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Abstract Despite the widespread perception that
non-native species threaten biodiversity, there are few
documented cases of non-native species displacing
rare or specialized native species. Here, I examined
changes in plant species composition over 5 years
during patch expansion of a non-native grass, Imper-
ata cylindrica, in longleaf pine flatwoods in Missis-
sippi, USA. I used a multivariate approach to quantify
the degree of habitat specialization and geographic
range of all species encountered. I examined losses
of species collectively as a function of plant height
(controlling for initial frequency) and then the rela-
tionship between height and the degree of association
with longleaf pine flatwoods, disturbed habitats, and
the outer Gulf Coastal Plain of the southeastern USA.
Patch expansion resulted in dramatic declines in
species richness and increases in ground-level shade
at both sites in just 3 years. Most tall saplings, shrubs,
and vines were not endemic to longleaf pine commu-
nities and were less likely to be displaced than short
herbs, most of which were indicative of longleaf pine
communities. These results suggest that invasion of
longleaf pine communities by I. cylindrica will likely
cause significant losses of short, habitat-specialists
and reduce the distinctiveness of the native flora of
these threatened ecosystems.
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Introduction

Despite the alarming rates at which some non-native
species invade and dominate some habitats and
expand their geographic ranges, there are very few
documented cases of losses or extinctions of native
species caused by non-native species (Simberloff
1981; Davis 2003; Gurevitch and Padilla 2004; Bruno
et al. 2005). In addition, relatively few studies have
directly examined the impact of non-native species
on rare or threatened native species (Huenneke and
Thompson 1995). Most species vulnerable to extinc-
tion tend to be local endemics and habitat specialists
(Lawton and May 1995), but such species are not
necessarily more vulnerable to competitive displace-
ment than common species within sites (Rabinowitz
et al. 1989). The local abundance of many rare plant
species may be limited more by low reproductive
output (which is not necessarily the result of compe-
tition; Rabinowitz et al. 1989) or soil-mediated
negative feedbacks (Klironomos 2002). Nevertheless,
if these species are inferior competitors to invasive
species and are habitat specialists, then regional
losses may be particularly likely in a landscape char-
acterized by habitat destruction and unchecked range
expansion of invasive species (Nee and May 1992).
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Conversely, life-history traits of ruderal or fugitive
species often make them more vulnerable to compe-
tition or less well adapted to local environmental
conditions than specialists (Platt and Weiss 1977;
Campbell and Grime 1992). They typically are in
little danger of regional extirpation, however,
because of efficient dispersal and their ability to
colonize a wide range of habitats (including disturbed
habitats; Alverson et al. 1990). Careful consideration
of the habitat requirements and distribution of species
vulnerable to competitive displacement is crucial for
assessing the impact of non-native species in a way
that is relevant to biological conservation.

In this study, I determine whether species indic-
ative of mesic longleaf pine (Pinus palustris)
communities of the outer Gulf Coastal Plain of the
USA are being locally displaced by an invasive
species that is rapidly expanding its range (Imperata
cylindrica). Furthermore, by examining traits poten-
tially related to the competitive ability of these
species (e.g., height; Leach and Givnish 1996), I
reveal which if any characteristics shared by endemic
or specialized species make them vulnerable to
displacement by non-native species.

Methods

Description of Imperata cylindrica and its
invasion of longleaf pine ecosystems

Imperata cylindrica (cogongrass, Japanese blood-
grass, alang-alang) is a long-lived, rhizomatous
perennial C, grass originating from east Asia and
introduced to the Mobile Bay area of Alabama (USA)
in the mid-1900s. It has since spread throughout
much of the outer coastal plain region of the
southeastern United States, with no indication of
slowing its range expansion (Bryson and Carter 1993;
Dozier et al. 1998). It has been described as one of
the world’s 10 worst weeds (Holm et al. 1977),
largely due to its effects on commercial forestry,
agriculture, and fire regimes within natural ecosys-
tems in the southeastern United States and tropical
and subtropical areas of Asia and Africa (Bryson and
Carter 1993; Kuusipalo et al. 1995; Premalal et al.
1995; Dozier et al. 1998; Lippincott 2000). Its effects
on individual non-commercial species are not as
well understood (NatureServe database; I-rank for
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L. cylindrica). One natural ecosystem in the south-
eastern USA that may be particularly vulnerable to
invasion by I. cylindrica is the longleaf pine savanna
(King and Grace 2000). This fire-dependent ecosys-
tem, which hosts a variety of rare and endemic species
(Walker 1993), once dominated upland portions of the
outer coastal plain of the southeastern USA, but is
now relatively rare and threatened by a variety of
human activities (Frost 1993). L. cylindrica is signif-
icantly taller and recovers from fire more rapidly than
most native herbs in longleaf pine savannas and
therefore has the potential to displace many of these
species via aboveground competition (Lippincott
1997, 2000). Hence, it is critical that we precisely
document and contrast its impact on all native species.
If the only species that are negatively affected are
common, widespread species, then perhaps local
eradication and control of 1. cylindrica, though still
important, should not be the highest conservation
priority in longleaf pine savannas. Conversely, if
habitat- and range-restricted species are displaced by
I cylindrica, then targeted eradication of I. cylindrica
(especially along dispersal corridors within natural
areas) might be a high priority, if for no other reason
than to reduce its rate of spread to other sites.

Field study of post-invasion changes
in composition and the light environment

Post-invasion changes in species composition were
monitored over a 5-year period (2000-2005) at two
mesic flatwoods sites within De Soto National Forest
in southeastern Mississippi. Sites were chosen
because both contained 100-year-old second-growth
Pinus palustris stands and diverse groundcover plant
communities typical of mesic flatwoods along the
Gulf Coast (Peet and Allard 1993). Both also
contained colonies of I cylindrica invading from
the edge. Both sites occurred on sandy, nutrient-poor
soils and contained a relatively open overstory
(<40% canopy density) with a minimal midstory,
and diverse groundcover vegetation dominated by
perennial grasses (e.g., Andropogon virginicus and
Schizachyrium scoparium) and forbs (see Brewer and
Cralle 2003 for more details).

Another criterion for selection was that the two
flatwoods sites examined here differed with respect to
prescribed burning history. One site, Henley Park,
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had been prescribed burned nearly every year during
the winter or early spring between from 1980 to 2003.
The other site, Wolf Branch, had been burned
approximately once every 3 years during the winter
or early spring between 1980 and 1996. It was also
burned in April 2004. These differences in fire
histories could have explained the higher species
diversity at Henley Park at the beginning of the study
(Glitzenstein et al. 2003). In addition, the different
fire regimes could have influenced the impact of
I. cylindrica on plant species (Lippincott 2000).
Because fire effects were not replicated in this study,
however, I can only suggest possible effects of fire on
composition.

Within each site, a large (greater than 50 m at the
widest section) contiguous patch of I. cylindrica was
located at a roadside edge of the longleaf pine
savanna (see Brewer and Cralle 2003 for a diagram of
the shape and configuration of one of these patches).
Sampling plots (0.5 x 0.5 m) were established at the
border of each patch and were identical to the control
plots in Brewer and Cralle (2003) in 1999. In that
study, 60 plots (two treatments, one control, n = 20)
were located at what appeared to be the advancing
border of each patch. The plots were established far
enough from one another to avoid edge effects but
otherwise randomly. Each plot contained an average
of three ramets of I cylindrica in 1999; lower
densities occurred farther from the road, whereas
higher densities occurred nearer the road. Twenty of
these plots were randomly assigned to be controls. By
July 2000, ramet densities increased to a mean of 11
ramets, but at that time, most native species were still
present (Brewer and Cralle 2003). The presence or
absence of all species less than 2 m tall and ramet
density of I. cylindrica was determined in July 2000.
In addition, I measured photosynthetically-active
photon flux density (PPFD) at each plot above and
below the 1. cylindrica canopy. Measurements were
taken between 1,100 and 1,300 on a cloudless day in
July 2000 at 1.5 m and 0.1 m above the ground in
each plot using a Li-Cor optical sensor. The first time
a species was encountered in a border plot, the height
of its highest leaf was measured (hereafter, maximum
height). The average of these heights was taken for
each species at each site. Follow-up measurements of
species composition were made in July 2003 and
2005. Follow-up measurements of ramet density and
PPFD were taken in July 2003. No obvious

differences in ramet density between 2003 and 2005
were apparent.

Although there was no control for the effect of
patch expansion in this study, I did take measure-
ments (presence-absence) of species composition in
20 plots in 2005 just outside (2 m from) the border of
the patch of I cylindrica at Henley Park. Each non-
invaded plot was paired with the closest border plot.
Species composition in these plots was compared
to that of the border plots in 2000 (excluding
L. cylindrica) and in 2005 (including I. cylindrica)
to get an idea of background changes in species
composition between 2000 and 2005 at this site.

Characterization of habitat and range
of each species

To objectively integrate the responses of multiple
species to invasion by I. cylindrica, 1 first quantified
habitat associations for each species by generating a
binary habitat x species matrix for all species
encountered at either site. Habitats and their associ-
ated descriptions were derived from Clewell’s (1985)
Guide to the Vascular Plants of the Florida Panhan-
dle. Nomenclature and habitat types followed Clewell
(1985).

Community similarity between each of the tabulated
habitats and the focal habitat (longleaf pine flatwoods)
was quantified using the following equation:

> |pflatwoods(i) — phabitat(x)(i)]

S=1-—
>~ pflatwoods(i) + phabitat(x)(i)

(1)

where S is the community similarity between flat-
woods and a given habitat, x (hereafter, flatwoods
similarity) and p indicates the presence or absence (1
for presence, 0 for absence) of species i in flatwoods
or habitat x. The resulting scores potentially ranged
from 1 (for flatwoods) to 0 (a community that shared
no species with flatwoods). Even though all species
encountered occurred in at least one of the two
flatwoods studied here, a flatwoods similarity of O
was possible because Clewell (1985) did not report
all of the species as occurring in flatwoods.

To determine the degree to which each species was
indicative of longleaf pine flatwoods, I calculated the
flatwoods indicator score for each species as being
the mean flatwoods similarity score for the habitat
types in which it was reported to occur. Scores were
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similarly calculated for similarity of each habitat to
disturbed habitats (disturbed habitat similarity score)
and for how indicative each species was of disturbed
habitats (disturbance indicator score) and of the Gulf
Outer Coastal Plain (GOCP indicator score). The last
score was based on presence in each of five physio-
graphic regions (GOCP, Atlantic Outer Coastal Plain,
Atlantic Interior Coastal Plain, Piedmont, and Moun-
tains), following Radford et al. (1968) or Nature-
Serve and other databases for species not included in
that work. The Gulf region was defined as Missis-
sippi, Alabama, and Florida, and the Atlantic as
Georgia, the Carolinas, and Virginia.

Fifty species including /. cylindrica were identified
in the border plots at the two sites combined (list
available from the author). Fourteen more species
found only in the non-invaded plots at Henley Park
and five unidentified species were excluded from the
habitat and range analysis. Scores for sets of species
that could not be distinguished in the vegetative state
(Andropogon virginicus, A. tenarius, and Schizachy-
rium scoparium; and Pityopsis graminifolia and
P. adenolepis) were averaged before analysis of
change in frequency.

Statistical analyses

Changes in species richness (number of species other
than I. cylindrica per plot) in border plots at both sites
were quantified using univariate repeated-measures
analysis of variance (ANOVA). The relationship
between the relative rate of increase in ramet den-
sity (invasion) of I cylindrica (In(density,ggz) —
In(density,goo)) and initial native species richness and
reduction in PPFD in 2003 each were examined
separately using simple linear regression. I used one-
tailed z-tests (assuming unequal variances) to test the
hypothesis that plots containing no native species in
2003 (following invasion by I. cylindrica) would be
shadier at ground level than those that contained at
least one native species. Separate analyses were done
for each of the two sites.

Changes in species composition were examined
separately at each site using nonparametric multivar-
iate analysis of variance (npMANOVA; Anderson
2001), with year as a fixed grouping variable and plot
as a blocking variable. Species composition at Henley
Park was similarly compared between border plots in
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2000 and non-invaded plots in 2005 and between
border plots in 2005 and non-invaded plots in 2005.
To increase detection of differences in native species
composition between border plots in 2000 and the
adjacent non-invaded plots, I. cylindrica was scored
as absent from the border plots in 2000 (but not in
2005). Because 1. cylindrica was frequently the only
species present in border plots in 2005, removing it
from the 2005 border plot data would have precluded
a contrast of species composition in border and non-
invaded plots in 2005.

I used stepwise multiple regression to determine
the relationship between the relative rate of change in
frequency of a species between 2000 and 2005 and its
initial frequency, height, and three indicator scores.
The net rate of change in frequency was quantified
as In(frequency,ggs + 1) — In(frequency,ggg + 1);
wherein frequency was the number of plots (out of
a total of 20) in which the species occurred. To
examine the relationship between maximum height
and indicator scores, I regressed maximum height
against flatwoods indicator score, disturbance indica-
tor score, or GOCP indicator score. Separate analyses
were done for each site. Univariate ANOVAs and
linear regressions were done using JMP 5.0.1. Non-
parametric MANOVA was done using PC-Ord
version 5.

Results

Post-invasion changes in species richness, light
environment, and overall species composition

Patch expansion resulted in highly significant
declines in species richness at both sites between
2000 and 2003 (F;76 = 315, Greenhouse-Geiser
P < 0.0001; Fig. 1). No further decline was observed
between 2003 and 2005 (F;76=0.12, G-G
P = 0.56; Fig. 1). The declines in species richness
between 2000 and 2003 were greater at Henley Park
(which had higher species richness at the beginning
of the study) than at Wolf Branch (Site x Year
Fi76 = 13.7, G-G P = 0.0005; Fig. 1). The rate of
invasion of plots by I. cylindrica between 2000 and
2003 was greater in those plots with higher species
richness (r = 0.51, P =0.02 for Henley Park;
r = 0.54, P = 0.01 for Wolf Branch). The increase
in the amount of shade (reduction in light) between
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Fig. 1 Changes in plant species richness in border plots
(0.25 mz) at Henley Park (solid line; filled symbols) and Wolf
Branch (dashed line; open symbols) between 2000 and 2005.
Values are means =+ 1 standard error

2000 and 2003 was greater in those plots with higher
rates of invasion by 1. cylindrica (r = 0.56, P = 0.01
for Henley Park; r = 0.51, P =0.02 for Wolf
Branch). Ramet density of I. cylindrica and ground-
level shade were lower and more variable at both
sites in 2000 than in 2003 (average ramet den-
sity = 10.8 & 0.7 s.e. vs. 26.4 £ 0.5 s.e.; average
percent reduction in light = 77.4 + 0.02 s.e. vs.
98.7 £ 0.002 s.e.) At Henley Park, plots that lacked
any native species in 2003 were associated with
higher levels of shade than were plots that contained
at least one native species (99.5% vs. 97.9%;
taf = 112y = 2.91; P =0.007). The differences at
Wolf Branch were not as pronounced (99.2% vs.
98.6%; fdf = 142) = 1.68; P = 0.058).

Species composition shifted significantly between
2000 and 2003 at both sites, as determined by a
significant effect of year (npMANOVA ¢ = 3.36,
P < 0.0002 for Henley Park; npMANOVA ¢ = 3.14,
P < 0.0002 for Wolf Branch). Changes in species
composition between 2003 and 2005 were not statis-
tically significant (npMANOVA < 0.0001, P =
0.998 for Henley Park; npMANOVA ¢ = 0.097,
P = 0.997 for Wolf Branch). Species composition in
plots outside of the patch of 1. cylindrica at Henley Park
was not significantly different from that in the border
plots in 2000 (npMANOVA ¢ = 0.926, P = 0.638).

Post-invasion changes in species occurrence
in relation to height, habitat, and range

Stepwise multiple regression retained two explana-
tory variables, initial frequency and maximum height,

which together explained 74% and 82% of the
variation in changes in frequency between 2000 and
2005 at Henley Park and Wolf Branch, respectively
(P < 0.0001). Declines in frequency were greatest
among the most common species at both sites. The
partial regression coefficients for the slope of the
relationship between change in frequency and initial
frequency were —0.69 and —0.8 for Henley Park and
Wolf Branch, respectively (f = —6.5 and —5.2;
P < 0.0001). As a group (and after controlling for
differences in initial frequency), short herbaceous
species tended to decline to a greater extent than tall
species at both sites (Fig. 2). The partial regression
coefficients for the slope of the relationship between
change in frequency and maximum height were 0.52
and 0.44 for Henley Park and Wolf Branch, respec-
tively (r = 5.3 and 3.1, respectively; P < 0.005). All
species shorter than the maximum height per plot of
L. cylindrica (1.2 m) and one taller species (Carphe-
phorus odoratissimus) declined at Henley Park. None
of the remaining tall species declined at either site.
Tall species were primarily animal-dispersed trees,
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Fig. 2 Changes in log-transformed frequency for all species
encountered at Henley Park and Wolf Branch between 2000
and 2005 as a function of maximum height (adjusted for initial
frequency)
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Fig. 3 Relationship between maximum height and flatwoods
indicator scores for all species encountered at Henley Park and
Wolf Branch

shrubs, and vines, none of which were indicative of
flatwoods or similar longleaf pine communities
(flatwoods indicator scores <0.58, with most
<0.38). As a result, maximum height was negatively
correlated with flatwoods indicator scores at both
sites (Fig. 3; r = —0.4; P = 0.007 for Henley Park;
r=—0.5; P=0.002 at Wolf Branch). Maximum
height was not significantly correlated with distur-
bance indicator scores at either site (r = 0.22 and 0.1
at Henley Park and Wolf Branch, respectively;
P > 0.14), and marginally correlated with GOCP
indicator scores at both sites (r = —0.24 and
P = 0.12 at Henley Park; r = —0.35 and P = 0.06
at Wolf Branch).

Discussion

The results of this study show that the invasion of
longleaf pine communities by 1. cylindrica can cause
significant losses of herbaceous plants indicative of
longleaf pine savannas and reduce the distinctiveness
of the native flora of these ecosystems. Any plant
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shorter than 1. cylindrica is at risk of displacement,
and most groundcover herbs indicative to longleaf
pine savannas are shorter than I. cylindrica. In
contrast, the taller species (e.g., tall shrubs, saplings,
climbing vines) that avoided displacement were not
indicative of longleaf pine savannas. These results
strongly suggest that I cylindrica displaced most
native species in this community, at least in part or
indirectly, by increasing shade. I. cylindrica dramat-
ically increased shade (up to 99% at ground level) at
these sites. Given the threatened status of the longleaf
pine ecosystem (Noss 1988) and the rapid range
expansion of I. cylindrica and its propensity to invade
and spread rapidly through longleaf pine savannas
and similar habitats, at least some short longleaf pine
flatwoods indicator species could eventually become
rare enough to warrant listing.

The results of this study are relevant to a recent
debate over whether species invasions represent a
crisis for conservation of native biodiversity (Davis
2003; Brown and Sax 2004, 2005; Cassey et al. 2005;
Gurevitsch and Padilla 2004; Bruno et al. 2005).
Compared to the effects of most non-native plants on
plant species diversity, the dramatic loss of species
following the expansion of the I cylindrica may be
somewhat unusual (Davis 2003; Gurevitch and
Padilla 2004; Bruno et al. 2005). One possible reason
is the local and patchy nature of competition (Bruno
et al. 2005). In this study, the displacement of a large
number of plant species by a single species in the
current study required the combination of several
factors. Unlike the majority of resident species,
L cylindrica is a tall, rapidly-resprouting grass that
produces long rhizomes, and thus has the potential to
shade the resident herbs and spread rapidly through a
site. No other species at these sites exhibited this
combination of characteristics. Many of the taller
native species that were not affected by I. cylindrica
(e.g., llex vomitoria, Myrica cerifera, Diospyros
virginiana) also have the potential to displace native
herbs in longleaf pine communities, especially after
prolonged periods of fire suppression (Glitzenstein
et al. 2003). These species lack 1. cylindrica’s ability
to spread rapidly by rhizomes, however, and likely do
not recover from fire as quickly (Lippincott 1997,
Glitzenstein et al. 2003). These results contradict the
hypothesis that communities growing on nutrient-
poor soils tend to resist invasion (see Funk and
Vitousek 2007 for additional evidence) and are
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consistent with the hypothesis that invaders with
large impacts possess novel competition-related traits
not represented within the resident community
(Callaway and Aschehoug 2000). They are also
consistent with the hypothesis that species rich plant
communities offer very little resistance to invasion by
superior competitors with novel traits (Levine and
D’Antonio 1999). In fact, plots with lower initial
species richness were invaded less rapidly, perhaps
because they were dominated by tall shrubs (e.g., llex
vomitoria). Despite differences in fire frequencies
between the two sites studied here, the expansion of
I. cylindrica caused catastrophic declines at both
sites. The greater decline at Henley Park (the more
frequently burned site) resulted from the fact that
border plots at this site had greater species richness
at the beginning of the study. By 2003, border plots at
both sites had low species richness. Hence, the
competitive effects of this species on plant diversity
may be of more immediate conservation concern than
the effects of this species on fire regimes in longleaf
pine ecosystems.
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