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Background: Lianas strongly influence tropical forest dynamics and diversity.

Aims: To determine the relationship among richness, diversity, abundance and distribution of liana species in different
vegetation formation types along a gradient within a savanna—forest transition zone in central Brazil.

Methods: All liana species were identified and their girth measurements (>5 cm) taken in one 1 ha plot at each of 15 sites that
encompassed a range of vegetation types: dystrophic cerradao (tall closed woodland cerrado), gallery forest, flooded forest,
semi-deciduous seasonal forest (one monodominant) and evergreen forest. We evaluated and compared the communities
in terms of richness, community diversity (Shannon’s H’), equitability (Hurlbert’s, PIE), and the distribution of liana
abundance.

Results: In total, 1467 individual lianas belonging to 65 species, 41 genera and 17 families were recorded in the 15 ha
sampled. The value of H’ varied from 0-2.47, and that of P/E ranged from 0-0.90. While flooded forests had remarkably
high liana densities, their liana community was dominated by just one species, Combretum laxum (64% of stems); the most
abundant liana in non-flooded forests was Heteropterys eglandulosa (13%). The different liana species showed varying
affiliations with vegetation type, with distinct species groupings associated with the different vegetation types.

Conclusions: Variations in species composition and distribution of lianas in this savanna—forest transition were found to be

driven by environmental gradients that cause distinct species associations with discrete vegetation formation types.

Keywords: Combretum laxum; environmental gradient; flooded forests; tropical forests; woody climber

Introduction

Lianas are an important ecological group in the transition
zone that occurs between the two largest South American
biomes: Cerrado (a form of savanna) and Amazon forest.
Lianas contribute significantly to the overall plant species
richness of this region (Marimon et al. 2001, 2002). Studies
over the past two decades in closed-canopy tropical forests
indicated that the geographical variations in the distribu-
tion, composition and richness of lianas might be directly
related to both local and regional factors (Avalos et al. 1999;
van der Heijden et al. 2008; Addo-Fordjour et al. 2009; van
der Heijden and Phillips 2009a). Understanding is very lim-
ited, however of how liana communities vary along the zone
of transition from forest to savanna in southern Amazonia.

Within closed-canopy tropical forests, the distribution,
composition, and richness of lianas is related to a num-
ber of factors, including the structure of the supporting
tree and/or shrub communities as well as average size of
gaps, humidity, soil, light, rainfall, fire regime, altitude
and climate conditions (Putz 1984; Putz and Chai 1987;

Nabe-Nielsen 2001; Schnitzer 2005; Jirka et al. 2007;
Addo-Fordjour and Anning 2008).

Soil physical conditions may also affect liana abun-
dance. For example, in north-central Mato Grosso in south-
ern Amazonia lianas have been observed to be more abun-
dant on soils with impeded drainage, e.g. campinarana
(Jirka et al. 2007). In other cases, where soil physical con-
ditions are combined with water limitations, such as in
cerrado on rocky soil (cerrado rupestre), the abundance of
lianas can be extremely low (see Maracahipes et al. 2011),
especially after repeated fires. Likewise liana abundance
is low in seasonally flooded communities because many
liana species apparently lack ecophysiological characteris-
tics, such as hypertrophied lenticels on stems through which
potentially toxic compounds associated with anaerobiosis
are released (Joly and Crawford 1982; Scarano et al. 1994;
Ivanauskas et al. 1997) to aid survival during seasonal
flooding events.

In this context, we anticipated that flooded forests in the
Amazon forest—Cerrado transition zone should have lower
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richness, diversity and equitability of lianas compared with
non-flooded forests. Such flooding effects on liana abun-
dance and species richness would, however, be expected to
be superimposed on those of climate and/or soil gradients,
factors which are known to influence the species diversity
of trees and lianas (Gentry 1991; Sfair and Martins 2001).
It is also known that lianas are key drivers for woody
vegetation dynamics (Putz 1980, 1984; Gentry 1991), as
lianas affect the growth and mortality of tree and shrub
species, and can determine the dynamics of gaps created by
tree-fall (Schnitzer and Bongers 2002). They also affect tree
seedlings dynamics (Pérez-Salicrup et al. 2001), carbon
turnover (Phillips and Gentry 1994) and strongly impact lit-
ter production in some tropical forests (Gentry 1983). Thus
they contribute significantly to a range of biogeochemical
processes. Moreover, high liana abundances have the poten-
tial to reduce total forest biomass through competition with
carbon-dense tree species and, consequently, to decrease the
carbon sequestration capacity of mature forests (Phillips
et al. 2002; Schnitzer and Bongers 2002; van der Heijden
and Phillips 2009a). There is strong evidence that lianas as
an ecological guild have become more dominant recently
across many neotropical forests (e.g. Phillips et al. 2002;
Schnitzer and Bongers 2011), but this average tendency
may mask a suite of possible causes, given the sheer diver-
sity of forest vegetation in South and Central America, and
the possibility that different liana taxa may be favoured by
different environmental conditions. The ecological impacts
of lianas may be especially marked in the southern Amazon
forest transition zone, where current research has indi-
cated that these forests were ‘hyperdynamic’ (Marimon

et al. 2014), with much faster turnover of tree populations
than reported from most core Amazon forests (e.g. Phillips
1996). It is therefore important to improve basic under-
standing of how and why lianas vary in the transition zone,
both as important organisms in their own right and in order
to better comprehend how lianas affect the rich variety of
forest communities here.

The aim of this study was to determine the relation-
ship among richness, diversity and distribution of liana
species in contrasting vegetation types within the savanna—
forest transition zone in central Brazil. Our main objectives
were thus: (i) to determine and compare liana abundance,
richness, diversity, equitability and distribution among the
most common woody formations of the Amazon forest—
Cerrado transition zone of central Brazil; and (ii) to assess
the extent to which the observed species are restricted to
defined habitats and/or vegetation formation types.

Materials and methods
Study area

The study was carried out in 15 long-term permanent
plots in southern Amazonia, eastern Mato Grosso State,
Brazil: one gallery forest, one dystrophic cerraddo (tall
savanna woodland), one semi-deciduous seasonal forest,
one monodominant forest of Brosimum rubescens Taub.,
three evergreen forest stands and eight seasonally flooded
forest stands (Figure 1). These sites were selected as they
represent the range of vegetation types found within the
transition zone, have long-term measurements, and are
relatively undisturbed by recent anthropogenic activities.
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Figure 1. Geographical location of 15 1-ha plots established in the Cerrado—Amazonian forest transition, eastern Mato Grosso State,
Brazil. IMP-1 to IMP-8, seasonally flooded forest; TAN-2, TAN-3 and FLO-2, evergreen forest; VCR-1, monodominant semi-deciduous
forest; VCR-2, semi-deciduous seasonal forest; NXV-2, dystrophic cerraddo, NXV-3, gallery forest. Details of the vegetation studied are
as follows: a monodominant forest of Brosimum rubescens Taub. (VCR-1) and a semi-deciduous seasonal (non-monodominant) forest
(VCR-2) located on Fazenda Vera Cruz, Nova Xavantina, MT (Marimon et al. 2001; Marimon and Felfili 2006); dystrophic cerraddo
(NXV-2) and gallery forest (NXV-3) located at the Bacaba Municipal Park, Nova Xavantina, MT (Marimon et al. 2002, 2010; Marimon-
Junior and Haridasan 2005); evergreen forest (Ivanauskas et al. 2008) sampled within the reserve of Fazenda Floresta (FLO-2), in Ribeirdo
Cascalheira, MT, and at Fazenda Tanguro (TAN-2 and TAN-3), in Queréncia, MT. The plots located within flooded forests (impucas)
(IMP-1 to IMP-8) were in the Araguaia State Park, Novo Santo Antonio, MT (Marimon et al. 2008).
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All these vegetation types are dominated by tree species
with heights ranging from 8-30 m, with palms, lianas
and some shrubs present (Marimon et al. 2001, 2002,
2006; Ivanauskas et al. 2004b, 2008; Marimon-Junior and
Haridasan 2005; Feldpausch et al. 2011; Torello-Raventos
et al. 2013). Most of the vegetation is well-drained (terra
firme) forest, but seasonally flooded forests (impucas) also
occur. Impucas have unique floristic and structural charac-
teristics (Marimon et al. 2008; Barbosa et al. 2011) and are
found only on floodplains of eastern Mato Grosso State and
in Tocantins State, usually being associated with natural
depressions of the terrain (Marimon et al. 2008).

The climate of the region is tropical savanna type,
Aw, according to Koppen (Silva et al. 2008), characterised
by two well-distinguished seasons, one dry, from April to
September, and one rainy, from October to March. Annual
precipitation ranges from ca. 1500 mm in Nova Xavantina
(Marimon et al. 2010) to 1700 mm in Santa Terezinha
(Eiten 1985) and 1740 mm in Queréncia (Balch et al. 2011).

Collection of floristic data

In each 100 m x 100 m plot, we established 25 perma-
nent sub-plots of 20 x 20 m and measured the diameter
of all live lianas stems >5 cm diameter at 1.3 m along
the stem from the highest rooting point. Plots were estab-
lished at least 250 m from the forest edge (except for
gallery and flooded forest, which were fully sampled) in
areas without logging and no recent history of fires. All
stems rooted in the plot were measured, and each rooted
stem was considered a new individual following Schnitzer
et al. (2008). The species were identified in the field and,
when necessary, specimens were collected for comparisons
with the NX Herbarium collection (State University of
Mato Grosso, UNEMAT, Campus of Nova Xavantina), UB
Herbarium (University of Brasilia, Brasilia) and UFMT
Herbarium (Federal University of Mato Grosso, Cuiabd), or
were sent to specialists. All material was archived at the NX
Herbarium. The taxonomy and phytogeographical domains
of the species follow Forzza et al. (2010).

Data analysis

Sampling effort quality in each 1 ha plot was eval-
uated through species accumulation curves based on
1000 randomisations of the original data with the soft-
ware EstimateS 8.0 (Colwell 2008). Species diversity was
determined by the Shannon index (H’) using the napierian
(natural) base (Magurran 1988). Community equitability
was calculated by the Hurlbert’s Probability of Interspecific
Encounters (P/E) (Hurlbert 1971). Both tests were obtained
by using 1000 randomisations with the software EcoSim 7.0
(Gotelli and Entsminger 2001).

Species richness and equitability comparisons among
vegetation types were made through the rarefaction method,
executing 1000 randomisations with the software EcoSim
7.0 (Gotelli and Entsminger 2001), followed by Z tests (Zar
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2010) conducted in the ‘vegan’ package (Oksanen et al.
2010) of the R software environment (R Development Core
Team 2009). To estimate the total richness of each area,
the estimators ICE, Chao 2, Jackknife 1 and 2 were eval-
uated, with values obtained from the software EstimateS
8.0 (Colwell 2008). The estimators were chosen based on
abundance data, according to Hortal et al. (2006). The best
estimator was chosen based on the regression analysis of
the observed and estimated values of richness for each
area, whereas the measure of precision of the estimator was
based on the R? value of the regression (Brose et al. 2003).

Liana species associations with the various woody for-
mation types were evaluated through a graphic model
known as ‘composed or generic graph’. The y axis was rep-
resented by the species and their abundances, and ordered
according to the weighted average of the species in veg-
etation formation types (represented by the x axis). The
routine for the graph preparation was provided by Victor L.
Landeiro, and calculated in the software R ‘vegan’ package
(Oksanen et al. 2010). We also used a method of hierar-
chical, divisible and polythetic classification, TWINSPAN
(Hill 1979), which provides information about indicator
and preferential species. According to Kent and Coker
(1992), a species is an ‘indicator’ when it occurs exclusively
on one or other side of a dichotomy and is ‘preferential’ to
one side if it is more than twice as likely to occur on that
side than on the other. Species with densities lower than
three individuals per ha were excluded from the ordination
and classification analyses, as recommended by Felfili and
Rezende (2003). The analysis was carried out by using the
software PC-Ord 5.0 (McCune and Mefford 2006).

In order to compare the liana abundance between
flooded and non-flooded forests, we used the non-
parametric Mann—Whitney U test (Zar 2010). Sites with
<50 individuals were removed from the analysis (Felfili and
Rezende 2003). The analysis was carried out by using the
software Statistica 7.0 (Stat Soft 2004).

Results

Within the 15 plots, 1467 liana individuals > 5 cm diameter
were inventoried, distributed among 65 species, 41 gen-
era and 17 families (online supplemental material, Table
S1). Overall species richness ranged from 0—18 species per
plot, with richness in the flooded forest plots ranging from
0-12 species and in non-flooded plots from 8-18 species
(Table 1).

Shannon diversity (H’) ranged from 0-2.47 and
Hurlbert’s equitability (P/E) between 0-0.90. In general,
non-flooded forests had lower ecological dominance and
higher diversity (1.3 < H’ < 2.5) and equitability (0.63 <
PIE < 0.90) than the flooded forests which had a more
marked dominance by certain species, with lower diversity
and equitability (0.0 < H’ < 1.6, and 0.00 < PIE < 0.69)
(Table 1).

There was a continuous increase in the species accu-
mulation curves for the lianas for some of the forests,
especially VCR-2, NXV-3, FLO-2 and IMP-4 (Figure 2).
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Table 1. Liana richness, number of individuals, estimated richness (first-order Jack-knife estimator), Shannon species diversity (H’) and
Hurlbert’s equitability (Probability of Interspecific Encounter = PIE), of 15 forests located in the Cerrado-Amazonian forest transition,
eastern Mato Grosso State, Brazil. Values are presented in descending order of richness. Values followed by the same letters indicate
absence of difference in richness or equitability (P > 0.05), based on rarefaction analysis followed by Z test.

Vegetation type Individuals Species Jack-knife 1 H’ PIE
Semi-deciduous seasonal forest (VCR-2) 163 18 24 2.47 0.90?
Gallery forest (NXV-3) 55 142 17 2.22 0.87%
Evergreen forest (TAN-3) 70 12¢ 15 2.01 0.83¢
Seasonally flooded forest (IMP-4) 129 129f 17 1.44 0.66¢
Seasonally flooded forest (IMP-6) 186 12¢ 15 1.62 0.69%
Evergreen forest (TAN-2) 104 11ef 13 1.99 0.83f
Monodominant forest (VCR-1) 137 10°8! 12 1.78 0.79¢
Seasonally flooded forest (IMP-5) 142 10°eh 13 1.31 0.63"
Dystrophic cerradao (NXV-2) 114 geehi 10 1.31 0.63M
Evergreen forest (FLO-2) 26 geefal 13 1.56 0.75%
Seasonally flooded forest (IMP-2) 184 6~ 6 1.03 0.46~
Seasonally flooded forest (IMP-3) 125 5! 6 0.58 0.26!
Seasonally flooded forest (IMP-1) 28 3im 4 0.49 0.26™
Seasonally flooded forest (IMP-8) 4 3 4 ns ns
Seasonally flooded forest (IMP-7) 0 0 0 0 0

20 A

........... VCR-2
184 e
16

Species richness (Mau tau)

0 T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

Abundance

Figure 2. Species accumulation curves (Mao Tau, Syys) for the liana communities of the Cerrado—Amazonian forest transition, east-
ern Mato Grosso State, Brazil. IMP-1 to IMP-8, seasonally flooded forest; TAN-2, TAN-3 and FLO-2, evergreen forests; VCR-1,
monodominant semi-deciduous forest; VCR-2, semi-deciduous seasonal forest; NXV-2, dystrophic cerraddo, NXV-3, gallery forest. Values

are derived from 25 20 m x 20 m sub-plots per 1-ha plot.

For estimated richness (Jackknife 1, 72 = 0.97, P < 0.001),
the total richness was not reached with the current sampling
effort, with richness above 90% only for the dystrophic
cerradao (NXV-2) and for one flooded forest (IMP-2) (see
estimated richness (Jack 1), Table 1). After controlling for
the number of individuals, three non-flooded forest plots
(VCR-2, TAN-3 and NXV-3) had significantly greater, and
four flooded forest plots (IMP-1, 2, 3 and 8) had signifi-
cantly lower richness than the other communities (Table 1).

The number of individuals recorded differed signifi-
cantly between flooded and non-flooded forests (flooded =
798 individuals, non-flooded = 669; U = 5688, P =
0.01). In flooded communities Combretum laxum was the

most abundant species (except for IMP-8), representing
64% (n = 509) of all individuals, and being an order of
magnitude more abundant than the second (Salacia impres-
sifolia, n = 58) and third (Machaerium inundatum, n =
49) species. Together, these three taxa represented 77%
of all individuals (Table S1). This was in contrast to the
non-flooded forests and cerraddo, where liana individu-
als were much more evenly distributed amongst species,
with Heteropterys eglandulosa (n = 85), accounting for
13%, Diplopterys pubipetala (62) and Forsteronia rufa
(57) together representing less than a third of all individuals
sampled (Table S1).

In terms of their phytogeographical domain, our sam-
pled liana species were well distributed among the main
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biomes, with 87% having been reported as occurring in
the Amazonian forest, 72% occurring also in the Cerrado
(sensu lato), 51% in the Atlantic forest, 36% in Caatinga
(a thorn-scrub type formation occurring in north-eastern
Brazil (Andrade-Lima 1981; Torello-Raventos et al. 2013),
and 26% in the Pantanal wetlands (Forzza et al. 2010).
According to the database of Forzza et al. (2010), six of
all the liana species sampled in our study should occur
exclusively in the Amazonian forest, two exclusively in
the Cerrado and one in the Atlantic forest. Considering
only the flooded forests, 92% of the sampled species have
been reported to exist in the Amazonian forest, 69% in the
Cerrado, 46% in the Atlantic forest, 38% in Caatinga, and
23% in Pantanal. Among the non-flooded forests, 83% of
species are known to occur in the Amazonian forest, 79%
in Cerrado, 55% in Atlantic forest, 41% in Caatinga, and
34% in Pantanal.

Characteristic groups of species were identified for each
vegetation formation type according to the distribution and

cde| 2 £ £ %
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the classification of species (Figures 3 and 4). Remarkably,
only Hippocratea volubilis and Moutabea excoriata were
present in both flooded and non-flooded forests (Figures 3
and 4). In the first division of TWINSPAN, the flooded
forests were separated from the non-flooded (Figure 4).
In the flooded forest group, Combretum laxum, Salacia
impressifolia, Machaerium inundatum, and Passiflora
haematostigma were identified as preferential species,
while Deguelia amazonica, Forsteronia rufa, Phanera
coronata and Strychnos sp.4 were preferentially associ-
ated with non-flooded forests. Within the non-flooded
vegetation types, dystrophic cerraddo (NXV-2) was sep-
arated from the evergreen and semi-deciduous forests,
with Diplopterys pubipetala, and Strychnos sp.3 iden-
tified as preferential species. The evergreen forests of
the Municipalities of Ribeirdo Cascalheira (FLO-2) and
Queréncia (TAN-2 and TAN-3), which are geographi-
cally close to each other and to the Amazonian forest,
had Deguelia amazonica, Doliocarpus amazonicus and

IMP3
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IPM35
IMP6
IMP8

I s B s s [ iclericir . |

- 00 e W ___ Combretum laxum*

. e W ___ Davilla kunthii

—— Doliocarpus sp.
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— wemm — Machaerium inundatum**

- W __ Orthomene schomburkii
o e M e e e . _ Passiflora haematostigma**

— Salacia impressifolia**

R —y ST g
- __wmB______ Siychnos sandwithiana

Abundance of species
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Vegetation type

Figure 3.

Ordination of liana species in woody vegetation types of the Cerrado—Amazonian forest transition, eastern Mato Grosso, Brazil.

Indicator species are designated with one asterisk and preferential species with two asterisks, according to a TWINSPAN analysis. IMP-1 to
IMP-8, seasonally flooded forest; TAN-2, TAN-3 and FLO-2, evergreen forests; VCR-1, monodominant semi-deciduous forest; VCR-2,
semi-deciduous seasonal forest; NXV-2, dystrophic cerraddo; NXV-3, gallery forest. Black rectangles represent the pondered average of

the species abundance.
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Figure4. Classification (TWINSPAN) of the liana communities of the Cerrado—Amazonian forest transition, eastern Mato Grosso, Brazil.
IMP-1 to IMP-8, seasonally flooded forest; TAN-2, TAN-3 and FLO-2, evergreen forest; VCR-1, monodominant semi-deciduous forest;
VCR-2, semi-deciduous seasonal forest; NXV-2, dystrophic cerraddo; NXV-3, gallery forest.

Strychnos sp.4 as preferential species, and were separated
from three other non-flooded plots (VCR-1, VCR-2 and
NXV-3), two semi-deciduous and one gallery forest. The
final group of plots was restricted to the Municipality
of Nova Xavantina, being located in close proximity to
each other — and to the very different dystrophic cerradao
(NXV-2) (Figure 1).

Discussion

Liana species richness in the non-flooded vegetation types
was relatively low (8-18 species) compared with values
reported for other non-flooded forests in South America.
In Amazonia, for example, Gerwing and Farias (2000)
reported 31-66 liana species ha~! in the east, and Laurance
et al. (2001) recorded 83 species in 2.88 ha in central
Amazonia. Across a wider range of neotropical forests
van der Heijden and Phillips (2009b) reported 3—51 liana
species in 0.1 ha plots, while in a Panamanian tropical
forest Dewalt et al. (2000) found 89 species ha~! and in
a south-eastern Brazilian forest Hora and Soares (2002)
reported 45 species in 0.75 ha. Although our individual
plots had relatively low species richness, the overall total
accounted for considerable richness of lianas (65 species).
The diversity and equitability indices of the liana
species ranged widely between the studied communities,
with lower values observed for flooded forests. Equitability
values were similar to those reported for other non-flooded
forest communities (Hora and Soares 2002; Addo-Fordjour
et al. 2009), but values for species diversity (both flooded
and non-flooded communities) were lower than observed
by Hora and Soares (2002) for a liana community in
a semi-deciduous seasonal forest in south-eastern Brazil.
As a general rule, extreme environmental conditions tend
to depress species diversity and equitability of vascular
plants (Joly and Crawford 1982; Leitdo-Filho 1982); for
our flooded forests, extended periods of anaerobiosis due
to water-logging was probably a limiting factor. Under
these conditions, the most tolerant species possess spe-
cific adaptive morphological (e.g. pneumatophores) and
physiological characteristics (e.g. storage of carbohydrates
in underground organs before the rainy season), which
may provide a competitive advantage (Scarano et al. 1994;
Ivanauskas et al. 1997) and thus produce a high density of
individuals for these well-adapted species. This occurred
in our plots for Combretum laxum that represented nearly

two-thirds of all liana individuals sampled in the seasonally
flooded forests. This species possesses additional adapta-
tions which may contribute to its dominance in flooded
forests. It has a rich spectrum of secondary metabolites that
may contribute to reducing rates of herbivory, and its fruits
are dispersed by water (Croat 1974; Bisoli et al. 2008).

Some studies of woody species in tropical forests have
suggested that 1 ha represents sufficient sampling effort to
encounter enough species to be able to reliably deduce the
total community species richness (e.g. Oliveira and Amaral
2005; Araujo et al. 2009), but others indicated that a greater
sampling area was often necessary (Ivanauskas et al. 2004a;
Turner 2004; Gongalves and Santos 2008). In our study,
species accumulation curves did not approach an asymptote
for the non-flooded communities (Figure 2), suggesting that
a larger sampling area would almost certainly have yielded
more species. Non-flooded forests had a greater number of
species (observed and estimated), probably due to the struc-
tural heterogeneity of these communities (Ricklefs 1977)
as well as the lack of water-logging. A positive association
between the richness of liana species and environmental
and spatial heterogeneity has been noted in another study
(Sfair and Martins 2011).

The much lower richness observed in the flooded forests
is likely due to seasonal flooding, since only those taxa with
ecophysiological adaptations to survive the conditions of
a periodically saturated rooting zone can thrive (Scarano
et al. 1994; Ivanauskas et al. 1997). Indeed, all flooded
forest plots had rather similar floristic composition to one
another, with Combretum laxum being almost universally
dominant among lianas in these forests. If the local pro-
cesses of random extinction and immigration proposed in
Hubbell’s neutral theory (2001) were at play here, then
we would expect a less skewed abundance/diversity dis-
tribution, and when communities are replicated, we would
expect most replicate to have different dominant species.
The fact that the flooded communities of the Amazon
forest—Cerrado transition zone do not conform to this
supports instead a niche-related interpretation that these
vegetation types have environmental conditions that favour
dominance by a particular, well-adapted species. In non-
flooded forests a clear neutral vs. niche-based interpretation
is harder to sustain. Here many environmental factors may
contribute to the pattern of distribution of liana abundance,
especially the type and amount of tree support available
(Feldpausch et al. 2011), light, temperature, and soil (Putz
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1984; Putz and Chai 1987; Schnitzer 2005). Thus the
finding that no single species was dominant overall, but
instead with relative abundance varying from place to place
and across vegetation types, is potentially consistent with
both a stochastic (neutral) and a deterministic (niche) com-
munity ecological perspective. Nevertheless, the separation
of the dystrophic locality in the species ordination and veg-
etation classification results indicates that environmental
factors are structuring liana communities here too.

Although very few liana taxa are able to cope with the
conditions of the flooded forest, those that do have thrived,
with the example of Combretum laxum most obvious. Thus,
and quite remarkably, the low species richness of the liana
community in comparison with better-drained neighbour-
ing vegetation types is apparently irrelevant for the relative
magnitude of ecosystem effects of lianas. The results indi-
cated that total liana abundance was rather similar between
the two hydrologic regimes, but with the flooded forests
having more liana individuals than non-flooded commu-
nities. This result has similarities to those reported from
north-central Mato Grosso for a different vegetation type
(Jirka et al. 2007), where there was a five-fold greater
abundance of lianas > 1 cm diameter in campinarana veg-
etation on sandy soils with a restrictive layer (concretions
or indurations) inhibiting root penetration, that resulted in
a seasonally perched water table and greater water stress
during the dry season compared with that of a terra firme
forest (Jirka et al. 2007). At a broader scale, while one
cross-continental study of lianas along a rainfall gradient
indicated that their abundance and dominance were neg-
atively related to moisture supply (Schnitzer 2005; Swaine
and Grace 2007), neotropical analyses across multiple liana
communities have found little evidence for an effect of
rainfall on liana dominance, at least within the moist and
wet forest biomes (Phillips et al. 2002; van der Heijden
et al. 2008). In sum, our study indicates that while liana
diversity is depressed by seasonal inundation, abundance is
certainly not, and that some species, such as Combretum
laxum in this case, can be strongly favoured by seasonal
soil saturation. Whether lianas play as an important role
in the dynamics of flooded forests as they do in defining
forest structure remains to be seen, and this question is
being addressed as part of the long-term surveillance of
permanent plots in the region.

That the liana species of the present study are associ-
ated mainly with the Cerrado and Amazon forest biomes
is hardly surprising, since the sampled plots are located in
the transition between these biomes. For both the flooded
and non-flooded forests, the Amazonian forest emerged as
the main centre of distribution of liana species. However,
one species observed in our study, Niedenzuella glabra, has
until now been considered as an endemic to the Atlantic
forest (Forzza et al. 2010). This indicates that even within
the comparatively well-sampled and more populous areas
of Brazil, there may remain substantial work to charac-
terise species distributions fully. Some of the liana species
recorded (Dioclea glabra, Forsteronia rufa, Moutabea
excoriata, Niedenzuella glabra, Passiflora haematostigma
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and Piptocarpha matogrossensis) are endemic to Brazil
(Forzza et al. 2010). This emphasises the importance of
conserving the remaining transitional forests and savan-
nas in which they occur, to help protect biodiversity. Over
the last decade much of the extensive transitional belt
throughout Mato Grosso and beyond has been converted
into livestock rearing and agricultural production areas
(Alencar et al. 2004). Conservation of the remaining tran-
sition forests would help maintain the diversity of Cerrado
and Amazon forest biomes, as well as contributing to the
conservation of biodiversity normally associated with more
geographically distant biomes, such as the Atlantic forest.

In the present study, lianas were shown to be an impor-
tant group to clearly characterise the different forests of the
transition zone, since species distribution varied distinctly
according to forest type. We suggest that two main factors
drive the segregation of lianas among the studied commu-
nities: seasonal flooding and geographical proximity to the
Cerrado or to the Amazonian domain (See TWINSPAN,
Figure 4). Therefore, not only local factors (flood, soils,
and forest structural aspects), but also regional factors con-
tribute to determining liana species composition of the
transition zone between the two largest South American
tropical biomes.

Liana species most tolerant of specific limiting fac-
tors, such as flooding, may dominate certain environments.
It might therefore be anticipated that one should system-
atically encounter specific species assemblages in non-
flooded versus flooded forests. In this respect, we note that
Scudeller and Souza (2009) reported Combretum laxum,
Salacia impressifolia, and Securidaca bialata among the
liana species in an igapé (dystrophic flooded forest) in cen-
tral Amazonia, showing that these species have consistent
habitat affiliations across a wide geographic area, thriving
in environments with a similarly strong level of hydric sat-
uration. Other lianas in our study that have been suggested
as species characteristic of environments without moisture
saturation, such as Deguelia amazonica and Securidaca
amazonica were also reported in non-flooded evergreen for-
est in the southern border of the Amazon Basin (Ivanauskas
et al. 2004a), while Forsteronia rufa was also sampled
in semi-deciduous seasonal forests in south-eastern Brazil
(Santos et al. 2009).

Conclusions

Taking all our studied communities together, we observed
moderate regional floristic liana richness relative to other
studies and low local species richness in individual plots.
This indicates that the high spatial segregation of liana
taxa in the transition forest zone helps ensure their poten-
tial to have a greater number of species than consideration
of measures of local diversity (e.g. alpha-diversity) alone
would suggest. In general, our flooded forests had lower
richness, diversity and equitability, and greater abundance
of lianas than non-flooded forests, suggesting that only a
few species possess the relevant ecophysiological adapta-
tions to survive in these seasonally flooded environments.
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Nevertheless, these special abilities allow them to thrive
and dominate the liana community composition.

The floristic variation of liana communities is likely to
result from factors acting at different spatial scales. At the
local scale, flooding may be the principal determinant fac-
tor, while at the regional scale, geographical proximity to
the Cerrado or to the Amazonian forest is likely to be
the main factor. There are clear distinctions between liana
composition in a seasonally flooded community under a
strong influence of the Amazonian flora and a non-flooded
community under the influence of the Cerrado biome. Our
study shows that the conservation of forest communities in
these transitional areas may be important to maintain liana
species diversity, since they are host to a combination of
widely distributed species, more geographically restricted
species, and species endemic to Brazil.

Acknowledgements

This study was partially supported by the RAINFOR network
and TROBIT projects, both funded by NERC, and partially
supported by a grant from the Brazilian National Council
for Scientific and Technological Development (CNPq)/Long-
Term Ecological Research (PELD) project (Nr. 558069/2009-
6) and PROCAD/CAPES (Project Nr. 109/2007). BS Marimon
acknowledges CNPq for financial support for her post-doctorate
study (Proc. 201914/2012-3) during which time part of this
manuscript was developed. OLP was supported by an European
Research Council Advanced Grant ‘Tropical Forests in the
Changing Earth System’ and by a Royal Society Wolfson
Research Merit Award. EAO, LM and COS were supported by
CAPES studentships. We thank the staff of the ‘Laboratério de
Ecologia Vegetal’, Campus de Nova Xavantina, and students,
Pabio H. Porto, Paulo S. Morandi, Leticia G. Silva, Maridngela
F. Abreu and Giovana Zilli for assistance in data collection.
We also thank Prof. Marcus V. Cianciaruso (UFG) for valuable
contributions, and the critical comments and suggestions by the
anonymous referees. The manuscript was developed with help
from the NERC projects AMAZONICA and TROBIT, and a
Gordon and Betty Moore Foundation grant to RAINFOR. Flavia
R. C. Costa and Victor L. Landeiro helped with ordination anal-
yses. We also thank the organisers of the RAINFOR workshop,
Rio Branco, Acre, Brazil, 2011, where this manuscript was partly
developed. Shiela Lloyd helped with manuscript editing.

Notes on contributors

Edmar A. Oliveira is a biologist and conducted his master’s
research on the dynamics of the lianas in all plots of this study.

Beatriz Schwantes Marimon is a professor and ecologist with
experience in working with structure and dynamics of different
vegetation types of the southern Amazon boundaries in Central
Brazil.

Ted R. Feldpausch is a lecturer in tropical ecology. His research
focuses on the ecology and effects of global change on tropical
forests and savannas.

Guarino Rinaldi Colli is a professor. His main research inter-
ests include the ecology, biogeography, and systematics of the
herpetofauna.

Ben Hur Marimon-Junior is a professor. He has experience in
forest ecology, studying biogeochemical cycles, carbon stocks,
pyrogenic carbon in mineral nutrition of plants, biodiversity and
ecosystem functions.

Jon Lloyd is professor of earth system science and a research
professorial fellow.

Eddie Lenza is a professor. He works with floristic, structure
and phenology of different vegetation communities of the central
plateau and southern Amazon boundaries in central Brazil.

Leandro Maracahipes is a biologist. His main interest is forest
ecology and dynamics of flooding forests.

Claudinei Oliveira-Santos is a biologist and conducted his M.Sc.
research on the dynamics of monodominant Brosimum rubescens
forest.

Oliver L. Phillips is professor of tropical ecology. He leads the
RAINFOR network of scientists in Amazonian forests.

References

Addo-Fordjour P, Anning AK. 2008. Diversity and distribution
of climbing plants in a semi-deciduous rain forest, KNUST
Botanic Garden, Ghana. International Journal of Botany
4:186-195.

Addo-Fordjour P, Anning AK, Larbi JA, Akyeampong S. 2009.
Liana species richness, abundance and relationship with trees
in the Bobiri forest reserve, Ghana: impact of management
systems. Forest Ecology and Management 257:1822—-1828.

Alencar A, Nepstad DC, McGrath D, Moutinho P, Pacheco
P, Diaz MDCV, Soares-Filho B. 2004. Desmatamento na
Amazodnia; indo além da “emergéncia cronica”. Belém
(Brazil): Instituto de Pesquisa Ambiental da Amazonia.

Andrade-Lima D. 1981. The caatinga dominium. Revista
Brasileira de Botanica 4:149-153.

Araujo RA, Costa RB, Felfili JM, Kuntz IG, Sousa RATM, Dorval
A. 2009. Floristica e estrutura de fragmento florestal em area
de transi¢do na Amazdnia Matogrossense no municipio de
Sinop. Acta Amazonica 39:865-878.

Avalos G, Mulkey SS, Kitajima K. 1999. Leaf optical properties
of trees and lianas in the outer canopy of a tropical dry forest.
Biotropica 31:517-520.

Balch JK, Nepstad DC, Curran LM, Brando PM, Portela O,
Guilherme P, Reuning-Scherer JD. 2011. Size, species, and
fire behavior predict tree and liana mortality from experi-
mental burns in the Brazilian Amazon. Forest Ecology and
Management 261:68-77.

Barbosa DCF, Marimon BS, Lenza E, Marimon-Junior BH,
Oliveira EA, Maracahipes L. 2011. Estrutura da vegetagdo
lenhosa em dois fragmentos naturais de florestas inundaveis
(Impucas) no Parque Estadual do Araguaia, Mato Grosso.
Revista Arvore 35:457—471.

Bisoli E, Garcez WS, Hamerski L, Tieppo C, Garcez FR.
2008. Bioactive Pentacyclic Triterpenes from the stems of
Combretum laxum. Molecules 13:2717-2728.

Brose U, Martinez ND, Williams RJ. 2003. Estimating species
richness: sensitivity to sample coverage and insensitivity to
spatial patterns. Ecology 84:2364-2377.

Colwell RK. 2008. EstimateS: statistical estimation of species
richness and shared species from samples. Version: 8.0.
Available from: http://www.purl.oclc.org/estimates.

Croat TB. 1974. Combretum laxum Jacq. var. epiphyticum
(Combretaceae): a case of selection for water dispersal.
Phytologia 28:188-191.

Dewalt SJ, Schnitzer SA, Denslow JS. 2000. Density and diver-
sity of lianas along a chronosequence in a central Panamanian
lowland forest. Journal of Tropical Ecology 16:1-19.

Eiten G. 1985. Vegetation near Santa Teresinha, NE Mato Grosso.
Acta Amazonica 15:275-301.

Feldpausch TR, Banin L, Phillips OL, Baker TR, Lewis SL,
Quesada CA, Affum-Baffoe K, Arets EJMM, Berry NIJ,


http://www.purl.oclc.org/estimates

Downloaded by [200.101.35.34] at 06:01 07 October 2013

Bird M, et al. 2011. Height-diameter allometry of tropical
forest trees. Biogeosciences 8:1-26.

Felfili JM, Rezende RP. 2003. Conceitos € métodos em fitossoci-
ologia. Brasilia: Universidade de Brasilia, Departamento de
Engenharia Florestal.

Forzza RC, Leitman PM, Costa AF, Carvalho Jr AA, Peixoto AL,
Walter BMT, Bicudo C, Zappi D, Costa DP, Lleras E, et al.
2010. Lista de espécies da flora do Brasil. Jardim Botanico
do Rio de Janeiro. Available online at http://floradobrasil.jbrj.
gov.br/2010 (accessed 20 April 2010).

Gentry AH. 1983. Lianas the “paradox” of contrasting latitudi-
nal gradients in wood and litter production. Tropical Ecology
24:63-67.

Gentry AH. 1991. The distribution and evolution of climbing
plants. In: Putz FE, Mooney HA, editors. The biology of
vines. New York (NY): Cambridge University Press.

Gerwing JJ, Farias DL. 2000. Integrating liana abundance and
forest stature into an estimate of total aboveground biomass
for an eastern Amazonian forest. Journal of Tropical Ecology
16:327-335.

Gongalves FG, Santos JR. 2008. Composigao floristica e estrutura
de uma unidade de manejo florestal sustentavel na Floresta
Nacional do Tapajos, Para. Acta Amazonica 38:229-244.

Gotelli NJ, Entsminger GL. 2001. EcoSim: null models soft-
ware for ecology. Acquired Intelligence Inc. & Kesey-Bear
Version: 7.0. Available from: www.garyentsminger.com.

Hill MO. 1979. TWINSPAN-A FORTRAN program for arranging
multivariate data in an ordered two-way table by classifica-
tion of the individuals and attributes. Ithaca (NY): Cornell
University.

Hora RC, Soares JJ. 2002. Estrutura fitossociologica da
comunidade de lianas em uma floresta estacional semidecid-
ual na Fazenda Canchim, Sao Carlos, SP. Revista Brasileira
de Botéanica 25:323-329.

Hortal J, Borges PAV, Gaspar C. 2006. Evaluating the perfor-
mance of species richness estimators: sensitivity to sample
grain size. Journal of Animal Ecology 75:274-287.

Hubbell SP. 2001.The unified neutral theory of biodiversity and
biogeography. Princeton (NJ): Princeton University Press.
Hurlbert SH. 1971. The nonconcept of species diversity: a critique

and alternative parameters. Ecology 52:578-586.

Ivanauskas NM, Monteiro R, Rodrigues RR. 2004a. Composicao
floristica de trechos florestais na borda sul-amazonica. Acta
Amazonica 34:399-413.

Ivanauskas NM, Monteiro R, Rodrigues RR. 2004b. Estrutura de
um trecho de floresta Amazonica na bacia do alto Rio Xingu.
Acta Amazonica 34:275-299.

Ivanauskas NM, Monteiro R, Rodrigues RR. 2008. Classificacdo
fitogeografica das florestas do Alto Rio Xingu. Acta
Amazonica 38:387-402.

Ivanauskas NM, Rodrigues RR, Nave AG. 1997. Aspectos
ecologicos de um trecho de floresta de brejo em Itatinga, SP:
floristica, fitossociologia e seletividade de espécies. Revista
Brasileira de Biociéncia 20:139-153.

Jirka S, McDonald AJ, Johnson MS, Feldpausch TR, Couto EG,
Riha SJ. 2007. Relationships between soil hydrology and
forest structure and composition in the southern Brazilian
Amazon. Journal of Vegetation Science 18:183—-194.

Joly CA, Crawford RMM. 1982. Variation in tolerance and
metabolic responses to flooding in some tropical trees. Journal
of Experimental Botany 33:799-809.

Kent M, Coker P. 1992. Vegetation description and analysis: a
practical approach. London (UK): Belhaven Press.

Laurance WF, Pérez-Salicrup DR, Delamonica P, Fearnside PM,
D’Angelo S, Jerozolinski A, Pohl L, Lovejoy TE. 2001. Rain
forest fragmentation and the structure of Amazonian liana
communities. Ecology 82:105-116.

Leitao-Filho HF. 1982. Aspectos taxonomicos das florestas do
estado de Sdo Paulo. Silvicultura em Sao Paulo 16A:197-206.

Cerrado—Amazonian forest transition lianas 9

Magurran AE. 1988. Ecological diversity and its measurement.
London (UK): Croom Helm.

Maracahipes L, Lenza E, Marimon BS, Oliveira EA, Pinto JRR,
Marimon-Jinior BH. 2011. Estrutura e composi¢do floris-
tica da vegetagdo lenhosa em cerrado rupestre na transigao
Cerrado-Floresta Amazdnica, Mato Grosso, Brasil. Biota
Neotropica 11:133—-141.

Marimon BS, Felfili JM. 2006. Chuva de sementes em uma
floresta monodominante de Brosimum rubescens Taub. e em
uma floresta mista adjacente no Vale do Araguaia, MT, Brasil.
Acta Botanica Brasilica 20:423-—432.

Marimon BS, Felfili JM, Haridasan M. 2001. Studies in
monodominant forests in eastern Mato Grosso, Brazil; 1. a
forest of Brosimum rubescens Taub. Edinburgh Journal of
Botany 58:123-137.

Marimon BS, Felfili JM, Lima ES. 2002. Floristics and phytoso-
ciology of the gallery forest of the Bacaba Stream, Nova
Xavantina, Mato Grosso, Brazil. Edinburgh Journal of Botany
59:303-318.

Marimon BS, Felfili JM, Lima ES, Duarte WMG, Marimon-
Junior BH. 2010. Environmental determinants for natural
regeneration of gallery forest at the Cerrado Amazonia
boundaries in Brazil. Acta Amazonica 40:107-118.

Marimon BS, Lima ES, Duarte TG, Chieregatto LC, Ratter
JA. 2006. Observations on the vegetation of northeast-
ern Mato Grosso, Brazil. IV. An analysis of the Cerrado-
Amazonian Forest ecotone. Edinburgh Journal of Botany 63:
323-341.

Marimon BS, Marimon-Junior BH, Lima HS, Jancoski HS,
Franczak DD, Mews HA, Moresco MC. 2008. Pantanal do
Araguaia - Ambiente e povo: guia de ecoturismo. Céceres
(Brazil): UNEMAT.

Marimon BS, Marimon-Junior BH, Feldpausch TR, Oliveira-
Santos C, Mews HA, Lopez-Gonzalez G, Franczak DD,
Oliveira EA, Maracahipes L, Miguel A, et al. 2014.
Disequilibrium and hyperdynamic tree turnover at the forest—
savanna transition zone in southern Amazonia. Plant Ecology
and Diversity 7:281-292.

Marimon-Junior BH, Haridasan M. 2005. Comparagdo da vege-
tagdo arbdrea e caracteristicas edaficas de um cerraddo e um
cerrado sensu stricto em areas adjacentes sobre solo distro-
fico no leste de Mato Grosso, Brasil. Acta Botanica Brasilica
19:913-926.

McCune B, Mefford MJ. 2006. PC-ORD: Multivariate analysis of
ecological data. [Version 5.0]. Oregon: MjM software design.

Nabe-Nielsen J. 2001. Diversity and distribution of lianas in
a Neotropical rain forest, Yasuni National Park, Ecuador.
Journal of Tropical Ecology 17:1-19.

Oksanen J, Blanhet FG, Kindt R, Legendre P, O’Hara RB,
Simpson GL, Solymos P, Stevens MHH, Wagner P. 2010.
vegan: community Ecology Package. R package. Version
1.17-2.

Oliveira AN, Amaral IL. 2005. Aspectos floristicos, fitosso-
ciologicos e ecologicos de um sub-bosque de terra firme
na Amazonia Central, Amazonas, Brasil. Acta Amazonica
35:1-16.

Pérez-Salicrup DR, Claros A, Guzmén R, Licona JC, Ledezma
F, Pinard MA, Putz FE. 2001. Cost and efficiency of cut-
ting lianas in a lowland liana forest in Bolivia. Biotropica
33:324-329.

Phillips OL. 1996. Long-term environmental change in tropical
forests: Increasing tree turnover. Environmental Conservation
23:235-248.

Phillips OL, Gentry AH. 1994. Increasing turnover through time
in tropical forests. Science 263:954-957.

Phillips OL, Martinez RV, Arroyo L, Baker TR, Killeen T, Lewis
SL, Malhi Y, Mendoza AM, Neill D, Vargas PN, et al. 2002.
Increasing dominance of large lianas in Amazonian forests.
Nature 418:770-774.


http://floradobrasil.jbrj.gov.br/2010
http://floradobrasil.jbrj.gov.br/2010

Downloaded by [200.101.35.34] at 06:01 07 October 2013

10 E. Almeida de Oliveira et al.

Putz FE. 1980. Lianas vs. trees. Biotropica 12:224-225.

Putz FE. 1984. The natural history of lianas on Barro Colorado
Island, Panama. Ecology 65:1713-1724.

Putz FE, Chai P. 1987. Ecological studies of lianas in Lambir
National Park, Sarawak, Malaysia. Journal of Ecology
75:523-531.

R Development Core Team. 2009. R: a language and environment
for statistical computing. Vienna (Austria): R Foundation for
Statistical Computing.

Ricklefs RE. 1977. Environmental heterogeneity and plant
species diversity: a hypothesis. The American Naturalist
111:376-381.

Santos K, Kinoshita LS, Rezende AA. 2009. Species composition
of climbers in seasonal semi-deciduous forest fragments of
Southeastern Brazil. Biota Neotropica 9:175-188.

Scarano FR, Cattanio JH, Crawford RMM. 1994. Root carbo-
hydrate storage in young samplings of an Amazonian tidal
varzea forest before the onset of wet season. Acta Botanica
Brasilica 8:129-139.

Schnitzer SA. 2005. A mechanistic explanation for global patterns
of liana abundance and distribution. The American Naturalist
166:262-276.

Schnitzer SA, Bongers F. 2002. The ecology of lianas and their
role in forests. Tree 17:223-230.

Schnitzer SA, Bongers F. 2011. Increasing liana abundance and
biomass in tropical forests: emerging patterns and putative
mechanisms. Ecology Letters 14:397-406.

Schnitzer SA, Rutishauser S, Aguilar S. 2008. Supplemental pro-
tocol for liana censuses. Forest Ecology and Management
255:1044-1049.

Scudeller VV, Souza AMG. 2009. Floristica da mata de igapo
na Amazonia Central. In: Santos-Silva EN, Scudeller VV,

editors. Diversidade Bioldgica e Sociocultural do Baixo Rio
Negro, Amazonia Central. Manaus (Brazil): UEA Edigoes.

Stair JC, Martins FR. 2011. The role of heterogeneity on climber
diversity: is liana diversity related to tree diversity? Global
Journal of Biodiversity and Management 1:1-10.

Silva FAM, Assad ED, Evangelista BA. 2008. Caracterizacdo
Climatica do Bioma Cerrado. In: Sano SM, Almeida SP,
Ribeiro JF, editors. Cerrado: ecologia ¢ flora. Brasilia:
Embrapa Cerrado.

Stat Soft 1. 2004. Statistica. Version 7.0. Available from: www.
statsoft.com.

Swaine MD, Grace J. 2007. Lianas may be favoured by
low rainfall: evidence from Ghana. Plant Ecology
192:271-276.

Torello-Raventos M, Feldpausch TR, Veenendaal EM, Schrodt
F, Saiz G, Domingues TF, Djagbletey G, Ford A, Kemp J,
Marimon BS, et al. 2013. On the delineation of tropical veg-
etation types with an emphasis on forest/savanna transitions.
Plant Ecology and Diversity; 6(1):101-137.

Turner IM. 2004. The ecology of trees in the tropical rain forest.
New York (NY): Cambridge University Press.

van der Heijden GMF, Geertje MF, Healey JR, Phillips OL.
2008. Infestation of trees by lianas in a tropical forest
in Amazonian Peru. Journal of Vegetation Science 19:
747-756.

van der Heijden GMF, Phillips OL. 2009a. Liana infestation
impacts tree growth in a lowland tropical moist forest.
Biogeosciences 6:2217-2226.

van der Heijden GMF, Phillips OL. 2009b. Environmental
effects on Neotropical liana species richness. Journal of
Biogeography 36:1561-1572.

Zar JH. 2010. Biostatistical analysis. New Jersey: Pearson.



	Abstract
	Introduction
	Materials and methods
	Study area
	Collection of floristic data
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Notes on contributors
	References



