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Lianas are a principal physiognomic component of tropical and subtropical forests and are typically considered to be parasites of
trees. In contrast, the substantial contribution of lianas to rainforest leaf litter production (up to 40%) suggests that they play im-
portant roles in nutrient cycles and may benefit their host trees. Lianas contribute disproportionately to total forest litter produc-
tion at least partially because lianas invest relatively little in support structures and proportionately much more to leaf production
when compared with trees. In contrast to tree leaves, liana leaves are higher in nutrient concentrations, relatively short-lived, and
decompose more rapidly. In addition, the special life form of lianas allows them to grow vertically and horizontally in the forest
and relocate nutrients, mainly towards their host trees, through the production of leaf litter. Consequently, lianas may contribute
substantially to the high rainforest productivity, and the roles they play in liana/tree associations and rainforest dynamics needs to

be re-evaluated.
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Lianas are woody vines that climb other plants to ascend
forest canopies [1]. The non-self-supporting life form of
lianas has been considered as an evolutionary adaptation
driven by competition for light and allows lianas to invest
more in transportation and photosynthetic organs, princi-
pally leaves [2]. Lianas occur in almost all forest types but
are more abundant in tropical forests [1]. The number of
species and the abundance of lianas decrease with an in-
crease in latitude and show a sharp drop near the Tropic of
Cancer where the climate changes northwards from tropical
to temperate. The low occurrence of lianas in temperate
regions has been ascribed to frequent low winter tempera-
tures that may cause freezing-induced embolisms in lianas’
long vessel systems and lead to unrecoverable damage [3].
As a principal physiognomic component of tropical and
subtropical rainforests, lianas comprise around 25% of the
diversity of woody plants in these ecosystems [1,4,5]. Their
abundance and diversity increase along a low to high rain-
fall gradient, and peak in tropical rainforest sites near the
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Equator, such as the Amazonian lowland rainforest, co-
occurring with the highest tree species diversity [1,6]. Addi-
tional factors, including soil type, seasonality of rainfall and
disturbance, have been proposed as being important in de-
termining local liana distribution [6-8]. The high liana
abundance in seasonal rainforests reflects their ability to
maintain growth during dry seasons by accessing ground
water via deep roots and efficient vascular conducting sys-
tems [6]. This ability to obtain water during dry periods
allows lianas to take advantage of the high solar radiation
environment associated with dry seasons. Thus, lianas grow
much faster than trees during the dry season in seasonal
rainforests [6].

Lianas play important roles in forest dynamics. They add
substantially to baseline levels of plant diversity in forests
and maintain tree diversity through their role in gap dynam-
ics [9]. A high liana load in tree canopies may cause high
tree-fall rates, thus maintaining rainforests in a perpetual
disclimax and thereby potentially maintaining diversity by
reducing dominance levels among tree species [10]. Many
studies have found that lianas increase in both abundance
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and diversity following natural and anthropogenic disturb-
ance [8,11,12]. Consequently, they play an important role in
regulating forest regeneration processes [12]. The increase
in the abundance of lianas reflects their ability to regenerate
vegetatively and grow both vertically and horizontally in
response to changes in the light environment. Thus, as rain-
forest fragmentation increases across the tropics, an increase
in the dominance of lianas in rainforests is expected [8,11].
Indeed, this effect may be enhanced through a positive
feedback loop driven by increases in atmospheric carbon
dioxide [13,14]. Finally, lianas, perhaps through their lower
levels of chemical foliar defenses, are the preferred hosts of
many herbivores, particularly insects, and liana occurrence
in forests may substantially increase animal diversity
through food-web effects in canopies and leaf litter [15,16].

Lianas have long been considered as parasites of trees
[11,17]. This hypothesis is based on the proposition that
they have detrimental effects on the growth and reproduc-
tion of their host trees by causing physical damage and by
competing for limited resources such as water, nutrients and
light [6,18,19]. Lianas may also significantly delay rainfor-
est regeneration during the gap phase by competing with
trees, especially those of shade-tolerant species [20]. The
majority of studies on lianas, especially those conducted in
a silvicultural context, have only focused on negative ef-
fects on their host trees [21]. However, many liana-bearing
trees are actually large canopy trees that live for many years
and readily grow and produce seeds [22]. Presently, there
are still no explanations for how liana-bearing trees are able
to maintain their growth in highly competitive rainforest
while incurring negative impacts from lianas. Although the
importance of lianas in forests has been widely accepted
[23], the possibility that trees might benefit from the pres-
ence of lianas has been overlooked. By reviewing published
research, we demonstrate that lianas may play important
roles in nutrient dynamics by producing a large amount of
nutritious and easily decomposed leaf litter and can benefit
their host trees via nutrient transportation.

1 Characteristics of liana leaves

Lianas produce a larger quantity of leaves than trees, and
their leaves are structurally and nutritionally different from
those of trees (Table 1). These differences have profound

Table 1 Comparison of leaf nutrient contents of lianas and trees
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impacts on the litter decomposition process in rainforests.
Liana leaves have significantly lower mass per unit leaf area
(LMA) than tree leaves, because of the faster growth and
different resource allocation strategies of lianas [24-26].
Furthermore, liana leaves have a much higher nitrogen
concentration than those of their host trees (Table 1). Alt-
hough most studies compared only green leaves, we expect
that leaf litter follows the same pattern because the nutrient
content of green and senesced leaves are highly correlated
[27]. Low LMA and high leaf nitrogen concentration have
been suggested to be economical trade-offs [28] and may
generate faster rates of litter decomposition than leaves with
high LMAs and low nitrogen concentrations. Moreover,
leaves with low LMA and high nitrogen contents, such as
those of lianas, tend to have a shorter life span than those of
many trees [29-31], thereby maintaining a rapid nutrient
cycling system.

Liana leaves also have a high concentration of phospho-
rus [31-33], a major plant growth element generally limited
in many rainforests [34]. A recent study has shown that lia-
nas have a lower phosphorus resorption rate from senescing
leaves than do trees [32], which may be caused by the high
nitrogen content [30] and the short lifespan of liana leaves.
Thus, we expect that the leaf litter of lianas is higher in
phosphorus concentration than that of trees. Given the per-
vasive phosphorus deficiency in many rainforests, lianas
potentially play an important role in phosphorus recycling
in rainforests by producing leaf litter with a high concentra-
tion of this element [25,32,35]. Moreover, phosphorus
availability also has been considered to be an important
factor regulating microbial decomposition processes in
rainforests [36-38]. Leaf litter with a high phosphorus con-
centration may potentially promote microbial processes and
thus make more of the element available to plants through
microbial phosphorus immobilization [36]. That is, phos-
phorus is taken up by microbes and then slowly released
back into the system as they die, thereby preventing rapid
loss of phosphorus.

The microenvironment created by liana leaf litter could
promote the decomposition of associated tree leaf litter, thus
providing an efficient nutrient recycling system. Plants and
soils nutrients interact in a manner such that correlations
between them may be caused by nutrient limitations to plant
growth or by plant effects on soils [39,40]. The unresolved
association of lianas with richer soils [1,4], especially those

Liana Tree
Forest type - - ) = - B Reference
N (mgg™) P(mgg™) LMA (g m™) N(mgg™) P(mgg™) LMA (g m™)
Mountain rainforest 15.3 0.7 94.9 11.7 04 170.5 [25]
Lowland rainforest 24.1 - 68.2 18.4 - 97.9 [24]
Tropical mountain rainforest 24.6 1.24 101 22.8 1.21 115 [32]
Tropical seasonal rainforest 28.79 1.58 49.1 22.22 1.12 63.2 [31]
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with high phosphorus concentrations [8,41], may be be-
cause of the high nutrient content of liana leaf litter and its
high rate of decomposition, and not the inherent nutrient-
rich soil per se.

2 Leaf litter production by lianas

Leaf litter production is an important part of forest nutrient
cycling [42,43], and liana litter production is distinct from
those of trees owing to their different life strategies [44].
Lianas seldom exceed 5% of total forest biomass [5].
However, their level of leaf production is relatively much
higher than that of trees, contributing up to 36% of total
above-ground leaf biomass (Table 2) and as much as 40%
of total leaf area in tropical rainforests [5,45]. Compared
with trees with the same diameter at breast height, lianas
produce much more leaf dry mass because, unlike trees,
they do not invest heavily in mechanical support organs
(stems, branches and buttresses). Accordingly, a larger
proportion of their resources can be directed to the produc-
tion of leaves [44,46], and up to 16%—40% of all leaf
litter within rainforests is derived from lianas (Table 2).
Thus, liana leaves have a disproportionate importance
in any consideration of nutrient dynamics, especially those
in the nutrient-poor rainforests [14,47,48]. Moreover, the
proportion of liana leaves in forest leaf litter production
increased from 10.1% in 1986 to 17.1% in 2002 in tropical
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rainforest in Barro Colorado Island, Republic of Panama.
This dramatic increase has been proposed to be because
of increasing atmospheric levels of carbon dioxide [14]
and may have important applications in rainforest manage-
ment.

3 Lianas as nutrient transporters

Lianas are able to grow horizontally from the places where
they are rooted until they reach a suitable vertical structure
(e.g., a trellis tree or an existing liana), which they can use
to gain access to the canopy and light [11,50]. Some lianas
are reported to grow horizontally as far as 100 m before
beginning to grow vertically to gain access to the tree can-
opy [50]. Furthermore, lianas are capable of rooting at mul-
tiple places and may root multiple times at different places
during their life cycle [11,51]. This makes them more flexi-
ble in accessing resources than trees that are normally root-
ed at only one place during their life time. As a result, lianas
may relocate nutrients in the form of nutrient-rich and easily-
decomposed leaf litter. Apart from this horizontal transport
of nutrients, lianas usually have a deep root system that al-
lows them to access nutrients and water beyond the reach of
trees [6,18]. Consequently, liana-supporting trees may re-
ceive a better supply of nutrients than liana-free trees
through regular input of liana leaf litter around their rhizo-
spere (Figure 1).

Table 2 Annual leaf litter production (t hm™) of trees and lianas in tropical and subtropical forests®”

Study area Forest type Tree Liana Reference
Gabon Tropical seasonal rainforest 3.85 (62%) 2.34 (38%) [47]
BCI” Tropical seasonal rainforest 5.91-7.80 (83%—87%) 0.87-1.59 (13%—-17%) [14]
Brisbane, Australia Subtropical rainforest 4.74 (76%) 1.47 24%) [49]
Coromandel coast, India Tropical dry evergreen forest 6.9 (711%) 2.8 (29%) [48]
Coromandel coast, India Tropical dry evergreen forest 5.6 (62%) 3.4 (38%) [48]

a) *, Data are ranges of annual leaf litter production over 17 years in a tropical seasonal rainforest on Barro Colorado Island, Panama. Data in parentheses

are the proportions of all leaf litter.

TT

Figure 1 Illustration of a compensatory liana and host-tree relationship in which lianas provide nutrients through large amounts of nutrient-rich and easi-
ly-decomposed leaf litter to compensate for the negative effect of using trees as support.
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4 Liana and gap dynamics

In rainforests, tree-fall gaps play a central role in tree dy-
namics [52]. The formation of many tree-fall gaps involves
subsequent vigorous growth of lianas, which may enlarge
the opening by ‘locking-down’ neighboring trees and thus
causing more damage to the canopy [11,12]. Under these
circumstances, a majority of fallen lianas can survive the
tree-fall, and many lianas may grow into the gap horizon-
tally from nearby intact forest [11,12,50]. Although the high
abundance of lianas in tree-fall gaps may delay redevelop-
ment of the forest canopy by competing directly with trees
[9,20], the presence of lianas in the forest gaps may promote
local nutrient cycling and thus contribute to the regeneration
during gap dynamics.

Tree-fall gaps provide a high-light environment for both
lianas that survive the tree-fall and lianas in the adjacent
undisturbed forest, leading to a temporary increase in the
number of lianas in the forest gaps [4,12]. The increase in
assemblages of small trees near forest gaps may facilitate
access of lianas to the tree canopy [4]. The high number of
lianas in tree-fall gaps may also act as nutrient transporters
contributing to redevelopment of the forest canopy. Many
lianas that have their crown in forest gaps are actually root-
ed in the nearby forest interiors. High abundance of lianas
in tree-fall gaps may lead to a high input of nutrient-rich
leaf litter, which may partly explain the increase in soil nu-
trient levels, particularly phosphorus, within gaps [34]. A
similar phenomenon also has been observed in Amazonian
rainforests, where the distribution of lianas was significantly
correlated with phosphorus concentration [8].

5 Lianas and rainforest

Lianas are integral elements of rainforest which, together
with trees, form the rainforest canopies that foster the most
diverse terrestrial ecosystem on earth. Many trees, especial-
ly large trees, bear lianas. For example, Putz [4] found that
half of the trees with DBH > 20 cm were host to at least one
liana in a Malaysian rainforest. Despite the wide recognition
of their receiving negative effects from lianas, host trees
may also benefit from the input of liana leaf litter and asso-
ciated ecological processes. This extra source may play an
important role in balancing the growth of liana-bearing trees
and liana-free trees, the latter depending mainly on local
supplies of nutrients. The benefits host trees receive, how-
ever, may not compensate for the negative effects once the
trees are climbed by excessive lianas over time. In addition,
lianas may also produce roots close to the host trees and
compete with them both below and above ground. Under
these circumstances, trees may experience reduced growth
and fecundity or even higher mortality rates [11,17,18].
Rainforests are the most productive terrestrial ecosys-
tems on Earth even though most tropical soils are among the
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poorest in terms of their nutrient content [53]. The produc-
tivity of rainforest generally is limited by nutrients such as
nitrogen [54] and phosphorus [43]; therefore an efficient
nutrient cycling system is crucial for tropical rainforests to
maintain the high productivity [35]. Gentry [44] noticed that
the litter to wood production ratio was higher in tropical
rainforests than in temperate forests and attributed the dif-
ference to the presence of abundant lianas producing a large
amount of leaf litter in rainforest.

An increasing number of studies have reported the high
production of liana leaf litter in different rainforests (Table
2). As discussed above, lianas contribute not only nutri-
ent-rich and easily-decomposed leaf litter, but are also able
to relocate nutrients within the rainforest. We hypothesize
that lianas are key elements in maintaining the productivity
in highly dynamics rainforests. Thus, a comprehensive re-
evaluation of the interaction of lianas and trees is needed.

6 Future research

It is becoming clear that lianas may play important roles in
the maintenance of rainforest diversity through their inter-
actions with trees and other life forms [5,10]. Apart from a
few reports on the positive impacts of lianas on rainforests
as physical and nutritional resources for animals [15,55],
most research has focused on the negative impacts of lianas
on trees and the rainforest as a whole [8,17,18]. Although
the role of lianas in nutrient cycling, as discussed in this
paper, can be very important in maintaining the high
productivity of rainforests, it has received little attention.
Lack of understanding of the roles that lianas play in rain-
forest dynamics may lead to inappropriate practices in rain-
forest conservation and management. The liana-tree associ-
ation proposed here provides new insights for further study
of lianas and contributes to a better understanding of the
maintenance of high biodiversity and of the coexistence of
species in rainforest.

Many aspects of the proposed new liana-tree association
need to be tested by further investigation and long-term
studies. We suggest the following questions as focal points
for future studies.

(i) What are the rates and amounts of nutrient transport
from lianas to their host trees? The answer to this question
is central to formulate the compensatory liana-tree relation-
ship. Isotope techniques can be used to monitor nutrient
flow from lianas to trees and verify their function in relo-
cating nutrients in forests.

(ii)) What is the contribution of liana leaf litter to litter
decomposition in different kinds of forests? The dispropor-
tionate leaf litter production of lianas may contribute sig-
nificantly to nutrient cycling in forests, not only through
rapid decomposition of liana leaf litter per se, but also by an
elevated decomposition rate for the whole forest, as liana
leaf litter may also have an additive effect and promote the
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decomposition of leaf litter from other plants.

(iii) Are there changes in rooting locations of lianas and
host trees across latitude, altitude, and rainfall gradients and
during forest regeneration after disturbance? By rooting at
different positions, lianas and hosts are able to minimize
below-ground competition for nutrients and water. The dis-
tance between the rooting positions of lianas and hosts,
however, may be affected by environmental factors, such as
temperature and water availability, that regulate the trans-
portation efficiency of lianas. We expect this distance will
become shorter from low to high latitudes and altitudes and
will also shift during forest regeneration through disturb-
ances.
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