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Abstract. Natural establishment of forests in the Brazilian Pampa biome 
should occur due to soil, hydrology and climate conditions, although no 
significant forest expansion over grassland has been noticed, precluded 
mainly by human interference and lack of environmental management. In 
this study, we used niche-modeling distribution of the tree species Schi-
nus molle L. based on climatic variables to access the vegetation dynamics 
of the Brazilian Pampa and to develop strategies that assure the conserva-
tion of this biome, concerning both grassland and forest formations. Here 
we show that a large area of the Brazilian Pampa is suitable for expan-
sion of S. molle populations, supporting the forest expansion over grassland 
as a natural process in this biome. We propose that the current absence of 
tree species expansion over the grassland in these areas is a result of the 
resilience of the grassland and of human interferences through expansion 
of agriculture, ranching and forestry with exotic species. Therefore, con-
servationist actions should focus on establishing preservation unities that 
include forest populations and grassland, while environmental manage-
ment should be applied just in farming areas with historical human inter-
ference. Such actions will respect the ecological dynamics of the Pampa 
and value the forest formations in this grassland-dominated environment.
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Introduction

Schinus molle L. (Anacardiaceae), widely 
known as Peruvian pepper tree, is an evergreen 
dioecious tree species (Figure 1A) with natu-
ral occurrence in the Pampa Biome (Sobral & 
Jarenkow 2006). As a pioneer species, S. molle 
is very important for the ecological succession, 
creating environmental conditions for forest es-
tablishment, as well as nesting sites and source 
of food for birds and mammals. It can fl ower 
at any time of the year, and female trees bear 
a mixture of ripe and unripe fruits (Figure 1B) 
most of the time, making their seeds available 
for dispersal throughout the year (Milton et al. 
2007). Seeds are dispersed by birds, mammals 
and in running water, while seedlings become 
established in washes, ravines, old fi elds and 
rock outcrops (Howard & Minnich 1989). 
Schinus molle is recognized by its use in folk’s 
medicine (Dikshit et al. 1986), by the pharma-
ceutical uses of its essential oils (Marongiu et 
al. 2004) and by the spicy pink pepper (Gold-
stein & Coleman 2004).
 Currently, populations of S. molle are found 
in the Brazilian Pampa as scattered formations, 

growing mainly in disturbed environments as 
well as in primary forest formations. Since no 
historical registers about the distribution of S. 
molle in the Brazilian Pampa are available, the 
reconstruction of the species dynamics is not 
an easy task. Schinus molle is recognized as an 
invasive species in South Africa (Iponga et al. 
2009), Hawaii (Asner et al. 2008) and Califor-
nia (Howard & Minnich 1989), with a higher 
dispersion capacity and large ability to estab-
lish in new environments. These two charac-
teristics offer good opportunities for gaining 
insights regarding the ecological dynamics of 
tree species populations in the Brazilian Pam-
pa and understanding the needs for the con-
servation of this biome. As a pioneer species, 
S. molle may generate suitable environments 
within the Pampa biome for the establishment 
of secondary tree species such as Luehea di-
varicata, Cordia trichotoma, Eugenia unifl ora 
and Myrsine laetevirens.
 The Brazilian Pampa is restricted to the 
southernmost region of the country, where it 
occupies about 176,496 km2 comprising a mo-
saic of different vegetation physiognomies, 
dominated by grassland environments (Roe-

Schinus molle in the Pampa stricto sensu. (A) Female individual of 
S. molle in its natural habitat. (B) Ripe fruits of S. molle

Figure 1 
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sch et al. 2009). The current climatic condi-
tions and the depth of the soils in the Brazilian 
Pampa have been considered favorable for the 
development of forests, although no exten-
sive expansion of tree populations is observed 
in this biome (Bredekamp et al. 2002, Pillar 
2003, Roesch et al. 2009). Consequently, the 
question remains: which features are determi-
nants in precluding the expansion of the tree 
populations over the grassland in the Pampa 
Biome? Although it is an old question (e.g. 
Rambo 1956, Hueck 1966, Klein 1975), no 
studies have tried to answer it through em-
pirical research of ecological dynamics of tree 
species. Historically, forest cover in the Bra-
zilian Pampa remains restricted to formations 
along river margins and nucleations within the 
grassland formations, mainly as result of the 
grassland resilience and of human interference 
through expansion of agriculture, ranching 
and monoculture forestry with exotic species, 
mainly with Eucalyptus spp.
 Although forests are not the most signifi -
cant plant component of the Pampa biome 
(more than 3,000 grass species against about 
200 tree species: Roesch et al. 2009, Oliveira-
Filho et al. 2013), woody formations are quite 
important in this region. Forest formations are 
crucial for the protection of watercourses, as 
housing and nesting area for several birds, 
mammals and epiphyte plants, holding high 
biodiversity (Roesch et al. 2009). Although 
exotic tree species may also contribute to these 
environmental services, native species are ex-
pected to perform better as effect of the coevo-
lution with their biotic environment, including 
host-pathogen interactions. Thus, conserving 
regional biodiversity is directly associated to 
the species occurring in a region and the sev-
eral biotic and abiotic features that comprise 
an ecosystem (Myers et al. 2000). 
 Aiming to have rapid information towards 
taking decisions about nature preservation, 
conservationists have increasingly relied on 
predictive models to provide decision-makers 
with information on species distribution. In 

addition, modeling species distribution across 
ecosystems has become a strategic tool in 
documenting biodiversity on the planet and is 
crucial to understanding the effect of multiple 
stresses caused by climate and human-induced 
changes (Saatchi et al. 2008). 
 Since forest expansion has been neglected 
in the discussions about conservation of the 
Brazilian Pampa, the present study aimed to 
highlight natural dynamics of tree populations 
in the Pampa biome concerning ecological 
succession of the vegetation, by determining 
likely occurrence areas of the pioneer species 
S. molle in the Pampa biome in Southern Bra-
zil, using maximum entropy and GIS-based 
modeling. Schinus molle is a native tree spe-
cies of the Pampa biome, with high dispersion 
capacity and high adaptability. These charac-
teristics may help the establishment of primary 
forest formations in areas where the abiotic 
conditions are suitable, creating environmental 
conditions for the establishment of species of 
later successional stages and forest expansion. 
These characteristics make S. molle a useful 
species to study the dynamics of tree popula-
tions in the Pampa biome. 
 In this study we intend to answer two main 
questions: (1) is the expansion of tree species 
over grassland an expected process in the Bra-
zilian Pampa? (2) Which strategies should be 
used to guarantee the natural dynamic and con-
servation of this biome? 

Material and methods

Field survey and data collection

Data about the occurrence of S. molle popu-
lations were collected in the savanna, steppic-
savanna and steppe portions of the Brazilian 
Pampa, hereafter called Pampa sensu stricto 
(29000’–32000’S, 53030’–58000’W). The Pam-
pa sensu stricto (Figure 2A) is character-
ized by large extensions of grassy vegetation 
with occurrence of tree species as gallery for-
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ests and scattered forest formations across the 
grasslands (Roesch et al. 2009). 
 The range of the species was recorded in a 
survey along 2200 km of roads in the Brazilian 
Pampa sensu stricto, in regions where popu-
lations of S. molle are expected to be found, i.e. 
along disturbed environments and primary for-
est formations. The spatial position (altitude, 
longitude and latitude) for each population 
was recorded using a GPS device (Garmim® 

e-trex). Since this species is sometimes plant-
ed by landowners in the Pampa biome, only 
clusters formed by at least 10 individuals with 
random distribution were classifi ed as a popu-
lation of S. molle, that originated from natu-
ral dispersion of the species (i.e. that were not 
planted with ornamental or economic objec-
tives).

Distribution model simulations

To estimate the extent of occurrence and the 
most probable natural locations of S. molle 
occurrence in the Pampa biome we employed 
the maximum entropy distribution model algo-
rithm, using the software MaxEnt version 3.3.3 
(Phillips et al. 2005). This algorithm estimates 
the probability distribution for a species’ occur-
rence as function of environmental limitations, 
based on species presence data and environ-
mental variable layers of the study area. The 
model includes a deterministic outline, which 
enables performing confi dent analyses with 
information about presence-only point occur-
rences and high performance with few point 
localities (Phylips et al. 2005, Elith et al. 2006, 
Saatchi et al. 2008). The actual occurrence of 
S. molle within the Pampa sensu stricto was 
registered as latitude and longitude in the mid-
dle point of each population. 
 Nineteen bioclimatic variables available in 
the WorldClim database (http://www.world-
clim.org; Hijmans et al. 2005) were extracted 
and used for the niche characterization in the 
modeling analysis. These metrics are derived 
from monthly temperature and rainfall values 

(11 temperature and eight precipitation met-
rics; Table 1), representing biologically mean-
ingful variables for characterizing species dis-
tribution (Nix 1986, Lehmann et al. 2011).
 The Geographic Information System DIVA-
GIS (http://www.diva-gis.org) was used to 
compile the MaxEnt results interpolating cli-
matic surfaces for global land areas in 2.5 arc 
minutes maps (about 5 km² resolution). Model 
validation was determined by the area under 
the curve (AUC) as excellent (AUC > 0.90), 
good (0.80 > AUC ≤ 0.90), acceptable (0.70 
> AUC ≤ 0.80), bad (0.60 > AUC ≤ 0.70) 
and invalid (0.50 > AUC ≤ 0.60), according 
to Araújo et al. (2005). A Jackknife test was 
employed to determine the prediction power 
of each variable by setting the variable aside 
from the test and generating its percentage of 
contribution to the model. 

Results

Excluding the crop and exotic tree species 
plantations and urban areas along the 2,200 km 
surveyed in the Brazilian Pampa sensu stricto 
(Figure 2B), nine populations of S. mole were 
identifi ed. Six sites were recognized as fi tting 
the environmental requirements for species oc-
currence (disturbed environments or primary 
forest formations), but lacked populations of S. 
mole (Figure 2B). These occurrence data and 
the nineteen bioclimatic variables were em-
ployed for the distribution modeling analysis, 
which presented an excellent predictive power 
(AUC = 0.99). The three most important bio-
climatic variables, which explained more than 
60% of the model, were precipitation season-
ality (coeffi cient of variation), precipitation of 
the driest month and temperature seasonality 
(37.7%, 13.4% and 13.3% of contribution, re-
spectively; Table 1). 
 For the Pampa sensu stricto, three popu-
lations of S. molle (SG, VN and CS) occur 
within the region with 100% probability of 
the species occurrence, fi ve (MV, AL, SL, DP 
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and BG) within the region with 50% probabil-
ity and one population (QI) in the region with 
25% probability, near the 50% zone (Figure 
2B). Among the sites where no population was 
found, four (BQ, UR, HN, AC) are located in 
regions with less than 25% predictive prob-
ability of S. molle occurrence. However, two 
sites lacking populations (CQ and RS) are lo-
cated within the region of 100% probability of 
species occurrence (Figure 2B). 
 When we extrapolated the modeling to a 
world scale (data not shown), all regions in 
which S. molle is found as invasive/naturalized 
species are also characterized as propitious for 
species occurrence. Since our study aims to 
discuss forest expansion in the Brazilian Pam-
pa, this simulation is not shown, but was used 
as parameter for the validation of the model, in 

addition to the AUC evaluation.

 
Discussion

Reviewing the diversity and conservation of 
the Pampa biome, Roesch et al. (2009) pro-
posed that more comprehensive inventories 
of the biological diversity and distribution 
of animal and plant species and their interac-
tions should be a key priority in future studies. 
Our study focused in simulating the distribu-
tion occurrence area correlated with climatic 
variables for a pioneer tree species. Pioneer 
species are important in creating suitable en-
vironments for the establishment of mid-suc-
cessional tree species and the expansion of for-
ests. We aimed to predict natural dynamics of 

Map of the studied area in Southern Brazil, including the Uruguayan territory and part of Argen-
tina. (A) Geographic range of the Pampa stricto sensu in the southernmost Brazilian state Rio 
Grande do Sul. (B) Predicted distribution of Schinus molle within the Pampa biome in South Bra-
zil, Uruguay and part of Argentina. Colors represent the different probability of species occurrence 
based on the climatic variables evaluated. Natural populations of Schinus molle were found in 
Alegrete (AL), Bagé (BG), Caçapava do Sul (CS), Dom Pedrito (DP), Manoel Viana (MV), Quaraí 
(QI), Santana do Livramento (SL), São Gabriel (SG) and Vila Nova do Sul (VN). No populations 
were observed in Aceguá (AC), Cacequi (CQ), Hulha Negra (HN), Barra do Quaraí (BQ), Rosário 
do Sul (RS) and Uruguaiana (UR)

Figure 2 
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the vegetation with emphasis on the forest ex-
pansion over grasslands, as well as to propose 
strategies for conservation of the Brazilian 
Pampa. The model predicted the S. molle oc-
currence in a large area of the Brazilian Pampa 
sensu stricto, including all the identifi ed 
populations, although with probabilities ≤50% 
for some populations. When the model was 
employed at a world scale (data not shown), it 
also included the African and North American 
areas where S. molle is found currently as an 
invasive/naturalized species, confi rming the 
effectiveness of the model. 
 Lehmann et al. (2011) simulated the predic-
tive occurrence area of forest and savanna en-
vironments in the Southern Hemisphere based 
on effective rainfall, rainfall seasonality, soil 
fertility and topographic complexity. Based 
only on these four abiotic factors and cover-
ing just from 29°S to 30°S latitude, Lehmann 
et al. (2011) predicted a probability >50% 
of forest development in this portion of the 
Brazilian Pampa. Our study used a larger set 
of bioclimatic variables and covered a much 
larger portion of the Pampa biome refi ning 
these predictions and predicting the occur-

rence area of S. molle in the Pampa biome in a 
range from 0.1% to 100% probability of spe-
cies occurrence. In addition, since we did not 
use soil fertility and topographic complexity as 
variables in the modeling analysis, our results 
suggest that these variables do not restrict the 
expansion of forests in the Pampa biome and 
that climatic variables are suffi cient to predict 
the distribution of S. molle. 
 Precipitation seasonality (coeffi cient of 
variation), precipitation of the driest month 
and temperature seasonality were the three 
most important bioclimatic variables related 
to S. molle occurrence in our niche modeling 
analysis. These three bioclimatic variables are 
related with the presence/absence of drought 
periods in the environment, a factor which di-
rectly interferes with the forest establishment 
and expansion. Precipitation and temperature 
were also considered the most important cli-
matic variables related to species richness in 
forest formations of southern Brazil, includ-
ing the Pampean region (Oliveira-Filho et 
al. 2013). This is not surprising, since forest 
formations in the Pampa domain occur on 
sites where ground water accumulates (Paz & 

Percent contribution of the bioclimatic environmental variables used in the maximum entropy 
analysis for the predictive distribution of Schinus molle in the Pampa Biome

Table 1 

BioClim Legend Environmental Variables Percent contribution
BIO 15 Precipitation Seasonality (coeffi cient of variation) 37.7
BIO 14 Precipitation of Driest Month 13.4
BIO 4 Temperature Seasonality (standard deviation .100) 13.3
BIO 6 Min Temperature of Coldest Month   7.5
BIO 3 Isothermality (BIO2/BIO7) . (100)   6.8
BIO 11 Mean Temperature of Coldest Quarter   6.1
BIO 12 Annual Precipitation   5.9
BIO 19 Precipitation of Coldest Quarter   2.9
BIO 17 Precipitation of Driest Quarter   2.4
BIO 5 Max Temperature of Warmest Month   1.9
ALT Altitude   0.9
BIO 8 Mean Temperature of Wettest Quarter   0.8
BIO 1 Annual Mean Temperature   0.3
BIO 2 Mean Diurnal Range [Mean of monthly (max temp – min temp)]   0.2
BIO 7 Temperature Annual Range (BIO5-BIO6)   0
BIO 9 Mean Temperature of Driest Quarter   0
BIO 13 Precipitation of Wettest Month   0
BIO 10 Mean Temperature of Warmest Quarter   0
BIO 16 Precipitation of Wettest Quarter   0
BIO 18 Precipitation of Warmest Quarter   0
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Bassagoda 2002) and an increasingly warmer 
and moister climate is considered as the main 
factor enabling the forest development in this 
biome (Behling et al. 2005). Thus, the absence 
of a dry season during the year (mean of 1200 
mm annual precipitation equally distributed 
over the year; Cavalcanti et al. 2009) is a cru-
cial factor in enabling expansion of S. molle in 
the Brazilian Pampa.
 The potential distribution area of S. molle 
predicted in our study with more than 50% 
probability covers basically all the seven differ-
ent physiographic formations of the Brazilian 
Pampa (as well as regions outside the Pampa 
biome, within the Atlantic Rain Forest). Just 
a large extension of the coastal region and the 
westernmost part of the steppic-savanna envi-
ronment within the Brazilian Pampa does not 
fi gure as occurrence area of S. molle. Based 
on the occurrence of economically important 
forest tree species, the westernmost part of 
the Brazilian Pampa has the lowest similar-
ity to the other environments of the biome 
(Roesch et al. 2009), emphasizing the physi-
ographic uniqueness of this region. Based on 
the present results, the Uruguayan Pampa re-
vealed a smaller proportion of predicted areas 
with 100% probability of S. molle occurrence, 
confi rming the Brazilian Pampa as a more fea-
sible region for development of forest forma-
tions, as proposed by Rambo (1956), Hueck 
(1966) and Klein (1975). Although this model 
relies on S. molle only, the expansion of this 
pioneer species will also support the expansion 
of other forest species such as Luehea divari-
cata, Cordia trichotoma, Eugenia unifl ora and 
Myrsine laetevirens.
 The prediction of forest occurrence over 
much larger areas than the actual occurrence 
has been obtained for different regions of the 
world based on dynamic global vegetation 
models grounded on climatic and soil ele-
ments only (Bond et al. 2003, 2005). Including 
fi re in the model, a better fi t was obtained for 
African grassy environments, suggesting that 
this is an important element in shaping current 

forest-grassland limits and impeding forest ex-
pansion (Bond 2008). Currently, natural fi re is 
not an element of vegetation dynamic control 
in the Brazilian Pampa, as indicated by the 
physiological dynamic of seed germination in 
the Pampas grassland, which are not directly 
stimulated to germinate by fi re (Overbeck et 
al. 2006), and the absence of the characteristic 
traits of fi re-resistant species in trees growing 
in the forest formations in this biome. Thus, 
expansion of S. molle populations over grass-
lands in the Brazilian Pampa seems to be the 
natural dynamic of this biome, extending the 
actual occurrence area of forests. As such de-
mographic growth is not widely observed, we 
propose that ecological and anthropogenic el-
ements are responsible by precluding the ex-
pansion of tree species populations over grass-
lands in the Pampa biome. 
 The ecological element is related to climatic 
variables and to the natural succession of the 
environment. Precipitation and temperature 
revealed to be the main bioclimatic factors 
determining the distribution area of S. molle 
and restricting the occurrence of the species in 
some regions of the Pampa biome, as shown 
in Figure 2B. Moreover, grasslands of the 
Pampa biome are resilient formations in a re-
gion where the cold and dry climate changed 
to warm and humid faster than the ecologi-
cal dynamic of the environmental succession 
could evolve (Behling & Pillar 2007). Accord-
ing to the palynological register (Behling et al. 
2005, Behling & Pillar 2007), the emergence 
of the actual wet and warm climate in southern 
Brazil occurred recently at both geological and 
ecological scales, about only 5,000 years ago. 
Therefore, not enough time was available for 
the vegetation transition from grassland to for-
est formations even in the areas where climatic 
conditions are favorable for S. molle establish-
ment with more than 50% probability (Figure 
2).
 The anthropogenic element is linked to the 
historical land use in the Pampa biome. Char-
coal registers from lowlands in the Brazilian 
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Pampa (Behling et al. 2005) suggest that fi res, 
probably of anthropogenic origin, were fre-
quent in the Pampean grasslands during mid 
to late Holocene times. In addition, the pres-
ence of a single corn pollen grain in the pollen 
record suggest either a small-size corn planta-
tion near the site or plantations distant from 
the site, evidencing agricultural activity at the 
end of this period (Behling et al. 2005). Also 
archeological evidences suggest that the farm-
ing Guarany folk arrived at the Uruguay River 
around 15,000 years ago, while domestic cat-
tle and horses were introduced in the Jesu-
itical missions in the 17th Century and spread 
naturally in the region after the abandonment 
(Schmitz 1997, Porto 1954). Currently, the ex-
pansion of agriculture and grazing lands and 
the establishment of exotic-tree plantations are 
important factors precluding the expansion of 
natural forests, since these activities are con-
ducted in areas suitable for the establishment 
of S. molle and other native forest species. 
The absence of S. molle populations in regions 
with 100% predicted conditions for the spe-
cies occurrence is likely the effect of human 
interference. Using mathematic models for the 
grassland-Araucaria forest dynamic in south-
ern Brazil, Innes et al. (2013) proposed that 
human-environment interactions qualitatively 
alter the composition of forest-grassland mo-
saic ecosystems.

Conclusions

The use of “proper management strategies 
where grasslands are subject to shrub en-
croachment and forest expansion” maintain-
ing the grassy vegetation and avoiding forest 
expansion has been proposed (Overbeck et al. 
2007) as a policy for the conservation of the 
Brazilian Pampa. This proposition means the 
controlled use of fi re and grazing in the grass-
lands. On the other hand, Roesch et al. (2009) 
suggested that the fragility of the soil, fl ora and 
fauna makes the Brazilian Pampa vulnerable 
to conversion and degradation, while over-

grazing and fi re are the most critical threats to 
the biome. The present study suggests that the 
natural ecological dynamic of plant commu-
nities implicates the expansion of tree popu-
lations over grasslands in the majority of the 
Brazilian Pampa vicinity. 
 Thus, the forest expansion over grassland 
has to be considered a natural process in the 
biome and the conservationist actions should 
focus on establishing conservation unities that 
include forest populations and grassland, al-
lowing the expansion of native forest species 
over the grassy areas. The grassland manage-
ment should be used just in grazing areas with 
historical human interference. These actions 
will allow the natural succession in the Pampa 
biome, respecting its ecological dynamic and 
valuing the forest formations in this grassland-
dominated environment.
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