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Abstract Resumen

The objective of this study was to simultaneously evaluate the El objetivo de este estudio fue evaluar simultaneamente el
impact of leafy spurge Euphorbia esulaL.) on plant species rich- impacto del “Leafy spurge” (Euphorbia esulaL.) en la riqueza de
ness within and among a wide variety of vegetation types typical especies de plantas dentro y entre una amplia variedad de tipos
of the region. The study was conducted in Theodore Rooseveltde vegetacion tipicos de la region. El estudio se condujo en e
National Park in southwestern North Dakota where 11 plant Parque Nacional Theodore Roosvelt en el sudoeste de North
associations were identified as being particularly susceptible to Dakota, donde 11 asociaciones vegetales se identificaron com
invasion by leafy spurge. Representative infested and non-infest- particularmente susceptibles a la invasion de “Leafy spurge”.
ed stands of the 11 associations were sampled using the protoccPoblaciones representativas, infestadas y no infestadas, de las 1
described by the National Vegetation Classification System. To asociaciones se muestrearon usando el protocolo descrito por e
evaluate the effects of leafy spurge infestation across a variety of Sistema Nacional de Clasificacion de Vegetacion. Para evaluar
vegetation types, the 11 associations were grouped into 1 of ¢los efectos de la infestacion de “Leafy spurge” a través de una
general physiographic/vegetative units (floodplain, grassland, variedad de tipos de vegetacion, las 11 asociaciones fueron agru
woodland, and shrubland). Species richness per sampled infestecpadas dentro de una de cuatro unidades generales
stand was reduced by an average of 51% (PG05) in 7 of the 11 fisiograficas/vegetativas (planicie inundable, zacatal, bosque y
sampled associations. Total species richness in infested standmatorral). En 7 de las 11 asociaciones la riqueza de especies po
averaged 61% less than species richness within their non-infestedpoblacion infestada muestreada se redujo en promedio 51% (P <
counterparts for 10 of the 11 associations. Thirty species common 0.05). La riqueza total de especies en las poblaciones infestada
to the majority of the associations were completely absent from promedio 61% menos que la riqueza de especies dentro de su:
infested stands and classified as sensitive, whereas 25 were minicontrapartes no infestadas, esto en 10 de las 11 asociaciones. :
mally impacted and classified as persistent species. The overallespecies, comunes en la mayoria de las asociaciones, estuvierc
effects of leafy spurge on species richness is complex and probacompletamente ausentes en las poblaciones infestadas y se clasif
bly involves patterns of soil moisture, nutrient conditions, and caron como sensitivas, mientras que 25 fueron minimamente
disturbance that influence the abundance and distribution of all impactadas y clasificadas como especies persistentes. El efect
alien plants in Theodore Roosevelt National Park. However, general del “Leafy spurge” sobre la riqueza de especies es com-
because of the considerable redundancy in species distribution plejo y probablemente involucra patrones de humedad del suelo,
among a wide variety of plant associations and an aggressive con-condiciones de nutrientes y disturbio que influyen la abundancia
trol program, overall species richness does not appear to bey la distribucion de especies invasoras del Parque Nacional
threatened by infestations of leafy spurge at this time. Theodore Roosvelt. Sin embargo, debido a la considerable
redundancia en la distribucion de especies entre la amplia var-
iedad de asociaciones de plantas y a un programa agresivo de
control, en este tiempo, la riqueza general de especies de planta
'’ no parece ser amenazada por las infestaciones de “Leafy

spurge”.

Key Words: landscape ecology, Theodore Roosevelt National
Park, alien plants, National Vegetation Classification System
Northern Great Plains

Leafy spurge Euphorbia esula L.) is one of the more serious
rangeland invasive plants throughout much of the Northern Great ) . .
Plains (Selleck et al. 1962, Lajeunesse et al. 1999, Masters BAfral processes such as fire frequency, nutrient cycling, and
Sheley 2001). Common effects of leafy spurge infestatiofg§® Production (Hein and Miller 1992). Past research has do
include decreases in frequency and gradual replacement of ndfig@ted the impact of leafy spurge on species richness or do
species (Belcher and Wilson 1989), decreases in livestock cafl§ice patterns in 1 or more localized community types. Howev
ing capacity (Lym and Kirby 1989), reductions in habitat use B§"Y little information is available that simultaneously address

native ungulates (Trammell and Butler 1995), and disruptionsBf €ffects of an aggressive exotic plant such as leafy spurge
plant species richness at a variety of spatial scales.
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geographic information system, reported Our investigation was conducted in conSystem for that particular association
that leafy spurge infested over 55Qunction with the USGS-NPS NationalAssociation descriptions are available
hectares or 3% of the South Unit ofPark Vegetation Mapping Program (maps®nline (http://www.natureserve.org/explor
Theodore Roosevelt National Parkavailable online [http://www.nps.gov/gis/ er) and were reviewed prior to site selec
Further, a number of autecological anghbark gisdata/ndakota/thro.hljrfor the tion. Once a samplsite was located, a 10
phytosociological studies were conducte®ark (Von Loh et al. 2000). Classificationby 10 m plot was subjectively placed in ar
in the Park prior to leafy spurge infestaof the vegetation in the Park began in 199@rea that appeared to best represent th
tion, which provide an important historicaland followed procedures described by thentire grassland or shrubland stand. Large
perspective (Cogan 1999). National Vegetation Classification Systen0 by 20 m plots were used in woodlands
Our objectives were to compare specieNVCS; Grossman et al. 1998). Theas established by the National Vegetatio
richness among a wide variety of planNVCS uses gradient directed transect€lassification System, so that a broade
associations infested with leafy spurge(gradsects; Gillison & Brewer 1985) andrange of the overstory canopy could b
simultaneously examine the effects oktandard Relevé plot methodology (Knapjincluded. The minimum number of plots
leafy spurge at broader spatial scales, an®84) to determine species compositioper association was set at 4, the maximui
assess vulnerability of individual speciesind foliar cover for all woodland, shrub-number at 12. All species occurring within
to leafy spurge invasion. Species richnesand, and herbaceous associations ithe plot were recorded by strata (canopy
was selected as the response variabi4RO, or alliances if the community can-sub-canopy, tall shrub, short shrub, an
because it can be compared within anfot be classified to the association leveherbaceous); however, only specie:
among a wide variety of vegetation typef\ssociations are the finest level of theecorded in the herbaceous stratum, whic
that may be differentially impacted byNvCS and are identified based on planalso included seedlings for trees an
leafy spurge. Richness is also a concegbmmunities that occur in uniform habi-shrubs, were used for this study because
that is fairly easy to convey to a wide varitats, have a consistent physiognomy, arttie previously documented impact of leafy
ety of audiences. To reduce the chance @fave a definitive floristic composition spurge on this layer (Belcher and Wilsor
over-estimating the impact of leafy(Grossman et al. 1998). Alliances share 1989, Trammell and Butler 1995).
spurge, we elected to focus our evaluatiogr more diagnostic species and are used IBampled vegetation types were the
on species that are relatively commomhe NVCS to describe vegetation types anatched to higher order plant alliance:
within and among a wide range of planthe |evel just above associationand then to plant associations previousl
associations in the region. During the vegetation mapping processjocumented for southwestern North
a total of 18 associations were selected f@akota by the NVCS (Grossman et al
. investigating the effects of leafy spurge 01998, Von Loh et al. 2000).
Materials and Methods species richness within and among associ-Wilcoxon Rank Sum tests (SAS Releas:
ations. Associations were initially placedd.1, 1999-2000) were used to evaluate dif
The study was conducted within thento 1 of 2 broad categories (infested anéerences in plot richness between Non
South Unit of Theodore Roosevelthon-infested) based upon our ability tdnfested and Infested stands of leafy
National Park (hereafter referred to as thBnd both infested and non-infested standspurge infested associations (Zar 1999
Park; 46° 55' N, 103° 31' W) in southwestfor a particular association. The term stan@o measure the cumulative effects of leaf
ern North Dakota. The South Unit encomis used to describe a local example of aspurge infestation across multiple associe
passes about 18,600 ha (66% of Theodogssociation. Infested stands could not bions, the associations were grouped int
Roosevelt National Park). The region conlocated for 7 associations, which werelof 4 general physiographic/vegetative
tains various layers of soft substrates th&ubsequently classified as Not Infestedunits (floodplain, grassland, woodland,
have been continuously eroded by th&leven associations were identified forand shrubland), which roughly conform to
Little Missouri River and its tributaries, which a comparable number of infestedhe Formation classification of the
leaving a heavily dissected landscape cond non-infested stands could be foundNational Vegetation Classification Systen
sisting of a complex mixture of deep val-Stands within these 11 infested associgGrossman et al.1998). Total species rick
leys, rugged ravines, and gently rollingions were labeled as Non-Infested oness was then estimated for each physi
uplands that typify “badlands” type topog-Infested. Sampled Infested stands had graphic unit by constructing a mastet
raphy (Gauger et al. 1930). least 25% cover of leafy spurge in the plospecies list using all of the species recorc
The climate is continental with long, (the majority of the stands had > 50%ed in Non-Infested, Infested, and Not
cold winters (-12.6° C long-term low cover of leafy spurge), occurred on similainfested stands. For physiographic unit:
average) and short, warm summers (22° ©@pographic and landscape positions as tlieat contained 1 or more of the 7 Nof
long-term high average). Seventy-five perNon-Infested stands belonging to the sam@afested Associations, species were simul
cent of the annual total precipitation ofassociation, and were sampled using thaneously added to both the Non-Infeste
360 mm occurs between April andsame protocol as described by thand Infested totals. A similar procedure
September with June being the wettedtlational Vegetation Classificationwas used to examine the impact of leaf
month (Lee 1983). The vegetation of th&System. Our goal was to sample Infestespurge on species richness for the entir
Park is primarily composed of mixed-stands that differed from Non-InfestedSouth Unit.
grass prairie species typical of much of thetands only in the presence of leafy To evaluate our ability to consistently
northern Great Plains (Whitman 1979)spurge. sample the majority of the species withir
Shrubs occur on slightly more mesic sites All sampling was conducted during a 3-each association, we compared our speci
with trees confined to areas with relativelyweek period in July 1997 and done in relalists with lists constructed from phytosoci-
high soil moisture such as floodplainstively uniform stands of vegetation withological studies completed in the Park ani
north-facing slopes, and dissecte@onsistent physical conditions as describetthe surrounding area prior to 1985, ol
drainages (Hansen et al. 1984, Girar@ly the National Vegetation Classificationbefore major infestations of leafy spurge
1985, Hirsch 1985).
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were reported (Hansen et al. 1984, Girarftequency of occurrence across the associ- Results
1985, Hirsch 1985). A historical masterations. Species with an association fre-
species list for 10 of the 11 associationguency of _>45% (i.e. species that .
used in our study was created usingccurred in 5 or more associations) WerfFYva:}(Pnl}geer’:lnosnl_\l/gil?(?atlel\ja?srsinar?dSh
species recorded in at least 25% of thelassified as common; species with fre fested ptt Y d lus d If id
previous studies (Cogan 1999). A similaquencies ranging from 20 to 44% Wert%z eshe co dc?nV\:joo F(opu us dettordes
species list was constructed from thelassed as occasional. Species classified J&rS-) woodland associations serving a
National Vegetation Classification Systermuncommon had a frequency of occurrenc%xcept'ong' spseglessrlschnes_s tende,\?l t
associations by summarizing the planin the associations of < 20%. Assoc:iatiorf'f“?erag‘gI a oué dtozz spzegles per Not
species recorded on each sample plot fréequency was highly correlated=£ 0.91) :nfes;[ed sttar:j a.‘t?] to i S.ptec'e.ts p(1
of leafy spurge [Non-Infested Stands]with plot frequency for the common and>n 8es Fotss(gl'r;bl\gl 1)a||sq?<rens?a{ggn|2 (e)?SIL);f?/
which was labeled current. Sgrensen conoccasional species. In other words, speciés pilots ificantl : reduced plot i
munity coefficients were then calculatedhat were common across association%oﬁrge S't?n' icantly re u?%ﬂﬁ ossggc &
(CCs = 2c / sl + s2, where ¢ = species itended to be common within an associd -’ ne?Sh y an average o —Og(' ) (
common, sl1, s2 = number of species ition. The general response of the speci 7ot el %1. ahssomatlons. T edg(rje_atteﬁ
associations 1 and 2, respectivelyjo infestations of leafy spurge was the qlsses n pg richness were reccg ehln
(Brower et al. 1990). Coefficients betweerused to further subdivide these categoried V" Sagebrushagtemisia Cﬂna. ursl_.),
historical and current data sets rangebdefore final analysis. First, all commoncreepmﬁ junlperdi(unlperlljs. omzontzls q
from 0.68 to 0.90 for the 10 associationsind occasional species that were presentl\éolenC )'ny Ian ’ l_pra|_||r|ek ssan_bree
evaluated (Mean = 0.753:06SD), which the Non-Infested stands but completel aafT‘Ot‘." a O'?]g' oha ih 0o .)dbC” n:}l
appear to indicate that the Nationahbsent in the Infested stands were clas SSZ;?)((:ISX;OEZ \lilvut(?[r)eavsvestee;agnoevlvrbg;rm
Vegetation Classification System methodfied as sensitive. The remaining commo h 9 X ',d talis Hook dy
ology used for this study captured thend occasional species that occurred in &P onc;]arpos gﬁc' gn IS (')Ot'.)’ an
majority of the species consistently found7% of the Infested stands were classifieﬁlf‘zggt;jsthgvlzgst?g >%s§é))0|a lons wer
Non-Infested stands were grouped by their plain vegetation unit and 3 of the 4 grass

Table 1. Number of species present only in non-infested (NI) stands or infested (INF) stands, or present in both NI and INFhd&by association
(abbreviation in parenthesis), physiographic unit, and for the entire South Unit of Theodore Roosevelt National Park; and megnhness per stand
(+ SE, n = number of sampled stands) for 18 plant associations. Total richness for each association can be calculated by addingathe in the Both
column to the respective value in the NI or INF column. Data were collected during the 1997 field season. Association namgsidminant species
only) provided by Von Loh et al. (2000).

Number of Species Mean Richness/Stand

Physiographic Unit/Association NI INF Both NI INF
Floodplain
Salix exigua (Saex) 31 1 13 11.1 (%.2,n=7) 11.8 (+1.2,n=5)
Fraxinus pennsylvanica (Frpe/F) 31 1 8 16.3 (2.6,n=4) 7.7 (#+0.9,n = 3)*
Populus deltoides (Pode) 14 25 36 17.6 (+.7,n=8) 16.6 (+2.2,n=11)
Artemisia cana (Arca) 31 8 31 16.3(4.7,n=8) 7.6 (+0.7,n=11)*
Symphoricarpos occidentalis (Syoc) 32 6 _20 12.7 (+1.8,n=9) 10.3 (+1.4,n=9)
Total 49 16 69
Grassland
Schizachryium scoparium (Scsc) 54
Calamovilfa longifolia (Calo) 41 2 11 21.2 (8.4,n=5) 8.5 (+1.6,n=4)*
Pascopyrum smithii (Pasm) 45 7 17 18.0 (+.3,n=10) 9.8 (+1.2,n=7)*
Stipa comata (Stco) 42 4 _18 21.3 (+1.4,n=12) 12.4 (+1.0,n=9)*
Total 43 5 62
Woodland
Populus tremuloides (Potr) 56
Fraxinus pennsylvanica (Frpe/W) 68 7 40 22.0(4.0,n=9) 20.9 (+4.2,n=8)
Juniperus scopulorum (Jusc) 49 6 _20 23.4 (+1.9,n=9) 13.4 (+0.9,n=5)*
Total 52 7 72
Shrubland
Sarcobatus vermiculatus (Save) 26
Shepherdia argentea (Shar) 57
Chrysothamnus nauseosus (Chna) 33
Juniperus horizontalis (Juho) 51 2 24 31.8(%.2,n=8) 13.0 (+1.3,n=5)*
Rhus trilobata (Rhtr) 51
Artemisia tridentata (Artr) 64
Total 13 2 118
South Unit 50 5 166

IRichness between non-infested and infested stands within an association were compared using a Wilcoxon Rank Sum_Te8s)* = P <
hen associations lacked an infested complement, total richness within a physiographic unit and grand total richnesstfioUttiev@me estimated by including richness values
from Not Infested stands.
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land associations sampled had standeequencies. One nonvascular plant, clubf the very nature of being rare. It is alsc
infested with leafy spurge (Table 1).moss &elaginella densa Rydb.), was con- quite possible to overlook infrequent
Similarly, 2 of the 3 woodland associa-spicuously absent in the Infested standspecies because they are often easil
tions were infested. In contrast, only ITwo species of forbs, field bindweedobscured by more common plants, espe
shrubland association was infested witliConvolvulus arvensis L.) and Canada cially in dense stands of leafy spurge
leafy spurge during the 1997 field seasorthistle Cirsium arvense L. & Scop.), are Sampling intensity also plays a major role
The end result was 28% to 36% fewenon-native to the Park. Carrion-flowerin detecting infrequent species. Therefore
species on the Infested plus Not Infeste(Bmilax herbacea L.) was the only sensi- we concentrated much of our analyses o
master species list within the floodplaintive species not represented in any of thepecies that were historically commor
grassland, and woodland vegetation unitsampled Not Infested associations. (Cogan 1999) and occurred with sufficient
compared to the Non-infested plus Not The 25 persistent species were fairlfrequency among the 11 non-infestec
Infested master species list. Because ongvenly distributed among the assignedssociations, which was arbitrarily set at :
1 shrub association was infested, shrulgrowth forms of forbs (36%), graminoids3 associations. These species were furth
lands as a physiographic unit were mini{36%), and shrubs/subshrubs (28%) (Tablelassified as being either sensitive (com
mally impacted by infestations of leafy4). Association frequencies for 5 of theseletely absent in infested stands) or persis
spurge. The cumulative effect of leafypersistent species, threadleaf sedggéx tent to infestations of leafy spurge. Using
spurge infestations for the entire Soutliilifolia Nutt.), fringed sagewort these criteria, we identified 30 sensitive
Unit was 21% fewer species contributing Artemisia frigida Nutt.), smooth brome and 25 persistent species for detaile
to grand total richness. (Bromus inermis Leyss.) red false globe- analysis.

The majority (77 to 93%) of the speciesnallow [Sphaeralcea coccinea (Pursh)  We found a strong correlation betweer
recorded in Infested stands were alsRydb.] and porcupine-grasStipa spartea association frequency for these 55 specie
observed in Non-Infested stands (Table 1)rin.), were identical between Non-and their respective plot frequencies
In contrast, 50 to 79% of the speciesnfested and Infested stands, whereashich indicated that they were commor
recorded within individual Non-Infested association frequencies for 3 additionaboth within and among associations. Thit
stands were absent from Infested standpersistent species [western wild roResa is not unusual considering that several o
When considered collectively across all 1oodsii Lindl.; quackgrassAgropyron the plant associations in THRO lack a dis
associations, 93 species found in the Nomepens (L.) Beauv.; and buffalo currant, cernible separation or ecotone (Von Loh e
Infested stands were not recorded in anRibes odoratum Wendl.) were higher in al. 2000). Further, many species in bad
of the Infested stands (Table 2). One-thirdhfested stands. Persistent species consi@nds type topography may have a greate
of these species were classified as eithered non-native to the Park includeaffinity for specific soil and topographic
occasional or common, and were subsd<entucky bluegrassPpa pratensis L.), characteristics that are repeated across t
guently identified as sensitive speciesgoat’'s beard {ragopogon dubius Scop.), landscape (Butler et al. 1986) than for ¢
Association frequencies for 42 of the 6%ellow sweet cloverNelilotus officinalis  particular vegetation type.
common and occasional species recordét.) Pall.], white sweet cloverM. alba Whether evaluating total species rich-
in both Non-Infested and Infested standdedic), smooth brome, and quackgrass. ness or plot species richness, the overe

were partially impacted by leafy spurge pattern of reduction in richness in
infestations (association frequencies response to infestations of leafy spurgs
reduced 33 to 99%). The remaining 25 Discussion appears to be relatively consistent amon
species were considered to be minimally the 7 associations significantly impactec

impacted (association frequency reduced < é)y infestations of leafy spurge. The

33%) and were subsequently classified a@aisg%bruis: :tg g‘gzsé?;lglgi eoﬁﬂ,fg gsg(r:?e bserved reductions in species richness a
persistent species.

B . likely the result of a combination of not
A creating homogeneous plant communitie ; . . .
Forbs, graminoids, and shrubs/sub-Belcher and Wilson 1989, Lym and Kirby etecting the infrequent species, whicl

shrubs respectively composed 53%, 25%, accounted for about half of the species

and 21% of the 98 species classified aﬁ?)\?vge;/e-:rggj%illmﬁgtdbeBg;L%iség?ngéﬁnd a partial reduction (34% of the

occasional and common within the 11 iy : . . : pecies) or complete elimination (15% of
C nterpreting reductions in species richnes . .

Non-Infested associations (data no e species) of the occasional and commc

... “In response to heavy infestations of alie : L ,
shown). However, of the 30 sensitive lants within and among a variety of plamspemes. Three of th_e 4 associations thi
g:oved to be exceptions to this trend ar

species that were completely absent fro . )
mmunity types. Infrequent species ma éimarily found within the floodplain of

leafy spurge infested stands, 70%, 7%, a S
20% were forbs, graminoids, and t be recorded in infested stands becau e Little Missouri River.

shrubs/subshrubs, respectively (Table 3).

The majority (> 50%) of the common andTable 2. Number of species by association frequency class (frequency of occurrence in non-infeste
occasional species present in Non-Infeste associations) and percent difference in association frequency (expressed as a percent reductio
stands but missing from Infested stand in association frequency) between non-infested (NI) and infested (INF) stands evaluated during
were concentrated in the needle-and the 1997 field season in the South Unit of Theodore Roosevelt National Park, N.D.

thread &ipa comata Trin. & Rupr.) and
prairie sandreed grassland association

Percent Reduction in Frequency Between
NI and INF Stands

and the creeping juniper shrubland assoCgequency Class 100% 67 <100%  33-66% <33% Totals
ation (Ta_lble 3). T_he green ash woodlan‘mfreqw_‘nt ©9-19%) &3 ) 5 27 %9
association contained the largest numbegccasional (20-44%) 18 9 9 5 41

of the 30 common and occasional specie common (>45%) 12 7 17 20 56
however, most occurred at relatively low Totals 93 16 35 52 196
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Table 3. Plot frequencies (%) for 30 common and occasional species (sorted by association frequency) by form (F = forb, Subsls = graminoid, NV = nonvascular, SS = subshrub), physio-
graphic unit, and association, which were completely eliminated by infestations of leafy spurge in the South Unit of Theodom@oRevelt National Park. Data were recorded during the 1997 field
season. See Table 1 for association abbreviations. Numbers below association abbreviations indicate number of plots usethflestlon-Infested and Infested stands (in parentheses).

Floodplain Grassland Woodland Shrubland
Saex Pode Frpe/F Syoc Arca Pasm Stco Calo Scsc Frpe/W Jusc Potr Juho Shar Rhtr Artr Save Chna
Species Form 7(5) 8(6) 43)  9(9) 8(9) 10(8) 12(9) 5(4) 7 11(8)  9(5) 5 9(5) 5 5 15 4 4
(%)

Echinacea angustifolia F 11 10 17 20 86 9 11 56 60 20
Polygala alba F 25 30 25 40 57 9 11 56 40 13 50
Rosa arkansana S 25 44 17 40 57 9 11 44 40 20 25
Anemone cylindrica F 11 17 40 43 9 11 20 56 60 7
Aristida purpurea G 11 10 25 P 9 11 20
Gaura coccinea F 13 20 50 20 14 9 11 20 80 13
Campanula rotundifolia F 8 20 43 9 11 20 56 40
Cirsium undulatum F 11 10 25 40 11 60
Orthocarpus luteus F 13 10 25 14 9 11
Dalea purpurea F 33 40 29 9 11 78 40
Ribes missouriense S 13 11 13 7 20 11
Selaginella densa NV 13 10 67 40 9 7
Convolvulus arvensis F 13 10 9 11 60
Cornus stolonifera S 29 B 50 18 60
Euphorbia spathulata F 11 38 10 20 7
Fraxinus pennsylvanica S 13 36 33 20 22 20
Hedeoma hispida F 11 13 10 14 11 20 25
Liatris punctata F 33 20 14 9 11
Alliumtextile F 10 25 11 20
Arabis holboellii F 17 14 11 11 25
Carex eleocharis G 10 25 22
Cirsiumarvense F 29 13 25 40
Gutierrezia sarothrae SS 25 9 20 3 20 60 25
Hedysarum boreale F 13 17 43 22
Heuchera richardsonii F 18 33 20 33
Lappula redowskii F 13 13 22 20
Lepidium densiflorum F 13 10 8 13 25
Lysimachia ciliata F 13 25 9 80 20
Smilax herbacea F 25 11 9
Symphoricarpos albus S 13 9 11 20
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Table 4. List of common and occasional species recorded during the 1997 field season in the Soufark in addition to several picnic areas
Unit of Theodore Roosevelt National Park, North Dakota by form (F = forb, S = shrub, G = gnd a concession that provides horses fi
graminoid, NV = nonvascular, SS = subshrub), number of Non-infested (NI) associations, num-;. .| . Y
ber of infested (INF) stands, and percent difference between NI and INF stands. tra.” rides. Numerous hlklng/hors_eback

trails also occur along the floodplain anc

several major drainages. Several larg

0,

Species Form NI Assoc. I"\SltFands D?fference prairie dog towns are fOU”q along the
Symphoricarpes oo dentalis S 11 10 o upper terraces of the_floodpla_m (Von Loh
Pascopyrum smithii G 11 8 o7 et al. 2000) and grazing by bison tends t
Artemisia cana S 10 9 _10 be higher on the relatively flat landscape
Poa pratensis G 10 8 -20 of the floodplain (Norland 1984).

Lactuca oblongifolia F 10 7 -30 The chronological sequence of leafy
Calamovilfa longifolia G 10 7 =30 spurge invasion into the Park may have
Lr;ﬂ%ﬁ’ggg?ﬁ%‘if;ﬂss E g ? _g initially occurred within the mesic and dis-
Achillea millgfolium F 8 7 13 turbed floodplain, spreading into the
Vicia americana S 3 7 _13 upland drainages and draws, and finally u
Nassella viridula G 8 6 -25 into the upland grasslands and shrublanc
Hesperostipa comata G 8 6 -25 (Anderson et al. 1996). Consequently, thi
Carexfilifolia G 7 7 0 floodplain likely represents the most
ggl?rl?rl:t?ofrrégllga SFS 77 57 _209 mature stands of leafy spurge and asser
Rhus trilobata S 7 5 _o9 blages of alien plants in the Park. Indeec
Rosa woodsii S 6 7 +17 the cottonwood association probably con
Bromusinermis G 6 6 0 tains the highest proportion of alien
Sphaeralcea coccinea F 5 5 0 species in the Park (Larson et al. 2001)
Ambrosia psilostachya F 5 4 -20 This pattern of alien plant invasion pro-
kﬂydgﬁ‘éf;ﬁé;mea c N 3 2 vides insight into the relationship betweer
Elymus repens G 3 5 +67 the number of sensitive species and th
Ribes odoratum S 3 5 +67 percent of the flora composed of persister
Hesper ostipa spartea G 3 3 0 species. Many of the species we identifie

as sensitive to infestations of leafy spurg
are undoubtedly sensitive to other alien

Leafy spurge, because of its extensivevhich include several alien species suchs well. Consequently, leafy spurge an
root system and habit of forming a closeds Kentucky bluegrass, goat's beard, yebther alien species, with their long history
canopy, is well recognized for havinglow sweet clover, white sweet clover,within the floodplain associations, appea
wide ecological amplitude and broad comsmooth brome, and quackgrass (Greabd have a strong filtering effect on sensi
petitive effects on local species distribuPlains Flora Association 1986). The abuntive species resulting in a higher percent
tion and abundance (Selleck et al. 1962ance and distribution of these, and possage of the flora characterized by persister
However, changes in composition appedasly other, alien species in the Park argpecies. The differences in richnes:
to go beyond simple reductions in speciegreatest along the floodplain of the Littlebetween Non-Infested and Infested flood
richness to possibly more complex alterMissouri River and several of the adjacenplain stands is therefore probably largely
ations of community structure (Woodsdrainages (Trammell 1994, Larson et akhe result of not recording infrequent
1997). In our study, forbs appear to b&001). Further, Anderson et al. (1996)%pecies, either because they were actual
over represented in the sensitive specidsund that almost 100% of the variation indisplaced by leafy spurge and other alie
group, compared to their representation ifeafy spurge distribution in the Park coultspecies, or were simply overlooked
the Non-Infested stands, while under repbe explained by the relative distance of theecause of the extreme dominance of leal
resented in the persistent species groumfestation from the nearest majorspurge. In contrast, the drier and less di
Similarly, graminoids appear to be somesdrainage. turbed associations outside of the flood
what better represented in the persistentThe pattern of higher richness and/oplain have a shorter history of alien plan
group compared to the sensitive grouprequency of alien plants in mesic vegetainfestations and are characterized by th
Annual species are also less common ition types in THRO is consistent withloss of a higher number of common, sens|
the persistent group. other studies (Planty-Tabacchi et al. 199Give species.

Competition among species that are taxStohigren et al. 1998). Larson et al. (2001) Although species richness among man
onomically and ecologically similar may concluded that the distribution of commorof the sample stands has been significant
partially explain some of these alterationsilien species in the Park, such as leafieduced by infestations of leafy spurge
in community structure. However, itspurge, is primarily related to vegetatioroverall richness in the Park as a whole i
appears that the overall effects of leafyype rather than disturbance, although disyot particularly threatened at this time for
spurge on community assemblages may lerbance cannot be completely ruled oukeveral reasons. First, leafy spurge infest:
more complex and involve patterns of soiespecially for floodplain associations.tions cover only about 3% of the area ir
moisture, nutrient conditions (Planty-Much of the visitor activity in the Park the South Unit (Anderson et al. 1996).
Tabacchi et al. 1996, Stohlgren et aloccurs within the floodplain of the Little Second, redundancy in the distribution o
1998), and disturbance in relation to thélissouri River and its major tributaries.many species among the association:
distribution of leafy spurge and other alierSmooth brome was widely planted for soiincluding the Not Infested associations, i
plant species in the Park (Larson et aktabilization along Park roads, which areelatively high. This is especially true for
2001). Associations within the floodplaincommon along the floodplain. The flood-the common, sensitive species that ar
contain a number of persistent specieqlain contains the campground for the
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perennials. Third, the majority of the assoGrossman, D.H. D. Faber-Langendoen, Aw. Trammell, M.A. 1994. Exotic plants of
ciations are repeated numerous times Weakley, M. Andeerson, P. Bourgeron, R.  Theodore Roosevelt National Park: extent
across the badlands landscape, whichCrawford, K. Goodin, S. Landaal, K. distribution, and ecological impact. M.A.
enhances species redundancy (Von Loh etMe_tzIer, K.D. Patterson, M. Pyne_, M. Thesis, Univ. of South Dakota. Vermillion,
al. 2000). Finally, the Park has implement- R¢'d, and L. Sneddon. 1998International  _ S.D.

70 classification of ecological communities: ter-Trammell, M.A. and J.L. Butler. 1995.
ed an aggressive integrated _Control Pro- restrial vegetation of the United States. Effects of exotic plants on native ungulate
gram, which appears to be fairly success-yojume I: The National Vegetation use of habitat. J. Wildl. Mange. 59:808—815.
ful in halting, and possibly reversing, the cjassification Standard. The NatureVon Loh, J., D. Cogan, J. Butler, D. Faber-
spread of leafy spurge in the Park (Paula Conservancy, Arlington, Virg. Langendoen, D. Crawford, and M.
Andersen, personal communication)Hansen, P.L., G.R. Hoffman, and A.J.  Pucherelli. 2000.National Park Service
However, native species richness within Bjugstad. 1984.The vegetation of Theodore Vegetation Mapping Program: Theodore
the floodplain associations may be particu- Roosevelt National Park, North Dakota: A Roosevelt National Park. U.S. Dept. of the
larly vulnerable to infestations of leafy hablt'at type classification. USDA, Fores_t Interior, Bur. Reclamation Tech.
spurge and other alien species. Long-term gﬁ;vg:eDGen. Tech. Rep. RM-113. Rapid '\Sﬂeer\'j;cc’g%ré?]‘tje”: D’\é?];/efzca(ﬁéoo'o“' Tech.
analyses of these assomat_mns may 'n.dI'—Tein, D.G. and S.D. Miller. 1992 Influence Whitman, W.D. 1979. Analysis of grassland
cate future assemblages with low SPecies uf jeafy spurge on forage utilization by cattle. vegetation on selected key areas in soutt
richness characterized by a relatively few j Range Manage. 45:405-407. western North Dakota. Regional
persistent native species and a larger nurprrsch, K.J. 1985. Habitat type classification ~Environmental Assessment Program
ber of alien species. Ultimately, the flood- of grasslands and shrublands of southwestern(REAP). Project No.79-14. North Dakota
plain associations may serve as major North Dakota. Ph.D. Thesis. North Dakota State Univ. Fargo, N.D.
sources of alien plants for the upland asso- State Univ. Fargo, N.D. Woods, K. D. 1997.Community response to
ciations (Stohlgren et al. 1998). Knapp, R. 1984.Sample relevé areas (distribu- plant invasion, p. 56-68n: J.O. Luken and

tion, homogeneity, size, shape) and plot-less J.W. Thieret (eds.) Assessment and manag
sampling. P. 100-119n: R. Knapp, (ed.)  ment of plant invasions. Springer-Verlag,
Sampling methods and taxon analysis in veg- New York Inc., N.Y.
. . etation science. Dr. W. Junk Publishers, Th&ar, J.H. 1999. Biostatistical Analysis, fourth
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