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Abstract: Cenchrus ciliaris is native to South Asia and West Africa, considered one of the main invasive 
exotic species of Caatinga. This study aims to evaluate the effects caused by C. ciliaris on the com-
position, structure and diversity of Caatinga herbaceous stratum. The study area was divided into five 
environments, in each were allocated 10 plots measuring 1m x 1m, in which five with sites invaded for 
C. ciliaris and five in places non-invaded. At each sampling unit the number of individuals, the coverage 
and biomass of each species were known. The evaluated elements were density, frequency, dominance, 
besides to the diversity and environment similarity. For the sampling were selected 12 families, 16 ge-
nus, 19 species and 778 individuals. In general, this invasive exotic showed high coverage and density 
values, even with the presence of other native species, thus demonstrating the aggressiveness of C. 
ciliaris. All environments showed significant differences in terms of diversity, when compared to the 
conditions of invaded and non-invaded. The dissimilarity analysis demonstrated the consistent group’s 
formation between invaded and non-invaded conditions. This study showed the C. ciliaris ability to chan-
ge environments, affecting the richness and biodiversity.

Keywords: Bioinvasion, buffel grass, Savannah Steppe.

Invasão biológica por Cenchrus ciliaris L.: há impacto sobre a composi-
ção e diversidade do estrato herbáceo da Caatinga?

Resumo: Cenchrus ciliaris é originária do sul da Ásia e oeste da África, considerada uma das principais 
espécies exóticas invasoras da Caatinga. O objetivo deste estudo foi avaliar os efeitos causados pela C. 
ciliaris sobre a composição, estrutura e diversidade do estrato herbáceo da Caatinga. A área de estudo 
foi dividida em cinco ambientes, em cada ambiente foram alocadas 10 parcelas com dimensão de 1m x 
1m, das quais cinco em sítios invadidos por C. ciliaris e cinco em sítios não invadidos. Em cada unidade 
amostral foi determinado o número de indivíduos, a cobertura e a biomassa de cada espécie. Também 
foram avaliadas a densidade, a frequência, a dominância, além da diversidade e similaridade dos am-
bientes.  Foram amostradas 12 famílias, 16 gêneros, 19 espécies e 778 indivíduos. A exótica invasora 
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apresentou elevados valores de cobertura e densidade, mesmo com a presença de outras espécies na-
tivas, demonstrando assim a agressividade da C. ciliaris. Todos os ambientes apresentaram diferenças 
significativas em termos de diversidade, quando comparadas às condições invadida e não invadida. A 
análise de dissimilaridade revelou a formação de grupos consistentes entre a condição invadida e não 
invadida. C. ciliaris demonstrou a capacidade de modificar os ambientes, comprometendo a riqueza e a 
biodiversidade.

Palavras-chave: Bioinvasão, capim-buffel, Savana-Estépica.

Introduction

Cenchrus ciliaris L. (buffel grass) is a nati-
ve grass from South Asia and West Africa (Hum-
phreys, 1967), occurring particularly in Afghanis-
tan, Angola, Egypt, Ethiopia and India (Marshall 
et al., 2012). However, the species is now widely 
distributed worldwide, being considered invasive 
exotic in several countries such as Australia, USA, 
Mexico and Brazil (Cox et al., 1988; Marshall et 
al., 2012; Pauchard & Shea, 2006).

Considered to be a “wonder crop”, buffel grass 
has been widely used to better pastoral industries 
(Marshall et al., 2012). According to Hanselka 
(1988), in 1917, United States became the first 
American continent country to use it as fodder, 
and posteriorly propagated in Mexico and coun-
tries from South America (Cox et al., 1988; Willia-
ms & Baruch, 2000), where, C. ciliaris currently 
disperses spontaneously (Ibarra et al., 1995).

In 1953, C. ciliaris was introduced in São Pau-
lo state, Brazil, and then was spread in the Nor-
theast due to its tolerance to adverse weather 
conditions (Oliveira, 1993). With the SUPERIN-
TENDÊNCIA DE DESENVOLVIMENTO DO NOR-
DESTE (SUDENE) support, thousands of hectares 
were planted facing the pasture production in the 
1960s (Lira et al., 2004).

It is considered a high economic value species 
due to its use as fodder (Marshall et al., 2012; 
Souza & Espíndola, 2000), so, most farmers do 
not recognize the impacts that C. ciliaris may cau-
se (Marshall et al., 2011). The species has high 
invasiveness occasioning direct impacts on biodi-
versity, changing the environment and the compo-
sition of native species (Buffelgrass Strategic Plan, 
2008; Clarke et al., 2005; Friedel et al., 2011).

Morphological and ecological features of this 
species allow their success to adapt into a new 
environment (Buffelgrass Strategic Plan, 2008).  
Part of its versatility comes from its reproduction 
by apomixis (Bray, 1978; Hussey et al., 1991), 
forming new seeds with no fecundation (Ferri et 
al., 1981), thus the pollinator presence is unne-
cessary and habitat colonization can be made by 
a single individual.

Currently, C. ciliaris is considered one of the 
main invasive exotics species of Caatinga and 
unlike most of the species that invade exclusi-
vely anthropogenic environments, C. ciliaris also 

disperses and occupies preserved Caatinga sites 
(Fabricante & Siqueira Filho, 2012a) increasing 
its importance to the region. According to Clarke 
et al. (2005), buffel grass has the ability to mo-
dify the long term semi-arid ecosystems and the 
impact caused the herbaceous species is more 
significant than variations of the rainy season.

Bearing in mind the invasiveness of C. ciliaris,  
aims to evaluate the effects caused by this invasi-
ve exotic over Caatinga composition, herbaceous 
diversity, and structure.

Materials and methods

The study was conducted in Petrolina, PE 
(9º19’34,30”S and 40 ° 32’55,70” W, average al-
titude of 376 m). The local vegetation is the Sa-
vannah Steppe (Caatinga) (IBGE, 1992) and the 
climate is the Bsh (hot semiarid region) according 
to the classification of Koppen-Geiger, with seven 
to eight dry months, annual rainfall of 612 mm 
and an average temperature of 26.3 °C (Leal et 
al., 2003). The predominant soils are Eutrophic 
red-yellow Latosol.

The study area was divided into five environ-
ments, namely: Environment 1 - Caatinga pre-
served environments; Environment 2 - Caatinga 
degraded environments; Environment 3 - border 
of roads and trails; Environment 4 - agricultu-
ral environments(elephant grass planting area 
with irrigation); Environment 5 - ruderal environ-
ments. In each environment were placed 10 plots 
measuring 1m x 1m, in which five with sites inva-
ded for C. ciliaris and five in places non-invaded 
arranged closest to the foregoing.

At each sampling unit, the number of indivi-
duals, the coverage and biomass of each species 
were known. The coverage was acquired through 
the subplots computation occupied by each ta-
xon. Therefore, the sampling units were divided 
into 100 sub-units measuring 10 cm x 10 cm. 
To obtain the biomass, the species individuals 
in each sample unit were collected and packed 
separately in paper bags. This material went 
to drying in a forced circulation oven at 55 ± 5 
°C and weighed on an electronic precision scale 
(Souza et al., 2011).

The evaluated elements were density, fre-
quency and dominance (Müller-Dombois & Ellem-
berg, 1974), the dry matter (Ribeiro et al. 2014) 
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and the importance value for each species, this 
last one obtained by the sum of species density, 
frequency and dominance (Müller-Dombois & El-
lemberg, 1974). They were analyzed in factorial 
arrangement (5 x 2), five environments (environ-
ments 1, 2, 3, 4 and 5) and two conditions (in-
vaded and non-invaded sites) with five pseudo-
-replicas for each treatment.

The environment and site diversities were 
estimated using the Shannon-Weaver diversi-
ty index (H ‘) (Shannon & Weaver, 1949), and 
the equability through Pielou index (E) (Pielou, 
1977). Differences between the diversities were 
verified by t test (p ≤ 0.05) (Lehmann, 1997).

To assess the similarity between the flora at 
environments and sites was used Jaccard coeffi-
cient (Sj) (Müller-Dombois & Ellemberg, 1974) 
and the dissimilarity was verified by Euclidean 

distance (Ludwig & Reynolds, 1986). The adjust-
ment degree evaluation of the formed groups in 
the analysis was verified by cophenetic correla-
tion coefficient (Sokal & Rohlf, 1962), and the 
grouping validity was determined by the ANOSIM 
permutation test (oneway) (Clarke, 1993).

Results and discussion

For the sampling were selected 12 families, 16 
genus, 19 species and 778 individuals. Two spe-
cies were identified only by genus and another at 
family level. The non-invaded sites showed 623 
individuals, distributed into 11 families, 15 genus 
and 19 species, while the sites invaded by invasi-
ve exotic sampled 155 individuals belonging to six 
families, seven genus and seven species (Tab. 1). 

Tab. 1. Individuals number per species, where: (A1) Caatinga preserved environments; (A2) Caatinga degra-
ded environments; (A3) Borders of roads and trails; (A4) Agricultural environments; (A5) Ruderal environ-
ments.

Family Species Sites invaded Sites non-invaded

A1 A2 A3 A4 A5 A1 A2 A3 A4

Amaranthaceae Gomphrena sp. - - - - - - 17 15 9
Asteraceae Sp. indet.

Centratherum punctatum Cass.
- - - - - - - - -
- - - - - - - - -

Convolvulaceae Ipomoea asarifolia (Desr.) Roem. &Schult - - - - - - - - -
Euphorbiaceae Jatropha mollissima (Pohl) Baill 2 - - - - 1 - - -
Fabaceae Desmanthus pernambucanus (L.) Thell. 6 - - - - 15 - - -

Macroptilium sp. - - - - - - - - -
Mimosa candolei R.Grether - - - - - - - - 4
Mimosa tenuiflora (Willd.) Poir - - - - - - - 2 -

Lamiaceae Rhaphio donechinus Schauer - - - - - - - 2 10

Malvaceae Herissantia crispa (L.) Brizicky - - - - - - - 3 2
Pavonia humifusa A.St.-Hil - - - - - - - - -
Sida galheirensisUlbr 2 - - - 1 1 - - 7
Waltheria americana L. - - - - - - 23 44 -
Waltheria rotundifolia Schrank - 9 - - - - - 8 35

Molluginaceae Mollugo verticillata L. 7 - - - - 103 - - -
Poaceae Cenchrus ciliaris L. 13 17 23 26 9 - - - -
Portulacacea Portulaca elatior Mart 40 - - - - 84 - 14 -
Rubiaceae Diodella teres (Walter) Small - - - - - - 55 -
Turneraceae Piriqueta duarteana (Cambess.) Urb - - - - - - - - -

The Malvaceae and Fabaceae families were 
those with the highest species richness, confirming 
the results from other studies in the Caatinga (Reis 
et al., 2006; Silva et al., 2012; Silva et al., 2013). 
The Fabaceae family is considered the most diver-
se Caatinga, probably by the long period of diver-
sification in hot and dry environments and floristic 
stability of these areas (Souza et al., 2015).

At the invaded sites, the species with the hi-
ghest importance value (VI) was C. ciliaris due 
to its high density values, presence in all sample 
units and large coverage (Tab. 2). In a similar 
study of exotic species in Australia, C. ciliaris was 
considered the most abundant taxon in all treat-
ments (Fairfax & Fensham, 2000).
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Table 2 - Structural parameters of the sampled species. In which: DRA = relative density; RR = relative frequency; CR = relative coverage; VI = Importance Value; CI= Invaded Preserved; CNI = 
Non-invaded Preserved; DI= Caatinga Invaded Degraded; DNI- Caatinga non-invaded Degraded; EI = Invaded borders of roads and trails; ENI= Non-invaded borders of roads and trails; AI- In-
vaded Agricultural; ANI= Non-invaded Agricultural; RI- Invaded Ruderal; RNI- Non- invaded Ruderal and (-) means absent.
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In general, the invasive exotic presented high 
coverage and density values. However, the en-
vironment 4 (agricultural environments) had hi-
gher values than the others, with 80.4% covera-
ge and density of 5.2 ind. m², probably because 
it is a place with constant irrigation and rich in 
nutrients. The other environments also showed 
high values, as the environment 3 (borders of 
roads and trails) had 79.6% coverage and den-
sity of 4.6 ind. m², followed by Environment 2 
(Caatinga degraded environments) with 70.8% 
coverage and density of 3.4 ind. m². The lower 
coverage rates were observed in the environ-
ments 1 (Caatinga preserved environments) and 
5 (ruderal environments), which received 68.2% 
coverage and density equal to 2.6 and 1.8 ind. 
m², respectively.

At the invaded sites were also observed other 
species such as Portulaca elatior Mart with 11.4% 
coverage and density of 6 ind. m², Waltheria ro-
tundifolia Schrank 4% coverage and 1.8 ind. m² 
density and Desmanthus pernambucanus (L.) 
Thell. with 13.6% coverage and density of 1 ind. 
m². These were the most representative species, 
however, they showed lower values compared 
to the invasive exotic, whether of coverage and/
or density. These results may refer to interspe-
cific competition of a dominant species in rela-
tion to other species (Jakelaitis et al., 2003). The 
low density, frequency and dominance of native 
plants in invaded sites confirm aggressiveness 
observed for C. ciliaris in the field and studies 
comparing the structure of ecosystems with its 
presence (Arriaga et al., 2004; Jackson, 2005).

In southern Arizona, C. ciliaris is already con-
sidered a major threat to the Saguaro cactus, an 
icon for that region. Its faster spread and ability 
to promote fires are the main faced problems; 
water competition and soil shading weaken the 
plants and prevents native seeds to germinate 
(Buffel Grass Strategic Plan, 2008), due to the 
allelopathic effect that contributes to the standar-
dization of vegetation and reduction in producti-
vity of many plants in natural and agroecosystem 
(Hussain et al., 2011).

Drought tolerance is related to your meta-
bolism that allows for greater efficiency in water 
use, a feature that facilitates their establishment 
and one of the reasons for use as fodder (Willia-
ms & Baruch, 2000). The ecophysiological cha-
racteristics facilitate their wide distribution, since 
they are able to germinate in a wide temperature 
range (10 a 40ºC), as well as having a seed en-
gagement structure that reduces germination by 
16% which favors the formation and persisten-
ce of a soil seed bank (Tinoco-Ojanguren et al., 
2016).

When comparing the environments each 
other, invaded and non-invaded conditions, tho-
se without the invasive exotic presence showed 
differences in terms of diversity (Tab. 3). Com-
paring the values of the Shannon index (H ‘) to 
road and agricultural invaded environments was 
observed predominance of C. ciliaris (H = 0), 
while non-invaded condition to the same environ-
ments, diversity values were larger among areas 
(H ‘= 1.758) and (H’ = 1.402), respectively.

Tab. 3. Shannon-Weaver diversity (H ‘) and Pielou equability (E) of sampled plots at different Caatinga en-
vironments. In which: CI= Invaded Preserved; CNI = Non-invaded Preserved; DI= Caatinga Invaded Degra-
ded; DNI- Caatinga non-invaded Degraded; EI = Invaded borders of roads and trails; ENI= Non-invaded 
borders of roads and trails; AI- Invaded Agricultural; ANI= Non-invaded Agricultural; RI- Invaded Ruderal; 
RNI- Non- invaded Ruderal.

Environments /sites H´ E

CI 1,276 0,7124

CNI 0,9545 0,593

EI                        0 0

ENI 1,758 0,7636

RI 0,3251 0,469

RNI 1,183 0,6077

DI 0,645 0,9306

DNI 0,7558 0,6879

AI 0 0

ANI 1,402 0,7824
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This characteristic is common to invasive spe-
cies that are known for their ability to homogenize 
the fauna and flora, as well as changing the invaded 
ecosystem functioning (Mooney & Hobbs, 2000). 
Studies with C. ciliaris corroborate this statement, 
since the species is able to change the temperatu-
re and soil erosion rates, the supply of resources 
to other species, affecting the diversity (D’antonio 
& Vitousek, 1992; Flanders, et al. 2006). Its inva-
sion also affects species and ecosystems in arid 
regions such as Australia, United Stated and South 
America (Marshall et al., 2012).

This behavior could also be observed for the 
equability values (J) showing more homogeneous 

distribution between sites non-invaded. Howe-
ver, the Caatinga preserved environment to both 
conditions has the same species in the floristic 
composition (Desmanthus pernambucanus (L.) 
Thell., Jatropha mollissima (Pohl) Baill, Mollugo 
verticillata L., Portulaca elatior Mart, Sida galhei-
rensis Ulbr) including C. ciliaris only at invaded 
condition.  This result explains a greater diversity 
at invaded condition (N’= 1, 276) compared to 
non-invaded condition (H ‘= 0, 9545), since the 
invasive exotic counts as one more species. In 
this case, the value shown by the t-test for Caa-
tinga preserved environment was not significant 
(t = 2.44; p = 0.02) (Tab. 4).

Tab. 4. Values calculated by t-test and its significance for different environments. In which: CI= Invaded 
Preserved; CNI = Non-invaded Preserved; DI= Caatinga Invaded Degraded; DNI- Caatinga non-invaded De-
graded; EI = Invaded borders of roads and trails; ENI= Non-invaded borders of roads and trails; AI- Invaded 
Agricultural; ANI= Non-invaded Agricultural; RI- Invaded Ruderal; RNI- Non- invaded Ruderal.

 CI CNI EI ENI RI RNI DI DNI AI ANI

CI - t=2.44; 
p=0.02

t = 1 1 . 0 6 ; 
p<0.001

t = - 3 . 6 4 ; 
p=0.00

t = 3 . 9 1 ; 
p=0.00

t = 0 . 6 1 ; 
p=0.54

t = 4 . 7 4 ; 
p=7.53

t = 3 . 8 4 ; 
p=0.00

t = 1 1 . 0 6 ; 
p=5.22

t = - 0 . 8 0 ; 
p=0.42

CNI  - t = 2 0 . 4 1 ; 
p<0.001

t = - 9 . 0 2 ; 
p=3.39

t = 2 . 0 8 ; 
p=0.01

t=-0.94; 
p=0.35

t = 3 . 9 6 ; 
p=0.00

t = 2 . 5 3 ; 
p=0.01

t = 2 0 . 4 1 ; 
p<0.01

t = - 3 . 6 4 ; 
p=0.00

EI   - t=-23 .50; 
p<0.01

t = - 1 . 2 5 ; 
p=0.24

t=-6.39; 
p=8.90

t = - 9 . 5 9 ; 
p<0.01

t=-12.12; 
p=4.29

t = N / A ; 
p=N/A

t = - 1 2 . 9 0 ; 
p<0.01

ENI    - t = 6 . 2 6 ; 
p<0.01

t = 3 . 2 5 ; 
p=0.00

t=11 . 22 ; 
p<0.01

t=10.20; 
p<0.01

t = 2 3 . 5 0 ; 
p<0.01

t = 2 . 8 3 ; 
p=0.01

RI     - t=-2.99; 
p=0.01

t = - 1 . 5 3 ; 
p=0.15

t=-2.07; 
p=0.06

t = 1 . 2 5 ; 
p=0.24

t = - 4 . 4 6 ; 
p=0.00

RNI      - t = 2 . 6 2 ; 
p=0.01

t = 1 . 9 7 ; 
p=0.05

t = 6 . 3 9 ; 
p<0.01

t = - 1 . 2 3 ; 
p=0.22

DI       - t=-1.37; 
p=0.17

t = 9 . 5 9 ; 
p<0.01

t = - 5 . 9 4 ; 
p<0.01

DNI        - t = 1 2 . 1 2 ; 
p<0.01

t = - 5 . 0 2 ; 
p<0.01

AI         - t = - 1 2 . 9 0 ; 
p<0.01

ANI          -

According to the analysis using the Jaccard 
quotient between the groups of invaded and non-
-invaded environments, the similarity was lower 
than 1% and between Caatinga preserved envi-
ronments non-invaded and invaded it was 83.3% 
(Fig. 1). This high similarity degree between the 
Environment 1 conditions (Caatinga preserved 
environments) was observed in the permutation 

test ANOSIM (R = 0.0335, p = 0.0001). However, 
when subjected to the Euclidean distance, there 
was the formation of more consistent groupings 
(less dissimilarity) between the invaded environ-
ments, thus, the Caatinga preserved environment 
non-invaded presented the biggest dissimilarity 
to other environments (Fig. 2).
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Fig. 1. Flora similarity dendrogram by presence/absence matrix of the sampled plots using the Jaccard quotient and 
cophenetic correlation coefficient of 0.954. In which: CI= Invaded Preserved; CNI = Non-invaded Preserved; DI= Caa-
tinga Invaded Degraded; DNI- Caatinga non-invaded Degraded; EI = Invaded borders of roads and trails; ENI= Non-
-invaded borders of roads and trails; AI- Invaded Agricultural; ANI= Non-invaded Agricultural; RI- Invaded Ruderal; 
RNI- Non- invaded Ruderal.

 

Jaccard

CI
CNI
EI
AI
RI
DI
ENI
ANI
DNI
RNI

0.04 0.2 0.36 0.52 0.68 0.84 1

Fig. 2. Flora dissimilarity dendrogram and cophenetic correlation coefficient  of 0.946. In which: CI= Invaded Pre-
served; CNI = Non-invaded Preserved; DI= Caatinga Invaded Degraded; DNI- Caatinga non-invaded Degraded; EI 
= Invaded borders of roads and trails; ENI= Non-invaded borders of roads and trails; AI- Invaded Agricultural; ANI= 
Non-invaded Agricultural; RI- Invaded Ruderal; RNI- Non- invaded Ruderal.

Euclidean

CI
EI
AI
DI
RI
RNI
ANI
ENI
DNI
CNI

150 125 100 75 50 25 0

The results variation among the analysis of 
similarity and dissimilarity is due to the last one 
uses the abundance, and also the species presen-
ce or absence, Thus the difference between the 
invaded and non-invaded sites is observed when 
taking into account the presence of taxa, as well 
as the number of individuals that it presents. In a 
similar study with Artocarpus heterophyllus Lam., 
native from Southeast Asia, it was also observed 
the same result, the invaded and non-invaded 
environments showed greater dissimilarity when 
considering the abundance of species (Fabricante 
et al., 2012b). This result indicates the existence 
of C. ciliaris effect over the composition of Caa-
tinga native species.

According to Fairfax & Fensham (2000) throu-
gh studies in Australia evaluating invaded environ-
ments by several invasive exotics, among them 
C. ciliaris, Enteropogon ramosus and Eragrostis 
lacunaria, realized that the floristic composition 
of invaded and non-invaded environments differ. 
Confirming found results, explaining the forma-
tion of two well-defined groups that bring toge-
ther the invaded environments separately from 
non-invaded environments.

The Caatinga ecosystem is considered area 
susceptible to invasion by C. ciliaris (Araújo et 
al., 2013), thus, is essential to seek effective ma-
nagement alternatives, in order to control and 
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mitigate the effects on remaining areas of native 
biodiversity, particularly the herbaceous stratum 
that is responsible for a significant portion of the 
biodiversity of the Caatinga, being more diverse 
than woody (ARAÚJO et al., 200). The impacts 
caused by biological invasion are not mitigated 
the course of time, while management actions 
are not implemented the invasion will continue 
to progress.

Conclusion

This study showed the effects caused by C. 
ciliaris on the composition, structure and diversi-
ty of Caatinga herbaceous stratum. The invasive 
exotic species has the ability to set up a negati-
ve relationship with the native species, creating 
dense populations that move away or exclude lo-
cal species, compromising the herbaceous stra-
tum that represents a significant portion of the 
biodiversity of Caatinga. Thus, it is necessary the 
public policies development to forbid the sponta-
neous dissemination and eradicate the species.

References

Araújo, E. L., K. A. Silva, E. M. N. Ferraz, E. V. 
S. B. Sampaio & S. I. Silva. 2005. Diversi-
dade de herbáceas em microhabitats rocho-
so, plano e ciliar em uma área de caatinga, 
Caruaru, PE, Brasil. Acta Botanica Brasilica, 
19: 285-294.

Araújo, K. C. T., J. R. Fabricante, R. A. de 
Castro & J. A. Siqueira-Filho. 2013. Cen-
chrus ciliares, p. 37-43. In: J. R Fabricante 
(Org), Plantas Exóticas e Exóticas Invasoras 
da Caatinga, Bookess. Florianópolis, Santa 
Catarina.

Carriaga, L., A. E. Castellanos, E. Moreno & J. 
Alarcon. 2004. Potential ecological distribu-
tion of alien invasive species and risk assess-
ment: a case study of buffel grass in arid re-
gions of Mexico. Conservation biology 18: 
1504-1514.

Bray, R. A. 1978. Evidence for facultative apomi-
xis in Cenchrus ciliaris. Euphytica 27: 801-
804.

Buffelgrass Working Group. 2008. Southern 
Arizona Buffelgrass Strategic Plan. Tucson, 
Buffelgrass Working Group, Arizona, Esta-
dos Unidos.

Clarke P. J., P. K. Latz & D. E. Albrecht. 2005. 
Long-termchanges in semi-arid vegetation: 
Invasion of anexotic perennial grass has lar-
ger effects than rainfall variability. Journal of 
Vegetation Science 16: 237-246.

Clarke, K. R. 1993. Non-parametric multivariate 
analyses of changes in community structure. 
Australian Journal of Ecology 18: 117-143.

Cox J. R., M. H. Martin-R, F. A. Ibarra-F, J. H. 
Fourie, N. F. G. Rethman & D. G. Wilcox. 
1988. The influence of climate and soils on 
the distribution of four African grasses. Jour-
nal of range management 41: 127-136.

D’Antonio, C. M. & P. M. Vitousek. 1992. Biolo-
gical invasions by exotic grasses, the grass/
fire cycle, and global change.Annual review 
of ecology and systematics 23: 63-87.

De la Barrera, E.  2008. Recent invasion of bu-
ffel grass (Cenchrus ciliaris) of a natural pro-
tected area from the southern Sonoran De-
sert.Revista Mexicana de Biodiversidad79: 
385-392.

Fabricante J. R. & J. A. Siqueira Filho. 2012a. 
Plantas exóticas e invasoras das Caatingas 
do Rio São Francisco. In: J.A. SiqueiraFilho 
(ed.). Flora das Caatingas do Rio São Fran-
cisco: História Natural e Conservação. Rio 
de Janeiro, Andrea Jakobsson Estúdio Edito-
rial. p. 366–393.

Fabricante J. R. & J. A. Siqueira-Filho. 2012b. 
Mudanças nas Paisagens das Caatingas e as 
Invasões Biológicas. Boletín de la Red Lati-
noamericana para el Estudo de Plantas Inva-
soras 2:  23-27.

Fairfax, R. J. & R. J. Fensham. 2000. The effect 
of exotic pasture development on floristic di-
versity in central Queensland, Australia.Bio-
logical Conservation94: 11-21.

Ferri, M. G., N. L. Menesis & W. R. Monteiro-
-Scanavacca. 1981. Glossário ilustrado de 
botânica. São Paulo, Nobel.

Flanders, A. A., W. P. Kuvlesky Jr, D. C. Ru-
thven III, R. E. Zaiglin, R. L. Bingham, 
T. E. Fulbright, F. Hernández & L. A. 
Brennan. 2006. Effects of invasive exotic 
grasses on South Texas range land breeding 
birds.The Auk 123: 171-182.



Rev. Biol. Neotrop., Goiânia, v.14, n.2, p. 101-110, jul.dez. 2017

109

Friedel, M. H., A. C. Grice, N. A. Marshall &  
R.D. van Klinke. 2011. Reducing conten-
tion amongst organisations dealing with 
commercially valuable but invasive plants: 
The case of buffelgrass. Environmental 
science & policy 14: 1205-1218.

Hanselka, C.W. 1988. Buffelgrass: south Texas 
wonder grass. Rangelands 10: 279-281.

Humphreys, L. R. Buffelgrass (Cenchrus cilia-
ris) in Austrália. 1967. Tropical Grasslands 
1: 123-133.

Hussain,F.,I. Ilahi, S. A. Malik, A. A. Dasti, 
B. Ahmad. 2011. Allelopathic effects of rain 
leachates and root exudates of Cenchrus 
ciliaris L. and Bothriochloa pertusa (L.) A. 
Camus. Pakistan Journal of Botany 43: 341-
350.

Hussey, M. A., E. C. Bashaw, K. W. Hignight 
& M. L. Dahmer. 1991.  Influence of pho-
toperiod on the frequency of sexual embryo 
sacs in facultative apomictic buffelgrass. Eu-
phytica 54: 141-145.

Ibarra-F, F. A., J. R. Cox, M. H. Martin-R, T. A. 
Crowl & C. A. Call. 1995. Predicting buffel-
grass survival across a geographical and en-
vironmental gradient.Journal of Range Man-
agement 48: 53-59.

IBGE. 1992. Manual Técnico da Vegetação Brasi-
leira. Rio de Janeiro, Série Manuais Técnicos 
em Geociências, Brasil.

Jackson, J. 2005. Is there a relationship be-
tween herbaceous species richness and 
buffel grass (Cenchrus ciliaris)?. Austral 
Ecology 30: 505-517.

Jakelaitis, A., L. R. Ferreira, A. A. Silva, E. L. 
Agnes, G. V. Miranda & A. F. L. Macha-
do. 2003. Dinâmica populacional de plantas 
daninhas sob diferentes sistemas de manejo 
nas culturas de milho e feijão. Planta Dani-
nha 21: 71-79.

Leal, I. R., M. Tabarelli & J. M. C. Silva. 2003. 
Ecologia e conservação da Caatinga. Recife, 
Editora Universitária, Universidade Federal 
de Pernambuco.

Lehmann, E. L. 1997. Testing statistical hypoth-
eses. 2º. EDN. New York, Springer-Verlag.

Lira, M. A., A. C. L. Mello, M. V. F. Santos, 
M. A. Ferreira, I. Farias & D. C. Santos. 
2004. Considerações sobre a produção lei-
teira no Semi-árido Pernambucano. Anais da 
Academia Pernambucana de Ciência Agro-
nômica 1:112-123.

Ludwig, J. A & J. F. Reynolds. 1986. Statistical 
ecology: a primer on methods and compu-
ting. New York, John Wiley & Sons.

Marshall, N. A., M. Friedel, R. D. Van Klinken 
& A. C. Grice. 2011. Considering the social 
dimension of invasive species: the case of 
buffelgrass. Environmental science & policy 
14: 327-338.

Marshall, V. M., M. M. Lewis & B. Ostendorf. 
2012. Buffelgrass (Cenchrus ciliares) as na 
invader and threat to biodiversity in arid en-
vironments: a review. Jornal of Arid Envi-
ronments 78: 1-12.

Mooney, H. A. & R. J. Hobbs. 2000. Invasive 
Species in a Changing World. Washington: 
Island Press.

Muller-Dombois, D. & H. Ellemberg. 1974. 
Aims and methods of vegetation ecology. 
New York, John Wiley & Sons.

Oliveira, M. C. 1993. Capim-buffel: produção e 
manejo nas regiões secas do Nordeste.Pe-
trolina, Embrapa-CPATSA, Brasil.

Pauchard, A. & K. Shea. 2006. Integrating the 
study of non-native plant invasions across 
spatial scales. Biological Invasions 8: 399–
413.

Pielou, U. C. 1977. Mathematical diversity. New 
York, John Wiley.

Reis, A. M. S., E. L. Araújo, E. M. N. Ferraz 
& A. N. Moura. 2006. Inter-annual varia-
tions in the floristic and population structure 
of an herbaceous community of “caatinga” 
vegetation in Pernambuco, Brazil. Brazilian 
Journal of Botany29: 497-508.

Ribeiro, D. B. C., J. R Fabricante. & M. B. Al-
buquerque 2014.  Bioinvasion of Trades-
cantia zebrina Heynh. (Commeliaceae) in 
uplands, State of Paraíba, Brazil. Brazilian 
Journal Biological Sciences 1: 1-10.

Silva, B. L. R., F. M. Tavares & J. S. A. Cortez. 
2012. Composição Florística do Componente 
Herbáceo de uma Área de Caatinga-Fazenda 
Tamanduá, Paraíba, Brasil. Revista de Geo-
grafia (UFPE)29: 54-64.

Silva, A. C. C., A. P. N. Prata & A. A. Mello. 
2013. Flowering plants of the Grota do Angi-
co Natural Monument, Caatinga of Sergipe, 
Brazil.CheckList, 9: 733-739.



Rev. Biol. Neotrop., Goiânia, v.14, n.2, p. 101-110, jul.dez. 2017

110

Souza, A. A. & G. B. Espíndola. 2000. Bancos 
de Proteína de Leucena e de Guandu para 
Suplementação de Ovinos Mantidos em Pas-
tagens de Capim-Buffel. Revista brasileira 
de Zootecnia 29: 365-372.

Souza B. I., R. C. Artigas & E. R. V. De Lima. 
2015. Caatinga e Desertificação. Mercator-
-Revista de Geografia da UFC 14.1: 131-
150.

Souza, V. C., L. A. Andrade, F. T. C. Bezerra, 
J. R. Fabricante & R. C. Feitosa. 2011. 
Avaliação populacional de Sesbania virgata 
(Cav.) Pers. (Fabaceae Lindl.), nas margens 
do rio Paraíba. Revista Brasileira de Ciências 
Agrárias 6: 314-320.

Sokal, R. R. & F. J. Rohlf. 1962. The compari-
son of dendrograms by objective methods. 
Taxon 11: 33-40.

Shannon, C. E. & W. Weaver. 1949. The Math-
ematical Theory of Communication. Urbana, 
University Illinois Press.

Tinoco-Ojanguren, C., Reyes-Ortega I., Sán-
chez-Coronado M. E., Molina-Freaner F., 
Orozco-Segovia A. 2016.  Germination of 
an invasive Cenchrus ciliaris L.(buffel grass) 
population of the Sonoran Desert under vari-
ous environmental conditions. South African 
Journal of Botany 104: 112-117.

Williams, D. G. & Z. Baruch. 2000. African 
grass invasion in the Americas: ecosystem 
consequences and the role of ecophysiology. 
Biological invasions 2: 123-140.

Recebido em 09.VI.2016
Aceito em 06.X.2016




