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Abstract: Climbing plants have an important role in forest communities and ecosystems. Despite
the significance of the climbers in ecosystems, most of the previous research work in Pakistan has
been concentrated on trees, shrubs, and herbs, with little attention paid to climbing plants. The
current study investigated the ecology of climbers and the influence of soil characteristics on diversity,
richness, and indicator species distribution in the Changa Manga Forest Plantation, Punjab, Pakistan.
Field surveys were carried out between 2020 and 2021, with the data gathered using a random sample
approach for ordination and cluster analysis of each plant species and edaphic data from sample
plots. We reported a total of 29 climber species belonging to 23 genera and 9 families from the area.
The Convolvulaceae family was the most prevalent, followed by Apocynaceae and Cucurbitaceae.
Herbaceous climbers were the typical life form (70% species) and species showed peak flowering
during the months of August and September. The multivariate analysis and cluster analysis grouped
the climbers into four distinct communities based on the indicator species, representing filtering of
the species pool in the studied area. Canonical Correspondence Analysis (CCA) results showed that
soil factors had a significant influence (p ≤ 0.002) on the climbers’ diversity and distribution pattern.
Our research contributes to a deeper understanding of climbing plant ecology in response to soil
variables, with immediate consequences for policy and practice in this Himalayan region, as well as
research insights for neighboring Himalayan regions and elsewhere in the world.

Keywords: ecology; forest; climber; indicator species; diversity; multivariate analysis

1. Introduction

Climbing plants are important contributors to plant communities because they have
an impact on ecosystem processes, habitat heterogeneity, and vegetation structural di-
versity [1], as well as ecosystem services such as carbon sequestration [1]. In fact, trees
and climbers compete for subterranean resources such as soil, water, and nutrients. By
reducing light and below-ground resources, climbers significantly lower tree survival,
fecundity, recruitment, and growth [2–4]. In tropical forests, climbers can account for about
25% of woody stem density and up to 44% of woody species diversity, thus providing a
vital food source for wildlife and affording canopy-to-canopy access for arboreal animals
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through physically connecting trees [5–7]. Climbers are plants with flexible, thin, and
quickly growing axes that have a variety of attachment types. They can quickly ascend
to the topmost layers of a forest while sparing support tissues and preventing sliding or
falling [5,8]. Climbing plants are common in tropical and temperate regions; however,
in tropical rainforests their number and diversity of species and climbing strategies are
outstanding [9–11]. They play an integral ecological role in nutrient cycling and forest
dynamics, and thus establish an important tropic level within an ecosystem, but there have
been few studies on them [6,7,9,12]. Climbers (lianas) are crucial for many areas of forest
functioning, including pollination patterns, dispersal, and phenological systems, as well as
providing a variety of resources and protecting biological diversity [3].

Climbing plants normally rely on host trees for physical support, although the climbing
style and appropriate support differs significantly amongst functional categories of climbers.
Climbing modes are usually divided into various categories, i.e., tendrils are vegetative
organs generated from leaves or stems that can only climb narrow supports [7]. Twiners’
spiraling around the host tree stem necessitates a relatively significant energy expenditure
in their growth. They have a larger maximum diameter than tendril climbers (about
10 cm) [9]. Hook and scrambler climbers cling to supporting trees with hooks and thorns.
Understory root-climbers cling to a host trunk with the help of adventitious roots [6,8,9].
Similarly, environmental gradients that affect the distribution of other plant species, such
as soil moisture, seasonality, light, topography, rainfall, and soil fertility, also affect the
growth of climbing species [13]. In forests and open spaces, there are significant differences
in the variety and abundance of the liana species.

Understanding the patterns of ecological traits can help us to better understand how
a particular region’s flora functions. The phenotypic characteristics serve as a reliable
indicator for determining the ecological health of a specific region, because they reflect the
current ecological conditions and active evolutionary processes [8]. Similarly, phenological
studies, such as research on many other temporal and spatial characteristics, are essential for
comprehending how species and communities interact. The length and timing of flowering,
as well as temporal and spatial variations in flower production in response to different
environmental gradients, are all tracked by phenological studies of flowering [6,12].

Over the past two decades, scientists have discovered patterns in liana abundance and
distribution across a variety of habitats, and have been investigating the underlying causes
of these patterns [3,5]. No significant research contribution has yet been carried out on
climber distribution in Pakistan, apart from [12], which explored the climber diversity from
Murree Forests. A variety of studies documented the diversity and distribution of climbers,
e.g., in Africa [14–16], South America [17,18], Central America [19], and Asia [13,20–26].
In Pakistan, the majority of prior studies largely concentrated on trees and shrubs, with
little attention paid to climbing plants despite the diverse functions of climber plants in
ecosystems [27]. Climber species, on the other hand, have been overlooked by most studies.
In order to understand forest plant biodiversity, it is critical to incorporate climbers into
forest studies. As a result, the current study attempted to: (I) evaluate the composition
and diversity of climbers in the study area; (II) to analyze the flowering phenology of
recorded climber plants; (III) to study the role of soil properties on the distribution pattern
of climber plants in the study area through a multivariate approach; and (IV) to identify
key indicator climber species for improved monitoring of forests and ecological restoration
forest plantations in Pakistan’s semi-arid environment.

2. Materials and Methods
2.1. Study site

Changa Manga Forest Plantation is an irrigated plantation in Kasur district, Punjab,
Pakistan, 74 km southwest of Lahore and covering 5065 ha. of land area. It is located
between 31◦1′ N and 74◦4′ E (Figure 1). In the north, the Karachi–Lahore railway line
runs from kilometers 1140 to 1148; on the east, it borders agricultural fields of the village
of Gandhian; on the south, parts of the village Moujoki; and in the west, Wan Khara
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cultivations surround the Changa Manga Plantation. The plantation’s northwest corner
is bisected by the 6.4-km Jambar–Chunian metaled road, which connects Chunian to the
Lahore–Karachi national highway.

Figure 1. Map of the study area: (a) Pakistan, (b) District Kasur, (c) points showing the sampling sites
of the Changa Manga Forest plantation and the sampling design used to collect data.

The plantation is located in central Punjab’s semi-arid, sub-tropical continental zone,
which is distinguished by hot summers, low relative humidity, and infrequent as well
as irregular rainfall. While the winters are from November to January, summers are hot
and wet from April to September. The monsoon season typically have 128 mm of rainfall
during July and August, which is more than it receives throughout the entire year. The
region within the Changa Manga reserve was a desert zone with distinctive biological
characteristics, named “Rakh,” before it was transformed into an irrigated plantation. Wan
(Salvadora oleoides), karir (Capparis aphylla), jand (Prosopis cineraria), and other xerophytic
species typical of this forest type were among the native vegetation of the tropical thorn
forest that covered the area. Dalbergia sissoo and Eucalyptus spp. are the two principal
species that are now present across a significant amount of the plantation. While mulberry
(Morus sp.), hybrid-poplar (Populus sp.), Bombax, Terminalia, and Acacia sp. are common
cultivated trees.

2.2. Sampling Design

Six plots of 100 × 100 m2 (1 ha each) were randomly established at 6 different sites in
Changa Manga Forest Plantation, Pakistan from 2020 to 2021. Coordinates were measured
using a GPS (Garmin e Trex). In each plot, 10 quadrats of 10 × 10 m2 for climbers and
respective host trees were placed systematically (a total of 60 quadrats) [12,28,29]. For
assessing whether a species was a climber or not, the nature of the species was noted i.e.,
we observed if a species had tendrils or twiners for climbing on a host or scrambler [8]. The
height on the host species (uppermost branch) and mode of climbing were also recorded
during the survey. Throughout the study period, phenological observations were made
from January to December. We visited each plot and timed the peak flowering of each
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species. The species were also cross-checked with the published literature for confirmation
of climber habits [3,5,11–13]. The quadrat method was used to calculate the density of
climbers and host plants [11,30]. On standard herbarium sheets, plant specimens were col-
lected, prepared, dried, poisoned, and mounted. All specimens were kept in the herbarium
of the University of Okara’s Department of Botany for later use. Collectible climbing plant
specimens were identified using the Flora of Pakistan [31,32]. Verification of the accepted
scientific names for climbers was performed using the Plants of the World Online (POWO)
website (https://powo.science.kew.org/, accessed on 12 March 2021).

2.3. Soil Analysis

Three soil samples (0–30 cm) were randomly obtained from each plot. Gathered
samples were then combined to form a composite sample sealed in polythene bags and
labeled for laboratory examination. Physicochemical tests were carried out; soil texture
(clay, sand, and silt) [12], electrical conductivity (EC), and pH were determined from soil
water extracts using a digital pH meter. The Kjeldahl method was used to calculate the total
nitrogen, and the Walkley–Black method was applied in order to calculate the soil organic
matter [33]. Potassium (K) and phosphorus (P) concentrations were determined according
to [29]. Soil texture (silt, sand, and clay) was analyzed according to [34]. A ScalTec moisture
analyzer calibrated to 110◦C was used to calculate the moisture content of soil samples.
The formula below was used to calculate the saturation percent [29,33].

% moisture =
Wet soil − Dry soil

Dry soil
× 100 (1)

For each of the sample plots, human disturbance (tree cutting, land degradation, live-
stock grazing, pollution, agriculture activities) data were visually evaluated. Overgrazing
and anthropogenic pressure were assessed at four different levels. As a result, four visually
judged degrees of disturbance intensities were employed in each sample plot: 0 = absent,
1 = low, 2 = moderate, and 3 = strong [35,36].

2.4. Indicator Species Analysis

The indicator species analysis was carried out in order to define indicators for each
of the climber groups in the study area. This provided information regarding species
fidelity to a specific ecosystem. After determining indicator values of each species adapted
from [37,38], a Monte Carlo assessment was performed to test for statistical significance.
During indicator species analysis, the relative abundance of a species in different ecosystems
was calculated using the following formula:

Relative abundance
(

RAjk

)
=

xkj

∑
g
k=1 xkj

(2)

where RAjk means relative abundance, Xkj is the abundance of species j in group k, and g
means the total number of groups.

Relative f rquency
(

RFkj

)
=

∑nk
i=1 b .

I jk

nk
(3)

where RFkj is the relative frequency of plant j in group k, bijk is the presence or absence of
plant j in group k sample I, and I is the sample unit.

Indicator value
(

IVKj
)
= 100(RA× RF) (4)

The threshold level of 25% indication and 95% significance (p ≤ 0.05) was used to
determine the indicator species. Additionally, using PAST software, the indicator species
with (p ≤ 0.05) values were graphically represented (version 4.10).

https://powo.science.kew.org/
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2.5. Data Analysis

The data were analyzed in order to observe how climber plant species interacted
with environmental conditions. Utilizing data on plant species’ flowering phenology pres-
ence/absence, we conducted a hierarchical cluster analysis. According to the Ward clus-
tering approach, the distances between groups are recalculated using the Lance–Williams
dissimilarity update formula. In order to accomplish this, we employed the “Heatmap”
package in the R software version 4.1.2. To investigate the influence of environmental gra-
dients on climber composition, Canonical Correspondence Analysis (CCA) was conducted
using the program CANOCO version 4.5 [39,40]. The difference between soil properties of
four groups was tested through a non-parametric Kruskal–Wallis test, followed by Tukey
HSD, for the purpose of determining whether there was a significant difference or not
between the soil properties of the four groups in PAST software (version 4.10). The par-
ticular density (number of individuals) of each plant found along the 60 quadrats served
as the initial point for the cluster analysis. For the purpose of classification, we employed
Ward’s Agglomerative Cluster Analysis. The flexible beta (b = −0.25) linkage method [11],
a linkage method which is frequently compatible with Sorensen distance and is space-
conserving, was used along with the quantitative Sorensen (Bray–Curtis) distance measure,
an efficient distance measure for ecological community analysis [28]. The dendrogram’s
ideal pruning point was found using Ward’s method. Using PAST software, the clusters
and diversity indices for each group of clusters were identified (version 4.10). Using Ward’s
agglomerative cluster analysis [41], sampled plots were categorized into groups. On the
basis of the presence and absence (1/0) of specifics, Two-Way Cluster Analysis (TWCA)
was carried out [42].

3. Results
3.1. Taxonomic Diversity and Flowering Phenology

We recorded a total of 29 climber species belonging to 23 genera and 9 families from
the Changa Manga Forest Plantation, Punjab (Pakistan). The predominant family was
Convolvulaceae (30%), followed by Apocynaceae (20%), Cucurbitaceae (13.3%), Menis-
permaceae (10%), Bignoniaceae (6.7%), Leguminosae (6.7%), Asparagaceae, Rubiaceae,
Verbenaceae, and Vitaceae with (3.3%). Majority of the climber species were herbaceous
(70%), followed by woody (23.3%), parasitic, and climbing shrubs (3.3%) (Table 1). Most
climbers exhibited twiners as their climbing mode (53.3%), while scrambler mechanisms
comprised 26.6% and tendril mechanisms comprised 20% species.

Table 1. List of plants, climbing habits, and indicator species analysis of climbers in four groups of
Ward’s cluster analysis in the Changa Manga Forest Plantation. The individual value as a percentage
and indicator p-values of each recorded species of four groups are shown in the table. The individual
values (%) of indicator species in each group are highlighted in bold.

Species Species
Code

Climber
Type

Climbing
Mode Group 1 Group 2 Group 3 Group 4

IndVal
(%) p-Value IndVal

(%) p-Value IndVal
(%) p-Value IndVal

(%) p-Value

Blyttia spiralis (Forssk.) D.V.
Field & J.R.I. Wood Blyt.spi Herbaceous

climber Twiner 0 1 0 1 0.33 0.56 14.77 p < 0.1

Campsis radicans (L.) Seem. Camp.radi Woody
Climber Twiner 0 1 0 1 4.37 0.33 2.46 0.32

Cissampelos pareira L. Ciss.car Herbaceous
climber Tendril 26.7 p < 0.05 1.59 0.32 0 1 0 1

Cissus carnosa Lam. Ciss.par Woody
Climber Tendril 6.2 0.22 6.54 0.22 0 1 0.56 0.54

Coccinia grandis (L.) Voigt Cocc.gran Herbaceous
climber Twiner 0.28 0.55 1.29 0.36 4.71 0.26 0.75 0.46

Cocculus hirsutus (L.) W.
Theob. Cocc.hir Woody

Climber Scrambler 0 1 0 1 0 1 5.49 0.23
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Table 1. Cont.

Species Species
Code

Climber
Type

Climbing
Mode Group 1 Group 2 Group 3 Group 4

IndVal
(%) p-Value IndVal

(%) p-Value IndVal
(%) p-Value IndVal

(%) p-Value

Convolvulus arvensis L. Conv.arv Herbaceous
climber Scrambler 8.22 0.16 2.7 0.30 0 1 0 1

Cucumis melo subsp. agrestis
(Naudin) Pangalo Cucu.mel Herbaceous

climber Scrambler 18.33 p < 0.05 4.03 0.27 0 1 2.46 0.32

Cuscuta reflexa Roxb. Cusc.ref Parasite
climber Twiner 0 1 0 1 1.01 0.49 2.65 0.26

Dolichandra unguis-cati (L.)
L.G. Lohmann Doli.ung Woody

Climber Tendril 0.43 0.53 0.15 0.63 2.35 0.36 0 1

Galium aparine L Gali.apa Herbaceous
climber Scrambler 2.59 0.33 20.15 p < 0.05 0 1 0 1

Ipomoea aquatica Forssk. Ipom.aqu Herbaceous
climber Scrambler 0 1 0.60 0.47 0 1 0 1

Ipomoea cairica (L.) Sweet Ipom.cai Herbaceous
climber Twiner 0.43 0.53 0 1 6.06 0.19 0.94 0.39

Ipomoea nil (L.) Roth Ipom.nil Herbaceous
climber Twiner 0.72 0.36 0.22 0.57 1.34 0.46 0 1

Ipomoea purpurea (L.) Roth Ipom.pur Herbaceous
climber Twiner 0 1 0.22 0.56 30.3 p < 0.05 0 1

Lantana camara L. Lant.cam Climbing
shrub Scrambler 6.78 0.20 7.3 0.19 0 1 0.37 0.56

Lathyrus aphaca L. Lath.aph Herbaceous
climber Tendril 11.26 p < 0.1 9.35 p < 0.1 2.02 0.40 0 1

Merremia aegyptia (L.) Urb. Merr.aeg Herbaceous
climber Twiner 0 1 0 1 7.071 p < 0.1 0 1

Merremia dissecta (Jacq.)
Hallier f. Merr.dis Herbaceous

climber Twiner 0 1 0 1 5.38 0.23 0 1

Merremia hederacea (Burm. f.)
Hallier f. Merr.hed Herbaceous

climber Twiner 0 1 0 1 4.37 0.33 0 1

Mukia maderaspatana (L.) M.
Roem. Muki.mad Herbaceous

climber Tendril 0.43 0.53 11.03 p < 0.1 0 1 0.75 0.45

Oxystelma esculentum (L. f.)
Sm. Oxys.esc Herbaceous

climber Twiner 0.14 0.59 0.15 0.62 0 1 0.56 0.53

Pentatropis capensis (L. f.)
Bullock Pent.cap Herbaceous

climber Twiner 0 1 0 1 6.06 0.20 12.88 0.13

Pentatropis nivalis (J.F. Gmel.)
D.V. Field & J.R.I. Wood Pent.nav Herbaceous

climber Twiner 0 1 0 1 6.06 0.20 17.05 p < 0.05

Pergularia daemia (Forssk.)
Chiov. Perg.dae Herbaceous

climber Twiner 3.75 0.26 1.21 0.40 1.34 0.46 12.5 0.16

Telosma pallida (Roxb.) Craib Telo.pal Woody
Climber Twiner 10.1 0.13 0.07 0.66 0 1 11.17 0.18

Tinospora sinensis (Lour.)
Merr. Tino.sin Woody

Climber Twiner 0.43 0.52 0.30 0.49 0 1 0 1

Trichosanthes dioica Roxb. Tric.dio Herbaceous
climber Tendril 2.74 0.29 13.99 p < 0.1 0.67 0.53 0.94 0.40

Vicia sativa L. Vici.sa Herbaceous
climber Tendril 0 1 18.4 p < 0.1 16.5 p < 0.1 0 1

The phenological response of flora represents the month-wise flowering period of
each species. In the current study, the phenological responses of climbers recorded during
the field survey revealed that maximum species showed the flowering stage during the
months of August and September (46.6% each) and July (43.3%). The minimum flowering
was recorded during December and January (23.3%), as well as February (16.6%). A cluster
heat map was created in order to obtain the depiction of the association of species based
on flowering stages and month-wise classification (Figure 2). The resultant dendrogram
displayed two distinct clusters, in which months, i.e., July, August, and September, formed
one group of the cluster, while the rest of the months formed the second cluster.
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Figure 2. Heat map showing cluster dendrogram based on flowering response in a different month.
Dark color indicates flowering, while light color indicates nonflowering stage. The letters on the right
side of figure indicate the species codes while those on the lower side indicate the month. Full species
names are mentioned in Table 1.

3.2. Cluster Analysis

Four plant community groupings were identified using cluster analysis and two-way
cluster analysis (Figures 3 and 4). The composition of the species and the proximity of
the clusters grouped in one limb are more comparable. The cluster limbs one and four,
on the other hand, were the most different to their surrounding groupings. The results
of the categorization were confirmed using indicator species analysis. Following are the
communities identified by indicator species analysis.

Figure 3. Four major groups of climbers in the sampling plots based on Ward’s agglomerative cluster
analysis. The right side of the figure shows sampling plots. The sampling plots of group 1 are
highlighted with aqua color, group 2 with purple color, group 3 with red color, and group 4 with
green color.
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Figure 4. Two-way cluster dendrogram exhibiting the distribution of 30 species and 60 sample plots.
The blue color represents absence, while the yellow color indicates the presence of species. The right
side of the figure shows the species. The sampling plots of group 1 are highlighted with aqua color,
group 2 with purple color, group 3 with red color, and group 4 with green color.

3.2.1. Group 1

Group 1 included 10 sampling plots, with 693 individuals belonging to 18 species.
Cissampelos pareira was the dominant species, with 185 densities. The other most abun-
dant species were Cucumus melo, Lathyrus aphaca, Telosma pallida, and Lantana camara. The
group had 2.5 species richness and 0.5 species evenness, while Simpson and Shannon’s
diversity values were 0.85 and 2.21 respectively. In group 1, most species (12) were herba-
ceous climbers, while eight species were twiners, six were tendrils, and four showed a
scrambler nature.

3.2.2. Group 2

Group 2 contained 21 sampling plots, with 1315 individuals belonging to 20 species.
In group 2, the predominant dominant species was Galium aparine with highest density,
at 265, followed by Vicia sativa, Trichosanthes dioica, Lathyrus aphaca, Mukia maderaspatana,
Lantana camara, and Cissus carnosa. Simpson and Shannon’s diversity values were 0.87 and
2.28, respectively, while species richness and species evenness in this group was 2.64 and
0.49, respectively. In group 2, the 15 species showed herbaceous nature, four were woody
climbers, and one was a climbing shrub. Out of these species, eight species were twiners,
seven tendrils, and five scramblers.

3.2.3. Group 3

Group 3 consisted of only seven sampling plots with 297 individuals from 17 species.
The predominant species observed from group 3 was Ipomoea purpurea, with a density of
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90. Other abundant species in group 3 were Vicia sativa and Merremia aegyptia. Species
richness and evenness were 2.81 and 0.61, respectively, in group 3. Simpson and Shannon’s
diversity values were observed to be 0.85 and 2.34, respectively. In group 3, herbaceous
climbers comprised fourteen species, three were woody climbers, and one was a parasitic
climber. Out of these, fifteen species were twiners, one was a tendril climber, and one was
a scrambler.

3.2.4. Group 4

Group 4 included 22 sampling plots, and counted 528 individuals from 17 species.
The observed predominant species was Pentatropis nivalis with density 90, followed by
Blyttia spiralis. Simpson and Shannon’s diversity values were highest in group 4, at 0.88 and
2.32, respectively, while species richness and evenness were 2.55 and 0.59, respectively. In
group 4, eleven species were herbaceous climbers, four woody climbers, one parasitic, and
one a climbing shrub.

3.3. Indicator Species Analysis

The investigation of indicator species revealed the separation between the four groups
of climbers, as evidenced by several species with high and significant indicator values
(Figure 5). In group 1, the indicator species was Cissampelos pareira with (p < 0.03) value,
while in group 2, the indicator species Galium aparine had a (p < 0.033) value. In group 3, the
indicator species was Ipomoea purpurea with (p < 0.0306), and in group four, the indicator
species was Pentatropis nivalis. The data attribute plots of the indicator species of each
group are presented in Figure 6.

Figure 5. Indicator species in each group. The species highlighted had a significant p-value < 0.05.
The color scheme describes the individual value % of plants in four different groups. The letters on
the left side of the figures indicate the species code. Full species names are mentioned in Table 1.
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Figure 6. Data attribute plot of indicator species in four groups of climber plants. a. Cissampelos pareira;
b. Galium aparine; c. Ipomoea purpurea; d. Pentatropis nivalis. The arrows represent the environmental
variables, while the quadrats in four groups are represented by different colors. The size of samples
depicts the density of each indicator species in different groups.

3.4. Edaphic Parameters and Climber Distribution

For investigating the role of soil on the distribution of climber species in the forest the
edaphic properties of soil texture (sand, silt, and clay), nutrients (nitrogen, phosphorus,
potassium, and organic matter), and chemical properties (electrical conductivity, pH, and
moisture) were chosen (Table 2). The sampling quadrats in group 1 had sandy soil texture,
with 54.96 ± 1.25 sand proportion, while group 3 has the lowest sand proportion, with
25.25 ± 0.95. Similarly, the highest silt proportion was recorded from group 4 sampling
sites, possessing 46.78 ± 1.93, and the lowest from group 1. A high clay proportion was
recorded from group 3 sampling sites, i.e., 28 ± 3. 45. The sampling locations of group 4
had the highest soil nutrients, soil organic matter (0.74 ± 0.01), potassium (383.79 ± 41.7),
and phosphorus 2.67 ± 0.5. The nitrogen, moisture, and pH of the soil in group 2 had the
highest values, at 0.35 ± 0.07, 18.36 ± 1.95 and 7.02 ± 0.15, respectively, as compared to
other groups (Table 2).

3.5. Canonical Correspondence Analysis

The effect of the environmental variables and anthropogenic disturbance was elu-
cidated by multivariate analysis on the distribution of climber plants from the Changa
Manga Forest Plantation, Punjab Province, Pakistan. The results showed that pH, electrical
conductance, nitrogen, potassium, phosphorus, soil organic matter, silt, sand, clay, soil
moisture, anthropogenic pressure, and grazing pressure determined the species composi-
tion and distribution pattern. The environmental gradients exhibited a significant impact
with (p ≤ 0.002) on climber plant structure from the study area. Table 3 highlighted the
eigenvalues of CCA, total inertia, and cumulative percentage variance of species data.
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Table 2. Mean values ± SE of the edaphic parameters (soil texture, nutrients, and soil chemical
properties) based on the four groups acquired from Ward’s cluster analysis using the climber sampling
data. (Mean ± SE). The four groups have different soil properties and four different indicator species.
Non-parametric Kruskal–Wallis test followed by Tukey HSD was used to determine whether there
was a significant difference between the soil properties of the four groups. * (p < 0.05); ** (p < 0.01).

Soil Characteristics Variable Name Group 1 Group 2 Group 3 Group 4 H-Values p-Values

1. Soil Texture

1. Sand 54.96 ± 1.25 36.38 ± 1.91 25.25 ± 0.95 28.62 ± 0.71 10.872 0.004 **

2. Silt 32.79 ± 0.79 37.39 ± 0.70 45.31 ± 2.61 46.78 ± 1.93 11.483 0.005 **

3. Clay 15.25 ± 0.56 26.22 ± 1.31 28 ± 3.45 26.4 ± 1.23 12.972 0.003 **

2. Nutrients

1. SOM 0.69 ± 0.02 0.71 ± 0.01 0.74 ± 0.01 0.74 ± 0.01 4.597 0.223

2. Nitrogen 0.28 ± 0.09 0.35 ± 0.07 0.27 ± 0.07 0.30 ± 0.03 2.348 0.075

3. K 267.67 ± 26.7 294.87 ± 32.1 285.94 ± 48.3 383.79 ± 41.7 7.648 0.051 *

4. P 3.21 ± 0.6 3.01 ± 0.5 2.37 ± 1.03 2.67 ± 0.5 5.476 0.136

3. Chemical Properties

1. Moisture 15.31 ± 3.21 18.36 ± 1.95 12.92 ± 3.34 15.49 ± 6.5 7.459 0.051 *

2. pH 6.79 ± 0.19 7.02 ± 0.15 6.96 ± 0.25 6.57±0.13 2.195 0.532

3. EC 0.91 ± 0.04 0.94 ± 0.04 0.91 ± 0.08 0.96 ± 0.03 2.402 0.523

Table 3. CCA bi-plot summary of the 30 climber plant species with environmental factors.

Axes 1 2 3 4 Total Inertia

Eigenvalues: 0.67 0.2 0.131 0.08 7.343

Species–environment correlations: 0.922 0.664 0.581 0.426

Cumulative % variance of species data 9.1 11.8 13.6 14.7

Cumulative % variance of
species-environment relation 56.8 73.7 84.9 91.7

Summary of Monte Carlo test

Test of significance of first canonical
axis Test of significance of all canonical axes

Eigen value = 0.67 Trace = 1.180

F-ratio = 5.322 F-ratio = 1.691

p-value = 0.0020 p-value = 0.0020

The climber species that are sensitive to clay, silt, soil moisture, potassium, nitrogen,
and soil organic matter include Merremia hederacea, Pentatropis capensis, Coccinia grandis,
Cocculus hirsutus, and Blyttia spiralis. Phosphorus and pH also have impact on the dis-
tribution of climber plants; however, the species that are positively associated with their
values comprise Vicia sativa, Ipomoea aquatic, Mukia maderaspatana, Dolichandra unguis-cati,
Trichosanthes dioica, Lathyrus aphaca, and Galium aparine. The species associated with sand,
grazing pressure, and anthropogenic pressure include Cissampelos pareira, Cissus carnosa,
Convolvulus arvensis, Cucumis melo, Lantana camara, and Tinospora sinensis. The species that
were positively associated to electrical conductance (EC) include Campsis radicans, Ipomoea
cairica, Ipomoea nil, Ipomoea purpurea, Oxystelma esculentum, Pentatropis nivalis, Pergularia
daemia, Telosma pallida, Merremia aegyptia, and Merremia hederacea (Figure 7). In comparison
to the second axis, which explained 11.8% of the variation, the first CCA axis explained
9.1% of it. The third and fourth axes of CCA explained 13.6 and 14.7% of the cumulative
variance in climber data, respectively. All of the Eigenvalues added up to 7.343 as the result
of the Monte Carlo Test. The first axis’s Eigenvalue was significant (0.67). A total of 56.8%
of the species–environment relationship’s percentage variance was cumulative.
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Figure 7. CCA bi-plot shows the relationship between climbers, anthropogenic pressure (AP), grazing
pressure (GP), and edaphic variables. The red vectors represent the variables (anthropogenic pressure,
grazing pressure, and edaphic factor), while the text represents the code of the species name.

4. Discussion

The study of assemblage, distribution patterns, and diversity of plants are important
for the exploration of ecological investigations and natural resources conservation [43].
Studies on floristic composition and the factors affecting them are crucial for a better un-
derstanding of structure and ecosystem processes [44]. Comprehensive analyses of the
diversity of wild climbers may help with framing strategies for conservation and man-
agement of the natural area as well as forest plantations, as observed from the present
investigations. Presently, 29 climber species belonging to 09 families were recorded from
the Changa Manga Forest Plantation. Other similar studies were also carried out on various
forests in the world; e.g., [45] documented 285 climber plants from the various forests of
Southern Western Ghats India. From southern Eastern Ghats’ tropical forests, [46] reported
175 climbing plants. In addition, [47] recorded 169 climber plants from the Cagarras Islands
Natural Monument (CINM) located offshore of Rio de Janeiro, Brazil. In another study
from Brazil, Ref. [48] documented 93 climber species from land Atlantic forest. In India,
Ref. [49] observed 47 species belonging to 26 families from tropical dry forests of Northern
Andhra Pradesh. A total of 95 species of climber plants were observed in tropical seasonal
rain forests of Xishuangbanna, China by [50]. From Pakistan, only Rahman [12] recorded
23 climber plants from the Monsoon forests of Murree. Even though the results of these
earlier isolated studies are similar to the results of the current study, there are few dis-
similarities due to differences in the physical characteristics of the sampling plots, the
methodology used, and the measurement time.
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The most abundant climber plants in the current investigations were Vicia sativa,
Galium aparine, and Trichosanthes dioica, while [12] recorded Hedera nepalensis and Ipo-
moea purpurea as abundant species from Monsoon forests of Murree. Contrary to Rah-
man’s findings, Ipomoea purpurea was moderately abundant in the study area. The differ-
ence was due to differences in ecological zonation, given that Murree forests lie in the
moist temperate zone while the study area was located in a semi-arid zone. We recorded
2833 individuals from 29 species from 6 sampling sites in the Changa Manga Forest Planta-
tion, comparatively, as [12] species density was low, and they recorded 3400 individuals
from five sampling plots. Species density and richness increased along with altitude [12,51];
however, the Changa Manga forest plantation had not possessed any altitudinal variation.
Moreover, the mechanism of attachment to their hosts in climbers is an important factor in
their diversity, distribution, and abundance [52].

Plantations are a common land use type, but a better knowledge of their potential
and ecological functioning is required for developing and implementing socially and
environmentally sustainable land-use policies that will improve important ecosystem
services [40]. In order for us to better focus conservation efforts, it is crucial to understand
the flora of these plantations. The results of this study confirmed that the part of the forest
under high anthropogenic pressure has less diversity of plants. However, identifying the
indicator species, or group of species, that reflect the biotic or abiotic state of an environment
or indicate the diversity of other species, taxa, or entire communities within an area will be
useful in policy implications for managing forest habitat. The indicator species recorded
for forest disturbance in semi-arid and dry regions were Pentatropis nivalis, Pentatropis
capensis, and Pergularia daemia. Pergularia daemia was also reported as the dominant climber
in the Murree forest [12]. These species are well known for their propensity to accumulate
resources in excess of what they actually require (luxury accumulation), which limits the
amount of those resources in the expanding habitat and has severe competition effects [53].

Plant phenological changes brought on by climate change may have a feedback effect
on the climate, because they play a crucial part in regulating seasonal dynamics of water
and energy exchanges between terrestrial ecosystems and the atmosphere [54]. There is
little evidence of non-climate driven phenological shifts as of yet, but changes in climatic
conditions can affect plant species’ flowering times [55]. Most species’ flowering seasons
begin in August and September. According to Haq [56], the flowering may be associated
with favorable climatic conditions for the survival of the offspring. It is now generally
acknowledged that various biological interactions and phylogenetic relationships play a
role in shaping the phonological pattern [57].

The findings of this investigation also showed that different forest parts had signif-
icantly varying soil physicochemical properties. Forest soil physicochemical properties
change through time and space as a result of anthropogenic activities, climate, weathering
processes, plant cover, microbiological activity, and a variety of other biotic and abiotic
factors [58–60]. In close proximity, soil quality varies according to parent rocks, vegetation
cover, and land use. Bioclimatic conditions can change quickly and over short distances in
semi-arid regions, leading to a remarkable variety of soil types and their chemical, physical,
and biological characteristics [61–65], as well as shifting vegetation patterns [30,58]. We
discovered that edaphic characteristics, such as soil texture and chemistry, emerged as
important predictors of plant community composition in addition to climatic parameters
such as temperature and precipitation. Other studies have suggested similar connections
between soil edaphic characteristics and plant species composition, which can be explained
by the fact that local edaphic characteristics influence the resource availability of water and
nutrients in various soil types, selecting plant communities with a variety of ecological
functions [29,30,36]. Under the effect of various environmental variables, canonical corre-
spondence analysis was applied in order to observe the distribution pattern of 30 climber
species in 60 sampling plots from 6 sites. Grazing pressure, soil moisture, pH, electrical
conductance, soil organic matter, nitrogen, phosphorus, soil texture, and anthropogenic ac-
tivities are all important factors, having a significant (p≤ 0.002) impact on climber structure
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and organization. The results were in line with the findings of [60] from Malaysia’s tropical
forest, the Sabah forest, Borneo [61], and the lowlands of the Sabah forest, Borneo [62].
Climber species’ diversity, richness, and distribution were mostly impacted by soil moisture
and soil texture. The most important environmental component, having a detrimental
impact on climber diversity and abundance, was found to be soil texture, even on a small
scale range. Additionally, climbers favored locations with high soil moisture and nitrogen
content, low pH, and high soil organic matter requirements. Our findings are corroborated
by [62], who attributed climber diversity and abundance to their hosts and elevation. This
was consistent with earlier investigations that discovered lianas in abundance at lower
elevations [5,10,25,62]. Other studies in the tropics have found that abiotic factors influence
the growth of lianas in ecosystems [20,63–70]. Across all phases of host tree growth in
tropical forest plantations, climber species diversity rises with increasing host diameter.
Increases in climber species richness with DBH might be directly attributed to the greater
area for climber colonization and growth, as well as increased exposure to climber propag-
ule rain throughout the course of a longer host tree life. This trend may also be caused by
the increased range of microenvironments present on bigger tree trunks [71,72].

Indicator species that are based on scientific knowledge and depict the complexity of
the environment are important because they can be easily and regularly verified [73]. Each
habitat type and plant group often has one or more indicator species [37,38]. Our findings
demonstrated that utilizing data from the most common species, indicator species generally
correlated well. Four species were recognized as the main indicator species of climber
plants in the Changa Manga Forest Plantation, i.e., Cissampelos pareira, Galium aparine,
Ipomoea purpurea, and Pentatropis nivalis. These species have leaf structures that enable a
broad distribution, including xeric, and were adapted to various edaphic conditions. The
dominance of Galium aparine in group 2 was an indicator of high moisture, and was quite
relevant to the characteristics of this species. Because the species is a global weed with
significant morphological and physiological adaptability, it may colonize a wide range of
habitats [74]. The attachment mechanism of Galium aparine leaves with a variety of surfaces
of different host species enable the plant to successfully colonize [75]. On the other hand,
Ipomoea purpurea in group 3 shows faster growth when there is competition, as plants have
an advantage over slower-growing ones because they can emerge from the vegetation to
access photosynthetic resources [76]. The larger climbers are more common in dense forests,
which are home to taller and larger trees, whereas the smaller climbers are more common
in disturbed forests, which likely reflects different survival strategies [77]. In our study, the
larger climber Cissampelos pareira was more prevalent an indicator species in dense parts of
forest, while Pentatropis nivalis, a smaller climber, was more dominant in disturbed parts of
the forest.

5. Conclusions

The current study reported 29 climber plants from the Changa Manga Forest Plantation.
The most dominant families were Convolvulaceae and Apocynaceae. The majority of
species flowered throughout the months of July, August, and September. The environmental
variables pH, electrical conductance, nitrogen, potassium, phosphorus, soil organic matter,
silt, sand, clay, soil moisture, anthropogenic pressure, and grazing pressure determined
the species composition and distribution pattern. The environmental gradients exhibited a
significant impact, with (p ≤ 0.002), on climber plant structure from the study area. The
results of the indicator species analysis of grasses showed 4 species, i.e., Cissampelos pareira,
Galium aparine, Ipomoea purpurea, and Pentatropis nivalis as key indicators from the study
area. The identified indicator species will have policy ramifications for managing forest
habitat, conserving resources, and restoring the ecological balance of semi-arid landscapes.
They will also contribute to filling a knowledge gap in the semi-arid region of Punjab.
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