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PATTERNS OF PLANT INVASIONS AT SITES WITH
RARE PLANT SPECIES THROUGHOUT NEW ENGLAND

ELIZABETH J. FARNSWORTH

New England Wild Flower Society,
180 Hemenway Road, Framingham, MA 01701
e-mail: efarnswo@mitholyoke.edu

ABSTRACT. Although rare plant species are widely regarded as threatened by
invasive plant species, few concrete data document the actual prevalence of invasives
al sites with rare plant species. Data from comprehensive Conservation and Research
Plans produced by the New England Wild Flower Society for 81 species of state-
listed plants in New England provide quantitative information on the biogeographic
distribution of invasive species where rare plants occur: their associations with
multiple habitat variables and other threats: and hypothesized correlalions with
declines of rare plant populations. Eighteen invasive species were identified as co-
occurring with rare plants: Lythrum salicaric was the most frequent and widespread.
The spatial distribution of invasive species at rare plant sites paralleled large-scale
patterns of both rare and invasive species richness and frequency throughout the
region. However, invasive species occurred at only a subset of rare species siles.
principally clustered along major rivers in New England. Connecticut reported the
highest frequency and diversity of invasives. which declined with latitude. Invasives
co-occurred with 38 (47%) of 81 rare species a1 10.4% of 820 rare plant populations
studied. For affected rare taxa, invasive species posed threats to a mean of 37.7% ol
their New England populations. Paired comparisons of invaded and uninvaded rare
plant populations revealed a significant association of invasives with roads and with
other anthropogenic threats. Populations of rare taxa in proximity to invasives
showed higher (but statistically insignificant) rates of decline; classification analysis
indicated that decline was best explained by the sume habitat variables that were
associated with invasive species presence. rather than by the presence of invasives
alone. Thus, invasive species are both a direct threat and a symptom of larger
landscape variables that influence the persisience of rare species.

Key Words: biogeography, invasive species, endangered plants, rarity, New
England, conservation, invasibility

Invasive plant species are widely regarded as a significant threat to rare
plant species, and may play a pivotal role in the endangerment of as many
as half of all listed plants in the United States (Randall and Marinelli 1996:
Westbrooks 1998: Wilcove et al. 1998). The general spatial distributior
and impacts of invasive plant species in New England remain to be
documented in detail (Farnsworth and Meyerson 1999a), although efforts
are currently underway to identify invasives and to map their spreac
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(MehrhofT et al. 2003). As yet, no data have been compiled specifically on
the occurrence and effects of invasive plant species at sites with rare and
listed plant species of the region. Concrete data are critical for
understanding the scope and nature of invasions and for developing and
justifying policies and management strategies to reduce their negative
impacts on species of conservation concern, This paper analyzes detailed
data on the presence and impacts of invasive species co-occurring with
populations of 81 species of plants that are state-listed in one or more New
England states. This data set has been collated from Conservation and
Research Plans recently published by the New England Wild Flower
Society, non-regulalory documents analogous in format and peer-review
process to U.S. Fish and Wildlife Service Endangered Species Recovery
Plans (Farnsworth 2003; New England Wild Flower Society 2003).
Authors of plans collected these data from Natural Heritage Program
Element Occurrence Records and their own observations of sites. These
data provide a unique opportunity to:

1. 'map occurrences of invasive species, investigate biogeographic
patterns, and pinpoint concecntrations of invasions at particular
types of sites where rare species occur;

. identify which invasive species are most frequently impinging on
rare species;

[(8]

3. perform paired comparisons on invaded and uninvaded popula-.

tions of rare plants to determine if invasions are associated with
consistent environmental variables and/or with decline of rare
plant populations; and

4. explore whether consistent differences exist among rare species for
which invasive species are reporled und those for which invasive
species are not considered to be a threat.

MATERIALS AND METHODS

Data collection. The New England Plant Conservation Program
(NEPCoP) of the New England Wild Flower Society initiated a five-year
project in 1999 to complete comprchensive Conservation and Research
Plans for 100 state-listed species. The species covered were chosen from
over 300 taxa that were reviewed in the Flora Conservanda (Brumback
and Mehrhoff, et al. 1996), and generally are listed as rare in one or more
New England states. Each plan thoroughly reviews the taxonomy,
ecology. biogeography. and conservation status of every known Ncw
England population of the rarc taxon covered, and synthesizes the state of
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the knowledge about each taxon throughout its entire range. Each plan
then develops a sct of quantitative, prioritized objectives designed to
cnsure the taxon’s viability in New England throughourt the next twenty
years. based on its current status, its apparent habitat requirements, and
the feasibility of allcviating threats and prolecting populations at extant
and new localities. Each plan stipulates spccific actions, including
monitoring, pratection activities, management, ex situ collection, and
scicntific studies, that will meet these objectives. Plans are subjected to
three rounds of rigorous, extra- and intramural peer review, in which they
are evaluated for accuracy, clarity, internal consistency, and tcasibility
(ct. criteria of Brigham et al. 2002: Hoekstra et al. 2002). To date, 80
such pluns have been published, covering 81 species. In wriling these
plans, authors frequently visited sites of extant rarc plant occurrences to
update information on population numbers and threats, including the
presence of invasive species. Where site visits were not possible,
information was summarized from previously existing Element Occur-
rence Records from each state’s Natural Heritage Program. The data
documented in field forms have been compiled by professional botanists
or trained volunteer monitors (usually working with the New England
Plant Conservation Program) who have visited sites, quantified
population sizes of the target rare taxa, and described threats to
population viability including the presence of invasive plant taxa within
close proximity. The dara have been meticulously collected. Field forms
are standardized and call for the same type and quality of data from statc
to state, and the field observations of in situ threats to rare species show
strong concordance among yeurs and observers (Farnsworth, unpubl.
data). Field forms have been assessed carefully for consistency and
quality-control prior to being entered into Natural Ileritage or NEPCoP
databases. The data also have been critically evaluated by authors and
revicwers of the Conservation Plans. However, it must be acknowledged
that any data taken by a range of observers will necessarily be subject to
observational bias and variability among individuals.

Based on data compiled for cach plan, the following variables were
entcred into a table containing information on all 81 species covered to
date [rows corresponded (o individual Element Occurrences (EOs)l:
Species; Family; County: Town(s); Date of First Observation; Date of
Latest Obscrvation; Population Status (actual or estimated numbers of
ramets or genets at each time of survey); Description of Habitat; and
Threats to the Taxon at the Site. A list of the rare species included in the
data set is given in Table 1. For the purposes of this analysis, confirmed
historic and extirpated EOs were excluded (invasive species had not been
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Table 1. List of 8t state-listed plant specics included in the analysis. Species with
one or more populations affected by invasive species are given in bold-face (ype.
“Invasive Species” column number codes correspond to the invasive species (listed
in Table 2) that were ideniitied as associated with the corresponding mre species:
mnmbers in brackets denote the number of extant populations affected by invasives/

the total number of extant populations.

Curex harrasii Schwein, & Torr.

Cyperaceae

Species Family Invasive Species
Echinodorus tenellus Alismataceae 1 {1/1]
(Mart.) Buchenau _
Taenidia integerrima Apiaceae 2,6.7.8.18 {7/10]
(L.) Drude
Zizia aptera (A. Gray) Femald Apiaceae 3409 |2/3§
"Aristolochia serpentaria L. ' Aristolochiaceae 25212]
Asclepias purpuraseens L. Asclepindacene 3 [1/5]
Agerating aromatica (L.) Spach Asleraceae {0/5]
Doellingeria infirma Asternceae 2 {1/3}
(Michx.) Greene
Eupatorium leucolepis Asteracene [0/17]
(DC.) Torr. & A. Gray
vir. novae-angliae Fernald
Hasteola suaveolens Asteraceae 4,9 {1/1]
(L.) Pojark.
Hieracium robinsonii Asteruceae [0/1}
(Zahn) Fernald
Liatris scariosa Willd. var. Asteraceae 3.8,9 [6/77]
novae-angliae |.unell
Nabulus serpentarius Pursh Asteraceae [0/103
Polymnia canadeusls L. Asteraceae 10 [1/3]
Sclerolepis uniflora (Walier) Asleracene 12 [1/2}
Britton, Sterns & Poggenb.
Solidago rigida L. Asteraceae 3.6,8,9 {2/6]
Symphyorrichim concolor (1..) Asterucene lo/6]
G.L. Nesom
Cynoglossum virginianum L. Boraginaceae 10/8]
var. boreale (Fernald) Cooperr.
Hackelia deflexu var, Boraginaceie [0/19]}
antericana (A. Gray) Fernald
& LM. Johnst.
Neobeckia aquatica Brassicaceae 1,12.14 [2/4)
(Eaton) Greene
Moehringia macrophylla Caryophyllaceac [0/16]
(Hook.) Fenzl
Paronychiu argyrocoma Caryophyllaceae 10/28]
(Michx.) Nutt.
Silene stellata (1..) W.T. Ailon Caryophyllaceae 2311 /2]
Hypericum adpressum Barton Clusiaceae [0/14)
Curex atherodes Spreng. Cyperaceae [0/21

1072}
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Table 1. Continued.
Species Family Invasive Species
Carex duvisii Schwein, & Torr. Cyperaceae 2,3.5.6.7, 10,15 [5/8]
Carex garberi Fernald Cyperaceae [0/27]
Carex polymorpha Muhl, Cyperaceac {0/15]
Carex richardsonii R. Br. Cyperaceae [07i]
Carex wiegaudii Mack. Cyperuaceae [0/34)
Cyperuy houghtonii Tort. Cyperceac [0/16]
Rhiynchospora capillacea Tors. Cyperacene 1.4.8.01.15 [6/8]
Rhvnchospora immdata Cyperaceae [0/10)
(Oakes) Fernald
Rityuchospora nirens (Vahl) Cyperaceae [0/13]
A. Giray
Schoenaplectus etuberculatus Cyperucene 4 11/1]
(Steud.) Sojak
Seirpus longii Fernald Cyperaceae 1.4.7 [4/28)
Eriocaulon parkeri B.L. Rob. Eriocnulnceae 1 117409
Desmadium cuspidation Fabaceae {0/8)
(Muhl.) Loudon
Ouxvtropis campesiris (L.) DC. Fabaceae [0/6f
var. johannensis Fernald
Senna hebecarpa (Femald) Fabaceae 5 (1/6]
Irnvin & Bameby
Corydalis flavula (Raf,) DC. Fumariuaceae 511/4]
Hydrophyllium canadense L. Hydrophyllaceae 2.5,17 [3/5]
Juncus vaseyi Engelm. Juncaceae 10/6)
Agastache nepetoides (L.) Kuntze Lamiacaeae [0/2]
Agastache scroplmlariifolia Lamiaceac 0/41
(Willd.) Kuntze
Scutellaria integrifolia L. Lamiaceae 311/2)
Chamaeliriiumn lureumn Liliaceae 5.6 211}
(L) A. Gray
Triantha ghainosa Liliaceae [0/39)
(Michx.) Baker
Limon sulcanum Riddell Linaceue 10/2]
Diphasiastriom sitchense Lycopodiaceae [0/9}
(Rupr.) Holub
Rotale ramosior (L.) Koehne Lythracene 112/9]
Rhexia mariana L. Melastomataceae [0/9]
Prerospora andromedea Nutt. Monotropaceae 7 {1/3]
Lidwigia polycarpa Onugracese L1 [2/10]
Short & Peter
Lndwigia sphaerocarpa Elliott Onagraceae 1.4 [2/6)
Bonychiuu lunaria (L. Sw, Ophioglossiceae 10/4)
Amerorchis romndifolia (Banks Orchidaccae 1077}
ex Pursh) Hulién
Goodvera oblongifolia Rat. Orchidacene 10/13]
Listera auricidata Wiegand Orchidaceae [0/13]
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Table 1. Continued.
Species Family Invasive Species
Listera australis Lindl. Orchidaceae [0/31
Listera convallurioides (Sw.) Nutt. Orchidaceae [0/8]
Listera cordata (L.) R. Br. Orchidacene 111/8]
Triphora trianthophora Rydb. Orchidaceae [0/23]
Oxalis violacea L. Oxalidaceae 3.4 [2/16]
Panicim flexile (Gait.) Scribn. Poaceae {072}
Sphenopholis nitida {Biehler) Poaceae S [19]
Scribn,
Polemoniim vanbruniiae Brinon Polemoniaceae [0/10}
Potamogeton ogdenii Potamogetonaceae 12,14 [2/6]
Hellquist & Hilton
Sueckenia filiformis (Pers.) Potamogetonacae [0/4]
Borner subsp. accidentalis
(J.W. Robbins) R.R. Hayncs.
D.H. Les & M. Krdl
Adiamum viridimomanan C.A. Paris Pteridacene [0/7]
Hydrastis canadensis L. Ranunculaceae 2.3.5.6,10 [3/7]
Rammenlus lapponicns L. Ranunculaceae 10/8)
Trollins laxus Salisb. Ranunculaceae 10/6]
Rosa acicularis Lindl. Rosucene 2 [1/5}
subsp. sayi (Schwein.)
W. H. Lewis
Populus heterophylla L. Salicaceae 2,5 1177}
Saururus cernuus L. Saururacene t[1/3}
Castilleja coccinea (L.) Spreng. Scrophulariaceae 1.5 11/8]
Mimulus moschatus Douglas Scrophulariaceae 2,13 [4/16]
Pedicularis lanceolata Michx. Scrophulariaceae 1.4.7.16 (577}
Valeriana uliginosa Valeriunaceae 4,13,15 [3/18)
(Torr. & A. Gray) Rydb.
Verbena simplex Lehm. Verbenaceae [0/3]

noted as the direct cause for any local extinction in the data set and
verified, current information on extant populations was preferred). Also
excluded were equivocal EOs for which invasive species were noted only
as “ncarby” or a ‘“‘potential threat.”” Observers categorized invasive
species as actual threats to rare taxa when strong evidence of direct
competition (shading, physical smothering, etc.) was seen. The resulting
data sct contained 820 EOs. In a small proportion of cases (16%), sites
were observed over several years, and the expansion of invasives or
competitive exclusion of a rure species could be unambiguously
documentced. For this subset of populations for which unambiguous data
were available, population decline (as a binary variable, decline or not)
could be surmised from inspection of population levels at multiple
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sampling dates. For the majority of cases, however, these ob_scrvations
represent & static and necessarily qualitative assessment of t}?e impacts of
invasivc plants on the rare taxon, gathered by trained botanists. To date,
these are the only data available; long-term, experimental studies of
interactions between invasive and rare plants have not been conducted in

New England.

Data analysis. Taxa classified as “Invasive™ or “Likely Invasive”
by the Massachusetts Invasive Plant Working Group (2003) were used to
delimit the list of invasive taxa examined in the plans: this list
encompasses all of the most common species identified as invasive by
Natural Heritage Programs and other botanists throughout New England.
Species nomenclature follows this list; however, since not all authors
distinguished individual species of bush honeysuckles (Lonicera spp.),
these were groupced as a single taxon. Because precise coordinates do not
exist for all EOs, and to preserve confidentiality of exact Jocality
information, occurrences of invasive species at rare species sites were
mapped at the town polygon level using Geographic Information
Systems software (ArcView 3,2, ESRI, Rcdlands, CA). To compare
distributions of invasive species at rare species sites with the overall
biogeographic distribution of invasive species, data were pooled by
county (the best resolution currently available) and compared to data
from county-level maps published in Magee and Ahles (1999) showing
the presence/absence of invasive species.

I tested the hypothesis that, within species, populations witli one or
more invasive species present would differ consistently from populations
without invasive species reported in terms of the following variables:

1. Habitat type, 11 classes coded: land in agriculture; coasta} plain
pond; upland field; floodplain; lacustrine; outcrop/summit/talus;
power line right-of-way; rich woads; acidic rocky woods; wetland
(wet meadow; marsh; bog: swamp); railroad.

2. Other identified threats, 16 classes coded: agriculturc: collcction/
harvesting; natural disturbance including flooding, tidal overwash,
treefalls, elc.; trampling; vulnerability (o drought; dumping;
erosion; cutrophication; herbicide application; herbivory: alter-
ations in hydrology; logging; mowing: road construction; natural
succession; or none,

3. Proximity to roads: yes if within 100 m; no if farther away.

4. Sitc protection status: 1 if owned or managed by a conservation
organjzation; O if not.
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5. Evidence of declinc among sampling vears: yes; no (from the
subset of cases with multi-ycar data on plant population size).

Additional landscape variables examined included: circumncutral
sails (yes, no), proximnity to foot trails (as with roads), and an index of
light availability (1 = shade 1o 5 = full-sun habitats). However, none of
these additional variables explained variance in the model, so only the
five categorical variables listed above were used in the analysis.

For the subset of 37 species with both invaded and uninvaded sites,
invaded EOs were paired with uninvaded EOs according to geographic
proximity (i.e.. EOs were paired with EOs of the same species occurring
in the same town or county) to control for variability in environmental
factors such as climate and underlying bedrock. Sign tests were
performed on the above variables using SYSTAT 8.0 for Windows
(SPSS Inc.. Chicago, IL.) to test the null hypothesis that each of the
variables above would not differ consistently by invasion status.

Another data set was used to compare among rare plant taxa with one
or more invaded populations (N = 38 species) with those that had no such
threats reported at any site (N = 43 species). This unpaired comparison
tested whether consistent differences in the above varjables characterized
invaded versus uninvaded taxa (using classification tree analysis and
inspection of frequency tables). The above variables were coded as
a single “archetypal™ case that broadly characterized the EO, based on
inspection of each EO and a tabulation of the status of the majority of
cases. For example, if the majority of EOs occurred in close proximity to
a road or were declining between obscrvation dates, these variables were
coded as 1. The most frequent habitat type and threats characteristic of
the majority of EQs were also used. Likewise, I examined the number of
populations now regarded as “historic™ or “extirpated™ for each species,
as a proportion of all populations recorded since the species was first
documented in New England, testing the hypothesis that species with
invaded populitions showed a higher frequency of population loss than
uninvaded specics.

Categorical classification tree analysis using a Gini Index fitting
method was run in SYSTAT to model the dependence of the response
variable (“‘invaded™ yes or no for either populations within taxa, or
among invaded and uninvaded taxa) on this suite of categorical variables.
Similar models were constructed (o investigate the dependence of the
variable ““decline™ (ycs or no) on invaded status and the above variables.
Classification analysis js analogous to a dichotomous botanical key, in
which taxa are split into groups based on morphological or other varjables
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(Gotelli and Ellison, 2004). It is a very useful method for analyzing data
in which the explanatory variables (analogous to characters in a key) can
be either categorical or numerical, or which contain missing values
(De*ath and Fabricius 2000). Classification trees repeatedly split the data
(in this case, distinguishing “invaded™ and “uninvaded™ cases) into
smaller categories, where each split depends on a single variable. Each
split resuls in two groups, one containing a majority of *invaded™ cases.
the other containing a majority of “uninvaded™ cases. The splitting
continues until no further improvement in the statistical fit of the model
can be attained, and the endpoint is as homogencous as possible (i.c., cach
terminus contains as close as possible to 100% of the “invaded™ or the
“uninvaded” cases). An impurity index (based on the Gini Index) can be
calculated to describe the reliability with which the model distinguishes
among the categories of cases. For example, if the splitting variables
successfully separate all of the “invaded™ cases from the “‘uninvaded™
cases. an imnpurity index of zero results. Predictive capucity of the model
decreases as the impurity index increases. A proportional reduction in
error (PRE) scove indicates the proportion of variance in the data
cxplained by the model as a whole.

RESULTS

Thirty-cight (47%) of the 81 rarc species studied had one or more
invasive species present at one or more populations (Table 1). Eighty-~
five (10.4%) of 820 populations studied had one or more imvasive species
present. For the subset of rare plant species that co-occurred with
invasives, invasives posed threats to a mean of 37.7% (*=27%. SD) of
populations. The species classified as “invaded™ fell into 27 families
(Table 1). Ten families (Boraginaceae, Clusiaceae, Juncaceae, Linaceae,
Lycopodiaceae, Melastomataceae, Ophioglossaceae, Polemoniaccac,
Pteridaceae, and Verbenaceae) had no rare species with invasive
occurrences. Famifies with multiple species experiencing invasions in-
cluded the Apiaceae, Asteraceae, Cyperaccac, Onagraccac, and Scro-
phulariaceae. Invasive species themselves hailed from 16 plant families,
only six of which overlapped with the 37 total rare families recorded
here (Lythraceae, Poaceae, Brassicaccac, Fabaceae. Asteraceae, and
Apiaceac),

Eighteen invasive taxa were identified as occurring at rare species sites
(Table 2), with 110 total instances tabulated. Lyrhrum salicaria (purple
Toosestritfe) was both the most frequent invasive species mentioned at rare
species sites (with 20 occurrences region-wide) and the most widespread
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Table 2. Invasive laxa identified as occurring at e species sites. Second
column reports the total number of occurrences throughout New England. Numbers
in the column under each state abbreviation indicate numbers of invasive occurrences
reported.

Species Total CI' MA VI NH ME RI
1. Lythrum salicaria L. 20 6 8 3 1 2
2. Berberis thunbergii DC. 14 3 7 4
3. Celastrus orbiculans 0 7 3
Thunb.
4. Phragmites ausiralis 9 3 3 i 2

(Cav.) Trin. ex Steud.

Rosa mulriflora Thunb.

Lonicera spp.

Rhanmnns cathartica L.

Cynemnchum louiseae

Kartesz & Gandhi

Elacagnus wumbellaia 4 3 1

Thunb.

10, Alliaria petialara (M. Bieb.) 4
Cavara & Grande

L 1. Polygonum cuspidanum 4 { 2 |
Siebold & Zucc.

12. Myriophyllum spicatun: 1.

13. Tussilago farfara L.

14, Trapa natans L.

5. Frangulu alnus P. Mill.

16. Micrastegium viminenum
(Trin.) A. Camus

17. Aegopodium podagraria L. t

18. Robiniu psendoacacia L. i 1

TOTAL SPECIES 12 10 11 5

TOTAL OCCURRENCES 110 42 30 24 b 5 4

20 NG
[= Y- AN-IN-]
h
s

X
—_ W W
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o

specics (occurring in 5 of 6 New England states). Berberis thunbergii
(Japanese barberry), Celastrus orbicularus (oriental bittersweet), Phrag-
mites australis (common reed), and Rosa multiflora (multifiora rose)
followed in frequency (Table 2). Obviously, these invasive species are
more widespread in New England than the number of occurrences
reported here; our focus here is restricted to sites from which both rare
and invasive species are known to co-occur.

Connecticut reported the highest number of invasive species at rare
plant sites overall, with 42 occurrences (and a total of 12 invasive
species) noted statewide. Massachusetts was sccond, followed by
Vermont, New Hampshire, Maine, and Rhode Island (Table 2). The
frequency of invasive species occurrences at rare plant sites largely
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paralleled the longitudinal pattern of invasive species richness recorded
in Magce and Ahles (1999), with concentrations of invasives in the
southwestern and weslern regions” of New England and richness
declining {rom southwest to northeast (Figure 1). The numbcr of
invasivc spccies occurrences per slate at rare species sites was positively,
but not significantly correlated with the mcag number of invasive species
reported per county by Magee and Ahles (+~=0.501, but P =0.116 due
to a low samplc sizc of 6 states). A positive correlation also existed
between (he number of invasive occurrences at rare species sites in
a county and the number of rare species occurrences reported per county
(r* = 0.280, P = 0.005), indicating that sites with high frequency and
richness of rare species exhibited somewhat more frequent invasions.

Clusters of sites with rarc plant species and co-occurring invasive
species became evident when the data were mapped at the town level for
New England (Figure [). In large part, this distribution reflected **hot
spols™ of rare plant occurrences. However, invasive species occurred
only at a subset of rare species sites across the region. Rare species co-
accurred with invasive species particularly frequently along major water
courscs. including the Connecticut River, Housatonic River, and Lake
Champlain; the St. John River in northern Mainc also had an isolated
invasive species report at a rare plant station. Rare and invasive species
also tended to co-occur in regions of New England distinguished by
circmnneutral soils derived from alluvium and/or calcium-rich bedrock,
particularly along the Stockbridge marble belt of western Connecticut,
Massachusetts, and Vermont and traprock basalts of the Metacomet
Range in west-central Massachusetts and Connecticut. Because rare
plant species are less frequently found in proximity to dense population
centers in New England, invasive species were not clustered around
cities in this data set, even though their frequency in general tends to
correlate positively with human population density.

For a subsample of 37 species with both invaded and uninvaded
populations, paired comparisons were performed between neighboring
populations with and without invasive species present (N = 63 site
comparisons). Sign tests indicated that invaded populations were
associated significantly and more frequently with nearby roads o=
372; df = 1, P = 0.05). Classification analysis yielded a model that
separated invaded and uninvaded sites first by a suitc of threats more
frequently associated with invaded siles: dumping, hydrological
alteration, eutrophication, trampling, herbicide usc, succcssion, drought,
erosion, and natural disturbance (Figure 2). For populations facing these
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Figure 1. Map of New Englund sttes showing town boundarics. Gray fili
indicates towns that had one or more occurrences of the rare species covered in the
Conservation and Research Plans but had no invasives occurring at rare species
stations within the town. Black shading indicates towns in which rare species were
recorded as co-occurring with invasive species s panticular sites. Towns with no fill
hud no rare species sites recorded from the Conservation and Research Plans; thus. no
co-occurring invasives are recorded for these towns on the map, even though they
may very well exist in these towus.
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Bumplng
#];EOFSER THREATS Altered hydrology
Butrophication
Trampling
Herbicide use
Succession
Drought

Brosion
Imprty = 2247 | Katural Distubance

SITES WITHOUT INVASIVES NO ROADS ROADS NEARBY
Impurity = 0.187
Shes = 24
SITES WITHOUT INVASIVES SITES WITH INVASIVES
Impurity = 0.249 Impurity = 0.195
Shes = 68 Shtes = 34

Figure 2. Classitication lree on categorical data showing the variable states that
best 'dislinguish invaded and non-invaded sites (N = 126 total cases). Each nade
shows the number of cases (sites) that were split into “uninvaded™ and “invaded™
categories by each splilting variable; the impurity level at each node is proportional to
the number of cases that were misclassified. The first bifurcation occurred on a1 suite
of threats, which are listed at the node. The second bifurcation was on presence or
wbsence of nearby roads. Overall model PRE was 0.109.

threats, invasion probability was higher among those in close proximity
1o roads (second bifurcation in Figure 2).

Invaded populations also tended to show marginally but not
significantly more frequent declines in population numbers (3* = 2.78;
df =1, P=0.07). The mean population size of invaded populations was
706 (=249 SE), approximnately half that of uninvaded populations (1423
*+ 849), but these differences were not significant by paired s-test due to
high variance. The overall loss of rare plant populations (EOs) from
historical levels (based on herbarjum collections) to the present was also
compared among speeics that co-occurred with invasive species and
those that did not. Species with invasives suffered a higher proportion of
populations lost (56.6% * 0.04 SE of original populations gone) than
uninvaded specics (43.1% = 0.05 of original populations gone),
indicating a possible correlative link between prevalence of invasives
and local extinctions (¢ = 1.959, P = 0.054). However, loss of
populations was not correlated significantly with the number of sites
invaded per species (by Pearson correlation). Likewise, classification
analysis (data not shown; PRE = 0.211) did not separate EOs with
declining populations from those showing no decline on the basis of
invasion status. Rather, population declinc was associated primarily with
particular habitat types (specifically, anthropogenic habitats including
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effects of management 1o remove invasive species from rare species
localities should be carelully and critically monitored over & minimum of
several years and the findings published and widcly disseminated (e.g.,
Farnsworth and Meyerson 1999b:; Manchester and Bullock 2000;
Stylinski and Allen 1999).

These analyses demonstrate that invasive plant species co-occur with
nearly half (479%) of the 81 rare species studied. This accords in
magnitude with large-scale estimates for 1055 state- or federally-listed
plant species in the United States, of which 57% were viewed as afTected
by alien species (Wilcove et al. 1998). For the rare specics with reported
invasions, an average of more than one-third (37.7%) of their populations
had an invasive species present, representing a substantial potential
impact on the viability of each of hese taxa as 1 whole in New England.
The data suggest that the presence of invasive species may be correlated
with both losses of populations (local extinction) and declines in
population size. However, declines also tended to reflect larger
environmental variables (such as anthropogenic disturbance of habitat)
that may themselves simply facilitate colonization by invasive species at
be same time as they harm rare species. Much more detailed
experimental studies are needed 10 teuse apart the precise impacts of
invasive species from a host of complex factors that impinge on
population viability. The list of invaded species (Table 1) offers a suite of
taxa on which such studies could be focused.

Invasive specics co-occurred with rare plants principally along major
New England watercourses, including the Connecticut and Housatonic
rivers and Lake Chamiplain (Figure 1). In part, this reflects the geographic
distribution of rare species aggregations in New England (e.g.,
Massachusetts Natural Heritage and Endangered Species Program
2001), but the concentration along rivers represents only a subset of
the rare species “hot spots™ in the region (Famsworth 2003). For
cxample, other regional “hot spots™ of rarity were relatively free of
invasives, including the White Mountains of New Hampshire, interior
Muine, und Cape Cod. Such a distribution also reflects the overall species
richness of invasive species in western and southemn counties of New
England (Magee and Ahles 1999), which provide a source pool for new
invasions (sersu Zobel 1997). ‘The majority of invasive species identified
in this study tend to be especially common in floodplains or mesic
uplands with rich alluvial soils. Rivers and streams can transport floating
seeds divectly and can act as corridors for dispersal by animals (Stohlgren
ct al. 1998). Likewise, changes in hydrology—panicularly dampened
flooding intensity and frequency-—can create artificially stable conditions
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for invasive species along river shores (Decamps 1993; Galatowitsch
et al. 1999).

Invasions at rare plant sites also tended to oceur somewhat more
frequently in counties with higher richness and density of rare species. A
correlation between invasion frequency and local rare species richness
accords with emerging hypotheses that species-rich communities may be
more vulnerable to invasions than species-poor assemblages (Kalkhan
and Stohlgren 2000; Levine 2000: Levine and D’Antonio 1999;
Lonsdale 1999; Pysek et al. 2002; Stohlgren et al. 1999: but see
Kennedy et al. 2002). In part, this may result from higher availabilities of
resources, including water and nutrients, which favor growth of both rare
and invasive species (Stohlgren et al. 1999). Disturbances that transiently
release resources, such as eutrophication events, also can favor invasions
(Burke and Grime 1996; Davis et al. 2000); in fact, eutrophic sites were
associaled more frequently with invasions in the present study (Figure 2).

1 tested the hypothesis that invasions of rare plant species sites might
be more frequently associated with certain habitat variables that promote
introduction and establishiment of alien propagules. Proximity to roads,
for example, has been positively correlated with frequency of invasive
species because tires and intentional plantings can transport seeds (e.g.,
Coleman 2003), disturbance from road construction creates colonization
sites (e.g., Harrison et al. 2002; Watkins et al. 2003), and road
maintenance practices (i.e., salt usage) favor persistence of invasives
over non-invasive species (e.g., Richburg et al. 2001; Wilcox 1989). The
model presented here did distinguish invaded sites from uninvaded sites
on the basis of nearness to a road (Figure 2). Interestingly, proximity to
foot trails was not associated with higher rates of invasion, even though
people and animals (e.g., deer) can be sources of introduced seeds along
these routes (Vellend 2002).

Habitat disturbance was a significant factor distinguishing invaded and
uninvaded populations, and invaded and uninvaded species (Figure 2, 3).
lll-timed mowing, natural disturbances, herbivory. crosion. trumpling,
dumping, and drought were tlueats commonly associated with invasions.
Disturbance has long been viewed as an important driver in invasions of
plant communities (Hobbs and Huenneke 1992; Sher and Hyatt 1999). 1t
is of interest thut communities with rare species that occupied areas under
conservation protcction showed a slighily higher proportion of invasions
than those of unprotected sites (Figure 3). This may reflect a higher
reporting rate of invasions for these sites by managers, or higher rare
species richness and invasibility of protected areas; these hypotheses
need to be teased apart in future studies.
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Invasive species are both agents and symptoms environmental change.
This regional analysis has important implications for the management of
both rare and invasive species. Three invasive species accounted for 40%
of all invasions at rare species sites in New England (Table 2): Lythrum
salicaria, Berberis thunbergii, and Celastrus orhiculatus. These taxa
should be targeted for more precise, quantitative studies of their
distribution and impacts (c.g., Famsworth and Ellis 2001). Many
invasive species are concentrated in southern and western New England,
and rare species with more bhoreal distributions may currently fall at the
northemn edge of several invasives’ ranges. However, new invasions will
have to be watched for in remote northern areas, particularly as climatic
warming ensues. Management for invasive species will also have to take
into account a complex suite of other interacting environmental factors
that influence rare species persistence and decline.

ACKNOWLEDGMENTS.  This research was supported in part by National
Science Foundation grant DGE0123490 to E.J.F. and generous five-year
funding for the Conservation and Research Plan project from an
anonymous donor. I thank the hard-working and talented authors of the
NEPCoP Conservation and Research Plans for compiling the valuable
data used in this study. The six New England Natural Heritage Programs
have been excellent partners in providing data on rare plant occurrences.
Bryan Connolly, Aaron M. Ellison, and two anonymous reviewers
offered very helpful comments that improved the manuscript.

LITERATURE CITED

BrigHaMm, C. A., A. G. Power. aND A. Hunter. 2002. Evaluating the internal
consistency of recovery plans for federally endangered species. Ecol. Applic.
12: 648-654.

BrUMBACK, W. AND L. J. MEHRHOFF, ET AL. 1996. Flora Conservanda: New England.
The New Englund Plunt Conservation Program (NEPCoP) list of plants in need
of conscrvation. Rhodora 98: 233-361. :

BURKE, M. J. W, aND J. P. GRIME. 1996. An experimental study of community in-
vasibility. Ecology 77: 776-~790.

CoLeman, N. Z. 2003, Interdunal swales and the colonization, effect, and rcmoval of
the invasive grass Phragmites australis, M.S. thesis, Univ. Massachusetts,
Ambherst, MA. N

Davis, M. A., J. P. GriME. aND K. ThomesoN. 2000. Fluctuating resources in plant
communities: A general theory of invasibility. J. Ecol. 88: 528-534.

De'atH, G. anp K. E. Fasriciws. 2000. Classification and regression trees: A
powerful yet simple technique for ecological data analysis. Ecology 81: 3178-
3192,

2004] Famsworth~——Rare and Tnvasive Plant Species 115

wps. H. 1993, River margins and environmental change. Ecol. Applic. 3: 441-

F.Lm:-!f'.' S.. ed. 1987. Conservation and Management of Rare and Endangered
Plants. California Native Plant Society. Sucramento. CA.

Eiton. C. S. 1958, The Ecology of Invasions by Animals and Phuits. Methuen,
London, UK.

Farnswormi, E. 1. 2003. Planning for plants: The New England Plunt Conservation
and Research Plan Project. Plant Talk 34: 24-28,

AN D. Erus. 2001, Is purple loosestrife (Lytlrum sulicaria) an invasive

threat to freshwater wetlands? Conflicting evidence from three ecological

metrics. Wetlands 21: 199-209.

AND L. A. MEYERSON. 1999a. Introduction to special issue: Papers from the

Greater New England Symposium on the Ecology of Invasive Species. Biol.

Invasions 1: 105~106.

- AND . 1999b. Species composition and inter-annual dynamics of a
freshwater tidal plant community following removal of the invasive grass,
Pliragnites australis. Biol. Jnvasions |1 §15-127.

GALATOWITSCH, S. M., N. O. ANDERSON, axD P. D. AscHER. 1999, Invasiveness in
wetland plants in temperate North America. Wctlands 19: 733~755.

GoreLnl, N, J. anp A. M. Eruison. 2004, A Primer of Ecological Statistics. Sinauer.
Inc.. Sunderland, MA.

GRICE. A. C., I I. Braprorn. ann B. N. Assorr. 2000, Regional and kidscape-scale
patterns of shrub invasion in tropical savannas. Biol. Invasions 2: 187-205.

Harrison, E.. C. Honn, anp S. Ratay. 2002. Distribution of exotic plants along
roads in a peninsulur nature reserve. Biol. Invasions 4: 425-430.

Higeins, S. L., D. M. RicHarpson, R. M. Cowwinag. ANb T, H. TRINDER-SMrTin. 1999,
Predicting the landscape-scale distribution of alicn plants and their threat to
plants. Conservation Biol. 13: 303-313.

Hosus, R. I. anp L. F. HUuennexe. 1992, Disturbance. diversity, and invasion:
Implications for conservation. Conservation Biol. 6: 324-337.

anp S. E. Humphries. 1995. An integrated approach to the ccology and
management of pfant invasions. Conservation Biol. 9: 761~770.

Hoexstra, J. M., J. A, CLark. W. F. FAGaN, aNDp P. D. BoersMa. 2002. A com-
prehensive review of Endangered Species Act recovery plans. Ecol. Applic. 12:
630-640.

Huesner, C. D. 2003. Vulnerability of oak-dominated forests in West Virginia to
invasive exotic planis: Temporal and sputinl putiems of nine exotic species
using herbarium records and land classification data. Castanea 68: 1-14.

KALKHAN, M. A. AND T. J. STOHLGREN. 2000. Using multi-scale sampling and spatial
cross-comelation (o investigale patterns of plant species richness. Environm.
Monit. Asscssm. 64: 591-605.

KENNEDY, T. A.. S. NageMm, K. M. Howg, J. M. H. Kxops, D. TILMAN, AND P. REICH.
2002. Biodiversity as a barrier 10 ecological invasion. Nature 417: 636-638.

Leving, J. M. 2000. Species diversity and hiological invasions: Relating local process

" 1o community pattem. Science 288: 852-854.

AnD C. M. D’AntoNio. 1999. Elton revisited: A review of evidence linking
diversity and invasibility. Oikos 87: 15-26,

Lockwoop, J. L., D. SIMBERLOFF, M. L, McKINNEY, ann B. Yox Hotik. 2001, How

many, and which, plants will invade natural arcas? Biol. Invasions 3: 1-8.

DEcC/




116 Rhodora [Vol. 106

LonspaLk, W. M. 1999, Global patierns of plant invasions and the concept of
invasibility. Ecology 80: 1522-1536.

Macer, D. W, anp H. E. AHLES. 1999. Flora of the Northenst: A Manual of the
Vascular Flora of New England and Adjacent New York. Univ. Massachusetts
Press. Amherst, MA.

MANCHESTER. 8. 1. ann J. M. BuLLock. 2000. The impacts of non-native species on
UK biodiversity and the effectiveness of control. J. Appl. Ecol. 37: 845-864.

MaSSACHUSETTs INVASIVE PLANT WorkInG Group, 2003, Final report: Invasive and
likely invasive plants in Massachusetts. Available through NEWFS at Garden in
the Woods, Framingham. MA. Website (hup://www.newfls.ore/conserve/invlist.
him). Accessed December 23. 2003.

MASSACHUSETTS  NATURAL HERITAGE AND ENDANGERED  SPECIES PROGRAM. 2001,
BioMap: Guiding conservation for biodiversity in Massachusetts. Executive
Office Environmental Aftairs, NHESP. Boston, MA.

MCKINNEY, M. L. 2002, Influence of seltlement time. human population, park shape
and age, visitation and roads on the number of alicn plant species in protected
areas in the USA. Diversity and Distiib. §: 311-318.

MEHRHOFF, L. J.. ). A, Sitanoer, Ji., S. A. Licnt, anp E. Mosiigr. 2003. IPANE:
Invasive Plant Atlas of New Enpland. Dept. Ecol. Evol. Biology, tniv. Con-
necticul, Swurs, CT. Website (hnp://invasives.ecb.uconn.edu/ipane/). Accessed
December 23, 2003.

NEw EncLanp Wi Frowrr Sociery. 2003. Conservation and rescarch plans.
NEWFS at Garden in the Woods, Framingham, MA. Wehsite (hnp://
www.newts.org/conserve/plans.itm). Accessed December 23, 2003,

PysER P., V. Jarosik, axp T. Kuckera. 2002, Patiemns of invasion in emperate nature
reserves. Biol. Conservation 104: 13-24.

RaNDALL, J. AND J. MaRINELLL eds. 1996. Invasive Plants: Weeds of the Glohal
Garden. Brooklyn Bolanical Garden. Brooklyn, NY.

Ricinure, J. Al W. A, PaTTErsON TI1, AND T°. LowensTeIN. 2001, Effects of road salt
and Phragmites australis invasion on the vegetation of a western Massachuselts
calcareous luke basin fen. Wetlands 21; 247-255.

SHER. A, A. anp L. A, Hyatt. 1999, The disturbed resource-flux invasion matrix: A
new frumework for patterns of plant invasion. Biol. Invasions 1: 107114,

StoHLGREN. T. )., D. BINKLEY. G. W. CHonG, M. A. Katknan, L. D. Scuew, K. A.
Buit, Y. OTsuki, G. NEWMaN. M. BasHKIN, AND Y. Son. 1999. Exotic plunt
species invade hot spots of native plant diversity. Ecol. Monogr. 69: 25-46.

Ko AL Bun Y. Otsuke, C. AL ViLLa, aNp M. Lee. 1998. Riparian zones as
havens for exolic plant species in the central grasslands. P1. Ecol. 138: 113-125.

STYLINSKL, C. DL anb E. B. ALLeN. 1999, Lack of native species recovery following
severe exolic disturbance in southemn Californian shrublands. J. Appl. Ecol. 36:
544554,

THE NATURE CONSERVANCY WILDLAND INvasivE Seecuss Tran. 2003, Adaptive
management tools. Weed Sciences Program, Univ. Califoinia, Davis, CA. Web-
site (hitp://incweeds.uedavis.edu/products.himl). Accessed December 24, 2003.

VELLEND, M. 2002. A pest and an invades: White-tailed deer (Odocoileus virginianis
Zimm.) as a seed dispersal agent for honeysuckie shrubs (Lonicera L.). Nat.
Arcas 1. 22: 230-234,

2004 Farmnsworth—Rare and Invasive Plant Species 117

WaTkINS, R. Z.. 3. CEN. 1. PICKENS, AND K. D. Brosorski. 2003, Effcets of forest

' NS, K. LD 3 e = ot for

rouds on understory plants in a managed hardwood landscape. Conscrvation
Biol. 17: 411419, 4 ) )

wesTskooks. R. G. 1998. Invasive Plunts: Changing the Laundscape ol _Amcncm
‘ Federal Interagency Commitiee for Management ol Noxious and Exotic Weeds.
Washingion, DC.

WILCOVE D.b S.. D. ROTHSTEIN. J. Dusow, A. PuiLLIpS. aND E: l.osos. 1998,
Quantitying threats 10 imperiled species in the United Stales. BioScience 48:
607-015. ) ) o

WiLeox, D. A. 1989, Migration and control of purple foosestife (Lythrim salicaria
L.y along highway corridors. Environm. Managem. 13: 365-370.

ZosEL, M. 1097, The retative role of species pools in determining plant species
richness: An alternative explanation of species coexistence? Trends Ecol. Evol.
12: 266-269.




