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ABSTRACT

We present the first-ever attempt to estimate the taxonomic diversity of climbing plants in India,
following the recent APG IV classification. We used more than 100 published and unpublished
sources spanning more than a century to compile the extensive list of climbers. Our study revealed
that the climbing plants in India are phylogenetically diverse, representing 2624 species radiated
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across 585 genera and 104 spermatophyte plant families. About two-thirds of the total climbers
enumerated from the present study are lianas. Scramblers, in particular, are exclusively woody,
unlike twiners and tendril climbers. The diversity of climbing mechanisms varied significantly

systematics; growth form;
climbing mechanism; APG IV

Mots clés

across the 104 climber families. We also present the revised list of global climbing plant families,
adding significantly to the existing dataset. We found that the climber diversity data collected
exclusively from the ecological inventories or the taxonomic records underestimated the actual
climber diversity by a significant margin. We discuss some of the key constraints in developing
a climber database and recommend a replicable model, integrating ecology and taxonomy-based
enumerations for the most precise estimate of climber diversity within a defined geographical area.
The baseline data generated through our research will find applications in many ecological,
taxonomic, phylogenetic, and evolutionary studies on climbers.

Lianes; phylogénie;
systématique; forme de
croissance; mécanisme
grimpant; APG IV

RESUME

Nous présentons la premiere tentative d’'estimation de la diversité taxonomique des plantes
grimpantes en Inde, suivant la plus récente classification APG IV. Nous avons utilisé plus de 100
sources, publiées ou non, couvrant plus d'un siecle, afin de dresser la liste des plantes grimpantes.
Notre étude a révélé que les plantes grimpantes en Inde sont phylogénétiquement diversifiées,
représentant 2624 espéces parmi 585 genres et 104 familles de plantes spermatophytes. Environ
les deux tiers de toutes les plantes grimpantes énumérées dans cette étude sont des lianes. Les
plantes rampantes sont exclusivement ligneuses, contrairement aux plantes volubiles ou a vrilles.
La diversité des mécanismes grimpants varie significativement parmi les 104 familles. Nous
présentons aussi la liste mondiale révisée des familles de plantes grimpantes, en faisant des ajouts
importants a la base de données. Nous avons découvert que les données sur la diversité des
plantes grimpantes collectées exclusivement lors d’inventaires écologiques ou dans les archives
taxonomiques sous-estiment significativement la diversité réelle. Nous discutons certaines des
principales contraintes au développement d'une base de données des plantes grimpantes et nous
recommandons un modele réplicable, combinant les dénombrements écologiques et taxonomi-
ques afin d’obtenir 'estimation la plus précise de la diversité des plantes grimpantes d'une région.
Les données générées par notre étude seront utiles a plusieurs études écologiques, taxonomiques,
phylogénétiques et de I'évolution des plantes grimpantes.

Introduction
needed for self-supporting growth (Putz and Chai 1987).

Therefore, they rely on external support to ascend the
forest canopy (Gentry 1991). Climbers have evolved
a variety of climbing mechanisms ranging from stem

Climbers are plants that lack autonomous vertical
growth (Wyka et al. 2013). Although rooted in the
ground, they often fail to attain the mechanical strength
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twining, tendril climbing, and producing adhesive roots
that help them reach the forest canopy for better-lit
environments (Muthuramkumar and Parthasarathy
2000; Muthumperumal and Parthasarathy 2010; Vivek
and Parthasarathy 2015, 2017; Sperotto et al. 2020).
Climbers are either woody (lianas) or non-woody
(vines) plants that constitute one of the most conspic-
uous elements but are not limited to the tropical forest
ecosystems (Emmons and Gentry 1983; Gentry 1991;
Pérez-Salicrup et al. 2001). Woody climbers can comprise
up to 30% of the woody plant diversity in many tropical
forest ecosystems (Jongkind and Hawthorne 2005).
Freeze-based embolism may limit their distribution
within the tropics, but recent studies have shown their
fair representation in temperate (Allen 2015) and sub-
tropical ecosystems (Yuan et al. 2009; Malizia et al. 2015).
Taxonomically, climbers are among the most diverse
growth forms represented in 171 plant families of
Gymnosperms, Pteridophytes, and Angiosperms
(Gianoli 2015). There are families like Convolvulaceae
(55 genera/~1850 species), Cucurbitaceae (97 genera/
~ 990 species), and Menispermaceae (72 genera/~450
species) in angiosperms which are exclusively climbers.
Nevertheless, Fabaceae is the most speciose climber
family in the paleo-tropics by numbers (Putz and Chai
1987; Cai et al. 2009; Anbarashan and Parthasarathy
2013), while Apocynaceae and Fabaceae account for
the most species-rich climber family in the Neotropics
(Acevedo-Rodriguez et al. 2015 onwards).

Climbing plants have long attracted the interest of
many ecologists and evolutionary biologists, owing to
the peculiarities associated with this life form (Darwin
1875; Schenck 1892; Isnard and Silk 2009). Although
research on climbers gained momentum in the last two
decades (Schnitzer et al. 2012; Tang et al. 2012; da Cunha
Vargas et al. 2021), the fundamental question of how
many climbers are out there is still poorly understood.
Firstly, climbers were neglected from many forest inven-
tories because of the difficulties in taxonomical assertion
and complexity in measurements, particularly in differ-
entiating the ramets and genets. Further, the challenges
in assigning the growth-form and climbing mechanisms
among climbers often keep them off the census. For
example, different terminologies such as climbing
shrubs or scandent shrubs are used frequently in taxo-
nomic surveys as an equivalent for what is otherwise
known as a scrambler in ecological inventories. Many
taxonomic surveys seldom consider scramblers as clim-
bers however include them in the self-standing category
as shrubs or small trees. Secondly, the limited ecological
inventories focused on climbers are more inclined
toward the lianas, leaving a substantial proportion of
herbaceous climbers which may underestimate the

global climber diversity by a significant margin. Overall,
climbers are either not adequately documented in the
ecological inventories or confused with different ter-
minologies used in taxonomic surveys. As a result, we
have lower estimates of climber diversity, which may
hinder our understanding of their ecological and evolu-
tionary significance.

The climbing plants play a crucial role in structuring
and regulating tropical forest ecosystems worldwide
(Schnitzer and Bongers 2002). From a structural perspec-
tive, climbers add considerably to species diversity and
stem counts (Vivek and Parthasarathy 2015), and also
provide food resources for the fauna that depend upon
them (Parthasarathy et al. 2015). Moreover, they bind the
canopy together and facilitate the movement of arbor-
eal animals. Since climbers do not need to invest more in
mechanical support, they devote most of their resources
to producing leaf and reproductive parts. Thus, they
compete aggressively with trees for aboveground and
belowground resources, resulting in reduced tree
growth and survival (Toledo-Aceves 2015). Growing evi-
dence suggests an increase in the abundance and bio-
mass of climbers, especially in the tropics (e.g., Schnitzer
and Bongers 2011; Vivek and Parthasarathy 2018). While
the underlying biological mechanisms remain unclear, it
is a prerequisite to precisely estimate the climber diver-
sity to comprehend the tangible ecological implications
of the increased abundance and biomass of climbers.

India is one of the most biologically diverse countries
in the world. The nature of diversity and heterogeneity in
landscapes, coupled with the legacies of rich botanical
literature in India offers one of the finest platforms to
study the taxonomic diversity of climbers. In this study,
we ask a simple question: How many species of climbers
are there in India and how can we estimate them more
precisely? In addition, this study aims to understand the
diversity of climbing mechanisms among the Indian
climbing flora. We also intend to update the global list
of climbing plant families (Spermatophytes) represented
at least by one climber species.

Methods
Life-form classification

The increased interest in climbers paralleled the number
of terminologies used in literature. We adopted the
following terms to be accepted as climbers in the pre-
sent survey viz. lianas, climbers, woody climber, herbac-
eous climber, twiner, tendril climber, root climber,
straggler, vines, scandent shrub, climbing shrub, semi-
scandent, sub-scandent, climbing sarmentose shrub,
rambling shrub, rambling climber, scrambling shrub,



scrambling climber, robust climber, hook climber, and
branched climbers. However, based on their mode of
climbing, we assigned all the climbers broadly under
any of the six major climbing categories viz. armed-
scramblers (SCR-A), unarmed-scramblers (SCR-UA),
stem twiners (ST), tendril climbers (TC), root climbers
(RC), and hook climbers (HC).

Data sources, validation, and curation

The present compilation of climbing plants of India is an
outcome of an extensive up-to-date literature survey
from the number of published sources between 1875
and 2021. We screened a total of 33 published Indian
spermatophyte flora, scaling the entire geography,
including the Islands of Andaman and Nicobar, for the
presence/absence of climbers (Figure 1; Online
Resource 1). In addition, we referred to a total of 70
research articles published from India that focused on
qualitative and quantitative studies on climbers carried
out to date (Online Resource 2). We retrieved the climber
data from the national biodiversity characterization
database (BIS - Biodiversity Information System (iirs.
gov.in)) carried out across 3343 micro-plots (50 m?
each). Records of the new species discoveries published
by the Botanical Survey of India (BSI 2008-2020) were
also verified for new species records on climbers in
recent times (Plant discoveries (bsi.gov.in). The geo-
coordinates reported for the new climber species record
were taken from the original publication. The initial
screening for climbers yielded 24,829 data points
(pooled dataset). While assembling the database, the
most time-consuming work was to determine the cor-
rectness of those plant species reported by previous
workers under different synonyms. In such cases, we
made all the nomenclatural changes as per the recent
APG IV classification to recognize the valid scientific
names (Chase et al. 2016). Though cumbersome, such
an effort has removed the synonyms, which otherwise
arbitrarily inflate the number of species. We used the
WorldFlora R package (Kindt 2020) to match the plant
names against the World Flora Online (WFQO) taxonomic
backbone data (Home (worldfloraonline.org)) as per the
APG IV classification (Chase et al. 2016). WorldFlora offers
a straightforward pipeline for semi-automatic plant
name-checking, and the success rate of credible name
matches ranged from 94.7% to 99.9%. Finally, the num-
ber of unique entries derived from WFO data was con-
sidered final for analysis. The geographical distribution
of every species in the final list was verified using rele-
vant sources (Nayar 1980; Nayar et al. 2014; Singh et al.
2015; Rao et al. 2019; Reddy et al. 2021), and those
species endemic to India were enumerated. We
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executed a similar process to assign the conservation
status for each species as per the revised IUCN criteria
and categories (IUCN 2021). We used Hu et al. (2010),
Gianoli's (2015), Acevedo-Rodriguez et al. (2015), Hu and
Li (2015) and Gallagher (2015) to compare and update
the global climbing plant family list as per the APG IV
classification. The sequence of methods followed is in
Figure 2 for easy adaptation and replication. We used
Microsoft Excel, R Version 4.1.2 (R Core Team 2021),
MEGA 11.0.10, and ArcGlIS ver. 10.2. for data analysis.

Limitations of the data

Delineation of the geographical boundary

The classical taxonomy works like The Flora of British
India (1875-97), and The Flora of the Presidency of
Bombay (1901-03) was first published much before the
bifurcation of India, which essentially include species
from outside present-day India. However, firstly we fil-
tered out the species unique to those two floras (not
reported in any other modern Indian flora and research
articles) and verified their distribution range as men-
tioned in the Flora. We considered species whose geo-
graphical distribution fell within the present-day
political boundary of India and eliminated the rest.

Lack of precise data at the species-level for climbers

(regional and global)

Species-level information was available/retrievable only
from the ecological inventories, and comparisons based
on such data may give biased results. Yet, we attempted
to compare the taxonomic affinity of climbing Flora
among different regions based on the family-level infor-
mation (taxonomic origin) retrieved from the published
sources.

Results

We enumerated a total of 2624 climber species that
belonged to 585 genera and 104 families (40 orders) of
Indian Spermatophyte flora (Table 1). Climbing plants
are widely radiated in Indian Flora, representing ~12%
of the total Angiosperms and ~13% of the
Gymnosperms from 40 orders (62.5%) and 104 families
(25% of the known Angiosperm families). Within
Angiosperms, the eudicots represented the maximum
number of climber species (84%), followed by the mono-
cots (8%) and Magnoliids (7%) (Table 1; Figure 3).
Gymnosperms constituted 11 climber species from the
orders Gnetales and Ephedrales. Fabaceae was the spe-
cies-rich climber family in the Indian spermatophyte
flora, represented by 383 species (82 genera), followed
by Apocynaceae (333 species/79 genera) and
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0 205 410 820 Kilometers

Figure 1. List of floras (1-33) referred to for each state in India. Multiple reference numbers separated by a comma indicate more than
one reference. 1 - Flora of British India, 2 - Flora of Peninsular India, 3 - Flora of the Presidency of Madras, 4 — Flora of the Presidency
of Bombay, 5 — Flora of the Tamil Nadu Carnatic & Flowering plants of Tamil Nadu, A compendium, 6 — Flora of Kerala 7 — Flora of
Karnataka, 8 — Flora of Goa, 9 — Flora of Maharashtra, 10 — Flora of Andhra Pradesh, 11 - Flora of Telangana, 12 — Flora of Odisha, 13 -
Flora of Madhya Pradesh, 14 - e-flora of Gujarat, 15 — Flora of Rajasthan, 16 — Flora of Haryana, 17 - Flora of Punjab with Hazra & Delhi,
18 — Flowers of the Himalaya, 19 — Flora of Himachal Pradesh, 20 - Flora of Uttarakhand, 21 — The Flora of Delhi & Flora of Punjab with
Hazra & Delhi, 22 — Flora of Uttar Pradesh, 23 - Botany of Bihar and Odisha, 24 — Flora of West Bengal, 25 — Flora of Sikkim, 26 — Flora of
Assam, 27 — Flora of Meghalaya, 28 — Flora of Tripura, 29 — Flora of Mizoram, 30 — Flora of Manipur, 31 - Flora of Nagaland, 32 - Flora

of Arunachal Pradesh, 33 — Flora of Andaman & Nicobar Islands.
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Figure 2. Method followed for the taxonomic estimation of climbing plants in India. Reference links provided for the existing database
and new species records are exclusive to India. Commonly used terminologies and keywords for climbers are based on the extensive
survey of research articles, flora books, and taxonomical monographs. Additional keywords/terminologies can be considered based on

the locally available references.

Convolvulaceae (220 species/26 genera) (Table 1;
Figure 4). Piper, the root climber, is the most radiated
climber genus (80 species), followed by Ipomoea (75
species) (Figure 5). Among the six major categories, the
majority of the species were stem twiners (1102 species),
followed by the unarmed scramblers (741 species)
(Figure 6). Fabaceae evolved the maximum diversity of
climbing mechanisms (5 types) among the 106 plant
families (Table 1). Bignoniaceae and Araliaceae also
exhibited diverse climbing strategies (4) with relatively
fewer species representations. Only 40% of the families
evolved to display multiple climbing strategies (more
than one climbing mechanism), while 60% exclusively
exhibited one of the six climbing mechanisms (Table 1).
Woody climbers (lianas) comprised 63% of the total
species diversity, whereas the herbaceous climbers
(vines) added 37% to the species richness of climbers
in India (Figure 7). The passive climbers (scramblers and
hook climbers) in the present survey were exclusively
woody, while the active climbers had both woody and
herbaceous growth habits. (Figure 8) Over the last dec-
ade, a total of 51 climbers were discovered in India at an
average of 4.25 + 2.6 species per year and contributed
up to 10% of the total species discoveries (Figure 9;

Table 2). Most of the climber species discovered
appeared exclusively in the Western Ghats and the
Eastern Himalayas (Figure 10). Among 2624 climbers,
520 species (19.8%) were endemic to India, particularly
the Western Ghats and the Eastern Himalayas (Figure 11;
Online Resource 3). Only twenty-seven climber species
from the present survey feature under the IUCN red list
category (Table 3). Comparing our dataset with the other
major studies, we estimated 196 Spermatophyte plant
families globally with at least a single climber represen-
tation (Online Resource 4). The Climbing Flora of India
showed a greater taxonomic affinity with the Chinese
dataset, sharing 54 plant families (Figure 12). The num-
ber of shared families decreased from China, Eurasia &
North Africa, the Neotropics, and Australia (Figure 12).
The number of species added from the taxonomic refer-
ences (Flora) represented ~90% of the total species rich-
ness, whereas data compiled exclusively from the
research articles and the species discovery records com-
prised only 38.26% of the diversity. A comprehensive
survey of global climber families yielded 194 flowering
plant families (~50% of the Angiosperms) and 196 seed
plant families, with 34 new additions to the previous
dataset (Online Resource 4).
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Table 1. Taxonomic estimate of climber species diversity in the Indian spermatophyte flora. The orders, families, and species are
presented following the APG IV classification.

Class Order Family Number of genera Number of species Diversity of climbing mechanism
Gymnosperms Ephedrales Ephedraceae 1 3 1
Gnetales Gnetaceae 1 8 1
ANA grade Austrobaileyales Schisandraceae 2 7 1
Magnoliids Piperales Aristolochiaceae 2 22 2
Piperaceae 2 88 1
Laurales Hernandiaceae 1 4 1
Lauraceae 1 2 1
Magnoliales Annonaceae 14 73 1
Monocot Alismatales Araceae 5 31 3
Dioscoreales Dioscoreaceae 1 34 1
Pandanales Pandanaceae 1 1 1
Stemonaceae 1 1 1
Liliales Alstroemeriaceae 1 1 1
Colchicaceae 1 1 1
Smilacaceae 2 25 1
Asparagales Asparagaceae 1 17 1
Orchidaceae 1 2 1
Arecales Arecaceae 4 86 2
Poales Flagellariaceae 1 1 1
Poaceae 6 10 2
Commelinales Commelinaceae 1 1 1
Eudicots Ranunculales Berberidaceae 1 1 1
Lardizabalaceae 2 5 1
Menispermaceae 21 59 2
Papaveraceae 1 5 1
Ranunculaceae 4 45 2
Proteales Sabiaceae 1 8 2
Core Eudicots Dilleniales Dilleniaceae 3 6 1
Vitales Vitaceae 1 115 1
Celastrales Celastraceae 12 67 3
Oxalidales Connaraceae 6 19 2
Malphighiales Dichapetalaceae 1 4 1
Euphorbiaceae 9 23 2
Linaceae 2 4 1
Lophopyxidaceae 1 1 1
Malpighiaceae 6 28 2
Passifloraceae 4 35 2
Peraceae 1 1 1
Phyllanthaceae 4 9 1
Salicaceae 1 1 1
Fabales Fabaceae 82 383 5
Polygalaceae 2 2 1
Rosales Cannabaceae 1 1 1
Elaeagnaceae 1 4 2
Moraceae 6 25 3
Rhamnaceae 10 45 4
Rosaceae 4 64 1
Urticaceae 6 7 1
Cucurbitales Begoniaceae 1 1 1
Cucurbitaceae 40 115 1
Geraniales Geraniaceae 1 1 1
Myrtales Combretaceae 3 32 4
Melastomataceae 8 13 2
Sapindales Anacardiaceae 1 1 1
Rutaceae 8 27 2
Sapindaceae 2 8 2

(Continued)



Table 1. (Continued).
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Class Order Family Number of genera Number of species Diversity of climbing mechanism
Malvales Malvaceae 9 32 2
Thymelaeaceae 2 3 1
Brassicales Capparaceae 6 39 2
Resedaceae 1 2 1
Salvadoraceae 1 2 1
Tropaeolaceae 1 2 1
Santalales Olacaceae 2 5 2
Opiliaceae 1 3 1
Caryophyllales Amaranthaceae 3 3 2
Ancistrocladaceae 1 6 2
Basellaceae 2 3 1
Cactaceae 1 1 1
Caryophyllaceae 1 1 1
Nepenthaceae 1 3 1
Nyctaginaceae 2 5 1
Phytolaccaceae 1 1 1
Polygonaceae 5 8 3
Cornales Hydrangeaceae 2 2 2
Cornaceae 1 1 1
Ericales Actinidiaceae 1 2 1
Ericaceae 2 4 1
Polemoniaceae 1 1 1
Primulaceae 3 21 1
Icacinales Icacinaceae 7 13 3
Solanales Convolvulaceae 26 220 1
Solanaceae 4 14 2
Gentianales Apocynaceae 79 333 4
Gelsemiaceae 1 1 1
Gentianaceae 4 12 1
Loganiaceae 2 26 3
Rubiaceae 21 62 4
Lamiales Acanthaceae 8 24 2
Bignoniaceae 16 25 4
Gesneriaceae 1 1 1
Lamiaceae 12 36 2
Oleaceae 2 51 2
Orobanchaceae 2 3 2
Plantaginaceae 3 5 2
Scrophulariaceae 1 2 1
Verbenaceae 2 4 2
Boraginales Boraginaceae 3 1" 1
Aquifoliales Cardiopteridaceae 1 1 1
Stemonuraceae 1 1 1
Asterales Asteraceae 12 25 2
Campanulaceae 2 6 1
Apiales Araliaceae 4 14 4
Dipsacales Caprifoliaceae 3 16 1
Viburnaceae 1 1 1
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Figure 3. Contribution of various groups within Angiosperms to the climbing plant families distributed in India.

450

400

350

300

250

200

Number of species

150

100

50

383
333
220
115 115
88 86
73
I I I | |
Fabaceae Apocynaceae Convolvulaceae Vitaceae Cucurbitaceae Piperaceae Arecaceae Annonaceae Celastraceae Rosaceae
Plant family

Figure 4. Top-ten species-rich climber families in India with their species representation.



ECOSCIENCE (&) 9

90
80
80
75
70
63
60 58
i 49

8 % - 47
(5]
[9]
o
2]
5 41
o 40 4
Q
g
3 34 34

30

20

10 |

0 . . ; . : . . . .

Piper Ipomoea Calamus Ceropegia Jasminum Argyreia Rubus Clematis Dioscorea Vigna

Plant genera

Figure 5. Ten most speciose climber genera in India with their species richness.

1200
1102

1000 4
3 800 1
|53
2 741
n
k<
o}
Qo
£
3
Z 600

400 A

321 309
200 -
118
. -
0 ||
Stem-twiners Scramblers-unarmed Tendril climbers Scramblers-armed Root climbers Hook climbers

Climbing mechanism

Figure 6. The six major climbing categories and their species representation in the Indian spermatophyte flora.



10 V. PANDI ET AL.

1800

1638

1600

1400

1200

1000 -

800 -

Number of species

600 -

400

200 A

Woody Non-woody

Figure 7. Proportion of woody and non-woody climbers in the Indian spermatophyte flora.

100%

90%

80%

70%

60%
13
3
3
c
£
o
g 50%
-
o
c
2
H
3 40% 256
[

30%

20%

10%

0% T T
Hook climbers Root climbers Stem twiners Stragglers-armed Stragglers-unarmed Tendril climbers

ONon-woody ®Woody

Figure 8. Proportion of woody and non-woody climbers among different climbing mechanisms of the Indian spermatophyte flora.



ECOSCIENCE (&) 11

© New Discoveries

E Biogeographic Regions .

920 Kilometers

Forest 2017

o

e

Forest Cover (Base map) Source: WWF_Globil

Figure 9. Geographical locations of the new climber species in India discovered over the last decade (2009-2020). Geo-locations for
the 51 new species discovery records were taken from the original research articles and .Reddy et al. (2021)

Discussion

Different plant growth forms will have adaptations for
ecological and evolutionary significance (Rowe and
Speck 2005; Asner et al. 2012). Many, perhaps most of

the plant’s structural and functional traits are associated
with their life forms. For example, whether a plant is
a tree or a climber determines its anatomy, physiology,
mechanical property, and overall architecture (Rowe and
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Table 2. Proportion of climbers in the new species discovery of angiosperms in India over the last decade (2009-2020). Other
functional groups include herbs, trees, shrubs, epiphytes, and parasites.

New species record
Angiosperms

Year Total records Climbers Other functional groups Proportion of climbers (%)
2009 62 2 60 3.23
2010 69 0 69 0.00
2011 56 1 55 1.79
2012 76 1 75 1.32
2013 68 5 63 7.35
2014 82 4 78 4.88
2015 73 7 66 9.59
2016 101 4 97 3.96
2017 129 8 121 6.20
2018 103 6 97 5.83
2019 85 5 80 5.88
2020 91 8 83 8.79
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Figure 10. Species discovery and accumulation rates of climbers over the last decade (2009-2020) in India. Data is based on new
species records published by the Botanical Survey of India (2009-2020) and Reddy et al. (2021)

Speck 2005). Therefore, understanding the precise
growth form is a prerequisite for any ecological or evolu-
tionary studies. Climbers are one of the principal plant
growth forms (Wyka et al. 2013), yet neglected in several
ecological inventories despite their pivotal role in the

tropical forest ecosystems (Schnitzer and Bongers 2002;
Bowling and Vaughn 2009). The difficulties in identify-
ing, measuring, and assigning a suitable life-form among
climbers are associated with the dense entanglement
they form and the exhibition of growth-form plasticity,
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which lead to complexities in designating the precise
growth-form (Gerwing et al. 2006). In particular, many
scramblers are considered climbers in some, while free-
standing shrubs in other studies. For instance, Ziziphus
oenoplia, one of the widespread scramblers in India, has

been considered a shrub or small tree or a climber across
different studies, leading to the complexity in assigning
the growth form Similarly, scramblers like the members
of the genus Capparis (Capparaceae) are extremely
strenuous to classify neatly into a single growth form
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Table 3. List of climber species in India of elevated conservation concern according to the IUCN. NT = near threatened;

VU = vulnerable; EN = endangered; CR = critically endangered.

SI. No Species Family Conservation status
1 Bauhinia diphylla Buch.-Ham. Fabaceae NT
2 Cayratia pedata (Lam.) Gagnep. Vitaceae VU
3 Ceropegia anjanerica Malpure, M.Y. Kamble & S.R.Yadav Apocynaceae EN
4 Ceropegia odorata Nimmo Apocynaceae CR
5 Dalbergia congesta Wight &Arn. Fabaceae EN
6 Decalepis hamiltonii Wight &Arn. Apocynaceae EN
7 Dimorphocalyx balakrishnanii Chakrab. & Premanath Euphorbiaceae EN
8 Dimorphocalyx beddomei (Benth.) Airy Shaw Euphorbiaceae EN
9 Dioscorea hamiltonii Hook. f. Dioscoreaceae NT
10 Eleiotis rottleri Wight &Arn. Fabaceae VU
1 Gymnema khandalense Santapau Apocynaceae EN
12 Jasminum azoricum L. Oleaceae CR
13 Lathyrus odoratus L. Fabaceae CR
14 Marsdenia floribunda (Brongn.) Schiltr. Apocynaceae VU
15 Microtropis densiflora Wight Celastraceae EN
16 Nepenthes distillatoria L. Nepenthaceae VU
17 Nepenthes khasiana Hook. f. Nepenthaceae EN
18 Olax psittacorum (Lam.) Vahl Olacaceae CR
19 Piper barberi Gamble Piperaceae EN
20 Piper pedicellatum C.DC. Piperaceae VU
21 Rhynchosia heynei Wight &Arn. Fabaceae VU
22 Salacia oblonga Wall. Celastraceae VU
23 Salacia talbotii Baker f. Celastraceae NT
24 Strychnos benthami C.B. Clarke Loganiaceae VU
25 Utleria salicifolia Bedd. ex Hook .f. Apocynaceae CR
26 Vigna khandalensis (Santapau) Raghavan &Wadhwa Fabaceae NT
27 Willughbeia cirrhifera Abeyw. Apocynaceae VU

because of their ability to grow as a bush or as a trailing
liana as dictated by the environment. In the present
study, for those species designated more than one
growth form, we considered the habit described from
the Flora with broader geographical coverage, as it
would offer a better description of the species based
on the multiple occurrences across different habitats.
The increased interest in climbers elevated the number
of terminologies (Gerwing et al. 2006; Sperotto et al.
2020) and novel methods in classifying them based on
their climbing mechanisms (Hegarty 1991). While earlier
researchers considered only the twiners and tendril-
bearers (Darwin 1865; Schenck 1892), modern studies
consider a maximum of nine climbing strategies (e.g.,
Addo-Fordjour and Rahmad 2015). Since we surveyed
and compiled climbers from some of the classical taxon-
omy works carried out in India, we assigned the climbing
mechanisms for those species by referring to the recent
manuals including, Floras and pertinent research articles.

Traditionally climbers are considered single func-
tional groups irrespective of the differences in climbing
strategies Dias et al. (2021). However, recent studies
have reported the divergence of some of the structural

and functional traits among the woody climbers with
different climbing strategies (e.g., Dias et al. 2021; Vivek
and Babu MS unpublished results). Therefore, assigning
a suitable climbing mechanism might play a crucial role
with the growing consensus on decentralized research
on climbers, however, adopting a standard definition
and description for climbing mechanisms across the
studies Sperotto et al. (2020). Another difficulty encoun-
tered during data compilation was the species repetition
either because of the synonyms or references from mul-
tiple sources published over a time interval of more than
100 years. The nomenclature and family names change
over time, where some families are subsumed into one,
while some are segregated into many. Therefore, we
carried out a thorough systematic revision, following
the recent APG IV classification. We removed more
than 20,000 entries either as synonyms or duplicates,
which otherwise may over-predict the species richness.
With about 2600 species, the diversity of climbers in
India is vast such that 12% of the Indian angiosperms
are climbers against 4% reported from the Australian
Flora (Gallagher 2015). However, Hu et al. (2010)
reported 2,900 odd species of climbers in China, and
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Acevedo-Rodriguez et al. (2015) estimated the presence
of 10,000 climber species in the Neotropics comprising
10% of the Tracheophytes flora. Though slightly inferior
in numbers, the higher levels of endemism depict the
uniqueness of Indian climbing flora. In total, 520 species
of climbers are endemic to India, which constitute ~20%
of the total recorded diversity. Hu et al. (2010) reported
87 species endemic to China. The biogeographical and
landscape diversity across India and within Eastern
Himalayas (EH) and the Western Ghats (WG) serve as
local diversification centres. Further, the different eleva-
tion, topographical and bioclimatic gradients of EH and
WG offer unique phytogeographical systems to harbour
endemic species (Behera et al. 2002; Puyravaud et al.
2003; Muthuramkumar et al. 2006; Gore et al. 2014;
Manish et al. 2017). The discovery of climber species at
an average of little above four species per year from
India supports the unequivocal claim of the global
increase in climber species richness (BSI 2009-2020).
A spike in recent discovery rates of climbers can be
credited with the increased interest and recognition of
climbers in many ecological inventories and

phytosociological and ethnobotanical studies. The
higher endemism and the extent of discoveries in the
Eastern Himalayas and the Western Ghats biodiversity
hotspot justify the need for special conservation efforts
through proper planning and management.

Almost 50% of the total genera of Cucurbitaceae and
Convolvulaceae are present in India. Likewise, more than
70% of the genera under Vitaceae constituted the Indian
Flora of climbing plants. Although families like
Cucurbitaceae and Menispermaceae are exclusively
climbers, Fabaceae had the maximum number of species
from the present study. Our results are on par with the
earlier findings that Fabaceae is the most climber-rich
family in the paleo-tropics (e.g., Hu et al. 2010;
Anbarashan and Parthasarathy 2013).

We surveyed the list of climbers from the floras based
on taxonomic surveys and manuscripts based on the
ecological inventories. We found that the estimates
based on ecological surveys may under-represent the
climber flora of any region depending on the scale of
research and whether or not the non-woody climbers
are studied. In the current study, a database of climbers
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created only from the ecological studies estimated less
than 40% of the total climber species richness. The
reduced coverage of local climber diversity in ecological
inventories is either because of the higher DBH (dia-
meter at breast height) threshold considered during
the survey or the limited number of focused studies on
climbers, unlike the trees. Most quantitative plant diver-
sity inventories often neglect the non-woody climbers
and some woody climbers with legacies of their thin
stem, thus reducing the local climber representation
from the sample plots. For instance, herbaceous clim-
bers constituted 37% of the overall diversity in the pre-
sent study, and those species might never qualify for the
ecological inventories, thus readily ignoring a minimum
of one-third of the actual richness. Excluding the vines,
the climber diversity may comprise only the large-
bodied lianas, mostly twiners, hook climbers, and scram-
blers. The size constraints, coupled with the higher pro-
portion of non-woody species, often keep tendril
climbers off the census. Overall, going only with the
ecological dataset comprising only the woody climbers
would underestimate the climber richness by up to 30%.
Likewise, the direct climber records sourced from the
published Floras of taxonomic origin are incomplete
without many scramblers and new species records.
Therefore, it is essential to integrate the taxonomic and
ecological studies to precisely estimate the diversity of
climbers as in the present study.

Interestingly, the scramblers and hook climbers from
the present study are exclusively woody, while the twi-
ners and tendril climbers are herbaceous and woody.
However, we are unsure if this trend is universal.
According to the Fossil climber record database (FRC),
the earliest known liana record (398 — 385 mya),
Tetraxylopteris (Progymnosperms), is a scrambler
(Burnham 2015). Progymnosperm-scramblers were also
the earliest known plants to develop bifacial cambium
(Burnham 2015). Is the present observation of the
degree of woodiness among the scramblers somehow
related to the origin and evolution of climbing beha-
viour in plants? Because some of the scramblers in the
present compilation reported having dual growth stra-
tegies as lianescent and self-supporting plants (Vivek
et al. unpublished results). This observation is beyond
the scope of this research yet, phylogenetic and mole-
cular studies may provide more insights.

Less than 0.1% of climbers are on the IUCN list under
species of elevated conservation concern. Climbers gen-
erally perform better under drought and anthropogenic
disturbances (Schnitzer 2005, 2015; Cai et al. 2009; Balch
et al. 2011). Their ability to do vegetative reproduction,
greater fecundity and rigorous germination capacities
make them one of the highly competitive life forms in

forest ecosystems (Schnitzer and Bongers 2002).
However, there are several climber species including
Aganosma cymosa, Ampelocissus latifolia, Aristolochia
tagala, Asparagus racemosus, Hemidesmus indicus, and
the endemic species like Cayratia pedata that are locally
threatened but have not been listed (IUCN), rather not
evaluated. Similarly, species such as Asparagus racemo-
sus, Ichnocarpus frutescens and Tylophora indica are
among the most exploited species for their medicinal
uses (Pandian and Ravichandran, 2019), which are not
evaluated. Although the majority of the economically
valuable climbers are available as cultivars, the contin-
ued and non-sustainable extraction may make them
vulnerable over the long run. For example, Jasminum
azoricum has been harvested in large quantities for
essential oil production and extracts for its medicinal
properties (Salim 2016; Hari and Nair 2018), beyond its
regeneration potential, placing them under the NT cate-
gory. We, therefore, recommend evaluating/re-
examining the status of a number of threatened/eco-
nomically valuable climber species based on quantita-
tive methods as a priority.

Gentry (1991) estimated the representation of clim-
bers in at least 131 plant families before three decades.
Later, Gianoli (2015) estimated a total of 171 families of
Angiosperms, Gymnosperms, and Pteridophytes to have
at least one climber species. We updated the list of
global climbing plant families with a significant addition
of 34 new Angiosperm families, including two unique
additions from the present study. A total of 194 flower-
ing plant families roughly constitute 50% of the globally
known angiosperm families. These numbers, however,
might increase provided we have a similar dataset with
extensive coverage of climbers from other regions. The
data presented might help link the growth-form evolu-
tion within and across many tropical plant families.
Climbers and the climbing mechanisms have evolved
multiple times within Angiosperms (Gentry 1991;
Gianoli 2004). However, our results revealed that clim-
bers have radiated into more families than expected.
Families like Fabaceae have evolved five different climb-
ing mechanisms within closely related species.
Contrastingly, some families such as Menispermaceae,
Piperaceae, and Vitaceae have a single and specific
climbing mechanism. According to Gianoli (2015), the
macro-evolutionary pattern of association between
climbing mode and diversification has not received
quantitative attention. These findings may serve as the
platform to check Gentry’s hypothesis (Gentry 1991;
Gianoli 2015), linking climbing mechanisms’ diversity to
the enhanced diversification potential. The lack of pre-
cise climber data at the species level constrained our
comparisons at the family level. Indian climbing flora



had a greater taxonomic affinity towards Chinese Flora,
with many families overlapping. However, it diminished
gradually towards the Neotropics and Australia, reveal-
ing the role of geographical proximity in determining
species similarity (Leiva et al. 1997). The Eurasian and
North-African regions with many unique climber families
signify a higher rate of local diversification at the family
level. Climbers are diverse geographically and phylogen-
etically, which merit more attention like trees to have
a deeper insight into their role in the forest, origin,
evolution, phylogenetic position, and diversification.
Thus, it is essential to have precise estimates of climbers’
diversity and richness.

Conclusion

Historically climbers have attracted relatively lesser
attention when compared to the trees. The present
study revealed the taxonomic and phylogenetic diver-
sity of climbers in India. We found that the estimation
of climbing plant diversity using a dataset exclusively
derived from ecological inventories may underesti-
mate the climber diversity by a significant margin.
Likewise, pure taxonomic studies may readily exclude
several scramblers. Therefore, we recommend inte-
grating the ecological inventory dataset with the taxo-
nomic records to unambiguously estimate the climber
species richness and assign a suitable climbing
mechanism. The methodology employed in the pre-
sent study for reckoning the climber species richness
within a defined geographical boundary is one of the
most precise and extensive methods carried out to
date, and it is replicable with modifications that best
suit the region. The updated list of climbing plant
families signifies that climbers have radiated into
more families than was expected. The observed level
of endemism among the Indian climbing flora demon-
strated the role of local diversification in promoting
species richness. The exhibition of various climbing
mechanisms within the confamilials calls for dedicated
research. It would be interesting to see how some
families have evolved multiple climbing mechanisms
while some adopted a specific mode for climbing.
Also, is the diversification of climbing mechanisms in
the dominant families somehow linked to species
diversification? Likewise, the exclusive woodiness
among the scramblers from the present study poses
a serious question of its universality. Overall, this effort
is the first-ever in India and the most precise estimate
of climber diversity to date. More contributions from
global climber researchers, following similar consid-
erations, will enable the accurate estimation of the
world’s climbing Flora. When the climbers continue
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to grow in abundance and diversity globally, this
work is a precursor for our efforts towards reaching
the global climber database.
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