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INTRODUCTION

Natural forest expansion is an ecological process that has
been observed at a global scale over several types of open
vegetation, from deforested areas and old fields to savan-
nas and grasslands. Land - use history and distance from
seed source are factors that influence the spatial distribu-
tion of organisms defining different patterns of expansion.
However, anthropogenic disturbance such as cattle grazing
and fire can act in controlling this process (Pillar 2003).
Open fields excluded from this kind of disturbance usually
presents two patterns of forest expansion: gradually, from
forest edge (Oliveira & pillar 2004), and through isolated es-
tablishment of woody species in open areas (Duarte et al.,
2006).

In South Brazilian highlands, vegetation is a mosaic con-
sisted by grasslands (Campos) and forest (knows as Arau-
caria forest), with a distinguished contact zone between
this two vegetation types (Rambo 1956). Paleo - palino-
logical evidences indicate that grasslands were the predom-
inant vegetation and just 3000 years ago Araucaria forest
has been expanding over Campos grassland, mainly due to
a more humid and dry climate (Behling et al., 2004). In this
context, Araucaria angustifolia (Bertol.) O. Kuntze is the
dominant species in this forest formation and is frequently
found colonizing Campos grassland. Also, it has been con-
sidered a pioneer species (Reitz & Klein 1978) and the major
nurse species (Duarte et al., 2006) of the expansion process.

Moreover, A. angustifolia is a zoochorical species and col-
onization process over Campos grassland depends on how
seed dispersers will explore the environment, determining
seeds’ deposition sites and distance from forest edge where
seeds are provided. Thus, variations in herbaceous’ commu-
nities structure during succession process (e.g. increasing of
herbaceous and woody biomass) must change the way seed
dispersers explore grasslands, and therefore seed dispersal
patterns of A. angustifolia. Other relevant characteristic
is the formation of tree annual rings from seasonal climate
variations. Tree rings in A. angustifolia annually shows a
period of cambial activity followed by a dormancy period,

influenced mainly by temperature patterns in South Brazil
(Oliveira 2009). In this study, dendrochronology is used as
an instrument that helps to describe the colonization pat-
terns of A. angustifolia over Campos grassland.

OBJECTIVES

Thus, the objectives of this paper are (1) link A. angusti-
folia’s age structure to distance from forest edge, and (2)
evaluate the role of this species on the diversity of other
woody species, relating this diversity to the age of A. an-
gustifolia’s individuals.

MATERIAL AND METHODS

Study site

The study was conducted at 28°213’S, 51210°W in Aracuri
Ecological Station (A. E. E.), located in Muitos Capdes,
Rio Grande do Sul State, southern Brazil. Waechter et
al., (1984) identified four vegetation types in A. E. E.:
wetland, grassland, “vassoural” (grassland with tall herba-
ceous’s layer and shrubland) and Araucaria forest. Our
study was restricted to grasslands and vassoural types. Al-
though A. E. E. was created in 1981, the area had been re-
lease from human disturbance (grazing and fire) since 1974
(P. L. de Oliveira, per. com.). A 1965’s aerial photogra-
phy (before disturbance exclusion) indicates that the area
was characterized by Araucaria forest patches (capoes) sur-
rounded by Campos grassland, which were sustained mainly
by grazing. Hence, the two vegetation types considered in
this study were probably Campos grassland before distur-
bance exclusion.

Sampling methods

We used the A. E. E. vegetation map (Cestaro 1986) to lo-
cate systematically 150 sampling points over grassland and
vassoural areas, 100m distant from each other. From those
150 points we randomly sampled 10 points considering each
of the following distance classes from forest edge: 0 to 100m;
101 to 200m; 201 to 300m; 301 to 400m; 401 to 500m; and

Anais do IIT Congresso Latino Americano de Ecologia, 10 a 13 de Setembro de 2009, Sdo Lourengo - MG 1



up to 501m. In each point, we randomly sampled in two di-
rections, and in each one we choose the Araucaria tree closer
to the point but with a diameter breast height (DBH) equal
to or bigger than 10cm. If there was no tree in such direc-
tion, another one was randomly sampled again. Then, we
fixed two circular plots (3m radius): one under A. angus-
tifolia’s crown, taking into account tree stem as the plot
center; and another one outside A. angustifolia’s crown but
next to it. Plots were consider as a block and the outside
one was used as a control, just to evaluate A. angustifolia’s
role as a natural perch.

Vegetation sampling considered all woody individuals above
1m height. All species were sampled, including shrubs and
forest species, and all of them were classified into species
level following APG II (2003). They had their diameter
soil height (DSH) measured. The species were also grouped
considering their habitat: exclusive forest species, transi-
tion species (those which appears in Araucaria forest or
in Campos grassland, and even in forest edge) and exclu-
sive grassland species. Later, we classified species’ dispersal
syndrome in: zoochoric, anemochoric and autochoric. To
analyze it, we grouped these last two categories in only one:
non - zoochoric.

Individuals of A. angustifolia considered in vegetation sam-
pling were also used in dendrochronological evaluations.
The cores were fixed on woody supports, air - dried and
mechanically polished with sandpaper. The growth rings
were inspected with a stereomicroscope and dated accord-
ing to the methods described in Stokes & Smiley (1968).
Data analysis

Each tree was considered as a sampling unit described by its
age and its forest edge distance. The relationship between
these variables was evaluated through linear regression; the
age as the response variable and forest edge distance as
the independent factor. Regression model’s significance was
tested in MULTTV (Pillar 2008).

To examine if there was any difference in diversity and abun-
dance between communities under and next to A. angusti-
folia’s crown, we used ANOVA with randomization tests
(Pillar & Orléci 1996). Permutations were restricted to
plots considering vegetation sampling in blocks, just to re-
move variations related to non - controlled factors, such as
soil and distance from forest edge. Plots were compared
by Shannon’s Diversity index (H’) and it was calculated to
three species’ groups: those with only zoochoric dispersal
syndrome (H’z), those with non - zoochoric dispersal syn-
drome (H’nz) and the entire species sampled (H’e).

We also applied linear regression models with randomiza-
tion tests (Manly 1991) to evaluate how difference in di-
versity between communities under and next to A. an-
gustifolia’s crown vary according to forest edge distance
and to A. angustifolia’s age. For these analysis we con-
sidered as response variables the species’ diversity differ-
ences (H’) in each block, which means that for each pair we
used: H’arqucaria-H contror; and as independent variables
we considered five data groups, each one tested separately
(DIS+AGE,+INT; DIS+AGE,; AGE,; AGE e DIS), where
DIS=forest edge distance; AGE=age, AGE,=residual age
and INT=interaction between two factors. Analyses were
distinct to three species’ group (H'., H’,,. and H’.).

RESULTS AND DISCUSSION

Age structure x distance from forest edge

The result shows apparently two age cohorts of A. angus-
tifolia: one with individuals established before and other
established after disturbance exclusion in 1974. Trees es-
tablished before it (34 years or more; N=12) were found
until 150 m from forest edge while those individuals estab-
lished after disturbance exclusion (34 year or less; N=97)
reached 900 m. Linear regression model adjusted for trees
established after disturbance exclusion clearly shows an ex-
ponential decline in the age of A. angustifolia by increasing
forest edge distance. This model explains 58% of age data
variation (p=0.001). Moreover, age range declines with in-
creasing forest edge distance, varying from 10 to 30 years
at 100m, and from 7 to 10 years in 600m.

Disturbances can influence the colonization dynamics of A.
angustifolia’s in two aspects: seed dispersion and seedling
survival. Considering seed dispersion, managed grasslands
can act as a selective barrier for transient animals that come
from forest and use these boundary areas (Pedé 2005), re-
stricting seed dispersion to areas close to forest edge. Con-
sidering seedling survival, seedlings as well as A. angustifo-
lia’s fruits (locally known as “pinhdes”) can be consumed
and trampled by cattle, and may not survive to fire ef-
fects. This could explain the small number of individuals
older than 34 years 150 m far from forest edge. In grass-
lands where cattle grazing is the traditional form of land
- use, the survival of isolated individuals of A. angustifolia
could be related to protected sites like those under rocks
or fallen branches (Ferreira & Irgang 1979; Pillar 2003), or
to less frequent burns, which would allow plants to growth
enough to resist fire (Soares 1990). Thus, a small num-
ber of seedlings of A. angustifolia established after distur-
bance exclusion means a reduction of nucleation process,
and these conditions should delay forest expansion. Consid-
ering the youngest age cohort, individuals established until
900m from forest edge have less than 34 years. This fact
shows the important role of seed dispersers in the expansion
process of A. angustifolia forest. Moreover, disturbance ex-
clusion allowed an increase in the ongoing forest expansion
from the edge.

Perch effect

We found differences between woody plant communities es-
tablished under and next to A. angustifolia’s crown, consid-
ering total abundance of individuals (p=0.0121) and Shan-
non’s Diversity index, and considering H’, and H’.. How-
ever, there was no difference between plots considering only
H’,,.. Then, we compared H’ for non - zoochoric exclusive
forest species and for non - zoochoric transition species and
the results showed marginal differences between plots un-
der and next to A. angustifolia’s crown, considering only
Campos grassland’s species (p=0.0673). However, non -
zoochoric transition species did not show difference between
plots under and next to A. angustifolia’s crown (p=0.4985).
Statistical analyses did not allow comparisons with non -
zoochoric species from exclusive forest habitat once there
was no species in this category.

Linear regression models using the difference between com-
munities under the crown influence and next to A. angus-
tifolia presented a linear and positive relationship with dis-
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tance from forest edge, regarding only H’, (r?= 0.1053, p=
0.0309) and H’. (r’= 0.122, p= 0.0192). However, regres-
sion model considering the age of A. angustifolia individuals
didn’t show significant relationship (r*=0.0097; p=0.5079),
considering the H’. and dispersal syndromes separately (H’,
and H',,.). The model that used “residual age” as an in-
dependent factor didn’t explain the differences in diversity,
although the model that considered IDA+IDA,. showed sig-
nificant results. Therefore we chose the model that consid-
ered only DIS as the independent factor.

There was higher diversity of zoochoric species under A.
angustifolia’s crown than next to it. Moreover, this effect
disappears regarding only non - zoochoric species. These re-
sults suggest a “perch effect” (Pausas et al., 2006) because
if there were a “nurse effect”, then the differences in diver-
sity would have been observed for non - zoochoric species
too. Our results also indicate that forest expansion was fa-
cilitated by the establishment of pioneer individuals of A.
angustifolia from forest edge over Campos grassland. Other
results showed that this species act as a seed dispersal facili-
tator to zoochoric species (perch effect). Nurse effect wasn’t
clearly observed by our data.

CONCLUSION

Araucaria angustifolia establishes in Campos grasslands
that have been excluded from disturbance, and can reach
900m from forest edge in less than 34 years. The age of its
individuals individual decreased as the distance from for-
est edge increased. The results indicate that disturbance
exclusion (such as cattle and fire) and seed dispersers’ ac-
tivities are the most important factors for the establishment
of A. angustifolia over Campos grassland. The species also
acts as a perch, which facilitates seed dispersion of woody
and zoochoric species. Shannon’s Diversity Index showed a
higher diversity, based on individual’s abundance, for zoo-
choric species. We observed a linear positive relationship
between forest edge and differences in community diversity
for both groups. In summary, A. angustifolia seems to fa-
cilitate dispersal process (and not to restrict establishment)
for zoochoric woody species under its crown; accelerates
and conducts the forest expansion over Campos grassland
in South Brazil.

REFERENCES

APG 1I, 2003, An update of the Angiosperm Phylogeny
Group classification for the orders and families of flowering
plants: APG II. Bot. J. Lin. Soc.141: 399-436.

Behling, H., Pillar, V. D., Orléci, L. & Bauermann, S. G.,
2004, Late Quaternary Araucaria forest, grassland (Cam-
pos), fire and climate dynamics, studied by high - resolu-

tion pollen, charcoal and multivariate analysis of Cambara
do Sul core in southern Brazil. Palaeogeog. Palaeoclimatol.
Palaeoecol. 203: 277 - 297.

Cestaro, L. A., Waechter, J. L. & Baptista, L. R. M., 1986,
Fitossociologia do estrato herbdceo da mata de Araucaria
da Estacao Ecolégica de Aracuri, Esmeralda, RS. Hoeh., 13:
59 - 72.

Duarte, L. S.; Dos - - Santos, M. M. G., Hartz, S. M. &
Pillar, V. D., 2006, The role of nurse plants on Araucaria
forest expansion over grassland in South Brazil. Aust. Ecol.
31: 520 - 528.

Ferreira, A. G. & Irgang, B. E., 1979, Regeneracao natural
de Araucaria angustifolia nos aparados da Serra, RS. An.
Soc. Bot. Bras., XXX Congresso Nacional de Botanica, Sao
Paulo.

Manly, B. F. J., 1991, Randomization and Monte Carlo
Methods in Biology. Chapman and Hall, London, 281p.
Oliveira, J. M., 2009, Climatic signal in tree - rings of Arau-
caria angustifolia on southern Brazilian highlands. Aust.
Ecol. (in press).

Oliveira, J. M. & Pillar, V. D., 2004, Vegetation dynamics
on mosaics of Campos and Araucaria forest between 1974
and 1999 in Southern Brazil. Com. Ecol. 5: 197 - 202.
Pausas, J. G., Bonet, A., Maestre, F. T. & Climent, A.,
2006, The role of the perch effect on the nucleation process
in Mediterranean semi - arid oldfields. Act. Oecol. 29: 346
- 352.

Pedé, E., 2005, Assembléia de pequenos mamiferos néo
- voadores em &areas de ecétono campo - floresta com
Araucéria na regido dos Campos de Cima da Serra, rio
Grande do Sul. Master Thesis, UFRGS, Porto Alegre.
Pillar, V. D., 2003, Dinadmica da expansdo florestal em
mosaicos de floresta e campos no sul do Brasil. In: V.,
Claudino - Sales (ed.), Ecossistemas Brasileiros: Manejo e
Conservagao, Expressao Grafica, Fortaleza.

Pillar, V. D., 2008, Multiv, software para analise multivari-
ada, testes de hipdteses e auto - reamostragens. Depar-
tamento de Ecologia, Porto Alegre, UFRGS. Available in
URL: http://ecoqua.ecologia.ufrgs.br).

Rambo, B., 1956, A fisionomia do Rio Grande do Sul, Sel-
bach & Cia (ed.), Porto Alegre, 473 p.

Reitz, P. R. & Klein, R. M., 1978, Projeto Madeira de Santa
Catarina, Sudesul/IBDF (ed.), Itajai, 525p.

Soares, R. V., 1990, Fire in some tropical and subtropical
South American vegetation: an overview. In: Fire in the
tropical biota. J.G. Goldammer (ed.), Springer - Verlag,
Berlin.

Stokes, M. A. & Smiley T. L., 1968, An Introduction to
Tree - ring Dating. The University of Chicago Press (ed.),
Chicago and London.

Waechter, J. L., Cestaro, L. A. & Mioto, S. T. S., 1984,
Vegetation types in the Ecological Station of Aracuri, Es-
meralda, Rio Grande do Sul, Brasil. Phytocoenol., 12: 261
- 269.

Anais do IIT Congresso Latino Americano de Ecologia, 10 a 13 de Setembro de 2009, Sdo Lourengo - MG 3



