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Abstract Lianas play a key role in forest structure,
species diversity, as well as functional aspects of tropical
forests. Although the study of lianas in the tropics has
increased dramatically in recent years, basic information
on liana communities for the Brazilian Atlantic Forest is
still scarce. To understand general patterns of liana
abundance and biomass along an elevational gradient
(0–1,100 m asl) of coastal Atlantic Forest, we carried
out a standard census for lianas ‡1 cm in five 1-ha plots
distributed across different forest sites. On average, we
found a twofold variation in liana abundance and bio-
mass between lowland and other forest types. Large
lianas (‡10 cm) accounted for 26–35% of total liana
biomass at lower elevations, but they were not recorded

in montane forests. Although the abundance of lianas
displayed strong spatial structure at short distances, the
present local forest structure played a minor role struc-
turing liana communities at the scale of 0.01 ha. Com-
pared to similar moist and wet Neotropical forests,
lianas are slightly less abundant in the Atlantic Forest,
but the total biomass is similar. Our study highlights two
important points: (1) despite some studies have shown
the importance of small-scale canopy disturbance and
support availability, the spatial scale of the relationships
between lianas and forest structure can vary greatly
among tropical forests; (2) our results add to the evi-
dence that past canopy disturbance levels and minimum
temperature variation exert influence on the structure of
liana communities in tropical moist forests, particularly
along short and steep elevational gradients.
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Abbreviation

AGB Aboveground biomass

Introduction

Lianas contribute significantly to the species diversity
and structural complexity of tropical forests and play an
important role in ecosystem-level processes (Gentry
1991; Putz and Mooney 1991; Laurance et al. 2001;
Schnitzer and Bongers 2002). Lianas comprise 1–14% of
the total live aboveground biomass in tropical lowland
forests (Gerwing and Farias 2000; Phillips et al. 2005;
DeWalt and Chave 2004; Sarmiento et al. 2005), also
contributing considerably to whole-forest transpiration
and carbon sequestration (see Meinzer et al. 1999;
Wright et al. 2004; Cai et al. 2009).

Across macroecological gradients, the distribution
and abundance of lianas may be driven by environ-
mental factors, such as dry season length or soil water
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availability (Gentry 1991; Parthasarathy et al. 2004;
Schnitzer 2005; DeWalt et al. 2006, 2010; Swaine and
Grace 2007; Hu et al. 2010) and soil fertility (Gentry
1991; Laurance et al. 2001; DeWalt and Chave 2004).
However, at the local scale, lianas have been shown to
increase in dominance in response to canopy disturbance
and support availability (Hegarty and Caballé 1991;
DeWalt et al. 2000; Nabe-Nielsen 2001; van der Heijden
and Phillips 2008). Woody lianas tend to attain their
maximum abundance in tropical secondary forests and
at forest edges (Laurance et al. 2001; Schnitzer and
Bongers 2002; Gehring et al. 2004; Letcher and Chazdon
2009; Madeira et al. 2009), but biomass tends to be less
variable in different aged forests, and evenly distributed
within old-growth forests (DeWalt et al. 2000; Letcher
and Chazdon 2009). This pattern can be explained by
the lianas’ ability to respond quickly to forest gap
openness, capturing more light per unit mass than trees
(Selaya and Anten 2008; Cai et al. 2009; Kazda et al.
2009) and suppressing the growth and recruitment of
small trees and saplings in canopy gaps (Schnitzer et al.
2005; Toledo-Aceves and Swaine 2008; Schnitzer and
Carson 2010), and even the growth of mature trees
(Clark and Clark 1990; Ingwell et al. 2010). Old and
large gaps are associated with aggregated spatial pattern
of lianas in some tropical forests (Ibarra-Manrı́quez and
Martı́nez-Ramos 2002; Malizia and Grau 2006; Foster
et al. 2008). As local canopy height determines light
availability, liana abundance tends to decrease with
increasing canopy height (Hegarty and Caballé 1991;
Balfour and Bond 1993; Gerwing and Farias 2000;
Schnitzer and Bongers 2002; Parthasarathy et al. 2004)
and canopy stature is also an important factor control-
ling the number of liana species (Molina-Freaner et al.
2004). Availability of support structures (host trees) also
limits liana abundance and biomass, mainly for large
lianas (Clark and Clark 1990; Phillips et al. 2002;
Madeira et al. 2009). The climbing mechanism of lianas
(tendrils, stem, or branch twiners) determines in great
part the maximum diameter support a liana can use
(DeWalt et al. 2000; Campanello et al. 2007).

Despite some attempts to disentangle the environ-
mental variables controlling the distribution and abun-
dance of lianas (Ibarra-Manrı́quez and Martı́nez-Ramos
2002; Molina-Freaner et al. 2004; van der Heijden and
Phillips 2008), the effects of short, steep elevational
gradients (<2,000 m asl) on the structure and dynamics
of liana communities are not well known (Balfour and
Bound 1993; Parthasarathy et al. 2004; van der Heijden
and Phillips 2008; Homeier et al. 2010). Minimum
temperature and water availability may be important
environmental factors constraining the distribution of
lianas along short elevational gradients in the tropics
(Gentry 1991; Parthasarathy et al. 2004) because lianas
are vulnerable to cold- or drought-induced embolism
due to characteristic wide and long vessel elements.

Our goal here was to evaluate general patterns of
liana abundance and biomass along an elevational gra-
dient (0–1,100 m asl) of coastal Atlantic Forest located

in southeastern Brazil. We investigated whether liana
abundance and biomass are responsive to local forest
structure rather than to abiotic factors that co-vary as
function of elevation, such as temperature and solar
radiation (see Korner 2007).

Methods

Study site

The elevational gradient encompasses a network of 1-ha
permanent plots established in 2005–2006 (see Alves
et al. 2010) to study forest diversity and dynamics, and
ecosystem functioning of the coastal Brazilian Atlantic
Forest, one of the global centers of vascular plant
diversity and endemism in South America (Myers et al.
2000; Murray-Smith et al. 2009). The network of plots is
located within the Serra do Mar State Park (PESM)
(23�34¢S–23�17¢S and 45�02¢W–45�11¢W; 0–1,200 m asl),
SE Brazil (Fig. 1). The vegetation is classified as tropical
moist evergreen forest or lowland and upland rainforest
(as in Oliveira-Filho and Fontes 2000), with dominant
trees >25 m and abundant epiphytes, ferns, bromeliads,
and lianas (Morellato and Haddad 2000).

Geologically, this region is largely composed by
crystalline basement with predominance of metamorphic
(gneisses and migmatite) and granitic rocks; banks of
sedimentary rocks are also observed at the coastal plain
(IPT 2000). There is a clear dominance of sand texture in
soils throughout the altitudinal gradient (Martins 2010).
Soils are predominantly Inceptisols above 100 m asl
without significant variance in soil texture and chemical
attributes with elevation, still poor soils in terms of
nutrients, but relatively more fertile than the Quartzip-
samment soils at sea level (Martins 2010).

The regional climate is humid subtropical with hot
summers, average annual precipitation of 2,500 mm, and
monthly average temperature ranging from 19.1 to
25.5�C (Sentelhas et al. 1999). There is a decrease in
precipitation during the winter, typically with 1 month
per year with less than 50 mm rainfall, and up to
3 months with less than 100 mm (Sentelhas et al. 1999).
As long-term climatic sequences are not available for
different sites along the elevational gradient (except for
the lowlands), we used a time-series of climate data de-
rived from nearest weather stations (BIOCLIMdatabase,
Hijmans et al. 2005) to obtain interpolated bioclimatic
values for three elevations (lowland: 100 m; submontane:
580 m; montane: 1,050 m) and characterize the micro-
climatic variation. Clearly, mean annual precipitation
and temperature decrease with elevation (Table 1a).

Sampling

In 2007 and 2008, we carried out a liana census in five
selected plots of the permanent network to cover a range
of elevation (0–1,100 m asl). These plots represent four



different forest types distinguished by their underlying
floristic composition (Sanchez 2001) and topography
(Joly et al. 2008): seasonally flooded forest (restinga),
lowland, submontane, andmontane forest (see Table 1b).
The elevational gradient also represents a forest structure
gradient (Alves et al. 2010; Table 1b) with higher forest
biomass and abundance of large trees with increasing
the elevation. Stem turnover rate and average gap area
(Table 1b) tend to be higher in lowland sites, particularly
at plot B, suggesting more intense past canopy distur-
bance in those sites.

Liana stem measurement

We followed the standard census protocol for lianas rec-
ommended by Gerwing et al. (2006) and Schnitzer et al.
(2008) to allow comparison with similar studies (as in
Schnitzer et al. 2006). Our estimates of liana abundance
and biomass were based on census of all ramets (i.e.,
clonally derived stems) with stems ‡1 cm in diameter. We
marked all liana stems ‡1 cm diameter with numbered

plastic tags in each of the five 1-ha plots, but we excluded
epiphytes, hemi-epiphytes, and climbing bamboos. We
located the point of measurement (POM) at 130 cm along
the stem from the main rooting point (as in Gerwing et al.
2006). Although some liana stems are non-cylindrical or
very irregular, we measured all liana stems as nearly
cylindrical forms using a circumference tape to simplify the
measurement protocol (see Gerwing et al. 2006). In some
cases (as in one of the plots), we measured the diameter
directly with a caliper. Circumference was converted into
diameter to calculate the biomass. For lianas with two or
more stems, the final diameter was obtained through the
summed basal area. We estimated liana biomass (AGB,
aboveground dry weight expressed as kg) from diameter
(D) following the allometric equation developed from
destructive measurements of lianas ‡1–23 cm by Schnitzer
et al. (2006): AGB = exp [�1.484 + 2.657 ln(D). This
allometric equation was developed using data on diame-
ter and biomass of 424 liana individuals ‡1–23 cm in
diameter from five independent studies collected in tropi-
cal forests of Brazil, Venezuela, French Guiana, and
Cambodia. For multi-stemmed lianas, we summed the

Fig. 1 Map of the study area showing the location of the forest plots in SE Atlantic Forest, Brazil



AGB of each individual stem to obtain the individual-level
AGB estimate.

Forest structure

For each plot, we used the initial census data (2006–2007;
Alves et al. 2010) of all tree and palm stems ‡ 4.8 cm
diameter at breast height (dbh) to estimate the following
forest structure variables: total stem density (‡4.8 cm
dbh) and stem density by size class (4.8–9.9, 10–29.9,
‡30 cm dbh), total live stem biomass (AGB), and average
canopy height per 0.01-ha subplot. Data on forest
structure and biomass were collected using standardized
protocols (Phillips and Baker 2001; Joly et al. 2008).
Alves et al. (2010) estimated individual tree biomass (live
aboveground dry weight—AGB) by applying a pan-
tropical allometric model developed by Chave et al.
(2005) for tropical moist forests that expresses AGB as a
function of dbh, total tree height, and average wood
density. For palms, dbh data were converted to AGB
using the equation developed by Hughes (1997 apud
Nascimento and Laurance 2002; Alves et al. 2010).

Statistical analysis

We related differences in liana abundance and biomass
to the forest structure attributes with the aim to assess
potential local-scale effects driving the distribution of
abundance and biomass of lianas. We chose variables
that potentially describe complementary aspects of forest

structure components related to support availability:
total stem density (‡4.8 cm dbh) and stem density of
different size class (4.8–9.9, 10–29.9, ‡30 cm dbh), total
stem biomass (stems ‡4.8 cm); and canopy disturbance
(Balfour and Bond 1993; Gerwing and Farias 2000):
average canopy height (m), at subplot scale (0.01 ha;
n = 100 per plot). As the presence of spatial patterning
within the data violates the assumption of many standard
statistical tests (Legendre and Fortin 1989; Legendre and
Legendre 1998), we first tested statistically whether there
was any significant spatial autocorrelation for liana
abundance and biomass, as well for each forest structure
variable at subplot scale (0.01 ha). We used the function
‘‘sp.correlogram’’ for aerial data (which provides basic
functions for building grid neighbor lists and spatial
weights; see Bivand et al. 2008) in the R package ‘‘spdep’’
to test for spatial autocorrelation among different-order
neighbors in a grid (that is, directly adjacent subplots are
first-order neighbors, subplots separated by one degree
of distance are second-order neighbors, etc.). As most of
the forest structure variables were spatially autocorre-
lated at short distances (see Table S1, Electronic Sup-
plementary Material), we applied the partial Mantel test
to assess correlations between liana abundance and AGB
on forest structure variables, controlling for the distance
effect (Legendre and Legendre 1998). Probabilities of
partial Mantel r values were obtained after 999 permu-
tations in Passage 1.1 package (Rosenberg 2001). We
also run the same analyses (spatial autocorrelation and
partial Mantel test) using 20 · 20 m subplots (0.04 ha
scale; n = 25 per plot). The results for the spatial auto-

Table 1 Microclimatic characterization and forest structure variation across the elevational gradient of tropical Atlantic Forest, Brazil

(a) Climatea

Restinga and lowland Submontane Montane

Mean annual temperature (�C) 22.6 19.3 16.3
Max temperature of warmest month (�C) 30.5 27.0 24.1
Min temperature of coldest month (�C) 13.7 9.8 6.1
Mean annual precipitation (mm year�1) 2,406 2,159 1,724
Precipitation of driest month (mm year�1) 95 68 40

(b) Plot characteristics

Restinga Lowland Submontane Submontane Montane

Plot code A B G J N
Elevation (m asl) 11 45 188 375 1,025
Forest structureb

Stem density ‡4.8 cm (ind ha�1) 1,626 1,154 1,506 1,833 1,454
Stem density ‡10 cm (ind ha�1) 770 597 688 870 791
Stem biomass ‡4.8 cm (Mg ha�1) 166.7 218.1 242.7 270.7 252.4
Canopy height (m) 95th % distribution 17.7 25.3 24.2 23.2 23.2
Canopy disturbancec

Stem turnover rate 2.03 2.28 1.14 1.05 1.86
Gaps ha�1 24 39 24 24 31
Total gap area (m2) 1,244.6 2,934.0 1,178.0 1,152.9 1,543.3
Average gap area (m2) ± SE 51.9 ± 3.2 61.4 ± 4.1 49.1 ± 3.0 48.0 ± 3.9 49.8 ± 2.7

aData interpolation using BIOCLIM (Hijmans et al. 2005)
bForest structure and biomass data from Alves et al. (2010)
cStem turnover rate calculated after a 2-year interval census (Scaranello 2010; Alves et al. unpublished data). Gap size per plot was
estimated following Runkle’s (1982) extended gap definition (Alves et al. unpublished data)



correlation were not significant for liana abundance and
biomass (not shown), which means there is no spatial
autocorrelation at this scale. Also, increasing subplot size
to 20 · 20 m (0.04-ha scale) did not change greatly the
outcome of the partial Mantel test when compared to the
0.01 ha as liana variables were weakly related to struc-
tural variables at 0.04-ha scale (see Table S2, Electronic
Supplementary Material).

We estimated the dominance of lianas relative to tree
and palm stems as a ratio between liana and stem
number per subplot, and liana and stem live AGB per
subplot. Values above 1.0 indicate liana dominance over
stems at 0.01-ha scale.

Results

Liana abundance and biomass along the gradient

We recorded a total of 2,865 lianas ‡1 cm diameter in
five 1-ha plots (Table 2). Across plots, lianas contributed
between 1.7 and 5.6% to the total forest live AGB
(Table 2). At the scale of the 0.01-ha subplots, we
obtained an average density (±SE) of 5.7 ± 2.5 lianas
‡1 cm. On average, we found a twofold variation in
abundance and biomass between lowland forests (B) and
other forest types (Table 2). The abundance and live
AGB of lianas were greater in lowland forests than in
other forest types. Additionally, large (>5 cm) and very
large (>10 cm) lianas were more abundant in the
lowland forest (Table 2). Very large lianas (>10 cm)
accounted for 26–35% of total liana biomass at low
elevation (<375 m asl), but they were not recorded in
montane forests (Table 2).

Spatial structure at plot scale

Lianas were significantly spatially structured along the
elevational gradient, with clumps concentrated at short

(up to the second-order neighbor) and large distances
(fifth and sixth neighbors); the correlograms for liana
density were globally significant for all forest types
(Monte Carlo permutation bootstrap test of Moran’s I;
p < 0.01), except for one submontane forest plot (G;
Fig. 2a). Liana AGB showed less spatial autocorrela-
tion, suggesting randomness at 1-ha scale (Fig. 2b); the
biomass of lianas was aggregated only at short distances
in the lowland forest.

Lianas and forest structure

The positive spatial autocorrelation component of liana
abundance at short distances was not clearly explained
by forest structure variables (Table 3). After controlling
for the distance effect (Partial Mantel test) we found that
both liana abundance and biomass were poorly related
to site structural characteristics, such as availability for
support (tree and palm density) or average canopy
height, or were not correlated at all (Table 3). Liana
abundance was mostly correlated with liana AGB in
lowland (B), submontane (J), and montane (N) forest
plots. Availability of support was only correlated with
liana abundance for one submontane forest plot (J;
stems 10–30 cm) and for the montane forest (N; stems
‡4.8 cm). Liana AGB was correlated with one structural
variable (number of stems ‡4.8 cm) in the montane
forest (N). The liana community in the restinga forest
(A), as well as in one submontane forest plot (G) did not
show correlations with local forest structure. Canopy
disturbance, described as the average canopy height, was
not correlated with liana community structure in any
forest type.

The dominance structure also differed greatly among
forest types, with high liana dominance over stems in the
lowland forest (B). We found that lianas outnumbered
tree and palm stems with dbh ‡4.8 cm in ca. 50% of the
subplots in the lowland forest, whereas only 10% of the
subplots were dominated by lianas in other forest types

Table 2 Size-class structure (N: ind. ha�1 and AGB: Mg ha�1) of lianas and its contribution to total live aboveground biomass (AGB)
along the elevational gradient of tropical Atlantic Forest, Brazil

Diameter class (cm) Restinga Lowland Submontane Montane

Plot A Plot B Plot G Plot J Plot N

N AGB N AGB N AGB N AGB N AGB

1 222 0.14 187 0.15 129 0.10 255 0.16 81 0.07
2 87 0.22 256 0.66 160 0.40 102 0.24 117 0.31
3 56 0.33 198 1.24 103 0.62 65 0.40 93 0.58
4 24 0.29 114 1.36 52 0.59 36 0.43 52 0.62
5 19 0.35 65 1.31 32 0.63 27 0.53 36 0.77
6 15 0.47 45 1.39 17 0.53 16 0.54 22 0.68
7 10 0.46 27 1.23 21 0.93 9 0.41 11 0.50
8 12 0.84 13 0.88 6 0.38 4 0.23 8 0.52
9 1 0.10 12 1.11 2 0.13 6 0.51 2 0.19
>10 9 1.69 16 3.36 7 1.69 6 1.54 0 0.00
Total 455 4.90 933 12.68 529 6.01 526 4.99 422 4.25
% Total AGB 2.9 5.8 2.5 1.8 1.7



(Fig. 3a). The relative dominance of lianas in terms of
live AGB was not observed as no subplots showed
dominance ratio values above 1.0 (Fig. 3b).

Discussion

The lowland forest supports more lianas with higher
biomass than any other forest type along the elevational
range, and the high liana dominance indicates that trees
are overloaded with lianas in at least half of the plot
area. Although the overall abundance of lianas dis-
played strong spatial autocorrelation at short distances,
the present local forest structure played a minor role
structuring liana communities within the Atlantic Forest
sites at the scale of 0.01 or 0.04 ha. This implies that
liana communities along the elevational gradient seem to
be mostly structured by other factors unrelated to small-
scale forest structure. We presented here two potential
and complementary hypothesis to explain this pattern:
(1) minimum temperature variation along this short
elevational gradient; (2) high rates of past canopy dis-
turbance in the lowland forests.

Minimum temperature is one important environ-
mental factor that seems to constrain the distribution of
lianas along short elevational gradients in the tropics
(Gentry 1991; Parthasarathy et al. 2004). In spite of their
efficient vascular system, low temperatures at high ele-
vations can affect the distribution of lianas by promot-
ing embolisms in xylem vessels (Ewers 1985), preventing
water conductance and thus limiting large lianas to low
elevation, warmer sites (Gentry 1991; Hu et al. 2010). As
water rarely is a limiting factor for the non-seasonal
coastal Atlantic Forest in Brazil (see Oliveira-Filho and
Fontes 2000), low minimum temperatures may be one
important factor suppressing total liana abundance and
the abundance and biomass of large lianas at the mon-
tane forests, thus explaining their absence or rarity.
Changes in temperature are far more distinctive than
precipitation among sites (Table 1), and Sousa-Neto
et al. (2011) found the lowest soil and air temperature
for montane forest sites (1,000 m). However, climatic
factors co-varying with elevation cannot completely
explain the patterns of abundance and biomass found
for the Atlantic Forest.

The present clumps of lianas at short distances found
for all forest types can be explained primarily by liana
clonal growth and dispersal (Morellato and Leitao-Filho
1996; Schnitzer and Bongers 2002). However, a high rate

Table 3 Partial Mantel tests for correlation (rPartial) between abundance (#) and aboveground biomass (AGB) of liana community and
forest structural variables, controlling for the distance effect

Forest type Plot Matrix 1 Matrix 2 rPartial

Lowland forest B # lianas AGB stems ‡4.8 0.19**
Lowland forest B # lianas AGB lianas 0.27***
Submontane forest J # lianas # stems 10–30 cm 0.12*
Submontane forest J # lianas AGB lianas 0.33***
Montane forest N # lianas AGB lianas 0.45***
Montane forest N # lianas AGB stems ‡4.8 0.12*
Montane forest N AGB lianas # stems ‡4.8 0.16*
Montane forest N AGB lianas AGB stems ‡4.8 0.15**

Only significant correlations are shown
Probabilities of Mantel r values (*** p < 0.001, ** p < 0.01, * p < 0.05) were obtained after 999 permutations

Fig. 2 Spatial correlograms (Moran’s I) of liana abundance (a) and
AGB (b) for eight successive radial lag orders of neighbors. Closed
symbols represent significant Moran’s I estimate at p < 0.05 (for
globally significant correlograms after a Monte Carlo permutation
bootstrap test of Moran’s I; n = 999 permutations)



of past canopy disturbance probably explains the high
abundance, biomass, and dominance of lianas in the
lowland forest in comparison with other forest types. It
is well documented that liana abundance is influenced by
gap size and frequency. Canopy disturbance by an in-
crease in treefall rate usually leads to the proliferation of
lianas, as they require the high light levels of a gap or
larger-scale disturbance for colonization (Schnitzer and
Bongers 2002) and a trellis, increasing stem accessibility
for other lianas (Putz and Chai 1987). After establish-
ment, clumps of lianas probably were able to proliferate
rapidly through the canopy and even to persist in the
forest understory by capturing more light per unit mass
than long-lived pioneer trees (Selaya and Anten 2008),
remerging in new forest gaps (Schnitzer et al. 2000;
DeWalt et al. 2000) and establishing a dominance in
most of the plot area through time. In our study, liana
abundance and biomass were highest in the most dis-
turbed site, the lowland plot B, which had the maximum
percentage of gap area and turnover rate (Table 1).
Therefore, the high light availability provided by old
gaps in the past would be one of the strongest drivers of
this pattern (Schnitzer 2005).

Despite the fact that liana AGB had a strong corre-
lation with liana abundance at subplot scale in most of
the forest types, the biomass of lianas did not show a
strong positive autocorrelation at large spatial scales
(except for the lowland forest), suggesting that liana
AGB is not structured by factors related to local canopy
access. This pattern may be attributed to the low avail-
ability of hosts to load large lianas at the scale of 0.01 ha
(Putz 1984) and different climbing mechanism of liana
species (DeWalt et al. 2000; Nabe-Nielsen 2001). Thus,
the patch size for liana growth and biomass increase
would be larger than 0.01 ha in these Atlantic Forest
sites due to low frequency of large gaps (i.e., >400 m2;
see Tabarelli and Mantovani 2000; Lima and Moura
2008) and very large trees (Alves et al. 2010).

The total biomass of lianas found along the eleva-
tional gradient of Atlantic Forest (Table 1) is within the
range of values estimated in Central Amazon forests
(lianas ‡2 cm: 4.6–13.7 Mg ha�1; Nascimento and
Laurance 2002; lianas ‡2 m tall: 43 Mg ha�1; Gerwing
and Farias 2000), Panamanian, Costa Rican, and
Peruvian forests (lianas ‡0.5 cm; 8.0–17.2 Mg ha�1;
DeWalt and Chave 2004) and Venezuelan forests (lianas
‡2 m tall: 15.7 Mg ha�1; Putz 1983) across different soil
types, but the contribution of large lianas ‡10 cm to the
total live AGB (stems ‡10 cm) was higher for the
Atlantic Forest plots (0.6–1.6%) in comparison to Costa
Rican forests (0.4‡0.8%; Clark and Clark 2000). On the
other hand, the number of large lianas ‡10 cm per
hectare (7.6 ± 5.7) was smaller than for Amazonian
(13.98 ± 5.95; Phillips et al. 2005) and Costa Rican
forests (Mascaro et al. 2004). Compared to similar moist
and wet Neotropical forests (DeWalt and Chave 2004;
Mascaro et al. 2004), lianas are slightly less abundant in
the Atlantic Forest (573 ± 181 stems ‡1 cm per ha), but
the reason is unknown. A possible explanation would be
the high abundance of palms and tree ferns in the Bra-
zilian Atlantic Forest (Henderson et al. 1995; Negrelle
2002), which have architecture believed to inhibit liana
establishment (Nesheim and Økland 2007).

Although local forest structure does not seem to have
a strong influence on liana distribution, certainly lianas
have an important influence on tree growth and AGB of
these Atlantic Forest sites, as liana infestation is associ-
ated with high risk of tree mortality and growth sup-
pression (Clark and Clark 1990; Phillips et al. 2002;
Schnitzer and Carson 2010; Ingwell et al. 2010). The
lowland forest plot (B) probably has undergone sub-
stantial change in canopy dynamics in the last years
(Scaranello 2010; Table 1b) and the increase in liana
density and dominance over trees may be the first evi-
dence for a shift in forest dynamics. The biomass allo-
cation strategy of lianas is efficient in high light
environments like gaps and above tree canopy, as they
are able to produce much more leaf mass per cross-sec-
tional area than trees (Cai et al. 2009) with faster elon-
gation growth rates, ascending successfully by specific
climbing mechanisms. In this scenario of high dominance
in the lowland forest, lianas could significantly reduce

Fig. 3 Relative dominance of lianas (‡1 cm diameter) as a function
of tree and palm stem number (a) and live AGB (b) along the
elevational gradient of tropical moist forest (Atlantic Forest,
Brazil). Each point represents data from 0.01-ha subplots



tree sapling growth (Schnitzer et al. 2005; Schnitzer and
Carson 2010) and tree survivorship (Schnitzer et al. 2000;
Ingwell et al. 2010) and, consequently the potential
capacity of this forest stand to sequester CO2.

In conclusion, our study calls attention to two
important points. One related to the local present
structure and other related to disturbance history.
Whereas some studies have shown the importance of
local, small-scale canopy disturbance and support
availability (Hegarty and Caballé 1991; DeWalt et al.
2000; Nabe-Nielsen 2001; Malizia and Grau 2006; van
der Heijden and Phillips 2008), average canopy height at
the 0.01-ha scale did not explain the distribution of liana
abundance or biomass in any forest type, and support
availability did not strongly influence liana abundance
and biomass in our study. The present local forest
structure was not a good predictor of liana community
structure for the Atlantic moist forest, suggesting that
the spatial scale of the relationship between lianas and
forest structure can vary among different tropical for-
ests. Our study adds to the evidence that past canopy
disturbance levels (Schnitzer 2005) and the rates of gap
formation (Malizia et al. 2010), as well minimum tem-
perature variation (Gentry 1991) may exert some influ-
ence on the structure of liana communities in tropical
moist forests, particularly along short and steep eleva-
tional gradients.
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