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DISCLAIMER

Recovery plansdelineate reasonableactions that are believed to be requiredto recoverandlor
protectlisted species.Plansare publishedby theU.S. FishandWildlife Service, sometimes
prepared with the assistanceofrecoveryteams,contractors,Stateagencies,andothers.
Objectiveswill be attainedand anynecessary funds madeavailablesubjectto budgetaryand
other constraints affecting the partiesinvolved,as well as the need to address other priorities.
Recovery plansdo notnecessarilyrepresent the views, official positions,orapprovalofany
individuals or agenciesinvolvedin the plan formulation, otherthantheU.S. Fishand Wildlife
Service. They represent the official positionoftheU.S. Fish and Wildlife ServiceQfljy afterthey
have beensignedby theRegionalDirectororDirector asapproved.Approvedrecovery plans are
subject to modification as dictatedby newfindings,changesin speciesstatus,and the completion
ofrecoverytasks.

By approving thisdocument,theRegionalDirectorcertifies that thedataused inits development
representsthe best scientificandandcommercialinformationavailableat the time it was written.
Copiesofall documents reviewed in the developmentofthis recovery plan areavailablein the
administrativerecord located at the Asheville,NorthCarolina,FieldOffice.

Literaturecitationsshouldreadasfollows:

U.S. Fishand Wildlife Service. 1996. Appalachian Elktoe RecoveryPlan. Atlanta,GA. 32 pp.

Additional copiesof this plan maybe purchasedfrom:

FishandWildlife ReferenceService
5430GrosvenorLane,Suite110
Bethesda, Maryland20814
Phone: 301/492-6403or

1-800/582-3421

Fees for recovery plansvary, depending upon the numberofpages.
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EXECUTIVE SUMMARY

Current Status: The Appalachianelktoewasfederally listed asendangeredon November23,
1994. Only two populationsofthespeciesare known tosurvive. One populationoccursin the
main stemoftheLittle Tennessee Riverin Swainand MaconCounties,NorthCarolina. The
secondpopulationis restricted to scatteredlocationsalong a shortreachofthe Toe River and the
main stemofthe Nolichucky Riverin YanceyandMitchell Countiesin NorthCarolina,
extendingdownriver intoUnicoi County,Tennessee.A singlespecimenofthe Appalachian
elktoewasalsofoundin the Cane River, amajortributary to theNolichuckyRiver, in Yancey
County,NorthCarolina. The completehistoric rangeofthe species is unknown, butavailable
information indicatesthat it once had a fairly widedistributionthroughout theUpperTennessee
River systemin westernNorthCarolina. In Tennessee thespeciesin known only fromits
present rangein themain stemof the NolichuckyRiver.

HabitatRequirementsandLimiting Factors:Thespecieshasbeen reported fromrelatively
shallow medium-sizedcreeksandrivers with cool, well-oxygenated, and moderate-to
fast-flowingwater. It hasbeenobservedin gravelly substrata,oftenmixed with cobbleand
boulders;in cracks in bedrock;andoccasionally in relativelysilt-free,coarse, sandysubstrata.
Water qualityandhabitat degradationresultingfrom impoundments,stream channelization
projects,andpointand nonpoint sourcesofsiltationandother pollutantsappearto be major
factors in reducing thespecies’distributionandreproductivecapacity.Unlessnewpopulations
are foundorcreated andexistingpopulationsaremaintained,this specieswill likely become
extinct in the foreseeablefuture.

Recovery Objective:Delisting.

RecoveryCriteria: Downlist from endangeredto threatened status when the following criteria
aremet: (1) Through protectionof bothexistingpopulations andsuccessful establishmentor
discoveryofadditional populations,a totalof fourdistinctviablepopulations exist within the
species’historic range, with at least one each in theLittle Tennessee, French Broad,and
NolichuckyRiver systems;(2) eachofthe fourpopulationshave at least threeyearclasses
presentandshowevidenceofreproduction, includinggravidfemales,and at leastonejuvenile
ageclass(age3 or younger);(3) all fourpopulationsandtheirhabitats are protected from present
andforeseeablethreats;and,(4) all four populationsremain stable orincreaseover a periodof
10 to 15 years.

Delistwhenthe following criteria aremet: (1) Through protectionofbothexistingpopulations
and successful establishmentordiscoveryofadditional populations,a totalof six distinct viable
populationsexist within thespecies’historic range, with at leastoneeachin theLittle Tennessee,
French Broad,andNolichuckyRiver systems;(2) eachofthe six populationshave at least three
year classes presentand show evidenceofreproduction,including gravidfemales,andat least
onejuvenileageclass(age3 oryounger); (3)all six populationsandtheirhabitats are protected
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from presentand foreseeablethreats;and,(4) all six populations remain stableor increase over a
periodof 10 to 15 years.

ActionsNeeded:

1. Utilize existing legislation/regulations to protect thespecies.
2. Elicit supportthrough the development andutilizationofaninformation/education

program.
3. Searchfor newpopulations and monitor existing populations.
4. Determine thespecies’life history, habitatrequirements, and threats.
5. Implementmanagementand alleviate threats to thespecies’existence.
6. Throughaugmentation,reintroduction, and protection, establishsix viable

populations.
7. Develop and implement cryopreservationofthespecies.

Cost($OOOs):

1996

1997 5.5 5.5 6.0 25.0 25.0 30.0 8.5 105.5

1998 5.5 3.0 4.0 25.0 25.0 30.0 2.0 94.5

1999 5.5 0.0 0.0 0.0 25.0 10.0 2.0 42.5

2000 5.5 0.0 4.0 0.0 10.0 2.0 21.5*

2001 5.5 2.0 0.0 0.0 10.0 2.0 19.5*

2002 5.5 0.0 5.5 0.0 0.0 2.0 13.0*

2003 5.5 0.0 0.0 0.0 0.0 2.0 7~5*

2004 5.5 2.0 5.5 0.0 2 0.0 2.0 15.0*

2005 5.5 0.0 0.0 0.0 0.0 2.0 7~5*

5.52006 5.5 0.0
——

20.5 36.5

0.0 2 0.0 2.0 13.0*

Total 60.5 75.0 75.0* 120.0 35.0 422.5*

* Habitatimprovementcosts neededfor thespecies’recoverywill not be knownuntil the

magnitudeofspecificthreatsis determinedthrough research.

iv

5.5 8.0 6.0 25.0 0.0 30.0 8.5 83.0



Dateof Recovery: The delistinganddownlisting dates cannot be estimated at this time.As
musselsdo not reproduceuntil about age5, more than10 yearsare needed to document
reproductionandassessviability.
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PART I

INTRODUCTION

The Appalachianelktoe(Alasmidontaraveneliana)waslisted as anendangeredspecieson
November23, 1994(U.S. FishandWildlife Service [Service]1994). This freshwatermussel
inhabitsrelatively shallow medium-sized creeksandrivers with cool, well-oxygenated, and
moderate-to fast-flowingwater. TheAppalachianelktoeis endemic to the upperTennessee
River systemin themountainsofwesternNorthCarolinaandeasternTennessee.It once had a
fairly wide distributionin westernNorthCarolina buthasbeen eliminated from the majorityof
its historic range (including the French Broad River, theLittle River [French Broad River
system],the Pigeon River [French Broad Riversystem],the Swannanoa River [French Broad
Riversystem],andTalula Creek [Little Tennessee Riversystem]). It hasbeen reduced toshort
reachesoftheLittle Tennessee River, NolichuckyRiver,Toe River, and Cane River inNorth
Carolina. In Tennessee, thespeciesis knownonly from its present distribution in theNolichucky
River. Thespecies’range has beenseriouslyreduced by impoundments andthegeneral
deteriorationofhabitat and water qualityresultingfrom siltationand other pollutants contributed
by poorland-use practices andtoxic discharges.

Description, Ecology, and Life History

TheAppalachian elktoe(Alasmidontaraveneliana)(Lea1834)hasa thin, but notfragile,
kidney-shapedshell, reachingup to about3.2 inches inlength, 1.4 inchesin height,and 1 inch in
width (Clarke1981). Juveniles generally have a yellowish brown periostracum (outer shell
surface),whereas the periostracumoftheadultsis usually dark brown incolor. Although rays
are prominenton someshells,particularlyin the posterior portionofthe shell, manyindividuals
have onlyobscuregreenish rays. Theshell nacre (inside shellsurface)is shiny,often white to
bluish white, changing to a salmon,pinkish, orbrownish color in thecentralandbeak cavity
portionsoftheshell; some specimens maybe marked with irregular brownishblotches(adapted
from Clarke1981). A detailed descriptionofthespecies’shell,with illustrations,is contained in
Clarke(1981). Soft parts are discussed in Ortmann(1921).

Becauseof its rarity, little is known about the autecologyof the Appalachianelktoe. The species
has been reportedfrom relativelyshallow medium-sized creeksandrivers with cool,
well-oxygenated,andmoderate- to fast-flowingwater. It has beenobservedin gravelly
substrata,oftenmixed with cobble and boulders; in cracks in bedrock (Gordon1991); and
occasionally inrelatively silt-free,coarse,and sandy substrata(J. Alderman,NorthCarolina
Wildlife ResourcesCommission, personalcommunication,1992;personal observations,1989,
1991). Like other freshwatermussels, the Appalachian elktoefeedsby filtering food particles
from the watercolumn. Thespecific food habitsofthe species are unknown, but other
freshwatermussels have been documented to feed ondetritus,diatoms,phytoplankton, and
zooplankton (ChurchillandLewis 1924). The reproductivecycleofthe Appalachian elktoeis
similar to thatof other native freshwatermussels.Malesrelease sperminto the water column;
the spermare thentakenin by thefemalesthroughtheirsiphonsduring feeding andrespiration.



The females retain thefertilized eggsin theirgills until the larvae(glochidia) fully develop. The
musselglochidia are released into the water,and within a few days they must attach to the
appropriate speciesof fish, which theyparasitizefor a short time while they develop intojuvenile
mussels.They then detachfrom theirfish host and sink to the stream bottom where they
continueto develop, provided they land in a suitable substratum with the correct water
conditions. Recent studies fundedby theU.S. Forest Service and conductedby personnel with
the Tennessee Technological University at Cookeville, Tennessee, have identified the banded
sculpin(Coitus carolinae)as a host speciesfor glochidiaoftheAppalachianelktoe(M. Gordon,
Tennessee Technological University, personal communication,1993). Themussel’slife span
andmany other aspectsof its life history are unknown.

Distribution and Threats to Its ContinuedExistence

The Appalachian elktoeis known to be endemic to the upper TennesseeRiversystemin western
NorthCarolinaandeastern Tennessee. Historical recordsfor the speciesin NorthCarolinaexist
for theLittle Tennessee River system (Talula Creek, Graham County) and the French Broad
River system,including theNolichuckyRiver (county unknown), theLittle River(Transylvania
County),the Swannanoa River (county unknown), the Pigeon River (Haywood County), and the
main stemof the French Broad River (BuncombeCountyand an unknown county) (Clarke
1981). An additionalhistorical recordofthe Appalachian elktoe in theNorthForkHolston River
in Tennessee(S. S. Haldeman collection)is believed torepresentamislabeledlocality (Gordon
1991).

Surveysofthe French Broad Riverandits tributaries in Transylvania, Henderson, Haywood,
Buncombe, and Madison Counties,NorthCarolina,failed to locateany specimensofthe
Appalachianelktoe(R. Biggins,U.S. FishandWildlife Service, personal communications,1989,
1991;Alderman, personal communication,1990;Gordon, personal communications,1991, 1992;
personal observations,1986 through1991). The specieshasalsobeenextirpatedfrom Talula
Creekin theLittle Tennessee River system (personal observations,1987, 1992)and could notbe
found in anyof the othermajortributariesto the Little Tennessee River (Gordon, personal
communication,1991; 5. Ahlstedt, Tennessee Valley Authority, personal communication,1992).
If thehistoric record for the speciesin theNorthFork Holston River in Tennessee was agood
record, then the specieshasbeen eliminated from this river as well.

Only two populationsofthe species are known tosurvive. Thehealthiestof thesepopulations,
discoveredin 1987 by Tennessee Valley Authority biologists (StevenAhlstedtand Charles
Saylor),existsin the main stemoftheLittle TennesseeRiverbetweenEmoryLakeat Franklin,
MaconCounty,NorthCarolina,andFontanaReservoir inSwain County,NorthCarolina
(Tennessee Valley Authority1987;J. Widlak, U.S. FishandWildlife Service, personal
communication,1988;Biggins 1990;Gordon1991; personal observations,1988, 1991, 1992,
1993). This population waslikely reducedin sizeby the impoundmentofthese tworeservoirs.
The second population occursin theNolichuckyRiver system. This population appears tobe
restricted to scattered pocketswithin a shortreachofthe ToeRiverin Yancey andMitchell
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Countiesin North Carolina(personal observations,1991,1992)and the main stemofthe
Nolichucky River,YanceyandMitchell Counties,NorthCarolina (Alderman,personal
communication,1991;personal observation,1992, 1993),extendingdownriver into the vicinity
of Erwin, Unicoi County,Tennessee(personalobservation,1992). A single specimenofthe
Appalachianelktoe wasalsofound in the Cane River,aboveits confluence with the Nolichucky
River,YanceyCounty,North Carolina(C. McGrath,NorthCarolina WildlifeResources
Commission, personalcommunication,1992).

The declineofthis species throughoutits range has been attributed to several factors,including
siltationresultingfrom past logging,mining, agricultural,andconstruction activities; therun-off
anddischargeof organicandinorganicpollutants fromindustrial, municipal,agricultural,and
other point and nonpointsources;habitat alterationsassociatedwith impoundments,
channelization,anddredging;andothernaturaland human-related factors that adversely modify
the aquaticenvironment.

Land-clearing/disturbance activitiescarriedout without proper sedimentation controlposea
significant threat to freshwatermussels.Mussels aresedentaryandare notableto movelong
distances to moresuitableareas in response to heavy siltloads. Naturalsedimentationresulting
from seasonalstorm events probably does notsignificantly affectmussels,but humanactivities
often createexcessivelyheavy siltloadsthat can havesevereeffectson mussels and otheraquatic
organisms.Siltationhasbeen documented to adversely affectnativefreshwatermusselsboth
directly andindirectly. Siltation degrades water and substrataquality, limiting theavailable
habitat for freshwatermussels(andtheirfish hosts), therebylimiting theirdistributionand
potentialfor expansion and maintenanceoftheirpopulations. It alsoirritates andclogsthe gills
of filter-feeding mussels, resultingin reducedfeedingandrespiration,and smothersmusselsif
sufficientaccumulationoccurs. Siltation increases thepotential exposureofthemusselsto other
pollutants(Ellis 1936,Marking and Bills1979,Kat 1982). Ellis (1936) found thatlessthan
1 inch ofsedimentdepositioncaused highmortality in most musselspecies.Sediment
accumulationsthat arelessthanlethal to adults may adverselyaffect orpreventrecruitmentof
juvenilemusselsinto thepopulation. Also, sedimentloadingin rivers andstreams during
periodsofhigh dischargeis abrasiveto musselshells. Erosionof the outer shell allows acidsto
reach and corrode underlyinglayers(Harman1974).

Musselsare also known to besensitiveto numerousotherpollutants, including,but notlimited
to, awide variety ofheavymetals,high concentrationsofnutrients,andchlorine--pollutants that
arecommonlyfound in manydomesticandindustrialeffluents (Havlik and Marking1987). In
the early1 900s Ortmann (1909) noted that the disappearanceofunionids (mussels)is the first
andmost reliable indicatorofstreampollution. KellerandZam(1991) concluded that mussels
are moresensitiveto metals thancommonly testedfish and aquaticinsects.The life cycleof
native musselsmakes the reproductivestagesespecially vulnerable to pesticidesand other
pollutants(Ingram 1957, Stein1971,Fuller 1974,Gardneret al. 1976). Effluent from sewage
treatment facilities can be a significantsourceofpollution that can severelyaffect thediversity
andabundanceofaquaticmollusks. The toxicityofchlorinatedsewageeffluents to aquatic life
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is well documented (Brungs1976,Tsai 1975,Bellancaand Bailey1977,U.S. Environmental
ProtectionAgency 1985,Goudreauetal. 1988),and mussel glochidia(larvae)rank among the
mostsensitiveinvertebrates intheirtolerance to toxicants present insewageeffluents (Goudreau
el al. 1988). Goudreauet al. (1988) found that the recoveryofmussel populations may notoccur
for up to 2 miles below the discharge pointsofchlorinatedsewageeffluent.

The effectsof impoundmentson mussels are also well documented. The closureof dams
changes thehabitatfrom a lotic to a lenticcondition. Depth increases,flow decreases, and silt
accumulateson thebottom. Hypolimnetic discharge lowerswatertemperaturesdownstream.
Fishcommunitieschange, and host fish species may be eliminated. Mussel communitieschange;
species requiring clean gravel and sand substrate are lost (Bates1962). In addition, the
constructionofdams resultsin the fragmentation and isolationofthespecies’populations,and
thesedamsactas effective barriers to naturalupstreamexpansionorrecruitmentofmussel and
fish species.

The available evidence demonstrates thathabitatdeterioration resulting from sedimentation and
pollution fromnumerouspointand nonpoint sources, when combinedwith theeffectsofother
factors (including habitatdestruction/alterationresulting from impoundments,channelization
projects, etc.),hasplayeda significant role in the declineofthe Appalachianelktoe. The Service
believes thisis particularlytrueoftheextirpationofthe species fromthePigeon, Swannanoa,
and French BroadRivers. These factors likelyalsocontributed to theextirpationofthe species
from theLittle River and Talula Creek, thoughhabitatloss and alteration resulting from
impoundments,channel modificationprojects,andexcavationactivitieswithin the stream
channel(particularlyin the caseofTalula Creek) are believed to have had a severe adverseeffect
on the speciesin these streams.

Both areaswheretheAppalachianelktoe still survives appear to haveescapedthelarge-scale
pollution from pointsources that have occurred in the past in other areaswithin the species
historic range, and both river reachesstill supporting the species wereratedby theNorth
Carolina DepartmentofEnvironment, Health, and NaturalResources(NCDEHNR), Divisionof
EnvironmentalManagement, as havingexcellentwater quality (NCDEHNR1985). There are
relatively few major pointsourcedischargesin the upperNolichuckyRiver system, and theriver
reach thatstill supports the Appalachian elktoeis located over20 miles from thenearestofthese
discharges.TheLittle Tennessee River system alsocurrentlyhasrelatively fewmajor point
sourcedischarges.While the CityofFranklinrecently expandedtheirwastewatertreatment
facility and discharge into Lake Emory, directly above the occurrenceofthe Appalachian elktoe
(as well as two other federallylisted aquatic species--the endangered little-wing pearly mussel
and thethreatenedspotfin chub),they upgradedtheirtreatment system to advance treatment
(becauseofthe local community’sinterest in protecting the qualityandusesofthe river below
Franidin). This dischargeis not believedto pose amajorthreat to the healthoftheLittle
TennesseeRiver ecosystem.
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The most immediate threats to both remaining populationsofthespeciesappearto be associated
with sedimentationandother pollutants(i.e., fertilizers,pesticides,heavymetals,oil, salts,
organic wastes, etc.) from nonpointsources.MuchoftheNolichuckyRiver inNorthCarolina
contains heavyloadsofsedimentfrom pastland-disturbanceactivities within its watershed,and
suitable habitat for the Appalachianelktoeappearsto belimited in this riversystem.The species
has not been foundin theNolichuckyRiver systemin substrata with accumulationsofsilt and
shifting sand;the species appears to be restricted tosmall, scattered pocketsof stable,relatively
clean,andgravellysubstrata.The sameis trueofthe populationsurviving in theLittle
TennesseeRiver. Whiletherehave been afewobservationsof the Appalachian elktoein the
Little Tennessee Riverin coarse sandysubstrata,they were loneindividualsthatwereobserved
following periodsofheavyrain, when they werelikely displaced from moresuitablehabitatby
stormflows. Theseindividualswerenotobservedin subsequent visits to thesesites. The river
channelabove Lake Emory (above the reachofthe riversupportingthe Appalachianelktoe)
carries a high loadof unstablesedimentsandis devoidofmussels.It is believed that Lake
Emoryhasservedin the past, and continues toserveto a lesser degree,asa sediment trap, which
has helped to protect theintegrity ofthe river below theTownofFranklin. However, the lakeis
rapidly filling with sediment,andlarge sediment accumulations in the river below the lake are
becoming increasingly common.

Manyofthe industries,landowners,developers, builders, etc., in the watershedsof thesetwo
river systemsareto be commended for implementing measuresfor controlling therun-offof
sedimentandother pollutants into the riversandtributaries. Landownersalong theNolichucky
River,wherethe Appalachian elktoestill survives, have indicated that in recent years they have
noted improvements(decreases)in theamountofsandand sediment in the lower Toe and
NolichuckyRivers. Theseimprovementsare,no doubt,in a large part due the effortsof
industriesand landownerswithin the watershedoftheNolichuckyRiver. However,thereare
still large quantitiesofsandand other unstablesedimentswithin this riversystem,andthereare
still activitiesoccurring within both theLittle Tennessee andNolichuckyRiverwatershedsthat
continueto contribute to the problem.

While the Service does not have theauthority under theEndangeredSpeciesAct to requireor
enforce implementationoferosion-or sedimentation-controlmeasures,the Servicestrongly
encourages the useof ‘‘best managementpractices’’and‘‘stream—sidemanagementzones.
Implementationof suchmeasures benefits thelandownersby helpingto control therun-offof
topsoil, fertilizers,pesticides,etc.,andby helpingto maintainthequality ofariver’s
ecosystem--itsbiological, recreational,and aesthetic values.Also, the Serviceandother Federal
and Stateagencies haveprograms availablefor assisting landownerswith the development and
implementationofcorrective measures at problemsites. For instance, theService’sPartners for
Wildlife Program(Partners)has thepotentialto providefunding to interestedandwilling
industriesandlandownersto help restore degraded areas; fence livestock outof streams; and
provide alternative water sources, plant filterstrips,restore eroding stream banks,etc. The
Service,in cooperation with theNaturalResourcesConservationService,Resource Conservation
and DevelopmentCouncil, andLittle Tennessee RiverWatershedAssociation,is currently
involved in Partners projects with fourlandownersin the Little Tennessee Riverwatershed.
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Anotherpotentialthreat to the Appalachian elktoeis the introduction and/or invasionofexotic
species.For example, the Asiaticclam,Corbiculafluminea,oneof204 introducedmollusk
speciesin NorthAmerica(Dundee1969),was first discoveredin the United Statesin the
Columbia Riverin Oregonin 1939. By 1972 the species could be found in mostofthe major
river systemsthroughoutthe United States (Fuller and Powell1973). While C.flumineahasnot
been observedin the stretchoftheLittle Tennessee Riverstill inhabited by the Appalachian
elktoe,it hasbecomewell establishedin portionsof the Toe andNolichuckyRivers. The extent
ofthe threat thatC. flumineapresentsto the elktoe andothernativemussel populationsis
presently unknownandrequires furtherstudy. Many malacologistsare concerned about the
possibility of a competitive interactionfor space, oxygen, andfoodbetweenC.flumineaand
native bivalves. Competition may not occur among adults but, rather, at thejuvenilestage
(Neves and Widlak1987). Becauseof its restricteddistribution,theAppalachianelktoemay not
be able to withstandvigorous competition.

The zebra mussel(Dreissenapolymorpha)is anotherexotic freshwater mussel species that may
pose a significant threatto the Appalachianelktoe. Dreissenapolymorpha,a nativeof the
drainagebasinsofthe Black, Caspian,and Aral Seas, was first introduced intoLakeSt.Clair in
the mid- tolate 1980s. In only a few years it colonizedall five ofthe Great Lakes andis rapidly
expanding into thesurroundingriver basins(OrNeill and MacNeill 1991). Many biologists
believe the species may ultimately infest most areasofNorthAmericasouthofcentralCanada
and northoftheFloridaPanhandle(O’Neill and MacNeill1991). Dreissenapolymorphais a
prolific breeder;once establishedin an area, it attaches in large numbers to any firm nontoxic
surface,including otherliving organisms(i.e., crayfish,snails,other mussels, etc.)(OrNeill and
MacNeill 1991). Numerouslive and dead nativemusselshave been observed, coveredwith
extensivegrowthsofD. polymorpha,andthereare signs that native mussel populations in Lake
St. Clair are disappearing rapidly coincident with theD. polymorphacolonization(O’Neill and
MacNeill 1991). Aside from the direct interactions betweenD. polymorphaand native benthic
organisms, thereis concernthat thetremendousfiltering activity exertedby high-density
populationsofthe species could disrupt the natural food chainandaffect the entireaquatic
communitiesof infestedlakesandstreams (Hebertet al. 1991,O’Neill andMacNeill 1991,
Weigmannet al. 1991).

The introductionofnonindigenousfish speciescanalso resultin the significant disruptionof
aquaticcommunities. The effectsofpredationon endemic species and/or competition for food
andbreeding habitat between nonindigenous and nativefish species canresultin drastic declines
in, oreven the elimination of, the nativefish fauna,including the species necessary for the
Appalachianelktoeand other endemicmusselsto completetheirreproductive cycles.

Predation may alsoposea threat to the continued existenceof the Appalachianelktoe. Shellsof
the Appalachian elktoe are often found inmuskratmiddens along the reachoftheLittle
Tennessee River where the speciesstill exists and occasionally in middens along the Nolichucky
River. The speciesalsois presumablyconsumed by other mammals,suchas racoon andmink.
While predationis not thoughtto be a significant threat to a healthymusselpopulation, it could,
assuggestedby NevesandOdum (1989), limit the recoveryofendangered mussel species or
contribute to thelocal extirpationof mussel populations already depletedby otherfactors.
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PART II

RECOVERY

A. RecoveryObjectives

Theimmediategoalofthis recovery planis to maintain the only knownsurviving
populationsofA. ravenelianaandto protectits remaininghabitatfrom presentand
foreseeable threats. There areonly two knownsurvivingpopulationsofthis species--onein a
short reachoftheLittle Tennessee River inNorthCarolina and one in a short reachofthe
upperNolichuckyRiver system inNorthCarolina, extendinga short distanceinto Tennessee.
Lackofproper protection and managementofthese populations will precluderecoveryofthe
Appalachian elktoe and will ultimately lead to thespecies’extinction.

The intermediategoalofthis recovery planis to restore and maintainA. raveneliana
throughout a significant portionofits historicrangein theLittle Tennessee, FrenchBroad,
andNolichuckyRiver systemsandto downlist the species from endangered to threatened
status.

Though the ultimate goalis to recoverthe species to thepointwhere it can be removed from
the Federal ListofEndangered and Threatened Wildlife andPlants,full recoveryofthe
Appalachianelktoemay not bepossible.The speciesappears to have a very restricted
distribution,and muchofthe habitat within its known historic range may not besuitablefor
reintroductions.

The Appalachianelktoewill be consideredfor downlisting tothreatenedstatuswhenthe
likelihood ofthespecies’becoming extinct in the foreseeablefuturehasbeeneliminatedby
achievementofthe followingcriteria:

1. Through protectionof existingpopulationsandthroughsuccessfulestablishmentof
reintroduced populationsorthe discoveryofadditional populations,a totaloffour distinct
viable populationsexist. A viablepopulationis defined as a naturally reproducing
population thatis largeenoughto maintain sufficientgeneticvariation toenableit to
evolveandrespond tonaturalenvironmentalchanges.The numberofindividuals needed
to reach a viable population will be determined as oneof the recoverytasks. These four
populationsshallbe distributed throughout thespecies’historic range, with at leastone
eachin theLittle Tennessee, FrenchBroad,and Nolichucky Riversystems.Also, these
populations must beextensiveenough that itis unlikely that a single event would
eliminateorsignificantly reduceoneormoreofthesepopulations.

2. Three distinct naturally reproduced year classes exist within eachofthefourpopulations.
Oneof these year classes musthave been produced within the3 years prior to the time the

7



speciesis reclassifiedfrom endangeredto threatened. Within the yearprior to the
downlisting date, gravidfemalesand hostfish must be present ineachpopulated river
and/or stream reach.

3. Biological and ecological studies have beencompletedandanyrequiredrecovery
measuresdevelopedand implemented from these studies are beginning to show signsof
success, as evidencedby anincreasein population density and/or an increase in the length
of the river reach inhabitedby eachofthefourpopulations.

4. Where habitathasbeen degraded, noticeable improvements in water andstratumquality
haveoccurred.

5. Eachofthesefourpopulations andtheirhabitats are protected from anypresentand
foreseeablethreatsthatwould jeopardizetheircontinued existence.

6. All fourpopulations remain stableor increaseover aperiodof 10 to 15 years.

The Appalachian elktoe will beconsideredfor removal from Endangered Species Act
protectionwhenthe likelihoodofthespecies’becomingthreatenedin the foreseeable future
has been eliminated by the achievementofthe followingcriteria:

1. Through protectionofexistingpopulations and throughsuccessfulestablishmentof
reintroduced populationsorthe discoveryof additionalpopulations,a totalof six distinct
viablepopulations exist. These populations shall be distributedthroughoutthe species’
historic range, with atleastoneeach in theLittle Tennessee, FrenchBroad,and
NolichuckyRiver systems.Also, these populations must be extensive enough that it
would be unlikely that a single eventwould eliminate orsignificantly reduce one or more
ofthem.

2. Three distinct naturally reproduced year classes exist within eachofthesix populations.
Oneof these year classes must have been produced within the5 years prior to the recovery
dateand another year class within the3 years prior to the recovery date. Within the year
prior to the recovery date, gravid femalesandhost fish mustbe presentin each river.

3. Studiesofthemussel’sbiological andecologicalrequirements have beencompletedand
recovery measures developedand implemented from these studies have beensuccessful,
as evidencedby an increasein population density and/or an increasein the lengthofthe
river reach inhabitedby eachof thesesix populations.

4. Where habitathasbeen degraded, noticeable improvements inwaterandstratum quality
have occurred.
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5. Eachofthesesix populations andtheirhabitats are protectedfrom anypresentand
foreseeablethreats thatwould jeopardizetheircontinued existence.

6. All six of thepopulationsremain stable orincreaseover a periodof 10 to 15 years.
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C. Narrative Outline

1. Maintain theexistingpopulationsand habitatof the Appalachianelktoe. At presentthere
areonly two known surviving populationsofA. raveneliana--onein a relatively short
reachof theLittle Tennessee River inSwainand Macon Counties,NorthCarolina,and
one in arelatively short reachof the upperNolichuckyRiver systemin Yanceyand
Mitchell Counties,NorthCarolina,extending a short distance into UnicoiCounty,
Tennessee.If thespeciesis to surviveand expand its range,protectionoftheexisting
populations and remaining areasofsuitable habitatis vital. Unless immediatestepsare
takento stop the declineofthe species and protect and secure these relict populations, the
species willlikely be extinct in the near future.

1.1 Utilize existing legislationandregulations (Federal Endan2ered SpeciesAct. Federal
and Statewater quality regulations. stream alteration regulations.surface mining
laws. etc.)to protect the speciesandits habitat. Prior to and during implementation
ofthis recovery plan, the present populations canbe protected only by the full
enforcementofexisting laws and regulations. Unless thisobjectiveis met, any
recoveryactivitieswould be essentially moot. Habitatandwater quality degradation
have severely reduced thespecies’range and continue tothreatenthe only remaining
populations. Complete compliance with FederalandStatelaws and regulations
designed to protect water and habitatquality must be ensuredif the Appalachian
elktoeis to survive.

1.2 Work with appropriate Federal andStateregulatorv andreviewagencies toidentify
andassessprojects and/oractivities that could have negative effectson thespecies
andto ensureincorporationofmeasuresfor protecting the species andits habitat into
suchactivities. ThroughSection7 of the Endangered Species Act, the Fish and
Wildlife Coordination Act, Clean Water Act, etc., Federal andStateregulatoryand
reviewagenciesmust work together to carefully evaluate and identify actionsand
activities that could potentially have an adverseeffect on the species andits habitat.
Onceimpacts have been identified, regulatory and/or permitting agencies mustbe
encouragedto utilize theirauthoritiesto ensurethat the species andits habitatare
adequately protectedfrom suchactivities.

1.3 Solicit help in protectingandenhancingthe speciesandits essential habitat.The
assistance andsupportofconservation groups,local governments, and regionaland
local planners will beessentialin meeting the goalofrecovering the Appalachian
elktoe. Also, thesupportof local industrial,business, silvicultural andagricultural
communities, as wellaslocal residents, willbe needed.Construction,forestry,and
agricultural “best managementpractices”must be implementedby all landowners,
and National Pollution DischargeEliminationSystem Permit compliance mustbe
encouragedandenforced. Local land-use planningis needed to protect water
resources, and individuals needto be informed as to why and how theyshouldprotect
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creeksandrivers. Effortssuch as theService’sPartnersfor Wildlife Program and
programs offered through Federal andStatedepartmentsofagriculture mustbe
utilized to encourageandassistlandownerswith the restorationofdegraded areas that
are contributing to sedimentationorwater pollution problems. Without a
commitmentfrom thelocal people who havean influence onhabitatquality in the
streams inhabitedby the species, recoveryefforts will be metwith little success.

1.3.1 Meet with local governmentofficials andregionalandlocal planners to inform
themofourDlansto attemptrecovervandsolicit theirsupportforprotectionof
the speciesandits essentialhabitat

.

1.3.2 Meet with local business, farming. logging.mining, and industry interestsand
elicit theirsupportin implementing protective actions

.

1.3.3 Develop aneducationalprogramusingsuchitemsas slide/tapeshows

.

brochures.etc. Present thismaterialto business andindustrial groups.civic
2roups. schools.churchorganizations.etc. Educationalmaterial outlining the
recovery goalsandemphasizingthe benefitsofmaintainingand upgrading
habitat quality willbe extremelyusefulin informing thepublic ofouractions
and implementing Tasks1.3.1and 1.3.2above.

1.4 Encourage the establishmentofmusselsanctuaries,protectivewaterquality
designations.stream bufferzones.andotherprotectionstrategiesas ameans ot
protecting presentandreintroducedpopulations.The Serviceshouldwork with the
EnvironmentalProtectionAgencyandappropriateStateagenciesin NorthCarolina
andTennessee to havespecialstatus assigned to river reaches inhabitedby thespecies
thatwould provideincreasedprotection to the Appalachian elktoe and the qualityof
the riversin which it survives.

2. Determine threatsto thespecies.conduct research necessarvfor thespecies’management
and recoverv.and implementmanagement whereneeded

.

2.1 Conduct life historv researchon the species(reproduction.food habits. ageand
growth. andmortality rates) andcharacterizethespecies’habitat requirements
(relevant physical.biological, and chemicalcomponents)for all life history stages

.

Researchshouldbe doneto determine the time and durationof the spawningseason,
when fertilizationoccurs,how long glochidia are heldin thefemales’marsupia, and
thetime of year they arereleased.Fertilization ratesshouldalsobe investigated.
While thereis someinformationindicatingthat the banded sculpin serves as afish
host to the Appalachianelktoe,furtherstudiesarenecessaryto determineif otherfish
species mayalsoserveas hosts to theelktoe’sglochidia and thestatusoffish host(s)
species within themussel’srange. Detailed knowledgeofthe habitat requirementsof
the species; community structuresofassociatedmusseland fish species; and how

11



these bioticandabiotic factors affect reproduction, growth, and mortality ratesof the
Appalachian elktoeis neededin order to focus management andrecoveryefforts on
specificproblems within thespecies’habitat. Unlessthe life cycle andenvironmental
requirementsof all life historystagesofthe species are defined,recoveryefforts may
be inconsequentialormisdirected.

2.2 Identify and eliminatecurrentandfuture threats to thespecies’survival. Water
quality andhabitatdegradationresultingfrom siltation and other pollutants from
numerouspointand nonpoint sources appear tobe majorfactors in the reductionof
thespecies’range. The natureofand mechanismsby which these and otherfactors
impact the species are not entirelyunderstood.The extent to which the speciescan
withstandtheseadverse impactsis unknown. To minimize and eliminate these threats
(wherenecessary to meet recovery), the information gathered in Task2.1 mustbe
utilized to target and correctspecificproblemareasand determine thespecific
causativeagent(s).

2.3 Investigate relationships with nonnativebivalvesandpreventtheir
introduction/spread.Ofconcern among malacologistsis the potential effectofthe
introducedAsiatic clam(Corbiculafluminea)andthe zebra mussel(Dreissena
polymorpha)on native freshwatermussels. Introductionsofnonindigenousfish may
alsoposea significant threat the Appalachianelktoe. The relationshipbetweenthese
nonindigenousspecies and the native faunashouldbethoroughlyinvestigated, and
measuresshouldbe implemented(where feasible) toprevent and/orminimize their
expansionandimpact.

2.4 Basedon the biologicaldataandthreat analysis,investigatethe needfor management

.

includinghabitatimprovement. Implementmanagement whereneededto secure
viablepopulations. Specificcomponentsofthe Appalachianelktoe’shabitator
biological needs maybe lacking,and this may limit thespecies’potentialexpansion.
Habitat improvement programs may be neededto alleviate limitingfactors.

2.5 Determine the numberofindividuals required tomaintainaviable populationandthe
geneticviability ofexistingpopulations.Long-term managementofAppalachian
elktoe populations will require knowledgeofthe genetic compositionof each
population, thenumberof individuals necessary to maintain geneticviability, andan
understandingof the factors thataffectviability. Suchstudies shoulddevelop and use
techniques that minimize the sacrificeofindividualsfrom natural populations
(examples include salvageandanalysisof individuals killed incidentally orcollected
from freshmuskrat middens, nonlethal analysisof individuals usingsmallexcised
tissue samples,productionof an experimental cultured population, and development
of suchtechniquesusing more common surrogatespecies).
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3. Searchfor additional populationsand/orhabitatsuitablefor reintroductionefforts

.

Distributional studiesofthis specieshave been completed. However, itis possible that
somerelic populationsweremissed,andfurtherstudymay yieldadditional populations
and/orsuitablehabitat forreintroductions.Also, surveys are needed to recordandmonitor
any future rangereductionsor expansions.

4. Determine thefeasibilityofaugmenting extantpopulations and reestablishingpopulations
within thespecies’historicrangeandreintroducewherefeasible. Presently there areonly
two known remainingpopulationsof the Appalachian elktoe--theLittle Tennessee River
andNolichuckyRiverpopulations.For thespeciesto survive,it may be necessary at
somepointin the future for thesepopulationsto besupplementedto enable them to reach
or maintain a viablesize. Also, recoveryofthe Appalachian elktoecannotbe achieved
without the reestablishmentofthe speciesthroughouta significantportionof its historic
range,andtheremaybe areas within thespecies’historic range that couldsupport
reestablishedpopulations.Because the majorityofthe areas from which thespecieshas
been eliminated are isolatedfrom existingpopulations,natural reestablishmentofthese
areasby the speciesis impossibleand will require human assistance. However, before
reintroduction activities can becarriedout with any confidence that they can be
successful, additionalresearchis necessary to determine the rangeof environmental
requirementsofthespeciesandsuccessfultechniquesforreintroducing it. Further,
artificial propagationofthe species maybe necessary in order to obtain sufficient numbers
ofthe speciesfor successfulreintroductions.It appears that theexistingpopulations,
especially theNolichuckyRiver population,are toosmall to supportreintroductions.

4.1 Determine the need.appropriateness.and feasibility of augmenting and expanding
existingpopulations. TheNolichuckyRiver populationofthe species maybe able to
expand naturallyif environmentalconditionsare improved andmaintained.
However, theLittle Tennessee River populationis sandwiched between two
reservoirsandpresentlyhas nopotentialfor expansion except within presently
unsuitableareaswithin the river reach and its tributariesbetweenthese tworeservoirs.
It may be necessary atsomepoint in the future tosupplementbothofthese
populationsin orderfor themto continue tosurviveand/or reach and maintain a
viablesize. Implementationof this task willbe basedon population size, habitat
quality, andthe likelihoodoflong-termbenefits.

4.2 Develop asuccessfultechnique forreestablishingandaugmentingpopulations. It is
likely thatsufficient specimensoftheAppalachianelktoe are notcurrently available
to allow for the translocationof enoughindividualsofthe species to reestablishviable
populations.Thereis an immediateand urgent need to develop techniques for
propagating andholdingmusselsfor prolonged periodsandrearingjuvenilesto a size
andage at which they canbe successfullytransplanted.Reintroduction techniques
mustalsobe developedto ensure success.
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4.3 Coordinate with appropriate Federal andStateagency personnel.local governments

.

and interested partiesto identify habitatsuitablefor augmentation and reintroductions
and thosesitesmost easily protected from future threats

.

4.4 Auamentexistingpopulations where needed. establishnewpopulationswithin the
species’historic range. and evaluatesuccess.Using the techniquesdevelopedin
Task4.2, introduce and monitorsuccess.

4.5 Implementthe sameprotectivemeasures for any introduced populations as outlined
for establishedpopulations

.

5. Developandimplement cryogenic techniques to preserve thespecies’genetic material
until such time asconditionsare suitablefor reintroduction.In the future, artificial
propagation techniques may be able to providejuvenilemusselsfor transplants. At this
time, however,artificial propagation techniques have meet with only limited success.
Also, habitatconditionswithin the species’historic range may not be suitablefor
reintroductionto succeed. Cryogenic preservationofthe Appalachian elktoe could
maintain genetic material fromall the extant populations (much like seed banks for
endangered plants)until successfulpropagation techniques havebeendeveloped and
habitatis suitablefor reestablishmentofthespecies.Additionally, if a population were
lost to a catastrophic event,suchas a toxicchemicalspill, cryogenic preservation could,if
the techniques can bedeveloped,allow for the eventualreestablishmentofthe population
usinggenetic material preserved from thatpopulation.

6. Develop and implement aprogram to monitor population levels andhabitatconditionsof
existingpopulations. as well as newly discovered.introduced,or expandingpopulations

.

During andafterrecoveryactions are implemented, thestatusofthe speciesandits habitat
must be monitored to assessany progress toward recovery. Quantitative samplesshould
betakento determinedensitiesofadults and juveniles. A concerted effortshouldbe made
to find gravidfemalesandjuveniles in order to determineif reproductionandrecruitment
are occurring. Monitoringshouldbe conductedon a biennial schedule.

7. Annually assess the overall successof the recoverv programandrecommend action
(changes in recovery objectives.delist. continue toprotect. implementnewmeasures

.

other studies.etc.). The recovery plan must be evaluated periodicallyto determineif it is
on trackandto recommend futureactions. As moreis leamed about the species and as
conditions change, recovery objectives may needto be modified.
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PART III

IMPLEMENTATION SCHEDULE

Priorities in column oneofthefollowing Implementation Schedule are assigned asfollows:

1. Priority 1 - An action thatmu~Ibetakento preventextinction or topreventthe species
from declining irreversiblyin thef~bk future.

2. Priority 2 - An action that must betakento preventa significant decline in species
population/habitatquality orsome other significant negative impact shortofextinction.

3. Priority 3 - All otheractionsnecessary to meet the recovery objective.

Key to Acronyms Usedin This Implementation Schedule

COE - U.S. Army CorpsofEngineers
EPA - U.S. Environmental Protection Agency
TE - Endangered Species DivisionoftheU.S. Fish and Wildlife Service
FS - U.S. ForestService
FWS - U.S. Fishand Wildlife Service
LE - Law EnforcementDivision oftheU.S. Fishand Wildlife Service
R4 - Region4 (Southeast Region),U.S. FishandWildlife Service
NRCS - U.S. Natural Resources Conservation Service
SCA - StateConservation Agencies- In NorthCarolina, these are theNorthCarolina

Departmentof Agriculture;NorthCarolina DepartmentofEnvironment, Health, and
NaturalResources;NorthCarolina DivisionofParks and Recreation, andNorth
Carolina WildlifeResourcesCommission. In Tennessee, the Tennessee Departmentof
EnvironmentandConservation, Tennessee WildlifeResources Agency,and Tennessee
Departmentof Agriculture.

TNC - The Nature Conservancy
TVA - Tennessee Valley Authority
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PART TV

LIST OF RECIPIENTS

The followingagencies,organizations,andindividualswere mailed copiesofthis recovery plan.
This does notimply that they provided commentsorendorsedthe contentsofthis plan.

Division Administrator
Federal Highway Administration
310NewBern Avenue,Suite410
Raleigh,NorthCarolina 27601

*Mr Steven A.Ahlstedt

U.S. Geological Survey
1820Midpark Drive
Knoxville, Tennessee37921

Ms. Chrys Baggett
TheStateClearingHouse
North Carolina DepartmentofAdministration
116 W. Jones Street
Raleigh,NorthCarolina 27611

Honorable Cass Ballenger
Houseof Representatives
Washington.DC 20515

Mr. Richard Becker
EnvironmentalOfficer
HousingandUrban Development
710 LocustStreet,SW., #300
Knoxville, Tennessee37902

Mr. GaryBeechuni
Route3, Box 451
SprucePine,NorthCarolina 28777

*Dr. ArthurE. Bogan

36 Venus Way
Sewell,NewJersey08080
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Mr. Jim Bumette,Jr.
North Carolina DepartmentofAgriculture
PesticideSection
P.O. Box27647
Raleigh,North Carolina27611

Chairman
YanceyCountyCommission
CountyCourthouse,Room11
Bumsville,NorthCarolina 28714

*Dr. Arthur Clarke

325 E. Bayview
Portland,Texas 78374

Mr. William H. Condron
PlantManager
The FeldsparCorporation
P.O. Box 99
SprucePine,NorthCarolina 28777

K-T FeldsparCorporation
P.O.Box 309
SprucePine,NorthCarolina 28777

Director
Office ofHydropower Licensing
Federal Energy RegulatoryCommission
825 NorthCapitol Street, NE.
Washington, DC20426

Director
EnvironmentalManagement Division
North Carolina DepartmentofEnvironment, Health,
andNaturalResources

Archdale Building
512 North SalisburyStreet
Raleigh,NorthCarolina 27611
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*Director

MuseumofNatural Sciences
Agriculture Building
1 West Edenton Street
Raleigh,NorthCarolina 27611

Mitchell County EconomicDevelopmentCommission
P.O. Box 858
SprucePine,NorthCarolina 28777

*Mr. RandyC. Wilson, SectionManager

NongameandEndangered Wildlife Program
North Carolina WildlifeResourcesCommission
P.O.Box 118
Northside,NorthCarolina 27564

Program Manager
Division of Boatingand InlandFisheries
North Carolina WildlifeResourcesCommission
ArchdaleBuilding
512N. SalisburyStreet
Raleigh,NorthCarolina 27604-1188

Mr. JohnGeddie
8040BellamahCourt,NE.
Albuquerque, New Mexico87110

*Mr. ElbertT. Gill, Jr.

Tennessee DepartmentofEnvironmentandConservation
401 Church Street
8th Floor,L&C Tower
Nashville, Tennessee 37243-0447

*Mr. Reginald Reeves, Director

EndangeredSpecies Division
Tennessee DepartmentofEnvironmentandConservation
401 Church Street
8th Floor, L&C Tower
Nashville, Tennessee37243-0447
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Honorable Jesse Helms
UnitedStatesSenate
Washington, DC20515-3301

Mr. Dave Holland
HECLA Mining Company
6500 MineralDrive
Coerd’alene,Idaho 83814-1934

Mr. Buddy L. Jackson,Director
AtlantaSupportOffice
U.S. DepartmentofEnergy
730 Peachtree Street,NE.,Suite876
Atlanta, Georgia30308

*Mr Joe Jacob

TheNatureConservancy
SoutheastRegionalOffice
P.O. Box2267
Chapel Hill,NorthCarolina 27514

Mr. JuliusT. Johnson
DirectorofPublic Affairs
TennesseeFarm Bureau Federation
P.O. Box 313
Columbia,Tennessee38401

*Dr. Eugene Keferl

DepartmentofNaturalScience
BrunswickJunior College
Brunswick, Georgia31523

Lt. Col. John Whisler
U.S. Army CorpsofEngineers
NashvilleDistrict
P.O. Box 1070
Nashville, Tennessee 37202-1070
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*Dr. JamesLayzer

U.S. Fish andWildlife Service
TennesseeCooperativeFisheryResearchUnit
TennesseeTechnologicalUniversity
Box 5114
Cookeville,Tennessee38505

Mitchell County Manager
P.O. Box409
Bakersyille,NorthCarolina 28705

Swain CountyManager
CountyAdministrationBuilding
Mitchell Street
BrysonCity, NorthCarolina 28713

MaconCountyManager
CountyCourthouse
5 W. Main Street
Franklin,NorthCarolina 28734

YanceyCountyManager
CountyCourthouse,Room11
Burnsville,NorthCarolina 28714

Mr. JoeMcKmnney
Town Manager
TownofSprucePine
P.O.Box 189
SprucePine, North Carolina28777

*Dr. William McLarney

1176Bryson City Road
Franidin, North Carolina28734

Mr. GeorgeC. Miller, Director
Knoxville Field Office
Office of SurfaceMining
ReclamationandEnforcement
530 Gay Street, Suite500
Knoxville, Tennessee37902
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*Mr. Gary Myers, ExecutiveDirector

Tennessee Wildlife Resources Agency
Ellington Agricultural Center
P.O. Box 40747
Nashville,Tennessee37204

*Mr RobertHatcher

Tennessee WildlifeResourcesAgency
Ellington AgriculturalCenter
P.O. Box40747
Nashville, Tennessee37204

Mr. EdwardU. Oakley
Division Administrator
Federal HighwayAdministration
249 Cumberland BendDrive
Nashville, Tennessee37228

*Dr Paul W. Parmalee

Departmentof Anthropology
The UniversityofTennessee
Knoxville, Tennessee37916

Mr. JackE. Ravan
RegionalAdministrator
Environmental Protection Agency
345 Courtland Street, NE.
Atlanta,Georgia 30365

*Dr. William H. Redmond

RegionalNatural Heritage Project
Tennessee Valley Authority
Norris, Tennessee37828

Ms. BarbaraRiley
StaffAttorney
NorthCarolina GeneralAssembly
Legislative Services Office
LegislativeOffice Building
300N. SalisburyStreet
Raleigh,NorthCarolina 27603-5925
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Mr. R. SamuelHunt III
Secretary
NorthCarolina DepartmentofTransportation
P.O.Box 25201
Raleigh,North Carolina27611-5201

Mr. M. Paul Schmierbach,Manager
EnvironmentalQuality
Tennessee Valley Authority
Room201, Summer PlaceBuilding
Knoxville, Tennessee37902

Mr. Jerry Lee
U.S.NaturalResourcesConservation Service
U.S. Court House, Room675
801 Broadway
Nashville, Tennessee37203

*Ms Katherine Skinner,Director

The NatureConservancy
North Carolina Chapter
4011 UniversityDrive, Suite201
Durham,NorthCarolina 27707

Mr. Bill Slagle
Vice-Chairman
Mitchell CountyBoardof Commissioners
P.O. Box409
Bakersyille,North Carolina28705

U.S. GeologicalSurvey, WRD/SR
SpaldingWoodsOfficePark - Suite160
3850HolcombBridge Road
Norcross,Georgia 30092-2202

*Dr. David H. Stansbery

Ohio StateUniversity
MuseumofBiological Diversity
1315 KmnnearRoad
Columbus,Ohio 43212-1192
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Mr. Charles Stover
RegionalGeneral Manager
Unimin; QuartzOperation
P.O.Box 588
SprucePine,NorthCarolina 28777

Mr. Miles Tager
P.O.Box 965
Asheville,NorthCarolina 28802

Mr. Gregg Thompson
StateRepresentative
46thDistrict
412 HemlockAvenue
SprucePine,NorthCarolina 28777

Honorable CharlesH. Taylor
HouseofRepresentatives
Washington, DC20515-3311

ColonelRobert J.Sperberg
District Engineer
U.S. Army Corpsof Engineers
P.O. Box 1890
Wilmington, NorthCarolina 28401-1890

Mr. GerryDinkins
Roy F. Weston,Inc.
SuiteC102
704 SouthIllinois
OakRidge, Tennessee 37830-7976

Mr. RichardYates
HarrisEnvironmentalCenter
P.O. Box327
NewHill, NorthCarolina 27562

Environmental ProtectionAgency
HazardEvaluationDivision - EEB (T5769C)
401 M Street,SW.
Washington, DC20460
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EnvironmentalProtectionAgency
EndangeredSpeciesProtection Program
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OfficeofPesticide Programs
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Washington,DC 20460
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Publisher/Editor
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P.O. Box468
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*The NatureConservancy
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Mr. Rich Owings
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P.O. Box6617
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Ms. DebraOwen
NorthCarolina DepartmentofEnvironment, Health,
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World Wildlife Fund
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Washington, DC20037

Mr. Adam Ayers
Geraghtyand Miller
2840Plaza Place, Suite350
Raleigh,NorthCarolina 27612
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Foreword

This resource bulletin describes the principal findings of the seventh inventory of North Carolina’s forest resources. Data on the 
extent, condition, and classification of forest land and associated timber volumes, growth, removals, and mortality are described 
and interpreted. 

Periodic surveys of our Nation’s forest resources are mandated by the Forest and Rangeland Renewable Resources Research 
Act of 1978. These surveys are part of a continuing, nationwide (Smith and others, 2004) undertaking by the regional experi-
ment stations of the U.S. Department of Agriculture Forest Service. Inventories of the 13 Southern States (Alabama, Arkansas, 
Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, and 
Virginia) and the Commonwealth of Puerto Rico are conducted by the Southern Research Station Forest Inventory and Analysis 
(FIA) Work Unit operating from its headquarters in Knoxville, TN, and offices in Asheville, NC, and Starkville, MS. The 
primary objective of these periodic appraisals is to develop and maintain the resource information needed to formulate sound 
forest policies and programs as mandated by the Agricultural Research Extension and Education Reform Act of 1998 (Farm 
Bill). More information is available about Forest Service resource inventories (U.S. Department of Agriculture Forest Service 
1992) on the Web at http://fia.fs.fed.us/.

Field work for the seventh survey of North Carolina began in January 1998 and was completed in December 2002. Six previous 
surveys, completed in 1938, 1956, 1964, 1974, 1984, and 1990, provide statistics for measuring changes and trends over the 
past 64 years. This analysis focuses on current findings and includes some information about changes and trends in recent years 
and their implications for North Carolina’s forests.

Data included in FIA reports are designed to provide a comprehensive array of forest resource statistics, but additional data can 
be obtained for those who require more specialized information. The forest resource data for Southern States can be accessed 
directly via the Internet at http://srsfia2.fs.fed.us. FIA data are also available for tabular and mapping output at http://ncrs2.
fs.fed.us/4801/fiadb/. 

Information concerning any aspect of this survey may be obtained from:

U.S. Department of Agriculture
Forest Service
Southern Research Station
Forest Inventory and Analysis
4700 Old Kingston Pike
Knoxville, TN 37919
Phone: 865-862-2000
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Highlights from the 2002 Forest Inventory 
of North Carolina

Area

Area of forest land totaled 18.3 million acres equaling 59 
percent of the total land area in the State.

There were 552,000 acres of forest in reserved status. 
This forest land withdrawn from timber utilization was 
concentrated in the Mountain region of the State.

Timberland, the portion of forest available for timber 
utilization, amounted to 17.7 million acres. 

Planted pine stands occurred on 2.6 million acres, or 15 
percent of the timberland.

Hardwood types prevailed on 12.7 million acres, or 72 
percent of the timberland.

The potential for wildland-urban interfaces are increasing. 
North Carolina’s population reached 8.0 million and 
increased by > 1.4 million between 1990 and 2000, the 
sixth highest numeric change in the Nation.

Ownership

Nonindustrial private forest (NIPF) ownership, individ-
uals and corporate combined, accounted for 13.8 million 
acres or 79 percent of the timberland.

Family forests account for about 11.4 million acres of the 
NIPF timberland. About 89 percent of North Carolina’s 
total family forest ownerships are < 50 acres in size.

Forest industry controlled 1.5 million acres, or 8 percent 
of the timberland.

Public lands contain 2.4 million acres, or 13 percent of all 
timberland. The National Forest System (NFS) manages 
47 percent of the publicly owned timberland.

Volume

Volume of all live trees totaled 33 billion cubic feet; 66 
percent was hardwood volume, and 34 percent was soft-
wood volume.

Softwood volume totals were down 10 percent to 11.4 
billion cubic feet since 1990. 

Planted pine made up 3.1 billion cubic feet, or 28 percent, 
of the softwood volume.

•

•

•

•

•

•

•

•

•

•

•

•

•

Loblolly pine was the dominant species with 6.7 billion 
cubic feet, or 59 percent of softwood volume.

Hardwood volume declined by 2 percent to 21.6 billion 
cubic feet since 1990.

Yellow-poplar was the most common individual hard-
wood with 4.1 billion cubic feet, 19 percent of the total 
hardwood volume.

Growth and Removals

Net annual growth for all live trees averaged 1.2 billion 
cubic feet. Softwoods made up 51 percent and hardwoods 
49 percent of this growth.

Average annual removals for all live trees totaled 1.2 
billion cubic feet. Softwoods made up 59 percent and 
hardwoods 41 percent.

Softwood net annual growth increased 5 percent to 623 
million cubic feet from that reported in 1990.

Planted pines accounted for 296 million cubic feet, or 47 
percent, of the softwood net annual growth.

Softwood removals increased 42 percent to 729 million 
cubic feet from that reported in 1990. 

Planted pines contributed 223 million cubic feet, or 31 
percent, of the softwood average annual removals. 

The growth-to-removal ratio for softwoods was negative, 
with removals exceeding growth by 105 million cubic 
feet, or 17 percent.

Hardwood net annual growth totaled 602 million cubic 
feet, up by 3 percent from that in 1990. 

Hardwood removals totaled 498 million cubic feet, up by 
8 percent from 1990 figures.

The growth-to-removal ratio for hardwoods was positive, 
with growth exceeding removals by 104 million cubic 
feet, or 21 percent. 

•

•

•

•

•

•

•

•

•

•

•

•

•
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Timber Products and the Economy

Forestry, logging, and wood products manufacturing 
contribute $10.9 billion annually to the State’s economy 
(U.S. Bureau of the Census 2003).

There are about 249 sawmills, pulpwood mills, and other 
primary wood-processing plants across the State.

Pulpwood remained the leading wood product at 454 
million cubic feet annually, up by 2 percent since 1990.

Saw-log output remained second, although it increased 21 
percent to 400 million cubic feet annually since 1990.

Veneer logs and composite panels were third, at 115 
million cubic feet annually.

Forest Health

Mortality averaged 426 million cubic feet annually for all 
species in North Carolina. Softwood mortality averaged 
191 million cubic feet, and hardwood mortality averaged 
235 million cubic feet. 

•

•

•

•

•

•

Pine beetles affected an average of 2.7 million acres each 
year from 1990 to 2002.

Fuels accumulated at a higher rate in the Coastal Plain 
than in the remainder of the State as a result of hurricane 
impacts on coastal forests. 

Ozone injury to vegetation foliage occurred in both urban 
and rural areas of the State, as indicated by FIA ozone 
data combined with Environmental Protection Agency 
(EPA) monitoring station data. Plant numbers exhibiting 
symptoms were low, but 50 percent of sampled sites 
exhibited ozone damage.

Lichen gradient model scores indicate air quality in North 
Carolina is slightly lower than average compared with 
other Southeastern States.

Yellow pine snags are numerous and vary in diameter, 
providing habitat for many primary and secondary cavity-
nesting wildlife species.

•

•

•

•

•

Family river outing. (photo by Bill Lea)
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31.2 million acres 

Nonforest 
41% 

Timberland
57% 

Other 
forest 
< 1% 

Reserved 
timberland 

2% 

Figure 1—Classification of land area in North Carolina for the 2002 
survey.

Forest Area and Land Use

Overview

North Carolina has 31.2 million acres of land (fig. 1) (U.S. 
Bureau of the Census 1991). The 2002 forest survey found 
18.3 million acres, or 59 percent of the land, to be forested. 
The remaining 12.9 million nonforested acres consisted of 
urban and industrial developments, farmland, and inland 
water. 

Three percent of the 18.3 million forest acres were classi-
fied as reserved. The 552,000 acres in this reserved status 
were mostly located in the Great Smoky Mountains National 
Park, national forest wilderness areas, and State parks. 
Another 32,000 forest acres were classed as unproductive 
because of adverse site conditions such as rock outcrops, 
cliffs, or deep water. 

After deduction of the reserved and unproductive forest 
acres, there are 17.7 million acres of North Carolina’s 
forests (97 percent) classified as timberland. Timberland is 
forest land capable of growing 20 cubic feet of wood per 
acre per year and not reserved from cutting. The State’s 
timberland summary as well as related issues are the 
primary focus of this report. More detailed statewide forest 
statistics for North Carolina’s timberland from the 2002 
forest inventory are available in 49 tables of data published 
in Southern Research Station (SRS) Resource Bulletin SRS–
88 titled “Forest Statistics for North Carolina, 2002” (Brown 
2004). The publication and its tables can be found on the 
Web at www.srs.fs.fed.us/pubs.

North Carolina is one of the most physiographically diverse 
States in the Eastern United States. Elevations range from 
sea level to 6,684 feet, the highest point east of the Rocky 
Mountains. North Carolina has more peaks over 6,000 feet 
than any State east of the Mississippi River. In contrast, 
it also has the most extensive system of barrier islands in 
the United States. Not far inland are pocosins and Carolina 
Bays, more concentrated here than in any other State. Areas 
of deep swamps are common in the eastern third of the State 
as well. North Carolina has three distinct physiographic 
regions recognized as the Coastal Plain, the Piedmont 
Plateau, and the Appalachian Mountains (fig. 2). Not only 
are there topographic differences between these regions, 
but also varying between them are land use, ownership, 
demographics, and tree species occurrence. Primary forest 
management issues differ between the regions as well. In 
the Coastal Plain, loss of longleaf pine is a concern. In the 
Piedmont, the loss of shortleaf pine is a concern. In the 
Mountains, oak regeneration and retention is a concern, 
along with the amount of older, overmature stands.

The Coastal Plain is 57 percent forested and contains almost 
48 percent of the State’s timberland. In addition, sizable 
areas exist in agricultural production. Metropolitan areas are 
widely dispersed. Most of the State’s softwood forest types, 
65 percent, are found in this region as well. Forest manage-
ment practices such as site preparation and planting are 
applied to more acres in the Coastal Plain than in the State’s 
remaining physiographic regions combined. The Coastal 
Plain accounts for most, 74 percent, of the State’s pine plan-
tations. In fact, the majority of forest industry holdings in 
the State, 90 percent, are found in this region. Because the 
Coastal Plain contains the State’s lowest elevations as well 

Mountain biking in the Pisgah National Forest. (photo by Bill Lea)
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as the smallest gradients in elevation, it contains most of 
North Carolina’s swamps and pocosins. Riverine systems 
are slower, more meandering, and typically of blackwater 
type if originating within the region. As a result of these 
features, most of the State’s bottomland hardwoods and 
cypress (a combined 88 percent) are found in the Coastal 
Plain. Loblolly pine is the most prevalent softwood type 
in the region. Nearly all of the State’s longleaf pine and 
pond pine are found there. Once common, their stocks have 
declined considerably, but longleaf pine restoration has 
been promoted recently. Unique to this region of the State, 
Atlantic white cedar once covered large expanses but is 
now confined to small areas. Detailed forest statistics for 
the Coastal Plain have been published and are available in 
two reports titled “Forest Statistics for the Southern Coastal 
Plain of North Carolina, 1999” (Conner and Sheffield 2001) 

Figure 3—The green areas show the distribution of forest cover in North Carolina. The tan areas represent nonforest urban 
and/or agriculture area.

and “Forest Statistics for the Northern Coastal Plain of 
North Carolina, 2000” (Conner 2003). These reports are 
Resource Bulletins SRS–59 and SRS–83, respectively, and 
can be found on the Web at www.srs.fs.fed.us/pubs. 

The Piedmont Plateau has the least proportion of forest, 
52 percent. Only 30 percent of the State’s timberland is 
found here. The Piedmont region contains the State’s 
largest metropolitan areas and the highest concentrations of 
people, urban development, and nonforested areas (fig. 3). 
The Piedmont also has extensive areas in agriculture, and 
several of the State’s large reservoirs were impounded in 
the region. NIPF owners control a higher proportion of the 
timberland, 93 percent, than in the other two regions of the 
State. The terrain in the Piedmont is much more varied than 
that of the Coastal Plain region, and includes a wide range 

MOUNTAINS PIEDMONT

COASTAL PLAIN

(Southern)

(Northern)

Figure 2—Physiographic regions of North Carolina based upon survey unit boundaries (data collected in the Coastal Plain 
units is cumulative throughout this publication).
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of tree species. Hardwoods predominate, but mixed stands 
are common, with loblolly pine the most abundant softwood 
type and Virginia pine type second. After mixed hardwood 
types, the yellow-poplar-oak followed by the sweetgum-
yellow-poplar are the most common hardwood types. 
Riverine systems encounter more gradient and because of 
the less organic soils, are of red river bottom type. Detailed 
forest statistics for the Piedmont have been published and 
are available in a report titled “Forest Statistics for the 
Piedmont of North Carolina, 2002” (Brown and Sheffield 
2003). This report is Resource Bulletin SRS–86 and can be 
found on the Web at www.srs.fs.fed.us/pubs. 

The Appalachian Mountain unit is 74 percent forested, 
highest of all the regions. It contains most of the State’s 
reserved timberland, primarily in the Great Smoky 
Mountains National Park. The Mountain region has the 
highest proportion of publicly owned timberland in the 
State, mainly because it includes the Pisgah and Nantahala 
National Forests. The Mountains have fewer large cities 
and urban development than the State’s other regions. The 
Mountains contain the State’s highest elevations and most 
rugged terrain. Because of its topography, the Mountains are 
the headwaters of many streams. Waters here are often white 
water in nature, and most are classed as freestone streams. 
The Mountains are dominated by upland hardwoods, which 
account for 80 percent of the region’s timberland. Mixed 
hardwood stands dominate, followed by yellow-poplar-oak 
types and then chestnut oak type in abundance. The highest 
elevations of the Mountains also contain tree species typi-
cally occurring at more northern latitudes, such as spruce, 
fir, and yellow birch. White pine is the most common soft-
wood type in the Mountains, whereas Virginia pine type is 
the most common yellow pine type present. Detailed forest 
statistics for the Mountains are available in a report titled 
“Forest Statistics for the Mountains of North Carolina, 
2002” (Brown 2003). This report is Resource Bulletin SRS–87 
and can be found on the Web at www.srs.fs.fed.us/pubs. 

Historical Trends

The 2002 inventory was the seventh forest survey of North 
Carolina. The first one was completed in 1938 (Cruikshank 
1944). They were repeated in 1956 (Larson 1957), 1964 
(Knight and McClure 1966), 1974 (Knight and McClure 
1975), 1984 (Sheffield and Knight 1986), and 1990 (Brown 
1993). The 1938 survey recorded 18.1 million acres of 
timberland (fig. 4). This was a time of widespread family 
farms and the Great Depression era. Most of the agricultural 
land was in subsistence farming. 

The next survey, in 1956, recorded 19.3 million acres of 
timberland. The 1.2 million-acre increase largely occurred 
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Figure 4—Trends in area of timberland in North Carolina for surveys 
completed in 1938, 1956, 1964, 1974, 1984, 1990, and 2002.

from the reversion of many old fields to forest as a result of 
industrial expansion after World War II. During this time, 
much of America’s population left farming for work in 
factories, for which many relocated to urban areas (Healy 
1985). 

The trend of old fields reverting to forest continued into the 
1964 survey, when timberland totaled nearly 20.0 million 
acres. This was the largest area of timberland recorded in 
any of the State’s seven surveys. The 700,000-acre increase 
since the previous survey was also augmented by govern-
ment programs and incentives for the planting of pine on 
many of the old fields (U.S. Department of Agriculture Soil 
Bank Act 1956). 

By 1974, however, the increases in timberland measured by 
the forest survey had ended. The 1974 survey recorded 19.5 
million acres of timberland in the State. The nearly 500,000-
acre decline was largely driven by increased agricultural 
activity and the beginning of corporate farming. Much of 
this activity occurred in the Coastal Plain region of the State 
because of the flat terrain and high organic soils. 

By the 1984 survey, another 800,000 acres more of timber-
land were removed from the State’s forests, leaving 18.8 
million acres in timberland. In this decade, about one-half 
of the loss went to agriculture and one-half to urban devel-
opment. Most of the loss to urban development took place 
in the Piedmont region where populations and cities were 
beginning to grow. 

In the 1990 survey, timberland totaled 18.7 million acres, a 
decline of < 100,000 acres. However, this was the shortest 
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Other Urban
Net Total Total forest Agri- and

Region 1990 2002 change gain loss land culture other Water

Coastal Plain 9,004,240 8,547,299 -456,941 215,012 215,012 — 671,953 15,106 249,694 396,216 10,937
Piedmont 5,751,123 5,361,185 -389,938 319,548 319,548 — 709,485 1,513 205,637 495,100 7,235
Mountains 3,955,018 3,775,932 -179,086 84,431 84,431 — 263,517 4,170 112,323 147,024 —

    State 18,710,381 17,684,416 -1,025,965 618,991 618,991 — 1,644,955 20,789 567,654 1,038,340 18,172

Numbers in rows and columns may not sum to totals due to rounding.
— = no sample for the cell.

thousand acres
Nonforest

Other

Changes

forest
land

Additions from Diversions to

Table 1—Changes in area of North Carolina's timberland between 1990 and 2002, by region

Area of timberland

interval between all seven surveys to date. Again, one-half 
the loss resulted from urban development and one-half from 
agricultural uses. 

In 2002, area of timberland had fallen to 17.7 million acres, 
the smallest amount in North Carolina since the surveys 
began. This was the fourth consecutive survey to record a 
decrease in area of timberland. The decline was 1.0 million 
acres, a 5-percent decrease from the previous survey. 
Timberland accounted for 97 percent of North Carolina’s 
forests in 2002. 

The loss of timberland was the net result of changes in 
timberland between the last two survey periods as defined 
by survey plot locations either reverting, diverting, or 
remaining in a forest land use. These changes caused addi-
tions or gains in timberland as well as diversions or losses 
of timberland. These additions and diversions occurred 
simultaneously between surveys, and ultimately one compo-
nent outweighed the other, resulting in a net gain or loss 
of timberland. Additions typically result from reversion 
or planting of old agricultural fields or pasture. Diversions 
typically go to urban and related land uses or clearing for 
cropland or pasture, but sometimes they include new lakes 
or other impoundments. 

Between 1990 and 2002, urban and other related land uses 
accounted for most of the diversions of timberland (table 1). 
Agricultural uses, a major cause of such forest diversions 
in past decades, were a distant second in losses in this latest 
survey period. Population increases, primarily resulting from 
immigration to the State, were responsible for most of the 
increase in urbanization. The associated increases in urban 
infrastructure (e.g., transportation and power line rights-
of-way, office and industrial parks, shopping centers and 

malls, schools, subdivisions, etc.) cumulatively consumed 
sizable areas formerly classed as timberland. Although 
timberland declined in all physiographic regions of the 
State, the Piedmont suffered the highest percentage loss, 
despite already being the least forested region. Timberland 
declined 7 percent in the Piedmont, 5 percent across the 
Coastal Plain, and 4 percent in the Mountain region. This is 
understandable since the Piedmont contains more miles of 
interstate and more cities with populations > 100,000 than 
the other regions (fig. 5). 

Altogether, between 1990 and 2002 in North Carolina, 
diversions totaled 1.6 million acres and outpaced total addi-
tions of 0.6 million acres for a net loss of 1.0 million acres. 
Urban and related uses accounted for 63 percent of these 
diversions. Agricultural uses accounted for 35 percent of the 
diverted acreage. New water impoundments accounted for 1 
percent, and timberland transferred to a reserved status made 
up the final 1 percent. 

Wildland-Urban Interface Issues 

Plot records may indicate urban and related uses are 
capturing much of North Carolina’s timberland, but other 
sources also suggest this is a growing concern for the State.

Between 1990 and 2000, North Carolina was among the 
fastest growing States in the country, with the sixth highest 
numeric population change. According to the 1990 and 
2000 Federal censuses, North Carolina’s population grew 
by > 1.4 million people during this time span. The State’s 
population increased some 21 percent from 6.6 to 8.0 
million people (North Carolina Office of State Budget and 
Management 2001). Roughly 70 percent of this growth, 
almost 1 million people, was the result of net migration into 
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the State. The fastest growing county was Johnston with 
50 percent growth. Next were Wake, Hoke, and Union 
Counties with 47 percent growth each. Brunswick County 
had nearly 44 percent and Pender County 42 percent. Three 
of these were Piedmont counties, and one bordered the 
Piedmont, and each was adjacent to major metropolitan or 
resort areas, which helps corroborate high timberland loss 
in the Piedmont. Two of these counties were along the coast 
where retirement and tourism interests could be driving 
the population influx. Some of these counties with popula-
tion gains did not lose timberland. Population density may 
only loosely correlate with housing density, where affluent 
suburban society and its connected marketing/shopping/
services infrastructure may consume more of the landscape 
than just high-density populated areas (fig. 6). 

By 2030, North Carolina’s population is expected to 
increase 50 percent from the 2000 census, adding 4 million 
people to reach more than 12 million in the State. Over 60 
percent of this growth is expected to be from net migration 

> 128

0 – 2 16 – 128

0 Water

2 – 4

4 – 8

8 – 16

Units per square kilometer

Figure 6—North Carolina housing density, 2000.

into the State (North Carolina Office 
of State Budget and Management 

2005). Much of this population 
growth and corresponding devel-
opment is expected to impact 
even greater proportions of 
North Carolina’s timberland and 

increase the State’s wildland-urban 
interface (WUI) area.

To describe the WUI situation, new terms have been 
coined to help put in perspective the potential risks/

concerns associated with population increases and urban 
sprawl and their impact on the landscape. Direct risks would 
involve wildland fire, and concerns could involve biodiver-
sity declines, habitat degradation, introduction of nonna-
tive and exotic species, and fragmentation of wood supply 
sources for area wood-using mills. In describing the WUI, 
Radeloff and others (2005) adopted a definition published 
in the Federal Register: “The wildland-urban interface is the 
area where houses meet or intermingle with undeveloped 
wildland vegetation.” In their assessment of WUI extent and 
conditions across the coterminous United States, they sepa-
rate the collective WUI into two components, intermix and 
interface. The interface involves homes that border against 
forest land (fig. 7). The intermix involves homes that are 
intermingled with forest land. The WUI is the combination 
of interface and intermix. 

North Carolina ranks first nationally in both the area of land 
classified as intermix (11,823,478 acres) and in the area 
of land in the collective WUI category (12,772,756 acres) 
(Stewart and others 2003). This translates to 38 percent 
of North Carolina’s land base classed as intermix and 
41 percent classed as WUI (fig. 8). An intermix of homes 
within and among forest land is widely dispersed throughout 
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Figure 5—Population of North Carolina, 2000.
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Figure 8—North Carolina wildland-urban interface, 2000.

Figure 7—Wildland-urban interfaces in North Carolina’s Piedmont. (photo courtesy of North Carolina Division of Forest 
Resources)
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North Carolina’s Piedmont, correlating with extensive 
urbanization and fragmentation of forest lands (Wear and 
Greis 2002). Both the mountains and coastal areas also 
contain significant areas classified as intermix. Wear and 
Greis eds. (2002) identified three subregions of concern in 
the Southern United States where population growth and 
land use changes are forecasted to increase substantially 
over the next 20 to 40 years. All three of these subregions—
Southern Appalachians, Piedmont, and Lower Atlantic and 
Gulf Coast Plains—occur in North Carolina.

North Carolina ranks third nationally for number of homes 
located in the intermix. There are 1.45 million homes inter-
mingled with forest land in the State. North Carolina also 
ranks fifth nationally for number of homes in the combined 
WUI. There are 1.78 million homes intermingled with and 
bordering forest land. 

Based on these figures, the State has > 1,400 communities 
at risk from wildfire. Fire statistics from 2001 show 5,964 
structures were threatened and saved, and 562 structures 
burned, 69 of which were homes. Structures were threatened 
in > 70 percent of all wildfires. Between 1995 and 2004, 
wildfires in North Carolina destroyed 544 homes and other 
structures valued at > 17 million dollars. During that same 
time period, 42,695 homes and other structures valued at 
> 5.5 billion dollars were threatened and saved due to fire-
fighting efforts.1

Ownership

Timberland owned by nonindustrial private individuals 
totaled 11.4 million acres and accounted for 65 percent of all 
timberland in the State (fig. 9). Timberland owned by private 
nonindustrial corporations totaled 2.4 million acres and 
accounted for 14 percent of all timberland. Together, these 
individual and corporate timberlands comprise the NIPF 
landowner category. NIPF timberland totaled 13.8 million 
acres, or about 78 percent of the State’s timberland. Overall, 
the NIPF category declined 5 percent in timberland acreage 
since 1990. However, hidden within this change were 
diametrically opposed changes for the groups comprising 
the category. The 11.4 million acres in the private individual 
group declined by 9 percent since 1990 (fig. 10A) and has 
been declining for several decades. In contrast, the 2.4 
million acres in the private corporate group increased by 22 
percent since 1990 (fig. 10B) and has been increasing for 
decades. This signifies either a real change in ownership 

1 North Carolina Division of Forest Resources. Annual fire reports, 1995 
to 2004. Unpublished data. On file with: North Carolina Department of 
Environment and Natural Resources, 1616 Mail Service Center, Raleigh, 
NC 27699-1616.

Figure 9—Area of timberland by ownership in North Carolina for 
the 2002 survey.
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from private individuals to entities like timber investment 
management organizations (TIMO’s), or a trend toward 
incorporation by private landowners, or both. NIPF owner-
ship varied between regions of the State. The proportion of 
a region’s timberland under NIPF ownership was highest 
in the Piedmont; NIPF owners controlled 93 percent of 
the timberland in that region. The proportion under NIPF 
ownership was 72 percent across the Coastal Plain and 71 
percent in the Mountains. 

Timberland owned by forest industry totaled 1.5 million 
acres and accounted for � percent of all timberland in the 
State. Since 1990, forest industry ownership of timberland 
has decreased by 33 percent (fig. 10C). Forest industry hold-
ings in the State have been declining since the 1980s, when 
they peaked at 2.3 million acres. In 2002, forest industry 
ownership was concentrated in the Coastal Plain. Forest 
industry ownership accounted for 16 percent of the Coastal 
Plain timberland. Forest industry owned only 2 percent of 
the Piedmont timberland and just 1 percent of the timberland 
in the Mountains.

Timberland owned by all public agencies totaled nearly 2.4 
million acres and accounted for 13 percent of all timberland 
in the State. Public ownership of timberland has continued 
to increase (fig. 10D), by about 20 percent since 1990. 
National forest system (NFS) lands comprised almost one-
half (47 percent) of the State’s publicly owned timberland 
(fig. 11) with 1.1 million acres. Miscellaneous Federal lands, 
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primarily military lands, accounted for 586,000 acres, equal 
to one-fourth of the total public timberland. State ownership 
of timberland accounted for 469,000 acres or about one-fifth 
of all public timberland. Local governments made up the 
remaining 192,000 acres of public timberland. The area of 
NFS lands has remained somewhat stable for decades, with 
85 percent of it located in the Mountains. However, each of 
the other categories of public timberland has continued to 
increase during this time. Publicly owned timberland was 
not equally distributed among the regions. Public owner-
ship was highest in the Mountains—28 percent of the 
timberland—largely due to NFS holdings. Public ownership 
accounted for 12 percent of the Coastal Plain timberland, 
largely a combination of military, national forest, and State 

forest holdings. The lowest proportion and the fewest acres 
were found in the Piedmont, where just 5 percent of the 
timberland was under public ownership. 

The National Woodland Ownership Survey (NWOS) 
(Butler and others 2005) conducted by the Forest Service is 
a nationwide effort to identify landowner opinions, goals, 
management styles, and concerns involving forest land in 
the NIPF category. Similar efforts were conducted in 1994 
about the private forest landowners of the United States 
(Birch 1996) and for the Southern United States as well 
(Birch 1997). In the recent ownership survey, mail-out 
questionnaires and telephone surveys were conducted on 
a subset of the forest inventory sampled ownerships. The 

Figure 10—Trends in timberland in North Carolina by ownership for surveys completed in 1974, 1984, 1990, and 2002 (A) Private individuals, (B) Private 
corporations, (C) Forest industry, and (D) Public agencies.
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Totala Totala Family

18,269 2,932 2,157 582 192 15,337 11,443 3,894
(180) (72) (43) (32) (18) (165) (142) (83)

Numbers in parentheses are standard errors.

Data may not add to totals because of rounding.

Table 2—Forest land area in North Carolina by ownership type, 2004

 Includes corporations, nonfamily partnerships, tribal lands, nongovernmental 
organizations, clubs, and other nonfamily groups.

b

All 
ownerships

thousand acres
Federala Statea Locala

Public
Businessb

Private

a  Source: Forest Resources of the United States, 2002  (Smith and others 2004).

Figure 11—Detailed trends in timberland owned by public agencies in 
North Carolina for surveys completed in 1974, 1984, 1990, and 2002.
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objectives were to better understand what is important to 
the owners of family forests (i.e., private individual owner-
ship) in the United States. North Carolina was sampled to a 
lesser degree than some of the Nation’s other States, and the 
responses were compiled and summarized in aggregate to 
protect privacy. 

The NWOS sampled 313 family forest owners in North 
Carolina between 2002 and 2004. Summarized responses 
were developed from the return of 221 questionnaires and 
completion of 92 telephone surveys. Statistically, family 
forests accounted for 11.4 million acres or 63 percent 
of the 18.3 million acres of forest land (i.e., timberland 
plus reserved and other forest land) in the State (table 2). 
North Carolina’s percentage of forest land under family 
forest ownership ranked higher than the southern average 
of 59 percent or the northern average of 55 percent and 
the western average of 17 percent. Findings indicated that 
there were 479,000 family forest owners comprising the 

11.4 million acres in the category. However, only 213,000 
of these owners have tracts 10 acres or larger (table 3). 
These owners controlled 91 percent or 10.4 million acres 
of family forest land. The number of family forest owners 
drops significantly again when considering tracts 50 acres 
and larger, which accounted for 62 percent or 7.1 million 
acres of total family forest land. By age, 58 percent of 
the State’s family forest owners are at least 55 years old 
(table 4). This group controlled 69 percent or 7.9 million 
acres of the family forest land. About one-half of the family 
forest owners have some college background (table 5), 

Hiking in the Uwharrie National Forest. (Photo by Bill Lea)
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Acres Number

12th grade or lower 1,206 245 10.5 68 19 14.2 33
High school or equivalent 2,632 308 23.0 129 26 26.9 72
Some college 1,901 280 16.6 88 21 18.4 52
Associate degree 951 228 8.3 28 9 5.8 26
Bachelor degree 2,413 300 21.1 76 39 15.9 66
Graduate degree 1,462 259 12.8 62 27 12.9 40
No answer 877 223 7.7 30 11 6.3 24

Standard
Ownerships

- - - thousand - - - - - - - thousand - - - -
error

Standard
Percent

Table 5—Area and number of family-owned forests in North Carolina by highest level of formal 
education, 2004

Highest level of 
educational attainment error Percent  Count

Area

Acres
acres

1 –  9 1,060 236 9.3 266 58 55.5 29
10 – 19 1,097 238 9.6 85 15 17.7 30
20 – 49 2,230 293 19.5 75 9 15.7 61
50 – 99 1,938 282 16.9 30 4 6.3 53
100 – 499 3,363 328 29.4 21 2 4.4 92
500 – 999 695 210 6.1 1 < 1 0.2 19
1,000 – 4,999 987 231 8.6 1 < 1 0.1 27
5,000 + 73 151 0.6 < 1 < 1 < 0.1 2

Total 11,443 142 100.0 479 58 100.0 313

Percent
Standard 

error Percent

Area
Standard 

error

Ownerships

Number

Table 3—Area and number of family-owned forests in North Carolina by size of forested 
landholdings, 2004

- - - thousand - - - - - - - thousand - - - -
Count

Size of forested 
landholdings

Age Acres Number
years

< 35 243 179 2.1 57 49 11.9 5
35 – 44 536 213 4.7 14 6 2.9 11
45 – 54 1,802 307 15.7 98 32 20.5 37
55 – 64 2,630 345 23.0 126 35 26.3 54
65 – 74 2,922 356 25.5 93 18 19.4 60
75 + 2,337 333 20.4 58 11 12.1 48
No answer 974 253 8.5 33 11 6.9 20

Area Ownerships

Standard

Table 4—Area and number of family-owned forests in North Carolina by age of 
owner, 2004

error
Standard

Percent Percent Count
- - - - thousand - - - - - - - thousand - - -

error



13

and they are predominantly white (table 6). From a list of 
eleven reasons for owning forest land, nontimber forest 
products ranked first in area of forest land controlled 
(table 7). Owning forest land for land investment purposes 
and for aesthetics ranked second and third, respectively. 
The purposes of firewood production and timber production 
ranked the two lowest in importance to North Carolina’s 
family forest owners. However, based upon reported most 
recent forestry activities, timber harvest and tree planting 
ranked third and fourth after posting of land and private 
recreation (table 8). Written management plans existed 

Acres

Ethnicity
Hispanic or Latino 49 150 0.4 0 0 0.0 1
Non-Hispanic/Latino 9,885 293 86.4 435 67 90.8 203
No answer 1,510 290 13.2 43 13 9.0 31

Racea

White 10,372 260 90.6 439 68 91.6 213
Black or African-American 146 165 1.3 9 5 1.9 3
American Indian or Alaska Native 195 172 1.7 9 5 1.9 4
Asian 49 150 0.4 0 0 0.0 1
Native Hawaiian or other Pacific Islander 146 165 1.3 7 5 1.5 3
Other 0 0 0.0 0 0 0.0 0
No answer 828 240 7.2 25 10 5.2 17

a Categories are not exclusive.

Ethnicity and race Percent
Standard 

error Number
Standard 

errorPercent Count

Table 6—Area and number of family-owned forests in North Carolina by ethnicity and race, 2004

- - - thousand - - - - - - - thousand - - - - 

Area Ownerships

on just 23 percent of the family forest land (table 9). Only 
39 percent of the family forest land received management 
advice. State forestry agencies followed by consultants led 
the sources of management advice. Chief concerns of family 
forest owners (table 10) were fire, family legacy, and insects 
or diseases. Behind these top three were storm damage, 
property taxes, and trespassing. Ironically, compared with 
area ranking of reasons for owning forest land, the harvest 
of saw logs or pulpwood was first in area based on near 
future plans for the forest land (table 11). 

Firewood harvest. (SRS photo)
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Number

Aesthetics 6,288 352 55.0 312 55 65.1 172
Nature protection 5,411 353 47.3 212 35 44.3 148
Land investment 6,471 351 56.5 254 49 53.0 177
Part of farm, home, or cabinb

3,802 337 33.2 186 33 38.8 104
Privacy 5,591 413 48.9 152 36 31.7 107
Family legacy 5,228 353 45.7 271 50 56.6 143
Nontimber forest products 7,495 339 65.5 307 49 64.1 205
Firewood production 1,316 251 11.5 51 18 10.6 36
Timber production 1,206 245 10.5 27 7 5.6 33
Hunting or fishing 4,204 343 36.7 66 15 13.8 115
Other recreation 3,656 334 31.9 85 15 17.7 100
No answer 2,486 303 21.7 125 41 26.1 68

b  Includes primary and secondary residences.

Table 7—Area and number of family-owned forests in North Carolina by reason for owning 
forest land, 2004

PercentPercent Count

Area

- - - - thousand - - - - 

Numbers include landowners who ranked each objective as very important (1) or important (2) on a seven-point Likert 
scale.

- - - thousand - - -
errorerror

Standard Standard

Ownerships

a  Categories are not exclusive.

Reasona Acres

Acres Number

Timber harvest 3,798 380 33.2 61 14 12.7 78
Collection of NTFPsb

633 222 5.5 23 16 4.8 13
Site preparation 1,938 282 16.9 44 22 9.2 53
Tree planting 3,071 320 26.8 73 24 15.2 84
Fire hazard reduction 1,609 266 14.1 29 9 6.1 44
Application of chemicals 1,097 238 9.6 22 9 4.6 30
Road/trail maintenance 3,034 319 26.5 48 11 10.0 83
Wildlife habitat improvement 1,536 263 13.4 29 14 6.1 42
Posting land 4,912 409 42.9 113 26 23.6 94
Private recreation 4,441 404 38.8 98 21 20.5 85
Public recreation 784 242 6.9 19 10 4.0 15
Cost share 2,011 285 17.6 22 12 4.6 55
Conservation easementc 292 102 2.6 1 1 0.2 8
Green certificationc

329 179 2.9 1 0 0.2 9

Count
- - - thousand - - -

Table 8—Area and number of family-owned forests in North Carolina by recent (past 5 years) 
forestry activity, 2004

Standard 
error PercentActivitya

Standard 
error

Ownerships

- - - - thousand - - - - 
Percent

Area

c Not limited to past 5 years.

b  NTFPs = nontimber forest products.

a  Categories are not exclusive.
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Management plan 
and advice sought Acres

Written management plan
Yes 2,632 308 23.0 18 4 3.8 72
No 7,897 332 69.0 417 57 87.1 216
No answer 914 226 8.0 44 14 9.2 25

Sought advice
Yes 4,460 346 39.0 63 14 13.2 122
No 6,581 350 57.5 394 57 82.3 180
No answer 402 186 3.5 22 11 4.6 11

Advice sourcea

State forestry agency 2,705 310 23.6 41 13 8.6 74
Extension 731 213 6.4 7 2 1.5 20
Other state agency 73 151 0.6 0 0 0.0 2
Federal agency 658 207 5.8 4 2 0.8 18
Private consultant 2,047 286 17.9 13 4 2.7 56
Forest industry forester 841 221 7.3 5 2 1.0 23
Logger 695 210 6.1 7 3 1.5 19
Other landowner 548 198 4.8 5 3 1.0 15

a
 Categories are not exclusive.

Data may not add to totals because of rounding.

StandardStandard 

Area

Table 9—Area and number of family-owned forests in North Carolina by management plan and 
advice sought, 2004

Ownerships

CountPercentNumberPercent
- - - thousand - - - - - - - thousand - - - -

error error

Management considerations in a loblolly pine plantation. (SRS photo)
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Acres

Endangered species 3,263 366 28.5 116 51 24.2 67
Property taxes 6,184 399 54.0 228 41 47.6 127
Family legacy 6,671 395 58.3 211 34 44.1 137
Lawsuits 2,630 345 23.0 155 57 32.4 54
Harvesting regulations 3,896 382 34.0 164 56 34.2 80
Land development 3,019 359 26.4 80 15 16.7 62
Noise pollution 2,337 333 20.4 79 21 16.5 48
Trespassing 5,405 400 47.2 222 58 46.3 111
Timber theft 2,581 343 22.6 114 33 23.8 53
Dumping 5,162 398 45.1 215 40 44.9 106
Air or water pollution 4,334 390 37.9 152 25 31.7 89
Exotic plant species 2,435 338 21.3 76 15 15.9 50
Domestic animals 730 232 6.4 22 9 4.6 15
Wild animals 1,656 299 14.5 58 14 12.1 34
Fire 6,817 394 59.6 195 34 40.7 140
Insects/diseases 6,525 397 57.0 163 25 34.0 134
Regeneration 2,240 329 19.6 47 10 9.8 46
Storms 6,233 399 54.5 181 32 37.8 128

a  Categories are not exclusive.

Numbers include landowners who ranked each issue as a very important (1) or important (2) concern on a seven-
point Likert scale.

Standard 
error Percent

Standard 
error Percent Count

- - - thousand - - - - - - - thousand - - - -

Table 10—Area and number of family-owned forests in North Carolina by landowners' 
concerns, 2004 

NumberConcerna

Area Ownerships

Red-cockaded woodpecker colony location sign. (SRS 
photo)



17

Acres

No activity 2,523 304 22.0 121 27 25.3 69
Minimal activity 2,596 306 22.7 52 13 10.9 71
Harvest firewood 1,499 261 13.1 32 7 6.7 41
Harvest saw logs or pulpwood 2,669 309 23.3 25 6 5.2 73
Collect NTFPsb 390 197 3.4 3 1 0.6 8
Sell all or part of land 731 213 6.4 11 5 2.3 20
Transfer all or part of land to heirs 1,718 272 15.0 42 10 8.8 47
Subdivide all or part of land 146 160 1.3 3 2 0.6 4
Buy more forestland 1,133 240 9.9 75 43 15.7 31
Land use conversion (forest to other) 292 175 2.6 10 6 2.1 8
Land use conversion (other to forest) 475 192 4.2 5 2 1.0 13
No current plans 1,609 266 14.1 53 13 11.1 44
No answer 73 151 0.6 2 1 0.4 2

b NTFPs = nontimber forest products.

a Categories are not exclusive.

- - - thousand - - - - - - - thousand - - - -
Percent Count

Table 11—Area and number of family-owned forests in North Carolina by landowners' future (5-year) plans 
for their forest land, 2004

Area Ownerships

Future plansa
Standard 

error Number
Standard 

errorPercent

Forest-Type Groups

Due to the numerous and diverse forest types across the 
State, groupings were used to portray the make-up of forests 
and the recent trends in their area (fig. 12). Oak-hickory 
types were clearly the predominant forest-type group in 
the State, covering some 7.3 million acres. This type group 
increased in area by 5 percent since 1990 and accounted for 
41 percent of the State’s timberland in 2002. 

The loblolly-shortleaf pine type group was second in abun-
dance and covered 4.5 million acres. This group included 
Virginia pine and pond pine types as well. The loblolly-
shortleaf group decreased in area by 19 percent since 1990 
and accounted for 25 percent of all timberland in 2002. 
Some of the reduction in the area of loblolly-shortleaf group 
certainly resulted from heavy impact by pine beetles since 
the previous survey. Planted stands accounted for 44 percent 
of the loblolly-shortleaf group (fig. 12), or nearly 2.0 million 
acres. The acres of the planted loblolly-shortleaf group 
rose only slightly, but their proportion of the type group 
increased as a result of the overall total acreage decline. 

Young longleaf pine stand. (SRS photo)
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Area of oak-pine type group increased 18 percent to 3.0 
million acres. The area of planted oak-pine more than 
tripled. In the 2002 survey, 17 percent of the oak-pine stands 
had evidence of planting. Planted oak-pine stands have 
usually resulted from significant hardwood competition and 
stocking ratios that precluded classification as a pine type. 
Many of these stands originated as pine plantations. Over 
time and due to natural succession, hardwoods invaded and 
thrived, and the distribution of species changed to a mixed 
stand. Planting without site preparation or lack of other 
stand treatments would expedite the change in type. 

The area of the oak-gum-cypress type group decreased 18 
percent to 2.0 million acres. The forces behind this change 
are unclear. Possibly reclassification to oak-hickory or 
oak-pine types captured some of these acres. Slight changes 
in stocking, particularly for samples located in transition 
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Figure 12—Area of timberland by forest-type group, stand origin, and year of survey, North Carolina.

zones, can alter type classification. Another possible expla-
nation may reside in the change of sample designs between 
surveys. This change in design is explained in the Inventory 
Methods section of this report. 

The longleaf-slash pine type group dropped from 230,000 to 
156,000 acres. In fact, all the yellow pine types within these 
groupings decreased in acreage. Only the white pine type 
increased in area, although minimal, as evidenced by the 
white-red-jack pine group increase. 

All regions were dominated by hardwood types. However, 
their dominance differed by region. Hardwood types 
accounted for 90 percent of the Mountain timberland, 74 
percent of the Piedmont, and 62 percent of the Coastal Plain. 
As one might expect, hardwood types were mostly upland in 
the Mountains and lowland in the Coastal Plain.
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Forest-Management Types

Timberland in the preceding ten forest-type groups was 
consolidated into fewer categories, namely six forest-
management types, based on a combination of stocking and 
stand origin. The six management types are pine plantation, 
natural pine, oak-pine, upland hardwood, lowland hard-
wood, and nonstocked. This was done to simplify the State’s 
timber resource and facilitate an easier portrayal of the 
resource revolving around these types.

Statewide, the area classified as pine plantation increased 
only slightly (fig. 13). With 2.1 million acres, pine planta-
tions accounted for 12 percent of the State’s timberland. 
However, this was not evenly distributed across the State. 
Seventy-four percent of all pine plantations in the State 
occurred in the Coastal Plain, where 18 percent of the 
timberland was in pine plantations. Pine plantations made 
up 9 percent of the Piedmont timberland and just 2 percent 
of the Mountain timberland. Although North Carolina 
had a 17-percent increase in area exhibiting some form 
of planting evidence (2.6 million acres), pine plantations 
were not the driving force. The increase largely came from 
within the additional 0.5 million acres planted but classi-
fied as oak-pine types because of stocking ratios. FIA does 
not classify stands as a pine type unless pines constitute 
a plurality of the stocking. It was the increase in planted 

Cove hardwood forest. (photo by Bill Lea)
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Figure 13—Area of timberland by forest-management type in North 
Carolina for surveys completed in 1990 and 2002.

oak-pine stands that contributed to the overall increase 
in stands with planting evidence. Oak-pine type, which 
increased, as mentioned in the previous section of this 
report, totaled 3.0 million acres. Oak-pine accounted for 
17 percent of all timberland in the State in 2002. Some of 
the overall increase in the oak-pine type resulted from pine 
mortality in former pine types, which caused reclassification 
to oak-pine based on new stocking ratios. Probable causes 
include death from insects, disease, or weather. For instance, 
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a pine type formerly stocked with 85 percent pine and 15 
percent hardwood that was decimated by beetles, and where 
the surviving stocking percentage is 40 percent pine and 60 
percent hardwood, now would be classified as an oak-pine 
type.

Most notably, the area of natural pine stands decreased 30 
percent, to 2.9 million acres. Natural pine stands made up 16 
percent of all timberland in 2002, compared with 22 percent 
in 1990. The decline in area of natural pine stands continued 
a decades-long trend. 

Area of upland hardwood types increased 4 percent to 7.4 
million acres. Upland hardwood stands accounted for 42 
percent of the State’s timberland. The area classified in 
lowland hardwood types decreased 17 percent to 2.2 million 
acres. Lowland hardwood stands comprised 12 percent of 
timberland in the State. 

Stands from these six forest-management types were clas-
sified and distributed among 10-year age classes based on 
ages of representative trees from the manageable stands 
present on sample plots. There were notable age structure 
differences between the forest-management type categories. 
There were also notable differences over time in the age 
distribution within some of the forest-management types. 

For stands classified as pine plantations (fig. 14A), it was 
clear that most pine plantations in the State were < 30 
years old. Very few pine plantations in the State were > 40 
years old. This suggested that most pine plantations are 
harvested beginning around 30 years old or change compo-
sition through succession. Another indication was that 
few plantations were established before the 1970s. Since 
1990, the reduction in plantations < 10 years old and the 
increase in plantations > 30 years old, could indicate fewer 
or less successful establishment of plantations in the 1990s 
compared with the 1980s.

For stands classified as natural pine, the age structure was 
quite different from that for pine plantations (fig. 14B). It 
was clear that most older pine stands in North Carolina were 
natural pine stands. The natural pine age structure was also 
more evenly distributed across the age classes than pine 
plantations were. Perhaps most notable were sizable reduc-
tions that occurred in natural pine stands between 30 and 
60 years old. Possibly these reductions were reflected in 
the decline of shortleaf pine, pond pine, and Virginia pine 
within the State in lieu of loblolly pine. However, this is also 
an effect of the impact of pine beetles on all yellow pine 
types in the State.

The oak-pine age distribution (fig. 14C) somewhat resem-
bled the pine plantation structure for the youngest age 
classes. For the older age classes, oak-pine more closely 
emulated the natural pine age structure. Since 1990, some 
of the oak-pine increase in the 0- to 10-year age class may 
be correlated to the decrease in pine plantations in the 0- to 
10-year age class that failed to achieve plurality of pine 
stocking. Oak-pine type increased in all age classes through 
40 years. 

Upland hardwood types (fig. 14D) were dominated by 
stands > 40 years old. However, the area of younger stands 
increased. Lowland hardwood types (fig. 14E) differ in age 
distribution from the upland types and appeared more evenly 
distributed across the age classes. This was particularly 
evident after declines in age classes > 40 years old since 
1990. The declines in older lowland hardwood stands could 
have resulted from mortality after flooding or storm damage. 
Another possibility is greater interest in lowland hardwoods 
as a wood source because of and coinciding with declines in 
area of natural pine. 

Cypress in lowland hardwood stand. (SRS photo)
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(C) Oak-pine stands
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(D) Upland hardwood stands
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(E) Lowland hardwood stands

Figure 14—Changes in area of timberland by forest management and stand-age class in North Carolina for surveys completed in 1990 and 2002 (A) Pine 
plantation, (B) Natural pine, (C) Oak-pine stands, (D) Upland hardwood stands, and (E) Lowland hardwood stands.
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Figure 15—Probability of Japanese honeysuckle occurrence on timberland, North Carolina, 1990.

Invasive Exotic Species

Nonnative species and exotic invasions in North Carolina’s 
forests are a particular concern. Limited information 
exists, however, about their impact. The perceived threat to 
forested areas from invasive plants arises from nonnative 
species directly damaging forest resources, occupying 
areas that might otherwise contain a more diverse native 
flora, and transforming ecological processes that impact 
wildlife habitat and other values. Earlier surveys of the 
State contained a few easily recognized nonnative invasive 
species as part of an understory vegetation survey. Among 
the species noted was Japanese honeysuckle. Probability-
of-occurrence maps produced from the 1990 survey (largely 
based on samples of interior forests) indicate Japanese 
honeysuckle distributed at lower frequencies in the Coastal 
Plain and Mountains, and at higher frequencies elsewhere 
(fig. 15). Speculation about its apparent distribution is 
that Japanese honeysuckle persists in the formerly highly 

Prescribed burn in longleaf pine stand. (SRS photo)

disturbed and comparatively fertile soils of the Southern 
mixed forest province (Rudis and others, in press). 

Miller (2003) provides information on selected invasive 
plant species of concern across the South. Inventories docu-
menting the occurrence and areal cover of most of these 
species were incorporated in North Carolina beginning in 
late 2002. Observations are ongoing, but too few samples 
were processed as of this writing to provide area estimates 
or to test associations with other forest attributes by species. 

Comparative sample frequencies based on one-fifth of 
systematically located samples throughout the State serve 
as a guide to what one might expect once the full survey is 
completed. Of the 711 forest locations surveyed between 
December 2002 and January 2004, 47 percent of the loca-
tions were infested, with Japanese honeysuckle, privet, and 

Japanese honeysuckle. (SRS photo)
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exotic roses heading the list (table 12). As elsewhere in the 
South (Rudis and others, in press), kudzu ranks low on this 
list, as it is found more commonly at the forest edge than the 
forest interior. In general, the data suggest bird-dispersed 
and shade-tolerant species are more widespread within 
forests. 

Insects, Diseases, and Weather

Natural disturbances to forests are continuously occur-
ring factors affecting tree growth and survival. However, 
sometimes these disturbance cycles spike and impact large 
areas of forest. Between 1990 and 2002, a variety of insects, 
pathogens, and weather-related events took their toll on 
North Carolina’s forests. The resultant mortality can be 
sizable. In fact, between 1990 and 2001, mortality from all 
sources averaged 426 million cubic feet of wood per year 
across the State.

Pine beetles had the greatest overall impact on the State’s 
forests. This was largely due to their persistence as a pest 

Kudzu. (photo by Rod Kindlund)

Southern pine beetle infestation. (SRS photo)

Japanese honeysuckle 58.5
Privet spp. 20.5
Exotic roses 9.3
Chinese lespedeza 3.5
Autumn olive 1.9
Bush honeysuckles 1.9
Exotic bamboos 1.2
Tree-of-heaven 1.1
Mimosa 1.0
Nepalese browntop 1.0
Shrubby lespedeza 0.8
Royal paulownia 0.7
Chinese/Japanese wisteria 0.4
Chinese tallowtree 0.3
Oriential/Asian  bittersweet 0.3
Exotic climbing yams 0.3
Kudzu 0.3
Tall fescue 0.3
Vinca 0.3
Winged burning bush 0.2
Wintercreeper 0.2
Chinaberry 0.1
Chinese silvergrass 0.1
Garlic mustard 0.1

   All taxa above 100.0

Number of subplot infestations 
    by taxa for all taxaa

1,049.0

a 
Taxa selected for the survey included the following trees: 

Ailanthus altissima  (Mill.) Swingle, Albizia julibrissin  Durazz, 
Paulownia tomentosa  (Thunb.) Sieb. & Zucc. ex Steud., Melia 
azedarach  L., Triadica sebifera  (L.) Small, Elaeagnus angustifolia 
L.; shrubs: E. pungens Thunb., E. umbellata  Thunb., Ligustrum 
sinense , Lour., L. vulgare  L., L. japonicum  Thunb., L. lucidum 
Ait.f., Lonicera  spp., Nandina domestica  Thunb., Rosa  spp.; vines: 
Celastrus orbiculatus  Thunb., Dioscorea bulbifera  L., D. 
oppositifolia  L., Euonymus fortunei  (Turcz.) Hand.-Maz., 
Lonicera japonica Thunb., Pueraria montana (Lour.) Merr., Vinca 
spp., Wisteria  spp.; grasses: Arundo donax  L., Lolium 
arundinaceum  (Schreb.) S.J. Darbyshire, Imperata cylindrica  (L.) 
Beauv., Microstegium vimineum  (Trin.) A. Camus, Miscanthus 
sinensis  Anderss., nonnative bamboo; ferns: Lygodium japonicum 
(Thunb. ex Murr.) Sw.; and forbs: Alliaria petiolata  (Bieb.) Cavara 
& Grande, Lespedeza bicolor  Turcz., L. cuneata  (Dum.-Cours.) G. 
Don, Solanum viarum  Dunal. (U.S. Department of Agriculture 
Natural Resources Conservation Service 2006)

percent

Table 12—Relative frequency of selected invasive plant 
taxa inventoried by forested subplot, North Carolina, 
December 2002 to January 2004

Relative 
frequencyTaxa
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Area
Event Year affected Value Area affected   

acres cords mbf
a

ccf b dollar

Pine beetle 1990 1,476,000 4,153 520 4,414 54,000 Piedmont
Pine beetle 1991 761,000 718 5,356 7,609 796,000 Piedmont
Pine beetle 1992 1,442,000 37,406 31,998 75,263 5,168,000 Piedmont, Northern Coastal Plain
Pine beetle 1993 2,149,000 20,009 25,881 51,653 4,671,000 Piedmont, Northern Mountains, Southern Coastal Plain
Pine beetle 1994 1,528,000 24,528 8,882 33,622 2,014,000 Piedmont, Northern and Southern Coastal Plain 
Pine beetle 1995 3,999,000 86,169 780,155 1,091,754 20,456,000 Piedmont, Northern and Southern Coastal Plain 
Pine beetle 1996 2,595,000 12,540 17,043 33,442 4,029,000 Piedmont, Northern and Southern Coastal Plain 
Pine beetle 1997 2,387,000 1,352 3,650 5,962 890,000 Central Mountains, Piedmont, Southern Coastal Plain
Pine beetle 1998 6,451,000 1,379 1,311 2,945 324,000 Piedmont, Northern and Southern Coastal Plain
Pine beetle 1999 1,817,000 19,235 15,724 37,753 3,947,000 Mountains, Western Piedmont
Pine beetle 2000 1,526,000 77,272 48,150 132,140 12,372,000 Mountains, Western Piedmont
Pine beetle 2001 1,567,000 55,588 64,428 133,786 15,104,000 Mountains, Western Piedmont
Pine beetle 2002 6,845,000 57,494 53,388 121,149 13,620,000 Mountains, Western Piedmont

    Total 34,543,000 397,843 1,056,486 1,731,491 83,445,000

Hurricane Fran 1996 8,257,000 14,540,000 8,694,183 24,388,438 1,295,652,000 Piedmont, Southern Coastal Plain
Hurricane Floyd

c
1999 — — — 1,512,000 89,400,000 Northern and Southern Coastal Plain

Winter storm 2000 578,000 2,242,000 1,001,202 3,319,363 264,511,000 Sandhills; 6 counties
Ice storm 2002 2,008,805 4,116,000 2,307,316 4,300,911 481,373,000 Piedmont
Hurricane Isabel 2003  822,511 3,893,000 2,349,256 6,557,733 562,937,000 Northern Coastal Plain

Mortality

Table 13—Mortality correlations for North Carolina

c  Estimated ccf  blow down and killed by flooding per Federal Emergency Management Agency.

— = data unavailable.
a  mbf  = Scribner rule.
b  ccf  = hundred cubic feet.

Mountain view of aerial gypsy moth spray, Nantahala National 
Forest, Clay County, NC. (photo by Donald F. Rogers, North 
Carolina Division of Forest Resources, www.forestryimages.org)

year after year. In terms of area affected, between 1990 
and 2002 the biggest spikes came in 1995, 1998, and again 
in 2002 (table 13). Outbreaks were largely confined to the 
Piedmont and Coastal Plain regions of the State in the early 
1990s. From 1999 to 2002, the outbreaks were concentrated 
in the Mountains and Western Piedmont areas of the State. 

Other insects of concern include the gypsy moth and 
hemlock wooly adelgid. The gypsy moth is advancing 
toward North Carolina, with the front of the infestation 
located in Virginia along the North Carolina border. 
The USDA Forest Service (along with affected States) 
“Slow the Spread” program has held it there for several 
years. Treatment has been confined to spot infestations. 
Some slight defoliation has caused mortality in the Dare, 
Currituck, and Camden County area. The hemlock wooly 
adelgid has been confirmed (2005 survey) generally 
infesting hemlocks (Eastern and Carolina) throughout the 
range of hemlocks in the State (Mountains and Western 
Piedmont). Some mortality is beginning to show in older 
trees. 
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Dogwood anthracnose was first discovered in western North 
Carolina in 1987. The North Carolina Division of Forest 
Resources (NCDFR) has monitored a series of impact 
plots scattered throughout western North Carolina since 
its discovery. In 2004, results show that 83 percent of all 
dogwoods at elevations > 2,000 feet have died. About 60 
percent of these deaths were attributed to dogwood anthrac-
nose. The remainder died from assorted causes including 
weather and even cutting. The NCDFR has estimated that 
dogwood anthracnose is responsible for killing 300 million 
dogwood trees across 2.5 million acres in western North 
Carolina. 

Hurricanes primarily pounded the Coastal Plain region in 
1996, 1999, and 2003. Hurricane damage was not limited 
to wind damage, as one brought large-scale flooding of 
lowland forests. Winter storms affected the Piedmont as 
well. 

Volume

Softwood Volume

Volume of softwood species made up 34 percent of the 
State’s wood volume in 2002 (fig. 16). Volume of soft-
wood trees decreased 10 percent since 1990 to 11.4 billion 
cubic feet. Planted softwoods accounted for 28 percent, or 
3.1 billion cubic feet of the total softwood volume. This 
was a 17-percent increase from the 2.2 billion cubic feet it 
accounted for in 1990. Loblolly pine remains the predomi-
nant softwood species (fig. 17). In addition, loblolly pine 
also accounted for the most volume of any single species in 
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Figure 16—Volume of live trees on timberland by species group and 
stand origin in North Carolina for surveys completed in 1990 and 2002.
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Figure 17—Volume of live softwood trees by species in North Carolina for 
surveys completed in 1990 and 2002.

Planted pine. (SRS photo)

Dogwood anthracnose. (photo by Bob Anderson) 
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North Carolina, whether softwood or hardwood—6.7 billion 
cubic feet, or 59 percent of all softwood volume. However, 
loblolly pine was the only yellow pine that increased in 
volume. Shortleaf and Virginia pine volume decreased 
significantly. Pine beetles affected Virginia and shortleaf 
pines, whereas removals and conversion to loblolly probably 
affected the pond pine more. White pine volume increased, 
as did hemlock. However, hemlock is in danger of infesta-
tion by the hemlock wooly adelgid across its range. Most 
softwood volume was in the 8-, 10-, and 12-inch diameter 
classes (fig. 18). Softwood volume peaked in the 10-inch 
diameter class. Softwood volume declined notably in the 
6-, 8-, and 10-inch diameter classes since 1990. Beyond 
the 12-inch diameter class, as diameters increase, softwood 
volume dropped appreciably, except that volume increased 
in the > 20-inch diameter class. 

Hardwood Volume

Volume of hardwood species made up 66 percent of the 
State’s wood volume in 2002 compared with 64 percent in 
1990 (fig. 16). This occurred despite a 2-percent reduction 
in volume to 21.6 billion cubic feet. Hardwoods increased 
their proportion of the State’s wood volume as a result of 
greater declines in the softwood volume. As expected, only 
1 percent of hardwood volume came from planted stands; 
however, this was double that of 1990. Yellow-poplar was 
the predominant hardwood species (fig. 19). Yellow-poplar 
was also second only to loblolly pine in volume of all 
species in the State. Yellow-poplar increased by 24 percent 
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Figure 19—Volume of live hardwood trees by species in North Carolina for 
surveys completed in 1990 and 2002.

Diameter class (inches) 
10 12 14 16 18 20+ 

0 

1 

2 

3 

4 

5 

6 
1990 
2002 

V
ol

um
e 

(b
ill

io
n 

cu
bi

c 
fe

et
) 

6 8 

Figure 20—Volume of live hardwood trees by diameter class in North 
Carolina for surveys completed in 1990 and 2002.

to 4.1 billion cubic feet. Soft maple and sweetgum were 
second and third in hardwood species volume. Soft maple 
had 2.5 billion cubic feet, while sweetgum increased almost 
2 percent to 2.1 billion cubic feet. Collectively, the white 
oaks and the red oaks declined in volume, as did blackgum 
and tupelo. By diameter class (fig. 20), hardwood volume 
was fairly evenly distributed compared with that of soft-
woods. Hardwood volume was highest in the14-inch diam-
eter class. Hardwood volume declined in all diameter classes 
< 18 inches since the previous inventory. 
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Figure 18—Volume of live softwood trees by diameter class in North 
Carolina for surveys completed in 1990 and 2002.
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Softwood Growth, Removals, and Change

The following two sections involve components of change 
surrounding the State’s softwood and hardwood resources. 
Each begins with a computed average total for growth 
during the remeasurement period referred to as gross 
growth. Gross growth includes growth on trees that survived 
since the previous survey, growth on new ingrowth or 
ongrowth trees, growth on mortality trees up until the time 
they died during the period, and growth on removal trees up 
until the time they were removed. It should be noted here 
that removals for FIA purposes include not only harvested 
trees but trees removed from timberland for other reasons 
such as land clearing, conversion to urban uses, and transfer 
to reserved status. In addition to gross growth, the other 
components of change are mortality and removals. Mortality 
reduces gross growth to net annual growth, and removals 
reduce net annual growth for net change.

Softwoods provided 51 percent of the State’s total net 
annual growth. From 1990 to 2001, softwood growth aver-
aged 623 million cubic feet annually (fig. 21) and increased 
5 percent from the 1984 to 1989 period. Planted softwoods 
made up 47 percent, or 296 million cubic feet of the soft-
wood net annual growth during the 1990 to 2001 period. 
This was a notable increase from 35 percent, or 209 million 
cubic feet in the 1984 to 1989 period. 

Softwoods made up 59 percent of the State’s total annual 
removals. During the 1990 to 2001 period, softwood 
removals averaged 729 million cubic feet annually (fig. 21) 
and rose 42 percent from that in the 1984 to 1989 period. 
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Figure 21—Average net annual growth and removals of softwood live 
trees by stand origin in North Carolina for survey periods 1984–1989 and 
1990–2001.

Planted softwoods provided 31 percent, or 223 million cubic 
feet of the State’s average annual softwood removals during 
the 1990 to 2001 period. This was a substantial increase 
from that in the 1984 to 1989 period, when planted soft-
woods accounted for just 15 percent or 79 million cubic feet 
of total softwood removals.

Between 1990 and 2001, annual softwood removals 
exceeded net annual softwood growth by 17 percent, or by 
105 million cubic feet. The growth and removals figures 
above reflect the changes that took place in the softwood 
resource from 1990 to 2001. A more complete look leading 
to net change observations in the softwood resource includes 
the impact of varying mortality rates and the ratio of growth 
to removals. Figure 22 portrays how gross growth is reduced 
by mortality to yield net growth. Then net growth is reduced 
by removals to yield net change. The impact of mortality 
on net change is often overlooked. Mortality is virtually 
uncontrollable in most cases, and largely unpredictable. 
Most significant mortality resulted from weather (drought, 
flooding, ice storms, tornados, and hurricanes), fires, and 
insect outbreaks. Mortality can even be species specific. 
From 1990 to 2001, the State’s softwood resource accu-
mulated 709 million cubic feet of gross growth per year. 
However, softwood mortality averaged 191 million cubic 
feet annually during the same timeframe. Thus, mortality 
reduced gross growth to 623 million cubic feet of net 
growth. Then the net growth was reduced by removals of 
729 million cubic feet, which yielded an average net change 
in the softwood resource of minus 105 million cubic feet 
per year. This happened despite increased softwood gross 
growth since the 1984 to 1989 period because mortality 
increased as well. Although the resultant net growth was 
still higher than in the 1984 to 1989 period, the large 
increase in removals exceeded the net growth and led to a 
negative change in the softwood resource. This situation is 
in direct contrast to that measured in the 1990 survey for the 
1984 to 1989 period. Efforts to control pine beetle outbreaks 
during the 1990 to 2001 period could have boosted removal 
rates for softwoods. 

Hardwood Growth, Removals, and Change

Hardwoods contributed 49 percent of the State’s total net 
annual growth. From 1990 to 2001, hardwood growth aver-
aged 602 million cubic feet annually (fig. 23) and increased 
3 percent over that in the 1984 to 1989 period. Planted 
stands provided < 3 percent of hardwood growth during the 
1990 to 2001 period; however, this was an increase from 
that in the 1984 to 1989 period. 
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Figure 23—Average net annual growth and removals of hardwood live 
trees by stand origin in North Carolina for survey periods 1984–1989 and 
1990–2001.
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Figure 22—Components of change for softwoods in North Carolina for survey periods 1984–1989 and 1990–2001.

Hardwoods made up 41 percent of the State’s total annual 
removals. During the 1990 to 2001 period, hardwood 
removals averaged 498 million cubic feet annually (fig. 23), 
an 8-percent increase from that in the 1984 to 1989 period. 
Planted sources contributed < 2 percent of hardwood 
removals during the 1990 to 2001 period. Even as low as 
this was, it represented an increase since the 1984 to 1989 
period. 

The growth-to-removal ratio for hardwoods was in contrast 
to the situation for softwoods. From 1990 to 2001, net 
annual hardwood growth exceeded annual hardwood 
removals by 21 percent, or 104 million cubic feet. Gross 
growth of hardwoods averaged 837 million cubic feet 
annually (fig. 24). Average annual hardwood mortality of 
235 million cubic feet reduced their gross growth to 602 
million cubic feet of net annual growth. Because hardwood 
removals of 498 million cubic annually were less than 
the net annual growth, a positive change of 104 million 
cubic feet annually occurred in the hardwood resource. 
This change follows another positive change in hardwoods 
recorded in the 1984 to 1989 period as well. 
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Timber Products and the Economy

North Carolina’s forest products industry is an impor-
tant component of the State’s economy. According to the 
IMPLAN (IMpact Analysis for PLANning) model (Abt 
and others 2002) generated by the Forest Service, the total 
economic importance of North Carolina’s forests is calcu-
lated to be nearly $25 billion. The $25 billion includes all 
activities associated with the forest products industry—
direct, indirect, and induced effects resulting from the 
industry operation.

Forestry, logging, and wood products manufacturing contrib-
utes $10.9 billion annually to the State’s economy (U.S. 
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Figure 25—Primary wood-producing mills in North Carolina by county and mill type, 2001. Mills are randomly placed within the county 
in which they fall.

Bureau of the Census 2003). In 2000, about 249 sawmills, 
pulpwood mills, and other primary wood-processing plants 
distributed across the State (fig. 25) directly employed 
> 56,000 individuals, with an annual payroll of $1.8 
billion. With the addition of the furniture sector, the wood 
products industry employs nearly 136,000 individuals, or 
18 percent of the State’s manufacturing workers (North 
Carolina Cooperative Extension Service 2002). With an 
annual payroll of $3.8 billion, the wood products industry 
ranks second only to the textile mill products and apparel 
industries. Nontimber benefits of the forest such as specialty 
forest products, recreation, water, wildlife habitat, and 
aesthetic values also contribute greatly to the State’s 
economy and the well-being of the general population. 

Timber Product Output and Removals

This section presents estimates of average annual round-
wood product output and timber removals for the period 
1990 through 2001. Estimates of timber product output 
(TPO) and plant residues were obtained from canvasses 
(questionnaires) sent to all primary wood-using mills in the 
State. The canvasses are used to determine the types and 
amount of roundwood (i.e., saw logs, pulpwood, poles, etc.) 
received by each mill, the county of origin of the wood, 
the species used, and how the mills dispose of the bark and 
wood residues produced. The canvasses are conducted every 
2 years by personnel from the North Carolina Department 
of Environment and Natural Resources, Division of Forest 
Resources, and the SRS. These data are used to augment 
FIA’s annual inventory of timber removals by providing 
the product proportions for that segment of removals that is 
used for products. Individual studies are necessary to track 
trends and changes in product output levels. Total product 

Million cubic feet per year
0 100 200 300 400 500 600 700 800 900

Gross
growth

Mortality

Net
growth

Removals

Net
change

1990–2001
1984–1989

C
om

po
ne

nt
s 

of
 c

ha
ng

e

Figure 24—Components of change for hardwoods in North Carolina for 
survey periods 1984–1989 and 1990–2001.
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output, averaged over the survey period, is the sum of the 
volume of roundwood products from all sources (growing 
stock and other sources) and the volume of plant byproducts 
or the mill residues.

Total output of timber products, which includes domestic 
fuelwood and plant byproducts, averaged more than 1.1 
billion cubic feet per year between 1990 and 2001, a 
7-percent increase from the previous period between 1984 
and 1989 (table 14). Eighty-three percent of the total output 
was from roundwood products, while the remainder was 
from plant byproducts. At 688 million cubic feet, softwood 
species provided 62 percent of the total product output 
volume. Hardwoods provided the remaining 38 percent, or 
420 million cubic feet of total output.

With only minor fluctuations, the distribution of total 
volume among products has remained relatively constant 
over the past four survey periods. Pulpwood has been and 
remains the primary wood product produced by North 
Carolina’s mills. Pulpwood production increased nearly 
2 percent between the last two survey periods (1984 to 

Logging operation. (SRS photo)

1989 and 1990 to 2001). Pulpwood production averaged 
446 million cubic feet during the period 1984 to 1989 and 
increased to 454 million cubic feet during the period 1990 
to 2001. Pulpwood accounted for 41 percent of the total 
TPO volume in the 1990 to 2001 period, compared with 
43 percent for the period of 1984 to 1989, 44 percent from 
1974 to 1983, 45 percent from 1965 to 1973, and 32 percent 
from 1955 to 1964 (fig. 26). Saw-log volume, used mainly 
for dimension lumber, increased from 331 million cubic feet 
in 1989 to 400 million cubic feet. Saw-log output increased 
21 percent and accounted for 36 percent of the total output 
volume, about the same proportion as the past three survey 
periods. Veneer logs and composite panels combined 
ranked third in product output at 115 million cubic feet and 
accounted for another 10 percent of total TPO volume.

Average annual output of roundwood products (including 
fuelwood) increased 54 million cubic feet from 871 million 
cubic feet in the previous survey period, to an average of 
925 million cubic feet between 1990 and 2001. Ninety-
six percent of the roundwood products volume came from 
growing-stock trees, split between sawtimber (73 percent) 
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Product and  Total
species group output

Saw logs
    Softwood 286.0 282.0   4.0       
    Hardwood 113.7 113.2   0.6       

        Total 399.7 395.2   4.6       

Veneer logs
    Softwood 44.2 44.2     —        
    Hardwood 19.7 19.7     —        

        Total 63.9 63.9     —        

Pulpwood
a

    Softwood 273.9 194.6   79.3     
    Hardwood 180.0 148.0   32.1     

        Total 454.0 342.6   111.3   

Composite panels
    Softwood 34.0 20.4     13.6     
    Hardwood 17.5 14.4     3.2       

        Total 51.5 34.8     16.7     

Other industrial
b

    Softwood 38.1 2.5       35.6     
    Hardwood 12.3 0.0       12.2     

        Total 50.4 2.6       47.8     

Total industrial products
    Softwood 676.2 543.8   132.4   
    Hardwood 343.3 295.2   48.0     

        Total 1,019.5   839.0   180.4   

Fuelwood
c

    Softwood 11.3 10.8     0.5       
    Hardwood 77.0 75.0     2.0       

        Total 88.3 85.9     2.5       

All products
    Softwood 687.5 554.6   132.9   
    Hardwood 420.3 370.3   50.0     

        Total 1,107.8 924.9   182.9   

Table 14—Average annual output of timber products by product, 
species group, and type of material, North Carolina, 1990 to 2001

a Roundwood figures include an estimated 11.6 million cubic feet of roundwood 
chipped at other primary wood-using plants.  

c  Excludes about 70.6 million cubic feet of wood residues and 47.3 million cubic 
feet of bark used for industrial fuel.  

— = no sample for the cell; 0.0 = a value of  > 0.0 but < 0.05 for the cell.
Numbers in rows and columns may not sum to totals due to rounding.

b  Includes liter, mulch, particleboard, charcoal, and other specialty products.

Plant
byproducts

million cubic feet

Roundwood
products
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Figure 26—Average annual output of timber products by survey period, product, and species group, North Carolina.

and poletimber (27 percent) trees (table 15). Other sources, 
which include cull trees, salvable dead, and stumps and 
tops of harvested trees, dropped from 85 million cubic feet 
reported in the previous survey period to 39 million cubic 
feet. 

Total timber removals, averaged over the time period, are 
the sum of the volume of roundwood products, logging 
residues (unused portions of trees left in the woods), and 
other removals (removals attributed to land clearing or land 
use changes) from growing-stock and nongrowing-stock 
sources. Removals from all sources, for both softwoods and 
hardwoods combined, totaled 1.3 billion cubic feet (table 
16). Softwoods accounted for 56 percent of total removals. 
Volume used for roundwood products totaled 925 million 
cubic feet, or 70 percent, of total removals. Logging resi-
dues and other removals amounted to 246 million cubic 
feet (19 percent) and 145 million cubic feet (11 percent), 
respectively.

Preliminary results for the most recent timber product 
assessment for North Carolina indicate a decline in product 
output for both softwoods and hardwoods with a resulting 
decline in total removals. 

Specialty Forest Products

Specialty forest products or nontimber forest products 
(NTFP) have been harvested from North Carolina’s forests 
for many years. Although these products contribute a much 
smaller percentage to the overall economy than traditional 
forest products do, they remain very important and provide 
millions of dollars to many local rural economies each year. 
Many of these products are collected with very little forest 
disturbance and range from edible products (fruits, nuts, 
mushrooms, and ramps) to medicinal products (ginseng 
and bloodroot) to ornamental products (galax, pine tips for 
garlands, pine straw, and grapevines) and specialty woods 
(burl and crotch wood for fine crafts). 
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Product and All
species group sources Total

Saw logs
    Softwood 282.0   277.8   271.3   6.5       4.2    
    Hardwood 113.2   112.0   108.6   3.4       1.2    

        Total 395.2   389.7   379.9   9.8       5.4    

Veneer logs
    Softwood 44.2     43.3     42.0     1.3       0.8    
    Hardwood 19.7     19.5     19.5     —        0.2    

        Total 63.9     62.8     61.5     1.3       1.1    

Pulpwood
    Softwood 194.6   186.1   82.8     103.3   8.5    
    Hardwood 148.0   142.3   49.7     92.6     5.7    

        Total 342.6   328.4   132.5   195.9   14.2  

Composite panels
    Softwood 20.4     20.1     8.1       12.0     0.3    
    Hardwood 14.4     13.8     8.1       5.7       0.6    

        Total 34.8     33.9     16.1     17.7     0.9    

Other industrial
    Softwood 2.5       2.1       1.1       1.0       0.4    
    Hardwood 0.0       0.0       0.0       0.0       —     

        Total 2.6       2.1       1.1       1.0       0.4    

Total industrial products
    Softwood 543.8   529.4   405.3   124.1   14.4  
    Hardwood 295.2   287.6   185.9   101.6   7.7    

        Total 839.0   817.0   591.2   225.7   22.0  

Fuelwood
    Softwood 10.8     9.6       7.8       1.8       1.2    
    Hardwood 75.0     59.5     47.0     12.6     15.5  

        Total 85.9     69.1     54.8     14.3     16.7  

All products
    Softwood 554.6   539.0   413.1   125.9   15.6  
    Hardwood 370.3   347.1   232.9   114.2   23.2  

        Total 924.9   886.1   646.0   240.1   38.8  

Table 15—Average annual output of roundwood products by product, species group, 
and source of material, North Carolina, 1990 to 2001

b Includes trees <  5.0 inches in diameter, tree tops and limbs from timberland, or material from other 
forest land or nonforest land such as fencerows or suburban areas.

Numbers in rows and columns may not sum to totals due to rounding.
— = no sample for the cell; 0.0 = a value of  > 0.0 but < 0.05 for the cell.
a On timberland.

Growing-stock treesa

million cubic feet
Sawtimber Poletimber

Other
sourcesb
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According to a survey of county extension agents, as of 
April 2003, North Carolina had a total of 6,357 NTFP 
enterprises (Chamberlain 2004). North Carolina is by far the 
leading State in the South for firms that specialize in floral 
and decorative and landscape products. Fifty-two percent 
or 3,283 of the NTFP enterprises in the State fell into the 
floral and decorative products category. The landscape 
products category had 1,326, or 21 percent, of the NTFP 
enterprises, while medicinal products comprised 770, or 
12 percent, of the firms. Firms that specialized in edible 
products and specialty wood products numbered 526 and 
452, respectively, and accounted for another 8 and 7 percent 
of the NTFP enterprises. North Carolina ranked first in 
total number of NTFP enterprises in the Southern region, 
accounting for 25 percent of the total NTFP firms.

All Growing
sources stock

Roundwood products
Softwood 554.6      539.0      15.6     
Hardwood 370.3      347.1      23.2     

Total 924.9      886.1      38.8     

Logging residues
Softwood 116.6      46.8        69.8     
Hardwood 128.9      53.0        75.9     

Total 245.6      99.8        145.7   

Other removals
Softwood 69.7        61.8        8.0       
Hardwood 75.8        65.1        10.7     

Total 145.5      126.9      18.6     

Total removals
Softwood 741.0      647.6      93.4     
Hardwood 575.0      465.2      109.8   

Total 1,316.0   1,112.8   203.1   

Numbers in rows and columns may not sum to totals due to rounding.

Table 16—Volume of timber removals by removals class, species 
group, and source, North Carolina, 1990 to 2000

and species group
Removals class

  stock
million cubic feet

Source

 Nongrowing

Forest products. (SRS photo)



35

Forest Health Monitoring in  
North Carolina

Introduction

With the development of the Healthy Forest Initiative and 
the Forest Service Chief’s identification of Four Threats 
to American Forests in the 21st Century, forest health has 
become a topic of great interest to the scientific and lay 
community (U.S. Department of Agriculture Forest Service 
2005). The Forest Service currently monitors forest health 
by measuring a combination of indicators much like a doctor 
would monitor a patient through a combination of discrete 
measurements like temperature, blood pressure, and weight 
(McCune 2000). Forest health indicators measured by the 
FIA program include crown structure, down woody mate-
rial (DWM), soil characteristics, vegetation structure and 
diversity, lichen communities, and ozone damage. Through 
analysis of each of these variables at State, regional, and 
national levels, scientists are able to identify potential prob-
lems and pinpoint areas of concern for intensified research 
programs. Additionally, trends may be detected and changes 
tracked over time.

The forest health variables presented here for North Carolina 
reflect monitoring conducted by two programs that were 

merged in 2000: Forest Health Monitoring (FHM) and FIA. 
The FHM program initially developed and implemented 
procedures for collecting data related to forest health. After 
the merger with FIA, data collection has been implemented 
in every State, resulting in the development of the FIA 
phase 3 (Forest Health) subset of FIA data collection plots 
(Stolte 2001). In North Carolina, 2001 forest health data 
collection included variables related to crown structure, 
DWM, lichen communities, and ozone damage. Samples for 
soil and vegetation were limited, and those indicators were 
omitted from this report.

Characteristics of North Carolina’s  
Forest Health Plots

In North Carolina, 243 forest health plots were estab-
lished between 1998 and 2001. Of those, 165 were clas-
sified as accessible forested plots. One hundred and one 
species were detected on forest health plots during data 
collection. Twenty-six percent of all trees detected that 
were ≥ 5.0 inches diameter at breast height (d.b.h.) were 
loblolly pines. Red maple (8.1 percent), sweetgum (6.8 
percent), Virginia pine (6.2 percent), and yellow-poplar 
(5.1 percent) were the next most abundant species tallied 
(fig. 27), although red maple occurred in more plots (fig. 
28). Sixteen percent of all saplings (1.0 to 4.9 inches d.b.h.) 
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Figure 27—Number of most abundant trees ≥ 5.0 inches d.b.h. in entire sample on forest health plots, North Carolina, 
2002.
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Figure 28—Frequency of abundant trees ≥ 5.0 inches d.b.h. on forest health plots, North Carolina, 2002.

were red maple, followed by sweetgum (12.4 percent) and 
loblolly pine (10.0 percent). The most abundant seedlings 
(< 1.0 inch d.b.h.) recorded were sweetgum (20.8 percent), 
followed by black locust (11.1 percent), chestnut (9.7 
percent), and yellow-poplar (6.9 percent). These findings are 
comparable to those from forest inventory plots as a whole.

Tree Crown Structure and Health

Tree health is governed by a multitude of factors, including 
genetics, climate, site productivity, stand structure, forest 
dynamics, and other external stressors like disease, pest 
infestation, and pollution (Millers and others 1992). Tree 
stress is often reflected in visible attributes like growth 
form and crown characteristics. Additionally, the condition 
of a tree’s crown affects the ability of the tree to perform 
photosynthesis, influencing the productivity and vigor of a 
particular tree (Schomaker and others, in press). FIA collects 
information on crown density, transparency, and dieback 
to aid in describing the health of the Nation’s forests. In a 
broad sense, high amounts of crown dieback and foliage 
transparency and low crown densities indicate poor vigor, 
while low amounts of dieback, little foliage transparency, 
and high crown densities indicate good health.

Crown dieback, foliage transparency, and crown density 
information was collected on 124 of the accessible forested 
plots. Statistics for crown health were computed on species 

containing at least 25 individuals with a d.b.h. > 5.0 inches 
on these 124 plots (Schomaker and others, in press). Most 
of the trees exhibited good crown condition with little or 
no dieback (fig. 29), and forest health plots, on average, 
contained about 3 percent total crown dieback. Similarly, 
most trees had low foliage transparency values (fig. 30), and 
plot-level averages were also low at 21 percent. In contrast, 
crown densities were > 30 percent for most trees (fig. 31), 
and the average crown density on a plot was about 48 
percent. Although these indicators are species specific and 
complicated by variations in stand density, these survey data 
suggest that trees in North Carolina are primarily healthy 
and productive. A small number of trees exhibit crown 
conditions typical of trees undergoing stress, but this is not 
unexpected given the statewide scale of the survey and is no 
cause for alarm.

North Carolina’s Deadwood

Downed and standing deadwood are important compo-
nents of forested systems. Dead forest material contributes 
to the quality and types of habitat available to plant and 
animal species, affects soil nutrient content, influences 
global carbon stores, and affects forest fire behavior. The 
ecological benefits of DWM have been identified along with 
recognition of the potential threat of fuel accumulation in 
our Nation’s forests. Establishing a balance between the 
deadwood necessary to sustain a healthy, productive forest, 
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Figure 29—Crown dieback on forest health plots, North Carolina, 2002.
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Figure 30—Foliage transparency on forest health plots, North Carolina, 
2002.
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Figure 31—Crown density on forest health plots, North Carolina, 2002.

while addressing growing concerns over fuel loading in our 
Nation’s forests, is an incredibly complicated process that 
first requires an understanding of the spatial distribution of 
the resource on the ground. The FIA program collects data 
on the extent and distribution of standing deadwood (snags) 
and DWM on all forest health plots across the Nation. 

Deadwood as habitat—Snags, hollow logs, and brush 
piles provide important habitat for vertebrate communities, 
while decaying material, litter, and duff provide important 
habitat for micro- and macroinvertebrates. Many types 
of vegetation rely on decaying plant material as a growth 
substrate. Deadwood is not distributed evenly across the 
landscape, nor is it equally important for wildlife in every 
forest. For example, live deciduous trees in Eastern forests 
often contain cavities that provide habitat for cavity-nesting 
animals, decreasing the number of standing dead trees 
necessary to provide quality nest sites (Mannan and others 
1996). In contrast, cavity-nesting animals living in the conif-
erous forests of the Southeastern United States may be more 
dependent on standing dead trees as appropriate habitat, 
increasing the number necessary to provide optimum 
habitat (Mannan and others 1996). The size and stage of 
decay of a snag also influence the types and numbers of 
animals that can use the tree. Generally, trees > 14 inches 
d.b.h. are preferred for nesting, though snags of any size or 
decay class can provide food resources for multiple animals 
(Mannan and others 1996). The optimal number of snags 
to retain for wildlife on each acre of forest land depends on 
multiple conditions, including the management goals for the 
forest, the wildlife species present or desired, and the size, 
age, and species of trees present. 

FIA collects data on snags on all phase 2 sample plots state-
wide. There are about 349 million standing dead trees on 
North Carolina’s forest land today. Softwoods, particularly 
yellow pine, provide the largest number of snags on North 
Carolina’s forests (fig. 32). Small snags (5.0 to 13.9 inches 
d.b.h.) outnumber large snags (> 14 inches d.b.h.) by 9 to 
1. There is an average of 19 snags per acre of forest land in 
North Carolina, and the number of snags per acre is similar 
for each region in the State (fig. 33). 

Hollow logs and other types of coarse woody material 
also provide shelter or food for many species during at 
least some portion of their life-history cycle. Information 
on coarse woody debris was collected on 56 forest health 
plots across the State of North Carolina from 2001 to 2002. 
Measurements of the size and decay class of individual 
pieces of debris provide information regarding the suitability 
of logs for use by wildlife and about the recruitment of new 
dead material onto the forest floor. Most of the coarse debris 
sampled in 2001 to 2002 was moderately decayed (classes 
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Figure 32—Total number of snags on all forest land by species group and 
diameter class, North Carolina, 2002.
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Figure 33—Number of snags per acre on all forest land by region, North 
Carolina, 2002.

2, 3, and 4) (fig. 34) and fell into the smaller diameter 
classes (fig. 35). The disparity in the proportion of woody 
debris occupying the moderately to heavily decayed classes 
compared with the class containing freshly fallen wood 
indicates that much of the coarse debris is older. Estimates 
and geospatial interpolation of coarse woody debris tonnage 
indicate that the largest amounts occur in the Mountains and 
the Northern Coastal Plain (fig. 36). 

Deadwood as fuel—Fire plays an important role in 
sculpting landscapes. As a natural event and a silvicultural 
tool, fire influences every aspect of forest ecology, including 
soil chemistry, wildlife habitat, biomass storage, and plant 
composition (Barnes and others 1998). Some tree species 
are dependent on forest fires to complete portions of their 
life cycles. For example, some conifers have evolved seroti-
nous (closed) cones that require heat from fire to open. 
Other species have developed thick leaves and bark that 
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Figure 34—Proportion of coarse woody debris sampled in 
each decay class, North Carolina, 2001 to 2002.
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Figure 35—Proportion of coarse woody debris sampled in each 
diameter class, North Carolina, 2001 to 2002.
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Figure 36—Prediction of coarse woody debris for North Carolina, based on inverse distance weighted interpolation of 56 
2001 to 2002 down woody material plots with nonforest areas removed.

resist fire damage, or seeds that require heat for germina-
tion (Barnes and others 1998). Many wildlife species also 
favor conditions established by forest fires. The stimulation 
of plant growth resulting from forest fires benefits small 
and large game in Southern forests. Fires also promote the 
development of live-tree cavities suitable for black bears 
(Mannan and others 1996).

Forest fires are not always beneficial, however. Federal 
spending on wildfire suppression and prevention reaches 
as much as $500 million a year (Butry and others 2001), 
and the NCDFR spends an estimated 40 percent of State-
appropriated dollars on wildland fire activities, annually.2 

Economic impacts beyond suppression and prevention costs 
include timber loss and disaster relief. Beyond economic 
losses, catastrophic fires increase air pollution through 
the emission of carbon monoxide, hydrocarbons, and 
volatile organic compounds (VOCS) (McMahon 1983). 
Additionally, intense wildfires can increase the rate of 
erosion on steep sites when soils are exposed (Barnes and 
others 1998). 

In order to ignite and burn, a fire requires three primary 
ingredients: an ignition source, oxygen, and fuel. Surface 
fuels include the duff (partially decomposed organic matter) 
and litter (leaves, twigs, and other small pieces of organic 
matter) layers of the forest floor, fine woody debris and 
slash piles, and finally, coarse woody debris (McMahon 
1983). The accumulation of large amounts of surface fuels, 
particularly fine woody debris and slash, increases the 

2 Personal communication. 2005. R. Trickel, Forest Health Monitoring 
Coordinator, North Carolina Division of Forest Resources, Griffith’s 
Forestry Center, 2411 Old U.S. 70 West, Clayton, NC 27520. 

Fuel accumulation. (photo by Christopher Woodall)
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potential risk of catastrophic wildfire, given the appropriate 
weather conditions and an ignition source. Small (1-hour 
and 10-hour) fuels tend to dry out rapidly and ignite quickly, 
while large (100-hour and coarse debris) fuels tend to retain 
moisture and smolder rather than ignite. North Carolina 
averaged 0.2 tons per acre of 1-hour, 0.7 tons per acre of 
10-hour, and 1.5 tons per acre of 100-hour fine woody fuels 
(Woodall 2003) on forest land in 2001 to 2002 (fig. 37). 
Estimates of fine woody debris distribution across the State 
of North Carolina suggest that fuel levels are particularly 
high in the Mountains and in some areas along the coast 
(fig. 38). The relatively high rates in the mountainous areas 
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Figure 37—Average tons per acre of surface fuel on forest land by fuel 
type (n = 56), North Carolina, 2001 to 2002.
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Figure 38—Prediction of 1-hour, 10-hour, and 100-hour fine woody fuels for North Carolina, based on inverse 
distance weighted interpolation of 56 2001 to 2002 down woody material plots with nonforest areas removed.

could be due partially to slower decomposition rates asso-
ciated with hardwoods as opposed to some softwoods, or 
to temperature and moisture differences. Fuel accumula-
tion along North Carolina’s coast is most likely a result of 
the large number of hurricanes that made landfall along 
the eastern section of the State in the 1990s, including 
Hurricanes Emily in 1993, Fran in 1996, Bonnie in 1998, 
and Floyd in 1999 (Jarrell and others 2001). Fuel buildup 
may also be common near residential areas where prescribed 
burning and other management activities are less frequently 
used to reduce accumulation. 

Although the 2001 to 2002 dataset is small, the data suggest 
that the Mountains and Coast of North Carolina are accumu-
lating more fuels than other regions within the State. This 
could present a forest fire risk, given the appropriate weather 
conditions, particularly in the heavily forested Mountains.

Ozone and North Carolina’s Forests

Ozone (O3) is a chemical compound that occurs naturally 
in the Earth’s atmosphere. In the upper atmosphere, ozone 
is essential for protecting the Earth’s surface from intense 
ultraviolet rays coming from the Sun. In the troposphere 
(lower atmosphere), however, ozone becomes a secondary 
pollutant, contributing to permanent damage to human respi-
ratory systems. Tropospheric ozone also affects the growth 
and development of forest vegetation (Skelly 2000).

Nitrogen oxides (NOX) are byproducts of organic fuel 
combustion and may be particularly high near industrial 
areas. Volatile organic compounds (VOCs) are emitted from 
many natural sources such as trees. These two chemical 
compounds combine in the presence of sunlight to form 
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tropospheric ozone. Tropospheric ozone concentrations fluc-
tuate naturally in response to weather events and changes 
in the chemistry of the air. Hot, cloudless summer days 
produce perfect weather conditions for the chemical reac-
tions that combine NOXs and VOCs into ozone levels high 
enough to be harmful.

Pollution due to high concentrations of tropospheric 
ozone may affect forest vegetation growth and directly 
injures the foliage of sensitive species (Lefohn and others 
1997, Coulston and others 2003). Forests in the Eastern 
United States may be particularly susceptible because of 
lingering high-pressure systems common in the region. 
This, combined with concentrated areas of urbanization 
and industrialization that generate the precursors to ozone, 
may be injurious (Skelly 2000). The resulting ozone travels 
downwind from these population centers, often reaching 
peak concentrations in remote areas. 

High amounts of ozone in the troposphere may result in 
visible damage to forest vegetation. Some species are known 
to be particularly sensitive to ozone and exhibit this sensi-
tivity through changes in leaf pigmentation, leaf senescence, 
or other species-specific symptoms (fig. 39). These sensitive 
species are used as bioindicators of ozone presence and are 
particularly useful in areas where ozone monitoring stations 
may not be present, such as remote forest locations (Skelly 
2000). In North Carolina, species used as bioindicators 
include black cherry, sassafras, and yellow-poplar, among 
others (table 17).

Ozone data were collected on 6,218 plants of 6 species from 
the bioindicator list in North Carolina on �7 sites from 1999 
through 2001. Fifty-six percent of all evaluated biosites 
contained at least some ozone-related damage. About 10 

percent of the plants sampled exhibited signs of ozone-
related damage (table 18). The majority of injured plants 
exhibited < 25 percent ozone-related damage.

The Environmental Protection Agency (EPA) has devel-
oped Air Quality Standards (AQS) for the United States. 
In North Carolina, the national AQS for ozone is currently 
0.08 parts per million, averaged over an 8-hour period. Data 
from EPA combined with FIA data suggest that not only are 
ozone levels reaching unacceptable (nonattainment) levels 
in population centers but in remote forest locations, as well. 
Figure 40 illustrates the predicted biosite index across the 
State of North Carolina, as interpolated from combined 1999 
to 2001 sampling measurements, along with the locations 
of EPA air quality monitoring stations for the same time 
period. Monitoring stations exceeding the AQS for North 
Carolina in 2001 are flagged as nonattainment. Future FIA 
ozone measurements will be used in combination with other 
variables to help biologists determine where ozone concen-
trations are highest in remote forested locations. Where 
ozone values are high, additional studies may be conducted 
to help determine the long-term effects of ozone uptake 
on forest vegetation in terms of increased susceptibility to 
insect infestation or disease, tree growth, and aesthetics 
(Skelly 2000). 

Lichen Diversity as a Measure of Forest Health

Lichens are life forms based on mutually beneficial relation-
ships formed between fungi and algae, in which the fungus 
provides structure and absorbs water and nutrients, and 
the algae provides energy in the form of photosynthesis. 
Epiphytic lichens grow on tree trunks, snags, and branches, 
and obtain nutrients from the atmosphere, making them 
especially sensitive to changes in air quality (McCune 

Common name Scientific name

Spreading dogbane Apocynum androsaemifolium L.

Milkweed Asclepias  spp.

Bigleaf aster Eurybia macrophylla
White ash Fraxinus americana
Sweetgum Liquidambar styraciflua  L.

Yellow-poplar Liriodendron tulipifera  L.

Pin cherry Prunus pensylvanica L. f.
Black cherry P. serotina  Ehrh.

Blackberry Rubus spp.

Sassafras Sassafras albidum (Nutt.) Nees

Table 17—List of bioindicators by common and 
scientific name in North Carolina, 1999

Figure 39—Ozone damage to a yellow-poplar leaf. (photo by Robert L. 
Anderson, USDA Forest Service, www.forestryimages.org)
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Parameter 2000 2001 Total

Number of biosites evaluated 17 28 42 87
Number of biosites with injury 7 24 18 49
Number of plants evaluated 840 1,989 3,389 6,218
Number of plants injured 76 286 272 634
Average biosite injury scorea 12 8 6 8

Percent sample plants by injury severity category
    0 = no injury 91 86 92 90
    1 = 1 to 6 percent 0 1 1 1
    2 = 7 to 25 percent 2 12 5 7
    3 = 26 to 50 percent 7 2 2 3
    4 = 51 to 75 percent 0 0 0 0
    5 = > 75 percent 0 0 0 0

Number of plants evaluated by speciesb

    Sweetgum (77) 163 547 720 1,430
    Yellow-poplar (42) 216 361 810 1,387
    Milkweed (0) 0 34 30 64
    Black cherry (36) 160 279 528 967
    Blackberry (479) 286 611 1,042 1,939
    Sassafras (0) 15 157 259 431

a The biosite index is based on the average injury score (amount * severity) for each species averaged 
across all species on the biosite multiplied by 1,000. 
b Total number of injured plants given in parenthesis.

1999
Biomonitoring program

Table 18—Summary of biosite data for ozone injury, North Carolina, 1999 to 2001
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2000). Studies of the numbers and species of lichens present 
in a forest community can help forest managers, scientists, 
and others better understand the effects of atmospheric 
pollution on forest health.

Ecological measurements of lichen species diversity are 
used to help gauge the productivity and health of a particular 
forest. The diversity measurements used include species 
richness or counts and diversity measures that incorpo-
rate richness and equitability. The diversity measures are 
often termed alpha, beta, and gamma diversity and refer to 
the number of species present in individual sample units 
(alpha), the total number of species observed in a collection 
of sample units (gamma), and the variability in diversity 
over the entire sample area (beta), calculated by dividing 
gamma by alpha. Per-plot species richness (alpha diversity) 
corresponds with air quality and climatic gradients in the 
Southeast (McCune and others 1997). Areas with poor air 
quality tend to house fewer lichen species. Likewise, areas 
with good air quality tend to support higher species richness. 
Along a climatic gradient, warmer climates (coastal or more 
southern) in the Southeast support fewer species than areas 
with cooler climates (more mountainous or more northern).

Parameter

Number of plots surveyed 77 38

Number of plots by species richness score categoryb c

     0 – 6 species 43 10

     7 – 15 species 111 19

     16 – 25 species 21 7
     >  25 species 2 2

Median of species richness scores per plot — 10

Range of species richness scores per plot (low to high) 0 – 33 2 – 33

Average species richness score per plot (alpha diversity) 10.33 11.67

Standard deviation of species richness scores per plot 6.27 6.87

Species turnover rate (beta diversity)d 14.95 8.57

Total number of species per area (gamma diversity) 154 100

c  Plots with no lichens are included.
d  Beta diversity is calculated as gamma diversity divided by alpha diversity.

— = no sample for the cell.

Table 19—Lichen community indicator of species richness in North Carolina as  
compared to the Southeastern Lichen Gradient Region, 1999

a  Southeast region data (Conner and others 2004).
b  Categories are based on a cumulative distribution function of plot species richness scores for 
the Southeastern Lichen Gradient Region model.

Gradient
regiona

North
Carolina

Lichen Species Richness

A total of 39 plots were sampled for lichens in North 
Carolina in 1999. These plots were compared with 
regional summaries of lichen samples collected across the 
Southeastern Lichen Gradient Region (Alabama, Georgia, 
North Carolina, South Carolina, and Virginia) during 
the same year (McCune and others 1997). Species rich-
ness ranged from 2 species in a plot to 33 species in a plot 
across the State of North Carolina, which was similar to the 
Southeastern Lichen Gradient Region as a whole (table 19). 
Plots contained an average of 12 species, also comparable 
to regionwide estimates. In general, plots that fell in the 
Mountain region of North Carolina had higher lichen species 
richness scores, with an average of 19 species per plot, while 
plots that fell in the Coastal Plain region had the lowest 
species richness scores, with an average of 8 species per 
plot (fig. 41). Overall, North Carolina had a high proportion 
of the species known to occur in the region. This indicates 
that the State as a whole has a fairly rich lichen assemblage, 
which may be due to the wide range of climates and habitats 
available for colonization.
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Figure 41—Predictions of lichen species richness on forest land across the State of North Carolina based on inverse distance 
weighted interpretation of 39 USDA Forest Service lichen survey plots.

Climate and Air Quality

Lichen data collected on 38 of 39 plots in North Carolina 
were fitted to a multivariate gradient model for the Southeast 
developed by McCune and others (1997) to derive scores 
pertaining to the climate and air quality of the State. In 
general, low scores on the climate index reflect a warm, 
moist climate typical of coastal regions, while high scores 
reflect cooler temperatures typical of mountainous areas. 
On the air quality index, low scores reflect poor air quality, 
while high scores reflect good air quality. Average scores 
on each index provide a means for some comparison with 
regionwide data.

In North Carolina, the largest number of plots sampled 
fell into the cool range of the climate index (table 20). The 

climate index scores for North Carolina reflect the topo-
graphic change across the State from the Coastal Plain to the 
Mountains, with the largest number of warm plots falling 
in the Piedmont (fig. 42). The average score on the climate 
index for North Carolina was similar to the overall index for 
the Southeast.

Fifty-five percent of plots in North Carolina fell in the inter-
mediate air quality range, while 40 percent fell in the poor 
range of the index, and only 5 percent fell in the best air 
quality range (table 21). The overall average score on the air 
quality index was slightly lower in North Carolina compared 
with the overall Southeast. Lichen scores combined with 
ozone data suggest that North Carolina’s overall air quality 
may be slightly poor compared with the gradient region as a 
whole. 

Linville Gorge as seen from Wiseman’s view overlook. (photo by Bill Lea)
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Figure 42—Predictions of climatic gradient for North Carolina based on kriged interpretation of 39 USDA Forest Service lichen survey plots, with overlay 
of air quality gradient scores.

Gradient North
Parameter regiona Carolina

Number of plots surveyed 177 38

Number of plots by climate index categoryb

     Coastal/warmest: index value < 25 28 9
     Warm: index value 25 – 50 53 2
     Cool: index value 50 – 75 65 19
     Mountainous/coolest: index value > 75 27 8

Median score on climate index — 61
Climate index extremes -8.56 – 114.99 -6.47 – 104.21
Average score on climate index 50.43 52.52
Standard deviation of mean climate index scores 26.08 28.74

Table 20—Lichen community indicator of climate in North Carolina as compared 
with the Southeastern Lichen Gradient Region, 1999

b  Categories are based on a cumulative distribution function of plot climate index scores for the 
Southeastern Lichen Region gradient model. Plots with no lichens are excluded, as are plots that have 
no species in common with the gradient model.

a  Southeast regional data (Conner and others 2004).

— = no sample for the cell.
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Gradient North
Parameter regiona Carolina

Number of plots surveyed 177 38

Number of plots by air quality index categoryb

    Lowest (poorest) air quality: index value < 40 46 15
    Intermediate air quality: index value 40 – 80 103 21
    Highest (best) air quality: index value > 80 24 2

Median of species air quality index scores — 52
Range of species air quality index scores (low to high) 2.01 – 119.47 2.39 – 100.12
Average score on air quality index 52.72 46.91
Standard deviation of mean air quality index scores 23.39 19.64

Table 21—Lichen community indicator of air quality in North Carolina as compared to 
the Southeastern Regional Gradient Region, 1999

b
 Categories are based on a cumulative distribution function of plot air quality index scores for the 

Southeastern Lichen Gradient Region model. Plots with no lichens are excluded, as are plots that have no 
species in common with the gradient model.

 — = no sample for the cell.
a

 Southeast regional data (Conner and others 2004).
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Inventory Methods

The inventory design and methodology used to collect and 
process the information needed to derive the current forest 
resource estimates for the 2002 survey of North Carolina 
have undergone substantial change since the previous survey 
conducted in 1990. These changes necessitate the use of 
caution when making rigorous comparisons between forest 
resource assessments.

The current inventory is a three-phase, fixed-plot design 
conducted on an annual basis. Phase 1 provides the area 
estimates for the inventory. Phase 2 involves on-the-ground 
measurements of sample plots by field personnel. Phase 
3 is a subset of the phase 2 plot system where additional 
measurements are made by field personnel to assess forest 
health indicators. 

Survey Sample Overview: 1990 Periodic vs.  
2002 Periodic

The current survey’s sample design and intensity has 
changed from that used in the previous inventory of North 
Carolina. The 2002 survey sample intensity was reduced 
to one plot per 6,000 acres for national consistency among 
surveys in all States. The 1990 survey had a sample of one 
plot per 2,800 acres in the Coastal Plain, one plot per 3,600 
acres in the Piedmont, and one plot per 4,500 acres in the 
Mountains. The 2002 survey design switched to a fixed 

radius-plot sample. The 1990 survey design used a variable 
radius plot. Both of these changes, alone or in combina-
tion, weaken comparisons between surveys. When a design 
changes, the only way to quantify the true impact of such 
a change on trend analysis would be to conduct the survey 
using both plot designs simultaneously and compare the 
results of these two independent surveys. Neither the time 
nor money was available to do this.

Sample Phases

2002 Phase 1—The three phases of the current sampling 
method are based on a hexagonal grid design (fig. A.1), with 
successive phases being sampled with less intensity. There 
are 16 phase 2 hexagons for every phase 3 hexagon. Phase 
2 and 3 hexagons represent about 6,000 acres and 96,000 
acres, respectively. 

Phase 1 involves the forest area estimation procedures. 
For the 2002 inventory of North Carolina, the phase 1 area 
estimate was based upon the count of a grid of 25 dots that 
was laid over each phase 2 sample plot location on an aerial 
photo. Each dot represented about 225 acres. A photo inter-
preter classified each dot as either forest or nonforest, and a 
percentage for each class was derived for each county in the 
State. The forest area for each county was then determined 
by multiplying the percentage of forested dots by the Census 
Bureau’s estimate of all land for each county (U.S. Bureau 

Figure A.1—Phase 2 and phase 3 hexagonal grid, North Carolina, 2002.
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of the Census 1991). Ground truths were done at each 
phase 2 sample location and one additional location by field 
personnel. Any missed classifications were used to adjust 
the percent forest derived from the original phase 1 dot 
count estimate. These correction factors adjust for possible 
misinterpretation of aerial photos and for real changes on the 
ground that may have occurred since the date of the aerial 
photography. Plot-level expansion factors were determined 
by dividing the number of forested plots into the total forest 
land.

In the establishment of the new hex-grid layout, the intent 
was for only one phase 2 plot to be located in each hex cell. 
The purpose of this was to ensure that all of the FIA regions 
had the same sampling intensity across the United States. In 
switching from the previous design system to the hex grid, 
as many existing plot locations as possible were retained. 
However, hexagons containing no prior survey plots had a 
new plot located and established within a certain random 
oriented distance from hexagon center. If two or more plots 
from a prior survey existed within the same hexagon, then 
those additional plots were dropped from the inventory. If 
a plot from a prior inventory existed in a phase 2 hexagon, 
then that same location was retained. 

1990 Phase 1—The significant difference between the 
1990 and 2002 phase 1 estimation procedures was that in 
1990, many more dots were counted to estimate forest area. 

This was because a grid of 25 clusters of 16 points each was 
laid over each photo. Therefore, in 1990 about 2,053,152 
dots were counted vs. 144,350 dots counted in 2002. The 
higher number of classification points in 1990 was a result 
of both more dots being counted for each phase 2 plot and a 
higher number of phase 2 plots measured than in 2002. The 
end result is the potential for the 2002 survey area estimates 
to have a higher sampling error.

Change in Ownership Collection

2002 Ownership—In the 2002 North Carolina survey, 
only national forest and reserved forest land were enumer-
ated from known sources of these records, such as public 
agency reports and other public domain documents at the 
State and county levels. The number of samples on national 
forest lands was divided into this known forest area for 
each county in the State to develop expansion factors. The 
known area of national forest ownership was then subtracted 
from the timberland area derived for the county, and the 
remaining forested plots were divided into this area to derive 
the expansion factors for the remaining forest industry 
and NIPF ownerships. Thus, the area for the remaining 
ownership categories was determined by the probability of 
selection of phase 2 plot locations. As a result, known forest 
land area compared to area derived by means of probability 
of selection for some ownerships will not always agree. 
For example, the acreage of State-owned forest land, found 

Scenic mountains. (SRS photo)
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in State forestry organization documents and records, will 
not agree exactly with the statistical estimation of State-
owned forest land derived by FIA. These numbers could be 
substantially different as the areas become smaller in size, 
such as at the county level. 

1990 Ownership—In the 1990 North Carolina survey, all 
public forest lands (national forest, military, national parks, 
wildlife refuges, miscellaneous Federal, State, county, and 
municipal) plus any forest industry holdings in a county 
were enumerated from courthouse records, publications, 
and other public domain documents. The number of sample 
locations that were established on each enumerated owner-
ship class was divided into the respective known forest area 
in each county to derive expansion factors. The enumer-
ated forest areas were subtracted from the total forest area 
derived for the county from phase 1, and the remaining 
forested plots were divided into this area to derive expansion 
factors for the nonenumerated NIPF ownerships. In addition, 
supplemental plots were installed to account for the many 
small parcels of enumerated land where a FIA plot did not 
fall. 

Sample Design Changes 

2002 Phase 2—The current plot design employed a 
fixed-plot composed of four subplots spaced 120 feet 
apart (fig. A.2). The sample area of these four subplots 
was 1/6 of an acre, while the footprint of the cluster was 
about one acre. Trees ≥ 5.0 inches d.b.h. were measured 
on each subplot (1/24 of an acre; 24-foot radius). Trees 
1.0 to 4.9 inches d.b.h. and seedlings (< 1.0 inch d.b.h.) 
were measured on a microplot (1/300 of an acre; 6 foot 
8-inch radius) on each of the four subplots. 

A unique feature of this plot design was in the mapping of 
different land-use and forest conditions that are encoun-
tered on the plot cluster. Since the plots were placed on 
the ground without bias i.e., systematically but at a scale 
large enough to be considered random, there was a prob-
ability that the plot cluster might straddle more than one 
type of land use or forest condition. There were two steps 
in the mapping process. The first step involved identifying 
forest and nonforest areas on the plot and establishing 
a boundary line on the plot if both were present. The 

Subplot—24.0 ft (7.32 m) radius 

Microplot—6.8 ft (2.07 m) radius 

Lichens plot—120.0 ft (36.60 m) radius 

Soil sampling—(point sample) 

Vegetation plot—1.0 m2 area 

Down woody debris—24 ft (7.32 m) subplot transects 

Annular plot—58.9 ft (17.95 m) radius 

Figure A.2—Layout of fixed-radius plot used in 2002 North Carolina survey.
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second step involved identifying differing conditions in the 
forested portion of the plot based on six factors: forest type, 
stand size, ownership, stand density, regeneration status, 
and reserved status. These, too, were mapped into separate 
entities.

1990 Phase 2—In the previous inventory, FIA utilized 
a prism sampling technique. At each forested location, a 
sample plot cluster consisting of five satellite points was 
installed (in some instances involving irregularly shaped 
forest areas, as few as three satellite points were installed). 
The cluster covered about one-half acre (fig. A.3). At each 
forested sample plot, trees ≥ 5.0 inches d.b.h. were selected 
with a 37.5 basal-area-factor prism at each of the five satel-
lite points. Trees < 5.0 but > 1.0 inch d.b.h. and seedlings 
(< 1.0 inch d.b.h.) were tallied on a 1/300-acre circular fixed 
plot centered on the five satellite points.

70 feet between points

1

2

5

4

3

Figure A.3—Pattern of five-point prism plot used in 1990 North Carolina 
survey.

There was no plot mapping done on the prism five-point 
cluster. Point 1 was used to identify the land-use for the 
entire plot, either as forest or nonforest. If point 1 fell in 
forest, the entire plot was classified as forest; if point 1 fell 
in a nonforest area, the entire plot was classed as nonforest. 
In situations where point 1 was forested but the plot cluster 
straddled a forest-nonforest area, points that fell in the 
nonforest area were rotated into the forest condition. If all 
five points were located on forest but straddled different 
forest conditions, points were systematically moved into one 
common forest condition, which was determined by point 1. 

2002 Phase 3 (not collected in 1990)—Forest health 
variables (phase 3) are collected on about one-sixteenth of 
the phase 2 sample plots. Phase 3 data are coarse descrip-
tions and are meant to be used as general indicators of 
overall forest health over large geographic areas. 

Phase 3 data collection includes variables pertaining to tree 
crown health, down woody material, foliar ozone injury, 
lichen diversity, and soil composition. Tree crown health, 
down woody material, and soil composition measurements 
are collected using the same plot design as in phase 2 data 
collection, while lichen data are collected within a 120-foot 
radius circle centered on subplot 1 of each FIA phase 3 field 
plot (fig. A.2). 

Biomonitoring sites for ozone data collection are based on 
specific criteria and are located independently of the FIA 
grid. Sites must be one-acre fields or similar open areas 
adjacent to or surrounded by forest land and must contain a 
minimum number of plants of at least two identified bioindi-
cator species (Smith and others, in press). Plants are evalu-
ated for ozone injury, and voucher specimens are submitted 
to a regional expert for verification of ozone-induced foliar 
injury. 

Volume Estimation

2002—Tree volumes in North Carolina were computed 
using the simple linear regression model:

Volume = Diameter 2 ∗ Height

This equation estimated gross cubic foot volume from a 
1-foot stump to a 4-inch upper diameter for each sample 
tree. Separate equation coefficients for 77 species or species 
groupings were utilized. The volume in forks in the central 
bole and the volume in limbs outside of the main bole were 
excluded. Net cubic foot volume was derived by subtracting 
the estimate of rotten or missing wood for each sample tree. 
Volume of the saw-log portion (expressed in International 
1/4-inch board feet) of sample trees was derived by using 
board foot to cubic foot ratio equations. All equations and 
coefficients were developed from standing and felled tree 
volume studies conducted across several Southern States 
(Cost 1978). 

1990—The methods for estimating tree volumes in the 
previous inventory of North Carolina were essentially the 
same as those described above, with one main exception. 
Previous estimates of live merchantable volume included 
forks in the central stem. Analysis of average volume per 
tree by species group and diameter class for the two inven-
tories indicates that this change did not have a significant 
impact on individual tree and statewide volume estimates. 
However, users should be aware of possible impacts on 
volume comparisons due to the sample design change. 
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Growth, Removals, and Mortality Estimation

Estimates of the components of change (growth, removals, 
and mortality) were determined from the remeasurement 
of 3,183 sample plots from the 1990 inventory. This was 
accomplished by remeasuring trees on the original prism 
plot points. However, a full remeasurement of the prism plot 
was not performed.

Remeasurements and assessments of growth, removals, and 
mortality were made only on trees that were tallied in 1990. 
The only new trees on the prism points tallied were those 
that were previously missed. Trees that were < 5.0 inches 
d.b.h. were remeasured on the microplot, but only on points 
1, 2, and 3. New tally on the microplots at points 1, 2, and 
3 included through-growth trees (trees that went from < 1.0 
inch d.b.h to ≥ 5.0 inches d.b.h. between surveys). In the 
1990 survey the microplot was measured on all five points.

The remeasurement information was then used in the 
calculation of seven components of change: survivor 
growth, ingrowth, growth on ingrowth, growth on mortality, 
mortality, growth on removals, and removals. The Beers 
and Miller (1964) estimator technique was used to deter-
mine gross growth, net growth, removals, mortality, and 
net change of the inventory. This methodology required 
personnel to only account for previously tallied trees. 
Another change in the survey effecting growth, removals, 
and mortality trends was the decrease in the number of 
plots. The number of plots used in the calculations went 
from 5,429 in 1990 to 3,183 in 2002. This may impact 
growth, removals, and mortality estimates, especially when 
comparing certain post-defined categories such as owner-
ship, forest type, and stand size. 

Changes in variable assessments—The methods used 
to assess various attributes have changed in some cases, and 
this may impact trend analysis. Three of the more important 
ones include forest type, stand size, and stand age. Forest 
type was assessed by field personnel in both the 1990 and 
2002 surveys. Field personnel were instructed to use the 

plot tally, where possible, to define the forest type. The 
biggest difference between the 1990 and 2002 forest-type 
assessments would be in the sample design change. In 1990, 
field personnel were instructed to describe the stand size of 
the sample plot without reference to any stand-level attri-
butes. In 2002, field personnel were instructed to describe 
stand size based upon the predominant portion of the stand, 
e.g., the predominant stand layer. In 1990, field personnel 
recorded the stand age of the manageable portion of the 
stand, e.g., that portion of the stand that forest managers 
would carry through to harvest. In 2002, stand age was 
assigned to the predominant portion of the stand (as with 
stand size, above). Adding to the complexity of the compari-
sons over time is the complication of mapping by conditions 
across the plot. This changes the size and homogeneity of 
the assessment areas.

Summary

Users wishing to make rigorous comparisons of data 
between surveys should be aware of the significant differ-
ences in plot designs and variable assessments. Assuming 
there is no bias in plot selection or maintenance of plot 
integrity, the most valuable and powerful trend information 
comes from the same plots being revisited from one survey 
to the next and measured in the same way. This is also the 
only method that yields reliable components of change esti-
mation (growth, removals, and mortality). This approach 
reduces the noise that is present in natural forest stands 
and lends a higher level of confidence in assessing trends. 
However, if sample designs change, there can never be a 
high level of certainty that the trends in the data are real or 
due to procedural changes. Even though both designs may 
be judged statistically valid, the naturally occurring noise in 
the data hinders confident and rigorous assessments of trend 
over time. Comparing different sample designs may have 
different degrees of strength in trend, depending on what 
is being compared. Defining the confidence and strength 
of trend over time is difficult (if not impossible) to discern 
when sample methodology differs.
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Statistical Reliability of the Data

A relative standard of accuracy has been incorporated into 
the forest survey. This standard satisfies user demands, 
minimizes human and instrumental sources of error, and 
keeps costs within prescribed limits. The two primary types 
of error are measurement error and sampling error. 

There are three elements of measurement error: (1) biased 
error, caused by instruments not properly calibrated; (2) 
compensating error, caused by instruments of moderate 
precision; and (3) accidental error, caused by human error 
in measuring and compiling. All of these are held to a 
minimum by a system that incorporates training, check 
plots, and editing and checking for consistency. Editing 
checks in the office screen out logical and data entry errors 
for all plots. It is not possible to determine measurement 
error statistically, only to hold it to a minimum. 

Sampling error is associated with the natural and expected 
deviation of the sample from the true population mean. 
This deviation is susceptible to a mathematical evaluation 
of the probability of error. Sampling errors for State totals 
are based on one standard error. That is, the chances are two 
out of three that, if the results of a 100-percent census were 
known, the sample results would be within the limits indi-
cated by a confidence interval. Sampling errors (in percent) 
and associated confidence intervals around the sample esti-
mates for timberland area, inventory volumes, and compo-
nents of change are presented in the following table. 

Estimates smaller than State totals will have proportionately 
larger sampling errors. The smaller the area examined, the 
larger the sampling error. In addition, as area or volume 
totals are stratified by forest type, species, diameter class, 
ownership, or other subunits, the sampling error increases 
and is greatest for the smallest divisions. The magnitude of 

Sampling
Item error

Timberland (1,000 acres) 17,684.4 ± 60.6 0.34

All live (million cubic feet)
  Inventory 33,011.9 ± 544.7 1.65
  Net annual growth 1,225.4 ± 28.7 2.34
  Annual removals 1,227.0 ± 45.2 3.68
  Annual mortality 425.8 ± 15.2 3.56

Growing stock (million cubic feet)
  Inventory 30,324.9 ± 515.5 1.70
  Net annual growth 1,180.9 ± 27.9 2.36
  Annual removals 1,191.4 ± 44.2 3.71
  Annual mortality 367.8 ± 14.3 3.89

Sawtimber (million board feet)
  Inventory 106,078.9 ± 2,280.7 2.15
  Net annual growth 4,913.7 ± 123.3 2.51
  Annual removals 4,225.9 ± 178.8 4.23
  Annual mortality 1,160.6 ± 57.7 4.97

 Sample estimate
 and

 confidence interval
percent
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this increase can be calculated using the following formula. 
Sampling errors obtained from this method are only approx-
imations of reliability because this process assumes constant 
variance across all subdivisions of totals.

,
Xs

Xt
SEtSEs

  =  

where

SEs = sampling error for subdivision of Survey Unit or State 
total,

SEt = sampling error for Survey Unit or State total,

Xs = sum of values for the variable of interest (area or 
volume) for subdivision of Survey Unit or State,

Xt = total area or volume for Survey Unit or State. For  
example, the estimate of sampling error for softwood 
live-tree volume on NIPF timberland is computed as:

3.29.   =   
 8,326.3

33,011.9
  1.65  =          SEs

Thus, the sampling error is 3.29 percent, and the resulting 
confidence interval (two times out of three) for softwood 
live-tree inventory on NIPF timberland is 8,326.3 ± 273.9 
million cubic feet.

Longleaf pine. (photo by Bill Lea)
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Softwoods 
Fraser fir Abies fraseri (Pursh) Poir.
Atlantic white-cedar Chamaecyparis thyoides (L.) B.S.P.
Southern redcedar Juniperus silicicola (Small) Bailey
Eastern redcedar J. virginiana L.
Red spruce Picea rubens Sarg.
Shortleaf pine Pinus echinata Mill.
Longleaf pine P. palustris Mill.
Table Mt. pine P. pungens Lamb.
Pitch pine P. rigida Mill.
Pond pine P. serotina Michx.
Eastern white pine P. strobus L.
Loblolly pine P. taeda L.
Virginia pine P. virginiana Mill.
Baldcypress Taxodium distichum (L.) Rich.

 Eastern hemlock Tsuga canadensis (L.) Carr.

Hardwoods   
Florida maple Acer barbatum Michx.
Boxelder A. negundo L.
Red maple A. rubrum L.
Silver maple A. saccharinum L.
Sugar maple A. saccharum Marsh.
Buckeye Aesculus spp. L.
Yellow buckeye A. octandra Marsh.
Ailanthus Ailanthus altissima (Mill.) Swingle
Serviceberry Amelanchier spp. Medic.
Yellow birch Betula alleghaniensis Britt.
River birch B. nigra L.
American hornbeam Carpinus caroliniana Walt.
Hickory Carya spp. Nutt.
Water hickory C. aquatica (Michx. f.) Nutt.
Bitternut hickory C. cordiformis (Wangenh.) K. Koch
Pignut hickory C. glabra (Mill.) Sweet
Pecan C. illinoensis (Wangenh.) K. Koch
Shellbark hickory C. laciniosa (Michx. f.) Loud.
Shagbark hickory C. ovata (Mill.) K. Koch
Mockernut hickory C. tomentosa (Poir.) Nutt.
American chestnut Castanea dentata (Marsh.) Borkh.
Allegheny chinkapin C. pumila Mill.
Chinkapin Castanopsis (D. Don) Spach
Catalpa Catalpa spp. Scop.
Sugarberry Celtis laevigata Willd.
Hackberry C. occidentalis L.
Eastern redbud Cercis canadensis L.
Flowering dogwood Cornus florida L.
Hawthorn Crataegus spp. L.
Common persimmon Diospyros virginiana L.
American beech Fagus grandifolia Ehrh.
White ash Fraxinus americana L.  
Carolina ash F. caroliniana Mill.
Green ash F. pennsylvanica Marsh.
Pumpkin ash F. profunda (Bush) Bush
Waterlocust Gleditsia aquatica Marsh.
Honeylocust G. triacanthos L.

  
 

Species List
a

Common name Common nameScientific nameb Scientific nameb

a Scientific and common names of tree species > 1.0 inch in d.b.h. occurring in the FIA sample.
b Little (1979).

Hardwoods (continued)
Kentucky coffeetree Gymnocladus dioicus (L.) K. Koch
Carolina silverbell Halesia carolina L.
American holly Ilex opaca Ait.
Black walnut Juglans nigra L.
Sweetgum Liquidambar styraciflua L.
Yellow-poplar Liriodendron tulipifera L.
Cucumbertree Magnolia acuminata L.
Fraser magnolia M. fraseri Walt.
Southern magnolia M. grandiflora L.
Bigleaf magnolia M. macrophylla Michx.
Sweetbay M. virginiana L.
Apple Malus spp. Mill.
Chinaberry Melia azedarach L.
White mulberry Morus alba L.
Red mulberry  M. rubra L.
Water tupelo Nyssa aquatica L.
Blackgum N. sylvatica Marsh.
Swamp tupelo N. sylvatica var. biflora (Walt.) Sarg.
Eastern hophornbeam Ostrya virginiana (Mill.) K. Koch
Sourwood Oxydendrum arboreum (L.) DC.
Redbay Persea borbonia (L.) Spreng.
American sycamore Platanus occidentalis L.
Bigtooth aspen Populus grandidentata Michx.
Cottonwood P. spp. L.
Pin cherry Prunus pensylvanica L.f.
Black cherry Prunus serotina Ehrh.
White oak Quercus alba L.
Scarlet oak Q. coccinea Muenchh.
Southern red oak Q. falcata Michx.
Cherrybark oak Q. falcata var. pagodifolia Ell.
Bluejack oak Q. incana Bartr.
Turkey oak Q. laevis Walt.
Laurel oak Q. laurifolia Michx.
Overcup oak Q. lyrata Walt.
Swamp chestnut oak Q. michauxii Nutt.
Chinkapin oak Q. muehlenbergii Engelm.
Water oak Q. nigra L.
Pin oak Q. palustris Muenchh.
Willow oak Q. phellos L.
Chestnut oak Q. prinus L.
Northern red oak Q. rubra L.
Shumard oak Q. shumardii Buckl.
Post oak Q. stellata Wangenh.
Black oak Q. velutina Lam.
Live oak Q. virginiana Mill.
Black locust Robinia pseudoacacia L.
Willow Salix spp. L.
Sassafras Sassafras albidum (Nutt.) Nees
American basswood Tilia americana L.
White basswood T. heterophylla Vent.
Winged elm Ulmus alata Michx.
American elm U. americana L.
Slippery elm U. rubra Muhl. 
Rock elm U. thomasii Sarg.
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Glossary

Afforestation. Area of land previously classified as 
nonforest that is converted to forest by planting trees or by 
natural reversion to forest.

Average annual mortality. Average annual volume of trees 
5.0 inches d.b.h. and larger that died from natural causes 
during the intersurvey period.

Average annual removals. Average annual volume of 
trees 5.0 inches d.b.h. and larger removed from the inven-
tory by harvesting, cultural operations (such as timber-stand 
improvement), land clearing, or changes in land use during 
the intersurvey period.

Average net annual growth. Average annual net change in 
volume of trees 5.0 inches d.b.h. and larger in the absence 
of cutting (gross growth minus mortality) during the inter-
survey period.

Basal area. The area in square feet of the cross section at 
breast height of a single tree or of all the trees in a stand, 
usually expressed in square feet per acre.

Biomass. The aboveground fresh weight of solid wood and 
bark in live trees 1.0 inch d.b.h. and larger from the ground 
to the tip of the tree. All foliage is excluded. The weight of 
wood and bark in lateral limbs, secondary limbs, and twigs 
< 0.5 inch in diameter at the point of occurrence on sapling-
size trees is included but is excluded on poletimber and 
sawtimber-size trees.

Bole. That portion of a tree between a 1-foot stump and a 
4-inch top d.o.b. in trees 5.0 inches d.b.h. and larger.

Census water. Streams, sloughs, estuaries, canals, and 
other moving bodies of water 200 feet wide and greater, 
and lakes, reservoirs, ponds, and other permanent bodies of 
water 4.5 acres in area and greater.

Commercial species. Tree species currently or potentially 
suitable for industrial wood products. 

Composite panels. Roundwood products manufactured into 
chips, wafers, strands, flakes, shavings, or sawdust and then 
reconstituted into a variety of panel and engineered lumber 
products.

CRP. The Conservation Reserve Program, a major Federal 
afforestation program authorized by the 1985 Farm Bill.

D.b.h. Tree diameter in inches (outside bark) at breast height 
(4.5 feet aboveground).

Diameter class. A classification of trees based on tree d.b.h. 
Two-inch diameter classes are commonly used by Forest 
Inventory and Analysis, with the even inch as the approxi-
mate midpoint for a class. For example, the 6-inch class 
includes trees 5.0 through 6.9 inches d.b.h.

D.o.b. (diameter outside bark). Stem diameter including 
bark.

Down woody material. Woody pieces of trees and shrubs 
that have been uprooted (no longer supporting growth) or 
severed from their root system, not self-supporting, and are 
lying on the ground. Previously named down woody debris.

Forest land. Land at least 10 percent stocked by forest trees 
of any size, or formerly having had such tree cover, and not 
currently developed for nonforest use. The minimum area 
considered for classification is 1 acre. Forested strips must 
be at least 120 feet wide.

Forest management type. A classification of timberland 
based on forest type and stand origin.

Pine plantation. Stands that (1) have been artificially 
regenerated by planting or direct seeding, (2) are classed 
as a pine or other softwood forest type, and (3) have at 
least 10 percent stocking.

Natural pine. Stands that (1) have not been artificially 
regenerated, (2) are classed as a pine or other softwood 
forest type, and (3) have at least 10 percent stocking.

Oak-pine. Stands that have at least 10 percent stocking 
and classed as a forest type of oak-pine.

Upland hardwood. Stands that have at least 10 percent 
stocking and classed as an oak-hickory or maple-beech-
birch forest type. 

Lowland hardwood. Stands that have at least 10 percent 
stocking with a forest type of oak-gum-cypress, elm-ash- 
cottonwood, palm, or other tropical.

Nonstocked stands. Stands < 10 percent stocked with live 
trees.

Forest type. A classification of forest land based on the 
species forming a plurality of live-tree stocking. Major 
eastern forest-type groups are:

White-red-jack pine. Forests in which eastern white pine, 
red pine, or jack pine, singly or in combination, constitute 
a plurality of the stocking. (Common associates include 
hemlock, birch, and maple.)
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Spruce-fir. Forests in which spruce or true firs, singly 
or in combination, constitute a plurality of the stocking. 
(Common associates include maple, birch, and hemlock.)

Longleaf-slash pine. Forests in which longleaf or slash 
pine, singly or in combination, constitute a plurality of 
the stocking. (Common associates include oak, hickory, 
and gum.)

Loblolly-shortleaf pine. Forests in which loblolly pine, 
shortleaf pine, or other southern yellow pines, except 
longleaf or slash pine, singly or in combination, constitute 
a plurality of the stocking. (Common associates include 
oak, hickory, and gum.)

Oak-pine. Forests in which hardwoods (usually upland 
oaks) constitute a plurality of the stocking but in which 
pines account for 25 to 50 percent of the stocking. 
(Common associates include gum, hickory, and yellow-
poplar.)

Oak-hickory. Forests in which upland oaks or hickory, 
singly or in combination, constitute a plurality of the 
stocking, except where pines account for 25 to 50 
percent, in which case the stand would be classified oak-
pine. (Common associates include yellow-poplar, elm, 
maple, and black walnut.)

Oak-gum-cypress. Bottomland forests in which tupelo, 
blackgum, sweetgum, oaks, or southern cypress, singly 
or in combination, constitute a plurality of the stocking, 
except where pines account for 25 to 50 percent, in which 
case the stand would be classified oak-pine. (Common 
associates include cottonwood, willow, ash, elm, hack-
berry, and maple.)

Elm-ash-cottonwood. Forests in which elm, ash, or 
cottonwood, singly or in combination, constitute a 
plurality of the stocking. (Common associates include 
willow, sycamore, beech, and maple.)

Maple-beech-birch. Forests in which maple, beech, 
or yellow birch, singly or in combination, constitute a 
plurality of the stocking. (Common associates include 
hemlock, elm, basswood, and white pine.)

Nonstocked stands. Stands < 10 percent stocked with live 
trees.

Forested tract size. The area of forest within the contiguous 
tract containing each Forest Inventory and Analysis sample 
plot.

Fresh weight. Mass of tree component at time of cutting. 

Fuelwood. Roundwood harvested to produce some form 
of energy, e.g., heat and steam, in residential, industrial, or 
institutional settings.

Gross growth. Annual increase in volume of trees 5.0 
inches d.b.h. and larger in the absence of cutting and 
mortality. (Gross growth includes survivor growth, ingrowth, 
growth on ingrowth, growth on removals before removal, 
and growth on mortality before death.)

Growing-stock trees. Living trees of commercial species 
classified as sawtimber, poletimber, saplings, and seedlings. 
Trees must contain at least one 12-foot or two 8-foot logs 
in the saw-log portion, currently or potentially (if too small 
to qualify), to be classed as growing stock. The log(s) must 
meet dimension and merchantability standards to qualify. 
Trees must also have, currently or potentially, one-third of 
the gross board-foot volume in sound wood.

Growing-stock volume. The cubic-foot volume of sound 
wood in growing-stock trees at least 5.0 inches d.b.h. from a 
1-foot stump to a minimum 4.0-inch top d.o.b. of the central 
stem.

Hardwoods. Dicotyledonous trees, usually broadleaf and 
deciduous.

Soft hardwoods. Hardwood species with an average 
specific gravity of 0.50 or less, such as gums, yellow-
poplar, cottonwoods, red maple, basswoods, and willows. 

Hard hardwoods. Hardwood species with an average 
specific gravity > 0.50 such as oaks, hard maples, hicko-
ries, and beech.

Industrial wood. All roundwood products except fuelwood.

Land area. The area of dry land and land temporarily or 
partly covered by water, such as marshes, swamps, and river 
flood plains (omitting tidal flats below mean high tide), 
streams, sloughs, estuaries, and canals < 200 feet wide, and 
lakes, reservoirs, and ponds < 4.5 acres in area.

Live trees. All living trees. All size classes, all tree classes, 
and both commercial and noncommercial species are 
included. 

Log grade. A classification of logs based on external char-
acteristics indicating quality or value.

Logging residues. The unused merchantable portion of 
growing-stock trees cut or destroyed during logging opera-
tions.
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Net annual change. Increase or decrease in volume of live 
trees at least 5.0 inches d.b.h. Net annual change is equal to 
net annual growth minus average annual removals.

Noncommercial species. Tree species of typically small 
size, poor form, or inferior quality that normally do not 
develop into trees suitable for industrial wood products.

Nonforest land. Land that has never supported forests and 
land formerly forested where timber production is precluded 
by development for other uses.

Nonstocked stands. Stands < 10 percent stocked with live 
trees.

Other forest land. Forest land other than timberland and 
productive reserved forest land. It includes available and 
reserved forest land which is incapable of producing annu-
ally 20 cubic feet per acre of industrial wood under natural 
conditions, because of adverse site conditions such as sterile 
soils, dry climate, poor drainage, high elevation, steepness, 
or rockiness.

Other removals. The growing-stock volume of trees 
removed from the inventory by cultural operations such as 
timber stand improvement, land clearing, and other changes 
in land use, resulting in the removal of the trees from 
timberland.

Ownership. The property owned by one ownership unit, 
including all parcels of land in the United States. 

National forest land. Federal land that has been legally 
designated as national forests or purchase units, and 
other land under the administration of the Forest Service, 
including experimental areas and Bankhead-Jones Title 
III land.

Forest industry land. Land owned by companies or indi-
viduals operating primary wood-using plants.

Nonindustrial private forest (NIPF) land. Privately 
owned land excluding forest industry land. 

Corporate. Owned by corporations, including incorpo-
rated farm ownerships.

Individual. All lands owned by individuals, including 
farm operators.

Other public. An ownership class that includes all public 
lands except national forests.

Miscellaneous Federal land. Federal land other than 
national forests.

State, county, and municipal land. Land owned by 
States, counties, and local public agencies or munici-
palities or land leased to these governmental units for 
50 years or more.

Plant residues. Wood material generated in the production 
of timber products at primary manufacturing plants.

Coarse residues. Material, such as slabs, edgings, trim, 
veneer cores and ends, suitable for chipping.

Fine residues. Material, such as sawdust, shavings, and 
veneer chippings, not suitable for chipping.

Plant byproducts. Residues (coarse or fine) used in the 
manufacture of industrial products, for consumer use, or 
as fuel. 

Unused plant residues. Residues (coarse or fine) not used 
for any product, including fuel.

Poletimber-size trees. Softwoods 5.0 to 8.9 inches d.b.h. 
and hardwoods 5.0 to 10.9 inches d.b.h.

Primary wood-using plants. Industries receiving round-
wood or chips from roundwood for the manufacture of prod-
ucts, such as veneer, pulp, and lumber.

Productive-reserved forest land. Forest land sufficiently 
productive to qualify as timberland but withdrawn from 
timber utilization through statute or administrative regula-
tion.

Pulpwood. A roundwood product that will be reduced to 
individual wood fibers by chemical or mechanical means. 
The fibers are used to make a broad generic group of pulp 
products that includes paper products, as well as fiberboard, 
insulating board, and paperboard.

Reforestation. Area of land previously classified as forest 
that is regenerated by planting trees or natural regeneration.

Rotten trees. Live trees of commercial species not 
containing at least one 12-foot saw log, or two noncontig-
uous saw logs, each 8 feet or longer, now or prospectively, 
primarily because of rot or missing sections, and with less 
than one-third of the gross board-foot tree volume in sound 
material.

Rough trees. Live trees of commercial species not 
containing at least one 12-foot saw log, or two noncon-
tiguous saw logs, each 8 feet or longer, now or prospec-
tively, primarily because of roughness, poor form, splits, and 
cracks, and with less than one-third of the gross board-foot 
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tree volume in sound material; and live trees of noncommer-
cial species.

Roundwood (roundwood logs). Logs, bolts, or other round 
sections cut from trees for industrial or consumer uses.

Roundwood chipped. Any timber cut primarily for pulp-
wood, delivered to nonpulpmills, chipped, and then sold to 
pulpmills as residues, including chipped tops, jump sections, 
whole trees, and pulpwood sticks.

Roundwood products. Any primary product such as 
lumber, poles, pilings, pulp, or fuelwood, that is produced 
from roundwood.

Salvable dead trees. Standing or downed dead trees that 
were formerly growing stock and considered merchantable. 
Trees must be at least 5.0 inches d.b.h. to qualify.

Saplings. Live trees 1.0 to 5.0 inches d.b.h.

Saw log. A log meeting minimum standards of diameter, 
length, and defect, including logs at least � feet long, sound 
and straight, with a minimum diameter inside bark for soft-
woods of 6 inches (8 inches for hardwoods).

Saw-log portion. The part of the bole of sawtimber trees 
between a 1-foot stump and the saw-log top. 

Saw-log top. The point on the bole of sawtimber trees above 
which a conventional saw log cannot be produced. The 
minimum saw-log top is 7.0 inches d.o.b. for softwoods and 
9.0 inches d.o.b. for hardwoods.

Sawtimber-size trees. Softwoods 9.0 inches d.b.h. and 
larger and hardwoods 11.0 inches d.b.h. and larger.

Sawtimber volume. Growing-stock volume in the saw-log 
portion of sawtimber-size trees in board feet (International 
1/4-inch rule).

Seedlings. Trees < 1.0 inch d.b.h. and > 1 foot tall for hard-
woods, > 6 inches tall for softwood, and > 0.5 inch in diam-
eter at ground level for longleaf pine. 

Select red oaks. A group of several red oak species 
composed of cherrybark, Shumard, and northern red oaks. 
Other red oak species are included in the “other red oaks” 
group.

Select white oaks. A group of several white oak species 
composed of white, swamp chestnut, swamp white, 
chinkapin, Durand, and bur oaks. Other white oak species 
are included in the “other white oaks” group.

Site class. A classification of forest land in terms of poten-
tial capacity to grow crops of industrial wood based on fully 
stocked natural stands. 

Softwoods. Coniferous trees, usually evergreen, having 
leaves that are needles or scalelike.

Yellow pines. Loblolly, longleaf, slash, pond, shortleaf, 
pitch, Virginia, sand, spruce, and Table Mountain pines.

Other softwoods. Cypress, eastern redcedar, white-cedar, 
eastern white pine, eastern hemlock, spruce, and fir.

Stand age. The average age of dominant and codominant 
trees in the stand.

Stand origin. A classification of forest stands describing 
their means of origin.

Planted. Planted or artificially seeded.

Natural. No evidence of artificial regeneration.

Stand-size class. A classification of forest land based on the 
diameter class distribution of live trees in the stand.

Sawtimber stands. Stands at least 10 percent stocked 
with live trees, with one-half or more of total stocking 
in sawtimber and poletimber trees, and with sawtimber 
stocking at least equal to poletimber stocking.

Poletimber stands. Stands at least 10 percent stocked with 
live trees, of which one-half or more of total stocking is 
in poletimber and sawtimber trees, and with poletimber 
stocking exceeding that of sawtimber.

Sapling-seedling stands. Stands at least 10 percent 
stocked with live trees of which more than one-half of 
total stocking is saplings and seedlings.

Nonstocked stands. Stands < 10 percent stocked with live 
trees.

Stocking. The degree of occupancy of land by trees, 
measured by basal area or the number of trees in a stand and 
spacing in the stand, compared with a minimum standard, 
depending on tree size, required to fully utilize the growth 
potential of the land.
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crown of foliage, and a height of at least 13 feet (at matu-
rity).

Tree grade. A classification of the saw-log portion of 
sawtimber trees based on: (1) the grade of the butt log or (2) 
the ability to produce at least one 12-foot or two 8-foot logs 
in the upper section of the saw-log portion. Tree grade is an 
indicator of quality; grade 1 is the best quality.

Upper-stem portion. The part of the main stem or fork 
of sawtimber trees above the saw-log top to minimum top 
diameter 4.0 inches outside bark or to the point where the 
main stem or fork breaks into limbs.

Veneer log. A roundwood product either rotary cut, sliced, 
stamped, or sawn into a variety of veneer products such as 
plywood, finished panels, veneer sheets, or sheathing.

Volume of live trees. The cubic-foot volume of sound wood 
in live trees at least 5.0 inches d.b.h. from a 1-foot stump to 
a minimum 4.0-inch top d.o.b. of the central stem.

Volume of saw-log portion of sawtimber trees. The 
cubic-foot volume of sound wood in the saw-log portion of 
sawtimber trees. Volume is the net result after deductions 
for rot, sweep, and other defects that affect use for lumber.

Metric Equivalents

1 acre = 4,046.86 m2 or 0.404686 ha

1 cubic foot = 0.028317 m3

1 inch = 2.54 cm or 0.0254 m

Breast height = 1.4 m above the ground

1 square foot = 929.03 cm2 or 0.0929 m2

1 square foot per acre basal area = 0.229568 m2/ ha

1 pound = 0.454 kg

1 ton = 0.907 MT

Density of trees and basal area per acre required for full 
stocking: 

D.b.h. Trees per acre Basal area
class for full stocking per acre

Seedlings 600 —
2  560 —
4  460 —
6  340 67
8  240 84
10  155 85
12  115 90
14  90 96
16  72 101
18  60 106
20  51 111

— = not applicable.

Timberland. Forest land capable of producing 20 cubic feet 
of industrial wood per acre per year and not withdrawn from 
timber utilization.

Timber products. Roundwood products and byproducts.

Tree. Woody plants having one erect perennial stem or trunk 
at least 3 inches d.b.h., a more or less definitely formed 
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Differences in Amphibian Populations in Logged
and Old Growth Redwood Forest

Abstract

Surveys.of amphibians.were done on 8 plors 10.12t ha €ach), consisriog of a paired comparisons
(Iogged and unlogged) in oi n€ar the Redwood National Park, California. 

^ 
The numier and

perceorage cover.of perennirl ve8erarion were grearer on old growrh plots thao on logged .ire..
Amphibian p.)puldr ions had more indiv iduals and sreare- b iom*s, ,  ani  J i f ferent  spc, i "d.ompo-
sirion on rhe old growth sires rhan on logged plots. Abundance of amphibians was lower io ihe
reJwood loresrs rhar had been loggcd 6-14 _yejr-s rgo. This evidcnce suggesrs rhar lo8gjng hd. r
rongterm errecr on residenr.  herpf totaunal  o i  redqood toresrs.  Apprrenr ly,  opening of  f ie ranopl
ra\ors a rew spec,es to rhe cterr lmenr ot  rhe mato1ry of  fores(.dependenr spe! ies,

Introduction

Advertisements in natiooal magazines imply that productive, abundant wildlife popu-
lations iohabit logged lancls and that successional stages contain better habitat condi-
tions for vrildlife rhao do marure ( somerimes termed decadent ) forests. These claims
are simplistic because the cornplexity and variability of mature forest ecosl,stems or the
imlnrtant roles of nongame wildlife are not considered in rhese systems.

Hassinger et al, (1975) stated .har the net worth of a clearcut to vrildlife must be
viewed as a balance of values, since processes detimenrai to one species may be bene-
ficial to another. I-ogging creates vegetarional diversity (e.g., edges and openings) and
thus is generally beneficial to game because it promotes increased growth of herbaceous
and shrubby foods that maoy game species require ( Teague 1968, Noble 1974, Umber
and Harris 1974, Costa et dl, 1976). Bur game may constiture only a small fraction
of forest vrildlife, especially in mature sraods (Bnry et al, 1980').

Logging may drastically change or adverseiy affect the habitats of many animal
species. Irr westero North America, for example, small mammal communities are altered
by timber harvestiog. Deer mice (Petotnysczs manictlatus) generally increase in num-
bers after logging, rvhereas red-backed voles (Clethriononzyt californicut), red squirrels
(Tamiasciurus huclso cus), and other forest-adapred species decrease (Gashn,iler 1970,
I/olff and Zasada 1915, Hooven and Black 1976, Sullivan 1980). One study revealed
that even big game (deer, elk, and moose) declined duriog the first 5 years after logging
and that rhe carrying capacity of the forest when measured 17 years after logging nas
lower than expected (Stelfox e, al. 1976).

Several authors have suggested thar cleal logging ( removal or burning of downed
q/ood and understory vegeration) teduces the abundance of small mammals (Lovejoy
1975, Martell and Radvanyi 1977, Haosson 1978) and game (Steifox et al. 1.97 6) by
decreasing the supply of cover available !o them. Recenr studies indicate that logging
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variously aff€cts different aoimal ta-\a and decreases many wildlife species (Umber

and Hanis 1974, Glowacinski and Jiirvineo 1975, Shepard 1975, \Chite et al' 1975'

Bunrell 1976. Anl6n 1976, Fwzeb 1977,Webb et al 1977, Kessle! 1979, Luman and

Neitro 1980, Meslow e, al. 1981, Schoen et al. l98l) '

Because of diverse habitat conditioos and forest typesi the reslxrnse of wildlife to

logging is difficult to predict. More comPreheosive data about the effect of timbc!

harvestiog on specific types of forests and on the nongame aoimals in these ecosystems

o,o,rld be useful io designing fotest managen.rent Practices favorable to wildlife Popu-
lations. This study is the firsc to examine the effect of clearcur logging oo the helPettl-

fauna of old growth redwood forests.

Descriplion of study Areas

Four study areas *,ere established in or adjacent to the Redwoods National Patk in north-

$/esterfl California: (1) Hilt Ptot and (2) Valley Ptot, both in North Fork draioage

of Lost Man Cteek (Sec. 11, T.11N, R1E), 3.5 km E of Hwy 101 (from the Prairie

Creek Fistr Hatchery), Humboldt County; (3) Bald Hil ls (Sec 1, T-10N, RlE),41

km E of Orick, along the Bald Hills road, Humboldt Couoty; and (4) Yurok Redwood

Experimental Forest (Sec.21, T.14N, R1E), 1.3 km N of the Ranger Station, Del

None Couotv. A1[ distances are direct line.

Each study area coosisted of trvo sampling sites (oid growth aod clear-cut logged )

that had similar steePness ( Percert stope), slope ditection, and major vegetatinn types

(Table 1). On the Hill and Vatley Ptots and BaLd Hills, the total number of live trees

plus natural stumPs more than 1 m DBH (diameter at brea$ heiSht) wele comPamble

io the number of stumps (cut trees) on the logged sire The Experimental Forest q'as

more vaJiable. The okl growth site had more large trees (N-12) rh;rn rhe Logged

site hacl large srumps (N : 5). But thes€ two aleas wele ooly 200 m aPart and

seemetl to have similar plaot composition, aod the entire alea was once a conllguous

staod of redwood.
Old growth sites at Inst Mao Creek and the ExPerimeotal Forest were predominantly

redwood (Sequoia JeTDperri,retut) with a ferv scattered Douglas tt (PJeudott ga 1]ten'

zietiil and Sitka spruce (Picea sitchep.tit) Lost Man Creek was harvested 6-7 years

before this study and had rro tlees lafger than 10 cm DBH on logged sites logging hcd

occurred 15 years eadier io the Exprimental Forest (an area dominated by redwood)'

ancl the site had regro*'n with a tangle of small red alder ( Alpu: oregatua) At Ba'Ld

Hitls, both sites had otiginalty contained redwoods mixed $'ith a ferv tzrnbark oak

(,Lithocarpt6 tlensiflou) aod $restern benlock (Tsuga heterophylla), aod many small

Dougtas fir. Logging at the Bald Hills site had occrrred about 10 years before this

scudy.

Methods and Materials

Each sampiing site measured 2) x 50 m (0.125 ha) Ail trees larger than 10 cm

DBH v.ere iniividuallv measured. Oo 10 squares (1x 1m), atranged jo 10 domino

configuration at each site, I recorded the number of pereonial plants present aod visually

estimated the Percentage of sutface area that they coveted The oumbet and sizes o{

pieces of surface clebris (branches, downed small tiees, and logging litter) rhat coulJ

be turned over were couored on all sites except the Hitl Plot. This characteristic repre-
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Thorough searches for amphibiaos were conducted ot each site by turning surface
debris and small logs (less than 0.5 m diameter), and by rakiog rfuough leaf litter. A
tearn of two to five people worked each site and examined paired plots consecutively in
order to minimize differences due to wearher conditions. Field work vras done from mid-
January to early February 1975-

Animals were weighed to the nearest 0.1 g on field spring scales. Representative
series were preserved as vouchers, and these specimens are deposired at the Narional
Museum of Natural History, S(/ashingtoo, D.C.

Significance levels were P(0.05, unless mherwise stated.

Compadson ol Vegetation and Cover

In general, old growth areas had more ferns, huckleberry, and salal than logged sites
on which small conifers and alders predominared (Table 2.) The average nunber and
pelcent cover of pereonial plants oo old growth sites was 40.2 (,3I-51) and 60.1 per_
cent (32.5 -75.0 percent), respectively, which was grearer than the average values of
30.0 (22-51) and 31.5 percenr (20.0-12.5 percent) on logged sires. There weie signi-
ficandy more perennials ar two old gtowth sites (Hill Plot, Bald Hills) and the logged
area at the Experimeotal Forest (because of more small cooifers aod alders ) than oo
their Eaired plots, but no difference at hst Man Creek-Valley (f test). percent cover
was significantly €ileater oo the unlogged than logged plo,ts, except at Bald Hills (Test
of Percentages).

Two of the old growtir sites had significantly more sr.rrface debris thao their logged
couoterparts (12 test), but one logged sire ( Vailey plot) had almost the sarne amount of
debris as the old grov'th sire ( Table I ) . The percent of litter smaller than 0.6 m long was
greater on logged sites (i - 66.3 percent; range 61-73 percent) than on oid grou tlr
sites (i - 48.0 pefcenr; nnge 44-12 perceot). The large number of short pieces of
litter oo logged sites is partially produced by breakage of brarrches and trees during
Iogging operarioos.

Differences in Amphibian Populations

Numbers of species and individuals, and the biomass of amphibians differed berween
old growth and logged sites (Table 4). The old growth sites had slightly more spcies
(t : 3.5; range l-6) than did logged areas (i - 3.3; ratrge 2-4). This difference
was not statistically significant, but there were distinct qualitative differences since
cermin species were fouod either in old grorvth or only on logged sites. The Olympic
salamander (Rhlacotriton olynpicus) and tailed ftog (Asoaphtu truei) occurrrlJ oity
in a rivulet thtough the old growth Hill Plot (Lost Man Creek), whereas the pacific
tteeftog (H1la regilLa) x,as found only io a logJged plm. Search of a rivulet in the
logged area yieldetl no Alcaphu nor Rhyacotriton. pacific giant salamatdets (Dicamjt
todon entatut) occurred on half of the old growth sites, but none were found ;n loggid
ateas.

For each paired compariv.rn, there were more individuals aod greater biomass
in olcl growth plots than in logged sites (P< 0.01, f test). Further, the relative abun-
dance of species in old growth and logged sites was noticeably different (Table 4).
There were more individuals of Euatina escbscholtzi in old growrh area (N : J.2;
x - 13, range 4-22) thaa io logged sites (N - 20; x - 5, nnge 3,8), aod more
Baltachotep: dttenaatar in old growrh rN : 1.16; f - 14. range 1g-61) than io

Amphibian Populations in Redq'o<xl Forests 7j1
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logged sites (N : 2i; * : 3.3, range l-9). Aneidet leneu was more abundant in
logged areas (N - 15; i - 8.8, raoge 0-30) than in old growth (N - 12; i : 4,
tange 0-!). This species constituted 68 percem of the herpetofauna at the Bald Hills
logged area.

Sampling of quadrats required intensive search effort and relatively few animals were
found per persoo-hour (Tabte 4). More time was required to sample old growth plots
due to the greater amo'-rnt of leaf litter preseot there than in logged areas.

Discussion

This sudy indicates that there is a distinct change in the slxcies composition of both the
perennial plarts and the amphibians following logging of redrvood forests. Relative
abuodances of animals also differ in old growth and post-logging habitats.

Logging opens the forest canopy and apparently favors ooly a few species of amphi-
bians to the detriment of rhe majority- the forest-dependent species. The salamanders
Ensatitw atd Batrlchorcpt were found principally in old growth redwood stands, in
agreement with results of ao earlier study at a locality about 100 km farther south (Bury
and Martin 1973). Also, Aneid,es t'ereut at rhis southern area was mole prevaleot io
second-growth than in primary forests, the pattern that held io the present srudy.
Because this species frequents crevices aod bark uoder clowned dmber in California
(Stebbins 1951, Bury aod Martin 1973), logging apparently provides its preferred
habitat conditions. Old growth sites examined in the present study had several species
(Ascapbu, RbJtdcotritotl, a.nd Dicamptodon) that were absent on logged ateas. Asca-
phur ^nd Rhydcoh'iton fteqrerlt cold, flowing waters (Bury 1968, Stebbins 1966),
wherc s DicdlTtprod,on ussally occurs in forested environs.

Amphibians were more abundant in old growth forests than in logged areas. Simila y,
in South Carolina, Bemrer. et al. ( 1980) found a higher number of amphibians in oatural
oak-hickory habitat than in nearby managed pine habitats.

I suggest a scenario of events that resulted in rhese changes of amphibians. Clearcut
logging opens the redwood forest canopy. The increased light penetration on the forest
floor leads to increased soil tempratures and, in turn, greater evaporative water loss from
the soil and understory. Opened areas also are subject to gleare! daily fluctuations in
temperarure aod humidity than in primary forests.

Barren soil occurs in parts of logged areas, apparently a result of increased microbial
activity ( related to higher ambient tempratures) combined with erosioo of rhe orgaoic
top soil and humus, which occurs rapidly in a region receiving about 180 cm of precipi-
tation each year. Also, logged areas lack nutrients through leaf fall from large trees. These
conditions reduce leaf litter as a microhabitat for amphibians.

Available cover for amphibians io both old growth and logged redwood forests was
ample (Table 3), particulady sioce rhese counts did not include immovable fallen trees,
buried debris, and stumps ( Fig. 1) . A1so, leaf litter (which was not measured ) provided
refuge for animals in old growth forests.

Although two of the rhree old growth sites contained greater arnounts of cover,
logged plots also had large numbers of covet items. The difference in cover supply
apparently was nor responsible for the differences in terrestrial verrebrares occurriog
in native or harvested redwood forests. Rather. microclimatic. vegetational and other

Amphibian Populations in Redwood Forests 175
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changes that occur after logging apparendy result in unsuitable conditions for maoy
amphibians.

The resident, forest-dependent amphibians are drastically altered in both species
compoition and abundance after logging. Amphibiaos had not recovered on sites
sampled 6-14 years after logging. It is not known how long a logged area requires to
revert naorally to a condition in which the fauna typical of old growth redwood is
regained. Further, it is not knoq/q whar can be done to expedite the recovery of rhese
wildlife communities after timber harvesting.

Amphibiaos are often neglected in studies of ecosysremg but they are important. For
example, Burton and Likens ( 1975 ) demonstrated that salamanders in a forest ecosysrem
may comprise a biomass twice that of birds and equal to mammals Amphibians may
be equally importaor to redwood forests. In old growth stands, I found 420 amphibians
per ha, and I believe that this figure probably underestimatetl the resident populations,
since my sampling was conducted during a time of cool to freezing temprarures and
low rainfall, conditions that are not favorable for surface activity by amphibians.

Receotly, the Redwood National Park acquired logged land adjacent to the park as
buffer zones. These areas had been logged by clearcutting with little or no regard for
the unique wildlife communities associated rvith the old growth redwood. I-arge block
cuts left no shade or islands of naural forest (to provide reservoirs for reinvasion),
and the terraio is scarred and strewn with logging debris.

Because natiooal aod state redwood parks are managed for aesthetic and biotic values,
we face a challenge in rhe rehabilitation of logged redwood forests that have been
acquired as buffer zooes for parks. The present srudy suggests that logging has a loog
term detrimeotal effect on most species of amphibiaos in rhe redwood region, and that
the addition of cover or the piliog of debtis in togged redwood areas would probably
oot plomote rhe recovery of amphibians- Although amphibians are rhe most abundant
vertebrate of redrvood forests, we cannor ma[age their populations because we lack
knowledge of the unique fauna of old growth redwood forests; we also do not under-
stand how logged wasteland can be resrored t<.r suitable habitat for forest-dependent
q/ildlife.
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