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Executive Summary

This report addresses a concern voiced by the American Seed Trade Association (ASTA)
to the Department of Conservation and Recreation (DCR) that 11 species on the DCR
List of Invasve Alien Plant Speciesin Virginia should be removed. The 11 species are
redtop (Agrostis gigantea), crown vetch (Coronilla varia), bermudagrass (Cynodon
dactylon), orchardgrass (Dactylis glomerata), weeping lovegrass (Eragrostis curvula),
tal fescue (Lolium pratense, formerly Festuca pratensis), birdsfoot trefoil (Lotus
corniculatus), white sweet clover (Médlilotus alba), yellow sweet clover (Médlilotus
officinalis), timothy (Phleum pratense), and Canada bluegrass (Poa compressa).

The current Ligt of Invasive Alien Plant Speciesidentifies 115 species that are known, or
have the potentid, to threaten rare plant and anima species, native forests and grasdands,
and other naturd communities. The list was first published by DCR in cooperation with
the Virginia Native Plant Society in 1993. Thislist carries no regulatory or statutory
authority and is entirely advisory in nature. All DCR publications on invasive species are
intended to provide information on an issue that has been of growing concern in the
natural resource conservation community over the past 15 to 20 years. Theligt isintended
to assst land managers in making informed decisons regarding plant materias used in
various projects and the potential consequences of using certain species. Economic
factors are not gppropriate for consderation since the list informs users about their
options; it does not regulate their decisons.

This report describes three methods DCR uses to assess the invasive nature of plant
speciesin generd. In particular, the invasiveness of the 11 species recently questioned by
ASTA are closgly examined.

Firg, current scientific literature and other sources were reviewed to gather information

on the biology, ecology, invasiveness, and management of each species. Thisinformation
was used to complete a Plant Species Invasiveness Rank Form for each species. The
Rank Form presents a set of criteria framed as questions with weighted scores designed to
determine the relative invasiveness of a species. Ten species were determined to be
invasive by this process. This method did not find sufficient evidence to classfy
bermudagrass asinvasve. Asaresult of this gpproach to invasiveness ranking, three
species increased their rank, four species lowered their rank, and four species ranks
remained the same.

Second, data regarding a suite of plant characteristics obtained from the USDA Natura
Resources Conservation Service PLANTS Database were used to develop a modd to
predict invasveness of aplant species. Discriminant anadys's generated amodel that
correctly predicted the invasiveness of 32 exotic species and, when gpplied to the 11
speciesin question, classified eight as invasive. These eight species are redtop,
bermudagrass, orchardgrass, weeping lovegrass, tall fescue, white sweetclover, yellow
sweetclover, and timothy.



Third, field data from gpproximately 2,000 vegetation study plots across Virginiawere
used for a unique perspective on the invasiveness of various exatic plant species. A
disproportionate percentage of currently listed exotic species are represented in these
plots and a highly sgnificant Satigtica relationship was found between frequency of
gpeciesin plots and their invasveness rank on the DCR Ligt of Invasive Alien Plant

Speciesin Virginia

We conclude from this three-part study of the invasive nature of the 11 species
questioned by ASTA that there is credible evidence for continuing to classify 10 of the 11
oecies asinvasve.

Although the problems posed by invasive exotic species to native species and natura
communities were first identified by scientists over forty years ago, most research into
this area began to be published in the last fifteen years. It isimportant that research
scientists, resource managers, economic stakeholders, and policymakersremain in cordid
and congructive dia og regarding the complex issues this subject raises.



[. Introduction
A. Purpose of the Study

This report addresses arequest by the American Seed Trade Association (ASTA) that the
Department of Conservation and Recreation (DCR) remove 11 species from the DCR

Lig of Invasive Alien Plant Speciesin Virginia (DCR 1999). The 11 species are redtop
(Agrostis gigantea), crown vetch (Coronilla varia), bermudagrass (Cynodon dactylon),
orchardgrass (Dactylis glomerata), weeping lovegrass (Eragrostis curvula), tal fescue
(Lolium pratense, formerly Festuca pratensis), birdsfoot trefoil (Lotus corniculatus),
white sweet clover (Mélilotus alba), yellow sweet clover (Médlilotus officinalis), timothy
(Phleum pratense), and Canada bluegrass (Poa compressa).

Each of these 11 species has avariety of cultura uses, including soil erasion control,
livestock forage, wildlife habitat management, turfgrass, and ornamentd planting. Some
forage gpecies, such as orchardgrass and timothy, have been in usein Virginiasnce the
18™ century. Other species, such as weeping lovegrass, are recent additions to the
Virginialandscape. DCR recognizes that these species will be used for these purposes
into the future. However, invasive species can and do move into natura areas and cause
damage to native plants, animas, and communities. Therefore, great caution is advised
with regard to their use in or adjacent to natural aress.

All 11 speciesin question are considered by organizations and agencies throughout the
U.S. to exhibit invasive tendencies that threeten rare native plants and natura

communities (TN-EPPC 1996; SAMAB 2001; USDA NRCS 2001). DCR re-examined
information used to identify these 11 gpecies as invasive and implemented refined criteria
for ranking species invasiveness. New anayses were conducted to examine evidence not
avalablewhen the Ligt of Invasve Alien Plant Species was firgt developed. Thisfresh
look at an old issue adds consderably to our understanding of invasive speciesin
Virginiaand the characterigtics these species share.

B. Mission of the Virginia Natural Heritage Program

DCR’sDivison of Naturd Heritage (DNH) is responsible by statutory authority for
documenting, protecting, and managing natural heritage resources, defined as “the
habitats of rare, threatened, or endangered plant and animal species, rare or Sate-
sgnificant communities, and other natura features’ (section 10.1: 209-217, Code of
Virginia). DCR maintains database information on the atus, distribution, and ecology of
rare native species and dl natura communities; protects and manages these resources
through a system of naturd area preserves, and provides information and technica advice
to other agencies, organizations, and individuals. Addressing the threet to naturd heritage
resources from exotic invasve plant speciesis an important part of this work.



C. Threatsfrom Invasive Exotic Plant Species

During the past two decades, invasion of native ecosystems by exotic (also referred to as
dien or non-native) species has become recognized by scientists and land managers as
one of two mgor causes of the loss of native biodiversity (Fimm and Gilpin 1989; U.S.
Congress 1993; Luken and Thieret 1997; Meffe and Carroll 1997; Scott and Wilcove
1998; Stein et d. 2000). Habitat loss or degradation is widely acknowledged as the
leading cause of loss of biodiversity. However, the threat to biodiversity posed by
invasive exotic species is not widdy known or gppreciated by the public. The exceptions
may be the ates of Florida and Hawaii, where invasive exatic plants and animas have
led to large-scale economic and environmental [osses and large expenditures by public
agencies to address the problems associated with invasive species (U.S. Congress 1993;
Simberloff et d. 1997; Cox 1999).

Invasive exatic plants threaten native species and natural communities on three broad and
interconnected levels: (1) ateration of ecosystem processes, (2) change in community
sructure, and (3) change in community composition (Elton 1958; Cronk and Fuller 1995;
Cox 1999; Hobbs and Huenneke 1992; Lodge 1993; Randdl 1997; Simberloff et d.
1997, Waker and Smith 1997; Woods 1997).

Alteration of ecosystem processes can be caused by ateration of historicd fire regimes,
eroson and sedimentation rates, hydrologica regimes, or nutrient regimes (D’ Antonio
and Vitousek 1992; Waker and Smith 1997). Purple loosestrife (Lythrum salicaria)
illugtrates this effect of invasive plants. An exatic introduction to North America for
ornamentd uses, purple loosestrife has invaded thousands of acres of wetlandsin the
Northeast. The plant growsin high density and creates substrate buildup around its roots
that creates adrier Ste and alows the plant to invade open water (Bender 2000). The
resultant changes in substrate and hydrology negatively impact native wetlands and the
plants and animals that inhabit these communities.

Invasive plants can dragticdly dter the structure of communities. Changesin community
dructure result from the addition of avegetative layer or an increase in the dengty of a
layer. A layer could be diminated, for example, if an invading species casts dense shade.
The classic exampleis kudzu (Pueraria montana). Kudzu creates a new and highly dense
layer over exigting layers, even overtopping tree canopies. Using this strategy, kudzu can
outcompete other plants for sunlight, with amarked reduction of biodiversity in lower
layers of the site (Woods 1997).

When an invagve plant becomes a new component of an existing vegetation layer, naive
species are digplaced. Native species must compete a new levels for nutrients, light,
water, pollinators, and seed dispersa pathways (i.e., animals that transport seed to new
gtes). For example, Japanese stilt grass (Microstegium vimineum) invades wetlands and
forests with moigt soils, forming dense, monotypic stands and reducing diversity in the
ground-layer. This ground-layer change aso leads to changesin the shrub and tree layers
by reducing seedling recruitment of woody species (Woods 1997).



D. About the DCR List of Invasive Alien Plant Speciesin Virginia

TheLig of Invasive Alien Plant Speciesin Virginiaisthe result of a cooperative project
between the Virginia Native Plant Society (VNPS) and DCR. The list was developed as
an educationd toal to inform DCR and other land managers and concerned citizens about
potentialy troublesome exotic species. The list has no regulatory authority.

The primary list was drafted by representatives from DCR and VNPSin 1991. In 1993, a
draft list was presented for review to representatives of numerous public agencies and
private organizations, including Virginia Department of Agriculture and Consumer
Services, Department of Trangportation, Department of Game and Inland Fisheries,
Virginia Tech Department of Horticulture, Virginia Nurserymen’s Associgion, Virginia
Agriculturd Extenson Service, Nationa Wildlife Federation, The Nature Conservancy,
and private plant nursery owners. The list was also presented for review a a 1994
Invasive Alien Plant Conference sponsored by DCR and VNPS, which was atended by
over 100 private citizens, and industry representatives, and agency Steff.

Firg published in 1993, the list was reformatted and expanded in 1996 to include
invasveness ranks and plant range and habitat requirement information. Review drafts
were sent to representatives of agencies and organizations listed above. In 1999, further
design refinements to the appearance were made but the content was not changed.

Theligt provides information to asss land managersin (1) setting priorities for

managing invasive species dready established a a site, and (2) making decisions about
plant materids to be used in various projects and the potentiad consequences of using
certain species. Plants that appear on the list are known to spread from where they are
planted to areas where they are not wanted. Such unintended spread causes harm, such as
loss of dedrable native plant and animad habitat. Given the non-regulatory, educationa
nature of the list, cost-benefit andysis was deemed not appropriate and was not
performed. However, such andlyses may be an appropriate step in developing laws that
regulate the use of certain plants or animds.

E. Study Components

The recent sudy consists of three primary components. First, areview was made of
pertinent scientific literature and other sources of information on the biology, ecology,
invasiveness, and management of each of the 11 species. Thisinformation was used to
complete Plant Species Invasveness Rank Forms for each species. Forms congst of a set
of criteriawith weighted scores designed to help determine the relative invasveness of a
species based on awide body of biologicd, physicd, and natura history information.

Second, the assessment of invasiveness was evauated by compiling extensve
autecologica data on arange of netive, non-invasive exotic, and invasve exatic plant
gpecies. Characters were chosen that influence or potentidly influence invasveness.
Clugter andysis and discriminant andyss were performed to identify, respectively, (a)
suites of species that share certain characteristics, and (b) those factors that are most



strongly associated with invasiveness. The clugter andlysis sought to provide support for
the first component of this study by showing that groups of species segregated by
invagve rank. The intent of the discriminant analysis was to develop amode to predict
invasiveness and gpply it to the classfication of the 11 speciesin question. Both
multivariate techniques represent an objective and powerful basisfor classfying exotic
plant species asinvasive or non-invasve.

Third, compositiond data from 1,994 vegetation plot samples were examined for
frequency of occurrence of exotic species. DCR ecologists have collected these data to
document occurrences of naturd communities and to describe examples of rare and
significant vegetation types. Because sample plots are placed, to the extent possible, in
habitats largely free from human disturbance, they provide a conservative estimate of the
occurrence of exotic peciesin the Virginialandscape. These data were also used to
explore the relationship between frequency of occurrence and DCR invasiveness rank for
exotic species. This anayds represents one of the first examinations of the frequency of
exotic gpecies in native vegetation for a data set of this Sze and a the statewide scale.



I1. Plant Invasiveness Ranking Criteria
A. Invasiveness Rank Form

Many ligs of invasive exatic plant pecies have been developed in recent years and more
arebeing developed (e.g., Harmon 1997; USDA Forest Service 1998; CA-EPPC 1999;
PCA 2000; FL-EPPC 2001). Criteriafor listing and scae of focus vary from list to list.
Many have recognized the need for standardized, scientificaly sound criteriafor ranking
invagveness of plant species at loca, state, and nationa levels (Hobbs and Humphries
1995; Heibert 1997; Simberloff 1997; ASTA 1999; Nationd Invasive Species Council
2001; Randdll et a 2001; Van Driesche and Van Driesche 2001). Such criteria are needed
to guide decisons and actions of policymakers and land managers.

One of the mogt highly developed methods for ranking invasive plant species has come
from the Nationa Park Service (Hiebert and Stubbendieck 1993; Helbert 2001). Its focus,
however, is prioritizing species for management within apark or a a particular Site.
Nevertheless, this system lays the groundwork for ranking systems of broader scope,
including anationd invasve pecies ranking system under development by the

Asocigtion for Biodiversty Information (ABI).

ABI ranking criteria (Randdl et d. 2001) have recelved severd rounds of revison following
reviews by resource managers, botanists, and ecologists and are currently being subjected to
further testing (Benton, pers. comm.). The ABI criteria have been adapted by DCR for
gpecific usein Virginiaand are the criteria used in the current study of 11 species

questioned by ASTA. Some criteria pertaining to U.S. distribution and invasiveness were
retained because Virginia does not exist in isolation, and plant materid iseasly

transported from one part of the country to another. Furthermore, if a plant hasinvasive
tendencies a one location, it islikely to be invasve e sawhere (Panetta 1993; Hobbs and
Humphries 1995; Reichard and Hamilton 1997).

Ranking criteria were standardized and organized into a Plant Species Invasiveness Rank
Form. Invasiveness was determined by completing aform for each species under review.
Rank forms present a series of multiple-choice questionsin four components. Answers to
guestions were converted to weighted scores to tally subranks for each area. The subranks
were converted to weighted scoresto taly an overdl rank for the species, called a Plant
Species Invasiveness Rank. Scores are weighted to place greater emphasis on those
criteriathat most strongly reflect speciesimpact on native plant and anima habitat and
biologicd characteristics common to invasve plants. Less emphasisis placed on
digtribution, abundance, and difficulty of control. Species were ranked in one of four
categories of invasveness. High, Medium, Low, or Insgnificant.

For each question, comments and supporting references were provided. References
included published research articles or other pertinent literature, Internet resources or
databases, and persond communications from field biologists or land managers. All
references were listed with complete bibliographic information for each Rank Form.



B. Ranking Criteria Components

Four components used in ranking species invasiveness represent aspects of the species
biology, ecology, and potential for management: (1) impacts on native species, habitats,
and ecosystems, (2) biologica characteristics and dispersd ahility, (3) distribution and
abundancein Virginiaand the U.S,, and (4) difficulty of control.

The first component examines impacts of a pecies on native plants, habitat, and
ecosystems. Impacts by invasive species on ndtive plants include interspecific

competition for limiting resources such as light, water, or nutrients (Bratton 1982; Walker
and Smith 1997). Impacts on habitat include changes in community structure (Bratton
1982; Woods 1997). Ecosystem processes are impacted by such factors as an invasive
species ahility to dter Ste hydrology or change the propensty of asite to burn, thus
dtering the naturd fire regime (Bratton 1982; D’ Antonio and Vitousek 1992; Walker and
Smith 1997).

Secondly, biological characteristics help predict whether a species might become

invaave. Many wel-known invasive species share certain traits in common that give

them a competitive advantage over native species. These traits include rapid growth to
reproductive maturity, prolific seed production, rapid vegetative spread, freedom from
insect or disease controls, and opportunistic growth habit (Elton 1958; Lodge 1993;
Randal and Marindli 1996; Regmanek 1996). The best predictor may be whether the
speciesis known to be invasive in another part of the world (Hobbs and Humphries 1995;
Randdl and Marindli 1996). Evidence adso suggests that repeated or large-scae
introduction of a gpecies into a new range by humans increases its potentid for
invasveness (Randdl and Marindli 1996).

Digtribution and abundance indicates presence of a speciesin a given landscape and
suggests potentid for that speciesto digperse to new sites. Propagules from nearby
populations of an invasive gpecies may become established in an un-invaded Site when
conditions are favorable, particularly following disturbance from storms, fire, or human
activities that increase soil disturbance. However, invasions can occur even into
completdy undisturbed sites. Prevalence in the landscape a so influences the potentid for
control of aspecies at asite. Land managers may work to eradicate a species from a
preserve only to have the site re-infested from off-site populations (L uken 1997). Species
range may be afactor of intentiond dispersa by humans, such as planting, but may adso
be due to unique dispersal mechanisms of a species.

Findly, difficulty of cortrol indicates what resources (time and money) are required to
control an invasive species. Feasihility of control and degree of impact are the two
primary factors used to prioritize invasive plant populations for management action
(Hetbert 2001). Readily available information regarding control methods for a species
assss land managers in determining feasibility of control. Prioritizing invasive plant
populationsis an important step in adaptive management of natura areas (Schwartz and
Randall 1995).



C. Results of the Ranking Process

Table 1 presents updated ranks for the 11 species examined for this study. As aresult of
this review of invasiveness ranks, three species increased their rank: white sweetclover,
yellow sweetclover, and timothy. Four species lowered their rank: redtop, crown vetch,
bermudagrass, and weeping lovegrass. Four species ranks remained the same:
orchardgrass, tal fescue, Canada bluegrass, and birdsfoot trefoil. Completed ranking
formsfor al 11 species are presented in Appendix B.



Table 1.



[11. Multivariate Analysis of Biological Charactersin Invasive and
Non-invasive Species

A. Data Source

USDA NRCS PLANTS Database Version 3.1 (http://plants.usda.gov) provides awide
array of information on plants found in the United States, including native and exotic
gpecies. Among its many offerings are standardized plant characteristics data for 2500
gpecies. The data st contains 88 plant attributes including nativity, growth form, growth
requirements, bloom period, seedling vigor, and suitability/use traits (USDA NRCS
2001).

DCR gaff saw an opportunity to use these data to perform multivariate andysisin an
attempt to identify a pattern of invasiveness as expressed by these characterigtics. In other
words, the question “Do invasive plants posses a set of characteristics that set them apart
from norrinvasive plants?” might be answered by satistica analyss of the NRCS data

Species were selected from the PLANTS Database based on the following criteria: (1) the
gpecieswas found in Virginia, (2) species were chosen for even representation between
native and exotic. Among the natives, species were chosen to represent arange of rarity
inVirginiausng Natura Heritage“S’ ranks (see Appendix C). For the exotic species,
taxa widely recognized as either invasive or nortinvasive were selected. See Appendix B
for Ligt of Invasve Alien Plant Speciesin Virginia. The 11 target Specieswere dso
included. Because seven of the these species were grasses and four were legumes, and
snce the overwheming mgority of taxa meeting the criteria above belonged to one of
these two plant families, it was decided to further limit the selected speciesto grass and
legume species. Seventy-one species were selected for this study.

The NRCS data set’ s 88 attributes were reduced to 43 that were considered likely or
possibly to have some association with invasiveness. Table 2 ligts these retained
characters, which comprise nine binary nomina (categoricd) variables, seven multistate
nomind varidbles, 18 ordind variables, and nine ratio (continuous) variables. To avoid
negative vaues, the unit of measurement in the minimum temperature category was
converted to degrees Kelvin.

Seven species selected had no data for one or more of four attributes. DCR gaff supplied
missing data or provided estimates for these data. The species and the characters lacking
were: Leersia lenticularis (foliage porosity summer, foliage porosity winter, seed per
pound), Arundo donax (seed per pound), Lespedeza bicolor (foliage porosity summer,
foliage porogity winter), Cinna latifolia (seed per pound), Chasmanthium laxum (seed per
pound), Lolium perenne (seed per pound), Dichanthelium clandestinum (seed per pound).
For the ratio seed per pound variable, only relative rank (see Cluster Analysis, Method,

bel ow) was estimated.



Table 2. Variablesused in multivariate character analysis of invasive and non-

invasive species.

Binary (Nominal) Variables
shape and orientation

growth form

resprout ability

allelopathic

fire resistant

fruit/seed period begin
fruit/seed period end

fruit/seed persistence
propagated by bare root
propagated by seed

adapted to fine textured soils
adapted to coarse textured soils
cold stratification required
active growth period — season (3)

Ordinal Variables
lifespan

foliage texture

foliage porosity —summer
foliage porosity —winter
active growth period — duration
growth rate

nitrogen fixation

toxicity

bloom period

fruit/seed abundance
seedling vigor

seed spread rate
vegetative spread rate
fertility requirement
moisture use

anaerobic tolerance
CaCOgtolerance
drought tolerance

fire tolerance

shade tolerance

Ratio (Continuous) Variables

Values

originally multistate—converted to horizontal/erect
originally multistate— converted to local/spreading
yes/no

yes/no

yes/no

originally multistate—converted to early/late
originally multistate—converted to early/late
yes/no

yes/no

yes/no

yes/no

yes/no

yes/no

spring, summer, fall

Values

short/moderate/long
fine/medium/coarse
porous/moderate/dense
porous/moderate/dense
origina multistate—converted to one/two/three+ seasons
slow/moderate/rapid
none/low/medium/high
none/slight/moderate
originally multistate—converted to very early/early/medium/late
low/medium/high
low/medium/high
slow/moderate/rapid
slow/moderate/rapid
low/medium/high
low/medium/high
none/low/medium/high
none/low/medium/high
low/medium/high
none/low/medium/high
intolerant/intermediate/tol erant

Transformation

Note: Ratio variables were also square root transformed to four-rank variables.

mature height

seed per pound
minimum pH

maximum pH

minimum root depth
minimum precipitation
maximum precipitation
minimum frost-free days
minimum temperature

New Synthetic Variables
pH range
precipitation range

ordinal

logarithm

none

none

logarithm

none

logarithm

square root

converted to Kelvin units, then logarithm

Equality
maximum pH —minimum pH
maximum precipitation - minimum precipitation

10



B. Cluster Analysis

Method. — In an effort to identify distinct groups of pecies that share a suite of
characterigtics, hierarchicd cluster andysis was performed on this reduced data set. Of
particular interest was whether native and exctic, invasive and non-invasve, and strongly
and weekly invasive species would segregate with respect to the assembled biological
characters. Clugter andlysis comprises afamily of multivariate techniques that seek to
aggregate cases into groups based on overadl smilarity in a set of measured characters.
Clustering dgorithms are driven by a distance function, which measures the dissmilarity
between dl pairs of cases, and alinkage method, which computes the dissimilarity
between pairs of clusters and thus determines linkage decisons. Certain dissimilarity
measures are gppropriate only for certain types of data. Because this heterogeneous data
st neither suggested nor lent itsdlf to a single multivariate analysis in which each
character receives equal weight and contributes equaly to a multivariate function, three
modifications were performed prior to andyss.

(1) A data st containing exclusvely binary variables was assembled by creating dummy
pseudovariables for each character. Because the largest number of levelsfor an ordind
character was four, each ordind variable was converted to three dummy varigblesto
permit unique coding of each vaue. For example, a species with low fire tolerance (the
second of four levels) was coded with dummy variables (caled low, medium, and high)
having the values 1, 0, and O, whereas a species with high tolerance was coded as 1, 1,
and 1. Two dummy varigbles were defined for ordina characters with three levels, and
binary characters were coded as single 0/1 dummy variables. Multistage categorica
characters were first converted to binary or ordina variables (Table 2), and asingle
character describing active growth period was converted to three dummy variables, each
corresponding to a different season. Ratio characters were converted to ranks and thence
to four-rank ordina variables. Cut points were determined by the norma probability
function such that the four ranges would have equa probability digtributionsif the
underlying variable were normaly distributed (Soka and Rohlf 1995). This approach
was deemed less arbitrary than defining quartiles based on the median because of amuch
lower chance of encountering values that equaled the cut points.

(a fird range < (O - 0.6749)
(b) second range > (0-0.674s) AND <[
(a) third range >[J AND < (O + 0.674s)
(a fourth range > (O + 0.6749)

where [J isan edtimate of themeani and sis an estimate of the standard deviation 0.
Because the origina characters are represented by differing numbers of dummy variables
(i.e., binary characters are represented by one dummy variable, three-rank ordina
characters by two, and four-rank ordina and ratio characters by three), additiona
replicate dummy variables were created to equdize the contribution of each origind
character to the modified data set. Hence, six identical pseudovariables were created for
each binary character, three identica pseudovariables for each of the two unique dummy
variablesfor three-rank ordina characters, and two identical pseudovariables for each of
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the three unique dummy variables for the four-rank ordina and ratio characters. Thus,
this data set contained six binary pseudovariables for each origind character. This set was
subjected to cluster andysis using centroid linkage and the Jaccard Smple matching
coefficient. This distance measure was chosen in order to give both double * presence”
and double “absence’” matches equa weight, since the binary coding scheme employed
here did not reflect the true presence or absence of a given character.

(2) In the second modification, dl variables were rescded to aminimum vaue of O and a
maximum value of 1. Binary characters were coded as 0 or 1, and multistate nominal
categories were converted to ordina or binary variables, asin modification (1). Ordina
variables were assigned vaues of 0, 1, 2, or 3, depending on the number of categories.
Three binary variables coding for active growth period were included. Before rescaling,
meture height and minimum frogt-free days were square-root transformed and seed per
pound, minimum root depth, maximum precipitation, and minimum temperature were
natura log-transformed to normdize their distributions. This data set was used in cluster
andysswith Ward' s linkage method and Eudlidian distance. Equilibrating the scale of
each variable was necessary to achieve equdity in the contribution that each character
made to the distance function.

Because seed per pound data were missing for four species (see Data Sour ce, above),
and since this data set required precise values and not smply ranks that could be
estimated with some confidence, two separate anadyses were performed with this data set.
For one analysis this character was dropped for all species; in the other the four species
with missing data were removed.

(3) Principle components analysis (PCA) was performed to diminate redundant and
relatively invariant variables and to identify those sets of characters most strongly
associated with one another. Data were assembled as in modification (2), including
transformations to ratio variables, except that variables were not rescaled but instead
standardized to zero mean and unit variance. PCA was conducted using the correlaion
matrix, sSnce variances and covariances computed from binary variables are meaningless.
To determine the number of extracted factorsto retain, eigenvaues were compared to a
null modd consisting of decreasing vaues of the broken stick mode (Frontier 1976,
Legendre and Legendre 1998). Given a gtick of unit length broken into p pieces of
random length, the proportiond length of the jth pieceis equd to
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An egenvadue was retained if its vaue exceeded that of the corresponding vaue of the
broken stick model — that is, if agiven egenvaue explained more variance than the null
modd predicted. Again, two separate analyses were performed, one in which seed per
pound was dropped for al species and another in which four species with missng data
for this character were removed. Following this procedure, 12 and 8 eigenvalues,
respectively, were retained from these two analyses as used as the new variablesin a
cluster andysis with Ward' s linkage method and Euclidian distance.



All dudter andlyses were performed in SPSSv. 10.0.5 (SPSS 1999).

Results — Procedures using different data sets produced widely varying results and few
groups of species condgtently emerged. Cluster andysis using centroid linkage and the
Jaccard coefficient produced a conspicuous bifurcating pattern in the resulting
dendrogram and nearly equaly sized clusters, which may have been an artifact of the
combination of linkage method, distance measure, and binary nature of the data. Analysis
based on extracted principa components yielded the most readily identifiable clusters,
but results differed markedly between the analysis with the seed per pound character
removed and that without the four species with missing datafor thisvariable. Indl
andyses neither invasive and non-invasive pecies nor native and exotic species
segregated using the full set of characters. In hindsight this result is not surprising, snce
the large character set comprised numerous factors that may exhibit no association with
invasveness. Even if afraction of the included characters differed strongly and
consistently between invasive and non-invasive species, this pattern could easily be
obscured by complex and multilaterd variation in the remaining characters that bore no
systematic reationship to invasveness. Because the heterogeneous nature of the origind
data set did not suggest an obvious strategy for cluster anadlysis or procedure for
gandardizing the data, no Single andysis can be consdered optimal and specific results
are not presented further.

C. Predictive Moddling of Invasiveness

Method. — Discriminant andysis (DA) was performed to identify those characters that
modily strongly differed between invasive and nor+invasive species and to develop a
mode that could predict whether a given target speciesislikely to be invasve. DA (aso
known as discriminant function anadlys's) identifies alinear combination of explanatory
(dependent) variables that most strongly discriminates between or among vaues of a
single categorica response (independent) variable, or classfication criterion, which is
defined a priori. In the case of only two groups, asingle combination, or discriminant
function, is computed to explain differences between the groups. Here the god of
discriminant andyss was twaofold: (1) to identify the factors that could best distinguish
between groups, and (2) to apply the discriminant function mode to the 11 target species
to classfy them asinvasive or nonrinvasive. This second procedure provides an
evauation of the prior assessment of the invasiveness of these species.

The same data set of 71 species and 43 characters was used for this anadlysis. Data were
prepared asin modification (3) for cluster analys's, above, except that variables were not
standardized and PCA was not performed first. Minimum and maximum pH and
minimum and maximum preci pitation were replaced by single variables representing the
range of vaues for each pair. Precipitation range was square-root transformed to
normdizeits distribution. Seed per pound was converted to aranked variable, with
vaues for four species with missng data estimated from published information on seed
gze and volume or from vaues of Smilar species.



The 28 native species in the data set were held passive in DA. That is, they were not used
to congtruct the discriminant function, Since the intent of this analysis was to predict
whether a given exotic speciesisinvasive. The 11 target exotic species were aso not
used to build the modd, but were instead used to test its effectiveness at classfication.
Thusamodd of invasiveness based on 32 exotic species, 25 of which are consdered by
DCR not to be invasive and seven of which are ranked as invasive, was constructed and
then applied to the 11 target species (Table 3). (The highly skewed ratio of non-invasve
to invasive taxain the data set used to congtruct the mode was, unfortunately,
unavoidable, as information could not be obtained on additiona invasive exotic species.)
The model was cross-vadidated using ajackknife procedure, whereby each case (Species)
was successively removed and a discriminant function computed, which was then used to
classfy the deleted case.

Initid DA reveded that six variables had congtant vaues for ether the invasive or the
non-invasive group. Because thislack of intragroup variance could bias the results by
inflating the apparent success of classfication, and Snce there was no biological basisfor
assuming that such a pattern would hold for alarger data s, these variables were
removed in order to construct a more conservative modd. These variables were
alelopathy, fire resstance, propagated by seed, cold stratification, growth orientation,
and resprout ability. A stepwise procedure was used to sdect the find modd. Additions
or removals of variablesto and from the model were determined by critical values of an F
datidtic that tests the Sgnificance of the changein Wilks lambda Although this
procedure provides no guarantee of generating an optima mode!, it was the appropriate
choicefor this data set, which contained too many charactersto permit testing every
possible combination and too complex to warrant the a priori selection of acertain set of
varigbles or theincluson of the full complement. DA was performed in SPSSv. 10.0.5
(SPSS 1999).

Table 3. Frequency distribution of species used in discriminant analysis by status,
invasiverank, and plant family.

Invasive
Species Status Rank Target Species | Non-Target Species| TOTAL
grasses | legumes | grasses | legumes

Native 19 9 28
||N on-lnvasive Exotic 17 8 25
Invasive Exotic A 1 1 2
B 5 3 3 1 12
C 2 1 1 4
TOTAL 7 4 41 19 71

Results — The stepwise procedure selected five characters for the final discriminant
function: height, summer leaf porosity, a dummy variable indicating active growth during
spring, seed per pound (ordina rank), and pH range (Table 4). Z scores > 1.0 indicates
probable invasveness. All 32 nor+target species were correctly classfied usng the
model, and only two (Arundo donax and Vulpia myuros) were incorrectly classfied in
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jackknifed cross-vdidation trids. Such a 94% successrate is unusudly high. When the
discriminant function was gpplied to the 11 target species, dl of which are consdered by
DCR to be invasive, eight were classified as such. Coronilla varia, Lotus corniculatus
and Poa compressa were predicted to be non-invasve. All three of these specieshad Z
scores close to the threshold of 1.0.

Thefive charactersinduded in the discriminant function can al be considered to have an
associaion with traits conferring invasive ability. This andyss revedsthat invasive

plants tend to be taler, to have denser foliage during the summer, to have active growth
periods that begin in summer rather than spring, to produce more copious seed, and to
tolerate awider range of soil pH. Abundant seed production is generally considered a
trait strongly associated with the competitive success of invasive species (Elton 1958,
Regimének 1996). Greater height may confer a competitive advantage for light, and less
porous foliage may permit greater photosynthetic ability during the optima growing
Season. A ddlay in active growth period may alow invasive species to exploit a
phenologica window after other species have dready completed their annua growth and
possibly to gain an advantage preceding the next growing season. Tolerance to awide
range of soil pH may indicate broad habitat requirements and the ability to colonize under
arange of Ste conditions. Standardized canonical discriminant function coefficients
indicate that rank of seed per pound contributed most strongly to the model, followed by
spring growth and plant height. The weakest contributions came from pH range and
summer lesf porogity.

Regmanek and Richardson (1996) used DA to identify the characteritics associated with
invasivenessin pine species. These authors chose 12 invasive and 12 norrinvasve
species, for which quantitative data were available on 10 life-history attributes.
Jackknifed procedures correctly classified al 24 species. Further cross-vaidation
involved 500 runs for which sx species from each group were randomly chosen, a
discriminant model constructed, and the model gpplied to the remaining species. Using
this method 20 of the species were correctly classified in > 90% of the runs. The three
variables included in the discriminant function modd were mean seed mass (square root
transformed), minimum juvenile period (square root transformed), and mean interva
between large seed crops. That the characters associated with invasivenessin Rgmanek
and Richardson’s (1996) study differ from those identified in the present analysis—in
particular, large vaues of seed per pound tautologicaly imply smal seed mass— should
not be surprising, Snce life-history traits generdly differ consderably between woody
and herbaceous plants. For opportunistic herbs, abundant seed crops may facilitate
dispersd by wind and increase the likdihood of saturating suitable sites for germination.
Larger seed sizein woody plants, on the other hand, conveys a competitive advantage for
young seedlings by providing agreater supply of nutrient reserves. This advantage may
be criticd to woody plants competing with other large seeded woody plants, in which
initid growth of roots often greetly exceeds that of above-ground shoots (Harper 1977).
When gpplied to 40 highly invasve woody species from 40 additiona genera, the modd
of Rgmanek and Richardson (1996) correctly classfied 38 asinvasve. Similar tests of
the modd developed in the present study must await the accumulation of additiona data
on invasive herbaceous species.



Table 4. Discriminant analysis of 71 native, non-invasive exotic, and invasive exotic plant speciesin Virginia.

Invasive
Species S Rank Rank Z Score
Eragrostis curvula* SE B 6.79
"Lespedeza cuneata SE A 4.20
"M iscanthus sinensis SE C 4.08
Festuca pratensis* SE B 3.11
Agrostis gigantea* SE B 2.92
Sorghum hal epense SE A 2.80)
L espedeza bicolor SE B 2.73
"Dactyl is glomerata* SE C 2.68
"Phl eum pratense* SE C 2.69
"Hol cus lanatus SE B 2.44
"Arundo donax** SE B 1.66
[lPoatriviais SE B 1.6}
[IMetitotus albar SE B 1.3
[Imetitotus officinalist SE B 1.39
[lcynodon dactylon* SE B 1.0
[lPaspatum ditatatum SE 0.7
[Ivuipia myuros+* SE 0.59
"Poa compressa* SE B 0.54
Cytisus scoparius SE 0.18"
Sorghum bicolor ssp. drummondii SE 0.19
Echinochloa colona SE 0.02)
[lsetariaitatica SE -0.05
[IMedicago sativa SE -0.07]
"Lolium perenne ssp. multiflorum SE -0.14
Panicum miliaceum SE -0.2]
Trifolium repens SE -0.48
Coronillavaria* SE B -0.50
L otus cornicul atus* SE C -0.55
Triticum aestivalis SE -0.59
Crotalaria spectabilis SE -0.71
[[Poa bulbosa SE -0.79
"Buchloe dactyloides SE -0.80)
"Bromus inermis SE -0.83
"Bromus hordeaceus SE -0.9
"Polypogon monspeliensis SE -0.91
"Hordeum vulgare SE -0.92)
"Glycyrrhi zalepidota SE -1.04
Glycine max SE -1.35
Secale ceredle SE -1.52)
Avena sativa SE -1.59
Bromus catharticus SE -1.59
"Kummeruwiastipulacea SE -3.32)
"Kummerowiastri ata SE -3.32)

Species S Rank Z Score
|Alopecurus carolinianus S3A 0.99
JAmorpha fruticosa S3 0.27
[Andropogon gerardii 'Niagara S5 3.16
IAndropogon virginicus S5 4.00)
|Apios americana S5 -5.07]
A stragal us canadensis A -4.07]
Baptisiatinctoria S5 1.63
"Boutel oua curtipendula S4 4.64
"Bromus kalmii S1 -1.73"
"Chamaecri sta fasciculata S5 -3.84)
"Chasmanthium laxum S5 -1.16
[lcinna latifolia 3 2.39
"Desmodi um paniculatum S5 -0.91)
"Dichanthel ium aciculare $4S5 1.43
[IDichanthelium clandestinum 5 1.80
"Elymus trachycaulus S2 1.27]
"Elymus virginicus S5 -1.34
"H ierochloe odorata S1 -2.85
"Leersialenticularis S4 0.87]
"L espedeza capitata S5 3.03
[ILespedeza hirta s 313
"M uhlenbergia cuspidata S2 -0.27]
"Pani cum virgatum S5 6.25
Paspal um distichum S1 -1.30
Sorghastrum nutans S5 5.28
Tridens strictus S1 2.96]
Uniola paniculata S3 -1.93
"Vi ciaamericana S1S2 -4.18

A discriminant function was developed from a set of 36 characters and 32 exotic
species, 25 of which were classified a priori as non-invasive and seven asinvasive. The
function that best discriminates between invasive and non-invasive taxa includes plant
height (in ft), H; rank (on a three-part scale) of summer leaf porosity, SLP;, a dummy
variable coding for active growth in the spring, SPR; rank (on a four-point scale) of
seed per pound, SVR; and pH range, PHR. The discriminant function Z = 2.16500H +
0.8433LR — 2.667SPR + 1.120SVR + 1.023PHR —8.065; +* = 33.034; p < 0.0001. See
text for explanation of S-ranks and invasive ranks. (*) Target taxa used to test the
effectiveness of the model. (**) Z scores for speciesincorrectly classified in jackknifed
cross-validation procedure. Z scores for target species incorrectly classified in test of
model are shown in bold.



V. Patterns of Occurrence of Exotic Speciesin Vegetation Sample Plots

DCR ecologists are currently developing a comprehensive classification of the natura
communities of Virginia(Feming et d. 2001). Thislong-term endeavor entails
identification of each didtinct, repeeating assemblage of natura vegetation in the State;
asessing the conservation status of each type; and documenting outstanding examples of
al vegetation types and occurrences of rare communities. To support this classfication
nearly 2500 vegetation plots have been sampled to date to provide quantitative data on
the composition and structure of vegetation and on loca Site conditions. Compositiona
data from 1994 of these plots were compiled and examined for the frequency of
occurrence of exotic species. These plots span dl physiographic provincesin the state,
include both terrestrid and wetland habitats, and comprise awide range of ecologica
community types. Since plot placement is targeted localy to capture homogeneous
vegetaion and at a coarser scale to document examples of noteworthy communities,
these data provide an imperfect tool for detecting patterns of distribution of exotic species
statewide. Moreover, the dispersion of plots across the state exhibits a pronounced
clumped pettern, which reflects intensive, focused sampling in asmal number of loca
landscapes. Nevertheless, since plot salection has been subjectively biased toward
relatively pristine vegetation that generaly lacks exotic pecies, examination of the
collective florafrom these plot data serves as a conservative test of patterns of occurrence
of exotics. Hence, any patterns thet this anadyss reveds may actudly underestimate the
frequency of occurrence of exoticsin Virginia vegetation and the ability of excoticsto
invade intact vegetation.

A tota of 1983 unique taxaoccur in at least one of the 1994 plots. Although this number
includes numerous overlgpping infragpecific taxa, owing to incongstencies in taxonomic
resolution and identification, it represents 48.6% of the 4084 plant taxa (including both
gpecies and overlgpping infraspecific taxa) recognized in Virginia (DCR, unpubl. data). A
substantidly lower percentage of the exotic flora have been captured in these plots. Of
the 810 exotic speciesin the Virginiaflora, 139, or 17.2%, occur in & least one
vegetation plot. These 139 taxa represent only 7.0% of the tota species sampled.

Many of these occurrences may congtitute chance events and not represent characteristic
congtituents of the communities sampled. Indeed 390 (19.7%) of the total taxa were
sampled in only one of the 1,994 plots. Redtricting the analysis to species that occur in a
minimum percentage of the total plots may reveal more meaningful and red petterns.

Only 643 taxa, or 32.4% of the total sampled species, occur in > 1% of the plots (i.e, at
least 20 plots). Of these 16, or 2.5%, of the species that occur in > 1% of the plots, are
exotic (Table 5). All of these species are consdered by DCR to beinvasive. This number
represents 0.76% of al the species sampled in vegetation plots. Of the 810 exotic species
inthe Virginiaflora, 1.9% occur in > 1% of vegetation plots.

A substantialy grester percentage of invasve exatic species than of al exotics occur in
vegetation plots. Of the 115 exotics that DCR considersinvasive, 59 (51.3%) occur in at
least one plot. This number includes six of the 11 target species: Agrostis gigantea,
Coronilla varia, Dactylis glomerata, Festuca pratensis, Lotus cor niculatus and

17



Table 5. Frequency of Exotic Species in Vegetation Sample Plots

DCR-DNH
Frequency Invasive
Rank

SPECIES Percent  (1999)
L onicera japonica 249 12.49 A
Murdannia keisak 146 7.32 A
Alliaria petiolata 84 4.21 A
Microstegium vimineum 80 4.01 A
Ailanthus altissma 71 3.56 A
Polygonum cespitosum var. longisetum 46 231 B
Rosa multiflora 43 2.16 C
Prunus avium 38 191
Celastrus orbiculatus 37 1.86 A
Elaeagnus umbellata var. parvifolia 32 1.60 A
Stellariamedia 28 1.40 B
Taraxacum officinae 27 1.35
Festuca pratensis 25 1.25 B
Rumex acetosella 23 1.15 B
Poatrivialis 20 1.00 B
Rubus phoenicolasius 17 0.85 A
Barbarea vulgaris 16 0.80
Glechoma hederacea 15 0.75 B
Lysimachia nummularia 15 0.75 B
Ligustrum sinense 14 0.70 A
V erbascum thapsus 14 0.70
Veronica hederifolia 13 0.65 B
Allium vineale 13 0.65 B
L espedeza cuneata 12 0.60 A
Hieracium caespitosum 11 0.55
Berberis thunbergii 9 0.45 B
Holcus lanatus 9 0.45 B
Rumex obtusifolius 9 0.45
Anthoxanthum odoratum 8 0.40
Setariaviridis 8 0.40

Hydrilla verticillata 7 0.35 A
Arthraxon hispidus 7 0.35 B
Agrostis stolonifera 7 0.35
Cardamine hirsuta 7 0.35
Duchesneaindica 7 0.35

L eucanthemum vulgare 7 0.35

Iris pseudacorus 6 0.30 B
Ligustrum obtusifolium 6 0.30 B
Daucus carota 6 0.30
Veronicaarvensis 6 0.30
Coronillavaria 5 0.25 B
Humulus japonicus 5 0.25 B
Conium maculatum 5 0.25 C
Mentha arvensis 5 0.25




Table 5. Frequency of Exotic Species in Vegetation Sample Plots

DCR-DNH
Frequency Invasive
(total Rank

SPECIES plots=1994) Percent  (1999)
Morus alba 5 0.25
Ranuncul us bulbosus 5 0.25
Arctium minus 5 0.25
Myriophyllum spicatum 4 0.20 A
Rumex crispus 4 0.20 B
Perilla frutescens 4 0.20 C
Chamaesyce humistrata 4 0.20
Mollugo verticillata 4 0.20
Cerastium fontanum ssp. vulgare 4 0.20
Hesperis matronalis 4 0.20
Ammannia coccinea 4 0.20
Bromus commutatus 4 0.20
Dianthus armeria 4 0.20
Digitaria sanguinalis 4 0.20
Hypericum perforatum 4 0.20
Polygonum persicaria 4 0.20

Setaria glauca 4 0.20

L onicera morrowii 3 0.15 A
Hedera helix 3 0.15 B
Lapsana communisL. 3 0.15 C
Agrostis capillaris 3 0.15
Saponaria officinalis 3 0.15
Dioscorea oppositifolia 3 0.15
Kummerowia striata 3 0.15
Plantago lanceolata 3 0.15
Cerastium glomeratum 3 0.15
Chenopodium ambrosioides var. ambrosioides 3 0.15
Centaurea biebersteinii 2 0.10 A
Agrostis gigantea 2 0.10 B
Artemisiavulgaris var. vulgaris 2 0.10 B
Cirsium vulgare 2 0.10 B
I pomoea purpurea 2 0.10 B
Dactylis glomerata 2 0.10 C
Spirodela punctata 2 0.10
Hieracium pilosella 2 0.10
Plantago aristata 2 0.10
Rorippa nasturtium-aquaticum 2 0.10
Rorippa sylvestris 2 0.10
Trifolium pratense 2 0.10
Asparagus officinalis 2 0.10
Atriplex patula 2 0.10
Carduus acanthoides 2 0.10
Clematis terniflora 2 0.10
Kummerowia stipulacea 2 0.10




Table 5. Frequency of Exotic Species in Vegetation Sample Plots

DCR-DNH
Frequency Invasive
(total Rank

SPECIES plots=1994) Percent  (1999)
L onicera standi shii 1 0.05 A
Myriophyllum aquaticum 1 0.05 A
Polygonum perfoliatum 1 0.05 A
Euonymus fortunei 1 0.05 B
Acer platanoides 1 0.05 B
Carduus nutans 1 0.05 B
Convolvulus arvensis 1 0.05 B
I pomoea hederacea 1 0.05 B
L espedeza bicolor 1 0.05 B
Raphanus raphanistrum 1 0.05 B
Albiziajulibrissin 1 0.05 C
Paulownia tomentosa 1 0.05

Prunus mahaleb 1 0.05
Rhodotypos scandens 1 0.05
Eragrostis pilosa 1 0.05
Airacaryophyllea 1 0.05
Anagallisarvensis 1 0.05
Cleome hassleriana 1 0.05
Magnolia grandiflora 1 0.05
Amaranthus spinosus 1 0.05
Artemisia annua 1 0.05
Barbarea verna 1 0.05
Bromusinermis 1 0.05
Bromus sterilis 1 0.05
Bromus tectorum 1 0.05
Catalpa speciosa 1 0.05
Drabaverna 1 0.05
Echinochloa crus-galli var. crus-galli 1 0.05
Eleusineindica 1 0.05
Eryngium prostratum 1 0.05
Erysimum cheiranthoides 1 0.05
Fimbristylis annua 1 0.05

Juncus inflexus 1 0.05

L eonurus marrubiastrum 1 0.05
Lycopus europaeus 1 0.05
Medicago lupulina 1 0.05
Mentha x piperita 1 0.05
Muscari botryoides 1 0.05
Nepeta cataria 1 0.05
Ornithogalum nutans 1 0.05
Ornithogalum umbellatum 1 0.05

Rumex conglomeratus 1 0.05

Sedum sarmentosum 1 0.05

Sida spinosa 1 0.05




Table 5. Frequency of Exotic Species in Vegetation Sample Plots

DCR-DNH
Frequency Invasive
(total Rank
SPECIES plots=1994) Percent  (1999)
Silene vulgaris 1 0.05
Stellaria graminea var. graminea 1 0.05
Teesdalia nudicaulis 1 0.05
Trifolium campestre 1 0.05
Trifolium repens 1 0.05
Veronica serpyllifolia 1 0.05
Vicia sativa ssp. sativa 1 0.05




Poa compressa. 16 invasives occur in > 1% of the vegetation plots, including Festuca
and Poa among the target species. Thereis a strong correlation between frequency of
occurrence and invasive rank; that is, highly invasive species occur more frequently.
Invasive rank was converted to an ordina scale (A=1, B=2, C=3), and Pearson product-
moment correlations were computed between frequency of occurrence for al exotic
species (r = -0.331, n=112, p<0.001) and for only those exotics that occur in > 1% of
plots (r =-0.407, n=59, p<0.005). In addition, many more species ranked highly invasive
are captured in plots than species ranked with low invasiveness (Table 6).

Table 6. Occurrence of invasive exotic plant speciesin 1,994 vegetation sample plots
in Virginia.

Invasive # Speciesin # Speciesin
Rank VirginiaFlora| Vegetation Plots | Percentage
A - high 32 19 59.4
B - medium 54 32 59.3
C-low 26 8 30.8
| - insignificant 692 80 116

In summary, a consderably smaller percentage of the exatic florain Virginia has been
captured in vegetation sample plots than the percentage of the totd florain the Sate, as
would be expected since the plots are targeted to pristine habitat. Those exotics that do
occur in plots, however, tend to be speciesthat DCR consdersinvasive. This patternis
epecialy strong among species that occur in > 1% of plots. A strong relationship exists
between DCR invasive rank and the proportion of plots in which a species occurs.
Moreover, plots capture a much higher percentage of exotic species considered to
condiitute a high or medium threet to natura communities than a percentage of exotics
considered alow threst.



V. Conclusions

The threets posed by invasive exotic plant species are widely acknowledged by scientidts,
land managers, policymakers, and others (U.S. Congress 1993; Luken and Thieret 1997,
ASTA 1999; Stein et d. 2000; USDA NRCS 2001). The DCR Ligt of Invasive Alien
Plant Species has been developed as atool to raise awareness of the threet of invasive
plants and provide information about species that have been identified asinvasive. This
study reviewed 11 species using revised ranking criteria. It lso developed a predictive
modd to classfy pecies asinvasive or noninvasve and made use of extensve fied data
collect by DCR ecologists.

Basad on the combination of literature and information review, multivariate andyss, and
andysis of vegetation sample plot data, the 10 of thell species under review were found
to be of sgnificant threat or potentid threet to naturd heritage resourcesin Virginia
Basad upon this detailed andysis, these 10 species will remain on the advisory DCR Ligt
of Invasve Alien Plant Speciesin Virginia. Bermudagrass, however, will be removed
from the list. As new information becomes available, these and other species should be
reviewed to assess their ranking. It is expected that the ranking process itsdlf will be
refined as knowledge of invasive species and thelr impacts increases.

Although the problems posed by invasive exotic species to native species and natura
communities were firgt identified by scientists over forty years ago (Elton 1958), most
research into this area began to be published in the last fifteen years. It isimportant that
research scientists, resource managers, commercia stakeholders, and policymakers
remain in cordid and congtructive didog regarding the complex issues this subject raises.
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Natural Heritage Rarity Ranks and Explanation

Each of the significant natural features (species, community type, etc.) monitored by DCR-DNH
is consdered an element of natural diversity, or smply an element. Each element is assigned a
rank that indicates its relative rarity on afive-point scale (1 = extremely rare; 5 = abundant; Table
1). The primary criterion for ranking elements is the number of occurrences, i.e., the number of
known distinct locaities or populations. Also of great importance is the number of individuals at
each locality or, for highly mobile organisms, the total number of individuas. Other
considerations include the condition of the occurrences, the number of protected occurrences, and
threats. However, the emphasis remains on the number of occurrences, so that ranks essentially
are an index of known biological rarity. These ranks are assigned in terms of the element's rarity
within Virginia (its State or Srank), the element’ s rarity within a Nation (its Nationa or N-rank),
and the element's rarity acrossiits entire range (its Global or G-rank). Subspecies and varieties
are assigned a Taxonomic (T-) rank in addition to their G-rank. A Q indicates taxonomic
uncertainty. Taken together, these ranks give an instant picture of an element's rarity. For
example, a designated rank of G5S1 indicates an element which is abundant and secure range-
wide, but rarein Virginia. In some cases, ranks are provisiona or lacking, due to ongoing efforts
by the Natural Heritage network to classify community syntaxa and cryptic plants or animals.
Rarity ranks used by DCR-DNH are not lega designations, and they are continuoudly updated to
reflect new information.

Table 1. Definition of Natural Heritage state rarity ranks. Global ranks are similar to state ranks,
but refer to a species range-wide status. Note that GA and GN are not used and GX means
extinct. GM and GW are ranks used only for communities, and refer to highly modified (GM)
and ruderal (GW) vegetation respectively. Nationa ranks are similar as well, and refer to a
species’ rarity within a nation, such as the United States or Canada. Sometimes ranks are
combined (e.g., S1S2) to indicate intermediate or somewhat unclear status. Elements with
uncertain taxonomic validity are denoted by the letter Q, after the global rank. These ranks
should not be interpreted as lega designations.

S1 Extremely rare; usualy 5 or fewer occurrences in the state, or in the case of communities,
covering less than 50 hectares in aggregate; or may have a few remaining individuals,
often especidly vulnerable to extirpation.

SV Very rare; usualy between 5 and 20 occurrences, or in the case of communities, covering
less than 250 hectares in aggregate; or few occurrences with many individuals; often
susceptible to becoming endangered.

S3 Rare to uncommon; usually between 20 and 100 occurrences, may have fewer
occurrences, but with alarge number of individualsin some populations, may be
susceptible to large-scal e disturbances.

A Common; usualy more than 100 occurrences, but may be fewer with many large
populations; may be restricted to only a portion of the state; usually not susceptible to
immediate threats.

5 Very common; demonstrably secure under present conditions.

2

Accidental in the state.
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SH Historically known from the state, but not verified for an extended period, usualy more
than 15 years; this rank is used primarily when invertory has been attempted recently.

SM Applied to vegetation extensively modified by disturbance but considered recoverable by
management, time, or restoration of ecological processes.

SN Regularly occurring migrants or transient species which are non-breeding, seasona
residents. (Note that congregation and staging areas are monitored separately).

VU Status uncertain, often because of low search effort or cryptic nature of the element.
SW  Applied to vegetation dominated by ruderal or exotic species.

SX Apparently extirpated from the state.

The spot on the landscape that supports a natural heritage resource is an element occurrence.
DCR-DNH has mapped over 7,500 element occurrencesin Virginia. Information on the location
and quality of these element occurrences is computerized within the Divison's BCD system, and
additiona information is recorded on maps and in manud files.

In addition to ranking each element's rarity, each element occurrence is ranked to differentiate
large, outstanding occurrences from small, vulnerable ones. In thisway, protection efforts can be
aimed not only at the rarest elements, but at the best examples of each. Species occurrences are
ranked in terms of quality (Size, vigor, etc.) of the population; the condition (pristine to disturbed)
of the habitat; the viability of the population; and the defensibility (ease or difficulty of

protecting) of the occurrence. Community occurrences are ranked according to their size and
overall natural condition. These element occurrence ranks range from A (excellent) to D (poor).
Sometimes these ranks are combined to indicate intermediate or somewhat unclear status, (e.g.,
AB or CD). Inafew cases, especidly those involving cryptic animal eements, field data may
not be sufficient to reliably rank an occurrence. In such cases arank of E (extant) may be given.
A rank of H (historical) is used to indicate an historical occurrence that could not be relocated by
recent survey. Element occurrence ranks reflect the current condition of the species population
or community. A poorly-ranked element occurrence can, with time, become highly-ranked as a
result of successful management or restoration.

Element ranks and element occurrence ranks form the basis for ranking the overall significance of
stes. Site biodiversity ranks (B-ranks) are used to prioritize protection efforts, and are defined in
Table 2.

Table 2. Biodiversity ranks used to indicate site significance.

Bl Outstanding Significance: only site known for an element; an excellent
occurrence of a G1 species; or the world's best example of a community type.

B2 Very High Significance: excdlent example of arare community type; good
occurrence of a G1 species; or excellent occurrence of a G2 or G3 species.

B3 High Significance: excellent example of any community type; good occurrence
of a G3 species.
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B4 Moderate Significance: good example of a community type; excellent or good
occurrence of state-rare species.

B5 General Biodiversity Significance: good or margina occurrence of a community
type or state-rare species.

The U.S. Fish and Wildlife Service (USFWS) is responsible for the listing of endangered and
threatened species under the Endangered Species Act of 1973, asamended. Federdly listed
species (including subspecific taxa) are afforded a degree of legal protection under the Act, and
therefore sites supporting these species need to be highlighted. USFWS also maintains areview
listing of potential endangered and threatened taxa known as candidate species. Table3
illustrates the various status categories used by USFWS and followed in this report. The status
category of candidate speciesis based largely on the Service's current knowledge about the
biologica vulnerability and threats to a species.

As of February 27, 1996, species formerly referred to as Category 2 (C2) candidates for listing as
threatened or endangered are no longer considered "candidates’ under the Endangered Species
Act. The USFWS no longer maintains a formal, comprehensive list of such species. However,
the Virginia Field Office of the USFWS intends to maintain an informal list of these and other
"Species of Concern” that may warrant future consideration as candidates. These " Species of
Concern" can be regarded as species for which the Service has insufficient scientific information
to support alisting proposal. Former Category 1 (C1) species are now considered "candidates’
(C) for listing. "Candidate” species are species for which the USFWS has enough scientific
information to warrant a proposal for listing. The designation of Category 3 species (3A, 3B, 3C)
has been discontinued. However, the USFWS will continue to maintain its files on these species
in case new information indicates a need for reevaluation.

Table 3. U.S. Fish and Wildlife Service species status codes, with abbreviated definitions
LE Listed endangered

LT Listed threatened

PE Proposed to be listed as endangered

PT Proposed to the listed as threatened

C Candidate: status data supports listing of taxon as endangered or threatened

SOC  Species of Concern: no officid status, evidence of vulnerability, but insufficient data
exists.

In Virginia, two acts have authorized the creation of official state endangered and threatened
species lists. One act (Code of Virginia' 29.1-563 through 570), administered by the Virginia
Department of Game and Inland Fisheries (DGIF), authorizes listing of fish and wildlife species,
not including insects. The other act (Code of Virginia' 3.1-1020 through 1030), administered by
the Virginia Department of Agriculture and Consumer Services (VDACS), dlows for listing of
plant and insect species. In general, these acts prohibit or regulate taking, possessing, buying,
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sdling, transporting, exporting, or shipping of any endangered or threatened species appearing on
the official lists. Species protected by these acts are indicated as either listed endangered (LE) or
listed threatened (LT). Species under consideration for listing are indicated as candidates (C).

(November 2000)
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