbance con-
tinuum of forest condition (WALKER & BOYER,  1993;
STANRJRI~  et al., 2001). The state of the forest ecosystem
ranges from natural to degraded. Levels of state factors
such as biomass or biodiversity in forests subjected to
human disturbance follow a degradation trajectory. At
any point along the trajectory, recovery can be initiated
once the stress or disturbance abates. The recovery pat-
tern is divided into three levels of intervention: self-
renewal, rehabilitation, or restoration. In the self-renew-
al phase, the forest can return to its original state, more
or less, without human intervention in a relatively short
time. Natural regeneration of forests managed for tim
ber is an example of reliance on self-renewal processes.
Plantations are within the scope of self-renewal, where
intervention (reforestation) is undertaken to control
species and stocking. At intermediate levels of distur-
bance, it will take longer to recover naturally but the
time required may be shortened by human intervention.
One example might be rehabilitation by reforestation of
forests consumed by wildfire. At their most degraded
state, forests may recover naturally after a century or
more, but in decades by human intervention.
The forest that results from restoration or rehabilitation
may never recover to the original state for all functions
(see HAIUUNM-ON,  1999 for a graphical representation
of possible trajectories). Our usage of restoration differs
from the otherwise very satisfactory terminology of
BRADSHAW  (19971, as we do not limit restoration to his



“ideal state” endpoint. We accept as restoration any
endpoint within the natural range of managed forests
where self-renewal processes operate. Thus, restoration
to an early seral stage would be acceptable for a forest
that is likely to attain a more complex structure through
typical stand dynamics. IIow  quickly the forest moves to
the self-renewal phase is a function of forest type, site
resources, and the amount invested to overcome the
degraded conditions. This model offers a broader con-
text for restoration on private land and landowners with
management objectives other than preservation are able
to contribute to ecosystem restoration (STANTUW  et al.,
1998a; STANTUIV et  al., 2001).

Common Challenges

Appropriate silvicultural practices can be designed for
any forest restoration objective. Most common objec-
tives include timber, wildlife habitat for game species, or
aesthetics. Increasingly other objectives are considered,
including carbon sequestration, biological diversity,

non-game mammals and birds, endangered animals and
plants,  protection of water quality and aquatic
resources, and recreation. Different outputs may be
sought for each objective. A landowner managing for
the timber, for example, must decide whether to empha-
sise sawlogs  and veneer logs, or pulpwood. Appropriate
management, in particular rotation length, will vary
according to the desired product. Another landowner
managing for wildlife must decide which species or
species group to favour as species have different habitat
requirements, from mature closed forests to early suc-
cessional seres. Choosing appropriate silvicultural tech-
niques presents the challenge of managing for apparent-
ly incompatible objectives. Slight modifications, howev-
er, may have negligible impact on outcomes or outputs
for one objective but major effects on another objective.
Clarity of objectives, combined with an adequate under-
standing of feasible goals developed from information
on current conditions, allows the silviculturist to choose
a silvicultural system that will maximise satisfaction of

TABLE  2
Examples of forest restoration efforts in various parts of the world

Type of restoration
Afforestation

Afforestation
Afforestation
Afforestation
Afforestation
Reclamation
Reclamation
Reclamation
Reclamation
Rehabilitation
Rehabilitation

Rehabilitation
Rehabilitation

Region
Lower Mississippi
Alluvial Valley, USA’
Nordic Countries2
Tropical Countries’
Venezuela
Iceland’
Everywhere
Asia’
Ireland
India’-
Southeastern US’
Interior highlands,
Southeastern US
Northern Europe”
England, Scotland,
Ireland, Germany”

Former condition
Agriculture

Restored condition
Bottomland hardwoods

Agriculture
Agriculture
Cerrado
Eroded grazing land
Mined land
Shrimp ponds
Mined peatland
Saline and sodic  soils
Loblolly pine plantations
Shortleaf pine/hardwood forests

Hardwoods, sometimes Norway spruce
Exotic and native hardwoods
Caribbean pine
Birch, lupine/birch
Various
Mangrove
Sitka spruce, various hardwoods
Eucalyptus spp., Acacia spp.,  other native spp.
Longleaf  pine woodlands
Shortleaf pine/bluestem  grass woodlands

Norway spruce plantations
Spruce or pine plantations

Oak or beech woodlands
Mixed woodlands

Rehabilitation Southwestern US’” Dense Ponderosa pine forests Ponderosa pine woodlands
I ALLI:N,  1990, 1997; GARDINER et  al,, 2002; HAMEL et al., 2002; NBWLING, 1990; SAVXX  ct al., 1989; SCIIWEITZEK et al, 1997; SIIARI’~Z,
1992; STAN’IURF  et  ul., 1998a,  b; S’I,~W~WW  et al., 2000;  ST~WIWIW  et al., 2001; TWKIX  & ~‘ORTwOOD, 1997; TWED1‘ rt al, 1999.

2 M/\DSIJN  cl ul., 2002.
i ASI~)N  et Al., 1997; CI IAP~IAN  & CIIAPMAN, 1999; FIS~IHR,  1995; ISLAM ct al., 1999; KNOWLES & PARROTTA, 1995; Lmm & TOMLINSON,
1994; OIITA,  1990; ~TSMANO,  2000; ~‘ARROT’~A\,  1992; I’ARR(YI’A et al., 1997.
’ bfADSIIN et al., 2002;  SI(;URDSSON, 1977.
’ ~LiRIIRID(;I:  & ~-rIiILI.IN,  2002.

6  wlr/lLLl:Y,  1988.
WAl.KER  &  BoYr:R,  1993.

y MADSEN et al,  2002.
‘ I 1 hSl:NAlJlX, 2000.
!‘I  COVIN(;TON  e/ al,  1997



multiple objectives although no single objective will be
optimised (VAN DIGGELEN  et al., 2001). Nevertheless,
the chosen system may be adjusted to minimise impacts
on other ecosystem functions, and many complementary
benefits will be produced in addition to the primary
benefit.
There are many examples of forest restoration that can
be classified as afforestation, reclamation, or rehabilita-
tion (Table 2). The challenges of forest restoration in dif-
ferent countries are surprisingly similar (KANCIWSKI,
1997): overcoming site degradation or limitations; pre-
scribing appropriate species; and applying cost-effective
establishment methods. Several of these efforts are dis-
cussed in more detail below. Three steps are key to plan-
ning forest restoration: ( I) understanding current condi-
tions (the given conditions, a starting point); (2) clarify-
ing objectives and identifying an appropriate goal (the
desired future condition); and (3) defining feasible
actions that will move toward the desired condition. In
most cases, the silviculturist has several options for
intervening, as there are multiple silvicultural pathways
toward the desired future condition. The choice of inter-
vention affects the financial cost, the nature of interme-
diate conditions, and the time it takes to achieve the
desired condition. It is imperative that silvicultural deci-
sions are made with clear objectives in mind and with an
understanding of the probability that a particular inter-
vention will be successful.

AFFORESTATION

Forest restoration on land cleared for agriculture is
widespread, often termed afforestation. Land became
available because it was economically marginal for con-
tinued agriculture (due to infertility, frequent flooding,
or other site limitations) or because of changes in social
policy (for example, government incentives). It should
be self-evident that the first step in restoring a forest is
to establish trees as the dominant vegetation. Although
this is not full restoration in the sense of BRADSHAW
(199i’),  it is a necessary step and far from a trivial accon-
plishment (STANRJRF  et al., 199813;  STANTURF  et al.,
2001).  Nevertheless, many people object to traditional
plantations on the grounds of aesthetics or lack of stand
and landscape diversity. The correct ecological compar-
ison, however, is between forest plantations and contin
ued agriculture, rather than between plantations and a
mature natural forest (STANTURF  ct  al., 2001). All forest
alternatives provide at least some vertical structure,
increased plant diversity, and some wildlife and environ-
mental benefits (Mr~sck%  & J@RCXNSON,  1989; VAN

DICXELCN  ct  al., 2001).

A/fomtation  of Bottomland  Hardwo0d.s  in the Southern
U.S.

The Lower Mississippi Alluvial Valley (LMAV) has
undergone the most widespread loss of bottomland
hardwood forests in the United States (MACDO~~ALFI  et
al., 1979; STANTURF  et al., 2000a). Besides the extensive
loss of forest cover by clearing for agriculture, regional
and local hydrologic cycles were drastically changed by
flood control projects that separated the Mississippi
River and its tributaries from their floodplains.
Deforestation and drainage resulted in a loss of critical
wildlife and fish habitat, increased sediment loads, and
reduced floodwater retention. Restoring these flood-
plain forests is the subject of considerable interest and
activity (SHARITZ,  1992; KIN<;  & KEELAND,  1999;
STANTURF  et al., 2000a).
Restoration on the LMAV is driven primarily by actions
on federal land and by federal incentive programs,
although states have their projects on public land
(NEWLING,  1990; SAVAGE et al., 1989). Current plans for
restoration on public and private land suggest that as
many as 200,000 ha could be restored in the LMAV over
the next decade (STANTURF et al., 2000a).
The dominant goal of all restoration programs in the
LMAV, whether on public or private land, has been to
create wildlife habitat and improve or protect surface
water quality (KING  &  KEELANI),  1999). In practice, this
means afforestation of small areas (usually no more than
100 ha) within a matrix of active agriculture. While we
know how to afforest many sites (STANTURF  et al.,
1998b),  recent experience illustrates the difficulty of
applying this knowledge broadly (STANTURF  et al.,
2001).
Afforestation of bottomland hardwoods is a process
where something can go wrong at any of several steps
(GARDINER  ct  al., 2002). The most critical step is prop-
erly matching species and provenance to site, particular-
ly to hydroperiod. Few species can tolerate continuous
flooding. Even those few that can withstand extended
soil saturation and root anoxia cannot tolerate submer-
sion of all their leaves. Most flooding tolerant species
can be planted on drier sites but not the reverse
(STANTUIII:  et al., 1998a).  Soil physical conditions, root
aeration, nutrient availability, and moisture availability
are other important site factors to consider.
Restoration on public land in the LMAV follows an
extensive strategy of low cost per ha planting or direct
seeding of heavy-seeded species of value to wildlife such
as oaks. It relies on native species, planted mostly in sin-
gle-species blocks within plantations containing three or
more species. Choice of species to plant is guided by tol-
erance to flooding and soil characteristics. Hard mast



producers such as the oaks (QZHYCUS  spp.) are favoured
for their wildlife value and because they are the most dif-
ficult to obtain by natural processes. Oaks are planted
on wide spacing (3.45 m by 3.45 m) as 1-O bareroot
seedlings or direct-seeded as acorns on 1 m by 3.45 m
spacing (to account for lower survival). Wind and water
are relied upon to disperse light-seeded species such as
ash  (Fuuxinus spp.), elm (U&us  spp.),  sycamore
(Platanus occidentalis L.), sweetgum  (Liquidamhar
styac&a  L.), and maple (Ace?  spp.) (ST~~NTURI~  et al.,
1998b).  The light-seeded species are needed for rich-
ness, stocking, and to create  forested condit ions
(HAYNES  et  al., 1995).
The extensive strategy that predominates on public land
has shaped the federal programs aimed at private land.
The appropriateness of this strategy for private land has
been questioned from several perspectives (STANTURF  et
al., 2001).  First, wind and water dispersal of light seed-
ed species to these small, isolated tracts is reliable only
when natural seed sources are within 100 m (ALLEN,
1990,  1997). Failure to fill between the planted oaks
means incomplete site occupancy by trees, lower species
richness, and longer time needed to provide structural
diversity. Second, more intensive strategies are available
that provide wildlife benefits and restore forested wet-
land functions quicker. Many wildlife species at risk are
those that  require forests of complex structure.
Extensive plantings, even if fully successful, require 60
years or more to attain a desirable structure (KING &
KEELAND,  1999; TWED~  et al., 1999). Third, the stocking
that results from successful restoration under federal
cost-share programs (i.e., 309  stems per ha at age 3) will
not be sufficient to support commercial timber produc-
tion. The lack of merchantable volume in these under-
stocked stands not only will constrain timber manage-
ment but also will limit stand manipulation for wildlife
habitat, aesthetics, or forest health. Fourth, interest is
increasing in afforestation to obtain carbon credits
u n d e r  t h e  K y o t o  P r o t o c o l  (SCHLAMADINGER  &

MARLAND,  2000) but the ability to sequester carbon will
be significantly lower in these understocked stands.
Strategies that are more intensive for quickly establish-
ing closed canopy forests are available, although at high-
er initial costs than the extensive plantings. For exam-
ple, a manager can establish a closed canopy forest 10 m
or taller in three years, using fast growing native species
such as Eastern cottonwood (Populus  deltoides  var. del-
toides  (Bartr.) ex Marsh.). One or two years after planti-
ng, this cottonwood nurse crop is established and slow-
er growing species of oak can be interplanted between
every other row. Later, the manager may intervene to
shape stand structure and composition of the stand as it
develops. Possibilities include harvesting the cotton-
wood at age 10, in the winter to maximise sprout
regrowth and afford the manager a second coppice rota-
tion of the cottonwood, or in the summer to minimise
cottonwood sprouting and release the oak seedlings
(SCHWEITZER et al., 1997). The full benefits of this inter-
planting technique are being investigated but observa-
tions in operational plantings indicate that significant
wildlife benefits are realised within five years (TWEDT  &
POR?-WO~D,  1997).

Affoorestation of Broadleaves in the Nordic Countries

The term “forest restoration” covers very different silvi-
cultural challenges in the Nordic countries (Table 2). In
Iceland, afforestation is attempted on barren land
degraded by overgrazing. Special effort is made to
restore birch (Bet&  spp.) woodlands, which covered
more than 25 percent of the land area at the time of set-
t l e m e n t  i n  t h e  10”’  C e n t u r y  (SIGUKDSSON,  1 9 7 7 ;
ARAD~TTIR  & ARNALDS, 2001). Contrary to the
Icelandic situation, afforestation efforts in other Nordic
countries and Estonia occurs on fertile farmland (Table
3). Aims of afforestation are rather different within and
between the countries. In Finland, Sweden, and Norway
the expected extent of afforestation is rather limited and
serves mainly as an alternative land use to small scale

'rA131.11 3
Forestland and woodlands in the Nordic countries and Estonia. (Source: MADSLN  PI al, 2002)

Country

Finland
Swedell

Estonia
Norway
Denmark
Iceland

Forestland and Forestland,
woodlands, 1,000 km’ % of total land area

2 0 1 66
244 60
2 1 50
87 28
5 11
1 1

Expected afforestation, Private (including companies)
‘%,  of total land area owned forestland, %

I 71
1 78
7 35
<l 85
1 1 69

2 - 5 70



and inefficient agriculture. In Estonia, the post-commu-
nist government has turned over many small farms to
the descendants of the former owners. These largely
urban owners have no experience or expertise with
farming, so forestry may be an attractive, low-cost land
use alternative. Consequently, a significant increase in
forestland on abandoned farmland is expected in
Estonia. In Denmark, the goal of the afforestation pro-
gramme  is to double the forested area within one tree
generation (approximately 100 years). The several aims
of this program include: increased concern for sustain-
ability, nature conservation and biodiversity; protection
of ground water resources; improvement of recreational
values of the landscape; and reduction of subsidised
agricultural production.
Afforestation of broadleaves is preferred in Scandinavia,
although conifers are allowed under certain conditions.
Typically broadleaved seedlings are planted at densities
up to 5,000 per ha. There must be a minimum of 3,000
to 4,000 saplings surviving at 8 to 12 years after planti-
ng. Additional subsidies are paid in Denmark for pesti-
cide-free afforestation, fencing, and income compensa-
tion. Direct seeding of oak is gaining popularity on
farmland in southern Sweden and Denmark (MADSEN et
al., 2002). Costs of planting are higher in Denmark

T,\ur.r.  4
Approximate costs for planting or direct seeding broadleaves  in
Denmark and southern Sweden. (US$ per ha). Costs depend on

several factors management objectives, site quality, deer population,
and  area of the site (Source: ~~~~~~~~  r/  al,  2002)

Direct seeding Planting

Site preparation 0 - 700 O - 7 0 0

See&  or transplants 200 - 500 1,200 2 ,400

Sowing or planting 100-150 400 - 800

Fence 0 - 1,300 0 - 1,300

Total $300 - $2,850 $1,600 - $5,200

(Table 4) than in the southern United States (Table 5)
and direct seeding costs are 30 percent to 50 percent
lower than planting seedlings.

REHABlLITATION

Degradation of existing forests occurs from anthro-
pogenic and natural disturbance. l3y degradation, we
mean loss of species, simplification of stand structure,
or invasion by exotic organisms. The first step in reha-
bilitation is to identify the cause of site or stand degra-
dation. Stand degradation from high grading or fire
exclusion may be remedied through vegetation manipu-
lation alone. Alteration of the site by changed hydrope-
riod, atmospheric deposition, or catastrophic fires poses
broader questions. Can the pre-disturbance conditions
be restored or the effects of alteration somehow miti-
gated? Should the rehabilitation effort target a different
vegetation assemblage, perhaps one more adapted to
present conditions ? For example, hydroperiod alter-
ations caused by flood control projects, dams, or high-
way 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 continued
management of beaver population levels will  be
required to avoid recurring problems. The guiding prin-
ciple for silviculturist should be to rehabilitate or restore
in accordance with existing conditions, unless alteration
is feasible, affordable, and within the control of the sil-
viculturist.
At times, the current stand is so degraded that true site
potential, in terms of species composition and produc-
tivity, is masked. Selectively logging the biggest and best
trees of a few species may degrade the stand without
lowering the potential of the site. On the other hand,
one must be careful to avoid attributing a higher poten-
tial than is warranted and mistakenly blaming “degra-
dation” for conditions on an inherently poor site. Site
potential refers to the combination of relatively

T,\IKF.  5
Typical direct costs ($ US per ha) for afforestation of bottomland hardwoocls  in the LMAV. (S ‘ource:  ST,\N’I’lJRl:  et al., 2OOOa)

Activity Direct-Seed Low-Intensi ty High-Intensi ty Interplant Cot tonwood

Oaks Uare-Root  Seedlings Bare-Root Seedlings and Oak

Site preparation $40 $40 $72 $146

Seeds or seedlings $62 $185 $lS5 $212

Sowing or planting $86 $86 $86 $124

Weed control $77 $101

Insecticide $22
TOTAL $188 $311 $420 $605
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unchanging physical factors which affect species com-
position and stand vigour. 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
replaces the existing stand. Site potential  is  not
immutable, however. For example, changes in hydrope-
riod may degrade a site (lengthening inundation from
periodic to continuous) or improve a site (drainage, the
reverse situation, under some circumstances).

Rehabilitation of Broadleaved Woodlands in Northern
Europe

Traditional forestry in northern Europe has mainly con-
centrated on growing conifers for timber and pulp in
both the boreal and the nemoral zone (SPIECKER,  2000).
During the past two decades, increased public concern
for ecological sustainability, nature conservation and
sustainable land use, along with economical constraints
and reduced softwood t imber prices,  has led to
increased focus on the use of broadleaved species and
close-to-nature forest management. The more diverse
and multifunctional aims of forestry have emphasised
the need for flexibility in forest management with
respect to future outputs as wood and non-wood prod-
ucts and values. Additionally, the importance of flexibil-
ity is underscored by the long production periods in
European forestry, where rotation lengths usually range
between 50 and 150 years. The challenge is to predict
the primary role of the future forest.
Presently coniferous plantations are being transformed
into broadleaved stands, particularly on the better soils
in the deciduous zone of south Sweden and Denmark
(ANGELSTAM, 1998; MADSEN et al., 2002); in Germany
and Austria (STERBA  & HASENAUER, 2000); in England
(FERRIS-KAAN, 1995); and in Ireland (JOYCE et al., 1998).
Today, the main species in coniferous plantations are
Norway spruce (Picea abies (L.) Karst.),  Sitka spruce
Picea sitcbensis  (Bong.) Carr.),  and pines.  Norway
spruce is outside or on the edge of its natural range in
Denmark and south Sweden, and may be off-site in
other areas. The conifers were initially planted due to
high production value and lower cultivation costs.
However, they have shown poor wind stability and
health on many sites. Catastrophic winds not only
destroy the existing forests (SPIECKER,  19951,  but also
create regeneration problems over large areas.
Planting broadleaves following a clearcut  or under
conifer shelterwood is increasing in frequency. Species
typically include beech (Fagus  sylvatica L.),  pedunculate
oak (Q. robur L.),  ash (Fraxinus  excelsior L.),  and linden

(Tilia cordata Mill. or 7: platyphyllos  Stop.).  Direct seed-
ing oaks and beech into shelterwoods and clearcuts has
been attempted with some success in Germany, Sweden,
and Denmark, although seed predation by rodents can
be a problem. On oceanic islands such as Ireland, how-
ever, shelterwoods are uncommon as frequent high
winds make the risk of blowdown  of the residual stand
high (MICHAEL KEANE, personal communication, 2000).
Catastrophic windstorms in recent years have given
impetus to finding reliable, low-cost methods such as
direct seeding.

Rehabilitation of Shortleaf Pine Woodlands in the
Inteviov  Highlands, United States

The Interior Highlands in the southern United States
refers to the broad plateaus and low mountains called
the Ozark Plateaus of the Boston Mountains and the
Ouachita Mountains (WALKER, 1994). High insolation,
erratic rainfall, and high temperatures limit the forest
over much of the area to those types adapted to poor
soils and dry sites. Extensive pure stands of shortleaf
pine (Pinus  echinata  Mill.) have been maintained in pub-
lic and industrial management in the Ouachita
Mountains (WALKER, 19941, although drought-tolerant
families of loblolly pine (I?  taeda L.) are managed inten-
sively in plantations. Hardwoods encroach under the
pine, and they will capture the site when the sub-climax
pines are harvested or die, leading to pine-hardwood
mixtures.
Prior to European settlement of the region, pines main-
tained dominance by their tolerance to periodic fire. In
the Ouachita Mountains, pines dominated stands, pri-
marily shortleaf pine with a minor hardwood compo-
nent in the overstory of mostly oaks (Q)uercus  spp).  A
native herbaceous understory dominated by bluestem
(Andropogon gcrardi  V i t m a n ,  b i g  b l u e s t e m ,  o r
Schizachyrium  scoparium  [Michx.]  N a s h ) ,  l i t t l e
bluestem) grasses was maintained by fire (GULDIN,
1986; GRANEY, 1986). Fire suppression for the last 60
years allowed substantial hardwood encroachment and
build up of fuel loads.
Restoration is beginning in this region, designed to
mimic stand conditions prior to European settlement
and more natural fire regimes (STANTU~~:  et al., 2OOOb).
Prescriptions call for commercial thinning of the over-
story, reducing residual basal area of pines and scattered
hardwoods in the main canopy by half, to 15 mz ha ‘.  The
predominantly hardwood midstory  and understory is
removed by hand labour  (chainsaws or hand tools).
Burning is conducted at 2 to 5 year intervals for 10 years,
during the dormant or growing season, with moderate
intensity fires. Over time, the resulting open and park-



like stands will be maintained in this condition using
two-aged shelterwood. Approximately 63,000 ha of
shortleaf pine-bluestem ecosystems are planned to be
restored on the Ouachita National Forest in Arkansas
and Oklahoma.

DISCUSSION

Forest restoration over large areas through afforestation
can be accomplished by artificial regeneration methods.
Nevertheless, the resulting plantation forests are objec-
tionable to some segments of society. In response,
KANOWSKI (1997) argued for a dichotomy in concepts of
plantations forests, between the traditional plantations
organised for fibre production and more complex plan-
tation systems that seek to maximise social benefits
other than wood. Kestoration goals can be met by devel-
oping a concept of complex plantations that retain the
economic and logistic advantages of simple plantations.

Simple Plantations

Simple plantations are single purpose, usually even-aged
monocultures that can produce as much as ten times
greater wood volume as natural forests (KANOWSKI,
1997). Simple plantations, nevertheless, provide multi-
ple benefits when compared to alternatives such as con-
tinuous agriculture. Significant advantages of simple
plantations are that they easily can be established using
proven technology, their management is straightfor-
ward, and they benefit from considerable economies of
scale. If financial return is the primary objective of a
landowner, simple plantations may be preferred and
some restoration goals will be attained (STANTUICF  et al.,
2001).  Nevertheless, complex plantations can be estab-
lished that provide greater social benefit at a reasonable
cost, perhaps as little as a 10 percent reduction in timber
returns compared to a simple plantation (KANOWSKI,
1997),  or even at a net financial gain to the landowner
(e.g., STANTURI:  & POI~IWOOD, 1999). In Europe where
rotations are longer, the lack of flexibility with respect to
potential products increasingly is viewed as a disadvan-
tage of simple plantations (LARSEN, 1995).

Complex Phtations

Objections to plantations are often cast in terms of aes-
thetics. The sharp boundary between a plantation and
other land uses may be objectionable to some, as is the
uniformity of trees planted in rows. This aesthetic objec-
tion to plantations may be more prevalent in North
America, where to many preservationists and restora-
tionists, seemingly wild and natural are synonymous and
managed seems to connote artificial and unnatural. The

sharp edges of plantations can be “softened” by fuzzy or
curved boundaries, in order to integrate the plantation
with other land uses.
Where plantations are on small farm holdings, agro-
forestry systems of intercropping can blend land uses.
Forested riparian buffers are established in agricultural
fields to protect water quality by filtering sediment,
nutrients, and farm chemicals, and they bar easy access
by livestock to stream banks (although fencing is still
needed). Riparian buffers add diversity to the landscape
and serve as wildlife corridors between patches of frag-
mented forests. In floodplain landscapes such as bot-
tomland  hardwoods, areas of permanently saturated or
inundated soil (respectively, moist soil units and open
water areas) are common and diversify the interior of
plantations.
Several options are available to overcome the uniformi-
ty of rows. Perhaps the simplest technique is to offset
the rows. Uniform spacing between rows and between
seedlings within a row is common, resulting in a square
pattern. Rows can be offset to produce a parallelogram
instead of a square. Hand planting instead of machine
planting also will  result  in less uniform spacing.
Plantations can be planned with a recreational viewer in
mind so that the view from trails and roads is always
oblique to the rows, thereby escaping notice.
Alternatively, plantations can be broadcast direct seed-
ed, which will prevent the development of recognisable
rows. At any rate, once the canopy reaches sufficient
height that ground flora and midstory  plants can estab-
lish, most plantations take on the appearance of natural
stands, at least to the casual observer.
A more serious objection to plantations is their frequent
lack of diversity, in terms of species composition and
vertical structure. Essentially, simple plantations are not
a s diverse as natural stands, at least for many years. In
truth, many natural forests are simple as well. Boreal
forests can be dominated by a single tree species, and
many fire-dominated forest types can appear to be com-
posed of one or a few tree species and frequently large
areas are even-aged. Where fire exclusion has allowed
encroachment of diverse midstory  and understory
woody species, as in the shortleaf pine-oak system of the
Southern United States, restoring natural (or at least
pre-European settlement) fire regimes may simplify
stand structure and reduce woody species diversity. The
public does not always appreciate these complexities of
nature, and some segments of the public have chal-
lenged restoration efforts (JAMES GULDIN, personal
communication, 2001). Foresters have devised several
methods to establish multiple species stands. For exam-
ple, planting several blocks of different species in a



stand, or even alternate rows of different species is pos-
sible and creates some diversity at the stand level.
Distribution, however, remains more clumped than
would be typical of a natural stand.
Other methods are available, including nurse crops of
faster growing native species (S(:11wI~13XR  et al., 1997)
or exotics (ASIIX)N  et  al., 1997; LAMU  & TOMLINSON,
1994). In this approach, there is no intention of retain-
ing the nurse crop species throughout the rotation of the
slower growing species (this could also be termed relay
intercropping). While the nurse crop method has many
advantages, and in the short-tern provides species diver-
sity and probably vertical structure, once the nurse crop
is removed the residual stand may lack diversity. The
challenge is to develop methods for establishing several
species in intimate group mixtures, such as would occur
in a natural stand, but avoiding excessive mortality dur-
ing the self-thinning or stem exclusion stage of stand
development. Such methods must account for the
growth patterns of the species, relative shade tolerances,
and competitive ability.
Vertical structure is an important feature of forests for
wildlife (DEGRMF,  1987; Twr:ar & ~OIU'woOD,  1997;
HAMEL  et al., 2002). Early stages of stand development,
whether in natural forests or plantations, are charac-
terised by low light in the understory until crowns dif-
ferentiate. In most restoration forests, it takes years for
native forest plants to develop in the understory and
midstory. Annual disturbance while in agriculture
removed buried seed and rootstocks of native plants and
low light levels in the young forest preclude understory
development from invaders. Such legacies of previous
land use may account for subtle differences in understo-
ry diversity. For example, loblolly pine plantations in the

southern U.S. had more diverse understories if they had
been planted on cutover land, rather than old fields
(HEDMON  et al., 2000). The manager can intervene to
plant understory species; at present, little research
affords guidance on methods, planting density, or prob-
able success rates. As indicated above, relay intercrop-
ping provides vertical structure for a time. Natural dis-
persal into gaps can also encourage understory develop-
ment, whether gaps are created by thinning or left dur-
ing planting (ALLEN, 1997; OIXAMO, 2000). The critical
factor limiting understory development by natural inva-
sion is whether there are seed sources for the understo-
ry plants within dispersal range (CHAPMAN & CHAPMAN,

1999; JOHNSON, 1988).
The benefits of restoration are usually identified in
terms of government priorities or social benefits; seldom
are the diverse objectives of landowners recognised  (but
s e e  SELRY  & PET~JJZSTC), 1995).  I n  m o s t  m a r k e t
economies where rights and obligations of ownership
rest with private landowners, what is appropriate for
public land may not be the most attractive restoration
option for private landowners (STANTURF et al., 2001).
Nevertheless, there can be considerable overlap in the
expected benefits to society and the affected landowner.
The array of possible objectives can be illustrated with a
limited set of management scenarios (Table 6). For sim-
plification, three scenarios are presented: production
forest, conservation forest, or preservation forest. The
production forest option can be further divided into low
versus high intensity management.
Benefits include financial, recreational, and environ-
mental outcomes. Because cash flow is important to
many landowners, and the adjustment from annual to
periodic income is often cited as a barrier to afforesta-

Scenario

Prodrtction

Forest-High Intensity

(Short Rotation:

I’u1pWood,  Fuelwood)

Product ion

Forest-Low Intensity

(Long-Rotation:
Timber, Wildlife)

Conservation Tbrest

Prcscrvation  Forest

Expected Benefit Level

Financial Recreational Environmental

Short-term Long-Term Hunt ing Non-Consumptive Conservation Practices Land  Retirement

High High High Medium Medium NO

Me&urn High High High High NO

Low Medium High High High

Lo\v  to No NO L O W Medium Me&mu



tion, financial benefits must be considered as both
short-term and long-term (AMACHER  et al., 1998;
NISKANEN,  1999). Recreational benefits are hunting and
non-consumptive benefits such as bird watching or hik-
ing. Environmental benefits are separated into conserva-
tion practices (such as those installed to control soil ero-
sion and protect water quality, enhance wildlife habitat,
or sequester carbon) and land retirement, where there is
no on-going management activity.

Financial Bmefhs

Financial returns from active management (production
or conservation forests) are substantial relative to the
preservation or no-management scenario. Fibre and tim-
ber production will drive expansion of plantations in
many parts of the world (CARNGIIIO  &  BIIOWN,  1999).
Other income can be realised by some landowners from
hunting leases and potentially from carbon sequestra-
tion payments (f3nRKE.R  et al., 1996). Despite consider-
able uncertainty over the accounting for carbon credits
under the Kyoto Protocol, there seems to be agreement
that afforestation will be eligible for offset credit
(SCHLAMADINGER & MARLAND,  2000). Current projec-
tions in the United States for the value of a carbon cred-
it are on the order of $2.72 to $4.54 per ton of CO,
sequestered, but the value is much higher in Europe. In
Norway, for example, there is already a carbon tax on
gasoline equivalent to $49 per ton CO1 (SOLBERG,  1997).
Estimates from economic models suggest that a carbon
tax of $27 to $109 per ton CO2 would be necessary to
stabilize global emissions at the 1990 level (SOLDER<;,
1997). Under conditions of substantial taxes on CO2
emissions, growing biomass for fuel would become an
attractive alternative to fossil fuel because biofuels have
no net impact on global carbon levels. Biofuels repre-
sent atmospheric carbon momentarily fixed in living tis-
sue. When oxidized in combustion, the carbon is
returned to the atmosphere with no net impact on glob-
al carbon levels.

The primary recreational benefits assumed in the exam-
ples are from creating and enhancing wildlife habitat.
Not all wildlife species require the same kind of habitat,
so for simplicity the expected benefits can be separated
into recreational hunting by the landowner (rather than
lease fees) and non-consumptive wildlife activities, such
as bird watching or simply the existence value of wildlife
to the landowner.

Water quality benefits of afforestation accrue from

reducing soil erosion especially in upland catchments
but also in floodplains Uoslin & Schoenholtz, 1998),  and
filtering, retaining, and assimilating nutrients and farm
chemicals from surface runoff and groundwater (Huang
et al., 1990).  Planted forested buffer strips in an agricul-
tural landscape are uncommon, although several studies
have examined the filtering action of natural forested
riparian zones (COOPEII  et al., 1987; COOPEII  & GILLIAM
1987; LOVIfRANCC  et al., 1983;  LOWRANCE  ct aL.,  1984a,
198413;  LOWRANCE  et al., 1986; PETE~JOFIN  &  CORRELL
1984; Tom et al., 1981). COMERFORD  et al. (1992) swn-
marised these studies and concluded that buffer strips
are quite effective in removing soluble nitrogen and
phosphorus (up to 99 percent) and sediment. The effi-
ciency of pesticide removal by forested buffer strips has
been examined in some environmental fate studies that
concluded that buffer strips 15 m or wider were gener-
ally effective in minimising pesticide contamination of
streams from overland flow (COMERFORD  et al., 1992).
Afforestation of biofuel plantations would have substan-
tial environmental benefits, in terms of effects on atmos-
pheric carbon levels. Burning biofuels instead of fossil
fuels would initially sequester carbon from the atmos-
phere, and further reduce the net CO? emissions by sub-
stituting for fossil fuel. Further benefits would accrue
from conserving fossil petroleum for manufacturing
feedstock and future uses.

Rehabilitation

Attempts at rehabilitating existing forests are diverse in
terms of rationale, pre- and post-rehabilitation condi-
tions, and methods. Generally, rehabilitation requires
changing species composition and sometimes stand
structure. The impetus for rehabilitation is usually the
result of social choices. For example, traditional forestry
in northern Europe has mainly concentrated on growing
conifers for timber and pulp. Over the past two decades,
concern has increased for ecological stability in order to
obtain more flexibility in the types of products available
from forests and in the face of unknown future benefits
and risks (LARSEN, 1995). Recently, focus has shifted
toward nature conservation, and sustainable land use.
One response to this concern is often termed close-to-
nature silviculture, which is characterised  by greater use
of broadleaved species, less reliance on artificial regen-
eration and plantation culture, and attempts to restore
forests that are more diverse.
In many European countries, rehabilitation of largely
coniferous plantations to mixed deciduous woodlands is
aided by stand disturbing windstorms. The existing
conifer plantations have been labelled  unstable, where
stability of forests is expressed in terms of resistance and



resilience of the forest ecosystem (LARSEN, 1995). Poor
resistance is expressed as susceptibility of the forest to
damage or destruction by strong winds, drought, fire or
a complex of factors. Poor resilience is characterised  as
difficulty in regaining pre-disturbance conditions, stem-
ming from regeneration problems.
In North America, seventy years of attempted fire exclu-
sion in fire prone ecosystems has allowed development
of forest communities that did not exist before organ-
ised fire suppression (MUTCH,  1970; BROWN & S,MITH,
2000).  Re-establishing disturbance regimes, using pre-
scribed fire, is the goal in several ecosystems in the
southern United States (WADE  et al., 2000). Many of
these ecosystems can still be restored with the judicious
reintroduction of fire, sometimes in combination with
herbicides or mechanical methods. The long association
between fire and vegetation has resulted in key species
developing traits that favor them in fire-prone ecosys-
tems (M ILLER, 2000).
Shortleaf pine is one of several species in the southern
and western United States with marked adaptations to
periodic ground fire. It forms dense sapling stands that
are favoured over competing hardwoods by frequent
fire. Shortleaf pine can repeatedly sprout from the base
if the tree is topkilled, at least until trees are 15 to 30
years old (LITTLE & SOMES,  1956). Ability to re-sprout,
abundant seed crops, rapid juvenile growth (especially
of sprouts) and a low resin content of the wood make
this species markedly tolerant of fire (MATTOON,  1915).
Because fire exclusion allowed development of a sub-
stantial hardwood midstory, however, restoration treat-
ments require removal of midstory  and overstory trees
prior to burning. Similarly, restoring many western
forests by reintroducing natural fire regimes requires
removing substantial amounts of woody biomass before
prescribed fire can be safely used (COVINGTON  et al.,
1997; LYNCH et al., 2000). In other conifer forests, how-
ever, the natural fire regime may be of a stand replacing
crown fires. For example, sand pine (P clausa  Chapm.
(ex Engelm.) Vasey ex Sarg.) in Florida may be restored
in natural areas using crown fire, but fire would not be
used if timber production were an objective (S’I‘IZNT’URF‘
et al., 2002).
In general, forest restoration has been approached at the
stand level with little concern for landscape level effects.
There is often a bias toward natural, mature forests as if
the landscape should be maintained in old growth every-
where, at all times. In most landscapes, plant or wildlife
diversity will be maximised if forests exhibit a range of
stand development or successional stage. In North
America and Western Europe, forest restoration is cost-
ly and has been driven primarily by governmental incen-

tives. Where funding is limited, simple wood production
plantations may be the only feasible way to begin to
restore large areas of agricultural land or degraded
forests. Over the longer term, however, simple planta-
tions can be converted into complex plantations and
eventually, natural forests. Such a strategy has been sug-
gested for severely degraded tropical land (PAIUIOT'I'A et
al., 1997) and in the Lower Mississippi Alluvial Valley in
the southern United States (STANTURF  et al., 2OOOa).

ACKNOWLEDGEMENTS’

We thank our many colleagues at our respective institu-
tions and throughout the IUFRO network for their
assistance in the work that formed the basis for this
paper. Emile Gardiner, Magnus  LSf, Michael Keane,
and James Guldin deserve special thanks for providing
information and stimulating discussions. We especially
appreciate the comments of the anonymous reviewers
who provided suggestions that greatly improved the
clarity of our concepts.

REFERENCES

ALLEN J.A., 1990 EstahLisbment  of bottomland oak plantations
ON the  Yazoo  National Wildlz~c~  Refzdge Complex. South. J.
Appl.  For., 14: 206-210.

ALLXN  J.A.,  1997 Reforestation  of bottomland hardwood.r  and the
issue of woody species diucvsity.  Rest. Ecol., 5: 125-134.

ARCHER  G.S.,  StJLLlVAN I., SF-IABMAN I>., %I'I"  L., ~IlEBNEII  D.,
1998 Reforestation  of fhodcd  farmland: p&q  inql’lications
from  the  Missi.ssippi  R.&v D&a.  J. For., 96 (5): 10-17.

ANGELSTAM  I?, 1998  - Maintaining and rcstoving  hiodivcvsity  by
developing  nnfura1 di.sturbancc  regimes in European boreal
j)msts. J. kg.  Sci.,  9~591-602.

ARAIXTI‘H  /i.L.  & AIIN,\I.IX  O.,  2001  - Ecosystem dqmdation
and wstwation  of birch zuoodhmls  ik bland. In: WIELGOLAXI
F.E. (ed.),  Nordic Mountain Birch Ecosystcnzr,  293-306.  Man
and the Biosphere Series Volume 27. UNESCO, Paris and
Parthenon Publishing, Carnforth, UK.

Asirmlu I?M.S.,  Gm/\c;l:  S., GUNATILLEKE  I.A.U.N.,
GLJNKIXLEKE C.V.C., 1997 Fkstoratkw of a Sri Lankan
rainjbcst tisiug Caribbean pine Pinus  caribaea as a I~UYSC  f&
establishing  late-suc~cssional  trer  .spe&.r.  J. Appl.  Ecol., 14:
915-925.

BAWER J.R.,  BAIJKAIWNI:R GA.,  T[JI~NI;IX  D.I?,  Leii J.J.,  1996 -
Carhm dynamics of the  Comcrvation and Wc’tland  Rcservc
Programs. J. Soil Water Cons., 51: 340-346.

BI<~~IXHP.\X~  AD., I997  - What do toe  mean  by rcstoratio~~? In:
UIIN~NXA  K.M., WEB N.R., EIXQIIIIX  PJ.  (eds.),  Restoration
Ecology And Sztstainahh  Dcvelopmcr~t,  X-14. Cambridge
University Press, Cambridge, UK



eco.sy.stem.s:  effects of fire on fha. Gen. Tech. Rep. RMRS-42.
vol. 2. US. Department of Agriculture Forest Service, Kocky
Mountain Research Station, Ogden, UT.

BIJIWUDGI~  P.R.  &  HALLIN D.C., 2002 Rebahilitatiov~  of coastal
wetland forests degraded through their conversiorl  to shrimp
farms. In: HOLLAND M.J., WARXEN M.L.Jx, STANXJIF  J.A.
(eds.),  Proceedings conference sustainability of wetlands and
water resources, 20 - 29. 2000 May 23-25; Oxford, MS. Gen.
Tech. Rep. SRS-50. U.S. Department of Agriculture, Forest
Service, Southern Research Station, Asheville, NC.

CAIKNS  J.Jr.,  1986 Restoration, reclamation, and regenet*ation  of

degraded or  destroyed ecosystems.  In: S~ULE  M.E.  (ed.),
Conservation Biology, 465-484. Sinauer Publishers, Ann
Arbor, MI.

CAKNBIRO C.M.  & BROV[IN  C.,  1999 Global outlook for
plantations. In: Report to the FAO Advisory Committee on
Paper and Wood Products, Fortieth Session; 1999 April 27.
28; Sao Paula, Brazil. [Available on the Internet at URL
http://wWW,fao,org/montes/foplfopw/gfsm/acpwp/4O/Carne
.htm]

CHAPMAN C.A. & CIIAPMAN L.J.,  1999 Forest t*estot*ation  in
ahandoncd  agricultural  land: a case study from East Africa.
Cons. Biol., 13: 1301-1311.

COMERI:ORD N.B., NEARY D.G., MANSELL R.S., 1992 - The
effectiveness of huff& strips for ameliorating offsite  transport of
sediment, nutrients, and pesticides from silvicultural  operations.
NCASI Technical Bulletin No. 63 1. National Council of the
Paper Industry for Air and Stream Improvement, New York,
NY.

COOPER J.R. & GILLIAM J.W., 1987 - Phosphorus redistribution
from cultivatedfields  into riparian  areas. Soil Sci. Sot. Amer. J.,
51:1600-1604.

COOPEI? J.R., GILLIA~C~  J.W., DANIELS R.B., 1987 - Riparian  areas
as ,t&rs for agricultural sediment. Soil Sci. Sot. Amer. J.,  51:
416-420.

COVINWON  W.W., FULJ?  P.Z., MOOIIE M.M., HAI?~ S.C., KOLR
T.E., MAST J.N., SACI<E~‘?‘  S.S., WA(;NER  M.R., 1997 -
Restoring ecosystem health in polrderosa  pine forests of the

Southwest. J. For., 95 (4): 21-29.

D~(;I<A.AI: R.M., 1987 Managing norher??  hardwoodsfor breeding
birds. In: NYLAND R.D. (ed.),  Managing northern hardwood.s,
348-362. Proc. Silvicultural Symp.  1986 June 23-25; Faculty of
Forestry Misc. Pub].  No. 13 (ESF 87-002).  Syracuse, NY.

FOOD  ANI)  A(;IU:IIUTIJ~~ OII~;ANIZAX~N  (FAO), 2001 - Glohnl
forest resources u.ssessmcnt  2000. FAO  Forestry Paper 140.
Rome.

FIIKKIS-KAAN R. (ed.),  1995 The ecolrq~  01 woodland creation.
John Wiley & Sons, Chichester, UK.

FISIIIX R.F.,  1995 Amelioration of degraded rain fore.st soils by
plantations ofnntivc  trees. Soil Sci. Sot. Amer. J.,  59: 544-549.

FRLNKEL R.E., 1970 Ruderal  vegetation along some  Caliji,rnia
roadside.s.  University of California Publications in Geography
20. Berkeley, CA.

<;~~w~nlrsi E.S., RLJSSI:I.I.  D.R., OI,IVI:K M., DOIUUS L.C.JK.,  2002

Bottomland hardwood afforestation: state of the avt. In:
HOLLAND M.J., WAKKEN M.L.JR., STANTURF J.A. (eds.),
Proceedings conference sustainability of wetlands and water
resources, 75 - 86. 2000 May 21-25;  Oxford, MS. Gen. Tech.
Rep. SRS-50. U.S. Department of Agriculture, Forest Service,
Southern Research Station, Asheville, NC.

GOUIXI: A., 1986 The human impact on the natural environment.
MIT Press, Cambridge, MA.

GRANEY  D.L., 1986 - Site quality relation.ships  for shortleaf pine.
In: MURPHY P.A. (ed.),  Proceedings of a symposium on the
shortleaf pine ecosystem, 41-52. Arkansas Cooperative
Extension Service, Monticello, AR.

GULDIN J.M., 1986 - Ecology ofshortleafpinc.  In: MURPHY P.A.
(ed.),  Proceedings of a symposium on the shortleaf pine
ecosystem, 25-40.  Arkansas Cooperative Extension Service,
Monticello, AR.

HAMEL  P.B.,  NUTTLE. T., W~~IX~N C.A., BR~ERMAN  F., 2002
Forest restoration a.s  ecological succession: should we speed it up
or slow  it  down? In: E-TOLLAND  M.J . ,  WAI~KEN M.L.JK.,
STANTURF J.A. (eds.),  Proceedings conference sustainability of
wetlands and water resources, 98 108. 2000 May 23-25;
Oxford, MS. Gen. Tech. Rep. SRS-50. U.S. Department of
Agriculture, Forest Service, Southern Research Station,
Asheville, NC.

BARRINGTON  C.A.,  1999 Forests planted for ecosystem

restoration or conservation. New For., 17 (l-3): 175-190.

HASENAUER  H. (ed.), 2000 - Forest  ecosystem restoration,
ecological and economical impacts of restoration processes in
secondary conzferou.s  forests. Proceedings of an international
conference on forest ecosystem restoration; 2000 April 10-12,
Vienna, Austria. Institute of Forest Growth Research,
University of Agricultural Sciences, Vienna, Austria.

HAYNES R.J., BKID(;ES R.J., GAKU SW., WILKINS T.M., C(X)KE
H.R.Jl<.,  1995 Bottomland hardwood reestablishment efforts of

the U.S. Fi.sb  and Wildlif  Service: Southeast Region. In:
FISCI-IENICH J.C., LI.~YD C.M., PAI.ERMO M.R. (ed.),
Proceedings Engineering for Wetlands Restoration National
Workshop, 322-334.  1993 August 3-5, St. Louis, MO.
Technical Report WRP-RE-8. U.S. Army Corps Engineers,
Waterways Experiment Station, Vicksburg, MS.

HEDMON  C.W.,  GR A C E  S.L., KING; SE.,  2000 Vegetation
composition and structure of southern coastal plain pine forests.
a/1  ecological compari.son.  For. Ecol. Manage., 134 (I-3):  213.
247

W~JANG  W.-Y., AL(;OZIN  K., ERVIN D., HICKENUOTIIAM T., 1990 -
Using  the Conservation Reserve Program to protect
grouudwater  quality. J. Soil Water Cons., 46: 25 l-254.

ISLAM K.R., KAMALUIXXN M., BHUI~AAN  M.K., BADR~DDIN B.,
1999  - Comparative perf&nancc  of exotic and indigenous fhcst
spec ies  for tropical  semievergreen  degraded forest  land
reforestation in Cbittagong,  Bnngladesb.  Land Deg.& Devel.,
10: 241-249.

JOI~NSON W.C., 1988 Estima/ing  di.~pcr.sihility  of Acev, Fraxinus,
and  Tilia in fragmented landscapes from patterns of seedling
e.st~blisbment.  Land. Ecol.. 1: 175-187.



JOSLIN  J.D.  &  SCIIOENI-IOLTZ  S.H.,  1998  - ibk~&~g  the

environmental effh  of converting  cropland  to short-rotation
woody cvops:  A rcsearch  approach. Biomass Bioenergy, 15: 301.
311.

JOY(:E P.M., Huss J.,  MCCAI?THY  R., PIXIPER A., HENDRICK  E.,
1998 Gvowing  broadleaves:  silvicultural  gu ide l ines  for ash,
sycamore,  wi ld  cbery,  hcccb,  and oak in It&and.  COFORD,
Dublin, Ireland.

Ki\i%>ws~~ P.J.,  1997 Afforcstation  and plarztation  /hesty.  In:
Proceedings of the XI World Forestry Congress; 1997
October 13-22;  Antalya, Turkey. [Available on the Internet at
URL http://coombs,anu.edu.au/Depts/RSl?AS/RMAP/
kanow.htm],

KIN<;  S.L. & KEIXAND B.D., 1999 Evaluation of r&estation  in
the Lower Missi.rsippi  River Alluvial Valley. Rest. Ecol., 7: 34%
159.

KNOWLI:S O.H. & PARR~TTA  J .A.,  1995 Amazonian fomt
restoration: an innovative system fov native species selection
based on phcnological  data and f i e ld  pcrfknance  ind i c e s .
Common. For. Rev., 74 (3):  230-243.

KI~ISHNASWAMY  A. & HANSON A. (eds.),  1999 Our forests, our
future: summary report, World Commi.ssion  on Forests and
Susta inab le  Development.  Cambridge University Press
Cambridge, UK.

LAMN  D. & TOMLINSON  M., 1994 - Forest rehabilitation in the
Asia-Pacific Rqion;  past le.mm  and present uncertainties. J.
Trop. For. Sci., 7 (1):  157-170.

LARSEN  J.B., 1995. Ecological stability of forests  and sustainable
silviculture  For. Ecol. Manage., 73:85-96.

LITLE S. & SOMES  H.A., 1956 Bud.s  enable pitch and shortlcaf
pinps  to recover from injuq  Station Paper 81. USDA Forest
Service, Northeastern Forest Experiment Station, Upper
Darby, PA.

LOWK~\N(:E  R.R., TODD R.L., AS~%UXXN  L.E., 1983 - Waterborne
nutrient  budgets  for the ripavian  zone of  an agricultural
watershed. Agric.  Ecosyst. Environ., 10: 371-384.

LOW~~ANC:I:  R.R.,  TODL>  R . L . ,  ASMUSSEN  L.E., 1984a  Nutvicnt
cycling in an agricultural watmshed:  I. Pbveatic  movement. J.
Environ. Qual., 13: 22-27.

LOWRAN(:C R.R., TODD R.L., FAIL J.JR.,  HENDRICKSON O.,
LEONARD  R., ASMUSSEN  L., 198413  Riparianforest  as nutrient
.filters  in agrimltural  watmheds. BioSci.,  34: 374-377.

LOWRAN(:I:.  R.R., SHARPE J.K.,  S~i’.RII~AN  J.M., 1986 Long-term
sediment  deposition in the  riparian zone  of a coastal plain
waterrbed.  J. Soil Water Cons., 41: 266-271.

L~N(:~I D.L., ROMME  W.H., FI.OYI>  M.L., 2000 - Fomt  restoration
in southwestc~vn  pondeerosa  pinr.  J. For., 98(8):  17-24.

MA(:DONALD  P . O . ,  Fliiwr~i  W.E., CLAIXEII J.K., 1 9 7 9  -
Documentat ion, chronology, a n d  f u t u r e  projections  o f
bottomland  hardwood habitat losses in the Lower Mi.s.si.ssippi
Alluvial Plain. Vols. 1 and 2, U.S. Department of the Interior,
Fish and Wildlife Service, Washington, D.C.

MAIXZN  I?, AI~AIX)TTIR  A.L.,  GA~?IXN~~R  E., GEMMEL  I?, H@I~:
K.L., Ltil:  M. ,  STANTIJW  J,,  TI(;EIIS?‘I:DT  I?, ‘I’UI.I~US  H.,

VALKONEN  S.,  URI V., 2002 - Forest restovation  in tbc  Nordic
countries. In: HOLI.AND  M.J., WAIXEN M.L.Jx,  STANTIJRI:  J.A.
(eds.),  Proceedings conference sustainability of wetlands and
water resources, 120 125. 2000 May 23-25; Oxford, MS.
Gen. Tech. Rep. SRS-50. U.S. Department of Agriculture,
Forest Service, Southern Research Station, Asheville, NC:

MATTOON  W.R.,  1915 Life  history of .sbortlcaf  pine. Agricultural
Bulletin 244. U.S. Department of Agriculture, Washington,
DC.

M ILLER M., 2000 - Fire autccohgy.  Chapter 2 In: BROWN J.K. &
S,uI?‘H  .J.K.  (eds.),  Wildland  fire iuz  ecosystems:  effects of/iyL’  on
flora, 9-34.  Gen. Tech. Rep. RMRS-42-vol.  2. U.S. Department
of Agriculture Forest Service, Rocky Mountain Research
Station, Ogden, UT.

MITS(:I-~  W.J. & J@R(;ENSON S.E. (eds.), 1989 Ecological
engineering: an introduction to ~~cotrcbmlogy.  Wiley, New
York.

MUTCII  R.W.,  1970 Wildlandf’  J:trc  $ an ecosystems: a bypot1mi.s.d
Ecol., 51(6):1046-1051

NCWI.IN(;  C.J.,  1990 Restoration of  tbc  bottomland  hardwood
forest in the Lower Mississippi Valley. Rest. Manage. Notes,
8(1):23-28.

NISKANI’N  A., 1999 - Tbr  financial and economic  profitability of
field afforcstation  in Finland.  Silva Fenn., 31(2):  145-157.

0t-i~~  S.,  1990  Initial soil changes  associated with afforestation
with Acacia auriculiformis and Pinus kesiya on denuded
grasslands of  the  Pantabangan  area ,  Central  Luzon,  the
Philippines. Soil Sci. Pit.  Nutr.,  36: 631-641.

OTSAMO  R., 2000 Early development  of three planted indigenous
t~ce vpecies  and natural  understory  vegetation in avtifcial gaps
in  an  Acacia lnangium stand on an Ilnperata cylindrica
grassland site in  .Couth  Kahantan,  Indonesia. Near  For., 19:
51-68.

PAI<ROTTA  J.A.,  1992 - The  role  o f  plantat ion forests  in
rehabilitating  tropical ccosy.stmzs.  Agric. Ecosys. Environ., 4 1:
115-133.

PAI<R(XTA  J .A.,  TURNHLJLI,  J.W.,  JONI:? N . ,  I997  Catalyzing
native fhst rqenevation  on degraded tropical lands. For. Ecol.
Manage., 99: 1-7.

PETIX~O~IN  W.T.  & CORI<ELL  D.L.,  I984  - Nutrient dynamics iz an
agricultural watershed: observations  on  tbr  role of riparian
forests. Ecol., 65: 1466-1475.

SA~VX;E  L., PRITC~XTT  D.W.,  DEI~OI:  (X., 1989 - Rcfimstation  of
a cleaved  bottomland bardwood area in northeast Louiriatla.
Restor.  Manage. Notes, 7(2):  88.

S(:IILAMADIN(;ER  B.  & MARLAND  G.,  2000 Land USC & global
cl imate  change-/&vests, l a n d  nzanagenmat,  azd tbc  Kyoto
I’rotocol.  Pew Center on Global Climate Change, Arlington,
VA

S~IWEITZ~~  C.J., SI‘ANI‘URI:  J.A., Slltil~Alil1 J.P.,  WlI.KINS  T.M.,
Po~-rwooi>  C . J . ,  DOIIRIS L.C.Jr<.,  1 9 9 7  Large-.scale
comparison of reforestation techniqm  comnmnly  used  in the
Lower Mississippi River Alluvial Valley. In: PAI~LARDY  S.G.,
CECICH R . A . ,  Gn~in~l-1‘ H . G . ,  JOI-INSON  P . S .  (eds.),



Proceedings I 1 th central hardwood forest conference: 3 I?- mtoration: Fact OY  fanty? In: WADSWOIITII  K.G. (ed.),  Trans.
320.  1997 March 23-26; Columbia, MO. Gen. Tech. Rep. NC- 63”  North Amer. Wildlife and Nat.Resour.  Conf.: 376.381.20-
188. U.S. Department of Agriculture, Forest Service, North 24 March, 1998, Orlando, FL. Wildlife Management Institute,
Central Forest Experiment Station, St. Paul, MN. Washington, D.C.

Sla.su J.A. & Pl:‘i‘qliSTO L., 1995 Attitudinal aspc~& o/mistance STANTIJI~J:  J . A . ,  SC~~LYI~UER  C.J.,  GARDINEK  E . S . ,  1998b
lo &fiekl  ajj;,resfafion  if? Fill/and.  Sociologia Ruralis,  35( 1):  67. Affi~vestation  o f  ?navginal  agYicultuua1 l a n d  i n  the  Lowev
92. Mississippi River Alluvial Valley, US/l.  Silva  Fenn., 32: 281.

297SIIAKITL  R.R., I992  - Bottomland  hardwood wetland restoration in
tbc  Mississijlpi  Drainage,.  In: Restoration of aquatic  rco.sy.sten2.s:
science,  tccbnology, ani/ public  po l icy :  496-505.  National
Research Council, National Academy Press, Washington, DC.

SI(;I!IIDSSON  S . ,  1977  Birki  u’ islandi  (Birch in  Ice land) .  In:
~l!DMUNIXSON  H . ,  ~bl~~Nr\llSSON  H . ,  T~IORSTEINSSOI\!  I.,

JONSSON  J.,  SI(;IIRIXSOIU’  S., Bl.ONI~~\L  S.  (eds.),  S&avma’l:
146-172. E&la Print, Reykjavik (In Icelandic).

SOI  .BERG  B., 1997 Forert  biomass as carbon sink-economic value
and f&.st  ?7tanagel?zcnt/l,olic3,)~l~i~l  implications. Crit. Rev. Environ.
Sci.Tech.,  27 (Special): S321-S313.

SPIJXXI~R  I-I.,  1995 Dcr Wald stirbt--die  Ilolzvorr&~  stcigen?
Forst und Holz,  50:53-54

SPIE(:K~X H., 2000 - Tbc  growth  of Norway .spruce  (‘Picea  abies IL.1
Karst.)  in Europe  witbin  and beyond  its natural range. In:
HASI:NAI:EIX  I I. (ed.),  Forest  ecosystem  restoration, ecological
and ecoilomical  impacts of restoration processes in scconda  y
COMZ~~CYOZ~S  forests: 247-256. Proceedings of an international
conference on forest ecosystem restoration; 2000 April 10-12,
Vienna, Austria. Institute of Forest Growth Research,
University of Agricultural  Sciences, Vienna, Austria.

%TANTURI~  J . A .  81 POI~~WOOI>  C.J.,  1 9 9 9  E c o n o m i c s  o f
afforc~station  with Ea.stern cottonwood flbpulous  deltoides) 011
agricultural land in the  Lower Mississippi Alluvial Valley. In:
FII\~x~ooI~  J.D.  led.): 66-72. Proceedings of the tenth biennial
southern silvicultural research conference; 1999 February 16.
18, Shreveport, LA. Gen. Tech. Rep. SRS-30. U.S.
Department of Agriculture, Forest Service, Southern Research
Station, Asheville, NC

STANTUIW  J./z.,  ~;ARI)INl:II  E S . ,  H\MI:L  I’,B.,  DI:\~/\I.I.  MS.,
L~:ININGJ:U  T.D.,  ~~~~~~~~~~  M.L.Jj<.,  2 0 0 0 a  - R e s t o r i n g
hottotnlavd  hardwood czn.sy.stcms  in  the  Lowc~  Mi.s.sis.si’pi
Ahviol  Vklky.  .I.  For., 98 (8):  lo- 16.

STANTU~J:  J.A.,  MAIIJON  D.A., SPIXICII  M, LIJCKO~  K., GIJI.IXN
J.M.,  LlJX:liTY  H.O.,  MEII:I~  (I.E.,  200013  - Soi l  qual i ty  and
productivitll  rc.sponsc~.s  lo watcrsbed  restoration in  the  Ouacbita
Mountains of Arkans-as,  ~JSA.  In: I-hSliNAlII:K  FI.  led.),  Forest
ccosystc~i~  rcstora  fib, i~cological  ami  economical  impacts of
r e s t o r a t i o n  pvocesstjs  irl  sccoudary conz~tw~~~s  ,hsts,

proceeclings  of an international conference on forest
ecosystem restoration: 391-392. 2000 April 10-12, Vienna,
Austria. Institute of Forest Growth Research, University of
Agricultural Sciences, Vienna, Austria.

S’i‘/\N’l‘llJU~  J.A.,  SCIlOJ:NIIO1:I‘%  S.H.,  S~:ll\XXI’l’%l:l~  C.J.,  SliL‘l’~\lU)
J.P.,  2001 - Acbicvir~g  rc~storatiow .succ~.ss:  myths  in  bottom/and
bar~~~~~oo~1forc~st.s.  Rest. Ecol., 9(2):  189-200.

S?~~1NTllRl~  J.A.,  SCI  I’X’I:J’I‘%I~R  C.J.,  S(:I IOI:NI  IoI:I’%  S.Ei.,  BXiNU’1’
J.I?,  MCILIXION  C.K.,  To,\lc:zx  D.J.,  1998a  E c o s y s t e m

STANTUIIF  J.A., WAIX  D.W., WALIXIOP  T.A., KENNARD D.K.,
ACII?‘EMI:IEK  G.L., 2002. Tbe importance of -fire in  southcm
forested eco.sy.stems.  In: WEAR D. & GKEIS  J. (eds.),  Southern
Forc-;t  A.s.se.s.smcn  t.

STEIU~A  H. & HASENALXK  H., 2000 - The special rr~search  program
“Forest  Ecosystem Restoration.”  In :  HASENAUEII  H.  (ed.),
Forest ecosystem r&oration,  ecological and economical impacts
of restoration proce.sscs  in seconda  y con#&ous  forests:  257 -263.
Proceeciings  of an international conference on forest
ecosystem restoration; 2000 April 10-12,  Vienna, Austria.
Institute of Forest Growth Research, University of
Agricultural Sciences, Vienna, Austria.

TODD  R.L.,  LOLZKANCE  R.R., HENDRICKSON  O., LEONAKD  R.,
ASMUSSEN  L., LE~NAI~~  R.A., FAIL J.JR.,  HERKICK  B., 1983 -
Riparian  vqetation as  f i l ters  o f  nutritzts  expor t ed  f rom a
coastal plain agricultural watershed. In: LOWRANCC  R.R., Tonu
R.L., ASMUSSEN  L.E., LEONARD R.A. (eds.),  Nutrient cycling in
agricultural ecosystems: 485-496. Special Publication #23.
University of Georgia, College of Agriculture, Athens, GA.

T\WEDI‘  D.J.  & I>OI<TWOOD  C,T.,  1997 - Bottomland hardwood
rcfhre.station  for Neotropical  nzigrato  y birds: are we missing the
forest  .fc)r  the  trees?  Wild. Sot. Bull., 25: 647-652.

Twx~r  D.J.,  WII.SON  R.R., HENNE-KERK  J.L., HAMIIXON  R.B.,
1999  Impact of bottomland  hardwood fbmt  managemcznt  on
avian  bird densities. For. Ecol. Manage., 121:261-274.

VAN  DJ(;(XI.EN  R . ,  GROC~TJANS  A.B.P., HARKIS  J.A.,  2001
Ecological rc,storation:  stute  of the art OY  state of the scicncc?
Rest. Ecol., 9(2):  115-118.

W/\IX  D.D.,  BIKI~K  B.L., BKXE  P.H.,  GIUKE  J.G., Hocx  G.A.,
PATTEKSON  W.A.111,  2000 Fir? in eastern  eco.systcms.  Chapter
4 In: BROWN  J .K.  & SMITII  J .K.  (eds.),  Wildland  fire  i n
rcosy.stcms:  cffkts  of fire  on flora: 53-96. Gen. Tech. Rep.
RMRS-42-vol.  2. U.S. Department of Agriculture Forest
Service, Rocky Mountain Research Station, Ogden, UT.

WA(;NIZ  M. R., BjLOCK  W.M., GriI~s B.W., WF.N(;CR  K.F., 2000 -
Restoration ecology: a new forest tnauagemcnt  paradigm, or
anotbcr  merit hadgcfor fore.stcr.s?  J. For., 9X( 10): 23-27.

WAI.KER  L.C., 1994 Tbc  Soutber?? Pine Region. In: BARRETT  J.W.
(ed.),  Regional .silviculturc  of the  Unitc~d  States: 27 l-3 33. 3’”
Eclition.  John Wiley and Sons, New York.

W~KEII  J .L .  & BOYEI~  W.D.,  1993 - An  ecological  mod&  ar2d
inf&lzation  nccd.s assessment  for  longlcaf p ine  ecosystem
restoration.  In: FOLEY L.H. (compiler), Silviculture: from the
cradk,  o f  f o r e s t r y  t o  ecosysfcm  nzanagcmcnt:  13%  1 4 7 .
Proceedings of the National Silviculture Workshop, 1993
November 1-4; Hendersonville, NC. General Technical
Report SE-88. U.S. Department of Agriculture, Forest



Service, Southeastern Forest Experiment Station, Asheville,
NC.

Wl:S7‘~f(~F:I:  V.,  1983 - Man?  attitude towavd  vegetat ion.  In:
HOLDER  W, WEKGER M.J.A.,  IKCSIMA  I. (eds.),  Man’s impact
on vegetation: 7-24.  Junk, The Hague.

WEVLLEY D.N.,  1988 - Affborestation  of salt-affected sod-an
intemaliotzal  pvohlem.  Intl. Plant Prop. Sot. Combined
Proceedings, 37: 212-221.

WRI., 2000 fl pi&  to wodd ~mounxs  2000.2OC)l-peopk  and
ccosystcmr,  the  fraying  web  of life. World Resources Institute,
Washington, DC.

AUTHORS


