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Background: Lianas are an abundantand dynamic component of tropical forests, and their abundance ispredicted to increase
with global change. A better understandingof factors that explain their distribution is required, especially onoceanic islands
for which few data are available.
Aims: Identifythe environmental factors that shape liana communities in NewCaledonian forests
Methods: We studied liana abundance,basal area, richness and climbing modes in 27 forest plots (20m × 20 m) along an
elevation gradient (sea level to ca. 1000 ma.s.l.) that covers different forest types and precipitation regimes.
Results: We inventoried 992 lianas belonging to 71 species. The abundance and basal area decreased logarithmically
withincreasing elevation while species richness tended to peak at midelevations.Twining lianas were the most abundant and
species-richfunctional group. We found no clear relationship between climbingmodes and forest structure.
Conclusions: Our results show thatliana abundance decreases with increasing elevation in responseto lower precipitation in
seasonal dry forest. At high elevation (600–1000 m a.s.l.), climbing secondary hemi-epiphytes replace lianasprobably as a
result of climate-based niche differentiation. Variationof species richness along the gradient could not be explained
byprecipitation or by forest structural parameters.

Keywords: climbers; climbing secondary hemi-epiphytes; climbing modes; diversity; forest structure; oceanic island;
twining

Introduction

Lianas usually represent about 25% of woody stems and
woody species in tropical forest which makes the abun-
dance and richness of lianas one of the most singular
structural features of these ecosystems (Gentry 1991;
Schnitzer and Bongers 2002; Schnitzer et al. 2015b).
Lianas also play an important role in tropical forest
dynamics and functioning by reducing tree survival,
regeneration, growth and fertility (Putz 1984b; Pérez-
Salicrup et al. 2004; Phillips et al. 2005; Ingwell et al.
2010; Toledo-Aceves 2015; Fadrique and Homeier 2016).
Despite the structural and functional importance of lianas
in tropical forests, the factors responsible for their local
distribution are still poorly known, especially on islands
(DeWalt et al. 2015).

Several studies have suggested that the abundance and
biomass of lianas is increasing as a response to global
changes, especially rising atmospheric CO2 concentra-
tions, land use and climate change (Phillips et al. 2002;
Wright et al. 2004; Ingwell et al. 2010; Schnitzer 2015).
Lianas should benefit from increasing anthropogenic forest
perturbation and fragmentation since they are commonly
light-demanding plants and their establishment within for-
ests is promoted by local disturbances (Campbell et al.
2015; Schnitzer et al. 2015a). Previous studies have shown
that lianas might also benefit from rising atmospheric CO2

level (Granados and Korner 2002; Phillips et al. 2002) and
increasing seasonal drought (Schnitzer 2015). The drastic
increase in liana abundance and biomass has been consid-
ered as one of the key structural changes occurring in
tropical forest due to global changes (Schnitzer and
Bongers 2011).

The ecological importance of lianas and their
potentially strong response to global changes has
increased interest in assessing which environmental
factors influence liana distributions (DeWalt et al.
2015) as liana communities are likely shaped by multi-
ple factors related to their diversity in life history
strategies and ecology. Liana abundance and basal
area tend to be positively correlated with dry-season
length and negatively correlated with precipitation, at
least on a pantropical or regional scale (Gentry 1991;
Schnitzer 2005; DeWalt et al. 2010, 2015;
Parthasarathy et al. 2015). However, the effects of
these water-related factors are less clear on liana diver-
sity (DeWalt et al. 2015; but see Van Der Heijden and
Phillips 2008), which appears to be more affected by
minimum temperatures, since lianas are very sensitive
to frost (Schnitzer and Bongers 2002; Jiménez-Castillo
et al. 2007; Jiménez-Castillo and Lusk 2013).

Local liana abundance and diversity should be affected
by the availability of support and structural attributes of
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vegetation. Attributes such as tree diameter (Balfour and
Bond 1993; Talley et al. 1996; Nabe-Nielsen 2001; Rice
et al. 2004; Phillips et al. 2005; Homeier et al. 2010),
canopy height (Baars et al. 1998; Balfour and Bond
1993; Dewalt et al. 2000; Gerwing and Farias 2000), tree
architecture (Putz 1984a; Hegarty 1991), crown features
(Putz 1984b; Balfour and Bond 1993) and tree density
(Nabe-Nielsen 2001; Van Der Heijden and Phillips 2008)
have been related to liana abundance and, to a lesser
extent, liana diversity. Because lianas use different
mechanisms for climbing, the interaction between climb-
ing modes and forest structure is thought to strongly
influence their distribution in forests (Putz 1984b; Putz
and Chai 1987; Hegarty and Caballé 1991; Putz and
Holbrook 1991; Dewalt et al. 2000; Nabe-Nielsen 2001;
Parthasarathy et al. 2015). As such, local liana diversity
could be more strongly affected by the structural hetero-
geneity of forests than by any specific forest structural
features. Indeed, higher structural heterogeneity should
provide a higher diversity of suitable supports, and an
increase in niche diversity (Sfair and Martins 2011).

While most liana studies have been carried out in
continental forests, data from island ecosystems remain
scarce (DeWalt et al. 2015; Schnitzer et al. 2015b). This
is a particular cause for concern since island ecosystems
are very sensitive to habitat loss and global warming (Kier
et al. 2009; Taylor and Kumar 2016). The few existing
liana inventories in tropical islands suggest that both abun-
dance and diversity are lower than in mainland sites
(Gentry 1991; Rice et al. 2004; DeWalt et al. 2015). The
few studies also suggest that climbing secondary hemi-
epiphytes (SHE) or ‘nomad vines’ (climbing plants germi-
nating on the floor and loosing stem contact therewith, cf.
Zotz 2013, for nomenclatural review), which are usually
not considered in liana censuses, could significantly con-
tribute to forest structure in these islands (Kelly 1985;
DeWalt et al. 2015).

The objective of this study was to understand which
factors affect liana communities in the tropical island of

New Caledonia; a biodiversity hotspot located in the
Pacific Ocean (Myers et al. 2000). The main island of
New Caledonia (called ‘Grande Terre’) is traversed from
northwest to southeast by a central mountain range that
determines the local climate. This marked topography
offers ideal gradients on which to study the response of
plant communities to climate and forest structure (see
Korner 2007). We hypothesised that liana abundance
would be negatively affected by precipitation and liana
richness would be positively affected by forest structural
features, especially tree size heterogeneity (TSH) that
might promote the establishment of different climbing
modes.

Materials and methods

Study sites

New Caledonia is an archipelago located in the south-west
Pacific just north of the Tropic of Capricorn (20–23°S,
164–167°E), about 1500 km east of Australia and
2000 km north of New Zealand (Figure 1). It harbours
an unique flora that is one of the richest in the world with
ca. 3400 native vascular species, of which 75% are ende-
mic (Morat et al. 2012; Munzinger et al. 2016). The total
area of the archipelago is about 18,500 km2, Grande Terre
covers about 16,500 km2. Mean annual precipitation
ranges from 300 mm year−1 in the lowlands of the leeward
west coast to more than 4000 mm year−1 on some moun-
tain tops and some lowlands of the windward east coast
(Météo-France 2007). The subtropical climate is charac-
terised by a long dry season from August to December
(<100 mm month−1). Frost rarely occurs even on the
mountain summits (Maitrepierre 2012).

The study sites were located along a line that traverses
different precipitation regimes and elevations across
Grande Terre from west to east and over Mont Aoupinié
(1006 m, 21° 11ʹS and 165° 16ʹE). Mont Aoupinié repre-
sents one of the largest continuous massifs supporting
tropical rainforest in New Caledonia (ca. 68,500 ha,

Figure 1. Location of the study sites (grey squares) and plots (circles) across an elevation gradient, New Caledonia.
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Birnbaum et al. 2015). Along this transect, seven sites
were located at four elevations, covering both east- and
west-exposed mountain sides and the three main forest
types present (Figure 1, Table 1). New Caledonian dry
forests are located on the leeward, west side below
300 m elevation and receive less than 1000 mm year−1

precipitation while rainforest is located above 300 m ele-
vation and receives between 1300 and 3500 mm year−1

precipitation (Jaffré et al. 2012). Mesic forests, located at
middle elevations and receiving intermediate precipitation,
are still not well characterised in New Caledonia. They
show a mixed flora that are intermediate between that of
dry forest and rainforest (see Jaffré et al. 2008). Site 1 was
represented by the dry forest of Mépouiri (west side,
<50 m: three plots) which is one of the most preserved
dry forests of New Caledonia (Gillespie et al. 2014). Site 2
was located in a mesic forest (west side, 300 m elevation:
three plots). Sites 3 and 4 were located in rainforest at
about 300 m elevation on the east (four plots) and west
(two plots) sides, respectively. Sites 5 and 6 were in rain-
forest at 600 m elevation on east (four plots) and west (five
plots) sides, respectively. Site 7 was located at the top of
the mountain (rainforest, ca. 900 m elevation: six plots).

Liana census

We inventoried lianas in 27 forest plots of 0.04 ha
(20 m × 20 m). One of the sites, site 4, was represented
by only two plots; all other sites were represented by at
least three plots (Table 1). In total, 20 of the 27 plots
belong to the New Caledonian Plant Inventory and
Permanent Plot Network (Ibanez et al. 2014) in which all
plants with a diameter at breast height (DBH) ≥ 5 cm were
inventoried. We increased the existing inventory by seven
plots at low elevation for a total of 27 plots. All plots were
located on volcano-sedimentary substrate which is the
principal substrate type in New Caledonia (about two-
thirds of the total area). For each plot, we calculated
canopy height as the arithmetic mean of the height of
three representative trees measured using a TRUPULSE
360R Telemeter.

We inventoried all lianas that were rooted in the plots
that had a diameter at point of measurement (i.e. at 1.3 m
from the last substantial rooting point; DPOM) ≥ 1 cm
following the standardised protocol for liana censuses
(Gerwing et al. 2006; Schnitzer et al. 2008). We defined
lianas as woody plants rooted in the ground throughout
life and non-self-supporting when mature (Gerwing et al.
2006). We additionally inventoried all climbing SHE, i.e.
Freycinetia (Pandanaceae) and Blechnum (Blechnaceae),
as important forest structural components. Indeed, SHE
that are not usually included in analyses focused on lianas
sensu stricto (Schnitzer et al. 2008) make a significant
contribution to the abundance and richness of all climbing
plants (broad sense) in montane rainforest in New
Caledonian (Jaffré et al. 1994, 2012). It therefore seemed
appropriate to include them in our inventories as addi-
tional kinds of climbing plants and as forest features that

might influence the distribution of lianas sensu stricto.
Species of the climbing monocotyledon genus Smilax
(Smilacaceae) were also included in the census, despite
their non-woody organisation, because of their perennial
climbing habit characterised and body size similar to many
woody lianas (cf. Schnitzer et al. 2008).

All lianas were tagged with loosely tied stainless steel
wire and measured at DPOM. Lianas and SHE were
identified in the field or collected for later identifications
via local floras and/or by comparison with specimens in
the herbarium of New-Caledonia (NOU) at IRD (Nouméa)
where vouchers were deposited; 98% of liana individuals
were identified to the species level.

We assigned a climbing mode to each inventoried
species in order to analyse the relationships between the
functional assemblage of liana communities and forest
structure (see Senbeta et al. 2005). Various classifications
of liana climbing modes have been proposed in the litera-
ture (e.g. see Putz 1984b; Rowe et al. 2006; Isnard and
Silk 2009; Gallagher and Leishman 2012). Since climbing
mode distribution is known to vary with forest structure
and type of support available (Putz 1984b; Nabe-Nielsen
2001), we retained four main climbing modes according to
the a priori relation with host tree:

(1) Passive climbers (scramblers; spine/thorn or open-
hook climbers sensu Darwin 1865): stems that
lean and attach insecurely to the support.

(2) Active climbers (hooks sensu Treub 1883, tendrils
or sensitive organs): use modified organs (leaves,
stipules, leaflets) that are sensitive and coil around
the support.

(3) Twiner: the main stem or branches coil around a
support.

(4) Root climbers: use adventitious roots to adhere
and anchor the climber to supports.

Passive climbing lianas might depend more on the
density of supports than on a restricted support diameter
(Putz 1984b), while thorn and open-hook climber might
preferentially climb on thin supports (Nabe-Nielsen 2001;
Koski 2009). Active climbers require supports of small
diameter (<7 cm) (Putz 1984b; Senbeta et al. 2005;
Parthasarathy et al. 2015) while twining lianas have pos-
sibly the widest ranges of diameter for support and can
climb larger diameter support than active climbers (Putz
1984b). Root-climbing lianas are able to climb on any tree
diameter (Putz 1984b; Putz and Chai 1987).

Data analysis

We used a species rank-abundance distribution plot to
illustrate the sampled liana community and highlight the
distribution of different species and climbing modes. We
tested whether or not climbing modes affected species
abundance distribution using Wilcoxon rank-sum tests.

For each plot, we calculated rarefied richness for a
sample of 50 individuals using the iNEXT package for R

Abundance, richness and composition of lianas 471
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(Chao et al. 2014; Hsieh et al. 2014). For the analyses of
richness, we removed plots with less than 10 individuals
for which extrapolated rarefied richness was imprecise.
This was the case for one plot at site 6 (600 m, west)
and two plots at site 7 (900 m).

For each plot, we computed a TSH index and tested its
effect on liana abundance, richness and climbing modes.
The TSH index we chose were the Shannon index equiva-
lent Hill number calculated on the tree DBH distribution
(see Buongiorno et al. 1994; McElhinny et al. 2005; Jost
2006). This method has proved to be precise (McElhinny
et al. 2005) and insensitive to sample size (Jost 2006).
Tree DBH were segregated in 28 classes (in increments of
5 cm from 5 to 145 cm DBH) for which we used the
Vegetarian package for R (Charney and Record 2012) to
calculate the Hill numbers.

We analysed the responses of liana abundance and
rarefied richness to plot elevation and plot orientation
(east, west) using General Linear Model (GLM) with
Poisson and Gaussian distributions. We also investigated
patterns of abundance by removing one by one, the five
most abundant species to evaluate the importance of
dominant species in the liana distribution along the
gradient. We then evaluated which factors were respon-
sive for this pattern; we made other GLM analyses with
both abiotic (mean annual precipitation) and biotic
(canopy height, tree density, TSH index and abundance
in SHE) factors as explanatory variables. Abundance
data in SHE were log-transformed to fit with validity
conditions.

Effects of biotic and abiotic factors on liana floristic
dissimilarity were investigated with permutational multi-
variate analysis of variance (permanova). Using the vegan
package for R (Oksanen et al. 2015), we calculated a
dissimilarity matrix between plots with Bray–Curtis
index. The analyses were carried out with the dissimilarity
matrix as response factor and mean annual precipitation,
canopy height, tree density, TSH index and abundance in
SHE as explanatory variables (1000 permutations).

We investigated the relationship between climbing
modes and forest structural features at two different levels.

(1) At the community level, we used principal com-
ponent analysis carried out using the package ade4
for R (Dray and Dufour 2007). We thus investi-
gated correlations between abundance and rich-
ness of the four climbing modes and forest
structural features.

(2) At the individual level, we investigated the rela-
tionship between the DBH of trees (potential sup-
port) and the presence of lianas with different
climbing modes. To make different potential sup-
ports sizes comparable, trees were classified into
5 cm DBH classes from [5:10] to [140:145]. The
DBH distribution of all inventoried trees was used
as a null distribution because it represents the
expected pattern of liana infestation under the
null hypothesis (no preference of lianas for any

diameter class). To compare observed and
expected patterns of liana infestation, observed
distribution of the abundance of lianas as a func-
tion of the DBH of the support was plotted against
the null distribution.

Permutation tests were carried out to assess the statis-
tical significance of the differences between the observed
distribution of the DBH of liana supporting stems and the
distribution of the DBH of all trees (H0). To this end, the
DBH of trees was classified into three more inclusive
classes (small trees, medium trees and large trees) accord-
ing to the terciles of the DBH distribution (first ter-
cile = 7.3 cm and second tercile = 11.1 cm). For each
climbing mode, the presence of lianas on trees was per-
mutated, i.e. to each liana we randomly associated a sup-
port tree. Permutations were carried out 1000 times and for
each permutation the number of lianas on trees of each
DBH classes was calculated to produce the H0 distribu-
tion. Then, the observed number of lianas on trees of the
considered DBH class was compared with the H0 distribu-
tion to test the hypothesis that establishment of lianas is
independent of support size.

Results

Community structure

We sampled a total of 992 lianas from 71 species (32
genus, 21 families). Eight individuals (2%) were identified
to genus level, all others were identified to the species
level. About 65% of species were endemics and only two
uncommon taxa were considered as non-native (Ipomoea
cairica, three individuals, and Lantana camara, two indi-
viduals). Moraceae was the most abundant family in terms
of number of individuals (20% of total individuals,
Figure 2a), dominated by Trophis scandens (190 indivi-
duals, Figure 3). The second most abundant family was
the Apocynaceae (18% of individuals). This family was
more diverse than Moraceae, although also mainly repre-
sented by a highly common species Carissa ovata (74
individuals). Neither C. ovata nor T. scandens are endemic
and both formed large multi-stemmed individuals, particu-
larly in the dry forest site.

The most speciose families in our inventory were in
decreasing order: Apocynaceae (20 species), Lamiaceae
(12 species) and Rubiaceae (10 species). These repre-
sented 58% of all liana species (Figure 2b). These three
families were also represented by a large number of indi-
viduals (Figure 2a). Twining lianas accounted for almost
75% of all sampled individuals and species while the three
other climbing modes were about equally represented in
the remaining 25% (Figure 3). Species abundance was not
different following climbing mode classes according to
Wilcoxon tests (P > 0.05); however, twiners tended to be
less abundant than passive climbers (P = 0.034).

In our census, the great majority of taxa were rare (<5
individuals) or restricted to a narrow elevation gradient.
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Figure 3. (a) Species rank-abundance distribution and climbing modes of lianas (n = 992 individuals), New Caledonia. Singletons (16
species) were not included. Relative importance of the different climbing mode groups in (b) abundance and (c) richness of lianas.

Figure 2. Ranking of families according to their (a) abundance and (b) richness of liana species, New Caledonia.
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For example, 67% of the species were in a single elevation
belt, 24% of species are singletons and 14% are double-
tons. Few dominant species such as T. scandens, C. ovata,
Agatea rufotomentosa and Hugonia jenkinsii contributed
most to the abundance of lianas.

Liana abundance and richness

Liana abundance varied significantly with elevation, but
this was not accompanied by a parallel increase in liana
species richness. Controlling for elevation, the abun-
dance and richness of lianas were not significantly dif-
ferent between the west and east sides of the island
(ANCOVA: P = 0.126 and 0.351, respectively). It
must be noted that dry forest at low elevation did not
occur at the eastern side.

Liana abundance showed a significant logarithmic
decrease with elevation, with a sharp decrease between
0–300 m. This was followed by a more gradual and almost
linear decrease up to 900 m (Figure 4). The decrease in
liana abundance with elevation remained significant even
after removal, one by one, of the five most abundant
species (P < 0.001) and the decrease became linear fol-
lowing the removal of the second most abundant species
(C. ovata). Liana basal area was strongly correlated with
abundance (Spearman correlation test: rho = 0.83,
P < 0.001) and thus followed the same logarithmic
decrease with elevation (not shown). Rarefied richness
tended to peak at mid-elevation; however, this relationship
was not significant (P > 0.05, Figure 5).

The logarithmic decrease in abundance with increasing
elevation was significantly related to mean annual precipi-
tation and the abundance of SHE (Table 2). None of the
biotic or abiotic variables tested was significantly related
to liana richness (Table 2); however, all were significantly
positively related to floristic dissimilarity (Permanova,
P < 0.013). Climbing modes and forest structure

Only the passive climbers and twiners appeared to be
associated with forest structural variables at the commu-
nity level (Figure 6). The abundance and richness linked to
these climbing modes were positively correlated with the
proportion of small trees in the plots (rho > 0.55). Others
forest structural features were unrelated to climbing mode
abundance and richness. At the individual level (all plots
combined), lianas were overrepresented on large trees
(>11 cm DBH) and underrepresented on small trees
(<7.3 cm DBH), independently of climbing mode
(Figure 7).

Discussion

Our results showed an unequivocal variation in liana
abundance with elevation in New Caledonia, with the
low elevation dry forest having higher liana abundance,
even after removing hyperdominant species from the ana-
lysis. Liana abundance was strongly correlated with mean

Figure 4. Relationship between liana abundance and elevation
on the west and east sides of New Caledonia.

Figure 5. (a) Rarefaction and extrapolation curves for the 27
plots. (b) Relationship between rarefied specific richness for 50
individuals and elevation for west and east sides of New
Caledonia.
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annual precipitation but not with the tested forest structural
features. Liana richness tended to increase at mid elevation
but was not affected by precipitation or local forest

structural features in contrast to floristic dissimilarity on
which all tested explanatory variables had positive effect.
Contrary to our former hypothesis, we did not find a clear
relationship between climbing mode distribution and local
forest structure.

Community structure

At the community level, few species-rich families
(Apocynaceae, Lamiaceae and Rubiaceae) dominated
the community both in terms of abundance and richness.
These families are mainly twining which result in a
dominance of twining climbers in the census (richness
and abundance). This result is in accordance with sev-
eral studies worldwide reporting that twining is the
predominant climbing mode (Putz 1984b; Putz and
Chai 1987; Parthasarathy et al. 2004; Burnham and
Revilla-Minaya 2011). In our census, the abundance of
twiners was not explained by their climbing modes per
se, many twining species being often found in low
abundance but rather by the greater overall richness of
twining species.

As commonly reported for liana communities (Dewalt
et al. 2000; Mascaro et al. 2004; Parthasarathy et al. 2004),
a limited subset of species dominates the community, the
top three species representing 35% of all individuals. No
species showed a wide ecological range, and many species
were found as singletons (24%) or doubletons (14%).
Species rarity and habitat heterogeneity seem to contribute
strongly to beta diversity along the gradient as illustrated
by the strong effect of all environmental variables on liana
floristic dissimilarity. This marked floristic dissimilarity
could however result from small plot size and an important
contribution of rare species. A similar pattern has been
found for tree species in the New Caledonian permanent
plots network (Ibanez et al. 2014). However, a greater
number of plots along the elevation gradient in New
Caledonia would be necessary to confirm the pattern of
floristic dissimilarity.

Liana abundance

As hypothesised, liana abundance was related positively to
decreasing precipitation. Minimum temperature is an

Figure 6. Representation of abundance (a) and richness (b) of
climbing modes and of forest structural features on the first
two axes of a principal component analysis. Passives, richness
or abundance of passive climbers; Twiners, richness or abun-
dance of twiners; Roots, richness or abundance of root clim-
bers; Actives, richness or abundance of active climbers;
Canopy ht, canopy height; Tree dbh het., tree size heteroge-
neity index; Ht tree dbh, proportion of large dbh trees; Mid.
Tree dbh, proportion of medium dbh trees; Low tree dbh,
proportion of low dbh trees.

Table 2. Generalised linear models with liana abundance and richness as a function of biotic and abiotic conditions, New
Caledonia.

Abundance Richness

P-value Estimate P-value Estimate

Canopy height 0.123 −0.019 0.176 0.381
Tree density 0.342 0.001 0.139 −0.059
Tree size heterogeneity 0.052 −0.127 0.394 −1.341
SHE abundance 0.039 * 0.074 0.877 0.123
MAP <2e-16 *** −0.003 0.249 0.007

***P < 0.001; *P < 0.05. MAP: mean annual precipitation; TSH: tree size heterogeneity; SHE: secondary hemi-epiphytes.
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important environmental factor that co-varies with eleva-
tion and which could influence liana distribution along
short elevation gradients (Jiménez-Castillo et al. 2007;
Alves et al. 2011; Orihuela et al. 2014; Fadrique and
Homeier 2016). In New Caledonia, however temperature
is probably not a main factor since frost rarely occurs,
even at 1000 m elevation (Maitrepierre 2012). At low
elevations on the west coast, the vegetation consists of
dry semi-deciduous forests with a long dry season (Jaffré
et al. 1993; Maitrepierre 2012). Dry forest in New
Caledonia often shows signs of anthropogenic disturbance
(Bouchet et al. 1995). These conditions are known to
positively affect liana abundance and basal area (Gentry
1991; Schnitzer 2005; DeWalt et al. 2010, 2015;
Parthasarathy et al. 2015; Schnitzer et al. 2015a). Thus,
the decrease of liana abundance with elevation is probably
due to a combination of mean annual rainfall, seasonality
and decreasing disturbance.

The increase in SHE density and decrease in liana
abundance with increasing elevation could reflect cli-
matic niche differentiation rather than host competition.
Contrary to many lianas, climbing hemi-epiphytes are
likely to be favoured in moist conditions (Putz and
Holbrook 1986; Gentry and Dodson 1987; Benzing

1990). Gentry and Dodson (1987) have further sug-
gested that lianas are replaced by hemi-epiphytes in
moist environments because they trap humidity better.
In our study, abundance in SHE was positively corre-
lated with precipitation (rho = 0.55) and SHE were
absent from dry forest plots. This niche differentiation
between lianas and climbing hemi-epiphytes might be a
particularly important factor on some tropical and sub-
tropical islands where there is a steep moisture gradient
with elevation, and the occurrence of cloud forest
(Carlquist 1974). The few studies carried out on such
islands indeed have suggested that climbing hemi-epi-
phytes are abundant whereas lianas are less represented
(Kelly 1985; DeWalt et al. 2015). Thus, climbing hemi-
epiphytes appear to be a climbing life form that con-
tribute more to forest structure and functional diversity
in such islands in montane forests. Islands with a large
enough elevation gradient offer an unparalleled oppor-
tunity to analyse climbing plant s.l. distributions and to
test how distributions of lianas might be related to
moisture availability. A further hypothesis to test
would be to analyse whether lianas are sensitive to
relatively low vapour pressure deficit and become less
competitive when evapotranspiration becomes lower.

Figure 7. Distribution patterns of the abundance of lianas as a function of the size (DBH) of the supports and for different climbing
modes. Horizontal traits represent the distribution pattern of tree diameter and thus corresponds to the null hypothesis (H0). Climbing
modes below H0 were underrepresented on the tree diameter class considered while climbing mode above H0 were overrepresented.
Vertical dashed lines represent the terciles of the tree diameter distribution (Q0.33 = 7.32 cm; Q0.66 = 11.14 cm) and define the class used
for permutation tests whose results are in the Table 3. For more visibility, only the left part of the total distribution has been presented
(90% of all lianas and trees).

Table 3. The results of permutation tests for tree size preference of lianas with different climbing modes.

Small trees Medium trees Big trees

(DBH < 7.32 cm) (7.32 cm ≤ DBH < 11.14 cm) (DBH ≥ 11.14 cm)

Twiners <0.001*** 0.103 0.027*
Passive climbers 0.016* 0.227 0.099
Active climbers 0.01* 0.459 0.003**
Root climbers 0.098 0.326 0.008**

***P < 0.001; **P < 0.01; *P < 0.05.
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Liana richness and climbing modes

While we predicted that local forest structural features
affect liana species richness, we did not find any rela-
tionship between the tested factors and liana richness in
New Caledonian forest plots. This highlights the fact
that the real structural relation between liana diversity
and local factors is probably highly complex. This is
amply illustrated by the disagreement between different
studies and the relatively weak correlations of liana
richness with biotic or abiotic variables compared with
correlations of liana abundance or basal area (e.g.
Balfour and Bond 1993; Ibarra-Manríquez and
Martínez-Ramos 2002; Parthasarathy et al. 2004;
DeWalt et al. 2015).

The hypothesis that TSH should promote liana rich-
ness through the diversity of climbing niches for differ-
ent climbing modes was not confirmed. At the
community level, we found only a weak relationship
between climbing mode and forest features (tree density,
canopy height, tree size). Instead, the structural relation-
ship between liana and host seems to be opportunistic
rather than deterministic. At the individual level we
found more lianas than expected occupying large trees
(>10 cm DBH) and fewer climbers on small diameter
trees (<7.3 cm DBH), independently of climbing mode.
As such, although some lianas are favoured by small
diameter supports (passive climbers and twiners in our
study), the presence of large trees (>10 cm DBH)
increases the probability of liana establishment. This
process probably blurs any deterministic relationship
between liana and host. Large trees are usually older
and thus had a longer exposure to lianas (Nabe-Nielsen
2001; Pérez-Salicrup and Sork 2001; Fadrique and
Homeier 2016) or simply can provide more space for
establishment. Moreover, the presence of one liana can
facilitate the establishment of other lianas by providing
more structural opportunities (Putz and Chai 1987;
Pérez-Salicrup and Sork 2001; Ibarra-Manríquez and
Martínez-Ramos 2002). Our results illustrate the diffi-
culty of understanding relationships between climbing
modes, diversity and forest structural features; all of
which may vary depending on spatial scale, biogeogra-
phy and forest dynamics.

In our study, species richness was more variable at mid
elevation, and we suspect that other local factors also act on
liana local richness. Notably, small-scale perturbations such as
canopy gaps are key to promoting local liana richness
(Schnitzer and Carson 2001; Schnitzer et al. 2015a).
Although perturbation rates are expected to be linked with
forest structural characteristics, the small size of the plots in
our design was probably a limiting factor in capturing such
information.

Conclusion

In New Caledonia, as in many other tropical and subtro-
pical sites, lianas are particularly abundant in drier areas.

This supports the hypothesis that liana abundance should
increase locally with increasing seasonal drought. Our
results also suggest that climbing hemi-epiphytes, which
are generally not considered in studies on liana ecology,
could be important to understand the assemblage of climb-
ing plants communities, especially in high-elevation tropi-
cal islands and perhaps in tropical continental mountains.
Most species had a restricted ecological range in our
survey. Beyond our small plot sampling, this supports
the existence of a high beta diversity and highlights the
importance of integrating full elevation gradients in biodi-
versity conservation strategies. This is particularly impor-
tant for such isolated islands where micro-endemism is
high and available habitats are restricted.
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