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Abstract

Seasonally dry tropical forests (SDTFs) have high tree species richness and endemism,
whose dynamics and succession depend on natural regeneration (NR). To test whether NR
is influenced by the mature stratum and environmental variables, we compared structural
and floristic patterns of mature trees [Mt (DBH = 5 cm)] with the NR of a SDTF on limestone
outcrops in Central Brazil. Additionally, we tested for effects of environmental variables on
species abundance in these different strata. Within NR categories [JuvA (total height < 100
cm) and JuvB (total height =2 100 cm and DBH < 5 cm)], we recorded 597 individuals in 69
angiosperm species. Within NR and Mt we recorded 110 species distributed in 33 families,
and 54 were common to both (~50% of total richness). Shannon diversity was 3.83, 3.13
and 3.33 for Mt, JuvA and JuvB, respectively. Besides the high number of exclusive species
recorded in Mt (23), JuvA (18) and JuvB (24), comparisons indicated high floristic similarity
(51%) between strata. Mt, JuvA and JuvB were influenced by different environmental vari-
ables, indicating that species requirements change along the establishment process. This
highlights the importance of environmental variability for maintaining tree species diversity in
SDTFs, and the importance of this remnant for the conservation of SDTFs in Central Brazil.
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Resumo

Florestas Estacionais Deciduais (FED) em regides tropicais possuem elevada riqueza e ende-
mismo de espécies arbdreas, cuja dindmica e sucessao sao dependentes da regeneragao na-
tural (RN). Afim de testar se a RN é influenciada pelo estrato adulto e por variaveis ambientais,
ndés comparamos padrées estruturais e floristicos de arvores adultas [Mt (DBH =5 cm)] com
os da RN de uma FED associada a afloramentos calcarios no Brasil Central. Adicionalmente,
testamos os efeitos de variaveis ambientais sobre a abundancia das espécies amostradas
nos diferentes estratos. Entre as duas categorias de RN [JuvA (altura total < 100 cm) e JuvB
(altura total = 100 cm and DBH < 5 cm)], registramos 597 individuos pertencentes a 69 espé-
cies de angiospermas. Entre RN e Mt, amostramos 110 espécies distribuidas em 33 familias.
ARN e a Mt apresentaram 54 espécies em comum (~50% da riqueza total). A diversidade de
Shannon foi 3,83, 3,13 e 3,33 para Mt, JuvA and JuvB, respectivamente. Apesar do elevado
numero de espécies exclusivas a Mt (23), JuvA (18) e JuvB (24), os estratos avaliados apre-
sentaram alta similaridade floristica (51%). As espécies de Mt, JuvA e JuvB foram influencia-
das por diferentes variaveis ambientais, o que indica mudangas de requerimentos ao longo do
processo de estabelecimento. Isso ressalta a importancia da variabilidade ambiental para a
manutengao da diversidade de espécies arbéreas em FEDs, assim como aponta a importan-
cia desse remanscente para a conservacédo das FEDs no Brasil Central.

Palavras-chave: afloramentos calcarios, arvoretas, Cafuringa, Cerrado, mata seca, su-
cessao florestal.
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Introduction

The seasonally dry tropical forests
(SDTFs) are one of the most endan-
gered forest types in the world and
54% of their remaining area is located
in South America (Miles et al., 2006).
Originally, the SDTF covered about
15% of the Brazilian Cerrado (Felfili,
2003), but these forests are heavily
degraded by land use (Felfili, 2003;
Felfili et al., 2006; Felfili et al., 2007a;
Scariot and Sevilha, 2005; Silva et al.,
2006). In Central Brazil during the
last four decades a large percentage
of this forest type was converted into
production areas (Felfili, 2003; Klink
and Moreira, 2003; Felfili et al., 2006;
Silva et al., 2006; Pereira et al., 2011),
which has fragmented the natural veg-
etation and compromises the main-
tenance of ecosystems and species.
This is the case of Amburana cearen-
sis (Allemdo) A.C. Sm. and Leuco-
chloron foederale (Barneby and J.W.
Grimes) Barneby and J.W. Grimes,
both species occurring in SDTFs and
already vulnerable and the latter may
be extinct (IUCN, 2013).

In Central Brazil, the SDTFs predom-
inate in the valleys and are surround-
ed by a savanna formation that cov-
ers the plateaus and slopes (Felfili,
2003; Nascimento et al., 2004; Silva

et al., 2006; Felfili et al., 2007a).
They generally occur on well-drained
soils which are rich in nutrients, and
may also occurs on limestone out-
crops where they present a differ-
ent floristic composition (Rizzini,
1997; Ribeiro and Walter, 2008) and
considerable endemism similar to
ecological refugees (e.g. Chapada
dos Veadeiros) (Pereira et al., 1996;
Felfili 2003; Fernandes, 2003; Felfili
et al.,2006; Vieira and Scariot, 2006;
Pereira et al., 2011). The different
seasons determine leaf fall and hence
variations in canopy opening, which
regulate the light index (Vieira and
Scariot, 2006; Felfili et al., 2007a;
Nascimento et al., 2007).

Species abundance and distribution in
SDTFs of Central Brazil are correlat-
ed with environmental gradients such
as treefall gaps (Oliveira-Filho et al.,
1998), soil and topography (Oliveira-
Filho et al., 2001; Botrel et al., 2002).
Environmental variability in lime-
stone outcrops (Figure 1) can be high-
er than in deeper and well-drained
soils. In these areas, outcrops increase
micro-relief variation leading to a
higher variability of surfaces, canopy
height and substrate characteristics
(e.g. capacity of retaining moisture).
This microhabitat variability favors
species with different requirements,

as those from the Cerrado, Caatinga,
Pantanal and dry forests from Bolivia
(Rizzini, 1997, Felfili et al., 2007a;
Pereira et al., 1996; Pereira et al.,
2011). Consequently, climatic season-
ality, soil properties and topography
may also influence species composi-
tion of SDTFs (Eiten, 1994; Pereira et
al., 2011).

In tropical forests, the natural regen-
eration (NR) emerges primarily from
seeds and its establishment is depen-
dent of the efficiency of seed disper-
sion, germination, species interac-
tions and environmental conditions
(Dalling et al., 1998a; Dalling et al.,
1998b; Guariguata and Pinard, 1998).
Additionally, the success of wide-
spread species may be associated with
a high population density within sap-
lings and mature trees (Schupp, 1990;
Felfili, 1997).

In SDTFs, the NR is highly depen-
dent of the mature stratum and en-
vironmental seasonality (Lieberman
and Mingguang, 1992; Felfili, 2003;
McLaren and McDonald, 2003; Vieira
and Scariot, 2006; Vieira et al., 2008).
Although resprouting may consist an
important  regeneration-mechanism
(Lieberman and Mingguang, 1992),
mostly in degraded areas (Vieira and
Scariot, 2006; Vieira et al., 2000),
the NR is mainly developed by seeds

Figure 1. General view of a remnant of seasonally deciduous forest on limestone outcrops, located in the Environmental Protection Area
of Cafuringa (APAC), Federal District, Brazil. In detail there are the limestone outcrops (A and B) and a tree of Ficus trigona L. f. (Mora-
ceae), a typical species of these forests in Central Brazil (C). Pictures: Marra DM (July, 2007).

Figura 1. Aspecto geral de um remanescente de Floresta Estacional Decidual associado a afloramentos calcarios, localizado na Area de
Protecéo Ambiental de Cafuringa (APAC), Distrito Federal, Brasil. Em detalhe, estdo destacados os afloramentos calcarios (A e B) e uma
arvore de Ficus pertusa L. f. (Moraceae), uma tipica espécie desse tipo de florestas no Brasil Central (C). Fotos: Marra DM (Julho, 2007).
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from wind-dispersed species (Gentry,
1995). Seed banks consist of a strat-
egy of few species and rarely contrib-
ute to the NR dynamics (Cabin et al.,
2002; Janzen, 2002; Vieira and Scariot
2006). Germination rate is lower dur-
ing the dry season, whereas seedling
survivor and growth tend to be higher
in the rainy season (Lieberman and
Mingguang, 1992; McLaren and Mc-
Donald, 2003). Partial-shading may
also positively affect germination,
seedling survivor rates and growth
(Lieberman and Mingguang, 1992;
McLaren and McDonald, 2003). Nev-
ertheless, early establishment may
decrease in extreme shading condi-
tions (McLaren and McDonald, 2003;
Vieira and Scariot 2006; Vieira et al.,
2008).

In SDTFs, the NR also depends on
the dynamics of the herbaceous-shrub
stratum, which may favor or not the
seedling establishment by both regu-
lating light and moisture availabil-
ity (see review in Vieira and Scariot,
2006). In SDTFs on limestone out-
crops (Figure 1), this dependency can
be higher than in other types of tropi-
cal dry forests. During the rainy sea-
son the herbaceous and shrub cover
grows densely, whereas in the dry
season leaves fall contributing to the
formation of a significant litter layer
(Pereira et al., 1996; Felfili, 2003; Fil-
gueiras, 20006; Felfili et al., 2007a).
During the dry season, this organic
layer that covers the soil can be es-
sential for seedling establishment; es-
pecially in shallow rocky soils where
water stress is higher (Pereira et al.,
1996; Felfili, 2003; Vieira and Scariot,
20006; Felfili et al., 2007a).

Although SDTFs are one of the most
threatened tropical terrestrial eco-
systems, few studies have been con-
ducted on the NR necessary to restore
these forests (Felfili, 2003; Vieira
and Scariot, 2006; Vieira et al., 2006;
Felfili et al., 2007a). Structural and
floristic attributes of the NR may (Hi-
guchi et al., 2006; Venturoli et al.,
2011) or not (Gonzaga et al., 2013)
reflect those patterns of mature trees.
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As observed within mature communi-
ties (Nascimento et al., 2004; Felfili
et al., 2007a; Nascimento et al., 2007,
Pereira et al., 2011), the NR of SDTFs
can also have distinct floristic compo-
sition, which can be attributed both to
environmental variations and contact
with species from adjacent phyto-
physionomies of the Cerrado (Gon-
zaga et al., 2013).

In the NR of tropical rainforests,
species abundance and distribution
can be influenced by physiographic,
edaphic and biotic factors (Garwood,
1989; Schupp, 1990; Guariguata and
Pinard, 1998). For the NR of SDTFs,
the correlation between species abun-
dance and distribution with environ-
mental variables is poorly studied. In
a secondary SDTF in Central Brazil,
floristic composition correlated with
soil moisture, light availability and
geographical gradients (Venturoli et
al., 2011). Although regarding a sec-
ondary forest, this pattern may sug-
gest that specific species-environmen-
tal interactions, already observed in
mature communities (Oliveira-Filho
et al., 1998; Oliveira-Filho et al.,
2001; Botrel et al., 2002; Nascimento
et al., 2007), also contribute to shape
the floristic composition of the NR.
The information gaps about the regen-
eration and succession processes, as
the incomplete understanding about
the species requirements and conse-
quences of human disturbances, con-
stitute barriers that hinder the recovery
of degraded areas of SDTFs in Cen-
tral Brazil (Felfili, 2003; Nappo et al.,
2003; Felfili et al., 2006; Vieira and
Scariot, 2006; Felfili et al., 2007a; Car-
valho and Felfili, 2011a). We aimed to
test whether the floristic composition
and structural patterns of the NR from
a remnant of SDTF on limestone out-
crops are influenced by the mature stra-
tum and environmental variables. To
address this hypothesis we answered
the following questions: (i) What are
structural and floristic similarities be-
tween the NR and the mature trees?
(ii) Do environmental variables influ-
ence differently these strata?
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Methods
Study site

We conducted the study in a remnant of
a seasonally deciduous forest (SDTF)
associated with limestone outcrops
(Figure 1), located in the Environmental
Protection Area of Cafuringa (APAC)
(15°30° S, 48°09° W).

The APAC’s area was established
in 1988, covers an estimated area of
46,510 hectares and the SDTF is one of
the forest types that only occurs there
within the Federal District (Eiten, 2001;
Leite, 2006). The SDTF of APAC cov-
ers a depression that has an average alti-
tude of 800 m.a.s.1. The studied remnant
is near the beginning of the Rio Maran-
héo, which is one of the main tributaries
of the Rio Tocantins.

The relief of this depression is un-
dulating with many small plains
and drainage lines including the Rio
do Sal (Novaes-Pinto, 1994; Leite,
2006). The lithology is represented
by rocks related to the Paranod and
Canastra groups, and there are oc-
currences of Phanerozoic sediments,
with a mean age of formation of
about 1.0 to 1.2 billion years (Cam-
pos, 2006). The soils in these areas
are classified as Oxisols and Incep-
tisols, which are usually very acidic
and have low fertility. There are also
more fertile soils such as Alfisols,
Podzolic, Chernosols and Entisols
(Reatto et al., 2006). The Entisols,
which are associated with limestone
outcrops and covered by SDTFs,
have a large variation in depth and
texture, high mineral content and
water deficit during the dry season
(Figure 1) (Eiten 1972, 1994).

The climate type is Tropical (Aw) ac-
cording to the Koppen classification,
with average temperature of the cold-
est month above 18° C. The average
annual rainfall is ~1,500 mm and is
concentrated (~80%) from October
to April. From May to September is
the dry season, when there is almost
no rain in driest years (Baptista, 2006;
EMBRAPA, 1978).
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Vegetation sampling

We carried fieldwork in July 2007.
We established plots in undulating
terrain with slopes ranging from 12
to 31° and altitudes ranging from 788
to 882 m.a.s.] (Table 1). The forest
was mainly surrounded by pasture
and remnants of cerrado sensu stricto,
campo sujo and campo limpo (Pereira
et al., 1996; Felfili et al., 20006).

We sampled mature trees [(Mt) DBH
> 5 cm] in 25 non-contiguous plots
(20 m x 20 m) (1 ha) distant at least
150 m from each other (Felfili and
Rezende, 2003; Felfili et al. 2005).
We marked the plots over parallel
transverse transects disposed from
the bottom to the top of three slopes
of the Rio do Sal. We measured DBH
and total height of all trees. For mea-
suring height we used telescopic pole
scaled in cm.

We sampled the NR in subplots set in
the bottom left hand corner of the Mt’s
plots. We defined two size-categories
based on the total height: JuvA (plants
less than 100 cm height with, at least,
a pair of totally expanded/developed
leaves) and JuvB (plants taller than
100 cm and DBH <5.0 cm). We sam-
pled JuvA in 25 subplots of 2 m x 2 m
(4 m?) and JuvB in 25 subplots of 5 m
x 5 m (25 m?). We measured the total
height of JuvA and JuvB with a metal
ruler scaled in centimeters. For both
MT and NR, we followed the Protocol
of Permanent Plots for the Cerrado bi-
ome (Felfili et al., 2005).

For both strata we carried out the botani-
cal identification of all recorded stems to
the species level by comparing the col-
lected material with specimens at her-
baria of the University of Brasilia (UnB)
and the Brazilian Institute of Geography
and Statistics (IBGE). We deposited fer-
tile botanical vouchers in the IBGE her-
barium, Brasilia, DF (Pereira, 2008). We
assigned genera in the families according
to the Angiosperm Phylogeny Group
1T (APGIII, 2009), and checked genera
and species’ names on the Tropics data-
base at the base of the Missouri Botanic
Garden’s website (www.mobot.org).

Environmental variables

To test for possible correlations be-
tween species abundance and envi-
ronmental attributes, we took mea-
surements of soil proprieties, altitude,
limestone outcrop coverage and slope.
For JuvA and JuvB we also took es-
timates of the canopy aperture and
relative density of the herb-shrub stra-
tum. Environmental variables were
measured at the same time as the for-
est inventory.

For the analysis of soil properties we
collected four samples of 0.5 kg of top-
soil (0-20 cm depth) at the midpoints
between the vertices and the center of
each 20 m x 20 m plot. Further, we ho-
mogenized these soil samples to form
a representative composite sample
and analyzed them in an accredited
laboratory (Lab. Soloquimica Ltda.,
Brasilia, DF), following the methods
recommended by EMBRAPA (1997).
We determined the content of: AL,
C, Ca*, H"+ AP" (total acidity), K*,
Mg?*, Na*, organic matter, P, pH,
clay, sand and silt.

We visually-empirically estimated the
percentage of limestone outcrop cover-
age (Figure 1A and 1B). Our estimates
were made by the same person, after a
detailed inspection of the plots at the
time of soil samples collection. Fol-
lowing the inspection, we classified the
plot by its outcrop coverage accord-
ing Braun-Blanquet (Kent and Coker,
1994). We adopted the following four
classes of outcrop coverage: 1-25% of
the plot’s area (nine plots in total) , 26-
50% (six), 51-75% (two) and 76-100%
(eight) of the total plot area (Felfili et al.,
2007a; Carvalho et al., 2010) (Table 1).
We measured plots’ slope by using a cli-
nometer (Suunto). For acquiring altitude
we used a Global Positioning System
(GPS) device (Garmin eTrex) (Table 1).
Specifically for the NR, we indirectly
observed the canopy condition (dur-
ing the dry season) and classified the
plots in relation to light availability
in the following categories: (i) under
closed canopy (four plots in total), (ii)
under partially closed canopy (10);
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(ii1) in gap or under mostly deciduous
canopy (11).

In order to measure the relative density
of the herb-shrub stratum, we counted
herb and shrub stems. We estimated the
relative density of the herb-shrub stra-
tum dividing the density of herbs and
shrubs by the density of tree, shrub and
herb species. The relative density of the
herb-shrub stratum varied from 0-95%
within JuvA plots (mean of 66 £+ 5, CI
=95%). Within JuvB plots, the relative
density of the herb-shrub stratum also
ranged greatly (0-90%), but the mean
(34 £ 8) was significantly low (ANO-
VA, F=96.6, P <0.001).

Data and statistical analysis
Structural and floristic similarities

To address our first question, related to
the similarities between the NR and the
Mt, we compared structural and floris-
tic attributes of Mt, JuvA and JuvB.
We first described the structure of
each stratum by the mean estimate of
density (ind.ha'). For each stratum
we evaluated o-diversity by measure-
ments of species richness (S) and
Shannon Index (H’) (Kent and Cok-
er, 1994; Felfili and Rezende, 2003).
We computed species accumulation
curves at plot and individual basis
(rarefaction method of Hulbert, 1971)
to evaluate the floristic coverage of
the study and check for species rich-
ness differences between strata (Kent
and Coker, 1994; Colwell et al., 2004;
Carvalho and Felfili, 2011a; Oksanen
etal.,2013).

We also assessed phytosociological
patterns (Curtis and Mclntosh, 1950;
Kent and Coker, 1994) of the recorded
species. For the Mt, we calculated
the Importance Value Index (IVI) by
the formula IVI = DR + FR + DomR,
where DR corresponds to the relative
density, FR to the relative frequency
and DomR to the relative dominance
(relates to basal area). As proposed
in other studies with NR in Cerrado
(Felfili, 1997; Oliveira and Felfili,
2005; Medeiros et al., 2007; Ribeiro
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Table 1. Selected variables used to test for environmental effects on tree species abundance of a seasonally deciduous forest remnant
on limestone outcrops, located in the Environmental Protection Area of Cafuringa (APAC), Federal District, Brazil. alt- altitude (m.a.s.l.);
C- carbon content [C] (g.kg™'); Ca- calcium content [Ca?"] (cmolc.dm); H.Al- total acidity [H* + AI**] (cmolc.dm™); K- potassium content
[K*] (mg.dm); Mg- magnesium content [Mg?*] (cmolc.dm); Na- sodium content [Na*] (cmolc.dm); om- organic matter content (g.kg™");
out- limestone outcrop coverage; P- phosphorus content [P*] (mg.dm); pH- pH in water; san- percentage of sand (%); sil- percentage of
silt (%); slo- plots’ slope (°).

Tabela 1. Variaveis selecionadas para testar o efeito de fatores ambientais na abundancia de espécies arbéreas de um remanescente
de Floresta Estacional Decidual associado a afloramentos calcarios, localizado na Area de Protegdo Ambiental de Cafuringa (APAC),
Distrito Federal, Brasil. alt- altitude (m.a.n.m.); C- teor de carbono [C] (g.kg™); Ca- teor de calcio [Ca?"] (cmolc.dm™); H.Al- acidez total
[H*+ AR*] (cmolc.dm™®); K- teor de potassio [K*] (mg.dm=); Mg- teor de magnésio [Mg?*] (cmolc.dm?); Na- teor de sodio [Na*] (cmolc.dm2);
om- teor de matéria organica (g.kg™); out- afloramento calcario; P- teor de fésforo [P*] (mg.dm); pH- pH em &gua; san- porcentagem de

areia (%); sil- porcentagem de silte (%); slo- declividade da parcela (°).

Plot C Ca H.Al K Mg Na om P pH san sil alt out slo
p1 21.5 14.6 4.0 0.2 1.5 0.07 59.7 3.0 6.3 325 37.5 788 1 13
p2 22.7 14.8 5.0 0.18 2.0 0.06 51.9 25 6.0 25.0 42.5 812 2 16
p3 28.7 24.5 4.3 0.14 1.9 0.06 59.3 25 6.5 20.0 42.5 841 3 25
p4 23.4 34.0 4.3 0.16 4.1 0.12 92.9 25 6.6 22.5 42.5 866 2 18
p5 19.4 12.0 5.8 0.28 3.9 0.05 80.0 3.0 6.1 30.0 37.5 880 1 16
p6 34.7 18.6 4.3 0.21 1.9 0.07 771 9.0 6.3 275 375 814 4 12
p7 33.7 31.2 4.3 0.19 1.9 0.08 97.5 19.0 6.4 25.0 40.0 818 4 8
p8 26.5 258 2.7 0.42 1.9 0.11 748 178.0 7.1 375 30.0 820 4 20
p9 34.5 324 27 0.31 3.8 0.13 130.7 69.0 7.3 37.5 325 818 4 21
p10 243 21.0 5.8 0.22 0.6 0.04 51.9 10.0 5.9 30.0 37.5 809 1 13
p11 20.3 34.6 2.7 0.18 4.0 0.15 97.2  180.0 7.2 37.5 30.0 831 2 12
p12 233 15.8 22 0.47 4.0 0.19 1469 24.0 7.5 40.0 325 813 3 22
p13 25.2 14.2 54 0.29 1.9 0.09 82.2 5.0.0 6.5 25.0 325 792 1 19
p14 34.9 33.6 4.3 0.31 1.9 0.09 62.4 4.0.0 6.5 22.5 35.0 795 1 28
p15 34.9 222 4.3 0.24 1.8 0.13 145.2 5.0 6.8 325 375 811 2 29
p16 22.3 19.3 2.2 0.18 1.9 0.14 1156 8.0 7.6 22.5 37.5 835 4 30
p17 30.8 23.6 3.0 0.21 1.9 0.14 91.0 9.0 7.2 22.5 35.0 856 2 25
p18 221 10.0 3.4 0.47 1.9 0.07 58.7 5.5 6.6 35.0 325 812 1 13
p19* 19.5 18.8 4.6 0.26 3.9 0.04 49.5 3.0 6.3 35.0 30.0 852 1 15
p20 16.1 14.5 3.2 0.32 1.9 0.07 78.8 3.5 6.8 22.5 40.0 882 1 13
p21 14.4 22.7 5.8 0.36 1.7 0.08 721 2.0 6.2 25.0 37.5 843 1 26
p22 25.8 26.4 3.7 0.23 1.9 0.15 97.0 18.0 6.6 20.0 42.5 834 2 23
p23 25.7 313 3.0 0.19 1.9 0.10 89.8 7.5 6.9 17.5 40.0 832 4 21
p24 30.5 19.7 3.0 0.21 1.9 0.13 81.4 10.5 7.1 20.0 40.0 861 4 21
p25 28.0 18.9 24 0.27 3.2 0.13 80.8 2.5 7.4 32.5 37.5 823 4 25

*Plot excluded for analyzing JuvB

and Felfili, 2009; Gonzaga et al.,
2013), the Importance Value Index
(IVD for JuvA and JuvB was calcu-
lated by the formula IVI= DR + FR.

We described the size-distribution of
each stratum through an assessment
of the relative stem-density per height
classes (Kent and Coker, 1994; Felfili,
1997; Felfili and Rezende, 2003; Me-
deiros et al., 2007). In order to make
strata comparable, we defined 10
height classes with intervals based
on the height amplitude of each stra-
tum. We tested for differences in size-
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distribution between strata with Chi-
squared tests (Zar, 1996).

We applied hierarchical clustering meth-
od (UPGMA) computed from Bray-
Curtis distances between plots, which
was computed from qualitative (pres-
ence/absence) data. Bray-Curtis dis-
tance based in qualitative data is equiva-
lent to Serensen index (Anderson et al.,
2011; Oksanen et al., 2013), which is
adequate to assess floristic diversity pat-
terns of tree communities (Anderson et
al.,2011; Legendre and Legendre, 2012).
We performed analyzes in the R (version
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3.0.1) software platform (R Core Team
2013). To compute diversity indices and
species curves we used the vegan pack-
age (Oksanen et al. 2013). We produced
the UPGMA diagram by using the clus-
ter package (Maechler, 2013).

Environmental effects
on species abundance

We addressed the second question, related
to the effects of environmental variables
on species abundance, by using Canonical
Correspondence Analysis (CCA).



Trees and environmental variables influence the natural regeneration of a seasonally dry tropical forest in Central Brazil

To compose the species abundance
matrices, we have excluded the
low-abundant species, which do not
strongly influence results and tend to
increase noise (Ter Braak, 1987; Kent
and Coker, 1994; Felfili et al., 2007b).
Thus, for JuvA and JuvB, we used spe-
cies abundance matrices composed by
the number of stems per plot (rows)
for 17 species (columns), which had
five or more stems in the total sample.
For Mt we used a matrix composed by
the number of stems per plot for 18
species, which had 20 or more stems
in the total sample.

Our environmental variables per plot
matrices included all the soil vari-
ables, estimates of limestone outcrop
coverage, altitude and slope. Specifi-
cally for the NR, we included the esti-
mates of canopy aperture and relative
density of the herb-shrub stratum. The
environmental variables were stan-
dardized through division of original
values by standard deviation of each
variable, which gives equal weight to
variables in the analysis (Ter Braak,
1987; Kent and Coker, 1994).

In order to reduce the environmental
variables to the most important ones,
we performed a CCA-based forward
selection (Ter Braak, 1987; Blanchet
et al., 2008) associated with ANOVAs
to test for statistical significance (Leg-
endre and Legendre, 2012; Oksanen
et al.,2013). The forward selection or
stepwise method allows for excluding
variables with high redundancy or low
correlation with the ordination axes
(Ter Braak, 1987; Legendre and Leg-
endre, 2012). The CCA was also per-
formed in the R (version 3.0.1) soft-
ware platform (R Core Team 2013).

Results
Structural and floristic similarities

Within Mt we recorded 1,234 stems.
The mean stem density was 1,234 +
81 (mean = CI95%) and basal area
was 26.0 £ 2.0 m%.ha'. We recorded
306 stems in JuvA and the stem den-
sity was 30,600 £+ 9,100 stems.ha™.

In JuvB, we recorded 291 stems and
the stem density was 4,656 + 1,316
stems.ha! (Table 2).

The tree community of the studied for-
est is composed of micro and meso-
phanerophytes which form a discontin-
uous stratum rich in species. Altogether
we recorded 110 tree species. In Mt,
we recorded one vulnerable and one
endangered species, Machaerium villo-
sum Vogel and Cedrela fissilis Vell., re-
spectively (IUCN 2013). In this stratum
species richness was 92 (23 exclusive
species), which are distributed in 76
genera and 33 families. The Shannon
diversity was 3.83 nats.ind"! (Table 2).
We recorded 45 and 51 tree species, in
JuvA and JuvB, respectively. Togeth-
er, JuvA and JuvB had 69 species (54
also recorded in Mt). These 69 species
are distributed in 57 genera and 29 bo-
tanical families. Twenty seven species
(39.1% of the total richness) occurred
in both, while 18 (26.1%) were exclu-
sive to JuvA and 24 (34.7%) to JuvB.
Shannon diversity was 3.13 and 3.36
nats.ind!' for JuvA and JuvB, respec-
tively (Table 2).

In all studied strata, the species rich-
ness curves related to the sampling ef-
fort indicated that more than 65% of
the total richness was recorded within
the first 10 plots (Figure 2A). Al-
though Mt and JuvA still gained novel

species within the last two sampled
plots, JuvB had a clear trend of sta-
bilization. Species richness estimated
by the rarefaction curves based on
recorded individuals also indicated a
stabilization of recording rare species
with increasing the sampled effort in
Mt, JuvA and JuvB (Figure 2B). The
curves’ asymptote and reduction of
confidence intervals also suggested
that sampling effort was satisfactory,
more evident in Mt.

In Mt, the 15 most important spe-
cies accounted for the same amount
of the IVI as JuvB (~54%) (Figure
3A). Differently from the NR, these
15 more important species did not
reach equilibrium among relative
density, frequency and dominance.
While Allophylus sericeus Radlk.,
Casearia rupestris Eichler and Celtis
iguanaea (Jacq.) Sarg. had higher
frequency values, Anadenanthera
colubrina (Vell.) Brenan, Ceiba pu-
biflora (A. St.-Hil.) K. Schum, Ficus
trigona L. f. and Terminalia phaeo-
carpa Eichler had higher relative
dominance. Allophylus sericeus, A.
colubrina, C. iguanaea and Machae-
rium brasiliense Vogel figured within
the 15 most important both in the NR
and Mt.

The 15 most important species of the
NR maintained equilibrium between

Table 2. Summary of the floristic and structural measures of the natural regeneration and
mature trees of a seasonally deciduous forest remnant on limestone outcrops, located in
the Environmental Protection Area of Cafuringa (APAC), Federal District, Brazil. Den- stem
density.ha”'; ES- exclusive species; G- basal area (m2.ha™'); JuvA- total height < 100 cm;
JuvB- total height = 100 cm and DAP < 5 cm; H’- Shannon index (nats.ind"'); Mt- DBH =

5 cm; S- species richness.

Tabela 2. Variaveis estruturais e floristicas da regeneragéo natural e estrato maduro de
um remanescente de Floresta Estacional Decidual associado a afloramentos calcarios,
localizado na Area de Protegdo Ambiental de Cafuringa (APAC), Distrito Federal, Brasil.
Den- densidade de arvores.ha™'; ES- espécies exclusivas; JuvA- altura total < 100 cm;
JuvB- altura total =100 cm e DAP < 5.0 cm; G- area basal (m2.ha™'); H- indice de diversi-
dade de Shannon; Mt- DAP 2= 5 cm; S- riqueza de espécies.

No. stems Den G S ES* H’
Mt** 1,234 1,234 + 81 26.0+2.0 92 23 3.83
JuvA 306 30,600 + 9,100 45 18 3.13
JuvB 291 4,656 £ 1,316 51 24 3.36
Total 1,831 36,490 110

*For JuvA and JuvB, the values relate to the richness of NR. **Data compiled from Pereira (2008).
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Figure 2. Comparing species richness against the number of plots (A) and individuals (B)
(95% confidence interval) sampled from mature trees and the natural regeneration of a
remnant of seasonally deciduous forest on limestone outcrops, located in the Environmen-
tal Protection Area of Cafuringa (APAC), Federal District, Brazil. The plot-based curve was
computed using the classical species accumulation method. The individual-based curve
was computed using the rarefaction estimator of Hurlbert (1971). JuvA- total height < 100
cm; JuvB- total height = 100 cm and DBH < 5.0 cm; Mt- DBH =5 cm.

Figura 2. Curvas de acumulagao de espécies em fungdo do nimero de parcelas (A) e in-
dividuos (B) (95% intervalo de confianga) amostrados no estrato adulto e na regeneragéo
natural de um remanescente de Floresta Estacional Decidual associado a afloramentos
calcarios, localizado na Area de Protecdo Ambiental de Cafuringa (APAC), Distrito Fed-
eral, Brasil. As curvas de acumulacdo de espécies em fungdo do numero de parcelas
amostradas foram computadas a partir do método classico de acumulagéo. As curvas de
acumulagao em fungdo do nimero de individuos amostrados foram computadas por meio
do método de rarefagéo de Hurlbert (1971). JuvA- altura total < 100 cm; JuvB- altura total

=100 cm e DAP < 5.0 cm; Mt- DAP =25 cm.

relative density and frequency (Fig-
ure 3B and C). Allophylus sericeus,
Bauhinia longifolia D. Dietr. and C.
iguanaea (Jacq.) Sarg. figured within
the five most important species in
both JuvA and JuvB. Allophylus seri-
ceus and C. iguanaea also figured
within the 15 most important species
of Mt. As with Mt, the 15 most im-
portant species of JuvA (~75%) and
JuvB (~54%) accounted for a greater
proportion of the total IVI.

Within the families recorded in Mt,
Fabaceae (IVI value of 61.6), Ana-
cardiaceae (29.9), Malvaceae (26.7),
Sapindaceae (19.1) and Apocyna-
ceae (17.6) accounted for 52% of
the total IVI and 43% of the total
species richness. Within JuvA, Fa-
baceae (81.3), Myrtaceae (22.5), Ul-
maceae (18.0), Sapindaceae (13.6)
and Rubiaceae (10.5) accounted
for 73% of the total IVI and 51%
of the total species richness. Within
JuvB, Fabaceae (31.8), Sapindaceae
(10.6), Meliaceae (9.9), Ulmaceae
and Myrtaceae (7.3) accounted for
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33.4% of the total IVI and 53% of
the total species richness.

Total height of recorded stems within
the NR categories varied from 10 cm
(JuvA) to 650 cm (JuvB). Within Mt
stems, total height varied from 2 m to
24 m. JuvA and JuvB had a higher pro-
portion of stems within the first two
height classes, 34% and 73% respec-
tively, when compared to Mt (17%).
While JuvA and Mt had height distri-
butions with a shape tending to a nor-
mal distribution, stems from JuvB had
a J-reverse pattern (Figure 4). Such
differences were confirmed by Chi-
squared tests, which indicated that the
height distribution of JuvA did not fol-
low both the distribution of JuvB (y*=
378.5, P <0.001) and Mt (*= 118.9,
P <0.001). The height distribution of
JuvB did not follow the Mt’s distribu-
tion (y>= 8718.5, P <0.001) either.
Overall floristic dissimilarity among
plots was 0.48 and paired-plots dissim-
ilarity varied from 0.21 (Mt, plots no.
11 and 12) to one (JuvB, plot no. 19)
(Figure 5). JuvA and JuvB clustered
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together with floristic-distance lower
than 0.50. Mt plots mostly formed ex-
clusive clusters, with the exception of
plot no. 01, which was paired with plot
no. 17 of JuvB (Figure 5).

Environmental effects
on species abundance

By applying the CCA-based forward
selection, we excluded AP, H' + A"
(total acidity), K*, Mg?*, Na“, organic
matter, P*, pH and clay within Mt;
AP, C, Ca*, K", Mg*, Na*, organic
matter, P*, pH, clay, limestone outcrop
coverage, slope , canopy aperture and
relative density of herb-shrub stratum
within JuvA; A, C, H + AP** (total
acidity), clay, altitude, slope, canopy
aperture and relative density of herb-
shrub stratum within JuvB (Table 1
and Table 3).

Overall permutation tests [(Mt, F-ra-
tio =2.24, P <0.001), (JuvA, F-ratio
=1.80, P<0.01) and (JuvB, F-ratio =
1.78, P <0.05)] of the CCA axes indi-
cated that species are not evenly dis-
tributed and that the selected variables
were significantly correlated with this
variation. In Mt, the first (CCA1) and
second (CCA2) canonical axes had a
significant correlation with the select-
ed variables and eigenvalues of 0.397
and 0.199, respectively. In JuvA, the
eigenvalues of the CCA1 and CCA2
were 0.268 and 0.199, but only the
first axis correlated significantly with
the selected variables. In JuvB, both
CCA1l and CCA2 correlated signifi-
cantly with the selected variables and
had eigenvalues of 0.569 and 0.462,
respectively (Table 3).

In Mt, the first two canonical axes cap-
tured 54% of the environmental varia-
tion among plots, which explained
26% of the species abundance varia-
tion. In JuvA, only the CCALI corre-
lated significantly with the selected
variables. This axis captured 33% of
environmental variation among plots,
which explained a lower proportion
(~9%) of the species abundance varia-
tion. Compared to Mt, although in
JuvB the two canonical axes captured
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lower amount of the environmental
variation within plots (37%), the se-
lected variables explained a similar
proportion of the species abundance
variation (21%) (Table 3).

In both NR and Mt, even though the
majority of species placed in the mid-
dle of the CCA diagrams and did not

show variation in abundance due to
the environmental variability within
plots, few species correlated signifi-
cantly. Interestingly, these variables
and the influence they had on species
abundance varied along the different
strata, which may indicate a strong
differentiation on the species-environ-
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Figure 3. Importance Value Index (IVI) of the 15 most important species from the mature
trees (A- DBH =5 cm) and the natural regeneration (B- total height < 100 cm; C- total height

=100 cm and DBH < 5.0 cm) of a remnant

of seasonally deciduous forest on limestone

outcrops, located in the Environmental Protection Area of Cafuringa (APAC), Federal Dis-

trict, Brazil.

Figura 3. indice de Valor de Importancia (IV1) das 15 espécies mais importantes encon-

tradas no estrato maduro (A- DAP =25 cm) e

na regeneragao natural (B- altura total < 100

cm; C altura total =100 cm e DAP < 5.0 cm) de um remanescente de Floresta Estacional
Decidual associado a afloramentos calcarios, localizado na Area de Protecdo Ambiental

de Cafuringa (APAC), Distrito Federal, Brasi

Neotropical Biology and Conservation

mental relationships along the estab-
lishment process. Altitude was signifi-
cant in Mt and JuvA, while limestone
outcrop coverage was significant in
Mt and JuvB. C and organic matter
were important in defining species
abundance in Mt and JuvB. Sand and
silt were the only common selected
variables within all strata. However,
only silt was significant, again in Mt
and JuvB (Table 3).

In Mt, five of the seven selected vari-
ables had a significant effect on the
species abundance. Sand (CCA score
=0.125) and slope (0.661) were more
strongly correlated to the CCAI,
while C (0.703), altitude (-0.525) and
limestone outcrop coverage (0.833)
were more strongly correlated to the
CCA2. In JuvA, only two variables
had a significant effect on species
abundance. Both the total acidity
(0.325) and altitude (0.845) correlat-
ed to the CCA1l, the unique signifi-
cant in this stratum. In JuvB, five of
the 10 selected variables had a sig-
nificant effect on species abundance.
Mg, pH and silt correlated both to
the CCA1 and CCA2 (Table 3). Or-
ganic matter (-0.304) and limestone
outcrop-coverage (0.349) correlated
more strongly to the CCA2 (Table 3
and Figure 6).

In Mt, sand and slope had a positive
effect on the abundance of Aspido-
sperma pyrifolium Mart. (CCA score
0.651), C. fissilis (1.662), C. iguanaea
(0.759) and Urera caracasana (Jacq.)
Gaudich. ex Griseb. (0.775). These
variables also had a negative effect
on the abundance of Campomanesia
velutina (Cambess.) O. Berg (-0.703),
C. rupestris (-0.768), Diospyros his-
pida A. DC. (-0.805) and Myracro-
druon urundeuva Allemao (-0.675).
C content and the limestone outcrop
coverage had a positive effect on the
abundance of C. fissilis (0.696). Al-
titude affected negatively the abun-
dance of Aspidosperma subincanum
Mart. (-0.515), Campomanesia velu-
tina (Cambess.) O. Berg (-0.872) and
Diospyros hispida A. DC. (-1.640)
(Figure 6A).
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In JuvA, total acidity and altitude had
a positive effect on the abundance of
Esenbeckia grandiflora Mart. (1.144),
Inga vera Willd. (0.576), Loncho-
carpus cultratus (Vell.) A.Z. Tozzi
e H.C. Lima (2.339) and Maytenus

floribunda Reissek (0.540). None-
theless, these variables also affected
negatively Cordiera macrophylla (K.
Schum.) Kuntze (-0.822) and Eryth-
roxylum vaccinifolium Mart. (-0.861)
(Figure 6B).
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Figure 4. Total height distribution of mature trees and the natural regeneration from a rem-
nant of seasonally deciduous forest on limestone outcrops, located in the Environmental
Protection Area of Cafuringa (APAC), Federal District, Brazil. JuvA- total height < 100 cm;
JuvB- total height 2 100 cm and DBH < 5.0 cm; Mt- DBH =2 5 cm.

Figura 4. Distribuigao da altura total dos individuos arbéreos amostrados no estrato ma-
duro e na regeneragéo natural de um remanescente de Floresta Estacional Decidual as-
sociado a afloramentos calcarios, localizado na Area de Protegdo Ambiental de Cafuringa
(APAC), Distrito Federal, Brasil. JuvA- altura total < 100 cm; JuvB- altura total =100 cm e

DAP < 5.0 cm; Mt- DAP =5 cm.
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In JuvB, all the selected variables
correlated strongly with the CCA2.
Nonetheless, Mg, pH and silt also cor-
related to the CCA1 and had a positive
effect on the abundance of A. subin-
canum (0.704), C. velutina (0.650),
Centrolobium tomentosum Guillemin
ex Benth. (1.905), Guarea guidonia
(L.) Sleumer (0.908) and Platymis-
cium floribundum Vogel (1.006).
These variables had a negative effect
on Enterolobium contortisiliquum
(Vell.) Morong (-0.799), Rhamnid-
ium elaeocarpum Reissek (-1.344)
and Sebastiania brasiliensis Spreng.
(-2.119). Regarding the CCA2, Mg,
pH and limestone outcrop coverage
had a positive effect on the abundance
of C. velutina (1.429), C. macrophylla
(1.387), G. guidonia (1.122) and P.
floribundum (1.274). Silt and organic
matter had a positive effect on the
abundance of 4. subincanum (-0.579),
C. tomentosum (-0.579), Jacaranda
cuspidifolia Mart. (-1.489), Senega-
lia polyphylla (DC.) Britton and Rose
(-0.829) and Trichilia hirta L. (-0.748)
(Figure 6C).
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Figure 5. Floristic dissimilarity of pair plots based on Bray Curtis distances computed from presence/absence data of tree species re-
corded in 25 plots used to sample the mature trees and the natural regeneration of a remnant of seasonally deciduous forest on limestone
outcrops, located in the Environmental Protection Area of Cafuringa (APAC), Federal District, Brazil. Plots were paired by Hierarchical
clustering method (UPGMA). JuvA- total height < 100 cm; JuvB- total height 2 100 cm and DBH < 5 cm; Mt- DBH < 5.0 cm.

Figura 5. Dissimilaridade floristica entre parcelas definida por indice de Bray-Curtis computado a partir de dados de presenga/auséncia
das espécies arboreas encontradas em 25 parcelas instaladas para amostrar a regeneracao natural e o estrato maduro de um rema-
nescente de Floresta Estacional Decidual associado a afloramentos calcarios, localizado na Area de Protegdo Ambiental da Cafuringa
(APAC), Distrito Federal, Brasil. As parcelas foram pareadas por meio do método UPGMA, de agrupamento hierarquico. JuvA- altura
total < 100 cm; JuvB- altura total = 100 cm e DAP < 5.0 cm; Mt- DAP 25 cm.
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Table 3. Statistics summary of the first two ordination axis computed by Canonical Cor-
respondence Analysis (CCA) related to soil proprieties and environmental variables. The
study was carried out in a seasonally deciduous forest remnant on limestone outcrops,
located in the Environmental Protection Area of Cafuringa (APAC), Federal District, Brazil.
alt- altitude (m.a.s.l.); C- carbon content [C] (g.kg''); Ca- calcium content [Ca?*] (cmolc.
dm3); CCA1- first CCA axis; CCA2- second CCA axis; H.Al- total acidity [H* + AI**] (cmolc.
dm®); JuvA- total height < 100 cm; JuvB- total height = 100 cm and DBH < 5 cm; K- potas-
sium content [K*] (mg.dm-3); Mg- magnesium content [Mg?*] (cmolc.dm); Mt- DBH = 5 cm;
Na- sodium content [Na*] (cmolc.dm=); om- organic matter content (g.kg™); out- limestone
outcrop-coverage; P- phosphorus content [P*] (mg.dm); pH- pH in water; san- percentage
of sand (%); sil- percentage of silt (%); slo- plots’ slope (°).

Tabela 3. Estatistica dos dois primeiros eixos da Andlise de Correspondéncia Canénica
para teste dos efeitos de variaveis ambientais na abundancia de espécies arboéreas da
regeneracgao natural e estrato maduro de um remanescente de Floresta Estacional De-
cidual associado a afloramentos calcarios, localizado na Area de Protecdo Ambiental de
Cafuringa (APAC), Distrito Federal, Brasil. alt- altitude (m.a.n.m.); C- teor de carbono [C]
(9.kg"); Ca- teor de calcio [Ca?*] (cmolc.dm3); CCA1- primeiro eixo da CCA; CCA2- seg-
undo eixo da CCA; H.Al- acidez total [H* + AI**] (cmolc.dm); JuvA- altura total < 100 cm;
JuvB- altura total =100 cm e DAP < 5.0 cm; K- teor de potassio [K*] (mg.dm=); Mg- teor
de magnésio [Mg#] (cmolc.dm); Mt- DAP = 5 cm; Na- teor de sodio [Na*] (cmolc.dm3);
om- teor de matéria organica (g.kg™'); out- afloramento calcario; P- teor de fosforo [P*] (mg.
dm=); pH- pH em agua; san- porcentagem de areia (%); sil- porcentagem de silte (%);slo-
declividade da parcela (°).

Parameters Eigenvalue Prop. explained variance
CCA1 CCA2 CCA1 CCA2
Mt env. variables 0.397** 0.199** 0.362 0.182
species 0.251 0.159 0.173 0.087
c** -0.279 0.703
Ca 0.316 0.132
san* 0.125 0.005
Sil -0.057 -0.053
alt™ 0.045 -0.525
out* 0.272 0.833
slo** 0.661 0.052
JuvA  env. variables 0.268* 0.199 0.334 0.248
species 0.379 0.351 0.088 0.065
H.AI* 0.325 0.641
san -0.087 0.637
Sil 0.119 -0.131
alt* 0.845 -0.482
JuvB  env. variables 0.569** 0.462** 0.204 0.166
species 0.481 0.375 0.118 0.096
Ca 0.319 -0.278
K 0.081 0.395
Mg* 0.321 0.345
Na 0.151 0.171
om* 0.051 -0.304
P 0.046 0.112
pH* 0.254 0.424
San 0.126 0.181
sil* 0.251 -0.351
out* -0.021 0.349

Permutations tests (ANOVA) for the first two CCA axes and constraining variables: *p < 0.05; **p < 0.01.
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Discussion
Structural and floristic similarities

We found a high number of common
species between Mt and NR. The high
floristic similarity between strata and
among size categories revels that spe-
cies composition and demographic
patterns of the NR reflect those ob-
served in the Mt.

When comparing with other SDTFs
of Central Brazil, the forest of the
APAC had similar or even higher
values of stem density and basal area
(Silva and Scariot, 2004a; Silva and
Scariot, 2004b; Felfili et al., 2007a;
Nascimento et al., 2007; Carvalho and
Felfili, 2011a; Pereira et al., 2011).
Species richness and Shannon diver-
sity were similar or even superior
than others SDTF from the Federal
District (Ramos, 1989), Goias (Silva
and Scariot, 2003; Silva and Scariot,
2004a; Silva and Scariot, 2004b; Nas-
cimento et al., 2004; Felfili et al.,
2007a; Carvalho and Felfili, 2011a;
Carvalho and Felfili, 2011b), Minas
Gerais (Oliveira-Filho et al., 1998;
Werneck et al., 2000), Mato Grosso
(Salis et al., 2004) and Mato Grosso
do Sul (Daniel and Arruda, 2005).
The NR of the studied forest had stem
density, species richness and Shan-
non diversity similar to a secondary
dry forest (Venturoli ef al., 2011) and
to SDTF fragments (Gonzaga et al.,
2013), both within contact of other
phytophysionomies of Cerrado in
Central Brazil. Compared to the NR
in communities of different vegetation
types in the Cerrado biome, our study
was richer in species than some areas
of cerrado sensu stricto (Barreira et
al., 2002; Medeiros et al., 2007) and
poorer than gallery forests (Felfili,
1997; Oliveira and Felfili, 2005; Ri-
beiro and Felfili, 2009).

The greater exchange between the
gallery forest of the Rio do Sal and
a stretch of cerrado sensu stricto, lo-
cated in the upper portion of the re-
lief, may contribute to explain the
patterns we found on species richness.
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Figure 6. Ordination diagrams computed by Canonical Correspondence Analysis (CCA)
with environmental effects related to plots and tree species recorded in 25 plots used to
sample the mature trees (A- DBH = 5.0 cm) and the natural regeneration (B- total height
< 100 cm; C- total height = 100 cm and DBH < 5 cm) of a seasonally deciduous forest
remnant on limestone outcrops, located in the Environmental Protection Area of Cafur-
inga (APAC), Federal District, Brazil. alt- altitude (m.a.s.l.); C- carbon content [C] (g.kg™");
Ca- calcium content [Ca?"] (cmolc.dm?); H.AI- total acidity [H* + AI**] (cmolc.dm™); K- po-
tassium content [K*] (mg.dm); Mg- magnesium content [Mg?] (cmolc.dm=); Na- sodium
content [Na*] (cmolc.dm); om- organic matter content (g.kg"); out- limestone outcrop-
coverage; P- phosphorus content [P*] (mg.dm®); pH- pH in water; san- percentage of sand
(%); sil- percentage of silt (%); slo- plots’ slope (°).

Figura 6. Diagramas de ordenagéo computados por meio de Andlise de Correspondéncia
Canodnica relatando a variagdo ambiental entre parcelas, assim como seus efeitos sobre
a distribuicao de espécies arbdéreas amostradas no estrato adulto (A- DAP = 5.0 cm) e na
regeneragdo natural (B- altura total < 100 cm; C- altura total =2 100 cm e DAP < 5.0 cm) de
um remanescente de Floresta Estacional Decidual associado a afloramentos calcarios,
localizado na Area de Protegdo Ambiental da Cafuringa (APAC), Distrito Federal, Brasil.
alt- altitude (m.a.n.m.); C- teor de carbono [C] (g.kg"); Ca- teor de calcio [Ca?*] (cmolc.
dm=); H.Al- acidez total [H* + AI**] (cmolc.dm); K- teor de potassio [K*] (mg.dm); Mg- teor
de magnésio [Mg?*] (cmolc.dm®); Na- teor de sddio [Na*] (cmolc.dm); om- teor de matéria
organica (g.kg™'); out- afloramento calcario; P- teor de fosforo [P*] (mg.dm); pH- pH em
agua; san- porcentagem de areia (%); sil- porcentagem de silte (%); slo- declividade da

parcela (°).

Although a larger proportion of spe-
cies have been recorded within the
first 10 plots, novel species were
found all over the sampling. This pat-
tern was more evident within JuvA
and Mt and corroborates the idea that
local environmental variations added
to the contact with different veg-
etation types may influence floristic
composition of the NR in SDTFs in
Central Brazil (Gonzaga et al., 2013).
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The species accumulation curves
based on individuals indicated that for
a same number of stems, species rich-
ness within mature trees is expected to
be higher than within the NR catego-
ries. These differences between strata
may indicate a local declination in the
population of species that we recorded
in Mt, but did not record in the NR.
Additionally, it corroborates that the
NR in SDTFs is highly dynamic, thus
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depending on temporal and seasonal
variations typical of SDTFs (Lieber-
man and Mingguang, 1992; Felfili,
2003; McLaren and McDonald, 2003,
Vieira et al., 2008).

Both in NR and Mt, few species ac-
counted for an expressive proportion
of the IVI. Nevertheless, many spe-
cies were represented by one individ-
ual and had low I'VI values. This result
corroborates the typical pattern of tree
communities from other SDTFs of
Central Brazil, in which a few abun-
dant and frequent species account for
a significant amount of the total IVI,
and a large number of species have
relatively low density and importance
(Nascimento et al., 2004; Felfili et
al., 2007a; Carvalho e Felfili, 2011a;
Pereira et al., 2011).

Some of the important genera we
recorded in NR (e.g. Allophylus,
Cordiera, Bauhinia, Platymiscium
and Rhamnidium) also had high IVI in
Mt, and were recorded in other SDTFs
of Central Brazil (Botrel et al., 2002;
Nascimento et al., 2004; Felfili et al.,
2007a; Pereira et al., 2011). Senega-
lia polyphylla is a widely distributed
species which occurs from Mexico
to Argentina in different forest types
(Oliveira-Filho et al, 2001; Nasci-
mento et al., 2004; Salis et al., 2004;
Oliveira and Felfili, 2005; Pinto et
al., 2005; Pereira et al., 2011). Cen-
trolobium tomentosum is typical from
the Atlantic forest but also occurs in
the SDTFs of Central Brazil (Rizzini,
1997; Klitgaard, 2013). Machaerium
brasiliense is also an Atlantic species
most common in the southeast of Bra-
zil, Goias and Mato Grosso, but also
associated with dry forests (Sartori
and Tozzi, 1998).

The relatively higher importance
of Fabaceae both in the NR and Mt
is typical of Neotropical dry for-
ests (Gentry, 1995) and this pat-
tern have also been observed within
other SDTFs of Central Brazil (Silva
and Scariot, 2003; Nascimento et
al., 2004; Daniel and Arruda, 2005;
Higuchi et al., 2006; Felfili et al.,
2007a; Carvalho and Felfili, 2011Db).
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Trichilia (Meliaceae) (with four spe-
cies) and Myrcia (Myrtaceae) (three
species) were the richest genera in
NR and also figured within the rich-
est genera in Mt. Anadenanthera
colubrina, E. contortisiliquum and C.
iguanaea had the highest IVI within
JuvA and together accounted for 29%
of the total IVI. Within JuvB, 4. seri-
ceus, B. longifolia and C. iguanaea
occupied the first three positions and
together accounted for 25% of the to-
tal IVL. Myracrodruon urundeuva, A.
colubrina and C. rupestris had the
highest IVI within Mt species and to-
gether accounted for 28% of the total
IVI. The greater capacity of estab-
lishment in different environments
can explain the success of these im-
portant species within strata. Ecolog-
ical characteristics of these species,
such as dispersion syndrome, water
stress tolerance and faster growth
may be correlated to the high density,
frequency and dominance of these
species (Nascimento et al., 2004;
Felfili et al., 2007a; Pereira et al.,
2011; Gonzaga et al., 2013).

The height distribution of Mt and
JuvA had a log-normal shape. This
pattern diverges from the J-reverse
distribution pattern observed in JuvB
and many other STDFs from differ-
ent regions of Central Brazil (Silva
and Scariot, 2004a; Nascimento et al.,
2004; Daniel and Arruda, 2005; Felfili
et al., 2007a). The log-normal shape
that we observed in Mt was also re-
ported in other STDF's associated with
soils liable to seasonal water stress
(Oliveira-Filho et al., 2001; Botrel et
al., 2002), in which variations in tree
slenderness may be correlated with
soil and light gradients (Oliveira-Filho
et al., 2001). In JuvA, the lower stem
density in the first size classes can
also be attributed to the higher mor-
tality within early establishment (from
seedlings to saplings) (Schupp, 1990;
Lieberman and Mingguang, 1992;
Dalling et al., 1998a; McLaren and
McDonald, 2003).However, further
assumptions regarding these correla-
tions remain to be better investigated.

The floristic-distance among plots
(< 0.50) can be considered low (Kent
and Coker, 1994; Felfili et al., 2007b).
Although JuvA and JuvB were more
similar, the low overall floristic-dis-
tance suggests a general low variation
in B-diversity between strata (Kent and
Coker, 1994; Felfili et al., 2007b; Car-
valho and Felfili, 2011a). This result
correlates to the high equivalence in
species richness between the RN and
Mt (75%) and to the great number of
common species (54), equivalent to
78% of the species richness of the NR
(JuvA and JuvB). This result is higher
than that reported for different frag-
ments of SDTF in Central Brazil, in
which species richness equivalence is
closer to 50% (Gonzaga et al., 2013).
We suggest that this pattern, added to
phytosociological attributes, indicate
high species resilience to disturbances,
especially of those more abundant and
well-distributed all over the forest.

Environmental effects
on species abundance

The different strata and size-catego-
ries of the NR reacted distinctly to
the tested environment variables. This
significant and distinct effect indicates
that species requirements change from
early to late establishment.

The eigenvalues and overall statisti-
cal significance of the CCA suggest
that, both in NR and Mt, species are
not evenly distributed within plots
(Ter Braak, 1987; Kent and Coker,
1994; Felfili et al., 2007b). Our re-
sults indicate an increasing relation-
ship within species abundance and
environmental conditions, from early
to late establishment (from JuvA to
JuvB). Together with variations in
soil proprieties (Mg, organic matter,
pH, silt and total acidity), water avail-
ability and the dispersion syndrome of
species (Lieberman and Mingguang,
1992; McLaren and McDonald, 2003;
Vieira and Scariot, 2006) may be the
main factors influencing germination
and early establishment (JuvA) in the
studied forest. In JuvA, altitude also
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had an important influence on defin-
ing species abundance. This result
correlates to the fact that higher alti-
tude plots were closer to the cerrado
sensu stricto that remains on the top
of the relief. Within a more advanced
stage (JuvB), together with the already
mentioned soil chemical proprieties
and water availability, the limestone
outcrop coverage and organic matter
seem to be also important in limiting
or favoring species survival. This re-
sult corroborates studies with both
mature trees in well preserved SDTFs
(Felfili et al., 2007a; Pereira 2008;
Pereira et al., 2011) and NR in sec-
ondary STDFs (Venturoli et al., 2011).
Our data captured such relationship
and indicate that limestone outcrop
coverage and organic matter influence
species abundance in the NR.

The weaker relationship between
species abundance and environment
gradients that we observed in JuvA
may also be correlated with the ger-
mination of a wide variety of spe-
cies in different environments and
conditions (Vieira and Scariot, 2006;
Vieira et al., 2006, 2008). Therefore,
a large number of sites with shallow
soil, which have a water deficit dur-
ing drought as well as different levels
of deciduousness could also affect the
distribution and establishment of spe-
cies. Probably, as the plants establish
and compete into higher levels, more
specific relationships are established
between plants and the environment.
Additionally, for a better understand-
ing of the dynamics of the SDTFs,
further research may check for spe-
cies-abundance and distribution cor-
relations with non-stochastic process,
such as seed viability, dispersion and
herbivory.

Although the herbaceous-shrub densi-
ty varied significantly within plots, we
did not observe any correlation of this
variable with tree species abundance
in the NR. We also observed similar
pattern for the estimates of canopy
aperture, which did not correlate with
species abundance, both in JuvA and
JuvB. This result may indicate that
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the herbaceous-shrub density, besides
influencing positively or negatively
different species, has an even effect
on most by competing for water and
nutrients. The influence of the herba-
ceous-shrub density and light condi-
tions may be enhanced in secondary
forests (Venturoli et al., 2011), where
the higher light availability may favor
herb and shrub species and increase
competition.

The higher relationship among spe-
cies abundance and environmental
variation in Mt corroborates other
studies which reported an even higher
influence of soil (chemical and physi-
cal properties) and topography on
the distribution of trees (DBH > 5
cm) of STDFs (Oliveira-Filho et al.,
2001; Botrel et al., 2002; Pereira et
al., 2011) and in a valley forest (Pinto
et al., 2005) of Central Brazil. The
same environmental variability, typi-
cal of SDTFs, also contributes to in-
crease species richness and diversity
within tree communities (Felfili et
al.,2007a; Pereira et al., 2011), which
was observed in our study. Mesic mi-
crohabitats even during the dry season
hold enough water and support more
moisture demanding species from
other forest types. Maclura tinctoria
(L.) D. Don ex Steud., Protium hep-
taphyllum (Aubl.) Marchand, Eugenia
florida DC. and Copaifera langsdorf-
fii Desf indicate the existence of these
habitats and corroborate other studies
which show that SDTFs explain the
links between forests of Central Bra-
zil and other South American humid
forests (Rizzini, 1997; Oliveira-Filho
and Ratter, 1995; Fernandes, 2003;
Pereira et al., 2011).

In the Mt stratum, C. fissilis and U. ca-
racasana occurred with higher abun-
dance in plots established in steeper
areas and with higher sand content. In
our study area, the plots with higher
slopes and sand content were set on the
bottom of the toposequence, close to
the Rio do Sal. Casearia rupestris and
M. urundeuva were more abundant in
plots set in less steep areas with higher
silt content. Aspidosperma subinca-
num, C. velutina and D. hispida were
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associated to the plots set in higher al-
titudes, low C content and limestone
outcrop coverage. Higher altitude
plots were associated to the cerrado
sensu stricto that remains on the top
of the relief. Cedrela fissilis (cedro),
traditionally used as timber (Felfili,
2003; Pereira et al., 2011), was also
more associated with plots set in areas
with higher C and limestone outcrop
coverage. Aspidosperma pyrifolium
and M. urundeuva are typical species
of SDTFs and can be associated to
limestone outcrops and soils with wa-
ter deficit (Felfili et al., 2007a; Pereira
etal.,2011).

In JuvA, E. grandiflora, I. vera, L. cul-
tratus and M. floribunda were associ-
ated with plots established in higher
altitudes and with higher total acid-
ity. As we mentioned before, higher
altitude plots were closer to the cer-
rado sensu stricto that remains on the
top of the relief. Contrary, C. macro-
phylla and E. vaccinifolium occurred
in higher abundance in those plots set
in lower altitude and with more basic
pH. In our study area, these are the
plots closer to the Rio do Sal, which
also had a higher sand content.
Compared to JuvA, in JuvB the spe-
cies abundance variation was high-
ly correlated to the environmental
variation within plots. In the CCA
diagrams, JuvB species also formed
clusters more closely related to the
tested variables, which suggest a
more specific relationship among
species and the environmental varia-
tion among plots. Although highly
correlated to the CCA2, Mg, pH and
silt were also correlated to the CCA1.
These variables had a positive effect
on the abundance of 4. subincanum,
C. velutina, C. tomentosum, G. gui-
donia and E. contortisiliguum, which
placed them on the right of the dia-
gram. Rhamnidium elaeocarpum and
S. brasiliensis were placed on the left
side of the diagram and occurred in
higher abundance within plots with
lower values of Mg, pH and silt. How-
ever, the species-environment asso-
ciations were better described by the
CCA2. Campomanesia velutina, C.
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macrophylla, G. guidonia and P. flo-
ribundum showed preference to the
plots with higher values of Mg, pH
and limestone outcrop coverage. As-
pidosperma subincanum, C. tomento-
sum, J. cuspidifolia, S. polyphylla and
T. hirta showed clear association to
the plots with higher values of silt and
organic matter. We recorded A. colu-
brina in all the three strata, but it did
not show any correlation with the se-
lected variables. This corroborates the
high IVI value of this species and in-
dicates that a more generalist require-
ment (Nascimento et al. 2004; Felfili
et al. 2007a; Pereira et al. 2011; Gon-
zaga et al. 2013) may be associated to
the success and widely distribution of
A. colubrina in the studied forest.
Understanding the biotic and abiotic
processes involved in species estab-
lishment and forest succession can
help the restoration of degraded areas
and the definition of conservation pri-
orities (Felfili, 2003; Scariot and Se-
vilha, 2005; Vieira and Scariot, 2006;
Carvalho and Felfili, 2011a; Pereira et
al., 2011). Although surrounded by an
intense land use, the studied forest had
a NR resilient to the surrounding land
use and fragmentation, with high tree
species richness and diversity compa-
rable to the mature stratum. Moreover,
tree species are not evenly distributed,
which enhances the importance of the
environmental variability, typical of
STDFs, in maintaining species rich-
ness and floristic composition. This
fact contributes to making its protec-
tion an important accomplishment,
since the seasonal dry forests of the
Cafuringa are one of the last remnants
of this vegetation type in the Distrito
Federal and Central Brazil.
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