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Abstract The effects of invasive species on the
patch dynamics (establishment, growth, and local
extinction) of native species are not well studied,
owing to the need for relatively fine-scale data on the
distribution of species. Within the prairie pothole
region of the United States and Canada, the grass,
Bromus inermis (smooth brome) has become estab-
lished by invading disturbed prairies, and through
repeated introductions for soil retention and animal
graze. In this study, the impact of smooth brome on
the patch dynamics of a dominant native grass species,
Spartina pectinata (prairie cordgrass), was assessed
using fine-scale (sub-meter) mapping of the distribu-
tion of cordgrass and brome in three prairie fragments
from 2000 to 2006. Using GIS spatial analyses, we
determined that cordgrass patch growth was two times
greater in areas not invaded by smooth brome versus
areas that were heavily infested with smooth brome.
Among sites and time periods, there was a consistent
significant negative relationship between the amount
of smooth brome surrounding a patch of cordgrass and
the growth of that cordgrass patch. The probability of
establishment of a new patch of cordgrass averaged
1.3 times higher in areas of low brome coverage
(<25%) than areas of high brome coverage (>75%).
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Conversely, existing cordgrass patches were 7.8 times
more likely to go extinct in areas of high than low
brome coverage. This is one of only a few field studies
to provide evidence of the negative impact of smooth
brome on native flora and hopefully will serve as
justification for the development of a formal manage-
ment plan to limit the distribution of this species in
tallgrass prairie ecosystems.
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Introduction

Over the past 200 years, the number of non-native
species within a community has increased precipi-
tously due to human migration and commerce
(Hodkinson and Thompson 1997; Kowarik 2003;
Mack et al. 2000; Mooney et al. 1986; Vitousek
1997). Invasive plants pose significant threats to
native communities by altering ecosystems processes
(Bart and Hartman 2000; Dyer and Rice 1999;
Ehrenfeld 2003; Mack et al. 2001; Vitousek and
Walker 1989), biodiversity levels (Brown and Gurev-
itch 2004) and community structure (Garci’a-Robledo
and Murcia 2005; Gratton and Denno 2005). More-
over, invasive species are considered one of the top
two factors (along with habitat loss/fragmentation)
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influencing extinction risk of native species (Clavero
and Garcia-Berthou 2005; Wilcove et al. 1998). To
understand the invasion process and the impact that
invasive species have on native species, it is of
paramount importance to develop programs that
monitor the spread of invasive species and the
associated changes in the distributional patterns of
native species over time (Stohlgren et al. 1998§;
Thomson 2005).

Classic reaction—diffusion theory predicts the
smooth and gradual spread of invasive organisms
into novel habitats (Fisher 1937; Skellam 1951), and
large, regional-scale distributional studies tend to
support this notion (reviewed in Hengeveld 1989).
However, when examined at finer spatial scales (e.g.,
within a forest stand or grassland fragment), invaded
habitats are often heterogeneous and characterized by
a mosaic of small and isolated local populations (or
patches) of the invasive and native species (for
example, see Johnson et al. 2006). At this smaller
scale, the spatial and temporal distribution of patches
of native and invasive species may be quite dynamic
(Chabrerie et al. 2007) and the complete displace-
ment of native species may never occur (Sax et al.
2002). It is at this scale that native—invasive interac-
tions take place (Gurevitch et al. 2002; Theoharides
and Dukes 2007). Fine-scale (sub-meter) monitoring
programs may be necessary for the detection of the
effects of invasive species on the patch dynamics
(growth, local extinction and establishment) of native
species (e.g., Barbraud et al. 2003; Bradley and
Mustard 2006; Lass et al. 2005).

Remote sensing has become a popular and valu-
able tool for monitoring the spread of invasive plant
species, and associated changes in the distribution of
native flora (Pengra et al. 2007). The advantages of
remote sensing are well known and include the
collection of data that span broad spatial and
temporal scales. However, the usefulness of remote
sensing is limited by the accessibility of data for
certain regions, coarse resolution of data (e.g., 30 m?
pixel size with LandSat Thematic Mapper data;
Madden 2004; Mladinich et al. 2006), and prohibitive
costs associated with multi or hyperspectral data that
are necessary to differentiate plant species.

Ground-based approaches that use traditional sur-
veying equipment or global positioning systems
(GPS) are time consuming and labor intensive (Everitt
et al. 1992), but have distinct advantages over remote
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sensing. Most notably, ground surveys can resolve
fine-scale distributional patterns of species (<1 m)—
the scale at which species interactions are likely to be
strongest (e.g., interspecific competition; Gurevitch
et al. 2002). Moreover, structurally or spectrally
similar species may be indistinguishable with avail-
able remote sensing data and can only be separated by
competent botanists in the field. Finally, the patterns
of establishment and extinction of native and invasive
plant patches can be discerned with traditional ground
surveys. For example, by mapping and monitoring the
spread of the invasive perennial herb, Hieracium lepi-
dulum, Wiser et al. (1998) were able to determine that
the invasion patterns were related to dispersal limi-
tation, community structure, disturbance history, and
environmental characteristics.

In this study, we employ a fine scale (sub-meter)
GPS survey spanning 6 years to quantify the change
in distributional patterns of invasive smooth brome
(Bromus inermis Leyss) and a dominant native grass
(prairie cordgrass, Spartina pectinata Link) within
tall-grass prairie fragments of eastern North Dakota.
Currently, no information is available on the spread
of smooth brome at large or small spatial scales, or on
how temporal changes in the distribution of smooth
brome affect the distribution of native plant species.
Our survey involved mapping the distribution of all
clonal patches of brome and cordgrass in three prairie
fragments from 2000 to 2006. Specific objectives of
this survey included determining (1) the change in
habitat coverage of prairie cordgrass over time, (2)
whether the growth of cordgrass patches were
correlated with the proportion of smooth brome
adjacent to those patches, and (3) whether the
extinction of existing cordgrass patches or establish-
ment of new cordgrass patches was related to the
prevalence of brome in the surrounding area.

Methods
Invasive smooth brome

In North America, the vast majority of native prairie
habitat has been converted into agricultural land
(Stoner and Joern 2004). Consequently, prairies are
one of the most imperiled ecosystems in the world
(Stoner and Joern 2004). To date, native mixed
prairie habitat has been reduced by approximately
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70% (Samson et al. 2004) with the remaining prairie
fragments supporting up to 50 invasive species,
roughly 12.5% of all plant species present (North
Dakota Department of Agriculture 2007), many of
which were intentionally introduced into the region
for agricultural purposes (Mack et al. 2000; Sea-
bloom et al. 2006; Weston and Duke 2003).

Smooth brome was originally introduced into North
America in the late 1880s from Hungary and Russia
(Hitchcock 1963) for soil retention and to provide
animal graze (Larson et al. 2001). More recently,
brome has escaped from its planted habitats and
become established in native remnant prairies
(D’ Antonio and Vitousek 1992). At present, smooth
brome has received little attention as an invasive
species (but see Blankespoor and Larson 1994),
despite the fact that its invasive status has been often
noted (Cronin 2007; Cronin and Haynes 2004; Haynes
and Cronin 2003; Otfinowski et al. 2007; Williams and
Crone 2006). For instance, Williams and Crone (2006)
developed a demographic model based on natural
patches that indicated smooth brome is capable of
slowing the growth and promoting the extinction of
native Anemone patens (Pasque flower) patches. Sim-
ilarly, in a greenhouse study, brome has been shown to
maintain a high competitive ability under a variety of
abiotic conditions (Nernberg and Dale 1997). At the
community level, smooth brome can alter native plant
diversity and increase homogenization of native
habitats (Oftinowski et al. 2007). Finally, several
authors have demonstrated that brome significantly
impacts the movement behavior and population
dynamics of several native arthropod species (Baum
et al. 2004; Cronin 2003a, b, 2007; Cronin and Haynes
2004; Cronin et al. 2004; Haynes and Cronin 2003).
For example, smooth brome promotes high rates of
dispersal of a planthopper (Prokelisia crocea) and its
parasitoid (Anagrus columbi) among patches of prai-
rie cordgrass, and this results in local and regional
extinction of their populations (Cronin and Haynes
2004; Cronin 2007).

Study system

Our study was conducted in Kellys Slough National
Wildlife Refuge in Grand Forks County, North
Dakota (47.941848 N, 97.310368 W). Kelly’s Slough
was developed to establish and manage wetlands and
grasslands unique to the Red River Valley (USFWS

2008). Within this refuge, there are approximately
355 ha of protected habitat with the upland areas
comprised primarily of grasslands. A dominant native
grass species in these prairie fragments is prairie
cordgrass (Hitchcock 1963). Cordgrass grows clon-
ally and forms discrete patches that range in size from
a few stems to over 4 ha (Cronin 2003a). Most other
native grass species grow in very diffuse patterns with
no clear dominant species present. These species
include foxtail barley Hordeum jubatum L., western
wheatgrass Agropyron smithii Rydb., and little blue-
stem Andropogon scoparius Michx. These prairie
fragments also contain mudflats, which are slightly
lower in elevation and mostly consist of bare ground
and saltwort (Salicornia rubra Nels.) in dry periods
and are covered by water in wet periods.

Smooth brome was likely introduced into Kellys
Slough around the early to mid 1900s (K. Tompkins,
Refuge Manager, Kellys Slough National Wildlife
Refuge, personal communication) and to date, expan-
sive monocultures of smooth brome occupy the
prairie (Cronin 2003a; Haynes and Cronin 2003).
Currently, the United States Fish and Wildlife
Service employs a broad spectrum management plan
within the Kellys Slough refuge system to reduce
abundances of a variety of woody and invasive
species (Emery and Gross 2005; Simmons et al.
2007; K. Tompkins, personal communication). Man-
agement involves a combination of prescribed burns,
tillage, haying, grazing, and chemical treatments.

Vegetation mapping

The position and perimeters of all cordgrass patches
(>0.25 m?) were mapped in three different field sites
within the Kelly’s Slough drainage system (Site 104,
Limehouse, and North Kelly’s). Field sites ranged in
size from 36 to 55 ha (Table 1). Mapping was
conducted at three different time periods (June of
2000 and 2004 and July of 2006) using either a Leica
Geosystems 500 (with Coast Guard beacon receiver)
or a Trimble GeoXT (WAAS enabled) system. Both
systems had a <% m” margin of error. For patches of
cordgrass to be considered distinct from one another,
they had to be separated >0.5 m (Cronin 2003a, b, ¢).
Smooth brome was only mapped in the latter two
census periods. For both plant species, we used a GPS
unit set to record positions at 1-s intervals, and
walked the perimeter of every patch within a site. For
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Table 1 Summary statistics for the three field sites, Site 104, Limehouse, and North Kelly

2006

2004

2000

Area (ha)

Prairie

Cordgrass Brome Cordgrass Cordgrass Brome Cordgrass

Cordgrass

Cordgrass

fragment

patches (N)

coverage (%) coverage (%)

patches (N)

patches (N) coverage (%) coverage (%)

coverage (%)

647
280
228

12
30
26

16
19
25

282

10
27

12
18
24

704
274
340

17
19
27

46

Site 104

162
139

36

33
Mean + 2 SE 45.7 +£2.06 21 £+ 1.53

Limehouse

27

North Kelly

385 £ 10.07

22.7 £2.05

20 + 1.43

1943 + 5.84

21.3 £ 2.09

18 £+ 1.63

439 + 10.14

Data are divided among three time periods (2000, 2004, and 2006)

each cordgrass patch in 2004 and 2006, we also
quantified the proportion of the habitat within a 1-m
buffer area that was composed of brome. These data
were used to determine if the amount of neighboring
brome was correlated with the growth rates of
cordgrass patches. We chose a distance of 1 m
because smooth brome and prairie cordgrass are
capable of spreading by this distance during a single
growing season (Otfinowski et al. 2007; USDA and
NRCS 2008). Therefore, competitive interactions are
likely to take place within this buffer area. We used
the following proportional categories to characterize
the amount of brome within this buffer area: (1)
<25%, (2) 25-50%, (3) 50-75%, and (4) 75-100%.

We imported prairie cordgrass and smooth brome
positional data into ESRI® ArcMap™ 9.0. A separate
database was created for each field site, and each
plant species—year combination was treated as a
separate theme (or layer) (Fig. 1). Patches that
broadly overlapped between years were considered
to be the same patch. We used the ArcMap Exten-
sion, XTools Pro v. 2.2 (Delaune and Chikinev 2005),
to calculate the area of each field site and each patch
of smooth brome and cordgrass. To calculate the
percent coverage of each plant species within a field
site, we summed patch areas and then divided this
sum by the total area of the site.

Temporal trends in patch size were evaluated with
a repeated-measures ANOVA. Site was a fixed factor
and patch size at different census periods was the
repeated measure. The purpose of the test was to
assess whether changes in mean patch size over time
differed among the three prairie sites (a significant
time X site interaction). Following a significant time
effect, differences between any two time periods
were assessed with separate paired t-tests. To guard
against inflated type I errors associated with three
different tests, a sequential Bonferroni correction was
used to assess significance.

To determine how the establishment of brome
influenced the growth of cordgrass patches, we
computed the annual rate of change in area for each
patch i for the time periods 2000-2004, 2004—2006,
and 2000-2006. Here, the annual rate of change in size
of patch i equals A;,,/A; divided by the number of
years between surveys. A is patch area in m?. This
growth rate scales from zero (e.g., patch extinction) to
infinity. No growth rate was computed for patches that
were absent at the start of the time period. The
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(a) 2000 l 8. Pectinata

. B. inermis

Fig. 1 The spatial distribution of cordgrass and brome patches
in a portion of the field site North Kellys (a) cordgrass patches
in 2000, (b) cordgrass and brome in 2004, and (c¢) cordgrass
and brome in 2006. Brome distribution was not mapped in
2000 and is therefore unknown

distribution of growth rates was strongly right-skewed.
Therefore, we employed a non-parametric Kruskall—
Wallis test to determine whether cordgrass growth rate

(dependent variable) was related to the percent brome
(<25%, 25-50%, 50-75%, and 75-100%) adjacent to
the patch (independent variable). A sequential Bon-
ferroni correction was used to adjust for potentially
inflated type I errors associated with multiple non-
independent tests (i.e., the three time periods within a
site). Differences between categories of brome were
assessed with non-parametric Mann—Whitney U tests.

Establishment and extinction of cordgrass patches

We tested the hypothesis that the establishment of
new cordgrass patches and the extinction of existing
patches between time periods were significantly
related to the proportional coverage of brome imme-
diately surrounding the patch. We determined the
number of cordgrass patches per brome-coverage
category that remained extant between time periods
(e.g., patch that was present in 2000 and 2006), were
newly established (e.g., patch not present in 2000 but
present in 2006) and went extinct (e.g., patches
present in 2000 but not 2006). Separate chi-square
tests for independence were performed to determine
if cordgrass establishment and extinction likelihood
differed significantly between areas differing in
brome coverage. Data from all three-field sites were
combined into patches that had <50% or >50%
brome surrounding a patch of cordgrass. This proce-
dure ensured that sample sizes per brome and
extinction/establishment categories were sufficient
to perform the chi-square tests (n > 5 per category).
We predicted that cordgrass extinctions would be
more common and establishments would be less
common in brome-dominated areas. Because extinc-
tion rates were expected to be greater for small, as
compared to large, cordgrass patches, we also tested
whether cordgrass patch size was confounded with
brome coverage. Differences in patch size between
areas of high and low brome coverage were evaluated
with a paired #-test for each time period. We used a In
transformation on patch area for each period in order
to meet assumptions of normality.

Results
Mean patch size varied among years (F = 8.482,

df =2, and P < 0.001) (Fig. 2) and did not vary
across sites (F = 1.016, df =2, and P > 0.36).
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Fig. 2 The mean + SE cordgrass patch size (m?) for each
time period measured. Separate symbols were used for each
field site

There was no significant time X site interaction
(F = 2360, df =4, and P > 0.05). From 2000 to
2004, mean cordgrass patch size declined by an
average of 16% (-27.4 m? + 14.701, P-value <
0.001) across all three field sites, whereas from
2004 to 2006, cordgrass patches significantly
increased in size by 12% (19.577 m* & 8.5276,
P-value < 0.001). As a consequence, there was no
significant net change in cordgrass patch size over the
6 years of this study (P-value > 0.791) (Fig. 2).
The growth rate of cordgrass patches was signifi-
cantly affected by the proportion of smooth brome
adjacent to the patch in all but one of the nine possible
tests (three sites and times three time periods;
Table 2). In general, growth rates declined as the
proportion of brome increased (Fig. 3). For example,
from 2000 to 2006, cordgrass patch growth was
approximately two times greater for patches with
<25% versus patches with 75-100% brome surround-
ing the patch (3> = 24.93, df = 2, and P < 0.001).
New cordgrass patches were 1.5 (2000-2004:
72 =16253, P <0.001), 1.2 (2004-2006: 5’
=4.975, P <0.036), and 1.3 (2000-2006: »° =
543, P <0.020) times more likely to become
established in areas consisting of <50% brome than
areas of >50% brome (Fig. 4). Similarly, cordgrass
patch extinctions were very strongly affected by
brome coverage. Extinction of cordgrass patches was
1.4 (2000-2004; * = 13.487, P > 0.001), 2.3 (2004—
2006; 7> = 37.542, P < 0.001), and 7.8 (2000-2006;
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Table 2 Results from separate Kruskall-Wallis tests for the
effect of percent brome surrounding a cordgrass patch (<25%,
25-50%, 50-75%, and >75%) on the percent change in cord-
grass area

2

Site Year df Bonferroni P-value
North Kelly 2000-2004 4 100.007 <0.001
2004-2006 4 13.788 <0.027
2000-2006 4 85.153 <0.001
Site 104 20002004 4 21.601 <0.001
2004-2006 4 60.595 <0.001
2000-2006 4 135.095 <0.001
Limehouse ~ 2000-2004 4 16.183  <0.009
2004-2006 4 11.260 <0.090
2000-2006 4 29.150 <0.047

Bonferroni-adjusted P-values are reported and account for
potentially inflated type I errors associated with multiple tests
per field site

7° = 23792, P < 0.001) times more likely in areas
>50% relative to areas <50% brome coverage
(Fig. 4). The cause for the relatively high extinction
risk of cordgrass patches in brome-dominated areas is
not a consequence of smaller cordgrass patches being
associated with high areas of brome. In fact, we found
the opposite pattern. Mean cordgrass patch size was
greater in areas of high versus low brome for every
time period (mean difference in 2000 = 1.494 mz,
df = 167, + = 10.123, P < 0.001; mean difference in
2004 = 0.862 m?, df =95, r = 2.343, P <0.001;
and mean difference in 2006 = 1.243 mz, df = 95,
t =4.11, P < 0.001).

Discussion

Our study provides rare data on the establishment,
growth and extinction of native plant patches in
relation to the spread of an invasive plant species (for
other exceptions see Huang and Zhang 2007; Rice
et al. 2000). It also reveals consistently strong support
for the hypothesis that invasive smooth brome is
detrimental to the patch dynamics of prairie cordgrass.
Not only are the growth rates of established cordgrass
patches negatively related to the proportion of brome
in the matrix surrounding each patch, but also areas
dominated by brome (>50% coverage) are approxi-
mately 1.3 times less likely to be colonized by
cordgrass and eight times more likely to have a
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Annual rate of change in cordgrass patch area (m2)
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Percent brome adjacent to cordgrass patch

Fig. 3 The mean + SE percent change in cordgrass patch size
(see Methods) in relation to the percentage of brome within a
0.5 m buffer surrounding the cordgrass patch. For each site, the
change in patch size is reported for three different time periods.
The lines are fit by least-squares regression and are only
intended to reveal trends in the data

cordgrass patch go extinct. Although our data are only
correlative, we suggest that brome has a direct
negative effect on cordgrass abundance. This conclu-
sion is corroborated by the recent experimental work
of Williams and Crone (2006) who demonstrated that
smooth brome was capable of lowering survivorship
and slowing the growth of native Anemone patens, a
long-lived native perennial of North American
grasslands. Furthermore, F. P. Dillemuth et al.
(unpublished data) transplanted cordgrass seeds and
seedlings into brome and cordgrass dominated habi-
tats and found that growth rates and survivorship were
lowest in brome. Our survey results, in combination
with these experimental studies, support a large body
of literature indicating that invasive plants are able to

(a) Establishment

40

30 ]

20
.
Q
=
5
c 10
Q 10
(7]
(7]
o
S 0 ,
o Low High
(3]
s
° (b) Extinction
5 40 ~
£ Il 2000-2004
(3]
B 30 R —
Q 2004-2006

2000-2006
iy
10
0 |
Low High

Level of brome adjacent to cordgrass patch

Fig. 4 Percentage of cordgrass patches that (a) became
established or (b) went extinct in habitats consisting of a low
(<50%) or high (>50%) percentage of brome. Separate bars are
used for each time period

reduce abundances of native species in infested
habitats (e.g., Keane and Crawley 2002; Mack et al.
2000).

Despite the negative association between brome
occurrence and cordgrass patch dynamics, it is not
clear that brome would eventually displace cordgrass
in our study sites. From 2000 to 2004, cordgrass
patches declined in size by an average 27 m? (16%),
but between 2004 and 2006, cordgrass patches
increased in size by 20 m* (12%) resulting in no
net change in cordgrass patch size from 2000 to 2006.
The decline in the first time period cannot be
attributed solely to smooth brome because cordgrass
patch sizes decreased in areas of high and low brome
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coverage (although, it was greater for the former
areas; see Fig. 2). The difference in cordgrass growth
rates between 2000-2004 and 2004-2006 may be due
to changes in precipitation levels. In 2000-2004,
precipitation levels averaged 7% above the hundred
year norm for the May—August growing season
(National Climatic Data Center 2007). The period
2004-2005 was particularly wet and had precipitation
levels 22% above the above the hundred year
average. These heavy rains resulted in standing water
across all of our field sites for much of the growing
season. Cordgrass is more hydrophytic than most
prairie plants (Sedivec and Barker 1998) and likely
thrived under these conditions. The effects of this
unusually wet period on cordgrass probably extended
through the end of our study period.

Another reason why brome may not displace
cordgrass is because of microhabitat differences in
performance of both species. Although these prairie
fragments are quite flat (<0.5 m elevational change),
relatively low areas may favor cordgrass over brome.
Our transplant experiment F. P. Dillemuth et al.
(unpublished data) supports this assertion. Brome
seedling transplants did poorer than cordgrass in low
areas dominated by cordgrass, even when potential
competition from cordgrass was removed. Given the
spatial and temporal heterogeneity observed in these
prairie habitats, the complete displacement of cord-
grass by brome (at the scale of a prairie fragment)
probably would require either an extended drought
period, or the accretion of sediments by brome and
the gradual elimination of low spots in the prairie.
Our conclusion that invasive smooth brome is
unlikely to cause the extinction of native prairie
cordgrass is consistent with the current paradigm
regarding invasive exotic species (Sax et al. 2002;
Tilman 1997). For example, New Zealand has over
2,069 known successful exotic colonizers but only
three known extinctions of native plants (Sax et al.
2005).

Through its effects on cordgrass patch growth and
extinction-establishment dynamics, brome can have
important consequences for cordgrass population
dynamics. Once brome has gained a foothold in a
habitat, it may represent a barrier to the spread of
cordgrass (see Standish et al. 2001). If for example,
dry conditions favor the spread of brome (Blankes-
poor and Larson 1994) into cordgrass habitat, it may
be difficult for cordgrass to spread back into its
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old habitat after wet (favorable) conditions return
(Wilson et al. 2004). Also, as brome spreads across
the prairie landscape it may fragment or cause the
extinction of local stands of cordgrass and increase
isolation among existing patches (Cronin 2007;
Cronin and Haynes 2004; Haynes et al. 2007; Haynes
and Cronin 2006). Isolation of cordgrass patches,
coupled with a reduction in patch size, may increase
the likelihood of inbreeding and strengthen Allee
effects associated with small population size (Davis
et al. 2004a, b).

Brome invasion is also likely to have effects that
extend to higher trophic levels. For example, Cronin
and his colleagues (Cronin 2003c, 2004, 2007;
Cronin et al. 2004; Haynes and Cronin 2003, 2006)
have explored the consequences of the invasion of
smooth brome on the primary herbivore of cord-
grass, the planthopper Prokelisia crocea, and the
planthoppers specialist natural enemy, the parasitoid
Anagrus columbi. Movement studies have revealed
that planthoppers and parasitoids are more likely to
emigrate from cordgrass patches embedded in a
brome matrix than in native matrix habitat (Baum
et al. 2004; Cronin and Haynes 2004; Haynes and
Cronin 2003, 2006). Because of brome’s effect on
emigration behavior, local populations of P. crocea
and A. columbi are reduced in density by 50% and
are 4-5 times more likely to go extinct than in
patches surrounded by native vegetation (Cronin and
Haynes 2004). Moreover, at the landscape level,
brome dominated landscapes can lead to the
extinction of planthopper and parasitoid populations
(Cronin 2007). As was recently demonstrated by
Cronin (2007), by infiltrating cordgrass patches and
diminishing patch area, brome may degrade cord-
grass patch quality to the extent that patches pass
from population sources to sieves and eventually to
sinks. Finally, the parasitoid is far more sensitive
than its host to the invasion of brome (with regard
to all of the above parameters) (Cronin 2007; Cronin
and Haynes 2004). This one detailed case study
highlights the potential consequences that invasive
plants may have on the remainder of community.
Bottom-up effects, owing to invasive plant species,
have been reported for other systems and reflect the
complex direct and indirect interactions that may
occur during the invasion process (Ellingson and
Anderson 2002; Gerber et al. 2008; Gratton and
Denno 2005).
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Brome management

The lack of a management plan for smooth brome can
have dire consequences for dominant prairie plants
(this study; Blankespoor and Larson 1994; Murphy
and Grant 2005; Willson and Stubbendieck 2000; F. P.
Dillemuth, unpublished data), and potentially many
native arthropod species. Currently, management of
smooth brome is limited because other invasive
species (e.g., Cirsium arvense, Canada thistle;
Euphorbia esula, leafy spurge and Artemisia absin-
thium, wormwood) have been given higher priority by
local land managers (K. Tompkins, personal commu-
nication). However, land managers report some
success in reducing the establishment, spread and
abundance of smooth brome with the use of prescribed
burns (Willson and Stubbendieck 2000). This type of
management has been successful in previous habitats
dominated by Spartina dominated habitats (see Feld-
man et al. 2004; Schmalzer et al. 1991). The basis for
this management tactic is a model developed by
Willson and Stubbendieck (2000) that recommends
burning in early spring at the four or five leaf stage of
smooth brome. This tactic is thought to work because
smooth brome is a cool season grass that begins its
growth cycle and sets seeds before native warm season
grasses (i.e., prairie cordgrass). Therefore, a properly
timed prescribed fire may reduce smooth brome
abundance before it set seeds, while freeing up space
and resources for native warm season grasses to
flourish. According to Willson and Stubbendieck
(2000), warm season grasses needed to respond and
achieve a minimum of 20% coverage before the next
year’s growth cycle begins for this practice to
effectively reduce smooth brome populations. Rigor-
ous field testing of this management tactic has yet to be
attempted. If fire is not an option, then land managers
may have to rely on mechanical methods (tillage
which may have to be repeated over several years),
haying, grazing, or chemical treatment (K. Tompkins,
personal communications 2008). Unfortunately, these
latter approaches are likely to be more expensive and
less ecologically sound than burning.
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