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ECOSYSTEMS

Functional traits of three major invasive grasses
in a threatened tropical mountain grassland
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Abstract: The native flora of the Brazilian rupestrian grassland (campos rupestres) is
threatened by the spread of invasive grasses. In this study, we evaluated the effect of
habitat on the functional traits and CSR ecological strategies of three invasive alien
grasses occurring both in the ironstone (IRG) and quartzitic (QRG) rupestrian grassland
habitats. Although in both habitats the invasive species predominantly showed a
stress-tolerant strategy, they exhibited distinct degrees of stress-tolerance and slightly
differences in functional traits values in the IRG compared to the QRG. Habitat type
distinctly influenced invasive grasses functional traits and ecological strategies, revealing
a species-specific pattern.
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INTRODUCTION

From north to south of the American continent
and from Europe to Oceania there are reports
of biological invasions, mainly by African grass
species (Pivello et al. 1999, Mcintyre et al. 2005,
Dawson et al. 2011, Stokes et al. 2011). In Brazil,
these grasses are widely distributed, colonizing
a large part of the native biomes (Filgueiras et
al. 2015, Shirasuna 2015). When the environment
is already threatened by other factors, biological
invasions represent a serious aggravating factor,
for competing for area and resources with native
species, as well as simplifying the environment
and hindering its restoration (D’Antonio &
Vitousek 1992).

The campo rupestre occurs generally
at altitudes above 900 m in the Espinhaco
mountains, with grasses, herbs and shrubs
dominating the xeromorphic vegetation that
grows on soils that are shallow, acidic and
poor in nutrients (Fernandes 2016, Silveira et

al. 2016). Throughout the Espinhaco mountain
range, native grasses form a dominant and
conspicuous matrix (Giulietti et al. 1997, Le
Stradic et al. 2015). Although there are some
studies on the functional traits of plants in
the campo rupestre (e.g., Negreiros et al. 2014,
Carmo & Jacobi 2016), little is known about the
functional characteristics of invasive species in
this environment.

Development

Two types of substrate predominate in the
Espinhaco mountain range, distinguishing the
ironstone rupestrian grassland (IRG) with high
levels of metals (primarily manganese and iron),
from quartzitic rupestrian grassland (QRG) with
high aluminum content. Both campo rupestre
habitats are threatened because, in addition to
mining and increasing urbanization, biological
invasions are aggravated by the presence of
African grasses of the genera Urochloa and
Melinis already established in areas undergoing
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rapid anthropization (Jacobi et al. 2007, Viana &
Lombardi 2007, Barbosa et al. 2010, Fernandes et
al. 2016, 2018).

A widely known tool to evaluate the
functional character of plants is the ecological
strategy scheme CSR (C: competitive, S: stress-
tolerant, R: ruderal, Grime 1977, Grime & Pierce
2012), in which a set of functional traits delimits
strategies of survival in plants. In the present
study we used the campo rupestre as a natural
experiment to test, for the first time, the effect
of the habitat on the functional traits of three
species of invasive African grasses present
in both quartzitic (QRG) and ironstone (IRG)
habitat types. The goal of this study was to: 1)
Identify CSR strategies of invasive and native
Poaceae species, and 2) Test the hypothesis
that functional differences in traits and CSR
ecological strategies are evident for plants
invading ironstone cf. quartzitic grasslands.

The species sampled in the present
study were located on the roadsides crossing
conservation unitsintwo distinct campo rupestre
habitats. Both sampled areas are located in the
southern portion of Espinhaco mountain range,
southeastern Brazil. The QRG area is located
in Serra do Cipo (19°17'46"S, 43°35'28"W, 1200
meters a.s.l.), while the IRG area in Serra do
Rola-Moca State Park (20°03'07"S, 44°00'06"W,
1430 meters a.s.l.). The three species of invasive
exotic grasses sampled - Melinis repens (Willd.)
Zizka, Melinis minutiflora P. Beauv, and Urochloa
decumbens (Stapf) R.D. Webster - are native to
the African continent and were disseminated
in Brazil as pastures for pasture improvement
(Pivello et al. 1999, Saint-Hilaire 2011 [1837]). All
the three studied invasive species are perennial
grasses described as drought tolerant, with
high biomass production, resistance to biomass
destruction (e.g. grazing and mowing) and high
invasive potential (Bianco et al. 2005, Fagundes
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et al. 2006, Serrano-Cardenas et al. 2009, Pereira
et al. 2011, Conceicao et al. 2015).

For functional trait measurements, 10
individuals were collected from each of the
three invasive grass species, at least 20 meters
apart to avoid the collection of genetically
identical individuals. To determine the three
foliar characteristics necessary for calculations
of CSR strategies (i.e., specific leaf area, leaf dry
matter content, and leaf area), each individual
was collected with part of their root system in
the field, to prevent the desiccation of the foliar
material, leaf material collection was avoided
at the time of greatest solar incidence (10 A.M.
to 3 PM.) (see Negreiros et al. 2014 for details).
Canopy height was measured in field. All
procedures followed the protocols described in
Perez-Harguindeguy et al. (2013). To determine
the relative importance of ecological CSR
strategies, the “StrateFy” calculation spreadsheet
was used, available in Pierce et al. (2017). This
spreadsheet allows species to be compared
against the multivariate space delimited by the
global dataset (that involved 3068 species from
all major world biomes). The data on native
Poaceae - Axonopus sp. P. Beauv,, Echinolaena
inflexa (Poir.) Chase, Mesosetum loliiforme
(Hochst.) Chase, Trichanthecium cyanescens
(Nees ex Trin.) Zuloaga & Morrone, Paspalum
erianthum Nees ex Trin., Paspalum pectinatum
Nees ex Trin. and Trachypogon spicatus (L.f)
Kuntze - were obtained from Negreiros et al.
(2014).

The mean values of the functional traits and
ecological CSR strategies of each invasive species
were compared between the QRG and the IRG
using the non-parametric Mann-Whitney test,
since most of the variables were neither normal
nor normalizable through transformations
(Quinn & Keough 2002). We used a two-way
ANOVA to compare the trait variation of species
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between habitats, with ‘species’ and ‘habitat’ as
fixed factors (Gotelli & Elisson 2004).

In both types of campos rupestre habitats
(IRG and QRG) the ecological strategies of the
threeinvasive grasseswere predominantly stress-
tolerant, similar to the native Poaceae species of
these environments, but with a slightly higher
ruderality degree (Fig. 1). However, habitat type
had a distinct influence on the functional traits
and ecological strategies of the three species
studied, revealing a species-specific pattern. The
three studied species showed distinct functional
traits and CSR strategies in the IRG compared to
the QRG. Species and habitat type are together
important factors driving trait variation in four of
the six functional traits evaluated (Table I). The

Poaceae (native QRG & IRG)
M. repens (QRG)

M. repens (IRG)

M. minutiflora (QRG)

M. minutiflora (IRG)

U. decumbens (QRG)

U. decumbens (IRG)

ooo<ooob
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effect of interaction term is strong for SLA, stress
tolerance and ruderality, but their variations
depend more on species than on habitat type.
Habitat effect is significant for LDMC but the
species and interaction term are not. Both
species and habitat effects are significant for
canopy height, but since the interaction term
is not significant, these effects can be seen as
strictly additives. The effect of interaction term
is strong for competitiveness, as the level of
competitiveness depends on habitat type and
species.

In the IRG, M. minutiflora presented more
acquisitive leaf economy (sensu Wright et al.
2004; Fig. 2a), lower competitiveness (Fig. 2d)
and greater ruderality (Fig. 2f) compared to

R (%)

R (%)

Figure 1. Triangular space representing the relative intensity of CSR strategies of three species of invasive exotic
grasses and seven species of native grasses found in the ironstone rupestrian grasslands (IRG) and the quartzitic
rupestrian grasslands (QRG). Colored symbols represent the mean of individuals of each exotic species (N = 10).
The data of native grasses were obtained from Negreiros et al. (2014), and the triangular symbols represent the

mean of each native species (N = 10).
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plants in the QRG. In contrast, in the IRG the
congeneric M. repens presented less acquisitive
leaf economy (Fig. 2b), lower competitiveness
(Fig. 2d) and higher stress-tolerance (Fig. 2e)
compared to plants in the QRG. On the other
hand, U. decumbens plants in the IRG showed
a less acquisitive leaf economy (Fig. 2a-b), with
larger size (Fig. 2¢), higher competitiveness (Fig.
2d) and lower ruderality (Fig. 2f) compared to
plants in the QRG.

Urochloa decumbens was the species with
the most drastic variations between the two
habitats, with significant differences in five of
the six traits evaluated. In the IRG individuals
of this species grew more slowly, investing in
more resistant and durable structures, reaching
an average size 30% greater than the QRG. On
the other hand, M. minutiflora exhibited an
opposite pattern to U. decumbens, showing
more acquisitive and ruderal characteristics in
the IRG. Melinis repens was the only species that
exhibited distinct stress-tolerance values in the
two habitats. The individuals of M. repens showed
more stress-tolerance in the IRG. Although M.
repens is little mentioned as invasive in the
cerrado and campo rupestre ecosystems, in the
present study it also showed great similarity to
the community of native grasses. Thus, there is a
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risk of this species expanding its population and
causing damage to this ecosystem.

Concluding, we have showed that invasive
species are relatively more ruderal than native
Poaceae species, in terms of CSR theory. We
also found evidence to confirm our hypothesis
that functional traits and CSR strategies differ
among habitats. The three invasive grasses
species may exhibit a degree of phenotypic
plasticity that lead to functional differences
depending on the habitat type. The functional
traits of the three exotic grasses are typical of
invasive species and favor their performance,
establishment and dispersal in the environment
(Rejmanek & Richardson 1996, Everett 2000).
Invaders with more acquisitive economics have
greater potential to exert great impacts on
the ecosystem, such as changing the balance
between diversity and productivity (Levine et al.
2003, van Kleunen et al. 2010, Vila et al. 2011). The
presence of invasive species in degraded areas
and roadsides in areas of both quartzitic and
ironstone campos rupestres should be viewed
with great concern, as there are indications
that there is an imminent risk that these plants
will dominate the local vegetation over time
(Fernandes & Barbosa 2013, Fernandes et al.
2015).

Table I. Results of the two-way analysis of variance. SLA: specific leaf area; LDMC: leaf dry matter content; Height:
canopy height; C: competitiveness; S: stress-tolerance; R: ruderality. Bold p-values indicate significance (p < 0.05).

Species Habitat Interaction
F p p F p

SLA 5472 0.007 3.001 0.089 5915 0.005
LDMC 0.725 0.489 30.44 0.001 11.61 0.064
Height 55.4 0.000 0.003 .47 0.073
C 217.8 0.000 6.009 0.017 304 0.000

S 14.64 0.008 2.836 0.098 6.56 0.003

R 9.399 0.000 0.348 0.557 10.73 0.000
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Figure 2. Comparison of the functional traits and ecological strategies of each exotic invasive species in ironstone
rupestrian grasslands (IRG) and the quartzitic rupestrian grasslands (QRG). Asterisks indicate significant difference
for each species between IRG and QRG, according to the Mann-Whitney test: * p <0.05; ** p <0.01; *** p <0.001. C:
competitiveness; S: stress-tolerance; R: ruderality. Bars represent the mean and the vertical line the standard
error (N = 10 individuals).
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