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SUMMARY

Ecological succession is one of the most important processes in forest ecosystems, still poorly understood in the highland Araucaria
forests of Southern Brazil. Here we investigated this process by describing functional composition changes in response to a vegetation
successional mosaic in four forest fragments in the municipality of Urubici, State of Santa Catarina, Brazil. Two fragments were
classified as in advanced stage of succession and two were classified in early stage. The following functional traits were determined:
wood density, leaf area, specific leaf area, dispersal syndrome and leaf phenology. For each fragment, we determined the community
weighted mean (CWM) and the functional diversity (RaoQ). Data were analyzed by descriptive statistics, t and Mann-Whitney tests
and Principal Components Analysis. We found that the successional stage is a relevant source of functional heterogeneity. At the
advanced-successional stage, tree communities have harder woods, more membranous and semi-deciduous leaves and higher functional
diversity. Conversely, at the early successional stages, forests have softer wood, more coriaceous leaves and lower functional diversity.
We concluded that the studied forests showed a high functional composition heterogeneity, partially determined by a successional
mosaic. While perennial species with lower values of specific leaf area and wood density predominated in the early successional areas,
semi-deciduous species with higher values of specific leaf area and wood density prevailed in the late successional ones.

Key words: highland forests, araucaria forest, functional diversity, functional heterogeneity, successional mosaic.

RESUMEN

La sucesion ecologica es uno de los procesos mas importantes en los ecosistemas forestales, aun poco conocido en los bosques de
Araucaria del sur de Brasil. Con el objetivo de evaluar la organizacion funcional del componente arbéreo en diferentes estados
sucesionales, el presente estudio fue realizado en cuatro fragmentos de bosque de araucaria de alta montafia en el Parque Nacional
Sdo Joaquim, en el municipio de Urubici, estado de Santa Catarina. Dos fragmentos fueron considerados en avanzado estado de
sucesion y dos en una etapa inicial. Se determinaron los siguientes atributos funcionales: densidad de madera, area foliar, area foliar
especifica, sindrome de dispersion y régimen de renovacion foliar. Para cada fragmento, se determinaron la media ponderada de las
comunidades (CWM) y la diversidad funcional (RaoQ). Los datos fueron analizados por medio de estadisticas descriptivas, pruebas ty
Mann-Whitney, y analisis de componentes principales. Observamos que la etapa sucesional es una fuente relevante de heterogeneidad
funcional. En la fase de sucesion avanzada, las comunidades arboreas tienen maderas mas duras, hojas mas membranosas y
semicaducifolias, y una mayor diversidad funcional. En las fases sucesionales iniciales, los bosques tienen una madera mas suave,
hojas mas coriaceas y una menor diversidad funcional. Concluimos que los bosques estudiados mostraban una alta heterogeneidad
de composicion funcional, parcialmente determinada por el mosaico sucesional. Mientras que las especies perennes con valores mas
bajos de area foliar especifica y de densidad de madera predominaron en las partes de sucesion inicial, las especies semicaducifolias
con valores mas altos de area foliar especifica y de densidad de madera prevalecieron en las de sucesion tardia.

Palabras clave: bosques montanos, bosque de araucarias, diversidad funcional, heterogeneidad funcional, mosaico sucesional.

INTRODUCTION chaud et al. 2015). Succession begins from the occurrence
of disturbances and is influenced by deterministic and sto-

Ecological succession is recognized as one of the pri-  chastic factors such as the land-use history, soils, climate,
mary mechanisms to promote spatial and temporal hetero-  source of propagules and the priority effect (Schantz et al.
geneity in forest ecosystems, thus being a theme of high  2015). Thus, succession is a multidirectional process with
interest in ecological studies since the last century (Mi-  variable speed that is evidenced from a heterogeneous ve-
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getation mosaic (Arroyo-Rodriguez et al. 2017). Given
its importance, studies addressing ecological processes at
different succession stages are fundamental for a better un-
derstanding of forest functioning.

Recently, several studies have investigated the functio-
nal structure of tree communities along a successional
chronosequence (e.g. Lohbeck ef al. 2014). Functio-
nal traits influence organisms’ development and impact
ecosystem services, such as nutrient cycling and carbon
sequestration (Cornwell et al. 2008). The functional des-
cription of communities allows greater understanding of
the forest succession process, allowing inference regar-
ding the performance of key ecological factors, such as
environmental filters and limiting similarity (Lohbeck et
al. 2014).

According to functional traits, plants can be classified
based on their strategies of resource acquisition and use as
conservative or acquisitive (Donovan et al. 2011). Trees
with acquisitive strategies have faster growth, shorter li-
fespan, larger specific leaf area, higher photosynthetic rate
and lower wood density. On the other hand, those with
conservative strategies usually have slower growth, longer
life span, smaller specific leaf area, lower photosynthetic
rate and higher wood density (Donovan et al. 2011).

Succession is expected to be accompanied by changes
in the functional traits of tree species communities (Alva-
rez-Anorve et al. 2012). The environmental condition of
a forest under post-disturbance early succession is cha-
racterized by increased light availability and more extre-
me microclimate conditions (Lebrija-Trejos et al. 2011).
Therefore, it is expected that species at early succession
stages show functional traits that allow them to overcome
these environmental limitations, resulting in low functio-
nal diversity (Alvarez-Anorve ef al. 2012, Lohbeck et al.
2014). In contrast, at late succession stages, the unders-
tory conditions provide an environment with more sha-
dow and less extreme microclimate conditions, and offer
different forest strata, facilitating the establishment of
species with different functional traits, resulting in higher
functional diversity (Alvarez-Anorve ef al. 2012, Lohbeck
etal. 2014).

Despite the several studies conducted in tropical re-
gions (e.g. Alvarez-Afiorve et al. 2012, Arroyo-Rodriguez
et al. 2017), little is still known about the successional
process in peripheral areas, such as subtropical montane
and high montane forests, which are currently endangered
by global warming (e.g. Carlucci ef al. 2011). Because of
this, knowing how this process operates in the Subtropical
Brazilian Atlantic Forest, a world hotspot for biodiversity
conservation, is of high interest. These forests occur in the
landscape along with grasslands, both natural, remnants of
the last glacial period and resulting from deforestation for
grazing and agricultural practices (Galvdo and Augustin
2011). These environments harbor Araucaria angustifolia
(Bertol.) Kuntze, a gymnosperm tree that is currently en-
dangered due to the increased reduction of its population
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as a result of the predatory exploitation occurred mainly in
the mid-last century. Although protected by law, Araucaria
forests are under chronic anthropogenic pressure, subject
to cattle grazing. Because this forest occurs in subtropical
latitudes and relatively high altitude (~1500 m a.s.l.), win-
ter frosts are frequent and partly explains the peculiar flo-
ristic composition and low species diversity of these areas
(Franga and Stehmann 2004).

In this context, we intend to further the knowledge on
the ecological processes linked to forest succession in a
still poorly studied region of the Brazilian Atlantic Forest
by investigating the tree community functional composi-
tion. We aimed at evaluating how the successional mosaic
affects the tree component’s functional heterogeneity in
forest remnants. We expect a lower functional diversity in
the early stage areas because of the supposed higher inten-
sity of environmental filters.

METHODS

Characteristics of the study areas. This study was con-
ducted in four fragments of Upper Montane Subtropical
Mixed Forest (Araucaria Forests) in Sdo Joaquim National
Park (figure 1). This park was created in 1961 with the
goal of protecting remnants of Araucaria Forests. It covers
some municipalities of Santa Catarina State, Brazil, inclu-
ding Urubici, where the present survey was conducted.
The studied areas are located from 1,300 to 1,600 m a.s.l.
(table 1). The park is predominantly formed by a mosaic of
grasslands and forests.

Climate in the region is Cfb according to the K&ppen’s
classification, with no dry season. Annual average tem-
perature ranges from 11 to 15 °C, with low temperatures
in the winter, favoring the occurrence of frost and snow;
annual rainfall and air relative humidity are approximately
1,370 mm and 80 %, respectively. There is a predominance
of Leptsols and Cambisols in slightly to strongly undula-
ted relief.

Characterization of the succession stages and informa-
tion on the history of the areas were provided by the Park
administration and through field observations, with the lat-
ter based on the studies by Duarte et al. (2018), who asses-
sed some of these forest fragments (Silveira ef al. 2021).

Study areas 1 and 3, which are located at approxima-
tely 1,600 m a.s.1., are at a late stage of succession, presen-
ting mainly secondary and late species. The proportions of
species classified as secondary and climax in these regions
are 72.73 % (area 1) and 81.25 % (area 3). These areas
present patches that were deforested in the 1960s to be
transformed into pasture for cattle.

Study areas 2 and 4, which are located at approxima-
tely 1,300 m a.s.l., are at an early stage of succession,
comprising mainly pioneer species (57.14 % in area 2 and
52.94 % in area 4). These areas present a more intense his-
tory of soil use and management, resulting from deforesta-
tion in the 1960s. Livestock has always been the most im-



portant rural activity in these areas. It is worth highlighting
that the late succession stage areas are located at higher
altitudes and have undergone less anthropogenic activity
because of difficulty of access, thus being more preserved.

Data collection. The forest fragments had been previously
inventoried by the Dendrology and Phytosociology Labo-
ratory of Santa Catarina State University (LABDENDRO/
UDESC) in previous studies. For these inventories, a 20
x 100 m transect was installed in each fragment, and they
were subdivided into 20 plots of 10 x 10 m. All transects
were arranged perpendicularly to the edge, towards the in-
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terior of each fragment. In each plot, all individuals with
DBH (diameter at breast height) > 5 cm were identified
and quantified. Sampled species whose individuals repre-
sented at least 80 % of the abundance observed in the areas
were selected for functional characterization. Because of
the floristic-structural differences in each area (Silveira et
al. 2021), we had distinct numbers of functionally descri-
bed species. In total, 23 species belonging to 15 botanical
families were selected: 11 in area 1, four in area 2, seven
in area 3, and nine in area 4.

For each of the selected species, five functional traits
considered important in Upper Montane Ombrophilous
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Figure 1. Location of the studied highland Araucaria forests at Sdo Joaquim National Park, Southern Brazil.

Mapa de la ubicacion de los cuatro fragmentos de bosques subtropicales de alta montafia inventariados en el Parque Nacional Sdo Joaquim,

sur de Brasil.

Table 1. Highland Araucaria forests at Sdo Joaquim National Park, where functional characterization data were obtained, with their
respective geographical coordinates, mean altitudes (Alt) and succession stages.

Areas de bosque subtropicales de alta montafia ubicadas en el Parque Nacional Sio Joaquim, sur de Brasil, donde se obtuvieron datos de
caracterizacion funcional, con sus respectivas coordenadas geograficas, altitud media (Alt) y etapa de sucesion.

Area Geographic coordinates Area (ha) Altitude (m) Successional Stages
Area 1 28°05°41.5” S;49°30°14.71” W 12 1,628 Advanced
Area 2 28°04°46.87 S; 49°30°51.29” W 35 1,356 Initial
Area 3 28°09°49.19” S; 49°36°47.56” W 2 1,660 Advanced
Area 4 28°08°44.00” S; 49°37°27° W 5 1,300 Initial
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Forest were assessed: wood density (g/cm?), leaf area
(cm?), specific leaf area (cm?/g), dispersion syndrome
(zoochoric, anemochoric or autochoric) and leaf renova-
tion regime (deciduous, semi-deciduous or evergreen).

For each species, wood samples were collected from
five individuals (DBH of 10 to 30 cm) by an increment
borer with a diameter of 5.15 mm. For species with small
diameter stems (e.g. Baccharis uncinella DC.), wood sam-
ples, with a length of 10 cm, were taken at ground level. All
samples were placed in water recipients until a constant wet
mass. The weight of the wet mass was determined by the
Archimedes principle. Afterwards, the samples were dried
at a temperature of 100 °C, and subsequently weighed on an
analytical scale. Thus, the wood basic density was determi-
ned by the ratio between the dry mass (g) and wet mass (g).

The leaf area and the specific leaf area were obtained
by collecting 20 leaves from 10 individuals per species
and per fragment, including the petioles and, for compo-
site leaves, rachises, following the protocol proposed by
Pérez-Harguindeguy et al. (2013). Leaves were collected
from the tree top median third from individuals with supe-
rior light incidence, avoiding collection of young, herbivo-
rated and unhealthy leaves, giving preference to healthier
leaves. Leaf area and the mean leaf area values by species
and fragment were then calculated. In the laboratory, the
leaves were stored in oven until constant dry mass was
reached and later weighed in an analytical scale. Specific
leaf area was obtained by the ratio between leaf area (cm?)
and leaf dry mass (g). The mean of the specific leaf areas
for each species per fragment was also calculated.

Species were classified according to the following dis-
persal syndromes: zoochoric, anemochoric or autochoric.
These were determined through field observation and litera-
ture review (Carvalho 2003). Considering the data obtained,
species were classified as zoochoric or non-zoochoric.

Leaf renovation regime of the species was evaluated
through field observation as follows: in an unfavorable pe-
riod, species with loss of up to 20 % of their leaves were
classified as perennial; those with loss from 20 to 50 % of
their leaves were classified as semi-deciduous, and species
with loss > 50 % of their leaves were classified as deciduous.

Data analyses. To evaluate the functional composition pat-
terns of the tree communities and compare the two succes-
sion stages (early and late), the traits community weighted
mean (CWM) was calculated for each sampling plot. Data
normality was verified using the Shapiro-Wilk test. Data
with a normal distribution were compared by the Student’s
t-test, and those without normal distribution were evalua-
ted with the Mann-Whitney test.

Based on CWM values, we performed the functional
grouping of the plots belonging to each of the succession
stages using the Principal Components Analysis (PCA)
proposed by Hill and Smith (1976), which enabled the in-
clusion of categorical data (leaf renovation and syndrome
of seed dispersion) in the analysis.
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Functional diversity was determined by the RaoQ in-
dex. The normality of RaoQ values was verified using the
Shapiro-Wilk test. Differences between the succession sta-
ges were evaluated by the Mann-Whitney test. All analy-
ses were processed in R (R Core Team 2019).

RESULTS

We observed variation in functional traits between
species and succession stages (table 2). Species occurring
in late successional areas showed higher values of wood
density (P = 0.07) and specific leaf area (P = 0.06). This
suggests that species have different resource acquisition
strategies depending on the successional stage at which
they are inserted. Most of the species were classified as
zoochoric and perennial, and these characteristics predo-
minated in both early and late succession stages.

The 13 most abundant species in the areas at the late
succession stage belonged to the Myrtaceae family. The 11
most abundant species in the areas at the early succession
stage showed more homogenous distribution per family,
with no family outstanding in richness.

The species with the highest wood density (WD) were
Eugenia uruguayensis (0.83 g/cm?) in the late succession
stage areas, and Mimosa scabrella (0.79 g/cm?) in the early
succession stage areas, whereas those with the lowest WD
mean values were Drimys angustifolia (0.57 g/cm®) and
Styrax leprosus (0.38 g/cm?) in the late and early succes-
sion stage areas, respectively.

Regarding the leaf area (LA), among the early succes-
sion stage areas, Mimosa scabrella and Citronella gongon-
ha presented the highest values, with 30.41 and 20.61 cm?,
respectively. In the late succession stage areas those with
the highest values were Prunus myrtifolia (15.71 cm?) and
Myrceugenia myrcioides (14.26 cm?). Among the species
with smaller leaf areas, Siphoneugena reitzii (0.65 cm?)
and Baccharis uncinella (0.28 cm?) stood out in the late
and early succession stage areas, respectively.

The species in late succession stage areas with more
membranous leaves (i.e. higher values of specific leaf area -
SLA) were Myrceugenia miersiana (139.41 cm?'g) and Myr-
ceugenia regnelliana (120.14 cm?/g), whereas llex micro-
donta (74.09 cm?/g) was the species with more coriaceous
leaves (i.e. lower values of specific leaf area). For the early
succession stage areas, the highest SLA value was observed
in Podocarpus lambertii (123.19 cm?/g) and the lowest va-
lue was found in Citronella gongonha (46.12 cm?/g).

In the functional ordination of the plots based on their
CWM values (figure 2), axes 1 and 2 explained together
80.84 % of the total data variation. Axis 1 (51.94 % ex-
planation) indicated a gradient associated predominantly
with dispersion syndrome (non-zoochoric species= 1.17),
leaf area (0.57) and wood density (0.52). On the right side
of the ordination, there were plots with dominance of non-
zoochoric species and higher values of leaf area and wood
density. On the left side of the ordination, plots with op-



posite characteristics (zoochoric dispersion syndrome and
lower values of leaf area and wood density) were obser-
ved. In turn, Axis 2 (28.90 % explanation) synthesized a
gradient associated predominantly with leaf renovation
regime (semi-deciduous species = -0.92) and specific leaf
area (-0.73). Plots in the upper part of the ordination pre-
sented dominance of perennial species and smaller specific
leaf area, whereas those in the lower part of the ordination
showed predominance of semi-deciduous species with lar-
ger specific leaf area. The plots located in areas at the late
succession stage, which predominantly occupied the lower
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part of the ordination, had higher values of specific leaf
area (more membranous leaves) and semi-deciduous spe-
cies. Lower values of SLA (more coriaceous leaves) and
perennial species were associated with species in the areas
at early succession stage.

Functional diversity (RaoQ index) was lower in the
early succession stage areas (0.03) than in the late succes-
sion stage areas (0.05) (figure 3), indicating lower ampli-
tude of the functional traits evaluated at the beginning of
the post-disturbance recovery process compared with that
in later phases.

Table 2. Functional traits of the 23 most abundant tree species, separated by succession stage (EA = early succession stage area and
LA = late succession stage area), in fragments of highland Araucaria forests at Sdo Joaquim National Park.

Caracteristicas funcionales de las 23 especies arboreas mas abundantes muestreadas, separadas por etapa de sucesion (Al = areas iniciales y
TA = areas tardias), en areas de bosques subtropicales de alta montafia en el Parque Nacional Sao Joaquim, sur de Brasil.

WD LA SLA
Species DS LR
EA LA EA LA EA LA

Acca sellowiana (O.Berg) Burret 0.64 - 17.77 - 70.10 - 4 P
Araucaria angustifolia (Bertol.) Kuntze 0.57 - 1.90 - 51.29 - Z P
Baccharis uncinella DC. 0.65 - 0.28 - 74.33 - A P
Berberis laurina Thunb. 0.67 - 10.28 - 78.87 - Z P
Citronella gongonha (Mart.) R.A.Howard 0.63 - 20.61 - 46.12 - Z P
Crinodendron brasiliense Reitz et L.B.Sm. - 0.58 - 5.05 - 9940 A SD
Drimys angustifolia Miers. 0.60 0.57 5.60 5.60 90.07 93.05 Z SD
Drimys brasiliensis Miers. 0.41 - 17.33 - 69.17 - Z SD
Eugenia uruguayensis Cambess. - 0.83 - 7.23 - 74.09 Z P
llex microdonta Reisse - 0.80 - 5.71 - 66.64 Z P
Lithraea brasiliensis Marchan 0.78 - 6.61 - 67.82 - Z P
Mimosa scabrella Benth 0.79 - 30.41 - 81.74 - Au P
Myrceugenia mesomischa (Burret) D.Legrand et Kausel - 0.65 - 4.34 - 9267 Z P
Myrceugenia miersiana (Gardner) D.Legrand et Kausel - 0.63 - 9.78 - 13941 Z SD
Myrceugenia myrcioides (Cambess.) O.Berg - 0.71 - 14.26 - 10281 Z SD
Myrceugenia oxysepala (Burret) D.Legrand et Kausel - 0.66 - 4.07 - 10695 Z P
Myrceugenia regnelliana (0.Berg) D.Legrand et Kausel - 0.69 - 1.47 - 120.14 7 P
Ocotea pulchella (Nees et Mart.) Mez - 0.71 - 3.99 - 74.01 Z P
Podocarpus lambertii Klotzsch ex Endl. 0.46 - 1.98 - 123.19 - Z P
Prunus myrtifolia (L.) Urb. - 0.79 - 15.71 - 77.10 zZ P
Siphoneugena reitzii D.Legrand - 0.67 - 0.65 - 85.23 Z P
Styrax leprosus Hook. et Arn. 0.38 - 12.32 - 102.71 - V4 P
Weinmannia paulliniifolia Pohl ex Ser. - 0.63 - 8.51 - 103.80 A P
Mean 0.60 0.69" 11.37 6.64 77.86  95.02" 0 0

Where: LA = leaf area (cm?); SLA = specific leaf area (cm*/g); WD = wood density (g/cm?); DS = dispersion syndrome (Z = zoochoric, A = anemochoric,
and Au = autochoric); LR = leaf renovation regime (P = perennial, D = deciduous, and SD = semi-deciduous). “Indicates differences in the mean values
of the functional traits of the species according to succession stage by the Student’s # or Mann-Whitney tests, with 90 % confidence interval.
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Figure 2. Ordination of initial (I — gray) and advanced plots (A — black), produced by the Principal Component Analysis (PCA), based
on functional traits obtained from the most abundant species in fragments of highland Araucaria forests at Sdo Joaquim National Park,
Southern Brazil. Dec.P = perennial leaves; Dec.SD = semi-deciduous leaves; DM = wood basic density; AF = leaf area; AFE = specific
leaf area; SD.Z = zoochoric dispersal syndrome; SD.NZ = non-zoochoric dispersal syndrome.

Ordenacion de las parcelas en fases iniciales (I, grises) y avanzadas (A, negras), producidas por el Analisis de Componentes Principales
(PCA), relacionadas con atributos funcionales obtenidos de las especies de mayor abundancia en areas de bosque subtropicales de alta montafia en el
Parque Nacional Sao Joaquim, sur de Brasil. Donde: Dec. P = hojas perennes; Dec.SD = hojas semideciduas; DM = densidad basica de madera; AF
total = area foliar; AFE = area foliar especifica; SD. Z = sindrome de dispersion zoocorica y SD.NZ = sindrome de dispersion no zoocorica.
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Figure 3. Boxplot for functional diversity (RaoQ index)

comparison between areas presenting initial and advanced
succession stages in fragments of highland Araucaria forests at
Sao Joaquim National Park, Southern Brazil.

Boxplot para la comparacion de la diversidad funcional de
areas en fase inicial y tardia, determinada por el indice RaoQ, obtenida
en areas de bosque subtropicales de alta montafa en el Parque Nacional
Sao Joaquim, sur de Brasil.
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DISCUSSION

Our results showed that the tree communities at di-
fferent stages of succession presented differences in their
functional composition, especially related to the wood
density (higher in the late and lower in the early stage
areas), specific leaf area (more coriaceous leaves in the
early and more membranous in the late stage areas), and
leaf renovation regime (semi-deciduous leaves in the late
and perennial in the early stage areas). During the process
of succession, the assemblage of a tree species community
undergoes different intensities of ecological forces related
to environmental filters and limiting similarity (Lohbeck
et al. 2014). Given the heterogeneity in composition and
functional diversity observed, the present study corrobora-
ted the above aspects.

Despite the evident influence of altitude on the functio-
nal variations of the species in the region (Soboleski et
al. 2017), in our study, we observed a pattern opposite to
the expected one, with higher altitude areas presenting tree
communities with greater values of specific leaf area and
wood density, semi-deciduous renovation regime of lea-
ves, and better functional diversity. As highlighted by So-
boleski et al. (2017), at higher altitudes, the Araucaria Fo-



rest is expected to have a tree component with functional
traits that allow the trees to survive in colder environments
(e.g. smaller and more coriaceous leaves). However, the
contrasting pattern observed here underlines the idea that
the functional heterogeneity is also influenced by a distur-
bances regime, which, by acting on a local scale, causes
microclimatic alterations. Particularly in the study region,
more open sites, like those in an early succession stage,
have a more adverse microclimate for trees regeneration,
such as higher frost frequency (Dreyer et al. 2020). This
fact could explain the predominance of smaller and more
coriaceous leaves, even at a lower altitude.

The early succession stage areas were composed
mostly of pioneer species such as Baccharis uncinella and
Mimosa scabrella, which present fast growth and short
lifespan (Turner 2001). Studies in humid tropical forests
have shown that species belonging to this functional group
will produce low-cost leaves with high photosynthetic ra-
tes, although with a short life span (Donovan ef al. 2011),
characteristics associated with acquisitive strategies, in
which there is a rapid use of resources (Donovan et al.
2011). According to some authors (e.g. Donovan et al.
2011), species with acquisitive strategies are more abun-
dant in the beginning of succession since there is more
availability of light.

Remarkably, our findings, conducted in high montane
and subtropical climate area, differed from those observed
in humid tropical forests (Donovan et al. 2011), showing
that the succession process should not be generalized.
This can be explained by the fact that the initial succes-
sion areas in the higher altitude regions of southern Bra-
zil have highly hostile microclimatic conditions for tree
establishment, with frequent frosts, high wind turbulence
and large daily thermal amplitudes. Thus, the investment
in protecting the leaves, with more leathery leaves, which
is a conservative strategy of stress tolerant species (Grime
1977), may explain the pattern found for the more initial
areas. According to Cornelissen et al. (2003), low values
of SLA indicate that plants are investing more in structural
components, which increase their resistance against desic-
cation and herbivory and, in the case of the present study,
against frosting. Boeger et al. (2009), when studying lea-
ves of Miconia sellowiana (DC.) Naudim in communities
at different stages of succession in Parana State, Brazil,
verified that in the early succession stage leaves are usua-
lly thicker and with smaller specific leaf area - a pattern
similar to that found in this study.

Leaf renovation is associated with climatic seasonality
throughout the year (Givnish 1987), efficiency of use of
nutrients by plants (Pérez-Harguindeguy et al. 2013) and
physical and chemical characteristics of the soil. Perennial
leaves can be also considered as a conservative strategy.
The dominance of this trait in initial successional areas
may indicate non-evaluated soil variations since species
that have leaves of this nature are associated with places
with more scarce resources (Reich et al. 1992).

BOSQUE 42(3): 333-341, 2021
Functional composition of forests

Low wood density values were found for the species
in the early succession stage areas, which is expected
since these are fast-growing species with lower wood
mechanical resistance (Zanne et al. 2010), confirming
the investment in acquisitive strategies. The opposite is
also expected in areas at the late succession stage, with
slow-growing species with high wood density, typical of
those with conservative strategies. According to Dono-
van et al. (2011), in the more structured later successio-
nal areas, species with conservative strategies predomi-
nate. This increase in wood density may be related to
stressful factors, such as low solar radiation, winds, low
temperatures and low soil fertility (Chave et al. 2006),
which are conditions observed in the nebular forests of
southern Brazil.

When considered within each successional condition,
it can be observed that the distribution of species also
varies according to the studied traits. Mimosa scabrella,
for example, presented higher wood density in early suc-
cession stage areas. This species presents the anemocho-
ric dispersion syndrome, which is characteristic of spe-
cies at early succession stages. Contrasting results were
found for Styrax leprosus, with bird-dispersed fruits and
soft wood. In turn, Crinodendron brasiliense and Euge-
nia uruguayensis stood out among the areas in the late
succession stage. Crinodendron brasiliense, an endemic
species in high altitude regions of the South Plateau of
Santa Catarina State (Duarte et al. 2018), has wind-dis-
persed fruits and soft wood. On the other hand, E. uru-
guayensis, like many other Myrtaceae species, has high
wood density and animal dispersed fruits.

The functional ordination showed that plots in the
early succession stage areas presented high dispersion
in the bi-dimensional ordering space, especially along
transect 1, suggesting an expressive functional variation.
In turn, analysis of functional diversity using the RaoQ
index showed that the same plots at early succession sta-
ge presented lower values compared with those of the
plots at late succession stage. Thus, it can be inferred that
late succession stage areas present functionally similar
plots with co-existence of species belonging to different
functional groups (i.e. canopy and understory), whereas
early succession stage areas are characterized by species
of different functional groups (i.e. grouping of individuals
of the M. scabrella and Baccharis genera) that did not co-
exist in the same plots. This pattern illustrates the comple-
xity of the functional structuring process of the existing
tree communities, indicating that the ecological factors of
interspecific competition and environmental filtering act
differently according to the stage of succession conside-
red (Lebrija-Trejos et al. 2011, Lohbeck et al. 2014). In
this context, one can infer that areas with higher functio-
nal diversity (RaoQ) - at late succession stage - are more
resilient to disturbances (Walker et al. 1999), more effi-
cient in using resources and present more environmental
functions (Mason et al. 2005).
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CONCLUSIONS

The evaluated fragments of upper montane forest were
characterized by high heterogeneity of functional compo-
sition, partly determined by the existing successional pat-
ches. Functional traits provided useful information for the
successional description of the studied areas of subtropical
upper montane forests. At the early succession stage, we
observed the predominance of perennial species with low
values of specific leaf area and wood density; whereas in
those at the late succession stage, there was a predominan-
ce of semi-deciduous species with higher values of speci-
fic leaf area and wood density. This pattern suggests that
the species showed different life strategies. Since the areas
at the early succession stage showed lower functional di-
versity (RaoQ) than that presented by the later ones, our
hypothesis was accepted.
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