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ABSTRACT i Natural communities domina-ed by iongieaf pine 
(P in~~s  palustsins Miii.) once covered an estima:ed two thirds of 
the forested area in the southeastern United States. Today. 
less that1 1.2 miliion ha remain, tiowever. over the past 10-15 
years. public land managers have begtrn to restcre many lon- 
gleaf pine forests. More recently incentive programs have 
prompted refores:ation and afforestation programs on nonin- 

djstrial private iands, These activi?ies have been facilitated by 
imprc~ed longleaf regeneration technology and by expanded 

educational and outreach e'orts, in the Soiitb, there 1s also a 
arowing irerid t-wards ionger rotaiions diie to changes in 
wc.od;f!ber markets ard prices. These trends svggest a new 
srrategy ro increase terrestrial carbon storage in ?he sou;h- 

eastern Unned States in a way that provides many simulta- 

lecus ecologlCai ahd eccnom's benefits. For example, :on- 
gleaf pine is a long-lived species with a low motTality rate. 
Among the soutnern pine species, it has a hlgb specific gravity 
and can tolerate a very wide variety of habitats. Longleaf pine 
is better abie to sustain growth at older ages (over 150 years) 
and is toierant to fire and many insects and diseases. Recent 

research also indicates that longleaf pine managed for longer 
rotations outperforms other commercial southern pine species 
on most sites and might bener adapt to future climate scenar- 
ios with higher temperatures and higher atmospheric CO, lev- 
els. Moreover. the higher-value, longer-lasting wood products 
derived from longleaf pine forests will continue to store carbon 

over long time periods. 

Atri1i)splicric ca rb i i~ i  dioxide ((:0,) levels have heel1 
i~icreasirig strariily since the beginning of. tile indiistriai 

r r ~ o l t i t i o n  arid rising drarnatically owl- the past scvcral 
rlecarics. As a grecnhotisc @IS. there arc conwrns that 

i~icreasing (;0, lcvels will c a t w  rkrnraging changes in 

global clim;rre. 12irrltl~<idc, there has hccn iricreasitig 
at tent it)^ gin:xr to reducing atnlosphct-ic (:0, levels by 
increasing c;rrhon seqoeslrati~tn ;mrl stoz-rgr., i n  for- 

t s t e ~ l  ecosystcnis. Bil-dscy and !-Icntli (1997) estiniated 
that 1:s S~,rcsts have seqtit.ster-ed enitugh carbon over 

tlle past '10 yc;lrs to offset appr.~>xim;~iely 2.5% of CO, 
crnissions ill the Utl i tc<l Staics. \ccording tr, this re- 

port, 111anage:c.d soiithcrn Sorests played a large role i n  
this tfSsci. 
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I f  sotithcl-n fbrests arc going to plav an expanded 
1.rt1c in the sequestration and storage o f  atmospheric 
carhon, tilaliy qncsrions must be addressed suct~ as: 
\Sh;ri species arc itptimai ii)r carbon storage? \\ha 
1n;rnagctncnt practices and roratioo optiotls h o r  long- 
term carbon storaxe? 1Vh;tt al-e tile i~npacts of a re- 
gio~l;rl carbon storage sit-;rtegv o n  bioriivcnity and soil 
quality? 'Sill the process be sustainahie and socially 
acceprahlc? lii this paper, r e  propose a regional carbon 
seqiiesration ;tnd storage approach iltili7,ing longleaf 
pine (Pinw palz~~tris Mill.) as the preferred coni~nercial 
sottthern pine spccies [the other species beirig iohlolly 
pin? (1'. t i ~ r ~ h  L.), shortleaf pine (I: cchinala Mill.), and 
slash pine (I' rllioftiiE~lg-eltin.)] to iise in the southeast- 
ern Uniteti States, especially in the Atlantic and GulS 
Coast ci,asval plain I-rgions. This appro;~ch is haseti o n  
thi. Itringing togeihe~- of'sevetal factors related tr): 

1 thc bir,loh.\- and ecoiogv it!, oflong1:ieaf pine, 
2 research firiditigs k o o i  long-term studies, 
3 lotrgleaf pine proditcts and utilization, and 
4 recent devciopnlerrtu i n  longleaf pine managmtent. 
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Background 

I'rior to the arrival of settlers 10 the Uniterl St;ues. 
natur;rl i:otnm~~nities dominateti by longleaf pine ii~rd 
rnairitained ti? per-iodic lit-c occiirr-ccl ilrrriughotit rlrlrst 
of the sonthertr htlatitic and (;rilS (irasval Plains. 'These 
comrrrunitics once covered an estirirated 24-36 miiiiot~ 
ha. o r  two thirds of the arc.& in the Sor~theast (x+nce 
189.5, Chapniari 1932, Fn~s t  19!)3). 'These ii~wsts were 
described as open and par-klike, with a largely rnonrp 
specific overstory and tlre most species-rich urtclcrstor~ 
in tcrnperate North ,\inerica (I'ret and Atlard 19<13). 
The  open canopy was not (lire to ail arid clirnate (11- soil 
inf'ertility. hut rathrr the freqnet~t lighttritrg and ahr~rig- 
inal fires that killed less tire-tolcrant vegetation, 1c;rrirtg 
longleaf pine aiid its herhaceous understory to thrive. 

Exploit;ltion of lorrgleaf pine-dominated li>rests has 
led ttt a strady decline of i s  acreage. By 193.5, only H 
million ha were left, declinitrg to 4.8 million ha by 1955. 
Noss (1989) rroted that longI?af pine comprisctl40.4C~ 
of the soothern coastal plain in prescttlerirerit tirnes. 
Today, that nrimher has decre~scd to 0.774,. 

ticcording to Outc;rLt arrd Sheflield (1996). longleaf' 
pine stands ct>v(:r some 1.2 million r~idely rlistributed 
and fragmented trert;rrvs in the South of' which 1.1 
rrrillion ha (91%) support o;rtriraI sianrls anrl cuntain 
94% of the species' growing stork ~~o lu tue .  These nat- 
ural stands are a very inrporiant source of high-value 
wood pi~r~ducts, provide unique mirltiple-use benefits. 
maintain biological diversity aird supply necessary ilaB 
itat for several rare atrd enrlarigereri species. The s i r  
nificant loss of longlrafpine act-cage did not change its 
regional distribution. Because of its broad geographic 
range and arkaptation to a wide raricty of habitars, 
longleaf' pine slrouid be well suited to adjust to possi1)Ie 
changes in clirnate. 

Johnsen and others (2001) reported that the 
artrount of' carbon sequcstered and storetl by n1ati;iged 
f o ~ w t s  is deter-mined by three factors: iticreascs tine to 
land-use changcs arid inci-eased prodi~cuvity of mail- 
aged forests; carbon remaining in tlre soil at ihe end of 
a rotation; atid the carbon stored in products made 
from the harvested rvood. 

C:oricept~~ally, <rile car1 develop scvetal approrrcl~es 
to increase terrestrial car-bon in the southeastern re- 
gion of- the United Siates. Some approaches i~iight lie 
based on restoring o r  exp~nding  ibrest typcs (or fr)rest 
type gmtrps) that ;trr w'eil akrpted to spccific sit? cl,ll- 
ditions and pl~>~siograpiric fCatures, while othcr ap- 
proaches may iircorporate new intcrrsivc p l a n ~ ~ t i o ~ r  
matragcrrteiii pr-actices or involve genetic modiA~?tioti 
and manipulation. 'The approach we propose may seem 
counterintuitire to sorne obscwrs ,  giver1 the drarnatic 

declirre in the 1r)ngIeaf piiic ecosystcrrr o \ ~ r  ilre l;wt 
ccntul? coiipleti rvitii the long-llcltl hr~lieis t l~al  loilglcal 
pinc is "li;rni tit zregeilei.ate, and slox io gro\z..'. \Vllile 
these hclieii !nay liave het.rl parti;rlly grouridrtl in trtitlr 
in tiit. past. new ircrlrrr<)log? related to seeds (13arriett 
and htc(;ilvt-a? 200'2), seedlings (Ilarnett and 'llc(:ih.r;r\. 
1997; p1;rntirig techrriqrtcs iE-Iainrls 2OO3), regenefirtion 
arid n1;itl;tgrnrcnt :rlternaii~es (F~;~nkliti l9i)S, Ear-Icy 
19<lT), coiisct~ation irrceritivcs j)ohnsot~ 2001) atid 
banti use pr,licies ((k~sla I$l9O) car1 greatly alleviate 
tliese concerns. In arirlitir)n, reccnt outreach. etlrica 
tionai and cxtencion progi-;~ms by thc Ir,nglcaSAlli;ro~e 
((tjerscrd arid J r ~ l ~ i ~ s o n  l!)<lS) lrase lreen effective it1 

c ~ , r n t n i m i c t i g  i~cw inti,r-~natir~n anrl t e c h n o i o ~  and 
nr\%r marxtgcrnt~nt irptions to Iairrit~~vnicrs ariri rrratragers 
in the k>rmvr tongleaf r;olge. \I terative revenue 
srrcams ikom n<,t~tr;aIitirrn;il ibrest raliics such as wild- 
life atid hiirrtitrg lr;acs, pinr straw harvesting, and the 
ctirrerit pr~tential i i ~ r  "carhon credits" are providing 
new crpptrrt~inities fr,r private owncrs Sol- nvanaging Ion- 
glr;tf piric over Iongcr rr,t~rtirins. 

The Biology and Ecology of Longleaf Pine 

t h e  01' the riiaji~r r~rys to scqucster nnrl store c;irbirn 
is to tie it rip fr11 as long as possible in lorig-livcrl tn'rs. 
.tmorrg southern tree spccics, lr~ngleaf'pine rnay outlive 
;In? other species cxcept SOI- hald cypress. While the 
riatire 1ringlc;iS pine fhl-cst contaiilud stands c(,veritlg a 
wide range of ages, a siil~statitial p<iriion of the olrl- 
growth tiorher appeared t o  he in thc 200- to :i(lO-yea-- 
old agc range wtien it was logged. Longleal pitre itr 
excess of 4.50 sc;rrh i l k  agc has ireen reportcrl (I'lati and 
rithers 19XH), tliiis ;r inaxio~~inr bioI<jgical age of r,vc~- 
500 years is not ti~rreasr~n;~Iilv. I-lor\.cver, due to thrr 
constant hazartls 01' liglrtriing and witrd, ver\. few trees 
a,-e ever likely trt r-r;ich tliis hiolrrgical potential. 

Kot only does longleaf pine oirtlire tlic other sonth- 
el-n pities by 100-:i00 years, it caritinues to #so\\, and 
respond w relersc eveti ai older ages. 111 one of tile first 
studies t r t  examinr the growih of Iotiglvaf pinr. (:hap- 
rriari (1909) exnniirred the tinrber- I:iliies of I(i2 Era of 
pare cvrn-agcd oId-gro\vth loi~gleaf pinc starrds it1 'Tylcr 
(:iriinty, Texas, US;\. He rep~ j r t c~ l  tliat trccs per hcctare 
~ v o ~ i k l  drop iirxri I18 to 27 going lionr a stand 100 yc;lrs 
old to 920 ye;rt.s old with ;,verage ~liantetel- at lit-e;rst 
hciglrt (1)BH) iticn;csirig ihmr 35.t; to 7.5 cco Mean 
anniral gn,wtlr was at ;I nlaximunr ;It I IOycal-s. l.r)nglc.af 
pine did not i~rciwase ii1ucl1 it, yield per het.t;rrc after 
120 years, with tlrt: rlisappcaraoce of trees illrough 
attrition (dcc;ry. fire, cic.) o f l s e t d ~ ~ g  the incre;rse in s i x .  



increasing Terrestrial Carbon S141 

1-!re inrrcae i r i  actual qirantity lets very slow up to 250 
years; and then it  slorvly diniilrishrd. \fedium- to ~ ~ 1 1 -  
str,cketi even-aged longleaf pine stands ovc,~- a txogc 
sites slioaild reach a steady-state condition (growth and 
n~ortality apprt,xirrratcly iri halance) at ahout 120 years. 
Mortality coiild he harvcstcd e~rrl corrvcrttd into high- 
quality l>xxlt~cts in the ptopriscd systeiii. 

\lore reccrrtly, \t.est :rird others (19%) I-eporterl oil 

incl-e. .*\ti . .- it1 ;111nua1 incxrnxents of all age c1;tsses for 

vees froin 100 to nearly 100 ycars 0111. l'his iilcreasc, 
heginiiiirg in ;rpprtxi~r~at'.l) I < > i O  and coiitiniiing to tllc 
prcscnr. I-?sntterI i ~ r  an avtnge annual ring itrcrernent 
ap111-oxirnatcly 40%! gt-cater in 1987 than I<l',O. \\'lien 
cr,mparerl with uspccted anmial increment. the in- 
crcasc i i~ r  100- to 150-year-<ild 11-ecs i? appir~ximately 
'1.5%. rrliile the ii~cre:tse fhl- 200- to 40O-)car--o1d trees is 
approxirnarcly 35'%. 'They coaikl not explain tho in- 
creasrd g~-o~vtti based ( > t i  clist~i~~liatic~, stand hist~o;, 01. 

tre~tris ill prccipitatioo and tcmperat~ire. 

Site Adaptations 

Ir~ngleafpinr is not r~nly among the longest-livirrg oi' 
the aiathc~-n sprcics, but it  is fi>nnd groiving on all hut 
the wettest sitcs across the Sotiiheast. 'l'nro :aiitlrtrr-s 
made testament to this Fact. Narpcr (1928) said, "1,on- 
glcaf pinc might hare once hccn the nlosi abundant 
trcc in thc Cnited States and \ras cert;tirrly the niost 
ahonci;rtrt tree in ,\lah;ima." (:hapnran ( 1 Y 3 P )  wrote: 

In the icrnglcafpirre type of the sonth (and nowhei-c 
else in Xorth A~ncrica to the iwriter's knowledge) lire at 
fiequetrt biit not iiecessa8-il? ;~nntial intc~vals is a? de- 
pendable :a Eictor of site as is clitr~ate or soil. I'he 
cotiception of' ;t climax iypc .nr m e  which has rr;rchett 
a stage r~ f~xr~na r i cn t  equiliilriiirn or periect atl;iplation 
tri thrsc constant iacurrs of site shoalrl inchide tlie 
1onglr;rf pin? type 01' tlrc sr~iith, whicli Itrcsents by far 
the gr-eatest art2 and most per~na~ient chai;icieristics of' 
atry c1irn;ix 11, hc fiiiind in thc I:nited States. 

1,onglcaf pific t~cctirs ~iiidet- a =I-iety oScn\~in~trmerr- 
tai contliiir>ris. 7he I-airge of' Ioiigleaf pine covers a 
bro;id arc along the co;istal plain and portions of the 
Piedmr,llt fi.onr sotittrcrn Vil-girria, soiiih to cclrlral Flor- 
ida, and wtxst to easten1 'I'ex;rs, cxtentlit~g f't~rtlrcr in- 
larrd in thc f:iimherlatid t'latca~i and Ridgc arid \:alley 
physiograptric pn,vincrs iri   laha ha ma and (;cot-gia. I.:lr- 
like the other so~tthcrn pints, longleaf' pirie tolet-ales a 
\vide variety of h;ibit;rts. It is firt~rrd growing on d n  
moulitain ?lopes arid I-irlgcs in ,\lahanra and northwest 
(;ear-gia, on thc low. wet flat\voods, as well as the exces- 
sively dr:tined sa~rdlrills ibund aloirg the coast and fall 
line. 1.11nglcaf l~iire fir~rsts exist iip to an elevation 11s 
.580 m above nmcan sea Ievci, ;ind down to near sea level 
along the ~\tl;itltic Ocean ;md ( ; ~ ~ l f  of Mexico coastline. 

.ZLthough niosi i>fte~a a'.ciociared wit11 deep (often > 
1.7 ~ n )  sancly soils, or sandhills, longieaf pine occurs on 
all but the most inutrdated soils in the southcastern 
USA ('Sahlcnherg 1916). 

Natural Resistance to Fiisks 

(:ompa~-ativel? speakirrg, longleaf pine has a supe- 
rim rratirl-a1 resisiatrcc to fire, insects, diseaws, and 
rvi~tdthr-ow fr-t>or hurricasies that the other soiithe~-11 
pines (IGihlcnhcrg 1946). Across nirrch of the Soiith- 
east, so~it11c1-11 pine heetles [I)mdrodon~~fronf111z~s Zim- 
irierrriaiiii ((:oleoptera: Scolytidat:) 1 have periodically 
dectroycrl va\t acreages of lohlolly pine stands. I.ittle1eaf 
disease. ;I disczae caused by a corrlplex ~Ffactors incliid- 
ittg the f~itigr~s f'iiytophlhorti cinnnmomi Rands, has 11cer1 
a major prohlcm wit11 shortleaf pinc. Howerer, where 
longleaf pitie is grown. there at-e no reports of large 
acreage losses. Iliscases anti insects rarely cause mortal- 
ity of lorigleaf pine. L.ongleaf is x~mewhat resistant to 
the sei,eral species of coleopteran hark heetlc (Denroc- 
lonzis and 1f1.s spp.), a severe prohiem fbr other south- 
casterti USA pioc species (Anderson ancl 1)oggett 
1993). 1.ongieaf is iisilally less susceptihle to infection 
from Susiforrn riisrs (Cron,nfizr,nspp.) than other south- 
ern pines (Walkinshaiv and others 19%). 1-ighining 
311-ikes are the primary inciting agent of mortality in 
longleaf forests (Platt and others 1988. Palik and Ped- 
crson 19%). In a more recent study, Mch'ulry (2002) 
corrcluded that longleaf pine may he the species to 
grow in ihe South where hurricanes can have a major 
irnpaci, noting its rcsistailce to hreakage and uproot- 
ing, fire, as well as its natural resistatrcc to insect and 
discasc oiitbrcak?. 

Specific Gravity 

l'hcrc is very little diSfet-~.~rce it1 the percent carbon 
fi~rrnd in va~-ioits trer species; all have approximately 
50% carbon on a dl? weight basis. However, there are 
signific;tnt differences arnorrg tree species in the spe- 
cific gravity or dct~sity of the wood. This is a very im- 
portat11 factoi- in the cotitext of carhon storage since it 
is directly reiateri to the quality oE r+,oorl pr-oclucts, 
pr<~daict iitilizaiion, atrd rt4ated long-tern% decay rates. 
It is also vco; iitnportattt whcm comparing the gr-owth 
rates oC tree species irsitrg models which report produc- 
tivity in volumetric ternis (i.e., cubic irieters per hect- 
art:). 

There can be wide variations in the specific gravity of 
rr t~.c:e species based on age and site location. From a 
large sample of age classes and sire locations, the spe- 
cific gravity (based on green volume and wen dried 
weight) of longleaf pitie a\-eraged R%-I'L% higher than 
thr orher comniercial soudrern pine species (Koch 
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1972). The specific grasity of longleaf pinc averaged 
0.57, with a range of'0.40-0.7.5; slash pin? ivar. cllzoltii) 
averaged 0.53, range 0.41-0.i0; lohlolly pirre averaged 
0.51, range 0.38-0.6% and shortleai pine averaged 
0.52, ~ange  0.37-0.7% Z%bel ant1 othet-s (11972) also 
reported that when grown on the same site, longleaf' 
pine rrcarls always produced wood with a higher spr- 
cific gravity tharr either slash or loblolly pine. 

Natwe SpeaesEcosystem Benefits 

Thus f i r ,  the discussion has heen aboiit the trec a ~ ~ d  
why its hiologv makes it a pt-eiitrred souttrern pine 
species to grorv fbr cat-boo storage. Another- reason Sbr 
growing lo~~gleafpirre $o~r ld  he the pott3nti;i1 t~cr~logical 
henefits derived from the imporiant plant and animal 
commrrnities associau:d with longleaf pine ecosystems. 
A? noted earlier, iondeaf pinr rbrest acrcyage lras pliilr~. 
meted to less that1 3% of its fornler ~angc. Continuing 
pressures from commercial dt:velopmeot and t,xploia- 
tion led the Eational Biological Senicc to list lorrglcaf' 
pine forests as the second nrost crrdang<::el-etl ecosystem 
in the United Sates, sc,cond only to the sttutli Florida 
landscape (Noss and others 199.5). r\ tire-mainrained 
longleaf pine ecosystem is among the most species-rich 
outside of the tropics. X mesic longleafw~)odlaod may 
contain 140 vascular species per 1000 sq nr, the largest 
\~alues reported ftir the tempemic Ct'esterrr Hemisphere 
(Peet and Aliard 1993). 

With the precipitous declitre of rht: longlcaf pine 
forest, the associaterl flora and fauira haw also soiFeied. 
I'werity-sevet~ plant a~rd  anitual species associated with 
the longleaf Sorest have hcrtr listed au federally thl-cat- 
cned or endaog-ercd by the CS Fish and bVildlii Scl= 
vice, including such key wildlife species as the rrd- 
cockaded woodpecker, gopher tortoise. indigo snake, 
and southern fox squirrel, with an additional 99 cantti- 
date specks (Xoss and others 199.5). flardin and \Vhite 
(1989) highlighted an additional 119 associated plat~t 
species of the Ior~gleaf pine ft,t.est that are of special 
rnanagernent concern. 

Research Findings from Long-Term Studies 

Several studies indicate that for longct- rotatioris (es- 
pecially on sites with low to margitlal site quality): loti- 
@eat' pine %ill oi~tpertilrm the other ihree major conl- 
mercial southern pines. In thc past, Sorest managel-s 
generally did I I ~ > L  serioilsly consider- longle;d pine in 
their manag~~ment plans hecause of poor snnix~l arid 
the slurv early growth (during longleai's grass-stage pe- 
I-iod) conrpared to slash and l~iblolly pines, which do 
rrot have a grass-stage.. However, as nrorc daia S I - I , ~ ~  
long-term studies e ~ n e ~ g e  there is additional evidence 

that the long-terrtr growtlr irate of longleaf pi t~r  is eqrial 
or superior Lo other x,r~thern pirics and thal i t  pro- 
~luces a higher quality. longer lasting pnlc111ct nrix. I a  
this paper. iw briclly srirr~titarize foiir lor~g-t-rfrm stridirs 
that support the ohsetvation. 

ScQmidtIing (1385) Study 

111 a sirle-11:-side corn pa^-ison will1 lr~hlolh and slasli 
pine. lo~rglcaf pine grew as well as, or hettet- tharr. 
lohlolly or slash once it lrati emergerl Srom tbc gl-ass 
stage. ,\ r-eexaminatirrn of that stud) at :iS )i;rin (Hart-is 
arid others 2001 ) foiiod that lrrrigleai pin? trad higher 
sun i~ i l ,  total basal ;trca, and roliime whetl compared 
rrith cithrt- slash 01- lohlolly pine. 111 addition, nrore 
than 70% pel-cent oS the longlcaf pine could hc classi- 
tied as havirlg a quality to nraki. then1 ilit11 utility poles 
conrparcd to 12% fiir slash pine and 8% ofthe lohlolly 
pine. 

Shoulders (1985) Study 

She rvsults of' 35 sitc-specics trials it, t~ruisiana and 
Mississippi %+.ere I-eexarninetl: ( I )  ui learn ifcarly erner- 
gence of well-stocked longleaf plantati~>ns kom the 
grass stage wotiid make ifrem co~r~petiiivc in ternrs of' 
growth ;rnd yield with ihe other- niaior southern pines 
on a given site, and ( 2 )  becaiise of concertrs i t r  the early 
1980s that yields ti-OIII slaslr and lobloliy pine plai~ra- 
tions woi~ld bc subswntinlls retloced due u, f~isilarrn 
rust. While there were certain site conditions whcrc the 
othel- sontherti pines hati mom n,lonre ;it the rrrrl 0120 
years, lot~glc;iS pine siand has11 ax-ea equaled or ex- 
ceeded that of other species SI~OIII agc 15 otrwar<l. The: 
ciinclusio~r rvas th;rt longleaf pine r1.1.a~ as potcntially 
productivt, as the other s<trrthcl-n pinc species under a 
wide varicty uS site corrditittns if ibe prohlcms of poor 
planting su~vival and hro\%~\.trspot n(~edle hliglit (1%'1jw- 
s/~hau~-elli~ r i ~ ~ r r i c ~ s i i  Bars. j coiild he ovcrcrjme. 

Outcalt (1993) Study 

Sandhills occupy signifi~mt ;rcrcage (IS the soiith- 
castero Uniictl Statcs. ?'hey are typifietl hy soils i l ~ ; ~ t  a~-e  
infertile ;rtld tlnluglrty. \Ian! of these soils ;ire qiiarrz 
sands Srom a few w m11re that] 20 feet deep. le'atcr 
reterrtioir and nutrient cofrtent at-1, I)OW due to the low 
organic rnatter atrd cia? crinicnt. Most of these sites 
rw~:rr origirrally don~ir~atcd by k>n@eal pine. J-lr~werer-, 
fbllrtwing the removal of longleaf i t r  t l r i ,  carly li)90s, 
~riosi of these sites were iaken over I,? scnill oak. 

.Man) tif these sites ~ w r e  planttrl to  ~atrd pine. eithcr 
Choctar%,hatchce satid pine ( I ' i~rzls r.111ue rat .  irrt- 

mu@notii ll.B. TZ:ilrl) o r  Ocaia saorl pix,? (l'hl~ri rhusa 

var. r111tisn 1l.13. l\';nrl). I'lir gr<nvtlr (if tlicsc lwo spccics 
was compared to longlcaf, slash. aricl lol~l~,liy pines aster 
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28 Y~,II-S oii d w p  sands in South f :arolitia aild Georgia, 
CSZ. If' the goal was to max imi~ t  yield for pulpwz.ood 
rotatioirs of 25-35 )cars, the11 Clioctariliatc11t:c sand 
pine wis rrconrn~e~iderl ibr platrting on these sanrlhill 
sites. Htnvcver, Io~igle;rfpi~~e lias hccn groiving as fast as 
1:l1octatvliatch~e sand pine since the age of I,?, anrl if 
longer riit;ttions are desircd, then loiigleaf piilc was 
rcconrmendcd as the altcn~ative species to plat~t. 

Hoover 12000) Study 

;is part of tlrc Sortliertr (;ir,h;ri 1:Ii;iligc Prugrarrr, ;I 

p r q j ~ t  ~\~"scrondiictt~d to estir1r:lte ct~rl-ciit cal-h<,n srrrr- 
age iirr  sclcctcrl I)cpart~r~cnt of l)eft~ose instailatiorrs 
a ~ i d  to cvaliiaie tlre fi~ttire c;rrhon scqiiestratir~n poten- 
ti;rl 11s thcsc lands iiirrlc~- riiifirent ibrest irr;inagemerrt 
scenarios. ll~liiltiplc s ~ i l l d  grr~rvth siniiil;ititrrrs rsct-e sun 
r j t r  ;I 10-Ira stand rritlr a rotati(rix agc of 40 years. ?he 
pal-;tmeter-s tcstetl wel-cX site inrlex, initial stocking level 
and san.ivorslrip at 10 years. In nearly all cases, the 
sirnt~iarit~~rs i ~ r d i ~ r t e d  that longleaf pine r~t.ould store 
more c,irl~oii then the other th~r.c m;ljol- southern pitie 
species, given 11ie S ~ K I I C  stiirtitig c ~ ~ i d i t i o r ~ ~ .  R ~ S I I I ~ S  
koni tlrc rtlrl-ficld 11,ngleai piirc plairiatiotr simulator 
indicateti tlterc woiilrl he cal-Iron p i ~ r s  due to incrcaserl 
stocking tr,ward the end oftltc si t~ruiatkr~~ period, when 
the trees wcre putting on volutiie rapidly and crtntin- 
irctl t o  rlo st, heyonti th t  40-year r~rt;~tir,n. Iiolding 
sti,cking lcvcls coiistant anrl ni~sirrg site index. a rota- 
tion of Iougleafpine on a highq~taliiy sire stored more 
carbon than ;my oilier species inuestig;lted. 

'nirsc studies Iran. shorvn th;tt ir~ider lorrger m t a  
lions. longleaf. pint, c;rn ci,nrpctr, !%,it11 tile ottit,r C<IIII- 
rilrrci;ll s<)iitlicrn pin?" ;and irr  m;rliy cases, o ~ t t  livc atid 
out gr~rw tllem, hl  addition ir, thcsc rcsca~.clr finrlings, 
; I  ICM- stirflies havr iidrlress~rl tliv rc~pic 01' 1011gic~~rf pine 
gn,wtlr given potential ch;rrigrs i r i  climatic conrlitioos. 
1)cv;tlI a ~ r d  Parresol (15198) suggest that lohlolly pine 
nr;ty give \say to Ioi~gieaf piilc ;1s sites hecrtrtrc h(rtter 
and drier. Psiich;srd aliri ~rtllers (200li iiidicatetl that 
elev;rted f:O, ii~creascd total abovcgroirnd hioniass hy 
20% anrl ltelowgroiind incl-fi1st:d root hiomass of iotr- 
gleaf pine by 62%. \Sit11 increasing CO, levels. the 
incrv;rsi~rl rotjt biomass ill longifirf pine slrriuld give i t  

arr ;tdv;rntagc over ct~rnpetitori;. In :irldition ur the [>I-e- 
vii,rrsI? citetl sttidy try West arrrl ritirers (19513) ahorrt 
rccent grc,wtli irrcreascs iii ~rlri-g~-(~ivtli longleaf' pitre, 
tkrycr rY001) obsctverl a site inriea incrfi~sc of niorc 
tlialt IT i i ~ t  hetwecti sect~~rrl- irnd thirtl-growth longleaf 
piire sta~rds gt-owing 011 thc same sites. In a dit-ect 
cr>rnlr;rris(~n stiidy, a site index ftrr secoird grorctl~ aver- 
agvd 65 feet wliile tiiinl growth ;tvt:raged 83 ieet. The 
reasons for this large increase in site qilality :11-e irn- 
knirw~l, btit sirice the soils ;rrc tlie same, sonic change in 

clim;ate, including increased levels of CO, tnay be s t i t  
pccted. 

Longleaf Pine Products and Utilization 

As early as the late lHOOs, the %rood of  longlrar pine 
%as I-<:ported as hravier as  arid stronger than that of any 
other pine (Slohr 1897). 1)rre to its excellent wood 
qri;rlity for constructii~t~. it rvas cstirrrated dtat nearly 
rinctitit-rl of all I~inrtrcr rnanrrfactused in tlte S o ~ ~ t h  at 
that tinrc wits longicaf pine. 'I'he rvorrd was r~nsurpassed 
ior posts, pilings. arirf joists, especially in hridgc, mil- 
I-oat! irestit. \la!-ehr)usc, arlrl facutt?~ crtnstructio~i. In 
tlrc early yral-s, the tintreated heartwottrl tvas widely 
iiscd fin i-ailn,i~d ties dire ttr its natural resisia~rce to 
tct-nrites and rot. 

1,ongleaf pine was an iniporianr part of the Souther11 
nan~i-al he!-iiage and culture. I.ong1eaf pine ims cer- 
ciiniy the tree that built thc South and, to a certaill 
extent, built this country. It has heerr estimated that 
tlilre fourths of the first settlers irr the Carolim~s, Geor- 
gia aiid Fktrida built 7.5% of theil- lrouses ant1 coinnter- 
cia1 strircturcs from longleaf pinc. Most of the whawes 
iir,~rr New York to Scu. Orlcans wet-e cot~structed with 
longleaf pine. In f;rct, the keel of tlie American Rcvo- 
lutionan/ rrarsliip, 1 I S S  (bnsti2t~lion. was built of lon- 
gleafpiiic. A s  early as 1608, longleaf pitre tar and pitch 
extract5 were exported tiom Virginia. Harper (1928) 
wrote "1,ongieaf pine h.ad more uses than any othcr 
tree in North America, if not the whole world ..." 
Among the reasons for this is the fact that longleaf pine 
has hcttcr su-cngrh 2nd prodrict utility r+.heri conrpared 
to the other sout21c1-n pines. 1.on~ieaf pine is heavier, 
sirnnger, stifUttr, hardcr, and moderatrly h i d l  irr shock 
rrsistance. Industi? will sirigle out, longleaf pine S~rr its 
lumber becat~se of the tler~ser g r o ~ r t t ~  rings and tile 
good nieclianical proprrties it has drxe to the clear, 
straighter-grai11 w*.r~od it produces. 

Thtrs, if forest management is going to he practiced 
and trres are cut, then lortgleaf pine is a gooti tree 
species for the purpose of long-term carbon storage. 
I'his is bascrl on the dirr;thle nature t r f  the proclucts 
prod~iced atid lror$ they can he utilized GII- centuries, as 
c<mipa~.e-'.d to tlrc pulp ;mtl fihc~- products derived iron1 
short-rotation f i ~ c s t  managcn~mt.  ivhiclr return carhor~ 
to the aunospt~et-t: over a relatively short period. 

One of the inany unique characrerisiics that rnake 
longleaf pine superior to the other soiithenr pines for 
long-tcsm storage is its growth f(rrm. The natrtt.al form 
is charactrri7,ed hy straight, knot-free boles. Therefore, 
a stand of longleaf pine prodirces a greater pet-ceniage 
of high-valued poles than other soilthern pine species; 
as niuch as 7,5% percent of a Ionglcaf pine stand that 
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has heen managed hi- pole growth according uj Will- 
iston and Screpetis (1975). The percentage is consid- 
erably less firr lohiollg or slash pinc. This h;as ;t poicirtial 
ii~iancial advantage Lor landownei% and industt? be- 
cause poles may be tnice as valuable as sawtimber. lo 
addition, poles, when trrated to resist decay, irprcseirt 
a sotrrce of long-term storage for carbrtn. In adflition to 
poles, longlealpitic pirtduces highqualits prndticts Srir 
pillings, posts, and hortsirrg niatcrials. ?'hr inherent 
strength and sttn~ct~rral properties of longleaf pine 
rnake it the preierretl .;pccies for the manui;tcturing nS 
structural glue-laminated hearns and timher h~idge 
components. 

Many buildings in the IJnited States iind certainly 
most in the South built in the early 1800s were briilt o f  
longleaf pine. Today. many of the timbers left I'ro~n 
hr~ildings constrncted long ago are heing t.ecycled f'f~r 
flooring, paneling, molding, and beams. Carbot~ that 
was stored in longleaf pine when trees were ciit in the 
carly 1800s is still being stored totlay in tflese rec)cled 
materials, In a~lclitio~r, old-growth longleaf pine logs cut 
around 1900 are also being I-ecovered from rivet3 and 
waterways and processed inio highquality products. 

Recent Trends Favorable for Longleaf Pine 
Management 

The I-ecent Southern F~trc-st Resource Assessment 
(5Ve;rr and Greis 2002) Sbrecasts pine plaotations to risc 
in the South hy 67% hy the year 2040, rising lionr 12 
r~rillio~i ha iri  1999 to 22 niilliori ha iir 20'10. Mttst gains 
are expected to crtnre fironr convcrted agrictrltural 
fields. Many qtteaions are now heing raised ahotit the 
i m p a c ~  of this forecast or1 regional biorliversity based 
on the assumption that most oT the plantations wottld 
be managed interrsively for niaxirnunr volume. If car- 
bon credits were to play a mle in a private l;rndowner's 
decision on what pint. trees to plant. the longleaf pitir 
strategy otnlined in this paper would conlpete S;rvit~-~thly 
as a susraitiahle approach that wo~rid provide hot11 eco- 
nomic and ecological benefits. l'hel-e are alreidy rrlati? 
intlicaiions that the rlecli~~r, of this species has hecn 
reversed oil pirhlic lands. Private lands seem tr ,  he 
headed in the same direction becai~se ofthe avaiiahility 
of incentives and relatcd outreach arid extcasion ei- 
Sbrts by state agencies and the partners ofthc Looglcaf 
iUliance. At the same time, thrre are gt-i~ups in the 
southeast ii,rming to help landown~~rs capitalize un 
carhotr credits derived ft.orn f'cr~.estv programs. 

Public Land Trends 

I<estoration of rtir: longleaf' pine ecosystem is no\%, a 
goal on much of thc piihlic laird in the sotithe:~stcrn 

I:t~itcd States. Thc n;ttiotial Srri-ests (TFs) ttrat lie in the 
SOI-~ner raiigr of IongIcaSpirre are rnakitig resurr-ation uS 
this ecos.;*tem a lrigti priority. Jcf'Sers ;inrl '1-onicrak 
(2003) report ;I 26% incsc;ise in lot~gleal pine ireciarcs 
on lands rrranaged It? thc TFs in tlrc periorl li)HN-2002. 
'I'hc re.stor;lii~)n on these lalids irill ltr a slorr. and con- 
tiritri~rg process itrvolving h<tt11 natiiml arid ;n-tificial 
I-egctrcraiii~ti, the ren~ov>tl 01- off-site pines, and ex- 
i~dndcd [tre~rihecd hiirning pn)gr;tttts. I'lie t;it.ge,r gr,;cl. 
or- desirctl S~itiirc c<jnditioii is ,504,000 lia, an 86% 
illcrease r~ tnrpwi l  to li)R8 targets. Similar restor-;iti<rn 
activities art. also occurring on otlre~- iatge pat-ccls o i  
piiblic lands managed I)? tlic Ilepar-tn~cnt of' I)clense, 
ilre US Fish and Cliildlife Se~vicc, a t ~ d  several sontlicast- 
CIII sates. 

Private Land Trends 

'l'h(* iricetrlivcs for planting Ionglcaf pitre on pt.ivatc 
land in the fc:(lcr.;ill\ spousor-ed (:onsemation Rcservc 
J't~og~z~ii (CRP) resrrltctl i r i  appmxirnately 121,000 ha 
heing platitcd on mostl? agricultnrc lands in  the two 
ycars the prograrrr was ;t\:~ilable (1999-2009). About 50 
t~rilliorr lot~gleaf seedlings were pinntcd utider thi.; pm- 
grarn in 2000, nearly h:rlf' OS the toral gritwri ;iod sold 
(lohnson 2001). By itselS, this tiiin~ber may scent insig- 
nificant when coniprretl to crtlrer co~irrnercial pine spe- 
cies sucl~ :is lob loll^ pine. H<twcver, it  rvpresents a slurp 
reversal of' the prccipiu,us dccli~ie in 1ongle;rf pine 
Iicctares that lrad hccr~ occiirt-it~g on private lands. For 
exarriple, rt.gional surrey results rvported tty Kelly ant1 
Wecliti~ld 11!)90) and 01itr.alt and Shef'lield (199ti), in- 
dicate tli;~i pt-irate kttrtls accoi~oied Lor apptuxinrately 
i)5%3 of the longleai hecvares lost region wide in the 
Itbyear period Ihet~eex~ the mid-1980s ;ttid the rnid- 
1990s. 

Other leder;tl/state strwal-dship incentive progra~i~s 
are >tvailaltle. One, known ;IS Safe Fiarhor, is sitcrcssfuily 
addressing the Scars rrf pt-ivate owners tl~at long-rova 
Lion IongIcaC pine managenrent rniglrt lead to habitat 
suitahle tor endaiigcrr:d species ;nrd therchy resiilt in 
lorking tip the larids from 11atvt:stitrg and iiinher de- 
vt,Ir)pinent. Sa?? Ffat-h<ti- progritnls arc deiigtird to pni- 
vide private laudorvnet-s with voliint;uy, noiost altenia- 
tives to address this conccrir. Many sticcessftrl sign-ups 
h a ~ e  occttrred, especially i l l  the sandhills i-i,giotr o l  
North ;tnd South (Ar<tlina ((:osta 1999). Sevvt-a1 o t l ic~  
states are deveiopiiig siniilal- pntgrams. 

Sustaini~~g the intcl-?st of' thr i~oni~idiistrial private 
forcst lando\viicrs in 1rttiglc;d pine rrianagemcrrt nitist 
iiltiniatcl~ ovet-conrc the c;rsli flo\~ pr-ohlcrn associated 
wit11 longcr- ri~tations. Several simrveys liavc slrowr~ that 
tilost oS thrsc ~~oni~~rlrrstrial pl-ivate owners are tiot 
seekir~g to m>~xintizc gt-or~th and yirlil but ;ire itriel; 
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ested in a Iraiige :c.oSste\\.arrlship <~l?jectives that integr-ate 
c~i~iitnoclity (fiirest protlitctsj v;iliies ~iitir rioticon~morl- 
i t \  valties iwilrllifi., iiater, aesthetics eu-.i. \tanaging i r r  
u.rliic. noi vtrhimc. h;is her-innc the t~c%', paradigin fbr- 
tticsi. owlless. S h e  rash flow prr,hlenr is 11eing partially 
;~dilresserl 11) the proin<~iir,n o i  alternative trveriile 
strc;inlr derived iirnn t~orrti-a~liti~inai f i ir~st  pnirltrcts 
soclr as pine stlaw and wildliic cot-  hu~~t i i rg  lcascs. If a 
tie%< rt.\enur str-c;im relater1 to carbon credits became 
a\;iilahIc, it wonid gl-catls hclp to offset this prohlrm 
;rtrrl prr~diict. n~ariy social ;rnd ecological benefits. 

1)cmand Si,r s~rii ther~i pine piilpw~a~rl dcrivcrl fi.o%n 
short-rot;rtirni Sol-cst nr;lnagcmerrt lras rtrr~ppcd rlramat- 
icall) in iectnt  vears, with a corrcsponrling drop in 
pt-iccs. Tlic rlrop i l l  dcrnanrl is a cr~nilriiiation of' iil- 
creased irsc oSrec?cled fiber. increased imports, a shift 
o f  lxo~iitct i t~n capacity u, foreign lar~ds with l&er cn- 
vit-o~rrnctrt;tl constr;i~kts, and the iticraned eficieircies 
r f  ~ioriiestic mills (Shorter 2002). l'hese trends h;ive 
ttirncti some iarge itidustrial forestry corporations and 
associated invesmre~lt management lirnls toward a strai- 
e f i  of gno~ving pine trr!es Sor lumiicr rattier tha~ l  i b r  
ptilpwor~rl. Since Kist grown trees dn not have tllc hest 
quality S11r I L ~ I I I ~ ~ I ~ ,  ni;inaging li,r ~natiit-e woorl grr,u7n 
ovrr lrloger rotatioris is heing c;trciiiliy CI>LIF~<~CTCI!. She  
tren str;rtcm fbr ioi~gei- rotations c~nihraces ;I visioti u) 
plan k)r txr;rxirriiirii rcononric wnirn rather lliali nmx- 
irnirtn volunic and iticliides consideration 01. prtte~rlial 
income dcr-ivcrl ii-<,rn cashon cretlis. lztrgc tbrest pr(x1- 
iict ~ (~ tnpan ies ,  associated timllerland invmtmcnt man- 
;tgcnient i~lslitiziirrtrs, the electric power industry, and 
other "carh<,n intcnsi~e firn~s" have brgtm 11, examine 
carbon seqiiestt-atiotl pir>granisai~irl~eri ;%I restoring Sbr- 
cstianrts and captio.ing the resnliing cnviro~~rncntal and 
~.cotir~niic henclits ('l'r,tictr I<)9i)j. 

Emerging Markets for Carbon Credits from 
Southeastern Forests 

Orgarii~atiotis sirch as the (:arbon Fund (liitp:," 
~vu~z..tl~cc;irhonf'~i~~rl.~~~-g), baser1 in Stoneville; Missis- 
sippi, I'SA, are fiil;~ncing and p~.omoting lllc protec- 
tion, resu,ration, ;ind enhanccnicnt of' forests ali over 
tlic wc~i-lrl thl-oiigh cai-ban scqrrestratio~i programs. O t ~ e  
OF the rx'imary purposes~)S 1'1" ( ~ I - ~ X I I I  Fiuid is to assist 
iarrners ;rnd iatrdowncrs in p i  ; I  mat-ketirrg 
tliei~. ~ t r l j o ~ ~  credits. 'l'he ct~rretit I21crrs is 1111 ho t i~~n i -  
la1111 1ranl~sr~~rrl proglams hilt also iricludes plans fijr- 
la~rrls in the longleaf trzitrgc in the coastal plain a t ~ d  
flatr+-<iod regions o i  the s~tttltc;tst. I l i e  nr>nproIit U~il- 
'I'rcr, C;u-br~n (:,mrpany consisis o f 4 0  iiiilities that s p r n  
sor ;I divet-se rnix of niral ti-ec p1;111ting, forest prescr- 
vatiorr, l i~iest  rnanagcnletll. ;ir~d r-esearcli eflbrts ;ll both 
domestic (Arkans:zs. In>uisiana, Xlississippi. and Ore- 

garr) and interi~ation:~l s i t e  (11~+x~~.cei,org/issden- 
vil-idg-cii~~iatc,'iriiitr~c.pdf). 'I'txc \Viiit-ock In te rns  
1ion:iI Ecosystenis Scl'vices (;~-rjiip has rrccnr1)- p ~ r p a r e d  
:irr asscssnleiit itf the rarbon seqiivstration potential of' 
lririgl<~af pilie in (;ettt-gia for the Oglethorpe Power 
(hrnpany. Tiicy concl~~derl  a restomdon program 
woizld be best ;limed at nxlrginal lit-mlands with 11nv 
opporurnity cos~s, pal-titularly at sitrs removed from 
the path of' iirhaniratio~r (Shoch and othcrs 200'2). 

Trends in Longieaf Pine Outreach and Extension 
Pograms 

The I.ongie;ii Zllia~ice (t1trp:;~~~~\~.io1igI~:i1f;11li;11r- 
cc.<rrg/), a univtrsiiy-based organization establistied in 
199.5, is helping tr, sizpp(~rt the regionwide recoven of 
longleaf' pine, especially on private iands. I'he alljance 
is a partnership o E  private landowners. forest industries, 
state and federal agencies, conservation groups, re- 
searchers, and trttiels interested iri manadng and re- 
storing lo~igleai pine forest? for their ecological and 
economic benefits. By emphasizing hoth the econonric 
and ecological v;rItii, of tlre longleaf resource, the Lon- 
gicaf' /\Iliance iiorz. leads a rcgion-wide gmimdsri~ell of 
in ti:t-t:st in thiu ecosvstem. Ttic ;tlliance seiv~:s a5 a clear- 
inghouse Sr~r itlii>rrnation on regenerating, resurring, 
anri managing longleaf pinc; provirles rictrvorkitig op- 
portunities for tnemhers to connect with other land- 
owners, m~xtnage~-s, arid rcse;rrchers hith similar interest 
and problcnis; and coordinates technical lxieetings 2nd 
educatiooal seminars. In addition, the alliance mairt- 
rains and conscaritl~ ripdates databases 01- current lon- 
gl.ieaf irelaled infi,rniation, seedlirlg nurseries, wildliSe 
and ierestty cotrsuIi;~nts, and pertincot demonstration 
sites. Numeroi~r puhlicatio~is arc availahlc including 
c<rnfcrencc proccetiings, a l;mrlowiici's guide to 111o- 
glear m;uxtgemenr, n:se!arch trotcs, atid ne~vsletxers. 
'Slrc ;rlliance partriers at-e careful to poitit oirt that the 
pirsh to tr<,store 1ongle;rf pinc is framed w1it1 reasonable 
and railistic goals: to halt and revel-se the dccline in the 
ioresr type; to restore health to existing ecosystems; and 
to provide trchnical assistatice to nranagers and land- 
or*.ncrs who desire to initiate restoration, reforestation, 
and affot-estation programs. 

Summary and Conclusions 

Over itre pnst LO-1.5 years, piiblic land nraiiagers 
1r;cve bcgun to rcstorc many dcgi.arlcd longleaS pine 
fi,rcsts anrl, marc recently. incentive programs have 
prompter1 lo~rglcaf' pine reforestatiotr and afforestation 
programs on nonindiistrial private lands. I'hese activi- 
ties have bee11 facilitated I?? improved seed. sccdling. 
and platltirlg tcctinology; new regeneration and man- 
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agen'ent alternatives; and I,? expanded educational 
and outreach eiloru. 

In the South, there is a growing trend in forestly 
tow-ards longer rotations due  to changes in wootl/;fiber 
markets and prices. These trends suggest a new oppo~; 
tunit.; to increase terrcstr-ial casboli storage in tile 
southeastern United Statcs in a \my that provides man) 
ecological and econoniic cohenefits. \.Vc suggest that 
on niany sites in the Gull and .itlantic coasial plain 
region of thc southeastern I.:niied States, ionglcai pinc 
is the optimal choice arnrrrig the commercial pine spv- 
cies u~ capitalize o n  the cconornic ancl ecological lwn- 
efiw, especially if carbon credits a l r  iactorerl into the 
decision pt-ocess. 

For example, longleaf pine is a long-lived species 
with a low mortality rate. ,\nioiig the southern pine 
species, it has a high specific gravity arid can tolerate ;L 
very wide variety oihabirats. 1.ongLeaI pine is hetier able 
to sustain growth at oldcr ages (over 1.50 ?cars) and is 
tolerant to fire and nrany insects and diseases. Krccnt 
research clearly indicate? tlkat longleaf piskc managed 
ibr Longer rotations ol~tperf(>rms other corilmc~rial 
southern pitre species on niost h res t  sites. I l ie re  arc 
also some early indications that longleal pine might 
better colcrate future warmer climate scenarios. More- 
over, the higher value longer lastit~g wood proriucts 
derived from longleaf pinc l'orests will contintie to stot-c 
carbon over long t i n ~ e  periods. 

We fully understand tirat the restor:%tioti o l  a fL1ly 
functioriirig io~igleaf ecosystem ;ippeais to lanrlowt~et.; 
in vawng  degrres. We also recognize t l~at  an intact 
longleai forest ecosystem is not likely crel. agaitl tu 
dominate the Southern iandscape. However, il'a voInt~- 
tary choice is to he made on what trec is best adapted to 
and suited tor growing on sites in the former longleai 
range to provide a sustainal>le comhirration of ecolog- 
ical and economic rfalucs, we would argue that trec 
would be longleaf pine. f h c  argument is strengthened 
when the trends toward longer rotations and the addccl 
benefilc of carbon ct-edits are k~ctored into the dccision 
process. 

1.oagleaS pine is not a vely demanding species rum- 
pared u, lohlolly and slas11 pine, arrtl its grorrth arid 
yield is much less affectrtl by changes sitc quality. Fat- 
tors other than sitc quality, as traditionally defined, may 
play significant roles iii the growth ol'longleal' jririe. 
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