Table 3.1: Mixed model results for percent germination of seeds. Type III test for fixed effects
indicate if significance was met for fixed factors (e.g. habitat, single/mixed species subplots,
species and all interactions) and prediction of random effects indicate significance and slope for
abiotic soil (salinity, % moisture and elevation) effects for species within each habitat.

Linear Mixed Model Resulis for Percent Seed Germination

Type III Tests for Fixed Effects

Effect F-ratio p-value

HARBITAT 2185 =011

SPECIES COMPOSITION 0.010 =090

SPECIES 4236 = 0.04

SPECIES COMPOSITION *SPECIES 1.862 =017

HARBITAT*SPECIES COMPOSITION 0167 =085

HARBITAT*SPECIES 2207 =011

HABITAT*SPECIES COMPOSITION*SPECIES 0188 = (.83
Prediction of Random Effects

A;,::::: Habitat Species t p-value

Brome Brome -0.319 =075

2 Cordgrass -0.139 =0.90

E Cordgrass Brome -3.408 = 0.001

- Cordgrass -0.476 =0.63

Native Brome -4.806 = 0.001

Cordgrass -3.166 = 0.002

Brome Brome -0.901 =037

= @ Cordgrass -0.146 =0 88

5 3 Corderass Brome 20461 = 0.65

5 EE = Cordgrass 1204 =023

Native Brome 0.371 =071

Cordgrass 1.496 =014

Brome Brome 0.401 = 0.69

= Cordgrass 0.610 =0.54

= T Brome 2.449 = 0.02

5 g Cordgrass 0687 =049

= Native Brome 4.130 = 0.001

~ Cordgrass 3.241 = 0.001

cordgrass (slope + 2se = 32.32 £+ 19.94) when seeds were sown in mixed native habitat type.
Finally, a similar positive relationship was found for smooth brome sown in the cordgrass habitat
type (slope + 2se = 84.95 + 69.37). R%y for the full model was 0.30. The species of seed planted
in the subplot contributed the most to the variation in percent germination with contribution to
goodness-of-fit of 60% followed by habitat type*species*salinity interaction (22%) and habitat

type*species*soil elevation ( 9%).
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When smooth brome seeds were
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Figure 3.3: The average number of stems + SE
for (A) species composition*species planted
interaction and (B) habitat type*species planted
interaction. Results presented as sample means
and do not reflect actual statistical differences

found in using least square means.

released into undisturbed patches of cordgrass, the percent germination was equal to that of

subplots in cordgrass habitat type where vegetation was removed (F1, 120= 1.89, p>0.05).

Following initial germination, all germinated seedlings of smooth brome in the undisturbed

cordgrass patches perished within one growing season. Consequently, | terminated that treatment

following the second census period in late July 2007.
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Table 3.2: Mixed model results for mean plant height. Type Species Composition and Its

111 test for fixed effects indicate if significance was met for Effect on Plant Performance
fixed factors (e.g. habitat, single/mixed species subplots, Following Germination
species and all interactions) and prediction of random
effects indicate significance and slope for abiotic soil When smooth brome
(salinity, % moisture and elevation) effects for species
within each habitat. and cordgrass were grown
Linear Mixed Model Results for Average Plant Height together natlve co rdgrass
Type III Tests for Fixed Effects '
Effect F-ratio p-value i i
HABITAT 0.056 =090 plant height was negatively
SPECIES COMPOSITION 108.712 =0.001
SPECIES 0.043 =084
SPECIES COMPOSITION ~SPECIES 87.040 <0.001 affected when Compared to
HABITAT*SPECIES COMPOSITION 2760 =007
HABITAT*SPECIES 0036 =090
HABITAT*SPECIES COMPOSITION-SPECIES 0979 > 038 3ubp|ot5 where it was p|anted
Prediction of Random Effects
e Habitat Species t p-value -
Do alone. When both species
Brome Brome -0.168 = (0.87
= Cordgrass 0.758 =045
= E Brome -0.201 = (0.84
e Cordgrass Cordarass — o were grown together mean
: — Brome 0453 =0.65
- Cordgrass 0.873 =039 . —
B Brome 0112 =090 cordgrass height ( X =11.52
E rome Cordgrass 0001 =000
=& Cordgrass Brome 0.040 = (.90
= Cordgrass 0276 =078 cm) was 78% shorter than
= . Brome -0.201 = (0.84
WEhTE T 0577 =057
_ B Brome 0.002 =0.90
3 . rome Cordgrass 0001 =090 when cordgrass was grown
t £ Cordearass Brome 0.006 > 0.90
£ S 8 Cordgrass 0.000 =0.90 _
= Nafive Brome 0.005 =090 alone ( X =51.62 cm) and
- Cordgrass 0.008 =0.90

there was no difference in height of smooth brome when grown alone or with native cordgrass
(species composition*species interaction, F; g3=87.04, p<0.001) (Table 3.2, Fig 3.2). Soil
salinity had a positive relationship with cordgrass stem height in the cordgrass habitat type (slope
+ 2se = 1.24 + 0.64) (Table 3.2). The stem height model provided a R?y value of 0.95 indicating
a relatively large improvement from the intercept only model. The variable species composition
(grown alone or in combination of one another) contributed the most to the contribution to
goodness-of-fit at 92.5% followed by a 5% contribution from both species composition (grown
alone or in combination)*species planted (smooth brome or cordgrass) interaction and the habitat

type*species*salinity interaction.
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When both smooth
Table 3.3: Mixed model results for number of stems per

numbers of seeds released. Type I1I test for fixed effects brome and cordgrass were
indicate if significance was met for fixed factors (e.g. habitat,
single/mixed species subplots, species and all interactions) grown together, they both

and prediction of random effects indicate significance and
slope for abiotic soil (salinity, % moisture and elevation) had a reduced number of

effects for species within each habitat.
stems when compared to

Linear Mixed Model Resulis for Average Number of Plant Stems Spr'OtS Where each SpeCIES
Type III Tests for Fixed Effects
Effect F-ratio p-value
HABITAT 15.506 =0.001 was grown alone. The
SPECIES COMPOSITION 1.279 =026
SPECIES 26.286 =0.001
SPECIES COMPOSITION *SPECIES 0.140 > 0.87 average number of cordgrass
HABITAT*SPECIES COMPOSITION 4408 = 0.04
HABITAT*SPECIES 10.166 = 0.001
HABITAT*SPECIES COMPOSITION*SPECIES 1.464 = 0.235 stems when grown with
Prediction of Random Effects
sl Habitat Species t —-value . . —
fea ° _ = invasive smooth brome ( X
Brome Brome -0.566 =057
£ e 3176 03t
== rome —. =< 0.
= E Cordgrass T 0.591 =056 cordgrass:9'78) was 47% lower
Native Brome -2.497 =0.014
Cordgrass 0.039 =090
- Brome —== it o than the average number of
= g Brome -0.001 = 0.90
ZE Cordgrass Cordgrass 0.000 >0.90
= Nativ Brome 0.000 > 090 cordgrass stems when grown
Native
Cordgrass 0000 =090
_ Brome 0.001 =090
Z2¢ Brome Cordgrass 0.000 = 0.90 alone ( X :18.44)
£ £ Cordgrass Brome ~0.001 =090 cordgrass
g E‘:' Cordgrass -0.001 = 0.90
= Native Brome -0.011 = 0.90 ;
Cordgras 0010 =oso ] (Table 3.3, Fig 3.2A). When

smooth brome was grown together with cordgrass ( X =17.69) there was a 35% reduction in

brome

average stem number when compared to plots where it was grown alone (X, - =27.32). There

was also a difference in average stem numbers for each species among habitat type regardless of
whether they grew together or alone (Fig. 3.3). Overall, in the invasive smooth brome habitat

type the average number of smooth brome stems ( X =34.51) was 94% higher than native

brome

cordgrass stems ( X =1.95) and there was no difference in average stem numbers between

cordgrass

smooth brome and cordgrass in the cordgrass or mixed native habitat types (Fig 3.2B). Cordgrass

in the smooth brome habitat type ( X =1.95) had 94% fewer stems on average when

cordgrass
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compared to cordgrass stems in the mixed native habitat type ( X =30.82). In the mixed

cordgrass

native habitat type, there were more smooth brome stems (X, ' =21.44) and cordgrass stems (

X =30.82) on average when compared to the cordgrass habitat type ( X

cordgrass

=17.56, X

brome

=17.56). There was a negative effect of soil salinity on stem production for smooth brome

cordgrass

in the mixed native habitat type (slope = 2se = -0.06 + 0.06) and the prairie cordgrass habitat type
(slope + 2se = -0.06 + 0.05) (Table 3.3). The stem production model provided a R*y value of 0.05
indicating a relatively low improvement from the intercept only model. For stem production,
significant fixed variables that contributed the best fit to the model were species planted (smooth
brome or cordgrass) (71%), habitat type*species*salinity (22%), species composition* species
planted interaction (smooth brome or cordgrass grown alone or together) (15%) and habitat
type*species planted interaction (smooth brome and cordgrass plantings across habitat types)

(15%).

Finally, I found that smooth brome flowered across all habitat types and there was no
flowering of native cordgrass during the duration of the experiment. The only significant factor
for smooth brome flowering was a positive relationship with soil moisture (slope + 2se =4.48 +
3.30) (Table 3.4).

Discussion

This study provides further support that interspecific competition (Schmidt et al. 2008,
Blank 2010) and germination success (Thomson 2005, Adkins et al. 2011) are important
mechanisms responsible for the colonization and establishment of invasive plants. | found that
among varying habitats that the invasive species was a better competitor than a dominant native

species commonly found in tallgrass prairie systems. Smooth brome had the strongest negative
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Table 3.4: Mixed model results for percent flowering stems. competitive effect on
Type III test for fixed effects indicate if significance was met
for fixed factors (e.g. habitat, single/mixed species subplots,
species and all interactions) and prediction of random effects
indicate significance and slope for abiotic soil (salinity, %

the height of native

cordgrass followed by a

moisture and elevation) effects for species within each habitat. large reduction in stem
Linear Mixed Model Results for Average Number of Flowering Brome Stems .
densities. | observed a
Type III Tests for Fixed Effects
Effect F-ratio p-value i
HABITAT 1784 =019 76% and 47% reduction
SPECIES COMPOSITION 1.498 =023
HABITAT*SPECIES COMPOSITION 0.882 =043 . .
Prediction of Random Effects In Cordgrass helght and
Abiotic . )
Factor Habitat t p-value stem density,
. Brome 0.054 =0.90
2 % Cordgrass -0.003 >0.90 respectively, when
“ Native 0.093 >0.90
. Brome 0,001 ~0.90 grown with invasive
E E Cordgrass 0.000 =0.90
= - smooth brome. In
Native -0.005 =>0.90
oy o Brome 2.714 <0.01
=2 contrast, there was no
S Cordgrass 0.263 >0.79
= =
AE - . .
Native 1134 2027 difference in average

plant height of smooth brome and stem density only decreased by 35% in mixed subplots with
cordgrass. It is likely that smooth brome affects the height of native cordgrass through
competition for light, which is often noted as one of the most important mechanisms responsible
for the successful invasion of non-native plant species (Hobbs and Mooney 1986, Hutchinson
and Vankat 1997, Mack et al. 2000, Richardson et al. 2000). Smooth brome is a cool season C3
grass that germinates and resprouts following overwintering dormancy, before prairie cordgrass,
a C4 grass begins to resume growth. Consequently, smooth brome’s early growth is likely to
limit available light for prairie cordgrass.

| found several abiotic soil interactions among habitats and between species, which

indicated that environmental heterogeneity is an important factor concerning invasive and native
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plant interactions. Soil salinity had a larger effect in the model for stem production than did
competitive interactions. These results are in agreement with another study concerning the
invasion of ripgut brome (B. diandrus Roth.) which is negatively associated with high soil
salinity levels (Kolb et al. 2002. Results agree with Kolb et al. (2002) because | found a negative
association between germination and stem density of smooth brome as soil salinity levels
increased in cordgrass and mixed native habitats. Alternatively, soil salinity levels were
negatively associated with germination percentages of cordgrass in the cordgrass habitat type but
were positively associated with plant height. The ability of native prairie cordgrass to tolerate
higher salinity levels, following establishment, is probably due to its ability to excrete excess salt
from its leaves (Marcum 1999) giving it an advantage over invasive smooth brome as salinity
levels increase in tallgrass prairies.

For germination success, | predicted that the invasive species would have higher
germination percentages compared to a common native species. These findings do not support
this prediction as the native species had a higher germination percentage. Even so smooth brome
germination was unaffected by habitat or disturbance. The ability to germinate across treatments
suggests that smooth brome germination is not limited to specific microhabitats and disturbance
regimes. On the other hand, establishment from seed of the invasive species appears to be limited
to disturbed areas or areas devoid of cordgrass vegetation. In this experiment, seeds of invasive
smooth brome germinated in the core of undisturbed patches of cordgrass but once germinated,
these seeds were unable to establish.

Previous research has shown that patches of cordgrass had growth rates that were 2 times
greater and extinction rates that were 8 times more likely in areas absent of smooth brome as

compared to areas heavily infested with smooth brome (Dillemuth et al. 2009). These findings
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suggested that invasive smooth brome has the potential to reduce the growth and persistence of
native prairie cordgrass. Despite this large effect of smooth brome on cordgrass patch growth
and persistence, there was no overall decrease in total cordgrass abundance among field sites
(Dillemuth et al. 2009). The lack in overall change in cordgrass coverage indicated that
cordgrass was capable of establishing new patches and had high growth rates into areas that were
primarily mixed native habitat.

The findings from Dillemuth et al. (2009) suggested that smooth brome may be
outcompeting cordgrass, and the experiments in this study were necessary to help verify if
competition played a role in invasion success. During the current study, native cordgrass growth
was suppressed when grown with invasive smooth brome; however, | did not observe complete
displacement of cordgrass by smooth brome. Competitive displacement could occur on a larger
time scale than the current study. In Dillemuth et al. (2009) and in this study new patches of
smooth brome developing from the center of a cordgrass patch were not observed and all
changes in patch size derived from the patch edge. These findings suggest that displacement of
cordgrass patches are occurring at the patch edge via interspecific competition of established
plants and not through the dispersal of smooth brome seeds into the core of a cordgrass patch.
This research support findings from Otfinowski and Kenkel (2008) in which they found that
smooth brome ramets remain intact with sibling patches for a period of 2-3 years, providing
support for clonal advances into invaded native prairie remnants. Attached ramets can help
provide resources to new growth and therefore aid in the displacement of native species.

| observed smooth brome flowering within the first year after seed germination, which

may provide an advantage for smooth brome at the early stages of the invasion. Short juvenile
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stages and early reproductive ability are two characteristics that contribute to the successful
invasion of other plant species (Rejmének and Richardson 1996, Kolar and Lodge 2001).

Management Implications

This manuscript is part of a growing body of literature that focuses on mechanisms
responsible for the invasion of smooth brome into tallgrass prairie habitats across North America
(but see Wilson 1992, Blankespoor and May 1996, Williams and Crone 2006, Jordan et al. 2008,
Otfinowski and Kenkel 2010). Research focusing on smooth brome suggests that leaving
prairies idle without actively managing smooth brome will lead to altered local native plant
communities (Otfinowski and Kenkel 2008). Active management is necessary because mixed
prairie habitat has been reduced by approximately 70% in the Great Plains of North America
(Samson et al. 2004) through conversion into farmland. Consequently, prairie habitat has
become one of the most imperiled ecosystems in the world (Stoner and Joern 2004).

The use of prescribed fire in prairie ecosystems has been successful in reducing invasive
smooth brome populations while increasing the abundance of native species (Wilson and
Stubbendieck 2000, Bowles et al. 2003). For example, Wilson and Stubbendieck (2000) found
that prescribed fires in early spring, when smooth brome is at the four to five leaf stages,
prevents it from consuming limiting resources and flowering. Prescribed fire management allows
for the recolonization of warm season grasses, such as prairie cordgrass. Fire is a viable
management tool for many land managers if timed correctly. If fires are conducted too early in
the growing season, smooth brome is likely to regenerate (Wilson and Stubbendieck 1996) and
fires conducted too late in the season are typically not effective at reducing smooth brome
abundances (Wilson and Stubbendieck 2000). This study reinforces the importance of prescribed

fires before seeds of smooth brome mature and fall to the ground because grassland fires seldom
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damage seeds on the surface of the ground (Daubenmire 1968). Therefore, if a prescribed fire is
conducted after seeds of smooth brome have already set or dispersed and removes standing
vegetation, the seeds have a ready-made seedbed increasing the potential to establish in areas
where smooth brome was not already present. Late season fires have also shown to be ineffective
at reducing smooth brome abundance and therefore if prescribed fires are not conducted at the
appropriate growth stage of smooth brome then the fires themselves may help facilitate the
invasion. A caution to this approach is that early spring fires can also reduce the abundances of
native cool season species (Engle and Bultsma 1984). Therefore, when using fire management as
a tool to reduce abundances of smooth brome, it may be critical for managers to monitor the
response of native cool season plant species. If fire reduces the abundance of cool season plants
then use of reseeding natives may be desirable. Little, if any, research has been done concerning
reseeding efforts of cool season grasses following a prescribed fire used for smooth brome
reduction. Evaluating the impacts on cool season grasses and reseeding efforts is likely to

enhance prairie management efforts.
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CHAPTER 4. MULTI-SCALE IMPACT OF AN INVASIVE PLANT ON NATIVE
HERBIVORE COMMUNITIES

Introduction

Invasive plants have been considered detrimental to invaded communities and a major
cause of ecosystem degradation across the globe (Mack et al. 2000, Carvalheiro et al. 2010)
although currently there is little information concerning how invasive plants impact higher
trophic levels in invaded communities (Carvalheiro et al. 2010). Once established, invasive plant
species can significantly alter native invertebrate species richness (Tallamy and Shropshire 2009,
Simao et al. 2010, Almeida-Neto et al. 2011), diversity (Carvalhero et al. 2010, Hartley et al.
2010, Wu et al. 2009) and evenness (Carvalheiro et al. 2010). Changes in invertebrate
communities can alter the food web leading to changes in the physical environments (Hladyz et
al. 2011, Schirmel et al. 2011), disrupt ecosystem functions leading to alterations in nutrient
recycling (Page et al. 2010) and alter predator/prey interactions within invertebrate communities
(Gratton and Denno 2006). For example, Schirmel et al. (2011) found that the invasive moss
Campylopus introflexus led to a reduction of native grass cover and this reduction, in turn,
limited food availability for native phytophagous carabid beetles. Subsequently, the reduction of
food availability led to a reduction in species richness of the phytophagous carabid beetles in
invaded sites compared to sites that were not invaded. Considering that herbivores are
necessarily sensitive to changes in plant communities (Southwood et al. 1979, Brown and
Southwood 1983, Brown and Hyman 1986, Steffan-Dewenter and Tscharntke 1997) and are
likely to be affected during the invasion process, | focused my research on the potential impacts
of an invasive grass on the herbivore community in the tallgrass prairies of the Midwestern

United States.
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Examination of factors affecting herbivore assemblages requires attention to the scale in
which research is conducted because results are likely to vary with the scale at which
measurements were made (Whittaker 1975, Clarke and Crame 1997, Clarke and Lidgard 2000).
Currently little research has examined how spatial scale of measurement influences results
describing interactions between plant invasions and native herbivore species (but see Ellingson et
al. 2002, Rand et al. 2004). Ellingson et al. (2002) found that a native cicada species abundance
was unaffected by invasive saltcedar (Tamarix spp.) at a small scale (i.e. few number of trees).
However as they increased the spatial scale of their research, they found that large, continuous
stands of saltcedar formed a closed canopy creating an unsuitable habitat for the cicada. As a
result, the closed canopy led to a reduction in local population sizes. Therefore, incorporating
multiple spatial scales may be a critical component for developing a comprehensive
understanding of how invasive plants affect native herbivore species. In return, research
conducted in this manner may elucidate how patterns in nature change across spatial scales while
providing critical insight into theoretical science (Levin 1992). For this study, | propose a multi-
scale assessment to determine the relationship between the coverage of invasive smooth brome
(Bromus inermis Leyss.) and herbivore species richness, diversity and evenness (RDE hereafter)
across three spatial scales: plot level (1-m?) prairie fragment nested within a watershed and
watersheds. | looked at RDE because each index can provide insight into how herbivore
assemblages change as smooth brome abundance increase across spatial scales. First herbivore
species richness (S) gives an indication as to how many species are present. Species richness is
limited because it does not account for the relative abundance if each species present therefore
species diversity (H) was also measured to give an indication of how many individuals there

were relative to the total number of species present. When measuring species richness and
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diversity it is also easy to calculate an evenness index. Evenness accounts for the observed
diversity divided by the maximum possible diversity (Hmax = H/ InS) giving a relative indication
of how evenly distributed species are within a given brome coverage or spatial scale.

Currently there are no known smooth brome specialist herbivores in North America and
therefore herbivores present in brome habitats should be either generalist capable of feeding on
smooth brome or herbivore species with the dispersal ability to move through a smooth brome
matrix in search of suitable habitat. My prediction at the smallest scale (1-m?) was that herbivore
species RDE are not likely to be strongly affected by high coverage of smooth brome when
compared to areas that have little to no smooth brome present. A lack of differences in herbivore
RDE is likely because many herbivores have the dispersal ability in which they can readily move
through patches at the 1- m? spatial scale while searching for a suitable habitat. At larger spatial
scales (prairie fragment and watershed), | predicted that as the area covered by smooth brome
increased it would likely displace a diverse community of native plants (Otfinowski et al. 2007)
that support a diverse suite of specialist and generalist herbivore species adapted to feeding on
native plants. A shift in plant communities would then result in an herbivore community
dominated by a few generalist herbivores that are capable of feeding on smooth brome.
Therefore, at larger spatial scales | predicted that as smooth brome coverage increased there
would be a decrease in herbivore species richness and diversity. If predictions for herbivore
species richness and diversity are correct at the prairie fragment and watershed scales, | expect
that species evenness will increase. This increase in herbivore species evenness would result
from a reduction in herbivore species richness as the coverage of smooth brome increases,
leading to a community dominated by a few herbivore species capable of feeding on smooth

brome.
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Methods
Study System

Across the Great Plains of North America, the vast majority of native prairie habitat has
been converted to agricultural uses resulting in isolated prairie fragments composed of mainly
native vegetation (Stoner and Joern 2004, personal observation). Many species originally
introduced for agricultural purposes have subsequently spread into native prairie remnants. One
species of particular concern is smooth brome, which is spreading and establishing across
tallgrass prairie fragments of the Midwestern United States (D’Antonio et al. 1992; Dillemuth et
al. 2009). Smooth brome was originally introduced into North America in the late 1880’s from
Hungary and Russia (Hitchcock 1963) for soil retention and to provide animal graze (Larson et
al. 2001). Currently, research has shown smooth brome has negative effects on a native grass
species, prairie cordgrass (Spartina pectinata Bosc ex Link.) by suppressing patch growth and
increasing patch extinction (Dillemuth et al. 2009). Field experiments have shown that when
smooth brome is grown in direct competition with prairie cordgrass that smooth brome reduces
prairie cordgrass stem density by 47% and decreases plant height by 76% (See chapter 3).

To date, research indicates that invasive smooth brome has negative effects on a select
few native arthropod species (Haynes and Cronin 2003; Baum et al. 2004; Cronin 2003ab;
Cronin and Haynes 2004; Cronin et al. 2004; Cronin 2007). For example, smooth brome
promotes high rates of dispersal of a planthopper (Prokelisia crocea) and its parasitoid (Anagrus
columbi) among patches of prairie cordgrass, and this behavior results in local extinction in
isolated prairie cordgrass patches (Cronin and Haynes 2004; Cronin 2007). The effects smooth
brome has on Prokelisia and Anagrus may be just one of many ways smooth brome affects

native herbivore species richness, diversity and evenness. The impact of smooth brome on native
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herbivores could go further
than on just a few species
and may have large effects
on resident herbivores in
the tallgrass prairies.

In eastern North
Dakota and western

Minnesota, the United

States Fish and Wildlife

Figure 4.1: Visual representation of the three watersheds
used in the survey. For spatial reference, the distance between  Service (USFWS), The
Grand Forks and Fargo is approximately 130 km.

Nature Conservancy
(TNC) and the Minnesota Department of Natural Resources currently protect several large
watersheds to provide breeding habitat for migratory birds, preserve native biodiversity and
protect water quality within agriculturally developed landscapes. These protected areas are
composed of discrete and isolated prairie fragments that are embedded within the agriculture
landscapes. Prairie fragments are continuous stands of protected native plants that can vary in
size (36 -2,355 hectares; this study) (Stoner and Joern 2004, personal observation). | chose three
different watersheds for the regional scale, the largest scale to study. I then selected 13 different
prairie fragments (among and within prairie fragment scale) that vary in the coverage (0-80%) of
invasive smooth brome (Fig 4.1, Table 4.1).

Sampling Design

Within each prairie fragment | selected five 100 m transects which were used to collect

herbivore samples. In June 2007 transects were set up so that they were at least 100 meters from
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Table 4.1: Description of each prairie fragment drainage, fragment size

(ha), percent coverage of smooth brome and spatial location.

% Coverage
Prairie Watershed Area of Brome UTM
Fragment (ha) Within Coordinates
Fragment
) E 625124, W
Site 104 1 46 18 5311685
E 624199, W
WPA 1 280 20 5313440
North Kelly WPA 1 100 35 £ 629133, W
5319965
. E 622046, W
LimeHouse 1 36 80 5325317
E629741,N
Kelly Overlook 1 93 79 5316099
E679107,N
Pankratz 2 186 2 5299005
Pembina Trail 2 668 32 E 690691, W
5289795
E 652890, W
Malmberg 2 32 7 5313915
E 693604, W
PB 2 186 17 5286488
) E 682798, W
Blazing Star 3 64 15 5239330
Bluestem Prairie 3 2355 24 E 682798, W
5239330
. .. E 694751, W
Twin Valley Prairie 3 201 0 5252352
. . E 703438, W
Zimmerman Prairie 3 32 0 5239330

any anthropogenic
edges (i.e. roads,
trails, culverts, etc.).
Each transect
consisted of 11 1-m?
sampling plots that
where spaced 10
meters apart.
Sampling plots were
inspected and the
percent coverage of
brome was recorded
as being in one of
the following
categories: (1) <

2506, (2) 25-50%,

(3) 50-75%, and (4) > 75-100% smooth brome coverage (Dillemuth et al. 2009). 1 also

estimated plant species richness at the plot level because plant richness is known to influence

herbivore species richness and abundances (Gerber et al. 2008). At the fragment level, the

percent coverage was estimated as the mean coverage among plots within a prairie fragment, and

at the watershed scale, the percent coverage was the average among fragments within a

watershed.
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In order to estimate herbivore species richness, diversity and evenness | used sweep net
sampling for a period of one minute at each 1-m? plot to collect herbivore samples. This method
of sampling is biased towards above ground external feeding herbivores and internal feeders that
are searching for a new host plant. However, | felt this method of sampling provided an adequate
sample of aboveground herbivores, the focus of this study. Sweep net sampling has also been
shown to provide a good measure of relative species richness and abundance in grassland
systems (Evans et al. 1983). All collected material was placed in a Ziploc bag and stored on ice.
Following a day’s collection, all samples were frozen until identified and counted. I collected
sweep samples in early June and late July of 2007 and 2008. These collection periods
corresponded with peak abundances of arthropod communities in this system (personal
observation). All samples collected in early summer of 2008 were sorted and identified while all
other collection periods were sub-sampled due to time constraints of the investigators. Five
samples per transect were randomly selected for processing.

Herbivore Identification

Herbivores were first identified to the family level and as new morphospecies appeared, |
assigned them a reference number in order to discern them from other morphospecies. This
method of sampling has been shown to provide an effective characterization of arthropod
communities (Oliver and Beattie 1996). Following identification of all morphospecies, | then
researched each family to determine which morphospecies had an herbivorous diet during any
part of their life cycle that was capable of causing damage to plant tissue. All morphospecies that
were clearly capable of causing plant damage were included in the analyses. Predators and other
species that could not be clearly identified as potential herbivores were removed from the data

set. | was not able to identify approximately 14 % of individuals as either predators or
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herbivores. Individuals removed were equally distributed among brome categories and represent
a small portion of the total number of individuals collected; their removal from the analyses was
not likely to bias results.

To measure the potential changes within the herbivore community as the coverage of
smooth brome increased, | used the Shannon-Wiener diversity and evenness indices (Shannon
and Weaver 1949) and species richness as the dependent variables in my models. To calculate
species richness | pooled data across all four-time periods to get an estimate at the watershed,
prairie fragment and plot levels. Species richness was plotted against sample based rarefaction
curves in EstimateS using the plot, prairie fragment and watershed spatial scales to ensure that |
adequately sampled enough of the community to make inferences concerning species richness at
the three spatial scales (Colwell 2009). Chao 1 + 95% CI was used as the best estimator for
richness (Chao 1984; Colwell and Coddington 1994). For my measures of diversity and
evenness, | restricted the data analysis to the final collection date in which I had the highest
number of replicates and equal sample sizes across fragments. My concern in using data from all
collection dates in the analysis was that differences detected might derive from unequal sampling
more than actual differences in diversity and evenness. Increased sampling will inherently lead to
increased abundances, which are accounted for in these indices. I first calculated the Shannon-
Wiener diversity index for each sample collected at the plot level. For prairie fragments and
watersheds, | combined total number of individuals for each species present in order to scale up
the data to represent the diversity and evenness at each spatial scale.

Statistical Analyses

To determine if smooth brome alters the community assemblages of herbivores | used

General Linear Models (GLM) to estimate differences in the dependent variables (herbivore
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species richness, diversity and evenness) at the plot, prairie fragment and watershed spatial
scales. For the plot-level analysis, | accounted for the hierarchical structure of tallgrass prairies
by including the following sources of variation in the model: transects nested within prairie
fragments, prairie fragments nested within watersheds, and watersheds. Percent smooth brome
and plant species richness were also included in the model as fixed effects for the plot level
analyses. | omitted transect level analyses because it was an artifact of my design to collect
herbivore samples and not a spatial scale of interest. At the spatial scale of the prairie fragment,
the only nested factor was prairie fragment within a watershed. At the watershed level, | was also
able to incorporate prairie fragment size in the analyses to test for any effects of fragment size on
herbivore RDE. For each spatial scale, separate tests were performed for each of the three
dependent variables. | compared herbivore RDE for each spatial with a Bonferroni adjustment
for the multiple tests due to the non-independence between the models.
Results
Over the course of the 2007 and 2008 growing seasons, | identified 258 herbivorous

morphospecies across 36 families and 7 orders (Table 4.2). Overall, herbivore species richness (

X piot = 3.93, X fragment = 60.62 and X watershed =151) and diversity ( X piot = 1.11, X fragment = 3.19
and X watersned = 3.93) (Table 4.3) increased from the plot level, prairie fragment and watershed,
respectively. For species evenness there was a slight decrease in average values for the plot level
(X =0.89), prairie fragment ( X = 0.86) and watershed ( X =0.82) scales, respectively (Table
4.3). Overall there was a relatively good fit for the models of species richness (r>=0.54, r>=0.87
and r’=37), diversity (r’=0.74, r*>=0.62 and r>=0.64) and evenness (r*=0.42, r>=0.64 and 0.83) at

the plot, prairie fragment and watershed levels, respectively.
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Table 4.2: Taxonomic breakdown of identified herbivorous morphospecies across all prairie

fragments.
Order Family Number of Species Order Family Number of Species

Tetrigidae 1 Thysanoptera Thripidae 1
Acrididae 30 Curculionidae 11

Orthoptera
Romaleidae 1 Tenebrionidae 1

Coleoptera

Tettigoniidae 9 Cerambycidae 2
Tingidae 1 Chrysomelidae 24
Acanthosomatidae 1 Cephidae 2
Thyreocoridae 1 Siricidae 6
Pentatomidae 9 Perilampidae 1
Lygaeidae 20 Hymenoptera Cimbicidae 1
Blissidae 4 Tenthredinidae 2
Cercopidae 28 Cynipidae 2

Hemiptera
Membracidae 2 Gasteruptiidae 1
Cicadellidae 59 Pyralidae 1

Lepidoptera
Delphacidae 6 Lasiocampidae 2
Dictyopharidae 2 Tephritidae 2
Acanaloniidae 1 Diptera Culicidae 15
Aleyrodidae 1 Bibionidae 3
Aphididae 4

Number of Orders =7

Number of Families = 36

Total Herbivore Morphospecies Richness = 258

Across the field study, | found several significant variables that affected herbivore

species richness at the plot level (Table 4.3). Although, smooth brome did not have a significant

relationship with richness (F3, 489=0.66), evenness (F3 125=0.24) and diversity (F3 115 =0.36) with

all p-values > 0.90 following a Bonferroni adjustment for multiple tests (Fig. 4.2). Plant species

richness had a positive relationship with herbivore diversity (F1, 1,5=4.34, p<0.001) and evenness

(F1,125=9.06, p<0.01) (Fig. 4.3). Watersheds differed in species richness at the plot level (F;,

489=5.55, p<0.01), diversity (F2, 125=15.14, p<0.001) and evenness (F, 11s=6.89, p<0.003) (Table










Table 4.3: Average herbivore species richness, diversity and evenness values for each prairie
fragment and spatial scale in my study.

compared to areas with < 25% smooth brome coverage ( X species richness = 48.33) (Fig.4.5, Table
4.5 and 4.7). Although there was no significant relationship between the percent coverage of
smooth brome and species richness (Fs 7=0.35, p >0.9), diversity (Fs 7=11.93, p < 0.001) and
evenness (F,, 7=2.89, p > 0.36). There was also no significant relationship between the size of a
prairie fragment on herbivore species richness (F1 ¢ =0.16, p >0.9), diversity (F1 ¢=0.48, p >0.9)

and evenness (F1 ¢=3.99, p >0.28).

Discussion
Previous research has shown that invasive smooth brome can lead to local extinctions of
a native specialist herbivore (Cronin and Haynes 2004; Cronin 2007), is capable of displacing
native plant species (Williams and Crone 2006, Otfinowski et al. 2007, Dillemuth et al. 2009)

and 1s spreading across the tallgrass prairies (D’ Antonio et al. 1992). I predicted that I should
55



90
80
70

:g \\I

40
30

4.0
3.8
3.6
3.4
3.2
3.0
2.8
2.6

Average Herbivore Diversity Herbivore Species Richness

0.95

0.90]

0.85

0.80]

0.75

Average Herbivore Evenness

0707 5500 2650% 51.75% > 75%

Percent Smooth Brome Coverage
Figure 4.5: Relationship between
smooth brome coverage and herbivore
species richness, diversity and evenness
(mean + SE) for the watershed level.

find effects of smooth brome on resident
herbivores in the tallgrass prairie
fragments. Although research has
suggested that invasive plants are capable
of altering native invertebrate species
richness (Tallamy and Shropshire 2009,
Simao et al. 2010, Almeida-Neto et al.
2011), diversity (Carvalhero et al. 2010,
Hartley et al. 2010, Wu et al. 2009) and
evenness (Carvalheiro et al. 2010) I did not
find any statistical effect with the spread of
smooth brome on RDE. The current study
is not the first to detect no changes in RDE
in heavily invaded habitats when
compared to non-invaded habitats. Hartley
et al. (2010) found that in the invasion of
Chinese tallow (Triadica sebifera L.)
harbored similar species richness and
abundances of other native tree species,
but the community composition of
arthropod species differed significantly

from the native trees. For species

evenness, Schooler et al. (2009) were able to demonstrate that although an increase in invasive
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Table 4.4: Representation of plot level results of GLM models for our dependent variables

herbivore species richness, diversity and evenness. Variables incorporated in to our model at
this scale were percent coverage of smooth brome, plant species richness, watershed, prairie
fragment nested within watershed and transect nested within prairie fragment.

General Linear Model Results for Prairie Fragment Level
Herbivore Species Richness
Source Type II1 SS df Mean Squares F-ratio p-value
% Brome 160.02 3 53.34 1.77 >0.50
Watershed 200.79 2 100.39 3.33 >0.13
Fragment(Watershed) 3,602.31 10 360.23 11.93 <0.001
Error 1,479.19 49 30.19
Herbivore Species Diversity
% Brome 0.51 3 0.17 0.70 >0.90
Watershed 0.86 2 0.43 1.78 >0.54
Fragment(Watershed) 3.35 10 0.34 1.39 >0.65
Error 11.13 46 0.24
Herbivore Species Evenness
% Brome 0.112 3 0.037 1.983 >0.39
Watershed 0.045 2 0.022 1.190 >0.90
Fragment(Watershed) 0.264 10 0.026 1.399 >0.63
Error 0.867 46 0.019

plant coverage reduced herbivore abundances the reduction in abundance was uniform among
species leading to a non-significant effect on herbivore species evenness. Schooler et al. (2009)
also attributed their inability to show an effect of increasing invasive plant coverage on native
herbivore species diversity to the same uniform decrease in abundances but not in species
richness. Therefore, it is possible that although RDE does not differ with brome coverage that the
composition of herbivore assemblages may differ significantly.

Even though | did not observe any statistically significant effects of smooth brome
coverage on RDE, | observed a trend towards a decrease in herbivore diversity and evenness
(prairie fragment level) and species richness (watershed spatial scale) as the coverage of smooth
brome increased. The observed trends are consistent with other studies that have found that some
invasive plants are susceptible to generalist herbivores which leads to a decline in herbivore

community richness and abundance as the coverage of invasive plants increases (Litt and Steidl
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Table 4.5: Result indicating average herbivore species richness, diversity and evenness for percent coverage
of smooth brome at each spatial scale observed.

%
Fragment Level Least Square Watershed Level Least Square
Coverage of Fragment Level Least Square Means Means Means
Smooth
Brome Richness Diversity Evenness Richness | Diversity | Evenness Richness | Diversity | Evenness
<25% 3.85 1.14 0.85 21.36 1.97 0.85 68 3.40 0.87
25— < 50% 3.90 0.98 0.93 24.56 1.90 0.80 63 3.51 0.89
50-75 % 4.33 1.15 0.87 17.63 1.72 0.69 54 3.52 0.83
>T75% 4.31 1.21 0.86 19.48 1.42 0.04 48.33 3.10 0.79
%o
Difference
Bet
CWEE 1 0700 | s.80% 1.10 % 880% | -28% | -24.70% 28.90% | -8.80% | -9.20%
Areas of <
25 % versus
>T75%
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Table 4.6: Representation of prairie fragment of GLM models for my dependent variables
herbivores species richness, diversity and evenness. Variables incorporated into my model at
this scale were percent coverage of smooth brome, watershed and prairie fragment nested

within watershed.

General Linear Model Results for Prairie Fragment Level
Herbivore Species Richness
Source Type III SS df Mean Squares F-ratio p-value
% Brome 160.02 3 53.34 1.77 >0.50
Watershed 200.79 2 100.39 3.33 >0.13
Fragment(Watershed) 3,602.31 10 360.23 11.93 <0.001
Error 1.479.19 49 30.19
Herbivore Species Diversity
herbivore% Brome 0.51 3 0.17 0.70 >0.90
Watershed 0.86 2 0.43 1.78 >0.54
Fragment(Watershed) 3.35 10 0.34 1.39 >0.65
Error 11.13 46 0.24
Herbivore Species Evenness
% Brome 0.112 3 0.037 1.983 >0.39
Watershed 0.045 2 0.022 1.190 >0.90
Fragment(Watershed) 0.264 10 0.026 1.399 >0.63
Error 0.867 46 0.019

2010; Yoshioka et al. 2010). For example, Gerber et al. (2008) observed a decrease in
morphospecies richness and biomass of invertebrates across prairie fragments that were infested
with invasive knotweeds verses prairie fragments that did not have knotweeds present. Decreases
in morphospecies richness and abundances are often attributed to a decrease in native plant
richness, which results in a decrease in monophagous and oligophagous herbivores as the
coverage of invasive species increases (Valtonen et al. 2006; de Groot et al. 2007). Considering
previous research has shown that the invasion of smooth brome can reduce the diversity of native
plants (Otfinowski et al. 2007) and smooth brome has no known specialist associated with it, |
would expect to see the observed trend in decreasing richness, diversity and possibly evenness as

the coverage of smooth brome increased.
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At the plot level, | found that an increase in plant species richness resulted in higher
herbivore diversity and evenness of herbivore species, but | found no effect on herbivore species
richness. The significant effect of plant species richness is likely attributed to an increase of the
relative abundance between herbivore species as plant species richness increased resulting in
higher diversity and evenness at the plot level. A negative relationship was unexpected because
previous research has shown that plant richness is likely to result in an increase in herbivore
species richness and a decrease in diversity due to an increase in predator abundance (Haddad et
al. 2009). The increase in predator abundance therefore leads to an increase in herbivore
abundance in plots with low plant species richness which is opposite of the patterns | found. |
observed an increase in herbivore species abundance as plant species richness increased, but
there was no change in herbivore species richness. Therefore, the results may have been driven
by the reduction in the relative abundance of common species and not among species that were
rare in abundance. Currently, there is no clear explanation as to why my observational results
differ from the experimental manipulations of Haddad et al. (2009). It is possible that predator
communities in my observational study are not comparable to that of Haddad et al. (2009) and
incorporating predator species into future observational studies may help explain differences
found between observational and experimental approaches.

At the prairie fragment spatial scale, the only significant effect was a prairie fragment
nested within watersheds effect on herbivore species richness. Indicating differences in species
richness among prairie fragments that were not accounted for in the model. The difference
among sites could be driven by plant richness (Fred and Brommer 2003, Schultz and Crone
2005), landscape connectivity (Tack et al. 2010), composition of surrounding matrix and

fragment isolation (Hatfield and LeBuhn 2007). For example, Hatfield and LeBuhn (2007) found
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Table 4.7: Representation of watershed level results of GLM models for my dependent
variables herbivores species richness, diversity and evenness. Variables incorporated into
my model at this scale were percent coverage of smooth brome, prairie fragment size and
watershed.

General Linear Model Results for Watershed Level
Herbivore Species Richness
Source Type III SS df Mean Squares F-ratio p-value
% Brome 330.28 3 110.10 0.181 >0.90
Fragment Area (ha) 36.42 1 36.43 0.16 >0.90
Watershed 72.00 2 36.00 0.059 >0.90
Error 4.266.67 6 609.52
Herbivore Species Diversity
% Brome 0.23 3 0.08 0.350 >0.90
Fragment Area (ha) 0.18 1 0.18 0.48 >0.90
Watershed 1.35 2 0.67 3.091 =0.33
Error 1.53 6 0.22
Herbivore Species Evenness
% Brome 0.012 3 0.004 1.180 >0.90
Fragment Area (ha) 0.009 1 0.01 3.99 >0.28
Watershed 0.020 2 0.010 2.892 >0.36
Error 0.024 6 0.003

that quality of habitat and connectivity among habitats was a more consistent variable than
variables they measured within a habitat (i.e. fragment size, grazing regime and habitat moisture
levels) when explaining diversity and abundances of herbivore species. Plant species richness
and diversity are also known to have larger impacts on native herbivore communities than size of
habitat (Hendrix et al. 2010). Unfortunately, I do not have a measure of plant richness within a
prairie fragment and therefore 1 am unable to determine if any relationship exists between plant
richness and herbivore RDE at larger spatial scales.

My study is the first large scale approach attempting to find a relationship between the
coverage of smooth brome and native herbivores species. Although I did find some interesting
trends suggesting that smooth brome may have a biological affect at the two largest spatial scales
all results were non-significant. | was uncertain if a lack of power at the larger spatial scales may

have led to non-significant results, therefore I ran a power analysis to determine appropriate
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sample sizes need to find statistical significance. Based on power analyses at a significance level
of 0.05 and power of 0.8 | needed a minimum of 115 prairie fragments and 72 watersheds to find
a significant effect of smooth brome coverage on herbivore species richness in the models.
Obtaining this high of a sample size was not feasible in this study. Given the high number of
replications needed based on a power analyses there is a possibility that the invasion of smooth
brome, in fact, is not altering local herbivore species RDE. Considering the uncertainty of
whether smooth brome has an effect on the native herbivore community, | suggest that future
research incorporate herbivore species composition and the presence of generalist predators to
provide more insight into the potential changes in the resident herbivore community as the
coverage of smooth brome increases. Research that accounts for species composition of specific
predator, generalist and specialist herbivore species may also provide a more complete
understanding between the interactions of plant invasion and their effects on arthropod
communities (Gerber et al. 2008). | also suggest researchers incorporate critical landscape factors
(prairie isolation, connectivity and surrounding landscape) in their studies in order to determine
what factors other than invasive species may have an effect on herbivore species assemblages

across spatial scales.
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CHAPTER 5. SUMMARY AND CONCLUSIONS

In this dissertation, | examined the mechanisms responsible for the successful
establishment, spread and ecological impacts of an invasive plant across the tallgrass prairies of
the Midwestern United States. My research was separated into three different studies. In chapter
2, I used a GIS-based field survey across three prairie fragments to demonstrate the patch
dynamics between a highly invasive grass Bromus inermis (smooth brome) and a common
dominant native grass species, Spartina pectinata (prairie cordgrass). Chapter 2 provided data on
the establishment and extinction of native plant patches in relation to the spread of an invasive
species (but for exceptions see Rice et al. 2000, Huang and Zhang 2007). My results were
consistent across three different prairie fragments and indicated that the invasive plant was
capable of suppressing native plant growth, reducing successful establishment and increasing
extinction risk as the coverage of the invasive plant increased. Although my data were
observational, they provided a basis for an experimental approach (discussed in Chapter 3) to test
possible mechanisms that may have driven the observed results.

In Chapter 3, | explored how germination success and interspecific competition vary
across a heterogeneous landscape. Results indicate that both the native and invasive species are
capable of establishing across the majority of dominant habitats commonly found in the tallgrass
prairies, although these data suggest that disturbance to the plant community facilitates the
invasion process when the invasive plant is colonizing from seed. These data provide further
support for the hypothesis that disturbance is likely to promote invasions of non-native plants
(Wiser et al. 1998, Davis et al. 2000, Larson et al. 2001, Otfinowski and Kenkel 2010). Once
established | observed strong interspecific competitive interactions in which the invasive species
suppressed native plant stem production and average plant height. | also found evidence that

suggests environmental heterogeneity may facilitate the persistence of native cordgrass. Results
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from my GIS study and experimental seed manipulations suggest that native cordgrass was able
to tolerate flooding and higher salinity levels than invasive smooth brome. Overall, experimental
results coincide with my observational GIS study. During both studies, | observed evidence for
negative growth and persistence of native species in the presence of a highly invasive grass.

For my final research chapter, | moved from exploring interactions between plant species
and explored the potential impact of the spread of an invasive plant on local herbivore
assemblages across multiple spatial scales. Incorporating multiple spatial scales is a critical
component to understanding ecological processes but is an area in invasive plant-herbivore
interactions that is rarely explored. In my herbivore survey, interesting trends suggest that effects
of the invasive plant may be stronger at larger spatial scales than at small local scales (1-m?). At
the spatial scale of single prairie fragments, there was a decrease in herbivore species diversity
and evenness as the percent coverage of the invasive plant increased. Simultaneously as the
percent coverage of the invasive plant increased, there was a large decrease in species herbivore
richness as the watershed spatial scale. Although the results were not statistically significant,
they appear to be biologically important. I also found that plant species richness (only measured
at the 1-m?spatial scale) had a positive relationship with herbivore species richness and
evenness. Results also indicated that spatial factors other than percent coverage of invasive
smooth brome might play a critical role in determining herbivore species assemblages.

Results from this research are not likely to be limited to the invasion of smooth brome in
tallgrass prairie systems. My findings coincide with other research and help explain findings in
other studies outside the tallgrass prairies. For example, Gurevitch and Padilla (2004) suggest
that invasive plants are likely to cause displacement of native plant species rather than cause

species extinctions, but to date, most of the evidence is correlative and it is unknown if invasive
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plants play a definitive causal role. This research has been able to combine observational and
experimental approaches which not only confirm the prediction that invasive species are capable
of displacing native species but also indicate that spatial and temporal heterogeneity in resources
seem to prevent complete displacement of a native plant. This information may help bridge the
gap between highly manipulated common garden/greenhouse studies and observational field
studies. Although, these have provided tremendous insight, results often do not easily translate to
findings in the field (Naeem et al. 2000). For example, greenhouse and observational studies
have suggested that invasive plant competitive abilities are likely to be limited in physiological
stressful environments. By incorporating natural heterogeneity of abiotic soil conditions into my
field research, | came to the same results as Greenwood and Macfarlane (2009) who found that
competitive dominance shifted from invasive Juncus acutus to native J. kraussii in high saline
environments when compared to environments of low salinity. In my research, | found evidence
of suppressed growth of invasive smooth brome and increased growth of native cordgrass in
areas of high salinity. Certainly not all invasive plants will have a low tolerance to salinity, but
incorporating natural heterogeneity into experimental studies can lead to discovery of common
mechanisms that promote or inhibit plant invasions. Field experiments that account for natural
environmental heterogeneity have been suggested as critical next steps in developing an
understanding of patterns and processes responsible for the successful establishment and spread
of invasive plant species (Fridley et al. 2007).
Smooth Brome Management

To date, several other species have been given management priority over smooth brome

(e.g., Cirsium arvense, Canada thistle; Euphorbia esula, leafy spurge and Artemisia absinthium,

wormwood) (K. Tompkins, personal communication). Currently there is a lack of intensive
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management of smooth brome across the tall grass prairies of the Midwestern United States, but
land managers are starting to appreciate the need for active management as the growing body of
literature indicates the negative impacts of smooth brome invasions (Bahm et al. 2011). Failing
to actively manage for smooth brome can have dire consequences for dominant prairie plants
(Blankespoor and Larson 1994, Willson and Stubbendieck 2000, Murphy and Grant 2005,
Williams and Crone 2006, Dillemuth et al. 2009).

The use of prescribed fire has been successful in reducing the establishment, spread and
abundance of smooth brome (Willson and Stubbendieck 2000). Wilson and Stubbendieck (2000)
found that the timing of prescribed fires is critical and that fires should be conducted in early
spring, when smooth brome is at the four to five leaf stages. Burning at this development stage
prevents smooth brome from consuming limiting resources and flowering. If fires are conducted
too early in the season, then smooth brome will regenerate growth. If fires are conducted too late
in the season, it has been shown to be ineffective at reducing smooth brome abundance.

Findings from these studies reinforce the importance of prescribed fires before seeds of
smooth brome mature and fall to the ground because grassland fires seldom damage seeds on the
surface of the ground (Daubenmire 1968). If fires are conducted following seed dispersal then it
is likely that dispersed seeds will have germinate and establish because of a reduction in
competition due to a removal of competing vegetation. My research suggests that seeds that are
located in areas with no vegetation (i.e. bare soil) are likely to germinate and establish. While the
majority of seeds of smooth brome only disperse within 1 meter, they have been shown to
disperse up to 5 meters from the edge of a patch (Otfinowski et al. 2008). Late season fires
would also do little damage to smooth brome because it is a C3 grass that goes dormant early.

Therefore, smooth brome would not exhaust below ground resources by regenerating new
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growth until next spring. | do provide a caution to the prescribed fire approach because early
spring fires have the potential to reduce the abundance of native cool season species (Engle and
Bultsma 1984) which are likely a desired part of the plant community. Therefore, when using
fire management as a tool to reduce abundances of smooth brome, it may be critical to monitor
the response of native cool season plant species. If fire does reduce the abundance of cool season

plants then use of reseeding natives may be desirable.
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