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Abstract Lianas are an important group in tropical
rainforest that contribute to the alpha and beta diversity
along with its functional traits. The current study deals with
the floristic aspect of lianas and tree stands as their host
within the West Block of Batang Toru Forest, North
Sumatra, Indonesia. Seven transect lines were explored
constituting a total of 2.14 ha as a study area. Lianas
exhibited a peak in distribution at altitudes ranging between
850 and 950 m, followed by a subsequent decline in
abundance beyond altitudes exceeding 950 m. The study
identified a total of 77 liana species representing 47 genera
and 18 families, with Apocynaceae and Annonaceae being
the most speciose families. The study also identified six
distinct climbing modes, with stem climbing being the
most commonly observed mode. Among the host trees,
Palaquium spp. supported the highest number of liana
species, and Sapotaceae was the most dominant host family,
indicating that this family provides suitable ecological
conditions for the growth and development of lianas.
Majority of documented species were categorized into NE
(Not Evaluated) based on the IUCN Red List of Threatened
Species while Stephanotis floribunda (Apocynaceae) and
Gnetum oxycarpum (Gnetaceae) as VU (Vulnerable) and
EN (Endangered), respectively. Notophylls were majorly
identified across liana species which may indicate their
adaptation to the current forest condition.

Keywords Apocynaceae, Palaquium, Sapotaceae,
Stem Climbers, Notophylls

1. Introduction

Long-stemmed woody vines called lianas require
physical support from other plants to reach the forest
canopy, making them a distinctive feature of most tropical
forests [1]. Despite their small size, lianas have a
significant ecological impact and account for up to 40% of
leaf productivity in tropical forests [2]. Lianas can strongly
compete with trees, reducing their growth and reproduction
while increasing their mortality, ultimately altering forest
regeneration [3]. The density and diversity of lianas have
significantly increased in recent decades.

Lianas play a crucial role in the functioning of
ecosystems, particularly in transpiration, substantial carbon
sequestration, forest regeneration, and have a significant
impact on the patterns of pollination, dispersal, and
phenological systems, as well as the protection of
biological diversity [4,5]. Their species richness depends
on a variety of abiotic factors, including rainfall, soil
fertility, and disturbances. The main causes of liana
disturbance are tree fallings, which are crucial for
sustaining liana species and maintaining diversity [6].
Liana distribution decreases with increasing rainfall, and
the abundance, species richness, and distribution of lianas
in tropical forests are influenced by several factors.

Lianas play a crucial role in the diets of animals during
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periods when flowers and fruits from trees are scarce. Some
lianas do not have peaks for flowering and fruiting, while
others do so at different times than co-occurring trees [7].
Lianas have the ability to colonize and become established
in a broad range of habitats through reproduction by seeds
or sprouting. Lianas are increasingly abundant in tropical
forests, which indicate their impacts on ecosystems that
have undergone changes in various aspects over the
decades [8]. As ecosystem processes are increasingly
understood to be governed by the functional traits of
species, their abundance, and distribution in a particular
community, exploring the biodiversity-ecosystem
functioning  relationships  through  functional trait
composition rather than species richness is becoming more
prevalent [9].

To the best of our knowledge, the taxonomic study of
lianas in Indonesia remains limited, particularly in North
Sumatra, and sparse in locality across the nation. Located
in the southern part of North Sumatra, the Batang Toru
forest is characterized by a diverse array of stands across
the vegetational community, and is home to a wealth of
biodiversity in the area including the new orangutan
species, Pongo tapanuliensis [10]. This forest region
provides an optimal habitat for interconnected animal and
plant taxa, and is supported by favorable environmental

parameters that allow for the thriving of diverse ecosystems.

The West Block section of the forest is inevitably
threatened by land fragmentation and forest
reduction/fragmentation, mainly due to the conversion of
forests into oil palm plantations [11]. The composition of
liana community is vital data and information needed in the
development of forest management, including lianas as a
multifunctional group in ecology as mentioned earlier.

2. Materials and Methods

2.1. Study Area

The Batang Toru Forest is divided into two blocks: the
East Block and the West Block. The West Block of Batang
Toru Forest covers an area of 76,000 ha and located
between 989046 48" to 99°017' 24" E and 10<27' 00" to
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10959' 24" N. The climate is categorized as the type Af
according to the Koppen’s Climate System. The mean
temperature within the landscape ranges from 17 <C to 27 C,
and the relative humidity falls between 79% and 90%
(https://www.bmkg.go.id). The mean annual rainfall in the
region is between 2100 and 3610 mm on the southern coast,
with more abundant rainfall occurring during the north-
west monsoon from the end of October until April (wet
season), compared to the south-east monsoon from May to
October (dry season). The Batang Toru ecosystem is
characterized by steep topography with terrain slopes
greater than 60° and a wide altitudinal gradient ranging
from 8 to 1886 m above sea level (a.s.l) [12].

Lianas and tree host diversity was documented along the
survey sites in the West Block of Batang Toru Forest which
was chosen purposively and divided into seven tracks
namely Track A (3000 m), Track B (3500 m), Track C
(4000 m), Track H (2600 m), Track G (3300 m), Track
JMK (2400 m), and Track Gua (2600 m) as presented in
Figure 1. The total surveyed area was 2.14 ha in the forest
region. The Batang Toru Forest (HBT), covering an area of
136,000 ha, is located administratively in Tapanuli Utara,
Tapanuli Tengah, and Tapanuli Selatan Regencies,
spanning geographically between 98<53' to 99°26' E and
02903'to 01°27' N.

2.2. Sampling and Data Analysis

All lianas with diameters greater than or equal to 1.5 cm
rooted within the transect lines and of trees with diameters
greater than or equal to 10 cm at breast height were
measured and documented. Lianas were assigned to one of
seven different climbing mechanisms, including hook
climbers, root climbers, stem climbers, scramblers-armed,
scramblers-unarmed, stem twiners, and tendril climbers.
Leaf types were classified according to Webb [13] with
some modifications, with leptophyll leaves measuring less
than 0.25 cm?, nanophyll leaves measuring 0.25-2.25 cm?,
microphyll leaves measuring 2.25-20.25 cm?, notophyll
leaves measuring 20.25-45 cm?, mesophyll leaves
measuring 45-182.25 c¢cm?, macrophyll leaves measuring
182.25-1640.2 cm?, and megaphyll leaves measuring over
1640.2 cm?. The measurement of leaf area was performed
using ImageJ software (https://imagej.net/ij/index.html).
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Figure 1.

3. Results and Discussion

The liana community exhibited a peak in distribution at
altitudes ranging between 850 and 950 m a.s.l, followed by
a subsequent decline in abundance beyond altitudes
exceeding 950 m, as illustrated in Figure 2. The altitudinal
distribution of lianas often exhibits a hump-shaped or
unimodal pattern, which may be attributed to the presence
of an altitudinal range that is optimal for their growth and
survival. Prior research has documented the prevalence of
lianas in tropical forests, such as those found in Ghana,
India, and Malaysia [15-17]. These investigations have
demonstrated a consistent pattern of decreasing liana
species richness with increasing altitude, with the highest
richness observed at intermediate elevations. Furthermore,
the richness of liana species in a given area may be
influenced by forest type, disturbance levels, and edaphic
factors [18,19].

A total of 77 liana species representing 47 genera and 18
families were documented along the six transects in the
West Block of Batang Toru Forest (Table 1). Species
richness averaged 35 species ha-1 within 2.14 ha of survey
area. The most speciose families were Apocynaceae (13
species), followed by Annonaceae (10 species), Vitaceae (9
species), Moraceae (8 species), Melastomataceae (6
species) and so on (< 5 species). The most speciose genera
include Ficus (8 species) and Ampelocissus (6 species).

Taxonomic Diversity of Lianas in the Batang Toru Forest, North Sumatra

Map location of study area and survey sites of liana and tree host composition in the Batang Toru Forest.

This indicates a relatively diverse liana community in the
study area.

Our findings showed that the species richness of liana in
Batang Toru Forest is relatively higher than previous
studies, for example 24 species in the Afromontane forest,
Ethiopia [20], 52 species in the tropical dry evergreen
forest, India [21], 57 species in the Southern Scarp Forest
Reserve, Ghana [22], and 45 species in the tropical
montane evergreen forest, Western Ghats, Southern India
[23]. Although some studies have shown that the larger
area of survey may yield a higher number of liana species
richness, for example 162 species in a 50-ha plot in Barro
Colorado Island, Panama [24] and 106 species in 18 plots
(1-ha each) in Yasuni National Park and the Huaorani
Ethnic Reserve, Ecuador [25].

Meanwhile, the presence of Apocynaceae as the
dominant liana species in this study indicates their ability
to adapt better to tree habitats with dense canopies. This
suggests that the dominant vegetation in Batang Toru is
likely also dominated by Apocynaceae vegetation.
Members of  Apocynaceae from genera, i.e.
Condylocarpum, Forsteronia, Peltastes, and Prestonia
have been reported as dominant liana families in
subtropical Atlantic forests [26]. The present study
provides additional evidence supporting previous
observations made by some authors regarding the
prevalence of Apocynaceae families in tropical forests with
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diverse geographical distributions [27,28].

The highest species diversity of the Ficus genus in this
study serves as additional evidence supporting previous
reports and highlights its importance as a significant fruit-
bearing tree for frugivores in the forest. With a total of 28
species, Ficus spp has been identified as a keystone genus
in tropical forests including the West Block region due to
its role in providing food resources for a wide range of
animal species [29]. Majority of documented species were
categorized into NE (Not Evaluated) based on the IJUCN
Red List of Threatened Species while Stephanotis
floribunda (Apocynaceae) and Gnetum oxycarpum
(Gnetaceae) as VU (Vulnerable) and EN (Endangered),
respectively. This highlights the importance of protecting
the liana community in the study area.

The study site yielded a total of 58 host tree species
belonging to 30 families. The Sapotaceae family was the
most dominant host species, harboring eight liana species,
followed by Fagaceae with seven species, and Achariaceae
and Rubiaceae with six species each, as presented in Figure
3. Among the host trees, Palaquium spp. (P. hexandrum, P.
rostratum) supported the highest number of liana species.
The dominance of Sapotaceae as a host family, suggests
that this family provides suitable ecological conditions for
the growth and development of lianas.

The fact that lianas predominantly use Sapotaceae stems
or barks for their habitat in your study suggests that the
stems of Sapotaceae members, such as Palaquium spp, may
possess certain structural features that enable them to
support the weight of the lianas. Lianas tend to
preferentially use tree species with specific characteristics,
such as thick bark or strong stems, as supports for their
growth [26]. Therefore, it is possible that the stems of
Sapotaceae members are rough and strong enough to
provide a suitable habitat for lianas in the forest. However,
further investigation would be necessary to determine the
specific structural attributes of Sapotaceae stems that make
them favorable for liana growth and development.

Within the 77 liana species present in Batang Toru, Six
distinct climbing modes were identified, as documented in
Figure 4. The most commonly observed climbing mode
was stem climbing, which was employed by 37 species,
constituting 48% of the total liana abundance. Notably, the
majority of Ficus species (6 species) utilized this mode.
Stem twining and tendril climbing were each employed by
14 species (18% each), with Fissistigma and Ampelocissus
species being the most common users of these modes,
respectively (Figure 5). Minority of species employed the
remaining climbing modes including scramblers-armed,
hook climbers, and root climbers (<10%). No liana species
was found to utilize the scramblers-unarmed mode of
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climbing in the study site.

Stem climbing is a highly advantageous strategy for
lianas as it enables them to rapidly and efficiently ascend
towards the forest canopy by utilizing the host tree's
vertical structure for support. This mode is predominantly
adopted by liana species characterized by long and flexible
stems capable of wrapping around tree trunks and other
vertical structures. Once anchored, lianas can grow towards
the canopy, utilizing the support of the host tree to achieve
heights that would be otherwise unattainable [30].

The study area was found to exhibit four distinct leaf
functional traits based on their size and morphology. These
traits were categorized and ranked according to their
respective group percentages as follows: notophylls (41%
comprising 32 species), microphylls (30% comprising 23
species), mesophylls (25% comprising 19 species), and
megaphylls (4% comprising 3 species), as illustrated in
Figure 6.

The prevalence of notophyll lianas in the research site
implies that the majority of species have adapted to the
specific environmental conditions of the shaded areas in
tropical forests, which are characterized by less gaps and
complex canopies. Notophylls are a distinct leaf type
characterized by their small size and low vein density,
which may confer advantages to lianas by enabling them to
better tolerate the low light levels and resource competition
that are typical of the forest understory. The prevalence of
notophylls may also reflect their capacity for rapid growth
and upward climbing in search of better access to light and
resources in the forest canopy [31]. This study provides the
first report on the taxonomic diversity of lianas in the West
Block of Batang Toru Forest, as well as their functional
traits, based on host and leaf trait descriptions. However,
further research is needed to gain a deeper understanding
of this topic.

850-900 900-950 950-1000 1000-1050

Altitudinal range (m)

800-850

Figure 2. Distribution of liana species across altitudinal ranges
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Table 1. Species composition of liana in study site

No. Family Genera Species
1. Annonaceae Artabotrys Artabotrys costatus King.
2. Annonaceae Artabotrys Artabotrys crassifolius Hook.F. & Thoms.
3. Annonaceae Artabotrys Artabotrys scortechinii King
4. Annonaceae Desmos Desmos chinensis Lour.
5. Annonaceae Desmos Desmos dumosus (Roxb.) Saff.
6. Annonaceae Fissistigma Fissistigma fulgens (Hook. F & Thoms.) Merr.
7. Annonaceae Fissistigma Fissistigma lanuginosum (Hook. F. & Thomson) Merr.
8. Annonaceae Fissistigma Fissistigma latifolium (Dunal) Merr.
9. Annonaceae Friesodielsia Friesodielsia glauca (Hook. F. & Thomson) Steenis
10. Annonaceae Pyramidanthes Pyramidanthes prismatica (Hook. F. & Thomson) Merr.
11. Apocynaceae Aganosma Aganosma breviloba Kerr.
12. Apocynaceae Anodendron Anodendron condolleanum Wight.
13. Apocynaceae Finlaysonia Finlaysonia obovata Wall.
14. Apocynaceae Genianthus Genianthus crassifolius (Wight) Hook.F.
15. Apocynaceae Genianthus Genianthus trullatus Klack.
16. Apocynaceae Hoya Hoya imperialis Lindl.
17. Apocynaceae Hoya Hoya micrantha Hook. F.
18. Apocynaceae Leuconotis Leuconotis griffithii Hook. F
19. Apocynaceae Stephanotis Stephanotis floribunda Jacques
20. Apocynaceae Marsdenia Marsdenia parvifolia Brandegee
21. Apocynaceae Parameria Parameria laevigata (Juss.) Moldenke
22. Apocynaceae Secamone Secamone ferruginae K.Schum.
23. Apocynaceae Strophanthus Strophanthus caudatus (L.) Kurz
24. Avraliaceae Heptapleurum Heptapleurum ellipticum Seem.
25. Araliaceae Schefflera Schefflera tetranda Merr.
26. Arecaceae Calamus Calamus trachycoleus Becc.
27. Arecaceae Calamus Calamus melanochaetes Mig.
28. Arecaceae Korthalsia Korthalsia rostrata Blume.
29. Caesalpiniaceae Lasiobema Lasiobema scandens (L.) de Wit
30. Connaraceae Connarus Connarus semidecandrus Roxb.
31. Gnetaceae Gnetum Gnetum oxycarpum Ridl.
32. Loganiaceae Strychnos Strychnos ignatii P.J. Bergius.
33. Loganiaceae Strychnos Strychnos vanprukii Craib.
34. Melastomataceae Dissochaeta Dissochaeta divaricata G. Don.
35. Melastomataceae Dissochaeta Dissochaeta gracilis (Jack) Blume.
36. Melastomataceae Dissochaeta Dissochaeta leprosa Blume.
ar. Melastomataceae Creochiton Creochiton bibracteatus Blume.
38. Melastomataceae Creochiton Creochiton pudibundus Blume.
39. Melastomataceae Medinilla Medinilla rubicunda (Jack) Blume
40. Menispermaceae Albertisia Albertisia crassa Forman.
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41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

Menispermaceae
Menispermaceae
Menispermaceae
Menispermaceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Papilionaceae
Pandanaceae
Pandanaceae
Piperaceae
Piperaceae
Rosaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Smilacaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae
Vitaceae

Vitaceae

Arcangelisia
Fibraurea
Hypserpa

Pycharrhena

Ficus
Ficus
Ficus
Ficus
Ficus
Ficus
Ficus
Ficus
Abrus
Calofogonium
Derris
Milettia

Sphatolobus
Frecynetia
Frecynetia

Piper
Piper
Rubus
Psychotria
Psychotria
Uncaria
Uncaria
Uncaria
Smilax

Ampelocissus

Ampelocissus

Ampelocissus

Ampelocissus

Ampelocissus

Ampelocissus
Cayratia

Tetrastigma

Tetrastigma

Arcangelisia flava (L.) Merr.
Fibraurea tinctoria Lour.
Hypserpa nitida Miers.
Pycnarrhena cauliflora Diels
Ficus acamptophylla (Mig.) Mig.
Ficus heterophylla Blume.
Ficus laevis Desf.

Ficus microcarpa L.

Ficus paracamptophylla Corner.
Ficus pubinervis Blume.
Ficus recurva King.

Ficus sagittata Vahl.
Abrus precatorius Linn.
Calofogonium mucuonides Desv.
Derris scandens (Roxb.) Benth.

Millettia pachycarpa Benth.

Spatholobus ferrugineus (Zoll & Moritzi) Benth.

Frecynetia javanica Blume.
Frecynetia sumatrana Hemsl.
Piper muricatum Blume
Piper porphyrophyllum (Lindl.) N.E.Br.
Rubus moluccanus Auct.
Psychotria ovoidea Wall. Ex Hook.F.
Psychotria sarmentosa Blume.
Uncaria acida (W. Hunter) Roxb.
Uncaria cordata (Lour.) Merr.
Uncaria rhynchophylla (Mig.) Mig.
Smilax rotundifolia L.
Ampelocissus cinnamomea (Wall.) Planch
Ampelocissus elegans (Kurz) Gegnep.
Ampelocissus gracilis (Wall.) Planch.
Ampelocissus korthalsii Planch.
Ampelocissus rubiginosa Lauterb.
Ampelocissus thyrsiflora (Blume) Planch.
Cayratia japonica (Thunb.) Raf.
Tetrastigma dichotomum Planch.

Tetrastigma papillosum (Planch.)
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Figure 4. Percentage of liana climbing modes across species
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Figure 5. Six climbing modes of liana: (A) Hook climbers — Uncaria cordata, (B) Root climbers — Piper porphyrophyllum, (C) Scramblers-armed —
Tetrastigma papillosum, (D) Stem climbers — Ficus heterophylla, (E) Stem twiners - Albertisia crassa, (F) Tendril climbers - Fibraurea tinctoria

4%

25%

41%

30%

BMegaphyll OMesophyll BMicrophyll ONotophyll

Figure 6. Percentage of leaf functional traits in lianas across species
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4. Conclusions

This study provides insights into the taxonomic diversity
of lianas, their host families, climbing modes, and leaf
functional traits. The findings indicate that lianas from the
Apocynaceae family and host tree species from the
Sapotaceae family are dominant in the study area. The
ability to climb via stem was identified as a crucial
adaptation mechanism for lianas in the region. Notably,
most lianas were classified as notophylls, which implies a
slower photosynthetic rate and an energetic allocation for
rapid growth in order to support climbing modes.
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