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Abstract.-Monitoring nonnative plant invasions by 

the Forest Inventory and Analysis Prograni includes 

(1) assembly of regional lists of nonnative invasive plant 

species in forest land, (2) observations at systematic 

intervals cquivalent to a 5-km grid with traditional 

forest resource measurements, and (3 ) growing-season 

observations of all vascular introduced and native plant 

species at 1 / 1 6 i h  of those locations (a 22-km grid) with 

additional forest health measurements. Strengths and 

limitations of this collective effort are discussed. This 

report provides lists of species to be monitored pre- 

liminary results that rank infestatioii probability and 

severity in southern United States forest land and high- 

lights from studies of earlier surwys in selected Statcs. 

Introduction 

To be effective, management of nonltative plant invasions in 
forest land requires a strategy that includes regional monitoring 

to determine the presence and extent of such invasions and the 

effects of local management activities on pest populations. Such 

monitoring will make it possible to prioritize management 

efforts at appropriate spatial scales. Many view plant invasions 

mainly as a problem afyecting agricultural and urban land but 

such invasions significantly af'fcct forest land. Invasive plants 

considered problems are the ones that damage forest resources 

and transform ecological processes. For example. kudzu 

(Puerarin montana) supprcsscs tree regeneration and the wood 

volume growth of established trees by reducing the amount of 

light into the forest. Other impacts include modification of 

habitat for native wildlife, replacement of native forest species, 

alteration of soil properties, reduction in species diversity, and 

rapid biomass accumulation that increases the risk of wildfire. 

The 1J.S. Department of Agriculture (USDA) Forest Service's 

Forest Inventoly and Analysis (FIA) program conducts a national 

forest resource survey that provides a means of studying the 

problem of plant invasions in forest land. FIA conducts a sys- 

tematic, sample-based inventory over a large area to provide 

baseline estimates of representative conditions with a stated range 

of confidence. These estimates constitute strategic information 

to guide decisions about the efficient regional allocation of con- 

servation, management, procurement, and production activities. 

We report on progress in using FIA surveys for the conternlinous 

United States, share highlights of preliminary findings in 

addressing the problem of plant invasions, and discuss weaknesses 

and opportunities for the future. Exarnples show that FIA survey 

data can ( 1 )  supplement existing knowledge of distributions of 

nonnative and potentially invasive plant species, (2) provide a 

sound basis for allocation of increased prevention efforts, (3) be 

used to identify and map large invasions, or regional hot spots, 

on forest land, (4) explore plausible correlated relationships 

among associated attributes, and (5) facilitate calibration of 

satellite imagery and obtain finer-scaled, mapped estimates of 

canopy-dominant invasive species. 

Background 

Several terms used in this discussion must be defined. Forest 

land is land at least 37 m wide: 0.4-ha in size; covered or formerly 
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covered, by trees; capable of tree-growth; and not developed for 

non forest uses. Timberland is forest land excluding areas 

rcstricted from timber production, such as wilderness, and forest 

land too wet or too dry to support comnlercial wood production. 

A nonnative plant species is one that is alien or exotic to the 

ecosystem under consideration. 

In this report, an invasive species is a nonnative plant species 

whose introduction causes or is likely to cause economic or 

environmental harm. lnfestcd land is land represented by a 

sampled area in which an invasive plant species is present. Each 

samplctl location rcprescnts a portion of the study region. If 

infested, that portion is the area oj'ir7fe,stutinn. Thc severih* of 

the infestation is fhe portion of the sample covered by the species, 

and calculated as total cover (area of infestation multiplied by 

the proportion of severity). 

The USDA Forest Service has a national strategy for addressing 

invasive species management (Ries et (11. 2004). but adaptation 

of tlie FIA forest land monitoring effort in the conterniinous 

Figure 1. -FIA ,survey ~.egions ofthe conten~linol~s Lfnitcd 
Stutcs: Iilterior Wc.st (Arizonu, Cli,lor~~lo, Idaho, hfontunu, 
IVrvnda, New Mexico, Lltuh. R~omirzg,, Northeas tern 
(Connecticut, Delu u.uri>, itkine, Mussach zisetts, hlu~ ylund, 
New Hampshire, lVtMs .J;.rscy, New lbrk, Ohio, t'c~~~n~j~lvu~zia, 
R bode lslund, l+t.rnorzt. Ukst ki'iginiu), North Certtml ( l o ~ ~ a ,  
Illinois, Indiana, Kansas, Michigan, Minnesota, Mi.ssour*i, 
Ni~hrlrsku, North Dukotu, South Dukotu, U?.sconsin), Pucif ic 
North west (Cal?fi)rni~~, Oregon. UilshingtorI), and Southern 
(sotlth centrul States-Aluhurna, Arkansas, Kentuch?; Louisiuna, 
klississiyyi. Oklahoma, Tennessee, Te.uas--and .southeastenz 
Stufc<s--Florida, Georgia. North Curulina, South Carolinu, 
and Virginia). 

United States has, thus far, been driven primarily by interested 

parties in FlA's five research work unit regions (fig. I ) .  

Methods 

Collectively. tlie efforts of FIA work unit regions to tnonitor 

plant invasions may be vicwcd as a three-tiered task. The first 

tier is the assembly of a target list of plant species deemed 

potential problems in one or more FIA regions or States. The 

second is a survey by Federal and state forest resource survey 

crews with added training to identify the listed species or taxa 

from samples of plots on a 5-km grid (a P2 grid) and located on 

forest Iand (USDA Forest Service 2001 ). A third is documentation 

of the occurrence of introduced species, estimation of their cover, 

and approximation of the ratio of introduced plant species to all 

vascular plant species. This third task i~ivolvcs growing-season 

observations by botanists on a subset of P2 plots, typically 

lil6th of P2 sample plots and located at 22-km intervals (on a 

P3 grid), along with other attribute obse~vations (Burknlan 2005). 

The P3 observations iiiclude a census of all vascular plant 

species on three, l -square-meter arcas within each subplot, and 

cover estimates by species for the subplot (Schulz 2003). 

FIA forcst resource surveys today operate on a random, systetn- 

atic sampling grid, with each panel representing a subset of 

samples from all portions of the grid. Field crews complete a 

panel without major revisions to a sample protocol, and generally 

complete a panel in a single year. Thus. the sample design and 

operational logistics permit observations and analyses with the 

completion of a panel in a given state. Samples are located at 

randotn in a grid cell, which permits calculation of confidence 

intervals for area estimates by the random sampling formula 

(O'Brien et al. 2003). At each forest Iand sample location, 

inventory crews estimate cover by target species on four equidistant 

7.3-m radius subplots in a 0.6-ha plot sample area (Burkman 

2005). The area of the four subplots, 0.067 ha, is fixed, and 

crews record observations only on forest land. Forest land may 

be characterized for a single sample location as those associated 

with the fi~rvst intP~.ior-none of the subplots are positioned on 

nonforest land and those associatcd with jbrest edge-a portion 

of the subplots is positioned on nonforest land. 
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Target Lists and Measurement Protocols 

Each FTA region confers with State agencies and staff fiotn the 

USDA Forest Service and assenibles a target list of potential 

problem species to be inventoried on forest land. Published lists 

of problem species are consulted: these may include those on 

the Fcderal Noxious Weed List (Federal Register 2004), State 

noxious weed lists, and national forest district or region lists of 

species of concern, species discouraged for restoration, or pro- 

hibited fron~ introduction (Southeast Exotic Pest Plant Council 

2001 ; USDA Forest Service, Pacific Northwest Region 2004; 

USDA Forest Service, Pacific Southwest Region 2001). The 

IJSDA Natural Resources Conservation Service (NRCS) 

PLANTS Database (USIIA NRCS 2004) also is referenced to 

confirm that the species selected are documented as occurring 

in the region. 

A regional consensus on what nonnative species are potential 

problems sufficient to warrant monitorrng is not always possible. 

Some State and other Federal agencies collect FIA field obser- 

vations themselves and have an influence on the selection of 

species. In the Eastern United States, each FIA region's staffs 

typically shorten the list to those that are easily identifiable and 

known to occur in forest land. FIA regions in the West place 

formally designated noxious species on their target lists on 

request by interested groups, such as State forest~y agencies 

and national forest districts. 

FIA assigns a unique national code to each nonnative and 

potentially invasive tree species. By consensus, FIA regions 

designate several of these as "core-required" (USDA Forest 

Service 2004). Crews that encounter core-required tree species 

must uniquely identify the species in the national FIA Database 

and record its stem attributes for volume, growth, and mortality 

estimation. Mimosa (Albizia jzilibr-issin), a nonnative and report- 

edly invasive tree species, is an example of a recent addition. 

If no consensus exists among FIA regions. the tree species is 

"core-optional." Each FIA region may identify these uniquely, 

record other attributes, or ignore the species altogether. Examples 

include saltcedar (Tamctrix spp.), which may be of variable form 

under Western United States moisture regimes, and camphortree 

(C'innaniomum carrzptiora), which typically is a tree only in 

subtropical and tropical climates. FIA records the cover of 

saltcedar without stel11 attributes primarily in the Interior West. 

FIA records camphortree and its stem attributes in Florida. but 

ignores this species in other States. 

For species designated as nontree species, crews record obser- 

vations by subplot, but the species (see the appendix) and 

procedures vary by FIA region (table 1). Identification of 

nontree species is established by consensus primarily in, rather 

than among, FIA regions. Procedures for estimating cover are 

often more compatible with existing or historical protocols for 

Table 1 .-Protocol. fbr inven to rigs !s.?!f'inv~lsive y lurzt spc~.ic?.s Iy FIA region. 

Western regions Eastern regions 
Attribute 

Interior West Pacific Northwest North Central Northeastern Sou thern 

States All All All Pennsylvania All currently 
implemented only surveyed 

Noxious species All listed National forcsts Regionwide and By State and Regionwide and 
selected for by Statc and likely on likely on likely on for Florida. 
inventory forest land forest land forest land likely on 

forest land 

Cover category Presence (noxious), 2 1% (noxious), < 1, 1-5. 6-10, 10% classes < 1, 1-10, 11-50, 
estimates I'YO above 5% 1% above 3% I 1--25, 26--50, 51-90, 91--100 

( invasive) (invasive) 5 1--75, 76100% 

Measurement 1-5,6-10, 11-20, 1-5, (5-10, 11-20, No error No error No error 
to1 erance 21-40,41-60,61-80, 21-40,41-60, 80% of time 85-90% 90% of time 

81-100% 61-80, 81-100% of time 
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collection of vegetation data. As demand for national information 

grows, collaborative standardization for nontree species likely 

will follow. 

Status of P2 Efforts 

The narrative below summarizes the status of FIA's P2 efforts 

as of September 2004: 

The Northeastern FIA Region conducts a year-round survey. 

Crews inventory invasive nontrec invasive species only 

during the growing season and only in Pennsylvania. About 

300 randomly selected P2 samples are surveyed as part of 

a special study of trec regeneration. Crews estitnate per- 

cent cover for 10 taxa and estiinaie presence or absence for 

a total of 33 taxa. 

The North Central FIA Region conducts a ycar-round sur- 

vey, Crews estimate percent cover for 25 invasive nontree 

taxa. A 2003 pilot study conducted in Nrisconsin during 

both the growing and dormant seasons indicated that crews 

could readily identify these species in leaf-off condition. 

For field identification. crews are using local guides as well 

as an invasive plant species manual designed to distinguish 

between similar species (I-Iuebner ct nl. 2004). Informal 

testing suggested that species identification was consistent 

across seasons. Assignment of species to categories of 

growing-season cover is assumed to be consistent froin 

season to season. but this assumption has not been tested. 

Thc Interior West FIA Region sometilnes conducts surveys 

year-round, but never when snow is on the ground. The 

understory vegetation survey estimates coc7er by four life 

forms and up to four of the most abundant species, including 

some invasive taxa, with 5 percent or more cover per forested 

subplot. Crews also record presence of State-listed noxious 

species. with lists varying in species composition and number 

between 1 8 (Idaho) and 7 1 (Colorado). The ecosystems are 

diverse, consensus is limited and observations insufficient at 

this time to establish a more consistent noxious species 

list. ldentification and assignment of species to categories 

of growing-season cover arc assumed to be consistent from 

season to season, but this assumption has not been tested. 

The conterminous Pacific Northwest FIA Region conducts 

surveys primarily during months with no snowfall. Crews 

record cover for abundant (2 3 percent cover), easily iden- 

tifiable taxa. These include about 20 invasive nontree taxa. 

For national forests in California, crews document presence 

to 1 percent for each of 1 i species deemed noxious. 

Identification and assignment of species to categories of 

growing-scason cover are assumed to be consistent from 

season to season, but this assumption has not been tested. 

The Southern FIA Region conducts a year-round survey. 

Invasive nontree surveys have not yet been initiated in 

Mississippi, Oklahoma, or west Texas. Crews use a four- 

season invasive species manual (Miller 2003) for field 

identification and tally up to four of the most abundant 

species per forested subplot. Crews estimate percent cover 

in classes for 33 taxa. plus some 20 species unique to 

Florida (USDA Forest Service 200 1,2003). Identification 

and assignment of species to categories of growing-season 

cover arc assumed to be consistent from season to season, 

but this assumption has not been tested. 

Example Results 

The following are examples of early findings and preliminary 

analyses based on various FIA surveys that have documented 

the presence of invasive plants. Some of this information is 

taken from upcoming reports of P2 and P3 nonnative vegetation 

surveys for selected areas of the United States. We also include 

selected infortnation fiom FIA survey data archives dating from 

the 1990s and earlier. 

Distributions of Invasive Species 

Managers and scientists derive their knowledge of distributions 

of invasive plant species fiom observations for a range of earth 

cover types. At present, inferences about species distributions 

typically rely on information stored at state and national herbaria, 

which contain physical records for an array of earth cover types. 

These records. unlike FIA records, rarely reference periodic, 

systematic observations or compreliensivc environmental, spatial, 

or temporal details for broad areas. Inferences From FIA obser- 
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vations of irivasive species. however, are generally limited to four southern States (Georgia, North Carolina, South Carolina, 

forest land. FIA's sampling design and measurement protocols and Virginia) that are infested with Japanese honeysuckle. 

have been adapted to nonforest areas (O'Bricn et 01. 2003, ('Note that the FIA data represented in the example is for only 

Rieiiiann 2003), but cost and the logistical difficulties in collabo- about 1/5 of the sample plots.) Figure 2b shows corresponding 

rating with ageilcies responsible for nonforest land assessments county-level data from the PLANTS Database of herbarium 

are impediments to wider adoption of these methods. records (USDA NRCS 2004). By combining the two sources, 

one obtains a more comprehensive account of the range and 
Combining FIA data with data from other sources can increase 

our knowledge of invasive plant species distributions. Figure 2a 

illustrates P2 FIA data from county suwcys of forest land froni 

Figure 2.-.Jupanccsc honej~~stick/c distribution I)?? county in 
Georgia, North Carolirru, Sorith Ci-rrolinc~, und T'irginiu: (a) FI14 
phase 2.field ol~.sewution.s, 200 1-04, (b) PL4 N 7 3  Datubuse 2002, 
1argely.from hcrhurium  specimen.^, ortd (c) both combined: 
iqfi)rmatiori f i n  (b). ~ ' i f h  ~~1diti0ll.s~ f i o ~  (a). 

counties occupied (fig. 2c). 

P2 Infestation and Severity Estimates 
The summary of invasive plant occurrences on P2 forest land 

plots includes information about infestations by one or more 

selected specics for the States represented (table 2). Without 

accounting for sample size and observer variability by State, 

specics, and infestation severity, regional differences in the 

frequency of plots with invasive plants appear large. For example, 

72 percent of forest land is infested in Kentucky, while 23 percent 

of forest land is infested in Arkansas. The preliminary conclusion 

is that varying climate and forest disturbance regimes favor one 

or more species in the target species list. To suggest that forest 

land in Arkansas is less susceptible to plant invasions, and 

Kentucky is more susceptible, is tempting, but not valid without 

an assessment of all vascular species. 

In the areas surveyed for invasive plant species on the South's 

target list, Japanese honeysuckle infests the most forest land, 

with Chinese and European privet (Ligushtm sinense, L. vulgure) 

ranked a distant second (table 3). Kudzu is ranked 1 4 t h  in over- 

all frequency, but kudzu outranks the other 13 taxa in the 

Table 2 .-Sa1rzplec1 kocutions tr~i!h jbres t lund arzd percent it? fk.sted by State, 2001-04, as of September 2004. a 

All Attribute 

I Number of I 
forest land 10,368 639 2,202 484 955 71 1 597 638 1.552 1,681 909 
plots 

Percent 
infested with 
one or more 49 2 3 40 4 1 42 47 50 5 1 53 63 72 

of 33 taxa 

" Data arc from coniplctcd panels in  thc South (a9 of Scptcruhcr 2004) and rcprcscrlt a portloll of the final 5-krn salnplc grid intcns~ty. States. panel numbers. and 
approximate proportions are: Arkansas, 3,O 20; East Tcxas, 1 through 5 .  1.00; South Carol~na, 4,0.20; Loursiana, 4 and 5,0.40; North Carolina, 5,0.20; Georgia 
3, 0.14; Vii-grilio, 4, 0.20: Tcnncsscc, 3, 4. and 5 ,  0.60; Alabama, 3 and 4,O 40: and Kclitucky. 3 and 4, 0.33. 
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Table 3.-Relutive frpquenc~. of'infestcd fi)rc!.st lund .subplots b11 T~LYU uand Stutc~, 2001-04, for panels completed us ufSeptember 2004." 

Rela t i ~ c  ,frequency 

Japanese 50 77 4 1 62 2 5 58 62 50 54 66 3 1 
honeysuckle 

Chinese and 1 1  1  11 10 13 14 2 5 6 5 19 0 
European privet 

Chinese tallowtree 7 0 3 1 2 26 0 1 0 0 1 

Tall fescue 6 0 0 3 0 0 0 15 5 0 25 

I Nonnative roses 6 2 1 0 0 9 0 8 7 0 
20 1 

Japanese/glossy 5 14 5 8 8 6 A 3 3 8 6 0 
privet 

Japanese 3 0 5 0 23 0 1 0 0 2 0 
climbing fern 

I Bush honeysuckles 3 0 0 0 0 2 0 3 2 0 
I 1  I 

I Chinese lcspedeza 2 3 0 5 0 3 6 2 2 0 1 I Nepalese browntop 1 0 0 0 0 1 0 0 6 0 I 
I Mimosa 1  2 2 0 1 1 1 0 1 O 1  

Chinabcrry 1 0 2 1 1 0 2 0 0 1 

Kudzu 1 1 0 1 0 0 1 0 0 2 0 

1 15 other taxa 4 0 1  6 2 6 1 5 6 

I AN taxa 100 100 100 100 100 1 00 100 100 100 100 1 0 0 1  

Number of 17,362 343 2,473 598 1,329 1,049 1,014 1,195 2,909 3,726 2,726 
infested 
subplots 
~ ( # ~ ~ b p l ~ t ~ ) t a x a  

" Data arc from complctcd panels in thc South (as of' Septcmbcr 2001) atid rcprcscnt a portion of'thc final 5-km sa~nplc grid intensity. States. panel numbers, and 
approsimate proportions are: Arkansas, 3, 0.20: East Texas, 1 through 5. 1.00; Soutli Carolina. 4. O 20: Louisiana, 4 and 5, 0.40; North Carolina. 5.0.20; Gcorgla. 
3, 0.14; Virginia, 4,0.20; Tcnnesscc. 3, 4, and 5.0.60; Alabama. 3 arid 4.0.40; and Kentucky, 3 and 4, 0 33. 

severity of its infestations (fig. 3). Thirty-one percent of kudzu- 

infested subplots havc greater than 50 percent coverage, which 

means that kudzu is the dominant species in these subplots. 

The strength of FIA's probability-based sampling design is that 

one is able to make inferences about the cxtent of infestations 

and their severity on forest land. An east Texas example shows 

that Japanese honeysuckle infests 2,774900 acres, wllich make 

up 23 percent of the region's 12 million forest land area in 

2003. Statistically, one may bc 95 percent confident that the 

area is between 2.838,600 and 2,7 1 1.200 acres, or 2.774.900 rf: 

63,700. Confidence in estimates is strong for the common 

species and weak for rarely occurring species such as kudzu 

(table 4). In general, estimates of total cover represent less than 

10 percent of the infected area of forest land. Japanese honey- 

suckle infests a  nill lion more acres than Chinese tallowtree 

(Triucizca sebifim), a canopy-dominant tree species. but the two 

species are statistically similar in terms of total cover. 
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Table 4.-Top 12 irtvusive species infkii,vting fir-c.vt lcrnd unct their se~~erity, east Texus, 2001-03 .sun~qts. 

Chinese tallowtree 14.1 1,715.3 - +50.1 160.0 215.3 
Chinese'European privet 5.8 701.3 - t32.0 39.1 - +7.6 
Jap"nese/glossy privet 3.4 413.4 - +24.6 17.7 - +5.1 
Japanese climbing fern 3.0 369.1 - +23.2 12.6 k4.3 
Chinaberry 2.3 28 1.6 220.3 8.5 k3.5 
Mimosa 1.5 182.9 - +16.4 1.7 - +1.6 
Chinese lespedeza 0.5 54.6 - +8.9 0.1 N A  
Nonnative roses 0.4 52.6 - +8.8 1.9 - +1.7 
Bush honeysuckles 0.3 40.5 - +7.7 1.7 - +1.6 
Nandina 0.3 39.2 - +7.6 0.5 NA 
Kudzu 0.3 33.4 - t7.0 0.4 N A  

L J 

NA - Confiderlce interval illcludcs rcro. 

Table 5. --Number o f  sampled plots on forest land in the con- 
" - &  

Figure 3.-hvpor*tion uf iqfested sul~plot~r h j ~  specicjs (2nd terminous United Stutes.fi,r 2001-03 in which un ull-vasculur 

sn,erih~ clo.vLs (< 1, 1-10, 11-50. > 5opercent c o v c r . ~ ~ f i , r .  pecicss iijl'entoq' \+'us conducted b?' I'IA region, Statt'. and 

panel.s coml,lrrerl as  u,se,)ieIIrtjPr 2004, sorlthern (initc!d Sr(lt6,.s.s. J~PU': UB 1e.s.s othn.n~i.se no!ed. sarrlpling ul th e P3 (22-kmt 

I I grid dens it^: 

P3 Sampling 
The census of all vascular species from P3 forest land observa- 

tions provides information that is being used to develop indicators 

of forest health. Part of tltis development includes documenting 

their legitimacy, e.g., assurance in species identification (Gray 

and Azuma 2005). At present, funding for full implemevltation 

of all vascular vegetation on P3 plots is uncertain. The 1,300 plot 

observations of all vascular vegetation on forcst land between 

200 1 and 2003 h a c  been made only in selected States and 

survey years (table 5), 

FIA region and State 2001 2002 2003 
Number 

l n  terior West 
Utah 40 45 5 0 

Northeastern 
Delaware" 19 19 2 1 
Ohio 16 2 1 26 
Pennsylvania.' 136 99 3 3 
New Jersey" 9 6 0 
New York" 2 1 I0 0 

North Central 
Illinois 14 8 17 
Indiana 12 6 7 
Iowa 7 9 5 
Kansas 8 6 6 
Michigan 4 1 43 43 
Minnesota* 70 70 42 
Missouri 3 6 3 2 35 
Nebraska 4 5 2 
North Dakota 3 0 1 
South Dakota 4 3 4 
Wisconsi~~ 3 4 32 29 

Pacific Northwest 
Oregon 62 0 0 

Southern 
South Carolina 0 3 1 0 

Total 536 445 321 

' Included samplcs at thc P2 (5-km) grid density for special study areas, such as 
thc Allcghcny IVational Forest. 
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P3 sampling serves to corroborate species ranking from P2 plot 

observations, includes uouchered specimens deposited at regional 

herbaria for future study, and fills in information gaps associated 

with narrower target lists. In South Carolina, a pilot study of P3 

data collection notes nonnative species occurred in an average 

of 5 percent of 3 1 forest land plots (Oswalt, in press). As with 

P2 observations. Japanese honeysuckle is thc overall dominant 

invasivc species by frequency, and kudzu is relatively rare. 

Included among recorded irlvasive species are the less easily 

identifiable life f o rm  such as grasses, c.g., Bermudagrass 

(Cynodon duch*kon), and species such as alligatorweed 

(,4ltemanthcm yhiloxeroide,s). which arc problcms only in 

uncommon, spccializcd habitats, such as forested wetlands with 

limited tree cover. 

Analysis of P3 indicators include the proportions of species 

richness and cover. in introduced species. and these estimates 

serve as measures of relative impact (Stapanian pt al. 1998). 

For example, Ciriiy and Azurna (2005) note that the proportions 

of nonnative to native-and-introduccd vascular plant species 

richness and cover differed significantly by ecoregion in forest 

land of western Orcgon. 

An illustration comes from a preliminary examination of P3 

observations for tlic North Central FIA region (fig. 4) which 

suggests that the proportion of nonnative plant species varies by 

Figure 4.-Percent nonncrti~~e species on-forest land h). ccoregion. 
Michigan, Mkrzesota, und FYist'onsiit (Source: Olsorz e 1 al. 2004). 

ecoregion (Olson et al. 2003). Large blocks of forest land- 

predominantly evergreen forest types--are associated with lower 

nonnative proportions. One interpretation is that the proportion 

varies directly with landscape-scale disturbances, such as forest 

fragmentation, and regional soil fertility. Another is that regions 

predominantly in deciduous forest land may be more susceptible 

to invasion by semi-evergreen species with longer growing 

cycles than regions predominantly in evergreen forests. 

Elsewhere, preliminary data appear to corroborate these patterns 

(Olson et al. 2003: Oswalt, in press; Schulz and Gray 2004). 

Opportunities for Further Analysis 
On forest land hture analysis of P2 and P3 observations will 

increase when monitoring of invasive plant species is fully 

implemented and standardized across FIA regions. Such analyses 

will permit a broader national understanding of pest species 

populations and their potential threat across all regions. 

Robust risk assessments require national coordination, augmented 

interagency cooperation, and transdisciplinary coIlaboration 

with other monitoring efforts. These include national programs 

responsible for areas outside forest land, e.g., the USDA NRCS 

National Resources Inventory. State and local monitoring for 

management operations (Carpenter et al. 2002), and invasive 

species observations by volunteers (e.g., Brown et al. 2001). 

In Alaska, one coordinated approach includes the establishment 

of an interagency tnelnorandum of understanding, a strategy for 

cooperative inventories (Shephard et al. 2002), and an associated 

Web site (Alaska Comtnittee for Noxious and Invasive Plants 

Management 2004). Another is the report from The H. John 

Heinz I11 Center for Science, Econoinics and the Environment 

(2002) and a newly launched Web site that focuses on invasive 

species (National Institute of Invasive Species Science, n.d.1. 

The institute is in the process of gathering knowledge about 

invasive plant species from various agencies and land cover 

types, and analysts may one day be able to use the Web site's 

assembled data to supplement FTA forest land observations when 

developing risk prediction models with wider applicability. 
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Analyses With Older Survey Data 

Before establishment of the P3 national sampling protocol for 

vascular plants and regional P2 sampling protocols for invasive 

plant species, a few FIA regions sur-vcys estimated vegetation 

structure on titnberland by easily distinguished plant taxa. 

These surveys happened to include a few invasive piant species 

in their tally. We highlight ongoing and recently completed 

analyses of these older data as exa~nple information products 

that could be developed from data currently being collected. 

The FIA program could generate similar information for all 

forest land if national P2 standard protocols for spccies selection 

and field nleasurement were established. and if the national form 

of P3 sampling were inlplemented across the United States. 

One example analysis provides estimates of Himalayan (Ruhus 

u'itcolor.) and cutleaf blackberry (R. krc*inattrs) based on the 1998 

western Oregon forest survey of non-federal land. Gray (2005) 

used stepwise logistic regression of these species' distributions 

to construct a model with correlated variables and thereby 

obtain an understanding of likely causal variables. Although 

model predictability was generally less than 50 percent, analyses 

and associated maps supported hypotheses that invasions were 

more likely at low elevstions and in timberland with limited 

overstory cover (tree basal area, crown cover). 

Another analysis yields maps of infestation probabilities for a 

few well-known species and is based largely on interior forest 

surveys of undcrstory species in Southeastern United States 

timberland during the 1990s. Findings noted infestation proba- 

bilities are greater for Japanese honeysuckle in the Southern 

Mixed Forest than Coastal Plain provinces (fig. 5). For more 

details about the interpolation, see Jacobs and Rudis (2005). 

Data came ffom interpolations of presence-absence observations 

recorded in a 1989 - -9.5 survey of 26.882 timberland sample 

locations'. About 20 percent of the forest sample locations were 

infested with Japanese honeysuckle, 3.5 percent with privet 

(Li~vrsm~rtz spp.). 0.9 percent with multiflora rose (Ro.~a multLflora). 

and 0.2 percent with kudzu. The odds of infestation probability 

were greatest with the absence of prescribed fire Trends based 

on matched locations (timberland for both the 1980s and 1990s 

surveys) indicated a statistically significant decline in infestation 

probability over the decade for Japanese honeysuckle, no change 

in kudzu, and at1 increase in privet. 

A third exatnple characterizes forest fragmentation and the odds 

of infestation relative to the forest edge by employing the fixed 

configuration of the current plot design. Of 6.76 1 sampled forest 

locations in the 1997 survey of Georgia's timberland 9 percent 

contained forest-nonforest edges'. The odds of an infestation by 

Japanese honeysuckle were two times greater. for privet three 

times greater. and for kudzu seven times greater at the forest 

edge than in forest interior locations. Forest land in nonforest- 

dominated neighborhoods may be particularly vulnerable to 

invasion due to the close proximity to anthropogenic activities 

and likely larger invasive plant populations on nonforest land 

(Franklin et al. 2003 ). 

Figure 5.-Iflfstation probability of Japailese honqsuckk on 
timberland, ssozlthelrstern United States. 
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Data on file with: IJSDA Fo~cst Sc~vicc, FIA Program. 4700 Old Kingston Plkc, Knoxville. TN 37919. 
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Fine-scaled, spatially referenced estilnates of invasive species 

often are the data of most interest to county and other local 

land managers. This fourth example dcscribcs a protocol for 

obtaining fine-scale, spatially-registered estimates for Chincse 

tallowtree, a species noted in surveys conducted in thc south 

central United States beginning with 1990s surveys. Figure 6 

illustrates portions of the protocol. Initial efforts require geo- 

graphic registration of satellite imagery to FIA plot locations 

containing a single condition, and all four subplots are completely 

forcstcd or completely nonforested. The next stcp develops a 

model that predicts forest land and nonforest land hased on 

sainplcd values; secondary data fiom other sources also arc 

ernployed as predictors. Figure 6b illustrates results using 

Moderate Resolution Imaging Spectroradiometer (MODIS) 
imagery to predict forest land at 250-m resolution. The third 

stcp develops a predictive model of invasive species presence 

and biomass volume for standing trees. In addition to FIA plot 

and forest condition information, the model may include other 

geographically registered data, such as generalized ecoregion 

boundaries, specific climate attributes from the National 

Weather Service, slope and elevation estimates from the U.S. 

Geological Survey, and soil properties from the NRCS Natural 

Resources Inventory. The final model yields a map of satellite 

image spectral values that estimate the species' biomass volume 

at 250-m resolution. For Chincsc tallowtree, biomass values 

may appear something like those displayed in figure 6d. 

Figure 6.-Steps in the procc:ss qf:fine-sc~u1t.d evti~ilution c!f'Chinese tul10~'tree hiomuss: (a) .WODIS satellire imagery at 250-m 
resolrrtion.fi~r east Texas and west Lozrisiniza; (h) spcctral r~ulzie clmsification of forest uizd noqforest land; (cj Chinese taElowtr.ee- 
iprfe.sted FlA jbrest land sur~zplc locations in east 7i>xus by presence and infistation selyerih* (percent total cover); and 0 depiction 
c?f'Chiile.se tallo\~trec~ l.iomusLs at 250-m resolmtion. 

I I 
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Analysts can test the underlying predictions against other FIA 

ol~servations withheld from initial model development. The 

final map product, together with associated reliability statistics, 

provides sufficient spatial resolution for more detailed planning 

by county-level managers. 
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Appendix 

This list contains the inventoried invasive species on Forest 

Inventory and Analysis (VIA 1 forest plots in the contcrn~inous 

United States. 

Trees 

National (Core-required) 
Tree-of-heavei~'~ Ailunthus ultissimt~ 

Tung-oil trce A kurites.fi?rdii 

Mimosa, sil ktreel A ll7izicz jt~lihri.slsin 

European alder Alnus glutinosa 

Eucalyptus Eucu~)ptlts spp. 

Melaleucat Meluleuca quinquenervia 

Chinaber~y" Mclia azedumch 

Royal paulownia Ptltrlo~vi~ia tomtJnfosa 

Mesquite7 Yr~)sopi,s (selected species, nbt I? glandulosu, l? 

puhescens. I! r,el~itinu) 

European tnout-rtain ash Sorbus uucupcrria 

Chinese tallowtrec' TriuJicn sehifiru (Supium sehiferum) 

Siberian elm Cilmu,s pumilu 

National (Core-optional) 
Norway maple ricer plutunoides 

Camphortree' Cinnumomum camphorlr: 
R ussiarl olive*h Elt~eugn t l ~  ungtt~ttfi)liu 

Saltcedar' I' Tamurix spp. 

Shrubs 

North Central 

Japanese barberry' Berheris thunhergii 

Glossy buckthorn Frczngula alnus 

Common buckthorn Rhurttnu,~ cuthurtica 

North Central, Southern 

Autumn olive' Elaeagntis umbellut~z 

European privettc Ligustrtrm vulgare 

Bush honeysuckles' Lonicera spp. 

Multiflora rose' Rosu multiforu 

Pacific Northwest 

English hollyc Ilex aquifolirrr~l 

Himalayan blackberryh ' Ruhlrs discolor 

Cutlcaf blackbcrlyc Ruhzw lucirzatt~s 

Scotch broom1'- C ~ ~ t i s t r s  .scopur.ius 

LT1e.x eurupuells 

Southern 

Silvcrthorn' Elueagnus pungens 

Winged cuonymus, burning bush, Euonj-rrtlu ulata 

Chinese privett Ligustrum sinense, Japanese privett L. 

japorlicum, glossy privet' L. lllcidum 

Nandina, sacred bamboo* Nandir~a domestics 

Nonnative roses Rosa spp. 

Ferns-Southern 

Japanese climbing fern' Lj~godiurn japonicum 

ForbslHerbslOther Herbaceous 

Interior West 

Russian knapweedh,' Acroytilon repens 

Hoarycressh ' Cardaria drnba 

Diffuse knap~eed"~  Cenfuuriu diffirsu 

Interior West, North Central 
Lea5  spurgeh.' Ezcphorbia eszlk~z 

Spccics ~ntroduction on national forest land d~scourapcd (Southcast Exot~c Pest Plant Coui~cil 2001). 
Spcc~es ~t~troductron on national Ibrcst land prohlb~tcd (Southcast Exotic Pest Plant Council 2001 ). 
Spccics on thc Federal Novrous Weed List (Fedcral Rcgkter 2004). 
Surtcycd as a trce orily in  thc Intcrior Wcst. 

~ p c c r e s  prcscnt and rcprescnting a potential threat to thc Sicrra Ncsada National Forcst (USDA Forest Scrvicc, Pacific South\vcst Rcgion 2001). 
I Spcc~cs rnlroductlon on llatlonal forcst land prohibltcd (USDA Forest Scrvicc, Pacific Sorthwcst Rgion 2004). 
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Interior West, North Central, Pacific Northwest 

Thistle"" Circium spp. 

Grasses 

North Central 

Common burdock Arctium rtiinus 

Japanese knotiveedt' Poljgonurn c.zlspidatum 

Mile-a-minute cveedYtlpe~I;)liati~m 

North Central 
Reed canary grassc PlzuluriAs uruntiinucea 

Common rccd Phrugmites au,strizlis 

North Central, Southern 

Nepalese browntop' Microstegium vimirleum 
North Central, most of Interior West 

Spotted knapweed Centiruriu bierhersteinii 

North Central, Southern 
Garlic mustard' .4lliur.i~7 petiolutu 

Pacific Northwest 

NFS Calijhnia: 

Musk thi~tle*~ Tunlrsus nzttizns 
Kna p weed" ' Centuur-iu difuusu, 

C. .solstitialis, C. mucu1o.s~' 

Rush skeleton wccd C'honr.il1a junceu 

Spurge"*c Euphoi-hiu esula, E. ohlongatci 

French broomb ' Genista r?ionspe~ssz~li~~~u 

Medusa headh " TuanintJier.~nt~ cuputr?redrucl 

Foxglove" Digitalis purpurcu 

Wall lettuce ,$fycclis mumli,s 

Pacific Northwest Unites States and Colorado, Montana, 

Nevada, and Wyoming 

St. Johnsworth " Hypericum perfomturn 

Southern 
Shrubby lespedexa L~.spedezu hicolor 

Southern United States and Arizona 
Chinese lespcdezaf Lespe~!czu c'uncwta 

Tropical soda apple' Solimlwl viarum 

Southern 
Giant reed Atundo donu  

Tall fescue' Lolirlrn aruniiinucc~u~~r 

Cogongrassf Itnper.ata cylindrica 

Chinese silvergrass" Misccmthus sinensis 

Nonnative bamboos Phyllostaciz~~s spp., Bambzlsa spp 

Pacific Northwest, Southern 
English ivy*c Hcder-u he1i.x 

North Central 

Porcelainberry" Ampelopsis br.evipehrnculutu 

Black swallouru~ort Cynanchrmi 1oui.seas 

North Central, Southern 
Oriential or Asian bittersweet' Celastrus orhicu1utu.s 

Nonnative cliinbing yatns -air yam/Chinese yamlwater 

yam' Dioscorva hulhifem/D. oppositifolia/D. alata 

Wintercreepert Euonymus~fortunei 

Japanese honcysucklet Lonicem japonicu 

Kudzut Pueruriu ~nontuna 

Southern 
Periwinklesc Vinca niinoe tlmajor 

Chinese/Japanese wisteria' Wisteria sinensis/Wflor.ibunda 

" Specics introduction on national fijrest land discouraged (Southeast Exotlc Pest Plant Council 2001). 
+ Spccics introduction on national forest land psohrbited (Southeast Exotic Pcst Plant Cour~cil 2001). 
: Species on the Federal Noxious Weed List (Federal Kcpistcr 2004). 
' Spccics present and representing a po~cntral threat to the Sierra Scvadn SationnI Folrst (USDA Forcst Scrvicc. Pacific Soulllwcst Rcg101l 2001 ). 

Spccics intsoductron on national forcst land prohibited (USDA Forcst Scrvicc. Pacrfic Fu'orthwcst Region 2004). 
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Florida Supplement 

Florida Trees 
Australian-pines Caszlurina spy. 

Car rotwood Czipun iop.sis unuc.urdioi~1e.s 

ScheMera ,Ych<flIem crcfinop/t>~llu 

Java plum Syzj~giurn ctinzini 

Florida Subshrirbs 
Coral ardisia" Ar(li.sicz c~ncrtn 

Lantana L,antuna cuiTmra 

Florida Shrubs 

Surinam cherry Er~gevtiu ~rnifloi-u 

Guava spp. Psidiutn spp. 

Downy rose ~nyrtlc' Rhodoiriyrtus tc)rncntosu 

Brazilian peppert i%hinu.s terc.hiiz~hifOlius 

Wetland nightshade' Solunzitri tarrrpic.c~nse 

Florida Grasses 

Napier grass Pcnnisetum pziipr~wunt 

Florida Ferns 

Smallleaf climbing fern' Lvgodium micropliyllum 

Sword fern Nephrolepis cordifhliu 

Florida Forbs/Herbs/Other Herbaceous 
Hairy indigo Indigqferu hii-szitu 

Not included are lists used in special studies supported in part 

by cooperating agencies. For example, the Northeastern FIA 

uses an extended list of nonnative tree species in sl3ecial surveys 

of urban and other nonforest land (Riemann 20031, and conducts 

an ongoing. growing-season survey to assess cover for 12 invasive 

species. and occurrence for 38 others in Pennsylvaiania. In the 

West, special surveys in selected wcstcrn nationit1 forest districts 

and regions include noxious species surveys 011 nonforest land, 

e.g., Bridgcr-Teton National Forests (O'Bricn ct al. 2003 1. 
Florida Vines 

Rosary pea A brtls y recutorius 

Cat's-claw vine' MuqfuuI\lena ungis-cuti 

Skunk vines' Puedericz .spp. 

Species introduction on ~~ittional forcsl land discouraged (Soutlicas~ Exotic Pest Plant Council 200 1 ). 
Species introduction on natlonal forest land proliibitcd (Southcast Exotic Pest Plant C:ouncil 2001). 

: Spccics on tlic Federal Noxious Wccd List (Fcdcral Rcgistcr 2004). 
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