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ABSTRACT / Natural communities dominated by fongleaf pine
{Pinus palustrs Ml once covered an estimated two thirds of
the forested area in the southseastern United States. Today,
less than 1.2 milion ha remain. However, over the past 10-15
years, public fand managers have begun 1o rastore many lon-
gleaf pine forests. More recently incentive programs have
prompted reforestation and afforestation programs on nonin-

dustrial privats lands. These activides have been facilitated by
Improved longleaf regeneration fechriclogy and by expanded
educational and outreach efforts, In the South, thereis @iso a
growing trend towards longer rotations due fo changes in
wood/fiber markets and prices. These trands suggest a new
strategy 1o increase terrestrial carbon storage in the south-
eastern United States In a way that provides many simulta-
necus scclogical and economic benefits. For example, lon-
gleaf pine is a long-lived species with & low mortality rate.
Amaong the southern ping species, it has a high specific gravity
and can tolerate a very wids variety of habitats. Longlea! pine
is better able to sustain growth at older ages (over 150 years)
and is tolerant 10 fire and many insects and diseases, Recent
research also indicates that longleaf pine managed for longer
rotations outperforms other commercial scuthern pine spacies
onmost sites and might better adapt 1o future climate scenar-
ios with higher temperatures and higher atmospheric CO,, lev-
els. Morgover, the higher-value, longer-fasting wood products
derived from longleaf pine forests will continue to store carbon
over long Hme periods,

Armospheric carbon dioxide (CGO,} levels have been
increasing steadily since the beginning of the industrial
revolution and rising dramatically over the past severa)
decades. As a greenhouse gas, there are concerns that
increasing GO, levels will cause damaging changes in
global climate. Worldwide, there has been increasing
attention given to reducing atmospheric €O, levels by
icreasing carbon sequestration and storage, in for
ested ecosystems. Birdsev and Heath (1997) estimated
that US forests have sequestered enough carbon over
the past 40 years to offser approximately 25% of CO,
emissions in the United States. According to this re-
port, managed southern forests played a large role in
this offser,
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I southern forests are poing to play an expanded
role in the sequestraiion and storage of atmospheric
carbon, manv questions must be addressed such as:
What species are optimal for carbon storage? What
management practices and rotation options favor long-
term carbon storager What are the impacts of a re-
gional carbon storage strategy on biodiversity and soil
quality? Will the process be sustainable and socially
acceprable? In this paper, we propose a regional carbon
sequestration and storage approach utilizing longleaf’
pine {Finus palustris Mill.) as the preferred commercial
southern pine species [the other species being loblolly
pine (£ tueda 1), shorteaf pine (P echinata Mill.), and
slash pine (P. dlliottii Engelm.) ] to use in the southeast-
ern United States, especiafly in the Adantic and Gulf
Coast coastal plain regions. This approuach is based on
the bringing rogether of several factors related to:

1 the biology and ecology of longleaf pine,

2 research findings from long-term studies,

3 longleaf pine products and utilization, and

4 recent developments in longleaf pine management.
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Background

Prior to the arrival of settlers to the United States,
natural communities dominated by longleafl pine and
maintained by periodic fire occurred throughout most
of the southern Atiantic and Gulf Coastal Plains. These
communities once covered an estimated 24--36 miflion
ha, or iwao thirds of the area in the Southeast {Vance
1895, Chapman 1932, Frost 1995}, These forests were
described as open and parklike, with a largely mono-
specific overstory and the most speciesrich understory
in temperate North America (Peet and Allard 19933
The open canopy was not due to an arid climate or soil
infertility, but rather the frequent lightning and aborig-
inal fires that killed less fire-tolerant vegetation, leaving
longieafl pine and its herbaceous understory o thrive.

Exploitation of longleaf pine-dominated forests has
led to a steady decline of its acreage. By 1935, only 8
million ha were left, declining to 4.8 million ha by 1955.
Noss (1989) noted that longleaf pine comprised 40.4%
of the southern coastal plain in presetilement tmes.
Today, that number has decreased to 0.7%.

According to Outcalt and Sheffield (1996), longleal
pine stands cover some }.2 miilion widely distributed
and fragmented hectares in the South of which 1.1
miliion ha (91%) support natural stands and contain
04% of the species’ growing stock volume. These nat-
ural stands are a verv important source of highvalue
wood products, provide unique multiple-use benefits,
mainiain biological diversity and supply necessary hab-
itat for several rare and endangered species. The sig-
nificant loss of longleaf pine acreage did not change its
regional distribution. Because of its broad geographic
range and adaptation 10 a wide variety of habitats,
longleaf pine should be well suited to adjust to possible
changes in climate.

Johnsen and others (2001) reported that the
amount of carbon sequestered and stored by managed
forests is determined by three factors: increases due w0
land-use changes and increased productivity of man-
aged forests; carbon remaining in the soil at the end of
a rotation; and the carbon stored in products made
from the harvested wood,

Conceptuatly, one can develop several approaches
to increase terrestrial carbon in the southeastern re-
gion of the United States. Some approaches might be
based on restoring or expanding forest types {or forest
type groups) that are well adapted to specific site con-
ditions and physiographic feawres, while other ap-
proaches may incorporate new intensive plantation
managernent practices or involve genetic modification
and manipulation. The approach we propose may seem
counterintuitive to some observers, given the dramatic

decline in the longleaf pine ecosystem over the last
century coupled with the long-held beliefs that longleat
pine is “hard to regencrate, and slow to grow.” While
these beliefs may have been partially grounded in truth
in the pasi, new technology related 1o seeds (Bamett
and McGilvray 2002), seedlings (Barnett and McGilvray
1997, planting techniques {Hainds 2003), regeneration
and management alternatives {(Franklin 1997, Barley
1697), conservaton incentives (Johnson 2001y and
land use policies (Costa 1999) can greatly alleviate
these concerns. In addition, recent outreach, educa-
donal and extension programs by the Longleal Alliance
{Gjerstad and johnson 1999 have been effective in
communicating new information and technology and
new management options to landowners and nanagers
in the former longleal range. Alternative revenue
sireams from nontraditional forest values such as wild-
life and hunting leases, pine straw harvesting, and the
current potential for “carbon credits” are providing
new apportunities for private owners for managing lon-
gleaf pine over longer rotations,

The Biology and Ecology of Longleaf Pine

Life-span

One of the major ways 1 sequester and store carbon
is to tie it up for as long as possible in long-lived trees.
Among southern tree species, longleaf pine may oudive
any other species except for bald cypress. While the
native longieal pine forest contained stands covering a
wide range of ages, a substantial portion of the old-
growth timber appeared to be in the 200- 1o 300-year-
old age range when it was logged. Longleaf pine in
excess of 450 vears in age has been reported (Platt and
others 1988), thus a maximum biological age of over
BO0 vears is not unreasonable. However, due to the
copstant hazards of lightning and wind, very few trees
are ever likely to reach this biological potential.

Not only does longleaf pine outlive the other south-
ern pines by 100-300 vears, it continues 1o grow and
respond to release even at older ages, In one of the first
studies to examine the growth of longleaf pine, Chap-
man {1009 examined the timber tallies of 162 ha of
pure even-aged old-growth longleaf pine stands in Tvler
County, Texas, USA. He reported that trees per hectare
woutld drop from 148 10 27 going from a stand 100 vears
old to 320 years old with average diameter at breast
height (DBH} increasing from 35,6 1o 75 em. Mean
annual growth was at a maximum at 110 years. Longleaf
pine did not increase much in vield per hectare after
120 vears, with the disappearance of trees through
attrition {decay, fire, etc.) offsctting the increase in size.



The increase in acuzal quantity was very slow up o 25
vears, and then it slowly diminished. Medium- to well
stocked even-aged longleafl pine stands over a range of
sites should reach a steadystate condition (growth and
moriality approximately in balance’ at about 120 vears.
Morality could be harvested and converted into high-
quality products in the proposed system.

More recently, West and others (1993) reported on
increases in annual increments of all age classes for
trees from 100 to nearly 400 vears old. This increase,
beginning in approximately 1950 and continuing to the
present, resulted in an average annual ring increment
approximately 40% greater in 1987 than 1950, When
comparcd with expecied annual incremen, the in-
crease for M- o 150-vearold trees is approximately
45%, while the increase for 200- to 400vear-old trees is
approximately 35%. They could not explain the in-
creased growth based on disturbance, stand history, or
trends in precipitation and temperature.

Site Adapiations

Longleal pine is not only among the longessliving of
the scuthern species, but it is found growing on all but
the wettes( sites across the Southeast. Two authors
made testament to this fact. Harper (1928) said, “Lon-
gleal’ pine might have once been the most abundant
tree in the United States and was certainly the most
abundant trec in Alabama.” Chapman (1932) wrote:

In the longleal pine type of the south (and nowhere
else in North America to the writer’s knowledge) fire at
frequent but not necessarily annual intervals is as de-
pendable a factor of site as is climate or soil. The
conception of a climax type as one which has reached
a stage of permanent equilibrium or perfect adaptation
to these constant factors of site should include the
longleaf pine type of the south, which presents hy far
the greatest arca and most permanent characteristics of
any climax to be found in the United States.

Longleaf pine occurs under a variety of environmen-
tal conditions. The range of longleal pine covers a
broad arc along the coastal plain and portions of the
Piedmont from southern Virginia, south to central Flor-
ida, and west to eastern Texas, extending further in-
land in the Comberland Plateau and Ridge and Valley
physiographic provinces in Alabama and Georgia. Un-
like the other southern pines, longleaf pine tolérates a
wide variety of habitats. It is found growing on drv
mountain siopes and ridges in Alabama and northwest
Georgia, on the low, wet flatwoods, as well as the exces-
sively drained sandhills found along the coast and fall
hne. Longleaf pine forests exist up o an elevation of
580 m above mean sea level, and down to near sea level
along the Adantic Ocean and Gulf of Mexico coastline.
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Although most often associated with deep (ofien >
4.7 m) sandy soils, or sandhills, longleaf pine occurs on
all bur the most inundated soils in the southeastern
USA {Wahlenberg 1946).

Natural Rasistance to Risks

Comparatively speaking, longleaf pine has a supe-
rior natural resistance to fire, insecis, diseases, and
windthrow from hurricanes that the other southern
pines {Wahlenberg 1946). Across much of the South-
east, southern pine beetles {Dendroctonus frontalis Zim-
mermann (Coleoptera: Scolyridac)] have periodically
destroved vast acreages of loblolly pine stands. Littleleal
disease, a discase caused by a complex of factors includ-
ing the fungus Phytophthore cinnamomi Rands, has been
a major problem with shortleal pine. However, where
longleaf pine is grown, theye are no reports of large
acreage losses, Diseases and insects rarely cause mortal-
iy of longleaf pine. Longleaf is somewhat resistan: to
the several species of coleopteran bark beetle (Denroc-
lonus and s spp.), a severe problem for other south-
castern USA pine species (Anderson and Doggest
19933, Longleal is usually less susceptible to infection
from fusiform rusts { Cronartium spp.) than other south-
ern pines (Walkinshaw and others 1993), Lighwing
strikes are the primary inciting agent of mortality in
longleaf forests {Platt and others 1988, Palik and Ped-
erson 19963, In a more recent study, McNubty {2002)
concluded that longleal pine may be the species (o
grow in the South where hurricanes can have a major
impact, noting its resistance to breakage and uproat-
g, fire, as well as its natural resistance to insect and
disease outhreaks.

Specific Gravity

There is very little difference in the percent carbon
found in various tree species; all have approximately
50% carbon on a dry weight basis. However, there are
significant dilferences among tree species in the spe-
cific gravity or density of the wood. This is a very im-
portant factor in the context of carbon storage since it
is directly related to the quality of wood products,
product wilization, and related long-term decay rates.
It is also very important when comparing the growth
rates of tree species using maodels which report produc-
tvity in volumetric terms (L., cubic meters per hect
ared,

There can be wide variations in the specific gravity of
a tree species based on age and site iocaton, From a
targe sample of age classes and site locations, the spe-
cific gravity (hased on green volume and oven dried
weight) of longleat pine averaged 8%-12% higher than
the other commerdial southern pine species (Koch
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1972). The specific gravity of longleaf pine averaged
.57, with a range of 0.40—-0.75; slash pine (var. elliotii)
averaged 0.53, range 0.41~0.70; loblolly pine averaged
0.51, range 0.38-0.68; and shortleaf pine averaged
0.52, range 0.37-0.72. Zobel and others (1972) also
reported that when grown on the same site, longleaf
pine nearly always produced wood with a higher spe-
cific gravity than either slash or loblolly pine.

Native Species/Ecosystem Benefits

Thus far, the discussion has been about the tree and
why its biology makes it a preferred southern pine
species to grow for carbon storage. Another reason for
growing longleaf pine would be the potential ecological
henefits derived from the important plant and animal
comimunities associated with longleaf pine ecosystems.
As noted earlier, longleaf pine forest acreage has plum-
meted to less than 3% of its former range. Continuing
pressures from commercial development and exploita-

tion led the National Biological Service to list longleaf

pine forests as the sccond most endangered ecosystem
in the United States, second only to the south Florida
landscape {Noss and others 1995). A fire-maintained
longleal pine ecosystem is among the most species-rich
ouside of the tropics. A mesic longleal woodland may
contain 140 vascular species per 1000 sq m, the largest
values reported for the temperate Western Hemisphere
(Peet and Allard 1993},

With the precipitous decline of the longleaf pine
forest, the associated flora and fauna have also suffered.
Twenty-seven plant and animal species associated with
the longleaf forest have been listed as federaliy threat-
ened or endangered by the US Fish and Wildlidfe Ser-
vice, including such key wildlife specics as the red-
cockaded woodpecker, gopher torwise, indigo snake,
and southern fox squirrel, with an additional 99 candi-
date species (Noss and others 1993). Hardin and White
{1989) highlighted an additional 191 associated plant
species of the longleaf pine forest that are of special
MANagement concern.,

Research Findings from Long-Term Studies

Several studies indicate that for longer rotatons (es
pecially on sites with low to marginal site quality); fon-
gleaf pine will outperform the other three major com-
mercial southern pines. In the past, forest managers
generally did not seriously consider longleaf pine in
their management plans because of poor survival and
the slow early growth {during longleal’s grass-stage pe-
riod) compared to slash and loblolly pines, which do
not have a grassstage. However, as more data from
long-term studies emerge there is additional evidence

that the long-term growth rate of longleaf pine is equal
ot superior to other southern pines and that it pro-
duces a higher quality, longer lasting product mix. In
this paper. we briefly summarize four long-term studies
that support the observaton,

Schmidtiing (1885 Study

It 2 side-byside comparison with loblolly and slash
pine, longleal pine grew as well as, or better than,
loblolly or slash once it had emerged from the grass
stage. A reexamination of that study at 39 vears (Harris
and others 2001) found that longleaf pine had higher
survival, total basal area, and volume when compared
with either slash or loblolly pine. In addition, more
than 70% percent of the longleat pine couid be classi-
fied as having a quality to make them into utlity poles
compared to 12% for slash pine and 8% of the loblolly
pine.

Shoulders (1985) Study

The results of 35 sitespecies trials in Louisiana and
Mississippl were reexamined: (1) 1o learn if carly emer-
gence of wellstocked longleaf plantations from the
grass stage would make them competitive in terms of
growth and vield with the other major southern pines
on a given site, and (2) because of concerns in the early
198%0s that vields from slash and loblolly pine planta-
tions would be substandally reduced due to fusiform
rust. While there were certain site conditions where the
ather southern pines had more volume at the end of 20
vears, longleal pine stand basal area equaled or ex-
ceeded that of other species from age 15 onward. The
conclusion was that longleal pine was as potentially
productive as the other southern pine species under a
wide variety of site conditons if the problems of poor
planting survival and brownspot needle blight (Myeco-
sphaerella dearnessii Barr.) could be overcome.

Cutcalt {1993) Study

Sandhills occupy significant acreage of the south-
eastern United States. They are typified by soils that are
infertite and droughty. Many of these soils are guartz
sands from a few 10 more than 20 feet deep. Water
retention and nutrient content are low due to the low
organic matter and clay content. Most of these sites
were originally dominated by longleaf pine. However,
following the removal of longleaf in the early 1990s,
mast of these sites were taken over by scrub oak,

Many of these sites were planted to sand pine, either
Choctawhatchee sand pine (Pinus cleusa var. im-
muginate D.B. Ward) or Ocala sand pine { Pinus clausa
var. deuse DB Ward). The growth of these two species
was compared to longleaf, slash, and loblolly pines after



28 years on deep sands in South Carolina and Georgia,
USA. If the goal was to maximize yield for pulpwood
rotations of 25-35 vears, then Choctawhatchee sand
pine was recommended for planting on these sandhill
sites, However, longleaf pine has been growing as fast as
Choctawhatchee sand pine since the age of 15, and if
lenger rotations are desired, then longleaf pine was
recommended as the aiternative species 1o plant.

Hoover (2000) Study

As part of the Northern Global Change Program, a
project was conducted w estimate current carbon stor
age on selected Deparument of Defense installations
and to evaluate the future carbon sequestration poten-
tigl of these lands under different forest management
scenarios. Multiple stand growth simulations were run
on a 40-ha stand with a rotation age of 40 vears. The
parameters tested were site index, initial stocking level
and survivorship at 10 vears. In nearly all cases, the
simudations indicated that longleal pine would store
more carbon then the other three major southern pine
species, given the same starting conditons. Results
from the old-field longleaf pine plantation simulator
indicated there wouid be carbon gains due to increased
stocking toward the end of the simulation period, when
the rees were putting on volume rapidly and contin-
ued to do so beyond the 40-vear rowmtion. Holding
stocking levels constant and varying site index, a rota-
tion of longleaf pine on a high-quality site stored more
carbon than any other species investigated.

These studies have shown that under longer rota-
tions, longleaf pine can compete with the other com-
mercial southern pines, and in many cases, out live and
out grow them. In addition 16 these research findings,
it few studies have addressed the wpic of longleaf pine
growth given potwential changes in climatic conditions.
Devall and Parresol (1998) suggest that toblolly pine
may give way o longleal pine as sites become hotter
and drier. Pritchard and others (2001} indicated that
elevated CO, increased total aboveground biomass by
20% and belowground increased root hiomass of lon-
gleaf’ pine by 62%. With increasing CO, levels, the
increased root biomass of longleaf pine should give it
an advantage over competitors. In addition o the pre-
viously cited study by West and others (1998} about
recent growth increases in oldgrowth longleal pine,
Bover (2001} observed a site index increase of more
than 17 feet between second- and third-growth longleaf
pine stands growing on the same sites. In a direct
comparison study, a site index for second growth aver-
aged 65 feer while third growth averaged 33 feet. The
reasons for this large increase in site quality are un-
kaown, but since the soils are the same, some change in
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climate, including increased levels of CO, may be sus-
pected.

Longleaf Pine Products and Utilization

As early as the Iate 1800s, the wood of longleaf pine
was reporied as heavier as and stronger than that of any
other pine (Mohr I897). Due 1o its excellent wood
quality for construction, it was estimated that nearly
onethird of all lumber manufactured in the South at
that time was longleal pine, The wood was unsurpassed
for posts, pilings, and joists, especially in bridge, rail-
road trestle, warehouse, and factory construction. In
the early vears, the untreated heartwood was widely
used for railroad des due to its natural resistance to
termiites and rot.

Longleaf pine was an important part of the Southern
ratural heritage and culture. Longleal pine was cer-
tainly the tree that built the South and, to a certain
extent, built this country. It has been estimated that
three fourths of the first settlers in the Carolinas, Geor-
gia and Florida built 75% of their houses and commer-
cial structures from longleaf pine. Most of the wharves
from New York to New Orleans were constructed with
longleaf pine. In fact, the keel of the American Revo-
lutionary warship, U.S.5. Constitution, was built of lon-
gleal pine. As early as 1608, longleaf pine tar and pitch
extracts were exported from Virginia. Harper {1928)
wrote “Longleaf pine had more uses than any other
tree in North America, if not the whole world...”
Among the reasons for this is the fact that longleaf pine
has hetier strength and product utility when compared
to the other southern pines. Longleal pine is heavier,
stronger, stifler, harder, and moderately high in shock
resistance. Industry will single out fongleaf pine for its
lumber because of the denser growth rings and the
good mechanical properties it has due to the clear,
straighter-grained wood it produces.

Thus, if forest management is going to be practiced
and trees are cut, then longleal pine s a good tree
species for the purpose of longterm carbon storage.
This is based on the durable nature of the products
produced and how they can be utilized for centuries, as
compared to tre pulp and fiber products derived from
short-rotation forest management, which return carbon
to the atmosphere over a refatively short period,

One of the many unique characteristics that make
longleaf pine superior to the other southern pines for
long-term storage is its growth form. The natural form
is characterized by swaight, knotfree boles. Therefore,
a stand of longleaf pine produces a greater percentage
of high-valued poles than other southern pine species;
as much as 78% percent of a longleafl pine stand that
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has been managed for pole growth according to Will-
iston and Screpetis (1975). The percentage is consid-
erably less for lablolly or slash pine. This has a potential
financial advantage for landowners and industry be-
cause poles may be twice as valuable as sawtimber. In
addition, poles, when treated to resist decay, represent
a source of long-term storage for carbon. In addition to
poles, longleaf pine produces high-quality products for
pillings, posts, and housing materials. The inherent
strength and structural properties of longleal pine
make it the preferred species for the manufacturing of
structural glue-laminated beams and tmber bridge
COMPONERLS.

Many buildings in the United States and certainly
most in the South built in the earty 1800s were huili of
longleaf pine. Today, many of the timbers left from
buildings constructed long ago are being recycied for
flooring, paneling, molding, and beams. Carbon that
was stored in longleaf pine when trees were cut in the
carly 1800s is still being stored today in these recycled
materials, In addition, old-growth longleaf pine logs cut
around 1900 are also being recovered from rivers and
waterways and processed into high-quality products.

Recent Trends Favorable for Longleaf Pine
Management

The recent Southern Forest Resource Assessment
(Wear and Greis 2002) forecasts pine plantations to rise
in the South by 67% by the year 2040, rising from 12
million ha in 1999 to 22 million ha in 2040, Mast gains
are expected o come from converted agricuttural
fields. Many questions are now being raised about the
impacts of this forecast on regional biodiversity based
on the assumption that most of the plantations would
be managed intensively for maximum volume. If car-
bon credits were to play a role in a private landowner’s
decision on what pine trees o plant, the longleaf pine
strazegy outlined in this paper would compete favorably
as a sustainable approach that would provide both eco-
pomic and ecological benefits. Theve are already many
indications that the decline of this species has been
reversed on public lands. Private lands seem to be
headed in the same direction because of the availability
of incentives and related outreach and extension ef-
forts by state agencies and the partners of the Longleal
Alliance. At the same time, there are groups in the
southeast forming to help landowners capitalize on
carbon credits derived from forestry programs.

Public Land Trends

Restoration of the longleaf pine ecosystem is now a
goal on much of the public land in the southeastern

United States, The national forests {NFs) that lie in the
former range of longleal pine are making restoration of
this ecosystem a high priority, Jeffers and Tomezak
(2003) report a 26% increase in longleaf pine hectares
on lands managed by the NFs in the period 1988-2002.
The restoration on these lands will be a slow and con-

tinuing process involving both nanwal and artificial
regeneration, the removal of offsite pines, and ex-
panded prescribed burning programs. The target goal,
or desired future condition is 504000 ha, an 86%
increase compared o 1988 rargess. Similar restoration
activities are also occurring on other large parcels of
public lands managed by the Department of Defense,
the US Fish and Wildlife Service, and several southeast-
ern states.

Private Land Trends

The incentives for planting longleal pine on private
tand in the federally sponsored Conservation Reserve
Program {CRP) resulted in approximately 121,000 ha
being planted on mostly agricuiture lands in the two
years the program was available (1999-2000). About 50
million longleaf seediings were planted under this pro-
gram in 2000, nearly half of the total grown and sold
{Johnson 2001). By itsclf, this number may seem insig-
nificant when compared 1o other commercial pine spe-
cies such as lobloily pine. However, it represents a sharp
reversal of the precipitous decline in longleal’ pine
hectares that had been occurring on private lands, For
example, regional survey results reported by Kelly and
Bechtold (1900) and Outcalt and Sheffield {1996), in-
dicate that private Tanuds accounted for appraoxinacely
95% of the longleal hectares lost region wide in the
[0year period between the mid-1980s and the mid-
1990s.

Other federal/state stewardship incentive programs
are available. One, known as Safe Harbor, is successfuliy
addressing the fears of private owners that fong-rota-
tion longleaf pine management might lead 1o habitat
sultable for endangered species and thereby result in
locking up the lands from harvesting and further de-
velopment. Sale Harbor programs are designed to pro-
vide private landowners with voluntary, no-cost alterna-
tives 1o address this concern. Many successful sign-ups
have occurred, especially in the sandhills region of
North and South Carolina (Costa 1999}, Several other
states are developing similar programs.

Sustaining the interest of the nonindustrial private
forest landowners in longleaf pine management must
ultimately overcome the cash flow problem associated
with longer rotations, Several surveys have shown that
most of these ponindustrial private owners are not
seeking to maximize growth and vield but are inter-



ested in a range of stewardship objectives that integrate
commadity {forest products) values with noncommaod-
ity values (wildlife, water, acsthetics e}, Managing for
value, not volume, has become the new paradigm for
these owners. The cash {low problem is being partiaily
addressed by the promotion of alternative revenue
streams derived from nentraditdonal forest products
such as pine straw and wildlife or hunting leases. If »
new revenue stream related to carbon credits became
avaitable, it would greatly help to offset this problem
and produce many social and ecalogical benefits.

Demand for southern pine pulpwood derived from
shorerotation forest management has dropped dramat-
ically in recent vears, with a corresponding drop in
prices. The drop in demand is a combination of in-
creased use of recyeled fiber, increased impaorts, a shift
of production capacity to forcign lands with fewer en-
vironmental constraints, and the increased efficiencies
of domestic mills (Shorter 2002). These trends have
turned some large industrial foresiry corporations and
associated investment management firms toward a strat-
egy of growing pine wees for lumber rather than for
pulpwood. Since fast grown trees do not have the best
quality for lumber, managing for mature wood grown
over longer ratations is being carefully considered, The
new strategy for longer rotations embraces a vision to
platr for maximum economic return rather than max-
imum volume and includes consideration of potential
income derived from carbon credits. Large forest prod-
uct companies, associated dmberland investment man-
agement institutions, the electric power industry, and
other “carbon intensive firms” have begun to examine
carbon sequestration programs aimed at restoring for-
estlands and capturing the resulting environmental and
cconomic benefits (Totten 1999).

Emerging Markets for Carbon Credits from
Southeastern Forests

Organizations such as the Carbon Fund (hup://
www.thecarbonfund.org), based in Stoneville, Missis-
sippi, USA, are financing and promoting the protec-
tion, restoration, and enhancement of forests all over
the world through carbon sequestration programs. One
of the primuary purposes of the Carbon Fund is to assist
farmers and landowners in pooling and marketing
their carbon credits. The current focus is on bottom-
land hardwood programs but also includes plans for
lands in the longleaf range in the coastal plain and
Hlatwood regions of the southeast. The nonprofit Udl-
Tree Carbon Company consists of 40 utilities that spon-
sor a diverse mix of rural tree planting, forest preser-
vation, forest management, and research efforts at both
domestic {Arkansas, Louisiana, Mississippi, and Ore-
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gon} and international sites {www.eeiorg/issues/en-
vire/g_climate,/utilitree.pdf). The Winroek Interna-
tional Ecosystems Services Group has recently prepared
an assessment of the carbon sequestration potential of
longleaf pine in Georgia for the Oglethorpe Power
Company. They concluded a restoration program
would be best aimed at marginal farmlands with low
opportunily costs, particularly at sites removed from
the path of wrbanization (Shoch and others 2002,

Trends in Longleaf Pine Cutreach and Extension
Programs

The Longleal Alliance (heipr/ S www Jongleafallian-
ce.org/ ), a university-based organization established in
1995, is hetping to support the region-wide recovery of
longleaf pine, especially on private lands. The alliance
is & partnership of private landowners, forest industries,
state and federal agencies, conservation groups, re-
searchers, and others interested in managing and re-
storing longleat pine forests for their ecological and
economic benefits, By emphasizing both the economic
and ecological value of the longleaf resource, the Lon-
gleaf Alliance now leads a region-wide groundswell of
interest in this ecosystem. The alliance serves as a clear-
inghouse for information on regenerating, restoring,
and managing longleaf pine; provides networking op-
portunities for members to connect with other land-
owners, managers, and researchers with similar interess
and problems; and coordinates technical meetings and
educational seminars. In addition, the alliance main-
tains and constantly updates databases of current lon-
gleaft related information, seedling nurseries, wildlife
and forestry consultants, and pertinent demonsiration
sites. Numerous publications are available including
conterence proceedings, a landowner’s guide to lon-
gleal management, rescarch notes, and newsletters.
The alliance partners are careful to point out that the
push to restore longleaf pine is framed with reasonable
and realistic goals: to halt and reverse the decline in the
forest type; to restore health to existing ecosystems; and
to provide technical assistance to managers and land-
owners who desire to initiate restoration, reforestation,
and afforestation programs.

Summary and Conclusions

Over the past 10-15 years, public land managers
have begun to restore many degraded longleaf pine
forests and, more recently, incentive programs have
prompted longleaf pine reforestation and afforestation
programs on nonindustrial private lands. These activi-
ties have been facilitated by improved seed, seedling,
and planting technology, new regeneration and man-
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agement alternatives; and by expanded educational
and outreach efforts.

In the South, there is a growing wend in forestry
towards longer rotations due to changes in wood/fiber
markets and prices. These trends suggest 4 new oppor-
tunity to increase terrestrial carbon storage in the
southeastern United States in a way that provides many
ecological and economic cobenefits. We suggest that
on many sites in the Gulf and Adantic coastal plain
region of the southeastern United States, longleaf pine
is the optimal choice among the commercial pine spe-
cies to capitalize on the economic and ecological ben-
efits, especially if carbon credis are factored into the
decision process.

For example, longleaf pine is a long-ived species
with a low mortality rate. Among the southern pine
species, it has a high specific gravity and can tolerate a
very wide variety of habitats. Longleaf pine is betier able
to sustain growth at older ages (over 150 years) and i
tolerant 1o fire and many insects and diseases. Recent
research clearly indicates that longleaf pine managed
for longer rotations outperforms other commercial
southern pine species on most forest sites. There are
also some early indications that longleaf pine might
better wolerate future warmer climate scenarios. More-
over, the higher value longer lasting wood products
derived from longleaf pine forests will continue to store
carhon over long time pertods.

We fully understand that the restoration of a fully
functioning longleaf ecosystem appeals to landowners
in varying degrees. We also recognize that an intact
longleaf forest ecosystem is not likely ever again to
dominate the Southern landscape. However, if a volun-
tary choice is to be made on what tree is best adapted to

and suited for growing on sites in the former longleat

range to provide a sustainable combination of ecolog-
ical and economic values, we would argue that tree
would be longleaf pine. The argument is strengthened
when the trends toward longer rotations and the added
benefits of carbon credits are factored into the decision
process.

Longleaf pine is not a very demanding species com-
pared to loblolly and slash pine, and its growth and
vield is much less affected by changes site quality. Fac-
tors other than site quality, as traditionally defined, may
nlay significant roles in the growth of longleat pine.
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