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Abstract

Native grasses and native wildflowers are declining, especially along roadside right-of-ways because of intensive
mowing and herbicide management practices. Roadside right-of-ways undergo regular disturbances such as mowing,
maintenance, and road developments that affect soils, groundwater, surface hydrology, and vegetation composition.
We investigated species richness and percent coverage within plant communities along highway right-of-ways to
determine if reduced mowing increased native plant coverage. The study was conducted using 10 research plots
situated along Highway 25 in Oktibbeha and Winston counties, Mississippi. Each research plot consisted of three
different treatments as follows: one that included greater than four mowings per year, one mowing only in fall, and
one mowing only in fall with a supplemental native wildflower seeding. Using line transect sampling, we detected 277
plant species, which included native and nonnative forbs, legumes, grasses, rushes, sedges, and woody perennials
(vines, shrubs, and trees). Total percent coverage of native and nonnative plants within different growth form
categories did not differ among treatments (F2,96¼ 0.45, P¼ 0.83). However, coverage differed between uplands and
lowlands (F1,96¼ 18.22, P � 0.001), between years (F1,96¼ 14.54, P � 0.001), between fall and spring seasons (F1,96¼
16.25, P � 0.001), and interacted between years and seasons (F1,96¼24.08, P � 0.001) and seasons and elevations (F1,96

¼ 5.00, P � 0.001). Nonnative agronomic grasses exhibited the greatest coverage (. 90%) in all treatments. Percent
coverage of each plant growth form was greatest in lowlands. Our research showed an increase of native grasses and
wildflower species along roadsides with a reduced mowing regimen. We concluded that the timing and intensity of
mowing for the duration of our study had little effect on the species composition of plant communities. However, one
mowing per year retained agronomic plant coverage for erosion control and soil stabilization during roadside
maintenance. Specific proactive management implementations can include native plantings, selective herbicide use to
decrease nonnative grasses, continual mowing from roadside edge to 10 m, and only one mowing in late fall, but with
an extension of the boundary to reach beyond 10 m from the roadside edge to suppress the invasion of woody plants,
which could lead to lower long-term maintenance costs.
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Introduction

Roadside right-of-ways can provide a good environ-
ment for a variety of native and nonnative plant species,
but current management practices have caused declines
in native grasses and wildflowers (Hill and Horner 2005;
Willard et al. 2010; Yager et al. 2011). Plant communities
along roadside right-of-ways can be very diverse
depending on type of road, width, slope, and adjacent
land uses (Li et al. 2008). Intensive herbicide applications
and mowing directly affect native plant communities by
killing native plants or preventing their successful
reproduction (Hill and Horner 2005; Willard et al. 2010;
Yager et al. 2011). General roadside management can
also threaten native species by altering soil fertility, soil
structure, topography, surface water movement, and
other hydrological factors (Schauwecker and MacDonald
2003; Greenfield et al. 2005). Other negative impacts of
mowing on native species along roadsides include
changes in adjacent ecosystems through modification
of plant communities, changes in wetland hydrology,
degradation of water quality, and dispersal of invasive
nonnative species (Mortensen et al. 2009; Yager et al.
2011).

The two main negative impacts on native plant
communities are a direct result of mowing and herbicide
use, which have altered roadside environments through
increased dominance of invasive species. Over time,
direct and indirect impacts of roadside management can
cause right-of-ways to become more susceptible to
invasions of nonnative and invasive plants (Forman and
Alexander 1998; Greenfield et al. 2005; Andrews et al.
2015). More than 42% of native species are listed as
species of conservation concern as a direct result of the
exacerbated spread of invasive species specifically on
road right-of-ways (Clinton 1999; Schauwecker and
MacDonald 2003; Center for Environmental Excellence
2017; M. Ielmini, U.S. Forest Service, National Invasive
Species Program Manager, personal communication).
Simberloff et al. (2012) stated that nonnative invasive
species were 40 times more problematic and costly than
native species in environments such as road right-of-
ways.

Roadsides may provide environments for populations
of species of conservation concern and even rare native
flora species. During the past 2 decades, roadside
wildflower programs in many states have resulted in
enhanced native plant communities that have increased
the beautification of roadsides (Harrington 1994; Weingr-
off 2015). The Highway Beautification Act of 1965 has
resulted in enhanced visual and aesthetic qualities of
roadsides, resulting in points of pride by establishing and
beautifying right-of-way communities throughout the
United States (Harrington 1994; Aldrich 2002; Weingroff
2015). Furthermore, native plant communities along
roadsides can decrease spread of invasive plants, reduce
erosion, lessen maintenance costs, and protect water
quality and wetlands (Forman and Alexander 1998;
Welker and Green 2003; Yager et al. 2011; Green 2016).
Native plants within right-of-ways also create habitat for
early successional wildlife species including small mam-

mals, birds, herpetofauna, and insects (Bugg et al. 1997;
Forman and Alexander 1998; Hopwood 2010; Andrews et
al. 2015; Hopwood et al. 2016). Although increasing
native plant coverage along highway right-of-ways
cannot completely mitigate the negative impacts to
wildlife and native flora caused by roadways, the
modifications in management approaches of right-of-
ways can potentially lessen deleterious effects and
benefit wildlife and humans.

Other concerns related to right-of-way management
include the restriction of wildlife movement, habitat
fragmentation and loss, population isolation, and in-
creases in traffic-related wildlife mortality (Forman and
Deblinger 2000; Harper-Lore and Wilson 2000; Ament et
al. 2008). However, management of right-of-way vege-
tation can enhance establishment of native plant
communities and improve ecological function and
structure for native wildlife (Arner 1959; Harper-Lore
and Wilson 2000; Arner and Jones 2009). Several studies
have shown that the re-establishment of native flora on
right-of-ways did not increase wildlife–vehicle collisions
(Machan 1981; Zimmerman 1981; Harper-Lore and
Wilson 2000; Jacobson 2005). Furthermore, Machan
(1981) reported a 35% reduction in mortality of
songbirds and rabbit species where trees and shrubs
were planted on Indiana roadway right-of-ways. Similar-
ly, Zimmerman (1981) detected fewer road kills and
greater small mammal abundance where road right-of-
ways were planted with native wildflowers, grasses, and
shrubs. Modifications in seed mixtures used for soil
stabilization, application of soil amendments, and
mowing regimens have been reported to produce less
attractive foraging conditions for herbivores such as
white-tailed deer (Odocoileus virginianus; Jacobson 2005;
Arner and Jones 2009). However, despite the importance
of plant communities to white-tailed deer and their use
of right-of-ways, there is limited information on the
effects of highway right-of-way vegetation management
regarding vehicle collisions with white-tailed deer.

In addition, there are some issues related to motorists
when native plant communities are enhanced, such as
reduction in visibility along roadway right-of-ways, which
can be an issue (Louisiana Department of Transportation
and Development 2000; Cackowski and Nasar 2003).
Concerns exist that enhancing right-of-way environ-
ments could potentially increase large mammal– and
wildlife–vehicle collisions (Michael and Kosten 1981;
Dixon et al. 1984; McKee and Cochran 2012). There is a
need for investigations of approaches for effective
management options that mutually benefit agencies,
motorists, and native fauna and flora along roadway
right-of-ways. Two major approaches to improving
native plant communities are annual mowing in the fall
and seeding native wildflowers along roadsides.

Annual mowing in late fall is one low-maintenance
approach that can be used to improve native plant
communities along roadsides (Entsminger 2014; En-
tsminger et al., in press). Reduced mowing frequencies
during the growing season result in reduced costs. The
annual fall mowing can be conducted after seed
maturation in native plants and after nesting seasons
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for ground-nesting birds and other wildlife. This ap-
proach also increases availability of pollen and nectar-
producing plants that provide food sources for birds,
small mammals, and pollinating insects (Anderson 1996;
Dickson and Wigley 2001; Andrews et al. 2015). Reduced
mowing also has the potential to create attractive
prairie-like environments along roadsides by increasing
native grasses and wildflowers (Entsminger et al., in
press).

Seeding native wildflowers is another practice to
establish native plant communities along roadside
right-of-ways. This practice typically requires site prepa-
ration to remove existing nonnative plant communities,
selection of adapted plant species for seeding, and
postplanting competition control methods (Young and
Claassen 2007; Native American Seed 2017). Seeding of
native wildflowers and warm-season grasses can be
expensive because of site preparation, seed and
maintenance costs, and competition of nonnative
invasive plants; however, benefits have been reported
(Bugg et al. 1997; Young and Claassen 2007; Mortensen
et al. 2009). A more cost-effective approach to enhancing
a native plant community is to implement a reduced
mowing regimen (Bugg et al. 1997; Young and Claassen
2007; Arner and Jones 2009; Entsminger 2014; En-
tsminger et al., in press). In areas where native grasses
and wildflowers have been successfully established, very
little maintenance is needed because the plant commu-
nity resists colonization by invasive plants (Daar 1994;
Welker and Green 2003; CalTrans 2013; California
Department of Transportation 2016).

The objective of this study was to investigate
influences of modifications in mowing regimens along
a state highway in northeastern Mississippi on native
plant community structure. Our approach was to
compare species richness and percent coverages among
three treatments (greater than four mowings per year;
one mowing in late fall; and one mowing in late fall with
native supplemental seeds) and among upland and
riparian lowland landscapes along the roadside right-of-
ways. Our null hypothesis was that there would be no
significant differences in total species richness, native
species richness, and nonnative species richness among
treatments and among upland and riparian lowland
landscapes. Our second null hypothesis was that there
would be no significant differences in percent coverages
of vegetation categorized by growth form (grass, sedge,
legume, forb, rush, and woody perennial) and native vs.
nonnative status among treatments and between upland
and riparian lowland landscapes.

Study site
This study was conducted on roadside right-of-ways

along a 48.28-km stretch of Highway 25 beginning at the
intersection of Highways 12 and 25, western edge of
Starkville, Mississippi (Oktibbeha County), and continu-
ing south 4.5 km into Winston County, in northeastern
Mississippi. There was an average distance of 2.7 km
between each of 10 research plots. Plots were regionally
within the Interior Flatwoods (338120N, 888540W; Town-
ship 15-18N, Range 13-14E; Pettry 1977; Edwards 2009).

Soil formation and plant communities were influenced
by mild climatic conditions categorized as the humid
subtropical climatic region of North America, with
temperate winters (08C to 158C) and long hot summers
(218C to 388C; Posner 2012; Brown 2017). Annual mean
temperature for the region is 16.678C, but has had low
temperatures drop to �98C (Brown 2017). High temper-
atures exceed 328C for more than 100 d each year, with
temperatures routinely exceeding 388C (Brown 2017).
Normal precipitation ranges from 127 to 165 cm across
the state of Mississippi from north to south (Brown 2017).
Our 48.28-km stretch of right-of-way was intersected by
third- to fourth-order streams differentiating upland and
riparian lowland plots. Upland areas had well-drained
soils in elevations, whereas lowland areas were influ-
enced by overbank inundations by streams and drainage
ditches that were typically spanned by bridges or box
culvert structures.

Previous highway right-of-way management consisted
of multiple mowings during the growing season (greater
than four times per season) and selective herbicide
applications such as imazapyr, triclopyr, and glyphosate
Roundupt to control encroaching woody vegetation and
exotic nonnative invasive plant species (e.g., johnson-
grass [Sorghum halepense], kudzu [Pueraria montana],
and cogongrass [Imperata cylindrica]). Before study
initiation, the right-of-way area plant communities were
predominately comprised of nonnative grasses including
Bermuda grass (Cynodon dactylon), tall fescue (Sched-
onorus arundinaceus), bahiagrass (Paspalum notatum),
Vasey’s grass (P. urvillei), foxtail (Setaria spp.), and
johnsongrass. Predominate nonnative legumes along
the right-of-way included Japanese clover (Kummerowia
striata), sericea lespedeza (Lespedeza cuneata), field
clover (Trifolium campestre), crimson clover (T. incarna-
tum), white clover (T. repens), bird vetch (Vicia cracca),
and garden vetch (V. sativa). The landscape adjacent to
the road right-of-way was comprised of agricultural
fields, pastures, fallow fields, forests, and pine plantations
with a mix of hilly and flatland topography.

Methods

We compared plant community characteristics along
right-of-ways and managed with different types of
mowing regimens from 2010 to 2012. Along the highway
right-of-way, 10 (30.48 3 30.48 m) research plots
consisting of five upland and five riparian lowland plots
were randomly selected. Similar to Li et al. (2008), a
randomized complete block design was used by dividing
each of the 10 plots into three equal subplots (10.16 3
30.48 m each). Each subplot was randomly assigned one
of three treatments: 1) annual mowing during November
(treatment 1), 2) annual mowing during November with
supplemental native wildflower seed mixture (treatment
2), and 3) mowing greater than four times annually in
May, July, September, and November (control). In
treatment 2, one mowing during late November was
conducted to reduce vegetation height before seeding.
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The seed mixture was broadcasted onto existing mowed
vegetation using hand-dispersal methodology and a
Scott’st Company easy handheld broadcast seed
spreader. The wildflower seed mixture included black-
eyed susan (Rudbeckia hirta, 1.55 kg/ha), dense blazing
star (Liatris spicata, 7.70 kg/ha), and lanceleaf tickseed
(Coreopsis lanceolata, 7.70 kg/ha; Native American Seed
2017).

A 30.48-m line intercept was used in the middle of
each subplot to measure species richness and percent
coverages of woody and herbaceous plants during
summer to fall (July to September) 2010 and 2011, and
spring (March to early June) 2011 and 2012. Line
intercepts were . 5 m from subplot edges to avoid
potential edge effects, whereas line initiation and end
points were marked using a Garmin E-Trex HCx Vista
global positioning system (GPS) unit. Plants were
identified using two separate parameters: 1) species for
species richness and 2) percent coverage of plants that
were grouped by growth forms and status categories:
native and nonnative forbs, native and nonnative
grasses, native and nonnative legumes, native and
nonnative sedges, native rushes, and native and
nonnative woody plants (i.e., trees, shrubs, and woody
vines; Hays et al. 1981; Buckland et al. 2007). Data were
grouped by season (fall vs. spring) because of expected
vegetation coverage differences within treatment plots
between seasons (e.g., taller plants in fall than in spring,
and certain species emerge during specific times).

We used mixed-effects, repeated-measures analysis of
variance (ANOVA; PROC MIXED) in SAS (SAS Institute Inc.
2011; Ott and Longnecker 2015) to test hypotheses of
differences in total species richness, native species
richness, and nonnative species richness among treat-
ments and between upland and riparian lowland
landscapes. Treatment, elevation, year, and interactions
were classified as fixed effects, and site and site by
elevation were classified as random effects. We desig-
nated year as the repeated measure. We used Akaike’s
information criterion corrected for smaller sample sizes
(AICc) to compare autoregressive, compound-symmetry,
and unstructured covariance structures for each re-
sponse variable under the restricted maximum likelihood
(Gutzwiller and Riffell 2007), and to determine if random
effects were needed in our models. Top model structures
(i.e., best covariance structure and inclusion or exclusion
of random effect) were designated as models with DAICc

� 2 to the next best model (Burnham and Anderson
2002). Fisher’s LSD was used for pairwise comparisons of
significant effects (Meier 2006).

Using an ANOVA with distance matrices (ADONIS) in
program R’s vegan package (Anderson 2001; Ott and
Longnecker 2015), percent coverage of vegetation
categorized by growth form (grass, sedge, legume, forb,
rush, and woody perennial) and native vs. nonnative
status among treatments and between upland and
riparian lowland landscapes were tested. The ANOVA
using distance matrices partitioned sources of variation
while fitting linear models to distance with permutation
tests as pseudo-F ratios (Anderson 2001). The interac-
tions of treatment, elevation, and year (fixed effects) and

random effects of sites and site by elevation with 999
permutations and Euclidean distances were investigated
(Oksanen 2012; R Core Team 2012; Oksanen 2015). When
a significant interaction or simple effect occurred, the
Wilcoxon signed-rank test for pairwise comparisons was
used with sites as a blocking variable to determine how
growth form coverages differed with native or nonnative
status. We then applied a Wilcoxon signed-rank test to
compare greater than two groups because of significant
effects within the two levels (McDonald 2009). Level of
significance for all tests was a � 0.05 (Ott and
Longnecker 2015).

Results

We recorded 277 plant species, of which 79.1% were
native and 20.9% nonnative. Native species counts by
category were as follows: forbs 111, grasses 21, legumes
four, rushes eight, sedges 15, shrubs seven, trees 24, and
vines 21. Nonnative species counts included 23 forbs, 18
grasses, 12 legumes, one sedge, three vines, and nine
unidentified species. The greatest plant species richness
was recorded in the lowland plots, with . 106 species,
with an average of 82.3 species (SE 6 5.0) recorded
among all lowland plots. Differences were detected in
species richness among years, seasons, and elevations
during fall. Total and native species richness of plants
differed significantly between years (F1,96 . 13.43, P �
0.001) and elevation (F1,96 . 59.31, P � 0.001) during fall
(Table 1). Nonnative species richness differed significant-
ly among years (F1,96 ¼ 25.84, P � 0.001) and elevations
(F1,96 ¼ 10.31, P � 0.01), respectively, in fall (Table 1).
Total species richness of native and nonnative plants
differed significantly among years and elevations,
whereas species richness did not differ significantly
between treatments (F2,96 , 0.59, P . 0.56) during fall
(Table 1).

Significant differences were detected in spring species
richness in upland vs. lowland elevations. Total, native,
and nonnative species richness differed significantly
between elevations (F1,96 . 5.64, P , 0.02; Table 1). In
addition, nonnative species richness differed significantly
among years (F1,96 ¼ 10.04, P � 0.01; Table 1). Species
richness of total, native, and nonnative plants did not
differ significantly between treatments (F2,96 , 0.87, P .
0.42) or years (F1,96 , 1.68, P . 0.20) during spring (Table
1). Species richness of total, native, and nonnative plants
differed significantly among upland and lowland eleva-
tions, seasons, and years. Although nonnative agronomic
grasses comprised , 5% of the total species detected,
they dominated vegetation coverage in all treatments
(mowed [mean¼ 57.70%, SE 6 3.14%], reduced-mowed
[mean ¼ 60.87%, SE 6 2.87%], reduced-mowed seeded
[mean ¼ 58.32%, SE 6 2.84%]; Figure 1). Treatment
effects were not statistically significant for any response
variables for plant species richness in fall or spring.

On all study plots, coverage of nonnative grasses
averaged 88.6% (SE 6 3.0%) followed by nonnative
legumes with an average of 31.9% (SE 6 3.5%). Native
and nonnative forbs averaged . 22% coverage collec-
tively, whereas other herbaceous plants averaged , 2%
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coverage. Woody plants, including vines, trees, and
shrubs, comprised , 8% coverage throughout the study.
Percent coverage was . 100% because of species
overlap along each line transect. In the reduced
mowed-seeded subplots, mean percent coverage of
native forbs increased from 1.5% to 4.2% (P , 0.01)
during the study, and there was a slight increase in
percent coverage of nonnative forbs from 1.8% to 2.2%
(P . 0.1). In reduced mowed-seeded plot treatments,
mean percent coverage of nonnative grasses exhibited a
decrease from 39.5% to 25.2% (P , 0.001), whereas
native grass coverage increased from 1.1% to 5.3% (P ,
0.01) during the study. Percent coverage of native forbs
tripled, whereas the native grasses increased fivefold
from fall 2010 to spring 2012 seasons because of the
reduced mowing regimens.

The vegetation coverage by growth form differed
significantly between upland and lowland sites in fall
(F1,59 ¼ 17.91, P � 0.001) and spring (F1,59 ¼ 24.12, P �
0.001). In fall, coverages of native forbs (z ¼ 4.81, P �
0.001), native grasses (z ¼ 3.51, P � 0.001), native
legumes (z¼3.37, P � 0.001), and native rushes (z¼4.54,
P � 0.001) were greatest in lowland sites (Table 2). In
spring, coverages of native forbs (z ¼ 3.03, P � 0.01),
native legumes (z¼ 2.62, P � 0.01), nonnative legumes (z
¼ 3.82, P � 0.001), native rushes (z¼ 5.00, P � 0.001), and
native sedges (z ¼ 4.15, P � 0.001) were greatest in
lowland sites (Table 2). Total percent coverage of native
and nonnative plants by growth forms did not differ
significantly among treatments (F2,96 ¼ 0.45, P ¼ 0.83),
but differed between uplands and lowlands (F1,96 ¼
18.22, P � 0.001), between years (F1,96 ¼ 14.54, P �
0.001), and between fall and spring (F1,96 ¼ 16.25, P �
0.001; Table 3). In addition, we detected interactions
between years and seasons (F1,96¼ 24.08, P � 0.001) and
seasons and elevations (F1,96¼ 5.00, P � 0.001; Table 3).

All species richness variables differed between upland
and lowland elevations during fall and spring, with
greatest species richness in lowland sites. The two
subplots with reduced mowing treatments exhibited an
increase of native prairie grasses such as broomsedge
(Andropogon virginicus), panic grasses (Dichanthelium
and Panicum spp.), and little bluestem (Schizachyrium
scoparium). In addition, native wildflowers such as tall
ironweed (Vernonia gigantea), partridge pea (Chamae-
crista fasciculata), purple passionflower vine (Passiflora
incarnata), asters (Aster spp. and Symphyotrichum spp.),
fleabanes (Erigeron spp.), goldenrods (Solidago spp.,
Euthamia spp., and Oligoneuron spp.), and swamp
sunflower (Helianthus angustifolius) had an increased
percent coverage within the reduced mowing treat-
ments.

Discussion

Our research demonstrates that reduced mowing
increased native grasses and wildflower species along
roadsides with a reduced mowing regimen. Native
species detected in this study increased by three- to
fivefold after just 1 y of late-fall-only mowing, suggesting
that later-season mowing allowed adequate time for
native plants to complete flowering and seed maturation
along with fewer disturbances of mowing (Hurst 1972;
Anderson 1996; Yarrow and Yarrow 1999; Dickson and
Wigley 2001; Arner and Jones 2009). In addition, less
frequent mowing may result in lower competition from
nonnative agronomic grasses. Reduced competition
from nonnative grasses may increase access of native
plants to sunlight, moisture, nutrients, and space.

Along with creating more aesthetic roadsides and
enhancing native plant diversity, the less frequent
mowing of highway right-of-ways could result in

Table 1. Test statistics for comparisons of total, nonnative, and native species richness along the Highway 25 right-of-way in
Oktibbeha and Winston counties, Mississippi, during fall 2010 through spring 2012.

Source df

Total native/nonnative species richness Nonnative species richness Native species richness

F-value Pr . F F-value Pr . F F-value Pr . F

Fall seasons 2010–2011 species richness

Yeara 1 24.61 0.001* 25.84 0.001* 13.43 0.001*

TRTb 2 0.59 0.560 0.57 0.570 0.43 0.652

Elevationc 1 61.40 0.001* 10.31 0.002* 59.31 0.001*

Year 3 TRT 2 0.13 0.877 0.22 0.804 0.34 0.710

Year 3 elevation 1 0.26 0.612 2.17 0.148 1.37 0.248

Elevation 3 TRT 2 0.06 0.942 0.58 0.565 0.20 0.816

Year 3 elevation 3 TRT 2 0.21 0.813 0.41 0.668 0.08 0.926

Spring seasons 2011–2012 species richness

Yeara 1 0.02 0.894 10.04 0.003* 1.68 0.201

TRTb 2 0.26 0.776 0.87 0.424 0.20 0.819

Elevationc 1 48.41 0.001* 5.64 0.022* 44.17 0.001*

Year 3 TRT 2 0.01 0.987 0.41 0.668 0.01 0.989

Year 3 elevation 1 0.16 0.691 0.12 0.736 0.31 0.581

Elevation 3 TRT 2 0.83 0.441 0.36 0.703 0.73 0.486

Year 3 elevation 3 TRT 2 0.10 0.904 0.30 0.744 0.02 0.976

* Denotes significant differences at alpha level ¼ 0.05.
a Over the 2-y study period 2010–2012.
b TRT¼ treatments—mowed, reduced mowed, reduced mowed–seeded.
c Upland vs. lowland elevations.
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Figure 1. Mean percent coverage with standard error bars of nonnative agronomic grasses and the remaining native and nonnative
plant species coverages among mowed (M), reduced mowed (RM), and reduced mowed–seeded (RMS) treatments in lowland and
upland elevations along the Highway 25 right-of-way in Oktibbeha and Winston counties, Mississippi, measured using line transect
intercepts during fall 2010 through spring 2012.

Table 2. Percent coverage of vegetation growth form categories using pairwise comparisons with means and standard errors (SE)
among upland and lowland elevations along Highway 25 right-of-way in Oktibbeha and Winston counties, Mississippi, during fall
(2010–2011) and spring seasons (2011–2012).

Vegetation growth forms

Fall season 2010–2011 Spring season 2011–2012

Upland Lowland Upland Lowland

Mean SE Mean SE Mean SE Mean SE

Native forb* 7.80 1.53 49.64 7.94 20.10 2.72 47.45 7.21

Nonnative forb 2.54 0.54 2.22 0.46 3.83 0.96 8.07 1.52

Native grass* 1.84 0.47 4.93 0.94 2.08 0.75 5.87 1.27

Nonnative grass 134.51 8.77 115.60 9.01 159.13 9.81 127.51 7.42

Native legume* 0.02 0.02 5.62 2.57 0.00 0.00 4.12 1.94

Nonnative legume* 6.79 2.87 7.16 4.17 84.02 7.43 42.31 5.25

Native rush* 0.03 0.03 3.11 1.06 0.21 0.09 10.68 2.58

Native sedge* 0.33 0.11 0.89 0.25 1.51 0.47 7.17 1.30

Nonnative sedge 0.21 0.17 0.91 0.36 0.00 0.00 0.00 0.00

Native shrub 0.52 0.40 0.34 0.11 0.19 0.13 0.66 0.29

Native tree 0.69 0.23 1.88 0.48 1.30 0.39 5.13 1.70

Native vine 12.02 4.09 2.49 0.76 5.92 1.48 5.02 1.42

Nonnative vine 2.10 1.03 0.92 0.48 2.39 1.03 1.02 0.37

* Denotes statistical significant differences between upland and lowland elevations at alpha level P � 0.05.
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monetary savings to taxpayers without compromising
visibility along right-of-ways (Entsminger 2011; Humber
and Entsminger 2011; Guyton et al. 2014). Our findings
indicate that mowing could be reduced in frequency,
which reduces current expenditures for vegetation
management on highway right-of-ways.

Our results suggest that low-frequency mowing did
not affect the predominant vegetation composition
along roadside right-of-ways in Mississippi. Site elevation
(upland vs. lowland) was the only parameter with
noticeable effects on vegetation coverage and species
richness. Greater percent vegetation coverage and
species richness within lowland sites may have been
caused by greater moisture availability, quality of alluvial
substrates, and deposition of vegetative propagules
from flooding events (Bush and Van Auken 1989). More
plant community diversity can be related to site
productivity, and this effect may be related to nutrient
loading from seasonal floods and increased water
saturation during rainfalls (Greenfield et al. 2005; Huijser
and Clevenger 2006).

Throughout our study, nonnative grasses dominated
sites with . 70% ground coverage on most plots.
Nonnative grasses exceeded coverage of native forbs
and grasses by greater than three to five times in
reduced mowing treatments. Modifications of mowing
regimens during a 10-y study period along Wisconsin
highways resulted in an increased percent coverage of
native grasses with . 50% native grasses, with . 20%
native forbs, and , 40% nonnative grass coverage
(Harrington 1995). Our findings were similar to others
studies in terms of percent coverages of native grasses,
forbs, and woody plants, except we detected a
continued dominance of nonnative agronomic grasses
during the 2 y. Barras et al. (2000) observed greater
coverage of nonnative grasses (81% vs. 68%) in mowed
sites compared with unmowed sites, and an increase of

native forbs (16% vs. 25%), native grasses (1% vs. 5%),
and native woody plants (1% vs. 4%) in unmowed sites.
Percent coverage of nonnative forbs and grasses were
similar in the frequently mowed treatment across years;
however, percent coverage of nonnative species de-
creased in the reduced mowed treatments in lowland
study sites over time. On the basis of our findings and
those of previous studies, we suggest that reduction of
mowing frequency can increase native plant species
richness and enhance roadside aesthetics without loss of
grass coverage and subsequent compromise of erosion
control from these grasses (Forman and Alexander 1998;
Markwardt 2005; Transportation Research Board 2005).

Another concern with reduced frequency of vegeta-
tion management along road right-of-ways is mainte-
nance of good visibility for motorists (Johnson 2000; Hill
and Horner 2005; Transportation Research Board and
National Research Council 2005; Harper 2008; Willard et
al. 2010; Entsminger 2014; Guyton et al. 2014). Visibility
for motorists may be especially important along right-of-
ways transecting areas with dense populations of large
mammals, such as white-tailed deer (Dixon et al. 1984;
Cackowski and Nasar 2003; McKee and Cochran 2012).
Mowing without herbicide application can lead to
greater densities of woody plants, which may grow to
heights that impede visibility, in part because of the
tendency of some tree and shrub species to resprout
after mowing or prescribed burning (Arner 1959, 1979;
Gruchy et al. 2006; Brown and Sawyer 2012). Greater
abundance of woody plants and greater plant heights
are both features that can impede visibility of motorists
along highway and road right-of-ways (Hamrick et al.
2007; Yager et al. 2011). We observed that mowing once
during fall was adequate to maintain good visibility
along highway right-of-ways, especially in areas where
right-of-ways are . 100 m wide. The height measure-
ments of plants from our study ranged from 0.3 cm to 2.4

Table 3. Test statistics for comparisons of percent coverage within vegetation growth forms along the Highway 25 right-of-way in
Oktibbeha and Winston counties, Mississippi, during fall 2010 through spring 2012.

df Sums of squares Mean squares F Model R2 Pr (. F)

Year 1 57,292 57,292 14.54 0.08 0.001*

Season 1 64,045 64,045 16.25 0.09 0.001*

TRT 2 3,537 1,768 0.45 0.01 0.828

Elevation 1 71,786 71,786 18.22 0.10 0.001*

Year 3 season 1 94,883 94,883 24.08 0.13 0.001*

Year 3 TRT 2 950 475 0.12 0.01 0.997

Season 3 TRT 2 2,098 1,049 0.27 0.01 0.938

Year 3 elevation 1 4,486 4,486 1.14 0.01 0.266

Season 3 elevation 1 19,718 19,718 5.00 0.03 0.001*

TRT 3 elevation 2 6,214 3,107 0.79 0.01 0.481

Year 3 season 3 TRT 2 1,014 507 0.13 0.01 0.997

Year 3 season 3 elevation 1 5,867 5,867 1.49 0.01 0.165

Year 3 TRT 3 elevation 2 769 384 0.10 0.01 1.000

Season 3 TRT 3 elevation 2 2,171 1,085 0.28 0.01 0.934

Year 3 season 3 TRT 3 elevation 2 2,851 1,425 0.36 0.01 0.893

Residuals 96 378,311 3,941 0.53

Total 119 715,990 1

Summary metrics include univariate ADONIS output testing sums of squares, mean squares, F-value statistics model, R2 values, and P-values

significant at alpha¼ 0.05.

* Denotes significant differences at alpha level¼ 0.05.
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m, with an average plant height of 1.0 m from frequently
mowed areas as compared with an average height of 1.0
m in areas mowed once. Furthermore, most woody
plants that we detected during our study were vine
species, such as blackberries (Rubus spp.), Japanese
honeysuckle (Lonicera japonica), greenbriers (Smilax
spp.), purple passionflower vine (Passiflora incarnata),
trumpet creeper (Campsis radicans), poison ivy (Toxico-
dendron radicans), and grapevines (Vitis spp.), that were
procumbent in growth form because of the absence of
vertical structures (Miller and Miller 1999; Miller et al.
2015).

Reduced mowing frequencies could enhance condi-
tions for developing existing communities of native
forbs, legumes, grasses, sedges, rushes, and ground-
creeping woody vines. Observed species richness in this
study was comparable with Schuster and McDaniel
(1973) and Leidolf and McDaniel (1998), who each
observed . 150 native plant species in prairie environ-
ments near right-of-ways in Alabama and Mississippi.

In addition to a reduced mowing regimen, other
factors may have influenced our findings related to
species richness of native plants. These factors include
below-normal annual precipitation during 2010 and
2011, possible herbivory, and an inadequate site
preparation in seeded plots before planting and
reseeding in fall seasons (Howard 1950; Chase et al.
2000; Young and Claassen 2007).

Modifications in mowing regimens can allow native
plants to become established (Entsminger et al., in press).
A single mowing conducted during late fall can provide
adequate time for plant maturation, root development,
and seed production (Arner and Jones 2009). Production
of flowers and seeds without loss from frequent
mowings could enhance the seed bank and provide
more plant foods for game and nongame wildlife,
including insect pollinators (Jones et al. 2007; Hopwood
et al. 2016). This approach could be more cost effective
than seeding of wildflowers along right-of-ways because
of costs of site preparation, site management, and seeds
and propagules. In our study plots, supplemental
seeding of native plants combined with reduced mowing
did not provide the cover and diversity of plants in which
we anticipated them; however, proper site preparation to
increase seed catchment and limit competition might
have improved native plant coverage in our seeded plots
(Arner 1959; Arner et al. 1976; Chase et al. 2000;
Svedarsky et al. 2002; Jones et al. 2007). Others have
reported low establishment rates (, 10% success rates)
for native plants seeded into existing nonnative grass
coverage (Burke and Grime 1996). Furthermore, most
perennial grasses and forbs need cold-weather scarifica-
tion and at least 2 y for maximum germination and
establishment (Dana et al. 1996; Jones et al. 2007;
Tallamy 2009). Other factors that can impede establish-
ment rates of seeded native plants include depredation
by rodents and birds (Howard 1950; Anderson 1996).

Management implementations
Specific proactive management implementation tech-

niques can include native plantings, selective herbicide

use to decrease nonnative grasses, continual mowing
from roadside edge to 10 m, and only one mowing in late
fall, but with an extension of the boundary to reach
beyond 10 m from the roadside edge to suppress the
invasion of woody plants, which could lower long-term
maintenance costs. These roadside right-of-way manage-
ment techniques are very effective in reducing mainte-
nance costs and promoting and enhancing native species
of conservation concerns (Russell et al. 2005; Hopwood
2010; Entsminger 2014; Hopwood et al. 2016). One
mowing per year retained agronomic plant coverage for
erosion control but did not significantly increase native
plant species richness. Reduced mowing combined with
native plant seeding could enhance roadside beauty
through establishment of native plant communities
without decreasing roadside visibility (Anderson 1996;
Barras et al. 2000; Kutschbach-Brohl et al. 2010; En-
tsminger 2014; Entsminger et al., in press). Roadside right-
of-ways can provide areas where native plants can
colonize and survive, serve as population sources for
native plant species, and increase habitat quality for native
fauna including pollinating insects, small mammals, and
birds (Svedarsky et al. 2002; Jones et al. 2007; Tallamy
2009; Andrews et al. 2015). Seeding of native forbs and
grasses may not require reseeding because the native
plants will naturally colonize as long as the nonnative
grasses are controlled with selective herbicides. Other
research findings suggest that roadside right-of-way
management techniques such as what we have described
are highly successful (Russell et al. 2005; Hopwood 2010;
Entsminger 2014; Hopwood et al. 2016). Future manage-
ment efforts can consider the reduced mowing regimen
as appropriate management strategies for right-of-ways
with other maintenance methods for native plant
establishment and retention such as fertilization, selective
herbicide and chemical use on nonnatives, prescribed fire,
disking, and various seeding techniques.
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Data A1. Raw data from over 276 plant species that
were collected along a 48.28-km stretch of roadside
right-of-ways in northeastern Mississippi from 2010 to
2012. The data are categorized by years (2010, 2011, and
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2012), seasons (fall, spring), elevation (upland, lowland),
site location number (1, 2, 3, 4, and 5), and by TRT
(treatment; mow, no-mow, and seed). These categories
are summarized with NativeSR (native species richness),
NonNativeSR (nonnative species richness), UnknownSR
(unknown genus), and Total SR (total species richness
count). Found at http://dx.doi.org/10.5061/dryad.960dh/
22 (14 KB XLSX).

Data A2. Raw data from over 276 vegetation percent
coverages by individual species that were collected
along a 48.28-km stretch of roadside right-of-ways in
northeastern Mississippi from 2010 to 2012. The data are
categorized by elevation (upland, lowland), TRT (treat-
ment; M ¼mow, NM ¼ no-mow, and S ¼ seed), season/
year (fall10¼ fall 2010, SP11¼ spring 2011. . .), status (N¼
native, NN¼ nonnative, Un¼ unknown status), VegType
(vegetation type ¼ forb, grass, legume. . .), height of
vegetation (, 18 in. tall, 18–36-in. height category, . 36-
in. height category), and actual scientific name of each
species detected. Found at http://dx.doi.org/10.5061/
dryad.960dh/20 (2.48 MB XLSX).

Data A3. Raw data from over 276 vegetation percent
coverage within each status and height category that
were collected along a 48.28-km stretch of roadside right-
of-ways in northeastern Mississippi from 2010 to 2012.
The data are categorized by a unique identification field
with elevation (Low¼ lowland, Up¼ upland), site location
number (1, 2, 3, 4, and 5), treatments (Mow ¼ mowing,
NMow ¼ no-mowing, and Seed ¼ no mowing with
seeding), and season/year (F10 ¼ fall2010, Sp11 ¼ spring
2011. . .). The status (N ¼ native, NN ¼ nonnative, Un ¼
unknown status), vegetation type (forb, grass, legume. . .),
and the height of vegetation (, 18 in. tall, 18–36-in.
height category, . 36-in. height category) are displayed
for an overall value of percent coverage. Found at http://
dx.doi.org/10.5061/dryad.960dh/21 (32 KB XLSX).

Reference A1. California Department of Transporta-
tion. 2016. Project development procedures manual:
chapter 29 – landscape architecture: section 2 highway
planting, wildflower planting. California Department of
Transportation, CalTrans. (Editor Gary Birch). Sacramento,
California: Division of Design, Chief Office of Standards
and Procedures. Pages 29-12 to 29-39. Found at http://
dx.doi.org/10.5061/dryad.960dh/1 (697 KB PDF); also
available at http://www.dot.ca.gov/hq/oppd/pdpm/
chap_pdf/chapt29.pdf (698 KB PDF).

Reference A2. Dana MN, Kemery RD, Boszor BS. 1996.
Wildflowers for Indiana highways. West Lafayette,
Indiana: Joint Transportation Research Program, Paper
227. Report No. FHWA/IN/JHRP-96/1. Purdue Libraries,
Purdue e-Pubs Civil Engineering, 1–162. Found at http://
dx.doi.org/10.5061/dryad.960dh/2 (5927 KB PDF); also
available at http://docs.lib.purdue.edu/cgi/viewcontent.
cgi?article¼1698&context¼jtrp (5.78 MB PDF).

Reference A3. Greenfield KC, Burger LW Jr, Golden L,
Graham P. 2005. Light disking to enhance early

successional wildlife habitat in grasslands and old fields:
wildlife benefits and erosion potential. USDA Natural
Resources and Conservation Service, Technical Note No.
190–32. Found at http://dx.doi.org/10.5061/dryad.
960dh/3 (2612 KB PDF); also available at http://www.
fwrc.msstate.edu/pubs/nrcs.pdf (2.55 MB PDF).

Reference A4. Guyton JW, Jones JC, Entsminger ED.
2014. Alternative mowing regimes’ influence on native
plants and deer. SS228 Final Project Report, Report No.
FHWA/MDOT–RD–14–228. Jackson, Mississippi, Mississip-
pi Department of Transportaton. Found at http://dx.doi.
org/10.5061/dryad.960dh/4; (2296 KB PDF); also available
at http://trid.trb.org/view.aspx?id¼1340960 (2.24 MB
PDF).

Reference A5. Hamrick R, Burger LW Jr, Jones JC,
Strickland BK. 2007. Native warm-season grass restora-
tion in Mississippi. Mississippi State University Extension
Service Publication 2435:1–12. Mississippi State, Missis-
sippi: Mississippi State University. Found at http://dx.doi.
org/10.5061/dryad.960dh/5 (1482 KB PDF); also available
a t h t t p s : / / w w w . m d w f p . c o m / m e d i a / 7 8 9 0 /
nativewarmseason.pdf?iframe (1.44 MB PDF).

Reference A6. Hays RL, Summers C, Seitz W. 1981.
Estimating wildlife habitat variables. Washington, D.C.:
Office of Biological Services, FWS/OBS-81/47, U.S. De-
partment of Interior, Fish and Wildlife Service. Found at
http://dx.doi.org/10.5061/dryad.960dh/6 (1347 KB PDF);
also available at http://tidalmarshmonitoring.org/pdf/
Hays1981_EstimatingWildlifeHabitatVariables.pdf (1.31
MB PDF).

Reference A7. Hill K, Horner R. 2005. Assessment of
alternatives in roadside vegetation management. Wash-
ington State Transportation Commission. Seattle, Wash-
ington: Final Research Report Agreement T2695, Task 67:
Roadside Vegetation. Found at http://dx.doi.org/10.
5061/dryad.960dh/7 (632 KB PDF); also available at
http://www.wsdot.wa.gov/nr/rdonlyres/0cb59701-542e-
4df2-b8c8-1aca3cb72172/0/finaluwreport.pdf (633 KB
PDF).

Reference A8. Hopwood J, Black S, Fleury S. 2016.
Pollinators and roadsides: best management practices for
managers and decision makers. U.S. Department of
Transportation and the Federal Highway Administration
(FHWA), Report No. FHWA-HEP-16-020. Found at http://
dx.doi.org/10.5061/dryad.960dh/8 (5904 KB PDF); also
available at https://www.environment.fhwa.dot.gov/
ecosystems/Pollinators_Roadsides/BMPs_pollinators_
roadsides.asp (5.76 MB PDF).

Reference A9. Humber J, Entsminger ED. 2011.
Promoting native plant life along Mississippi’s highways.
The Mississippi Department of Transportation Magazine
Connection, pg. 9. Jackson, Mississippi: Mississippi
Department of Transportation. Found at http://dx.doi.
org/10.5061/dryad.960dh/9 (3698 KB PDF); also available
at https://www.researchgate.net/profile/Edward_

Journal of Fish and Wildlife Management | www.fwspubs.org June 2017 | Volume 8 | Issue 1 | 133

Reduced Mowing Frequency along Right-of-Ways in Mississippi E.D. Entsminger et al.



Entsminger/publication/285235886_Promoting_
Native_Plant_Life_along_Mississippi%27s_Highways/
l i n k s / 5 6 5 c c 6 5 a 0 8 a e 4 9 8 8 a 7 b b 8 3 8 a . p d f ? o r i g i n¼
publ ication_detai l&ev¼pub_int_prw_xdl&msrp¼
PIUn0gHeToDnFkJXIqzBIpTvpeQetR_kj1gs5Atq55HRnXVMx
T q N p f S K D e x z X Z e z 2 v D 5 1 r x W r r m r o Z 7 Y H b y z F Q .
Y 1 F u Q Y 6 Y k 0 A J c j 3 E 7 s O y R i s l B V t U I U Y 8 h S 7 - f X 0 -
IXeiXYGYZA5og09vXAiAKLiTJX_Qm32iM3VrW-sOfhvc1g.
vvpKeL7EUOrCcZxBiIX-MVxFQcYWi2lWkg0_gbPuu3qPfd-_
smddUaGUI7uCWjkdH1t2RWRbWWkMrywWWFPzdQ
(3.61 MB PDF).

Reference A10. Jacobson SL. 2005. Mitigation mea-
sures for highway-caused impacts to birds. Pages 1043–
1050 in Ralph CJ, Rich TD, editors. Bird conservation
implementation and integration in the Americas: pro-
ceedings of the third international partners in flight
conference, 20–24 March 2002. Albany, California: Depart-
ment of Agriculture, U. S. Forest Service, Pacific Southwest
Research Station. U.S. Forest Service General Technical
Report PSW-GTR-191 Volume 2. Found at http://dx.doi.
org/10.5061/dryad.960dh/10 (182 KB PDF); also available
at https://www.fws.gov/migratorybirds/pdf/management/
jacobsen2005highwaymeasures.pdf (183 KB PDF).

Reference A11. Johnson AM. 2000. Best practices
handbook on roadside vegetation management. Univer-
sity of Minnesota, Minneapolis: Minnesota Technology
Transfer. Minnesota Technology Transfer (T2)/LTAP
Program, Center for Transportation Studies Report
Number: Mn/DOT 2000-19. Found at http://dx.doi.org/
10.5061/dryad.960dh/11 (2525 KB PDF); also available at
http://www.lrrb.org/PDF/200019.pdf (2.46 MB PDF).

Reference A12. Li MH, Schutt JR, McFalls J, Bardenha-
gen EK, Yong Sung C, Wheelock L. 2008. Successional
establishment, mowing response, and erosion control
characteristics of roadside vegetation in Texas. Austin,
Texas: Texas Department of Transportation Research and
Technology Implementation Office. Technical Report:
FHWA/TX-08/0-4949-1. Found at http://dx.doi.org/10.
5061/dryad.960dh/12 (1585 KB PDF); also available at
http://d2dtl5nnlpfr0r.cloudfront.net/tti.tamu.edu/
documents/0-4949-1.pdf (1.54 MB PDF).

Reference A13. Louisiana Department of Transporta-
tion and Development. 2000. Policy for roadside
vegetation management. Louisiana Register: 1–60.
Found at http://dx.doi.org/10.5061/dryad.960dh/13
(1359 KB PDF); also available at http://wwwsp.dotd.
l a . g o v / I n s i d e _ L a D O T D / D i v i s i o n s / E n g i n e e r i n g /
Misc%20Documents/Policy%20For%20Roadside%
20Vegetation%20Management.pdf (1.32 MB PDF).

Reference A14. Miller JH, Manning ST, Enloe SF. 2015.
A management guide for invasive plants in southern
forests. Asheville, North Carolina: U.S. Department of
Agriculture Forest Service, Southern Research Station.
U.S. Forest Service General Technical Report GTR–SRS–
131. Found at ISBN: 9780160936326 and http://dx.doi.
org/10.5061/dryad.960dh/14 (5360 KB PDF); also avail-

able at http://www.srs.fs.fed.us/pubs/gtr/gtr_srs131.pdf
(5.23 MB PDF).

Reference A15. Svedarsky WD, Kuchenreuther MA,
Cuomo GJ, Buesseler P, Moechnig H, Singh A. 2002. A
landowner’s guide to prairie management in Minnesota.
Crookston, Minnesota: University of Minnesota, North-
west Research and Outreach Center, Natural Resources
Conservation Service, and the Minnesota Department of
Natural Resources. Found at http://dx.doi.org/10.5061/
dryad.960dh/15 (2551 KB PDF); also available at https://
www.crk.umn.edu/sites/crk.umn.edu/files/landowners-
guide-to-prairie-management-in-minnesota-svedarsky.
pdf (2.49 MB PDF).

Reference A16. Transportation Research Board. 2005.
Integrated roadside vegetation management: a synthesis
of highway practice. Washington, D.C.: National Cooper-
ative Highway Research Program. Found at http://dx.doi.
org/10.5061/dryad.960dh/16 (1452 KB PDF); also avail-
able at http://www.trb.org/Publications/Blurbs/155791.
aspx (1.41 MB PDF).

Reference A17. Transportation Research Board, Na-
tional Research Council. 2005. Assessing and managing
the ecological impacts of paved roads. Washington, D.C.:
The National Academies Press. Found at http://dx.doi.
org/10.5061/dryad.960dh/17 (2498 KB PDF); also avail-
able at https://www.nap.edu/catalog/11535/assessing-
and-managing-the-ecological-impacts-of-paved-roads
(2.43 MB PDF).

Reference A18. Willard R, Morin J, Tang O. 2010.
Assessment of alternatives in vegetation management at
the edge of pavement. Olympia, Washington: Washing-
ton State Department of Transportation. Washington
State Department of Transportation, Pavement Edge
Vegetation Management, Final Report: WA-RD 736.1.
Found at Found at http://dx.doi.org/10.5061/dryad.
960dh/18 (5277 KB PDF); also available at http://www.
wsdot.wa.gov/research/reports/fullreports/736.1.pdf
(5.15 MB PDF).

Reference A19. Young S, Claassen V. 2007. Evaluating
alternative methods for vegetation control and mainte-
nance along roadsides: study II. Sacramento, California:
California Department of Transportation/University of
California Davis. Research Technical Agreement
#65A0137. Found at http://dx.doi.org/10.5061/dryad.
960dh/19 (3145 KB PDF); also available at http://www.
dot.ca.gov/hq/LandArch/16_la_design/research/docs/
Veg_Conversion_Final_Report.pdf (3.07 MB PDF).

Acknowledgments

We thank Mississippi State University (MSU) and the
Mississippi Department of Transportation (MDOT) for
funding this project. Thanks to the visionary input and
support of D. Thompson and C. Smith of MDOT. The
College of Forest Resources, Forest and Wildlife Research
Center at MSU, county mowing personnel, wildlife

Journal of Fish and Wildlife Management | www.fwspubs.org June 2017 | Volume 8 | Issue 1 | 134

Reduced Mowing Frequency along Right-of-Ways in Mississippi E.D. Entsminger et al.



technicians, graduate and undergraduate students, and
especially R. B. Iglay for his help with long hours of
statistical analysis. E.D.E. gives glory to God, Jesus his
Lord and Savior, and the Holy Spirit who kept him going
in the easy and difficult times of life. Finally, we also
thank all of the anonymous reviewers and the Associate
Editor who provided comments and editorial assistance
that improved an earlier version of this manuscript.

Any use of trade, firm, or product names is for
descriptive purposes only and does not imply endorse-
ment by the U.S. Government.

References

Aldrich J. 2002. Factors and benefits in the establishment
of modest-sized wildflower plantings: a review. Native
Plants Journal 3:67–86.

Ament R, Clevenger AP, Yu O, Hardy A. 2008. An
assessment of road impacts on wildlife populations
in U.S. National Parks. Environmental Management
42:480–496.

Anderson LD. 1996. Guidelines for roadside revegetation
to create wildlife habitat in northern Utah. Master’s
thesis. Logan, Utah: Utah State University. Available:
http://digitalcommons.usu.edu/cgi/viewcontent.cgi?
article¼4457&context¼etd (March 2017).

Anderson MJ. 2001. A new method for non-parametric
multivariate analysis of variance. Austral Ecology
26:32–46.

Andrews KM, Nanjappa P, Riley SPD. 2015. Roads and
ecological infrastructure: concepts and applications
for small animals. Baltimore, Maryland: Johns Hopkins
University Press. Available: https://jhupbooks.press.
jhu.edu/content/roads-and-ecological-infrastructure
(March 2017).

Arner DH. 1959. Experimental burning, fertilizing, and
seeding on utility line rights-of-way. Doctoral disser-
tation. Auburn, Alabama: Alabama Polytechnic Insti-
tute (Auburn University). Available: http://catalog.lib.
auburn.edu/vufind/Record/935755 (March 2017).

Arner DH. 1979. The use of fire in right-of-way
maintenance. Journal of Arboriculture 5:93–96.

Arner DH, Cliburn LE, Thomas DR, Manner JD. 1976. The
use of fire, fertilizer and seed for rights-of-way
maintenance in the Southeastern United States. Pages
155–165 in Tillman R, editor. Proceedings of the first
national symposium on environmental concerns in
rights-of-way management, January 6–8, 1976. Mis-
sissippi State, Mississippi: Mississippi State University.

Arner DH, Jones JC. 2009. Wildlife habitat management
for special use areas. Mississippi State, Mississippi:
Mississippi State University, Forest and Wildlife Re-
search Center, and Mississippi Department of Wildlife,
Fisheries, and Parks. Available: http://www.worldcat.
org/title/wildlife-habitat-management-for-special-use-
areas/oclc/703866294 (March 2017).

Barras SC, Dolbeer RA, Chipman RB, Bernhardt GE,
Carrara MS. 2000. Bird and small mammal use of

mowed and unmowed vegetation at John F. Kennedy
International Airport, 1998–1999. Pages 31–36 in
Salmon TP, Crabb AC, editors. Proceedings of the
nineteenth vertebrate pest conference, March 6-9,
2000. San Diego, California: University of California.
Available: https://www.aphis.usda.gov/wildlife_
damage/nwrc/publications/00pubs/00-5.PDF (March
2017).

Brown M. 2017. Office of the Mississippi State Climatol-
ogist, Mississippi Climate. Mississippi State University
Department of Geosciences, Mississippi State, Missis-
sippi. Available: http://www.geosciences.msstate.edu/
state-climatologist/climate/ (March 2017).

Brown RN, Sawyer CD. 2012. Plant species diversity of
highway roadsides in southern New England. North-
eastern Naturalist 19:25–42.

Buckland ST, Borchers DL, Johnston A, Henrys PA,
Marques TA. 2007. Line transect methods for plant
surveys. Biometrics 63:989–998.

Bugg RL, Brown CS, Anderson JH. 1997. Restoring native
perennial grasses to rural roadsides in Sacramento
Valley of California: establishment and evaluation.
Restoration Ecology 5:214–228.

Burke MJW, Grime JP. 1996. An experimental study of
plant community invasibility. Ecology 77:776–790.

Burnham KP, Anderson DR. 2002. Model selection and
multimodel inference: a practical information-theoret-
ic approach. 2nd edition. New York: Springer-Verlag.
Available: http://ecologia.ib.usp.br/bie5782/lib/exe/
fetch.php?media¼bie5782:pdfs:burnham_anderson2002.
pdf (March 2017).

Bush JK, Van Auken OW. 1989. Soil resource levels and
competition between a woody and herbaceous
species. Bulletin of the Torrey Botanical Club 116:22–
30.

Cackowski JM, Nasar JL. 2003. The restorative effects of
roadside vegetation: implications for automobile
driver anger and frustration. Environment and Behav-
ior 35:736–751.

California Department of Transportation. 2016. Project
development procedures manual: chapter 29 –
landscape architecture: section 2 highway planting,
wildflower planting. California Department of Trans-
portation, CalTrans. (Editor Gary Birch). Sacramento,
California: Division of Design, Chief Office of Standards
and Procedures. Pgs. 29-12 to 29-39. (see Archived
Material, Reference A1, http://dx.doi.org/10.5061/
dryad.960dh/1); also available: http://www.dot.ca.
gov/hq/oppd/pdpm/chap_pdf/chapt29.pdf (March
2017).

CalTrans. 2013. Highway planting general policy. Wild-
flower planting program. Sacramento, California:
California Department of Transportation. Available:
http://www.dot.ca.gov/hq/LandArch/hwyplanting/
planting-policy.htm (July 2013).

Center for Environmental Excellence. 2017. Chapter 9:
Roadside vegetation management. Washington, D.C.:
The American Association of State Highway and

Journal of Fish and Wildlife Management | www.fwspubs.org June 2017 | Volume 8 | Issue 1 | 135

Reduced Mowing Frequency along Right-of-Ways in Mississippi E.D. Entsminger et al.



Transportation Officials [AASHTO]. Available: http://
environment.transportation.org/environmental_
issues/construct_maint_prac/compendium/manual/9_
6.aspx (March 2017).

Chase JM, Leibold MA, Downing AL, Shurin JB. 2000. The
effects of productivity, herbivory, and plant species
turnover in grassland food webs. Ecology 81:2485–
2497.

Clinton WJ. 1999. Presidential documents executive
order 13112 invasive species. Washington, D.C.:
Federal Register 64:6183–6186. Available: https://
www.gpo.gov/fdsys/pkg/FR-1999-02-08/pdf/99-3184.
pdf (March 2017).

Daar, S. 1994. Integrated approaches to roadside
vegetation management. IPM Practitioner 16:1–8.

Dana MN, Kemery RD, Boszor BS. 1996. Wildflowers for
Indiana highways. West Lafayette, Indiana: Joint Trans-
portation Research Program, Paper 227. Report No.
FHWA/IN/JHRP-96/1. Purdue Libraries, Purdue e-Pubs
Civil Engineering, 1–162. see Archived Material, Refer-
ence A2, http://dx.doi.org/10.5061/dryad.960dh/2); also
available: http://docs.lib.purdue.edu/cgi/viewcontent.
cgi?article¼1698&context¼jtrp (March 2017).

Dickson JG, Wigley TB. 2001. Managing forests for
wildlife. Pages 83–94 in Dickson JG, editor. Wildlife
of southern forests: habitat and management. Blaine,
Washington: Hancock House Publishers Ltd.

Dixon KR, Feldhamer GA, Gates JE, Harman DA. 1984.
Activity of white-tailed deer along an interstate
highway right-of-way. Pages 602–605 in Colson EW,
Tillman RE, Crabtree A, editors. Proceedings of the
third international symposium on environmental
concerns in rights-of-way management, February 15–
18, 1982, San Diego, California.

Edwards KE. 2009. Faunal communities of temporary
wetlands of upland and floodplain public forested
lands in north Mississippi. Doctoral dissertation.
Mississippi State, Mississippi: Mississippi State Univer-
sity. Available: http://sun.library.msstate.edu/ETD-db/
theses/available/etd-10152009-081710/unrestricted/
KEdwards_4thSub_11-24-09.pdf (March 2017).

Entsminger ED. 2011. Native plants may help save
taxpayers money. Mississippi LandMarks 7:6. Available:
http://www.dafvm.msstate.edu/landmarks/11/spring/
complete.pdf (March 2017).

Entsminger ED. 2014. Plant community response to
reduced mowing regimens along highway right-of-
ways in Northeastern Mississippi. Master’s thesis.
Mississippi State, Mississippi: Mississippi State Univer-
sity. Available: http://sun.library.msstate.edu/ETD-db/
theses/available/etd-02172014-153914/unrestricted/
final_thesis.pdf (March 2017).

Entsminger ED, Guyton JW, Iglay RB, Jones JC. In press.
Chapter 17: Highway right-of-way mowing regimens
in northeastern Mississippi: effect on native prairie
plant species. In Barone J, Hill J, editors. Southeastern
grassland: biodiversity, ecology, and management

book. Tuscaloosa, Alabama: The University of Alabama
Press.

Forman RTT, Alexander LE. 1998. Roads and their major
ecological effects. Annual Review of Ecology, Evolu-
tion, and Systematics 29:207–231.

Forman RTT, Deblinger RD. 2000. Ecological road effect
zone of a Massachusetts (USA) suburban highway.
Conservation Biology 14:36–46.

Green D. 2016. Greenacres: landscaping with native
plants. United States Environmental Protection Agen-
cy, Great Lakes National Program Office. Available:
https://archive.epa.gov/greenacres/web/html/index.
html (March 2017).

Greenfield KC, Burger LW Jr, Golden L, Graham P. 2005.
Light disking to enhance early successional wildlife
habitat in grasslands and old fields: wildlife benefits
and erosion potential. USDA Natural Resources and
Conservation Service, Technical Note No. 190–32. see
Archived Material, Reference A3, http://dx.doi.org/10.
5061/dryad.960dh/3); also available: http://www.fwrc.
msstate.edu/pubs/nrcs.pdf (March 2017).

Gruchy JP, Harper CA, Gray MJ. 2006. Methods for
controlling woody invasion into CRP fields in
Tennessee. Pages 315–321 in Cederbaum SB, Fair-
cloth BC, Terhune TM, Thompson JJ, Carroll JP,
editors. Gamebird 2006: quail VI and perdix XII.
Athens, Georgia: Warner School of Forestry and
Natural Resources.

Gutzwiller KJ, Riffell SK. 2007. Using statistical models to
study temporal dynamics of animal–landscape rela-
tions. Pages 93–118 in Bissonette JA, Storch I, editors.
Temporal dimensions of landscape ecology: wildlife
responses to variable resources. New York: Springer.
Available: http://link.springer.com/chapter/10.1007%
2F978-0-387-45447-4_7 (March 2017).

Guyton JW, Jones JC, Entsminger ED. 2014. Alternative
mowing regimes’ influence on native plants and deer.
SS228 Final Project Report, Report No. FHWA/MDOT–
RD–14–228. Jackson, Mississippi: Mississippi Depart-
ment of Transportation. see Archived Material, Refer-
ence A4, http://dx.doi.org/10.5061/dryad.960dh/4);
also available: http://tr id.trb.org/view.aspx?
id¼1340960 (March 2017).

Hamrick R, Burger LW Jr, Jones JC, Strickland BK. 2007.
Native warm-season grass restoration in Mississippi.
Mississippi State University Extension Service Publica-
tion 2435:1–12. Mississippi State, Mississippi: Missis-
sippi State University. see Archived Material, Reference
A5, http://dx.doi.org/10.5061/dryad.960dh/5); also
available: https://www.mdwfp.com/media/7890/
nativewarmseason.pdf?iframe (March 2017).

Harper CA. 2008. A guide to successful wildlife food plots
blending science with common sense. University of
Tennessee Agriculture Extension Service Publication
1769. Knoxville, Tennessee: University of Tennessee.
Av a i la b l e : h t t p s : / / ex t e ns i o n. t e nn es s ee. e du /
publications/Documents/PB1769.pdf (March 2017).

Journal of Fish and Wildlife Management | www.fwspubs.org June 2017 | Volume 8 | Issue 1 | 136

Reduced Mowing Frequency along Right-of-Ways in Mississippi E.D. Entsminger et al.



Harper-Lore BL, Wilson M. 2000. Roadside use of native
plants. Washington, D.C.: Island Press. Available:
https://www.islandpress.org/book/roadside-use-of-
native-plants (March 2017).

Harrington JA. 1994. Roadside landscapes: prairie species
take hold in Midwest rights-of-ways. Ecological
Restoration and Management Notes 12:8–15.

Harrington JA. 1995. Planning and implementation of a
right-of-way native planting for Wisconsin highway 51.
Pages 175–180 in Hartnett DC, editor. Proceedings of
the 14th annual North American prairie conference:
prairie biodiversity. July 12–16, 1994. Manhattan,
Kansas: Kansas State University.

Hays RL, Summers C, Seitz W. 1981. Estimating wildlife
habitat variables. Washington, D.C.: Office of Biological
Services, FWS/OBS-81/47, U.S. Department of Interior,
Fish and Wildlife Service. see Archived Material,
Reference A6, http://dx.doi.org/10.5061/dryad.960dh/
6); also available: http://tidalmarshmonitoring.org/pdf/
Hays1981_EstimatingWildlifeHabitatVariables.pdf
(March 2017).

Hill K, Horner R. 2005. Assessment of alternatives in
roadside vegetation management. Washington State
Transportation Commission. Seattle, Washington: Final
Research Report Agreement T2695, Task 67: Roadside
Vegetation. see Archived Material, Reference A7, http://
dx.doi.org/10.5061/dryad.960dh/7); also available:
http://www.wsdot.wa.gov/nr/rdonlyres/0cb59701-
542e-4df2-b8c8-1aca3cb72172/0/finaluwreport.pdf
(March 2017).

Hopwood J. 2010. Pollinators and roadsides: managing
roadsides for bees and butterflies. The Xerces Society
for Invertebrate Conservation. Portland, Oregon:
Invertebrate Conservation Guidelines. Available:
http://www.xerces.org/wp-content/uploads/2010/05/
roadside-guidelines_xerces-society1.pdf (March 2017).

Hopwood J, Black S, Fleury S. 2016. Pollinators and
roadsides: best management practices for managers
and decision makers. U.S. Department of Transporta-
tion and the Federal Highway Administration (FHWA),
Report No. FHWA-HEP-16-020. see Archived Material,
Reference A8, http://dx.doi.org/10.5061/dryad.960dh/
8); also available: https://www.environment.fhwa.dot.
gov/ecosystems/Poll inators_Roadsides/BMPs_
pollinators_roadsides.asp (March 2017).

Howard WE. 1950. Wildlife depredations on broadcast
seedings of burned brushland. Journal of Range
Management 3:291–298.

Huijser MP, Clevenger AP. 2006. Chapter 11: Habitat and
corridor function of rights-of-way. Pages 233–254 in
Davenport J, Davenport JL, editors. The ecology of
transportation: managing mobility for the environ-
ment, environmental pollution. Dordrecht, the Nether-
lands: Springer. Available: http://www.springer.com/
us/book/9781402045035 (March 2017).

Humber J, Entsminger ED. 2011. Promoting native plant
life along Mississippi’s highways. The Mississippi
Department of Transportation Magazine Connection,

page 9. Jackson, Mississippi: Mississippi Department of
Transportation. see Archived Material, Reference A9,
http://dx.doi.org/10.5061/dryad.960dh/9); also avail-
able: https://www.researchgate.net/profile/Edward_
Entsminger/publication/285235886_Promoting_
Native_Plant_Life_along_Mississippi%27s_Highways/
l i n k s / 5 6 5 c c 6 5 a 0 8 a e 4 9 8 8 a 7 b b 8 3 8 a . p d f ?
o r i g i n¼p u b l i c a t i o n _ d e t a i l & e v¼p u b _ i n t _ p r w _
xdl&msrp¼PIUn0gHeToDnFkJXIqzBIpTvpeQetR_
kj1gs5Atq55HRnXVMxTqNpfSKDexzXZez2vD51rxWrrmro
Z7YHbyzFQ.Y1FuQY6Yk0AJcj3E7sOyRislBVtUIUY8hS7-
fX0-IXeiXYGYZA5og09vXAiAKLiTJX_Qm32iM3VrW-
sOfhvc1g.vvpKeL7EUOrCcZxBiIX-MVxFQcYWi2lWkg0_
gbPuu3qPfd-_smddUaGUI7uCWjkdH1t2RWRbWWkMryw
WWFPzdQ (March 2017).

Hurst GA. 1972. Insects and bobwhite quail brood
habitat management. Pages 65–82 in Morrison JA,
Lewis JC, editors. Proceedings of the first national
bobwhite quail symposium, 23–26 April 1972. Still-
water, Oklahoma: Oklahoma State University.

Jacobson SL. 2005. Mitigation measures for highway-
caused impacts to birds. Pages 1043–1050 in Ralph CJ,
Rich TD, editors. Bird conservation implementation and
integration in the Americas: proceedings of the third
international partners in flight conference, 20–24 March
2002. Albany, California: Department of Agriculture, U.S.
Forest Service, Pacific Southwest Research Station. U.S.
Forest Service General Technical Report PSW-GTR-191
Volume 2. see Archived Material, Reference A10, http://
dx.doi.org/10.5061/dryad.960dh/10); also available:
h t t p s : / / w w w . f w s . g o v / m i g r a t o r y b i r d s / p d f /
management/jacobsen2005highwaymeasures.pdf
(March 2017).

Johnson AM. 2000. Best practices handbook on roadside
vegetation management. University of Minnesota,
Minneapolis: Minnesota Technology Transfer. Minne-
sota Technology Transfer (T2)/LTAP Program, Center
for Transportation Studies Report Number: Mn/DOT
2000-19. see Archived Material, Reference A11, http://
dx.doi.org/10.5061/dryad.960dh/11); also available:
http://www.lrrb.org/PDF/200019.pdf (March 2017).

Jones JC, Coggin DS, Cummins JL, Hill JG. 2007. Restoring
and managing native prairies: a handbook for Mis-
sissippi landowners. Mississippi Fish and Wildlife
Foundation. Stoneville, Mississippi: Wildlife Mississippi.
Available: http://www.wildlifemiss.org/Education/
Handbooks.aspx or http://www.wildlifemiss.org/PDF/
PrairieHandbookFinalReduced11x8-5.pdf (March 2017).

Kutschbach-Brohl L, Washburn BE, Bernhardt GE, Chip-
man RB, Francoeur LC. 2010. Arthropods of a semi-
natural grassland in an urban environment: the John F.
Kennedy International Airport, New York. Journal of
Insect Conservation 14:347–358.

Leidolf A, McDaniel S. 1998. A floristic study of black
prairie plant communities at sixteen section prairie,
Oktibbeha County, Mississippi. Castanea 63:51–62.

Li MH, Schutt JR, McFalls J, Bardenhagen EK, Yong Sung
C, Wheelock L. 2008. Successional establishment,

Journal of Fish and Wildlife Management | www.fwspubs.org June 2017 | Volume 8 | Issue 1 | 137

Reduced Mowing Frequency along Right-of-Ways in Mississippi E.D. Entsminger et al.



mowing response, and erosion control characteristics
of roadside vegetation in Texas. Austin, Texas: Texas
Department of Transportation Research and Technol-
ogy Implementation Office. Technical Report: FHWA/
TX-08/0-4949-1. see Archived Material, Reference A12,
http://dx.doi.org/10.5061/dryad.960dh/12); also avail-
able: http://d2dtl5nnlpfr0r.cloudfront.net/tti.tamu.
edu/documents/0-4949-1.pdf (March 2017).

Louisiana Department of Transportation and Develop-
ment. 2000. Policy for roadside vegetation manage-
ment. Louisiana Register: 1–60. see Archived Material,
Reference A13, http://dx.doi.org/10.5061/dryad.
960dh/13); also available: http://wwwsp.dotd.la.gov/
I n s i d e _ L a D O T D / D i v i s i o n s / E n g i n e e r i n g /
Misc%20Documents/Policy%20For%20Roadside%
20Vegetation%20Management.pdf (March 2017).

Machan WJ. 1981. A summary of the Indiana division of
fish and wildlife highway right-of-way planting pro-
gram. Pages 29–1 to 29–4 in D. Arner H, Tilman R,
editors. Proceedings of the second national sympo-
sium on environmental concerns in rights-of-way
management, 16–18 October 1979. Ann Arbor,
Michigan: University of Michigan.

Markwardt D. 2005. Texas roadside wildflowers. Native
Plants Journal 6:69–71.

McDonald JH. 2009. Handbook of biological statistics.
2nd edition. Baltimore, Maryland: University of Dela-
ware Sparky House Publishing.

McKee JJ, Cochran DM Jr. 2012. The role of landscape in
the distribution of deer–vehicle collisions in south
Mississippi. Southeastern Geographer 52:327–340.

Meier U. 2006. A note on the power of Fisher’s least
significant difference procedure. Pharmaceutical Sta-
tistics 5:253–263.

Michael ED, Kosten CJ. 1981. Use of different highway
cover plantings by wildlife. Pages 50–1 to 50–7 in
Arner DH, Tilman R, editors. Proceedings of the second
national symposium on environmental concerns in
rights-of-way management, 16–18 October 1979. Ann
Arbor, Michigan: University of Michigan.

Miller JH, Manning ST, Enloe SF. 2015. A management
guide for invasive plants in southern forests. Asheville,
North Carolina: U.S. Department of Agriculture Forest
Service, Southern Research Station. U.S. Forest Service
General Technical Report GTR–SRS–131. see Archived
Material, Reference A14, http://dx.doi.org/10.5061/
dryad.960dh/14); also available: http://www.srs.fs.fed.
us/pubs/gtr/gtr_srs131.pdf (March 2017).

Miller JH, Miller KV. 1999. Forest plants of the southeast
and their wildlife uses. Auburn, Alabama: Southern
Weed Science Society/University of Georgia Press.
Available: http://www.ugapress.org/index.php/books/
forest_plants_of_southeast (March 2017).

Mortensen DA, Rauschert ESJ, Nord AN, Jones BP.
2009. Forest roads facilitate the spread of invasive
plants. Invasive Plant Science and Management
2:191–199.

Native American Seed. 2017. Native American Seed.
Junction, Texas: Native American Seed. Available:
http://www.seedsource.com/ (March 2017).

Oksanen J. 2012. Unconstrained ordination: tutorial with
R and vegan. Nonmetric multidimensional scaling
(NMDS) using Vegan package. Available: http://cc.
oulu.fi/~jarioksa/opetus/metodi/sessio1res.pdf (March
2017).

Oksanen J. 2015. Unconstrained ordination: tutorial with
R and vegan. Nonmetric multidimensional scaling
(NMDS) using Vegan package. Available: http://cc.
oulu.fi/~jarioksa/opetus/metodi/sessio1.pdf (March
2017).

Ott RL, Longnecker M. 2015. An introduction to statistical
methods and data analysis. 7th edition. Belmont,
California: Brooks/Cole.

Pettry DE. 1977. Status of Mississippi soil surveys.
Mississippi State, Mississippi: Mississippi State University.
Mississippi Agriculture and Forestry Experiment Station,
Information Sheet 1276. Available: http://mlp.ent.sirsi.
net/client/en_US/msstate/search/detailnonmodal/
ent:$002f$002fSD_ILS$002f0$002fSD_ILS:1240042/ada?
qu¼StatusþofþMississippiþsoilþsurveys (March 2017).

Posner AW. 2012. Bird, plant, and herpetofaunal associ-
ations in cove forests and pine plantations in
Mississippi. Master’s thesis. Mississippi State, Missis-
sippi: Mississippi State University. Available: http://sun.
library.msstate.edu/ETD-db/theses/available/etd-
04032012-194108/unrestricted/final.pdf (March 2017).

R Core Team. 2012. R: a language and environment for
statistical computing. Version 2.14.1. Vienna, Austria: R
Foundation for Statistical Computing.

Russell KN, Ikerd H, Droege S. 2005. The potential
conservation value of unmowed powerline strips for
native bees. Biological Conservation 124:133–148.

SAS Institute Inc. 2011. SAS/STATt 9.3 user’s guide.
Version 9.3 user manual. Cary, North Carolina: SAS
Institute.

Schauwecker T, MacDonald J. 2003. Blackland prairie
plant communities of northeast Mississippi: composi-
tion, threatened species and assemblage response to
disturbance. Pages 246–253 in Peacock E, Schauweck-
er T, editors. Blackland prairies of the gulf coastal plain:
nature, culture, and sustainability. Tuscaloosa, Alaba-
ma: University of Alabama Press.

Schuster MF, McDaniel S. 1973. A vegetative analysis of a
black prairie relict site near Aliceville, Alabama. Journal
of the Mississippi Academy of Science 19:153–159.

Simberloff D, Souza L, Nuñez MA, Barrios-Garcia MN,
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