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Lianas from lives to afterlives

1°! International workshop on liana forest ecology,
Xishuangbanna, China, 12-16 October 2023

Tropical forests constitute the world’s largest biomass carbon pool
and are important global reservoirs of biodiversity, yet they are
being increasingly degraded by anthropogenic activities. Evidence
from American tropical forests suggests that forest disturbance and
climate change result in increased liana abundance and biomass,
but data are still lacking from African and Asian forests. An
increasing abundance of lianas may affect forest ecosystem services,
which is concerning as these services are poorly understood.
Recognizing the urgent need to evaluate how increases in lianas
could affect local and regional carbon, nutrient, and water cycles,

35 scientists (Fig. 1), at different career stages, from 14 countries
working across Africa, America, and Asia, convened at the
1* International Workshop on Liana Forest Ecology held at
Xishuangbanna Tropical Botanical Garden (XTBG), China, 12—
16 October 2023. With the focus ‘From life to afterlife: liana
proliferation and its consequences for carbon and water cycling’,
the workshop discussed how carbon, nutrient, and water cycles are
affected by: (1) drivers of liana distribution and demography; (2)
hydraulics of lianas vs trees; (3) lives of lianas; (4) afterlives of lianas
(Fig. 2). Here, we provide a summary of our discussions.

Drivers of liana distribution and demography

S.A. Schnitzer (Marquette University, USA), R. T. Corlett
(Xishuangbanna Tropical Botanical Garden, China), and
B. Ofosu-Bamfo (Kwame Nkrumah University of Science
and Technology, Ghana) provided overviews of liana research in
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Fig. 1 Participants of the workshop at Xishuangbanna Tropical Botanical Garden research center, Yunnan, China.
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the Americas, Asia, and Africa respectively. Most quantitative
research has occurred in the Americas, but there is increasing effort
in other continents. S.A. Schnitzer highlighted recent work, which
shows that lianas reach high density and diversity in tree fall gaps in
the tropics and can suppress trees and other growth forms. He noted
that information on liana demography using established sampling
protocols is critical to reveal the age and size classes where lianas are
thriving, and provides a way to compare the potential causes of liana
increases among sites. Such censuses must be further expanded to sites
in Africa, Australia, and Asia. In the latter region, a combination of
such censuses with in-depth studies will also contribute to better
insights into the ecology of rattans, a diverse and commercially
important group of climbing palms (R. T. Corletr).

Hydraulics of lianas vs trees

Understanding hydraulic differences between trees and lianas is
critical to explaining both their competitive interactions and their
impacts on soil-water resources. Lianas have, on average, wider
vessel diameters and greater lengths than trees, resulting in more
efficient hydraulic transport and potentially greater vulnerability to
embolism (Smith-Martin et al, 2022). However, studies with
refined methods, including X-ray micro-computed tomography,
optical vulnerability techniques, and improved bench-top dehy-
dration methods to assess dehydration-induced embolism, have
shown that lianas are more resistant to embolisms than previously
thought (Chen ez af, 2021; Smith-Martin ez al., 2022; K. Cao,
Guangxi University, China). This may be because of the wider
distribution of xylem vessel diameters in lianas compared with
trees: Small vessels can continue to transport water even after larger
vessels have been embolized (Smith-Martin ez al, 2022; Zhang
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Fig. 2 Overview of topics covered during the
workshop.

et al., 2023). There was debate during the workshop about the
possible mechanisms, leading to the conclusion that the refilling of
embolized vessels is not supported by concrete evidence. C.M.
Smith-Martin (University of Minnesota, USA) suggested that
more comparative studies on xylem anatomy, examining pit
membrane thickness and xylem vessel connectivity, are needed to
establish whether large vessels are isolated from the smaller vessels in
lianas, as this would prevent the propagation of embolisms, with
implications for water cycling.

Lianas perform better than trees during seasonal drought, with
higher photosynthetic rates, fewer negative predawn leaf water
potentials, and higher growth rates than trees (Schnitzer & van der
Heijden, 2019; Smith-Martin et 4/, 2019). C.M. Smith-Martin
pointed out tha, although this difference was previously ascribed to
lianas having deeper roots than trees, stable isotopic studies revealed
deep or shallow water use by lianas relative to trees. Meanwhile,
excavation studies reported no difference in rooting depth among
juvenile lianas and trees, but a greater depth of mature trees than
lianas (Smith-Martin et a/., 2019, 2020). C.M. Smith-Martin also
noted that rooting depth is likely species- and site-specific, so
further root excavation studies are needed. If lianas are notaccessing
deeper sources of water, then they must rely on other mechanisms
to outperform trees during seasonal drought. Potential explana-
tions include that lianas lower their leaf turgor loss point during the
dry season to increase drought resistance (S.A. Schnitzer,
Marquette University, USA), and/or have peak photosynthetic
rates early in the morning when vapor pressure deficit is low (Chen
et al., 2017). K. Tomlinson (Xishuangbanna Tropical Botanical
Garden, China) suggested that controlled dry-down experiments
would yield critical data on leaf physiological responses of lianas
and trees to soil drying.
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Lives of lianas

A diversity of life histories

Talks on seed, seedling, and adult liana diversity emphasized that
studies to date typically focused on few species, whereas the rare
examples of community assessment show the great diversity of liana
life forms. Those analyses suggest that lianas should not be treated
as a single functional type when understanding forest community
dynamics. M. Roeder (Karlsruhe Institute of Technology,
Germany) reported a large range of seed traits and germination
requirements in an Amazonian forest community. She also
reported on seedling traits, which were related to remarkable
differences in the life histories of lianas from different forest types.
Under a closed canopy primary forest, lianas can form free-standing
seedling or sapling banks (often by clonal vegetative reproduction).
In secondary forests, with increased light availability, liana
vegetative regeneration increases in importance and growth.
Associated traits were more heterogenous than in primary forests.
M. Roeder advocated expanding trait-based liana community
analyses to generate a deeper understanding of the functional
ecology of lianas across forest types, further pointing out that
biometric analyses of seeds can provide a large amount of
information without the need for resource-intensive germination
tests. G. Zotz (Carl von Ossietzky University, Germany) advocated
a more holistic approach to growth forms. He noted that
herbaceous vines are understudied, and further concluded
that ecologists should avoid treating ‘woody lianas’, ‘herbaceous
vines’, and ‘epiphytes’ as homogenous functional groups, a
sentiment that has been put forward elsewhere (e.g. Meunier
et al., 2021; Schnitzer & Carson, 2023).

Liana reproductive phenology

Liana reproductive phenology is important for plant and animal
community dynamics, as flowers and fruits are important
animal food resources. Liana reproductive phenology ranges from
seasonal to aseasonal depending on dry season length; in
seasonal environments with asynchrony in reproductive phenology
between trees and lianas, lianas may provide critical fallback
resources for animals. Unfortunately, there are few studies on liana
phenology and they are mostly from the American tropics; most do
not quantify flower and fruit resources over time, which is critical to
understanding their contribution to ecosystem functions and
services. At the meeting, two recent studies from Asia and Africa
were reported. In an Asian seasonal forest, peak flowering coincided
in the late dry season between trees and lianas, but lianas produced
more flowers earlier in the dry season (T.C. Ling, Chiang Mai
University, Thailand), which contrasts with asynchrony between
the growth forms in seasonal forests in Mexico (Cortés-Flores
etal.,2017). In two African seasonal forests, liana flowering peaked
twice per year in the wetter forest and only once in the drier forest,
corresponding with the rainfall patterns of each forest (B. Ofosu-
Bamfo). Remote sensing and on-site cameras may rapidly increase
the spatial and temporal coverage of phenological studies
(e.g. Kagamak ez al, 2022), allowing future research to establish
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how abiotic (e.g. rainfall, seasonality) and biotic factors
(e.g. phylogeny and pollinator guilds) influence liana phenology.

Afterlives of lianas

The contributions to carbon and nutrient cycling of litter generated
from lianas vs trees remain poorly documented. M. Roeder
highlighted the lack of community-level studies on litterfall and
decomposition of lianas vs trees and presented evidence (including
higher leaf nitrogen content) that leaves of lianas consistenty
decompose faster than trees in a multi-community study (Roeder
et al., 2022). This corresponded with experimental evidence from
temperate species reported by H. Cornelissen (Vrije Universiteit
Amsterdam, the Netherlands), J. Zuo (Wuhan Botanical Garden,
China) suggested that differences in litter quality sourced from lianas
and trees offer an opportunity to test some ecological hypotheses such
as mixture effect mechanisms. D. Schaefer (Kunming Institute of
Botany, China) pointed out that wood and leaf decomposition
studies, in general, have been performed separately, and that future
decomposition studies should include leaf and wood litter mixtures.

Liana wood decomposition is thought to be enhanced by its low
wood density, and large-diameter and long xylem vessels allowing
fungal hyphae to proliferate and invertebrates to invade. Due to
differences in liana woody debris nutrient content compared with
trees, the two growth forms could host different communities of
invertebrate decomposers. G.G.O. Dossa (Xishuangbanna Tropi-
cal Botanical Garden, China) expected invertebrate contribution to
liana woody debris decomposition to be higher in magnitude
compared with tree woody debris, and H. Cornelissen proposed
that the role of termites should be considered in future studies.
Termites are quite selective for food quality; thus, deadwood
studies will provide more insights if they include anti-termite cages.
Furthermore, since some of the decaying material remains
suspended in the forest canopy, studies should quantify this
suspended portion of decaying litter and compare ground vs
suspended woody debris for (abiotic and biotic contributions to)
decomposition (G.G.O. Dossa).

Conclusions

The increase in liana density and basal area is one of the major
changes now occurring in many tropical forests and was a central
theme of the workshop. The potential ramifications of increasing
liana density illuminated the need for a deeper understanding of the
fundamental ecology of lianas.

A more complete understanding of liana hydraulics and
underlying traits may be critical to understanding their ability to
efficiently move more water from the soil to their sun-exposed
leaves. Resolving where lianas access water in the soil profile, the
amount of water they take up, and how these vary with climate and
soils, remains a priority area of research.

Leaf phenology and the afterlives of lianas are clear gaps in our
general understanding of the contribution of lianas to ecosystem
services and nutrient cycling in forests. Liana stem and leaf
properties differ from those of trees, making unique contributions
to forest soil dynamics. Thus, the contribution of lianas to decay
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rates of dead plant matter and their interactions therein with tree-
derived deadwood and litter are understudied but potentially
important to understanding forest ecology.

One key outcome of this workshop is the acknowledgement that
insight can be gained by merging analyses of species-level functional
traits of wide-ranging lianas and trees, with those of community-
level plant and decomposer composition, demography, and matter
cycling. This will likely be a key theme to be addressed in a follow-
up workshop (potentially in Beijing in 2025).
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