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Abstract

The present study was proposed to work on species diversity and phytosociological study of the
herbaceous layer at eight different sites in the surrounding area of Dera Ghazi Khan, particularly Choti
Zareen, to determine a comprehensive phytosociological analysis, assessment of species diversity,
and distribution of herbaceous species. The sampling data was obtained to analyze density, relative
density, frequency, relative frequency, the IVI index, and to conduct the analysis of species diversity
in herbaceous and dynamic communities. For this purpose, a total of 400 quadrats were selected for
the evaluation of 8 different sites by identifying and analyzing various indices (Shannon Diversity-
Index (H), species evenness, their variance, and Simpson index D). During the period of field surveys,
120 herbaceous species were analyzed, belonging to 92 genera, and distributed in 35 different families.
Our phytosociological analysis revealed that Chloris flagellifera in site no. 2 with IVI 22.9, followed
by Aerva javanica with IVI 13.24, were found to be the most dominant species as compared to others,
respectively. The highest density was 38 plant/m?recorded in sampling site no. 4. The highest species
richness was 30 at site no. 2. The highest values of the Shannon Diversity Index (H) and Simp Index

(D) are also shown at site 2. The phytosociological analysis of the studied sites provides valuable insight
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to ecologists for the management and conservation of plant diversity, which is influenced by many

climatic factors such as water, air, and rain, as well as anthropogenic stress.

Keywords: Species Diversity, herbaceous layer, Index, Density

Introduction

Phytosociology is an arch to describe the population
dynamics, community structure, and diversity indices
of plant communities [1]. A phytosociological study of
the area gives a detailed explanation of the distribution
pattern of species and their relationships between
different plant communities [2]. The study of plant
communities is the best way to learn about the habitat
and vegetation structure of these communities [3].
Phytosociological methods often involve the quantitative
understanding of various parameters like abundance,
density, frequency, etc. [4]. The ecological properties of
vegetation composition, like productivity, competition,
niche structure, stability, and the relationship of plants in
their community, are all determined by species diversity
[5]. Such properties are often of critical ecological
significance as they shed light on many interesting
processes operating at the community level and provide
an explanation of not only within-community patterns
but also vegetation processes such as dynamics,
stability, structuring, and functioning of communities
and species diversity [6-9]. The species diversity of
these communities is related to their structural habitat,
which is supported by the internal and external function
and potential of their habitat [10, 11].

Naturally, herbs serve as shelter and habitat for many
animals and form the complex food chain and food webs
[12-15]. Grasses provide shelter for a large number of
microbial communities [16]. They also protect topsoil
from soil erosion, improve water penetration into soils,
and increase soil holding capacity [17-19]. Anthropogenic
and multi-environmental factors affect species diversity,

such as air, water, and other atmospheric factors [20-23].
Environmental factors, disturbance, dispersal ability and
rate of plant species, and various ecological interactions
determined the structure of the vegetation community in
a complex ecosystem [24-26].

Humans, through overpopulation, exerted pressure
on habitat destruction and reduced this influx [27, 28].
It was observed that agricultural land use in the study
area affects plant composition and pattern [29, 30].
Making decisions for the conservation and management
of floristic composition and structures of vegetation and
biodiversity provides basic information to evaluate these
results [10].

The aim of the present investigation was to analyze
the phytosociological characteristics and diversity
patterns of the herbaceous plants of the area, to
measure the species diversity and its components for
the phytosociological analysis, and to examine the
environmental factors and anthropogenic pressure that
were exerted on the herb layer of the study area as one
of the main medicinal, economic, and fodder resources
in Choti Zareen, Dera Ghazi Khan, Pakistan.

Material and Methods
Study Area

The study was conducted in Choti Zareen locality,
30 km south of the district of Dera Ghazi Khan,
Pakistan, and 26 km east of the Koh-e-Suleiman range,
extending from latitude 29°41'N to 29°52'N and from
longitude 70°20" to 70°34'E (Fig. 1). The study area
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Fig. 1. The map of the study area.
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Table 1. Coordinates, altitude, and soil type of the study sites.
Site # Location Latitude (N) Longitude (E) Altitude (M) Soil Type

1. Basti Talpur 29°43'N 70° 29" E 93 m Sandy loam

2 Mithawan 29°46' N 70° 20" E 190 m Sandy loam

3 Chak Talpur 29°47 N 70°22°E 157 m Loam

4 Qaim Wala 29°52°N 70°29'E 116 m Sandy loam

5. Khanpur 29°45'N 70° 34 E 86m Sandy loam

6 Bakherwah 29°41'N 70°24°E 136 m Silt loam

7 Rohi Talpur 29° 45N 70° 26" E 134 m Silt loam

8 Chak Jalloharr 29°50'N 70°24°E 145 m Sandy loam
has a tropical monsoon and temperate climate, with Relative Frequency (R.F) = frequency of a specie 100

high temperatures during the summer of about 50°C,
while during the winter the average temperature is 4°C.
The rainy season extends from July to August, with
annual monsoon rainfall ranging from 87 to 165.83
mm. The field study was conducted from 2022 to 2023,
covering both dry and rainy seasons. Eight vegetation
sites were selected based on their physiognomy,
topography, and altitude, representing vegetation
variation (Table 1). The Choti Zareen supported plain,
desert, fluvial, and wetland habitats, causing a large
amount of plant diversity.

Vegetation Sampling and Data Collection

At each of the 8 sites, random quadrate sampling
was used to measure the herbaceous diversity of
the study area. 50 quadrates (1 x 1 m) in size were
randomly placed for sampling in each site, and a total
of 400 quadrates were taken from 8 different sites. For
the valuation of the dominance of plant species in the
vegetation community, the density, frequency, and
abundance, and were converted into relative values
and summed to obtain statistical data. The importance
value index (IVI) of the study area was calculated by
the methods of Dangoli & Shivakoti [31] and Chaudhry
et al. [32]. Species richness and evenness were
determined in the studied sites, and species diversity
was measured using the Shannon diversity index (H)
[33]. The Pielou index was used for the estimation of
species evenness (E) [34].

The vegetation analysis of the studied communities
was analyzed for the Importance Value Index, which
was obtained by Density (D), Frequency, and their
relative values.

Number of individuals of species in all the sample plots

Density(D)=

Total number of sample plots studied

Number of individuals of species
Total number of sample plots studied

Relative Density (R.D) = X 100

Number of points at which species occour
Total number of points sampled

Frequency(F)= X 100

Total frequencies of all species

Relatve Density+Relative Frequency
2

Importance Value Index =

Diversity Indices

For the measurement of species diversity in
herbaceous communities, commonly indices are usually
used in ecology. The purpose of diversity indices was
to measure species diversity and vegetation composition
in plant communities [35]. For quantifying community
diversity, indices provided an authentic and fruitful
source, and they were useful in the analysis of the
community structure of the plain and desert areas.
Different types of diversity indices had been applied
to contrast the plant species sampled from different
sites. The general species diversity of the vegetation
communities was measured by the popular Shannon—
Wiener information theory function:

H=-YPilnPi I=1...S

Where H is showing the Shannon diversity-index,
which is general species diversity, Pi is the proportion of
individuals in a community, In is the natural log, taking
the base e and expressed heterogeneity, and S denotes
the total number present in the community [33, 36]. The
variance of general diversity, Var (H), was calculated by
Magurran [35], as follows:

Var (H) = Y. Pi (In Pi) 21\; EPilnPO2 (;1;12) -1.s

General diversity consists of two diversity
components: species richness and evenness. Species
richness is expressed as S; the function ratio of the total
number of individuals (N); and equitability (J) measures
the evenness of the allocation of individuals among the
species [35]. The evenness and its variance, Var (J),
were measured in accordance with Pielou [37].
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Families of the Study Area
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Fig. 2. Top families according to the number of species present in the study area.

H H

B Hmax  InS

The equitability (J) is the ratio between observed
H and maximal diversity H max. The variance of
equitability was estimated as:

(H)
(InS)2

Var (J) =

The Simpson Index determines the dominance of
species. The formula for the Simpson index is:

_ Zni(ni-1)

D N(N—1)

Where D = Simpson’s Index, ni = the number of
individuals of species I, and N = the total number of
individuals.

Results and Discussion

A total of 120 species, representing 92 genera
from 35 families, were recorded from the studied
area. Poaceae was the dominant family with 28
species, followed by Asteraceae (14), Amaranthaceae
(8), Euphorbiaceae (7), Boraginaceae, Cyperaceae,
and Polygonaceae (5 species each), Brassicaceae,
Convolvulaceae, Fabaceae, and Solanaceae (4 species
each), Cucurbitaceae and Plantaginaceae (3 species

Table 2. Vegetation composition of the herbaceous layer of various sites (Frequency (F), Relative Density (R.D.), and Relative Frequency

(R.E).
Species Density/m? F R.D. R.F.
Site 1: Basti Talpur
Cynodon dactylon L. 2.8 24 6.024 7.5
Dactyloctenium aegyptium L. 2.24 20 4.819 6.25
Desmotachya bipinnata L. 2.64 20 5.680 6.25
Dichanthium annulatum Forssk. 2.88 16 6.196 5
Typha angustifolia L. 2 12 4.303 3.75
Site 2: Mithawan

Chloris flagellifera Nees. 3.84 60 15.190 15.464
Aerva javanica Burm. f. 2.24 34 8.861 8.763
Eragrostis minor Host. 1.84 32 7.278 8.247
Fagonia cretica L. 1.2 20 4.747 5.155
Solanum virginianum L. 1.6 20 6.329 5.155
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Table 2. Continued.
Site 3: Chak Talpur
Aerva javanica Burm. f. 2.08 30 5.977 6.466
Chloris flagellifera Nees. 1.92 24 5.517 5.172
Fagonia cretica L. 1.76 24 5.057 5.172
Solanum virginianum L. 1.2 20 3.448 4310
Glinus lotoides L. 1.44 20 4.138 4310
Site 4: Qaim Wala
Cenchrus ciliaris L. 232 32 6.713 7.442
Eragrostis minor Host. 1.68 18 4.861 4.186
Aerva javanica Burm. f. 0.96 18 2.778 4.186
Chloris flagellifera Nees. 1.12 18 3.241 4.186
Alternanthera sessilis L. 1.52 16 4.398 3.721
Site 5: Khanpur
Chenopodiastrum murale L. 3.04 24 7.95 5.941
Typha angustifolia L. 1.44 22 3.766 5.446
Melilotus indicus L. 1.28 18 3.347 4.455
Fagonia cretica L. 1.84 18 4.812 4.455
Vicia sativa L. 1.76 16 4.603 3.960
Site 6: Bakherwah
Fagonia cretica L. 2.32 24 5.906 5.505
Citrullus colocynthis L. 1.68 24 4.277 5.505
Eragrostis minor Host. 1.44 16 3.666 3.670
Euphorbia serpens Kunth. 0.96 16 2.444 3.670
Aerva javanica Burm. f. 1.12 16 2.851 3.670
Site 7: Rohi Talpur
Chenopodiastrum murale L. 3.76 24 9.457 6.154
Cenchrus ciliaris L. 1.52 20 3.823 5.128
Fagonia cretica L. 1.84 18 4.628 4.615
Cyperus rotundus (L.) 1.2 14 3.018 3.590
Chrozophora plicata Vahl. 1.04 14 2.616 3.590
Site 8: Chak Jalloharr
Aerva javanica Burm. f. 1.52 24 4.158 5.455
Convolvulus arvenses L. 2.8 24 7.659 5.455
Glinus lotoides L. 2 24 5.470 5.455
Convolvulus prostratus Forssk. 1.04 20 2.845 4.545
Solanum virginianum L. 0.88 18 2.407 4.091

each), Aizoaceae, Caryophyllaceae, Oxalidaceae, and
Zygophyllaceae (2 species each), while the other 18
families were represented by only one species (Fig. 2).
For the vegetation composition, a total of 5 species
have been selected from each site with the highest

density and frequency. In the present study, density
(density/m?), relative density (%), frequency (%), and
relative frequency (%) were calculated for all 120 species
(Table 2). The result highlighted that the species Chloris
flagellifera showed the highest density and relative



2364 Muhammad Saleem, et al.

Species Diversity (H) in various sites

35
3
]
3 25
S
£,
z
-
_g 15
©
3
% 1
&
05 |
0
123456 7 8 9101112131415 161718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58
mSitel mSite2 mSite3 1 Sited mSite5 mSite6 mSite7 mSite8
Species Evenness (J) and Dominance (D) in various sites
. 25
E
K
>
g 2
@
g
£
E 15
[=]
=
2 1
2
<
2
g o0s
&
0 R ) - N
JDJDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDIDID
123 4567 8 91011121314151617 1819 2021 222324252627 2829303132 3334353637 38394041424344 454647 48495051 5253 54 55 56 57 58
~e—Site] ~o—Site2 ~e-Site3 ~o-Sited —e=Site5 —o—Site6 =—e=Site7 —e=Site8
Variance of evenness (Var-l) & diversity (Var-H) in various sites
i
:
T e
- l
j m |
! 006 A - | A l { A
é (1] '\ ‘ a . |
g -
T 0 b
H gsgsgsgsgsgsgsgsgszsgsgsgsgsgsgsgsgsgsgsgsgszsgsgsgsgs:sgsgsgszsgsgsgszszsssgsgsgsgszsgsgsgsgsgsgsgsgszsgsgsgsgsgsgs
H ppyppBypBgBuspusBggBpBgBBgpypBupBuBBpBBBusyypByBpBlgBBsBLLy
>

102 03 405 6.7 8 9 10U RN KIS NV BN N ARB KB %D BN R B WB ST NN 0N QO WS ®T SN NN HS %S
a=Shel ~o-Stel -~o-Ske3 -o-SRed ~o=Ste5 ~o-Shef =e=Ske] ~e=Site8

Species richness (d1) of various sites

35
2 30
3
S
-
2 2
2
:515
% 1o
3
3
g s
"

0

123 456 7 8 910111213141516 1718 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58

~o—Site 1] ~o-Site2 ~o-Site3 ~o-Site4d —o=SiteS —o-Site6 —e=Site7 —o=Site8



Species Diversity and Phytosociological... 2365

Fig. 3. Vegetation composition with species diversity=H, species evenness=J, variance of evenness=Var(J), variance of diversity=Var(H),
species richness=d, and Dominance=D values of different sites (1= Achyranthes aspera, 2= Aerva javanica, 3= Aeluropus
lagopoides, 4= Alternanthera sessilis, 5= Amaranthus deflexus, 6= Anagallis arvensis, 7= Asphodelus tenuifolius, 8=
Boerhavia diffusa, 9= Carthamus lanatus, 10= Cenchrus ciliaris, 11= Chenopodiastrum murale, 12= Cleome brachycarpa,
13= Chloris flagellifera, 14= Chrozophora plicata, 15= Citrullus colocynthis, 16= Convolvulus arvenses, 17= Convolvulus
prostrates, 18= Cressa cretica, 19= Crisium arvense, 20= Cynodon dactylon, 21= Cyperus rotundus, 22= Dichanthium
annulatum, 23= Echinops echinatus, 24= Eclipta alba, 25= Eragrostis minor, 26= Euphorbia helioscopia, 27= Euphorbia
hirta, 28= Euphorbia serpens, 29= Fagonia cretica, 30= Fumaria parviflora, 31= Galium aparine, 32= Glinus lotoides, 33=
Heliotropium europoeum, 34= Heliotropium ovalifolium, 35= Imperata cylindrica, 36= Launaea nudicaulis, 37= Malcolmia
Africana, 38= Medicago polymorpha, 39= Melilotus indicus, 40= Oxalis dilleniid, 41= Parthenium hysterophorus, 42=
Persicaria glabra, 43= Phalaris minor, 44= Phragmites australis, 45= Phyla nodiflora, 46= Polypogon monspeliensis,
47= Ranunculus sceleratus, 48= Reseda villossa, 49= Solanum americanum, 50= Solanum virginianum, 51= Sonchus
oleraceus, 52= Sorghum halepense, 53= Spergularia marina, 54= Taraxacum officinale, 55= Tribulus terrestris, 56= Typha

angustifolia, 57= Vicia sativa, 58= Zaleya pentandra).

density, followed by Chenopodiastrum murale in sites 2,
7, and 5, respectively. Whereas frequency and relative
frequency were found highest from Chloris flagellifera
in site 2, followed by Aerva javanica, Cenchrus ciliaris,
and FEragrostis minor as compared to other sites
(Table 2).

There are 10 important species selected with
diversity indices from each site concerning their
diversity pattern and conservation status at different
sites. The result showed that the highest Simpson Index
(D) was observed in Khanpur site no. 5 by Dichanthium
annulatum because the study was conducted from
December to April, which is the best season for its
growth and yield production (Fig. 3).

The lowest Simpson index (D) was shown by
Euphorbia hirta in site no. 2, Mithawan. Unusually, the
overall highest Simpson index (D) is shown by Basti
Talpur site no. 1 and the lowest by Mithawan site no.
2, which is the fluvial site. Mithawan is facing large
grazing pressure, and agricultural activity is increasing
day by day. Chloris flagellifera in site 2 had the highest
general diversity (H) among all the sites, followed by

Cenchrus ciliaris in site 4 and Aerva javanica in site 8
with Shannon diversity-index 2.61 and 2.41, respectively.
The highest values of the Shannon Diversity-Index
(H) in these sites indicate greater species richness and
diverse community structure. Conversely, Sonchus
oleraceus had the lowest 0.41 Shannon Diversity index
in site 3 as compared to other sites. Across all sites, we
observed that Aerva javanica had consistent Shannon
Diversity-Index (H) values, which indicated its suitable
habitat. In comparison to all sites, 4 and 5 had an even
distribution of plant species. This means these are
least disturbed by human impact, and these sites can
maintain their diversity pattern through many ecological
processes (Fig. 3).

The clear superiority in terms of species richness
and evenness had been taken by Chloris flagellifera
in site 2, followed by Cenchrus ciliaris and Aerva
Jjavanica in sites 4 and 3, respectively. The highest
values of species richness and evenness of these species
are an indication of dominance and adaptation in their
respective ecosystems. In terms of even distribution
and stability, the communities of site 4, site 5, and site

Diversity indices of various sites
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Fig. 4. Shows the highest diversity indices of different sites in the study area.
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6 had the highest stability in their species richness
and evenness in comparison to the other 5 sites, which
had fluctuations between high and low in their values
of species richness and evenness. Our observations of
the diversity indices of each site indicated that a large
number of dominant species in the study arca are
invasive, and the fluctuation of values between high and
low for some species is proof of this phenomenon. The

invasive species pose a major threat to the diversity of
the area. The other reason is that the pressure exerted on
many plant species, mainly fodder plants that belong to
the Poaceae family, is because people of the study area
are farmers in professions that have grazing animals
like goats, sheep, cows, etc. and we know these animals
consume more fodder and exert pressure on the natural
vegetation of the study area (Fig. 4).

Table 3. Importance Value Index (IVI) and random distribution pattern of recorded plant species from various sites (Ann.=Annual, Per.=

Perennial, Fd. = Fodder, Med.= Medicinal).

Families cLyicﬂee iﬁf}f’;‘r‘t’;‘licce swe S sies | i€ Siste Site 6 Si;e sge
| Aizoaceae
Trianthema portulacastrum (L.) | Ann. Fd. 2.28 B B B B B B B
Zaleya pentandra (L.) Per. Fd. _ 1.15 2.30 3.48 B B 4.30 1.78
| Amaranthaceae
Achyranthes aspera (L.) Per. Med. 4.24 _ B 5.34 3.24 B B B
Aerva javanica (Burm.£) Juss. | - p, Med. 353 | 13.24 | 945 | 558 | 3.16 | 469 | 421 | 6.89
& Schult.
Alternanthera sessilis (L.) Ann. Med. 2.20 B B 5.92 B 2.14 B 2.88
Amaranthus albus (L.) Ann. Med. B B B B B B 2.78 B
Amaranthus deflexus (L.) Ann. Med. 3.71 _ B _ _ B 3.18 _
Amaranthus viridis (L.) Ann. Med. 1.59 _ B _ _ B B B
Chenopodiastrum murale (L.) Ann. Med. 1.51 1.78 4.20 _ 1092 | 7.31 | 1253 | 4.42
Chenopodium album (L.) Ann. Med. _ 1.84 B _ _ 6.49 2.18 3.99
| Asphodelaceae
Asphodelus tenuifolius (Cav.) | Ann. | Med. | _ | _ | 2.64 | _ | _ | 2.29 | 4.45 | _
Asteraceae
Carthamus lanatus (L.) Ann. Med. B B B B B _ 3.18 B
Crisium arvense (L.) Ann. Med. 2.82 _ B 4.53 4.66 5.65 B _
Echinops echinatus (Roxb.) Ann. Med. _ 2.36 B 4.53 2.84 1.07 2.58 3.33
Eclipta alba (L.) Per. Med. 2.20 _ _ 4.53 _ _ _ 2.43
Erigeron bonariensis (L.) Ann Med. _ 1.15 _ _ B _ B 2.00
Gnaphalium uliginosum (L.) Ann. Med. _ _ _ _ _ 2.78 _ _
Launaea c]a)p;i;cczlt; (Spreng.) Ann. Med. 271 B - B B B B B
Launaea nudicaulis (L.) Hook.f. | Ann. Med. _ B B B 2.84 1.48 3.50 1.56
Launea mucronata (Forssk.) Ann Med. _ 1.72 B _ B _ B _
Parthenium hysterophorus (L.) | Ann. Med. _ _ B 4.99 _ _ B _
Reichardia picroides (L.) Roth Per. Med. _ _ _ _ _ 0.87 _ _
5 lef;’;’ecfs“&.) Ann. Med. _ 172 | 167 | 221 | 270 223 | _
0;;‘;%‘;21‘(’3) Per. Med. B 147 | 299 | YR -
Xanthium strumarium (L.) Ann. Med. 1.85 _ B 1.39 _ B _ _
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Table 3. Continued.

Boraginaceae
Heliotropium bacciferum Per. Fd. 1.84 198
(Forssk.) - - - - - -
Heliotropium europoeum (L.) Ann. Fd. _ 6.49 | 4.94 5.11 _ 3.21 591 4.86
Heliotropium ovalifolium Per. Med. 1.85 s | | 423 B
(Forssk.)
Helioropiun ramosissimun | e | vea || s ||| |
Heliotropium strigossum (Wild.) | Per. Med. _ 1.15 | 241 _ _ _ _ B
Brassicaceae
Lepidium didymum (L.) Ann. Fd. _ _ B _ _ B 2.23 B
Malcolmia africana (L.) Ann. Med. _ _ _ _ _ _ 2.84 _
Moricandia arvense (L.) Ann. Fd. _ 2.99 B _ _ B . _
Sisymbrium irio (L.) Ann. Fd. _ _ B 3.83 _ B B _
| Capparidaceae
Cleome b’””gyccf;’p“ (Vahlex | o Med. - 253 | B | 258 | 3.77
| Caryophyllaceae
Spergularia marina (L.) Besser. | Ann. Med. _ _ B 4.41 1.29 _ _ _
Stellaria media (L.) Vill,Dist. Ann. Med. 1.77 _ _ _ _ _ _ 1.77
| Convolvulaceae
Convolvulus arvenses (L.) Per. Med. 5.06 _ 3.42 _ 6.09 | 484 | 2.64 | 10.39
C"”V"I(V;‘Z“; o ;S”‘””s Per. Med. _ s | L 158 | 377 | 470 | 5.12
Cressa cretica (L.) Per. Med. _ 0.57 B 5.92 4.66 B 1.72 _
Ipomea lacunosa (L.) Ann. Med. 1.68 _ _ _ _ _ _
Cucurbitaceae
Citrullus colocynthis (L.) Per. Med. B 1.72 4.28 3.83 _ 7.03 3.04 B
Cucumis maderaspatanus (L.) Per. Med. 1.77 _ B B B B B B
Cucumis melo var. agrestis Ann. Med. 310 112
(Naudin.) - - - - - -
Cyperaceae
Cyperus difformis (L.) Ann. Med. 1.59 _ _ _ 4.55 _ _ _
Cyperus rotundus (L.) Per. Med. 4.14 4.51 3.53 _ 5.67 2.93 4.81 3.33
o [ | wa | [ ] [ ][
Schoenoplectus lacustris (L.) Per. Med. 395 112
Palla. - - - - - -
Scirpus maritimus (L.) Per. Med. B _ B B 2.87 B _ B
Equisetaceae
Equisetun(’t D;’:Sr:tﬁ.())sissimum Per. Med. 1.57 - - - - - - -
| Euphorbiaceae
Chmﬁf lfs‘;’ ‘;f: l;;‘;f;‘l g’ahl) Ann. Med. B ] 353 | 406 1362 | 441 | 553
Euphorbia helioscopia (L.) Ann. Med. _ _ _ _ 3.75 _ _ _
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Table 3. Continued.

Euphorbia hirta (L.) Ann. Med. B 1.72 4.86 B B _ B B
Euphorbia maculata (L.) Ann. Med. _ 5.86 _ _ _ _ _ _
Euphorbia prostrata (Aiton.) Ann. Med. B B 1.09 B B _ B _
Euphorbia serpens (Kunth.) Ann. Med. 2.13 B _ B B 4.28 B 2.00
Phyllanthus maderaspatensis Ann. Med. 374
(r.) - - - - - - -
Fabaceae
Medicago polymorpha (L.) Ann. Fd. _ _ _ _ _ _ _ 3.99
Melilotus indicus (L.) AllL Ann. Fd. B B _ B 5.58 4.86 3.70 3.98
Vicia sativa (L.) Ann. Med. B B _ B 6.58 3.62 1.52 3.10
| Juncaceae
Juncus maritimus (Lam.) Ann. | Med. _ | _ | | 1.97 | 0.91 | 1.50 | | _
| Leguminosae
Lathyrus aphaca (L.) Ann. | Med. B | B | _ | | 3.92 | _ | B | B
| Molluginaceae
Glinus lotoides (L.) Per. | Med. | 1.72 | 6.38 | | 2.87 | 3.62 | | 8.20
‘ Nyctiginaceae
Boerhavia diffusa (L.) Ann. | Med. 4.87 | _ | _ _ | _ | | 332
| Orobanchaceae
Lindenbergia indica (L.) | | 1.72 | | _ _ | _ | | 1.33
| Oxalidaceae
Oxalis carniculata (L.) Ann. Med. B 1.15 _ B B _ 3.39 3.09
Oxalis dillenii (Jacq.) Ann. Med. _ _ _ _ _ 4.61 _ _
| Papaveraceae
Fumaria parviflora (Lam.) Ann. | Med. B | B | _ | | 4.13 | | B | _
| Papilionaceae
Trifolium repens (L.) Per. Fd. 2.20 _ _ _ _ _ _ _
Trifolium resupinatum (L.) Ann. Fd. _ _ _ _ _ _ _ 4.42
| Plantaginaceae
Nanorrhimz\n;/ ;ﬁ_r;lOSiSSimum Ann. Med. B 236 B - - B - B
Veronica polita (Fries.) Ann. Med. B B _ B B _ B 2.00
Veronica undulata (Wall.) Per. Med. _ _ _ _ _ _ _ 2.65
Poaceae
Aeluropus lagopoides (L.) Per. Fd. _ _ _ 4.87 2.38 3.36 _ _
Agrostis capillaris (L.) Per. Fd. 1.59 B B B B _ B _
Arundo donax (L.) Per. Med. 2.28 B B B B _ B _
Bromus diandrus (Roth.) Ann Med. _ _ _ _ _ 3.39 2.64 _
Cenchrus ciliaris (L.) Per. Fd. 3.25 509 | 537 | 10.80 | 3.33 3.21 6.39 3.54
Cenchrus longispinus (Hack.) Ann Fd. _ _ 4.17 B B 2.11 3.24 _
Chloris virgata (Sw.) Ann Fd. _ _ _ _ _ 1.07 _ _
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Chlori;ﬁ?;éig;’;‘n(Nees) Per. Fd. _ | 2292 | 793 | 581 | 291 | 321 | 361 | 334
Cynodon dactylon (L.) Pers. Per. Med. 10.51 _ 3.85 _ 2.00 1.71 1.57 _
Dactyloctenium aegyptium (L.) | Ann. Fd. 8.66 1.47 3.51 _ _ _ _ B
Daclylocteniqm scindicum Per. Fd. 434
(Boiss.) - - - - - - -
Desmotachya bipinnata (L.) Per. Med. 9.09 B _ 5.34 1.33 B _ B
p ic}’(‘;’:)tr}'s’;‘lg ‘;’t’;’;‘fl)‘m‘m Per. Fd. 810 | 439 | 273 | 546 | 407 | 405 | | 378
Digitaria adscendens (Kunth) Ann. Fd. 244
Henr. - - - - - - -
Echinochloa colona (L.) Ann. Fd. 1.85 B 5.52 _ _ B _ B
Eragrostis minor (Host.) Ann. Fd. 1.51 11.40 | 3.62 6.62 _ 5.50 4.10 B
Emngi”Ii (fzfnelﬁ (S]‘Cﬁlﬁfeauv' Ann. Fd. | e3s | - - - 7
Imperata cylindrica (L.) Per. Fd. 3.08 _ _ 4.18 0.91 _ B _
Pennisetum orientale (L.) Per. B B 2.73 _ _ B _ 0.89
Pennisetum setaceum (Forssk.) Per. B 2.61 B 1.97 _ B 0.92 B
Phalaris minor (Retz.) Ann. Fd. B B B _ B 1.57 2.44
P h"’g’gflsé‘:sstt’:ég (Cav) | per Fd. 521 | | 488 | 270 | 150 | -
Polypogon monspeliensis (L.) Ann. Med. _ _ _ _ 4.17 _ 1.72 _
Saccharum munja (Roxb.) Per. E 2.48 _ 1.09 4.07 2.70 B _ 0.45
Setaria purg:lgcgﬁi:t.) Roemer Ann. Fd. 177 B - B B - B -
Sorghum halepense (L.) Per. Fd. B 1.15 5.03 4.06 _ B 341 2.90
Sporobolus indicus (L.) Per. Med. B B 5.00 _ _ B _ B
Typha angustifolia (L.) Per. E 5.90 _ _ 5.46 6.49 2.78 _ _
Polygonaceae
Persicaria gh}bm (Willd.) M. Per. Med. 502 284
Gomez - - - - - -
Polygonum aviculare (L.) Ann. Med. B B B B _ B _ 4.20
Rumex acetosa (L.) Per. Med. B B B B 4.34 B _ B
Rumex nepalensis (Spreng.) Per. Fd. 1.59 _ _ _ _ _ _ _
Rumex pulcher (L.) Per. Med. B B _ B 1.09 _ _ B
| Pontederiaceae
Eichhorniaszqﬁz?es (Mart.) Per. Med. 246 - B - - - - -
| Portulacaceae
Portulaca oleracea (L.) | Ann. Med. | B | B | | 1.86 | B _ .
| Primulaceae
Anagallis arvensis (L.) | Ann. Med. | B | B | _ | | 5.04 | 3.36 | 3.84 |
Ranunculaceae
Ranunculus sceleratus (L.) | Ann. Med. | _ | _ | | _ | _ | 3.18 | B |
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Table 3. Continued.

| Resedaceae
Reseda villossa (Coss.) | Per. | Fd. | | 2.30 | 532 | | 2.66 | | B | 5.74
| Rubiaceae
Galium aparine (L.) ‘ Ann. ‘ Med. ‘ _ ‘ B ‘ 2.64 ‘ ‘ B ‘ _ ‘ B ‘ _
| Solanaceae
Physalis minima (L.) Ann. Med. 1.68 _ _ _ _ _ _ _
Solanum americanum (Mill.) Ann. Med. _ _ _ _ _ _ 3.81 _
Solanum nigrum (L.) Ann. Med. 5.21 B _ B B 2.98 3.70 B
Solanum virginianum (L.) Per. Med. 4.24 8.91 6.03 _ 2.70 2.14 3.04 4.45
| Tiliaceae
Chorchorus depressus (L.) | Per. | Med. | | 0.57 | _ | B | B | _ | B | _
| Verbenaceae
Phyla nodiflora (L.) Greene | Per. | Med. | _ | _ | | 5.11 | 3.08 | 2.50 | _ | 2.67
| Zygophyllaceae
Fagonia cretica (L.) Per. Med. B 7.32 7.70 B 7.04 8.66 6.94 6.62
Tribulus terrestris (L.) Ann. Med. 2.99 7.76 2.76 B B 4.64 3.70 _

The IVI values determined the dominance of species
assigned on the basis of these IVI values. Chloris
flagellifera was the dominant species, followed by Aerva
Javanica, Cleome brachycarpa, and Chenopodiastrum
murale. The dominance of species indicated the
fulfillment of suitable and desired conditions for
ecological success in different studied sites. The random
pattern (the distribution pattern) of plant species in
different habitats was assessed, and the result revealed
that 100% were randomly distributed (Table 3).

Dera Ghazi Khan Rangelands and their environments
are home to a diverse array of plant species that flourish
in a variety of habitats. There are two types of habitats
in the research area: piedmont and alluvial. Dera Ghazi
Khan is located in the Suleman mountain range and is
extremely rich in floral variety. We identified the quantity
and composition of communities in two historical
locations, Piedmont and Riparian habitats, at various
altitudinal inclines. The most significant source of
habitat for floral variation is topographically diversified
landscapes. Species diversity is also dramatically
reduced at high altitudes compared to low altitudes
[38]. Kenar & Kikvidze [39] reported that biological
and evolutionary processes resulted in high species
richness and served as corridors of plant and animal
migration in the past. Site 1 had the highest density and
relative density, and Site 4 had the lowest. Site 2 also
had the highest frequency and relative frequency, and
Site 6 had the lowest. Site 2 had the highest diversity
indices value, and site 1 had the lowest. Poaceae has
the greatest species diversity in all study sites due
to the production of a large number of reproductive
seeds and the many means of seed dispersion through

grazing animals, fluvial water, and air. The magnitude
of the diversity indices varied somewhat for different
species, showing a low or high degree of aggregation
where it was significant. Similar results were reported
by Wang et al. [40]. Ahmad et al. [38] reported that a
total of 76 species were predicted during the summer
season. The maximum number of species belong to
the Poaceae family, including Aristida adscensionis,
Brachiari areptans, Cenchrus ciliaris, Cenchchrus
setiger, Chloris barbata, Cymbopogon jawarancusa,
Cynodon dactylon, Cynodon glabratus, Demostachya
bipinnata,  Dichanthium  annulatum, Enneapogon
persicus, Eragrostis minor, Eragrostis barrelieri,
Panicum hemitomon, Panicum repens, Phalaris minor,
Phragmites australis, Saccharum munja, Saccharum
officinarum, and Saccharum spontaneum, and these are
followed by the Fabaceae and Amaranthaceae families
from Dera Ghazi Khan.

Plant scientists worldwide show a common interest
in native plant species to predict new inclusive
research investigations and ethnopharmacological,
ecological, and phytoplankton studies skewed toward
charismatic contributions [41, 42]. The phenotypic
variation and systematic importance of flowering
plants are investigated in different geographical regions
of Pakistan to measure the functional diversity in
restored ecosystems [43, 44]. As a result, the sources
of floral scent variation and floristic diversity provide
phylogenetic patterns as per the investigation of earlier
researchers [45, 46]. According to Sharma et al. [47],
the high species richness in the temperate ecosystem
is an indication of better environmental conditions for
the survival of plant communities, such as moderate
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temperature, proper seasonal rainfall, and moisture
content that are desired for healthy plant growth.
Evenness accounts for more variation in the Shannon
diversity index (H), which is in agreement with Yadav
& Sharma [48]. The highest species richness was also
shown by Chloris flagellifera in Site 2, with an altitude
of 190m. With respect to sampling, it must be noted that
even in the case of random sampling, the quadrats may
not be independent samples as the variation in species
richness in the field may influence the quadrats (that may
be species poor or species rich accordingly) situated in
the vicinity of each other in species poor or species rich
sections [49, 50]. Variances of diversity and equitability
were not unexpectedly consistently low for almost all
species, as has previously been observed by Ivashchenko
et al. [51]. Species diversity may be important because
of its possible role in the establishment and coexistence
of species though, in some model systems it is found to
play hardly any role in these processes [52]. Dominance
concentration (D) was found to vary inversely with
general diversity (H), which is in agreement with the
results of Wang et al. [40], Ivashchenko et al. [51],
Hussain et al. [53], Bashir et al. [54], and Wang et al.
[69].

Variables influencing species diversity include
not just abiotic and environmental characteristics, but
also climatic gradients impacted by biotic factors [55].
Sustainable use and conservation of plant biodiversity
are important for geo-climatic gradients to drive plant
species composition, which plays an important role in
how plant species assemble locally into communities
[56, 57]. An integrated framework of plant structure and
function is dependent on the amount of above-ground
vegetation [58], which is more constant owing to some
psychological processes, and this is fully dependent
on regional climatic and edaphic conditions. Our
findings are also consistent with previous research [59]
undertaken by several plant ecologists across Pakistan’s
diverse geographical zones. Herbaceous plants (55.26%)
were the most prevalent living form in the alluvial
environment of the research region.

The difference in IVI values of different species is
due to their environmental conditions and anthropogenic
activities around the sites. The wetland habitat is
dominated by Typha angustifolia, Schoenoplectus
lacustris, Juncus maritimus, and Phragmites australis.
In addition, increasing anthropogenic pressures
make Choti Zareen biodiversity a fairly sensitive and
threatened ecosystem [60, 61]. Fieldwork is essential for
phytosociological study and the calculation of diversity.
Our devoted findings will help to extend the consensus
and concentration of researchers to the herbaceous
species of temperate ecosystems in Choti Zareen.
In essence, the community under study is an early
successional organized community [62, 63] with a low
number of species. Species richness, as evaluated by the
test proposed by Zhang et al. [64], showed variability
within the different sections (or patches) of the
community. Zhang et al. [65] explored the phylogenetic

diversity and altitudinal patterns of species diversity
across temperate mountain forests located in China.
[66] examined the phyto-diversity distribution in terms
of elevation gradient in Saudi Arabia. [67] conducted
a study on the prediction of the soil seed bank of two
different geographic arid zones (piedmont and alluvia
plains) in Dera Ghazi Khan, Pakistan.

Our results also show consistency in these above-
mentioned measures. It is interesting to note that [40,
51, 53, 54, 68, 69] also obtained consistency in the
results of the three measures mentioned above. These
three similarity measures are the most popular and are
recommended for use in ecology.

Ahmad et al. [70] documented that the conservation
of phyto-diversity in the Koh-Suleman range mountains
has been neglected, especially at lower elevation
piedmont zones (Sakhi Sarwar, lower foot hill arid
zone) and upper rocky slopes located at high elevations
(Fort Manru). There is a need to develop biodiversity
conservation strategies for all plant communities and
their habitats with the establishment of topographic
preferences of these species, especially in the Koh-
Suleman range mountains of Gera Ghazi Khan,
Pakistan.

Conclusions

The findings of the current study concluded that
the study area has 120 herb species, representing 92
genera and 35 families. Poaceaceae and Asteraceae are
the dominant families, according to IVI. The dominant
species, according to IVI, are Chloris flagellifera
and Aerva javanica. The Shannon diversity index
(H) is also moderate for this study area in all sites of
herbaceous diversity, but the dominant species, Chloris
flagellifera, showed the highest diversity, followed
by Aderva javanica. The result of this research shows
that phytosociological diversity is dominant, and their
distribution is favored by vegetation that has larger seed
production, well-adaptive mechanisms of seed dispersal
and competes for basic needs such as soil nutrients.
While phytosociological diversity and distribution
patterns were distracted by anthropogenic activities and
environmental pressure, from this study, it is concluded
that the present status of the herbaceous layer in Choti
Zareen, Dera Ghazi Khan district, is satisfactory. But
in the future, a lot of challenges will be faced with the
diversity of herbs if grazing and anthropogenic activity
continue in their present form.

Acknowledgment
Authors thanks the Researchers Supporting Project

number (RSP2024R99), King Saud University, Riyadh,
Saudi Arabia, for their support for this project.



2372

Muhammad Saleem, et al.

10.

11.

12.

13.

Conflict of Interest

The authors declare no conflict of interest.

References

OYELOWO 0.J., OLADOYE A.O., OJO E.O., OLUBAYO
0.0., SONDE B., ADELANI D.O. Phytosociological
Assessment and Diversity of Woody Species in Omo
Biosphere Reserve, Nigeria. Journal of the Cameroon
Academy of Sciences, 19 (2), 125-139, 2023.

AL-SHEHRI M.A., EL-SHEIKH M.A., AL-FARHAN
A.H., ARIF ILA., RAJAKRISHNAN R., ALATAR A.A.,
FAISAL M., BASAHI R.A., AL-ABBADI G.A. Ecology
of endangered Prunus korshinskyi Hand. Mazz. in Jabal
Al-Lauz, Saudi Arabia: Plant associations, size structure,
and nutritional screening. Saudi Journal of Biological
Sciences, 27 (1), 147-156, 2020.

DAGNE Y., BIRHANU L. Floristic composition and plant
community distribution along environmental gradients in
Guard dry Afromontane Forest of Northwestern Ethiopia.
BMC Ecology and Evolution, 23 (1), 43, 2023.

FIEBERG JR., VITENSE K. JOHNSON D.H.
Resampling-based methods for biologists. Peer Journal, 8,
€9089, 2020.

BAUDOIN W.T.J.,, FLORE N.J., CLOVIS K.O., ELODIE
M.T., SEVERIN K.F.S., JONATHAN NM. ERIC
N.C., BLERIOT FT.A., LOUISE ATM., THEOPHILE
F., FRANCOIS N.V. Assessing floristic diversity and
ecological characteristics of mount Mbapit Savannah,
Western Highlands of Cameroon. Asian Journal of
Biological Sciences, 16 (3), 351, 2023.

BEN-SAID M. Spatial point-pattern analysis as a powerful
tool in identifying pattern-process relationships in plant
ecology: an updated review. Ecological Processes, 10, 56,
2021.

O’SHAUGHNESSY K.A., KNIGHTS A.M., HAWKINS
S.J., HANLEY M.E., LUNT L. THOMPSON R.C,
FIRTH L.B. Metrics matter: Multiple diversity metrics at
different spatial scales are needed to understand species
diversity in urban environments. Science of the Total
Environment, 895, 164958, 2023.

QIN X., WU H., HUANG X., LOCK T.R., KALLENBACH
R.L,MAJ, ALIM.P, TU X., CAO G., WANG G., NONG
X., MCNEILL M.R., ZHANG Z. Plant composition
changes in a small-scale community have a large effect on
the performance of an economically important grassland
pest. BMC Ecology, 19 (1), 32, 2019.

BOUCHET-VALAT M. General marginal-free association
indices for contingency Tables: From the Altham Index to
the Intrinsic Association Coefficient. Sociological Methods
& Research, 51 (1), 203, 2022.

LOTZE H.K. Marine biodiversity conservation. Current
Biology, 31 (19), 1190-1195, 2021.

WANG J., SOININEN J., HEINO J. Ecological indicators
for aquatic biodiversity, ecosystem functions, human
activities and climate change. Ecological Indicators, 132,
108250, 2021.

QUINTUS S., ALLEN M.S. Niche Construction and
Long-Term Trajectories of Food Production. Journal
of Archaeological Research, 32, 1-53, 2023. https://doi.
org/10.1007/s10814-023-09187-x.

KOUL B., BHAT N., ABUBAKAR M., MISHRA M.,
ARUKHA A.P, YADAV D. Application of Natural

20.

21.

22.

23.

24.

25.

26.

. NODZA G,

Coagulants in Water Treatment: A Sustainable Alternative
to Chemicals. Water, 14 (22), 3751, 2022.

. SRIDHAR K.R., PAVITHRA M. Bioactive Compounds

of Ceylon Spinach [Talinum Triangulare (Jacq.) Willd.].
In: Murthy H.N., Pack K.Y. (eds) Bioactive Compounds in
Underutilized Vegetables and Legumes. Reference Series
in Phytochemistry. Springer, Cham. 2021. https:/doi.
org/10.1007/978-3-030-57415-4_10.

. NIU H.X., DUAN Q.J.,, SHI G.X., WU D.Q., SHAO J.,,

WANG T.M., WANG C.Z. Inhibitory effect of extract of
Coptidis Rhizoma on invasion of Candida albicans hyphae
in vitro. Zhong Hua Zhong Yi Yao Za Zhi, 44 (1), 125,
2019. Chinese. doi: 10.19540/j.cnki.cjcmm.20180912.004.

. CHEN P, XIE R.,, LU M. Resource Conservation or

Environmental Friendliness: How do Urban Clusters
Affect  Total-Factor  Ecological  Performance in
China? International Journal of Environmental Research
and Public Health, 17 (12), 4361, 2020.

ANTHONY R.U, ONUMINYA TO.,
OGUNDIPE O.T. Floristic Studies on Herbaceous and
Grass Species Growing in the University of Lagos,
Nigeria. Tanzania Journal of Science, 47 (1), 80, 2021.

. FORD J.D., TILLEARD S.E., BERRANG-FORD L.,

ARAOS M., BIESBROEK R., LESNIKOWSKI A.C.,
MACDONALD G.K., HSU A., CHEN C., BIZIKOVA
L. Opinion: Big data has big potential for applications to
climate change adaptation. Proceedings National Academy
of Sciences, 113 (39), 10729, 2016.

. GILARDELLI F., VERGANI C., GENTILI R., BONIS

A., CHANTELOUP P, CITTERIO S., ENRICO A.
Root characteristics of herbaceous species for topsoil
stabilization in restoration projects. Land Degradation &
Development, 28 (7), 2074, 2017.

ANTON-PARDO M. The map of biodiversity: From local
to global scales. Métode Science Studies Journal, 9, 83-89,
2019.

RAHMAN LU., HART R.E., AFZAL A., IQBAL Z.,
BUSSMANN R.W., IJAZ F., KHAN M.A. ALI H.,
RAHMAN S.U, HASHEM A., ABD ALLAH E.F,
SHER A., CALIXTO E.S. Vegetation-environment
interactions: plant species distribution and community
assembly in mixed coniferous forests of Northwestern
Himalayas. Scientific Reports, 13, 17228, 2023.
RAHMAN A.U.,, KHAN S.M., AHMAD Z., ALAMRI S.,
HASHEM M., ILYAS M., AKSOY A., DULGEROGLU
C., KHAN G., ALI S. -Impact of multiple environmental
factors on species abundance in various forest layers using
an integrative modeling approach. Global Ecology and
Conservation, 29, ¢01712, 2021.

SELCK C., DOMINGUEZ-VILLAR M. Antigen-Specific
Regulatory T Cell Therapy in Autoimmune Diseases and
Transplantation. Frontier in Immunology, 12, 661875,
2021.

MEDAIL F. Plant Biogeography and Vegetation Patterns
of the Mediterranean Islands. The Botanical Review, 88,
63-129, 2022.

JHARIYA M.K., BANERJEE A., YADAV DK,
RAJ A. Leguminous Trees an Innovative Tool for
Soil Sustainability. In. MEENA R., DAS A., YADAV
G., LAL R. (eds) Legumes for Soil Health and
Sustainable Management. Springer, Singapore, pp. 315-
345, 2018.

ORAON M., SHARMA V. Prediction of surface roughness
in single point incremental forming of AA3003-O alloy
using artificial neural network. International Journal of
Materials Engineering Innovation, 9 (1), 1, 2018.



Species Diversity and Phytosociological...

2373

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

JIANG L., XU Q. What Do Biodiversity Experiments
Tell Us About Biodiversity and Ecological Stability
Relationships? In: The Ecological and Societal
Consequences of Biodiversity Loss (Eds: LOREAU
M., HECTOR A., ISBELL F), 2022. https:/doi.
org/10.1002/9781119902911.ch8.

HUGHES A.C. Understanding the drivers of Southeast
Asian biodiversity loss. Ecosphere, 8 (1), 01624, 2017.
HERRERO-JAUREGUI C., SANS G.C., ANDRIES D.M.,
AGUIAR S., FAHRIG L., MASTRANGELO M. Past
and present effects of habitat amount and fragmentation
per se on plant species richness, composition and traits
in a deforestation hotspot. Biological Conservation, 276,
109815, 2022.

MOLLASHAHI H., SZYMURA M., SZYMURA T.H.
Connectivity assessment and prioritization of urban
grasslands as a helpful tool for effective management of
urban ecosystem services. PLoS One, 15 (12), ¢0244452,
2020.

DANGOLI D.R., SHIVAKOTI G.P. Species composition
and dominance of plant communities in Western Chitwan,
Nepal. Nepal Journal of Science & Technology, 3, 69,
2001.

CHAUDHRY M.S., SARWAR G., MAJEED A. Natural
plant communities in view of response variables
and ecological indices from Lalsuhanra biosphere reserve,
Pakistan. Pakistan Journal of Biological Sciences, 9 (9),
1628, 2006.

SHANNON C.B., WEAVER W. The Mathematical Theory
of Communication. Urbana, Illinois, 1963.

PIELOU E.C. Species-diversity and pattern-diversity in
the study of ecological succession. Journal of Theoretical
Biology, 10 (2), 370, 1966.

MAGURRAN A.E. Measuring biological
Blackwell Publ., Oxford, UK, 2004.
SOUTHWOOD T.R.E., HENDERSON P. Ecological
Methods, 3rd edn. Blackwell Science, Oxford, 2000.
PIELOU E.C. Ecological Diversity. Wiley-Inter-science,
New York, pp. 165, USA, 1975.

AHMAD A., SAEED A., GULSHAN A.B., ULLAH
A., AHMAD B., ULLAH S., KHAN S.S., ZEB T.A.
Phytodiversity of piedmont and alluvial regions of Kohe
Suleman mountain range, Dera Ghazi Khan, Punjab
Pakistan with emphasis on the altitudinal gradient. Journal
of Xi’an Shiyou University Natural Science Edition, 19 (1),
1630, 2023.

KENAR N., KIKVIDZE Z. Climatic drivers of ecological
divergence among the genera of the tribe Stipeae in
Turkey. Flora, 270, 151650, 2020.

WANG X, LIU Y, LI Y, JIN J, GUO Q. PEI S.
Interspecies Association and Community Stability
of Plants in the Core Distribution Area of Thuja
sutchuenensis. Forests, 14, 762, 2023.

KANDEL P, GURUNG J., CHETTRI N., NING W.,
SHARMA E. Biodiversity research trends and gap analysis
from a transboundary landscape, eastern himalayas.
Journal of Asia-Pacific Biodiversity, 9 (1), 1, 2016.
BRODEUR J,, ABRAM PK. HEIMPEL G.E,
MESSING R.H. Trends in biological control: Public
interest, international networking and research direction.
BioControl, 63 (1), 11, 2018.

HANIF M.A., GUO Z., MONIRUZZAMAN M., HE
D., YU Q., RAO X, LIU S., TAN X., SHEN W. Plant
taxonomic diversity better explains soil fungal and
bacterial diversity than functional diversity in restored
forest ecosystems. Plants, 8 (11), 479, 2019.

diversity.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

GUIDEN PW., BARBER N.A.,, BLACKBURN R,
FARRELL A., FLIGINGER J., HOSLER S.C., KING R.B.,
NELSON M., ROWLAND E.G., SAVAGE K. Effects of
management outweigh effects of plant diversity on restored
animal communities in tallgrass prairies. Proceedings
National Academy of Sciences, 118 (5), ¢2015421118,
2021.

ZAFAR 1., PERVEZ M.T.,, RATHER M.A., BABAR M.E.,
RAZA M.A., IFTIKHAR R. Genome-wide identification
and expression analysis of ppos and pox gene families in
the selected plant species. Biosciences, Biotechnology
Research Asia, 17 (2), 301, 2020.

ZAFAR 1., RUBAB A., ASLAM M., AHMAD S.U.,,
LIYAQAT 1, MALIK A., ALAM M., WANI TA.
KHAN A.A. Genome-wide identification and analysis
of grf (growth-regulating factor) gene family in camila
sativa through in silico approaches. Journal of King Saud
University Science, 34 (4), 102038, 2022.

SHARMA C.M., MISHRA AK. TIWARI O.P,
KRISHAN R., RANA Y.S. Effect of altitudinal gradients
on forest structure and composition on ridge tops in
Garhwal Himalaya. Energy, Ecology and Environment, 2
(6), 404, 2017.

YADAV S., SHARMA L. Phytosociological analysis
and species diversity of herbaceous layer in Saliyatoli.
International Journal of Advance and Applied Research, 2
(17), 92, 2022.

FONSECA T.C.O., LOBO V.G.R, SCHMIDT A.M.
Dynamical non-Gaussian modelling of spatial processes.
archivePrefix={arXiv}, 2021.

DING C., ZHOU X., CAO X.J, YANG J. Spatial and
mediation analysis of the influences of residential
and workplace built environments on commuting
by car. Transportation Research Part A: Policy
and Practice, 171, 2023. Article 103662. https:/doi.
org/10.1016/j.tra.2023.103662

IVASHCHENKO K.V, KORNEYKOVA MV,
SAZONOVA 0.1, VETROVA A.A., ERMAKOVA A.O.,
KONSTANTINOV PI., SOTNIKOVA Y.L., SOSHINA
A.S., VASILEVA M.N,, VASENEYV V.I., GAVRICHKOVA
O. Phylloplane Biodiversity and Activity in the City at
Different Distances from the Traffic Pollution Source.
Plant (Basel), 11 (3), 402, 2022.

MALCOLM K., DIGHTON J.,, BARKAY T. Mercury
affects the phylloplane fungal community of blueberry
leaves to a lesser extent than plant age. Mycology, 9
(1), 49, 2018.

HUSSAIN M., KHAN S.M., ABD ALLAH E.F, UL
HAQ Z., ALSHAHRANI T.S., ALQARAWI A.A., UR
RAHMAN 1., IQBAL M., ABDULLAHI-AHMAD H.
Assessment of plant communities and identification of
indicator species of an ecotonal forest zone at Durand
Line, District Kurram, Pakistan. Applied Ecology and
Environmental Research, 17 (3), 6375, 2019.

BASHIR F., ABBAS A., SHAUKAT S.S., SIDDIQUI M.F.,
QURESHI L.A. Distribution and diversity of marine algae
of Sindh coastal area: alpha, beta and gamma diversity.
Pakistan Journal of Botany, 54 (6), 2377, 2022.

LI T., XIONG Q., LUO P, ZHANG Y., GU X., LIN B.
Direct and indirect effects of environmental factors, spatial
constraints, and functional traits on shaping the plant
diversity of montane forests. Ecology and Evolution, 10
(1), 557, 2020.

BENITO X., FRITZ S.C., STEINITZ-KANNAN M.,
TAPIA PM., KELLY M.A., LOWELL TV. Geo-climatic
factors drive diatom community distribution in tropical



2374

Muhammad Saleem, et al.

57.

58.

59.

60.

61.

62.

63.

south american freshwaters. Journal of Ecology, 106 (4),
1660, 2018.

ZHOU S., WU N., ZHANG M., PENG W., HE F., GUO
K., YAN S., ZOU Y., QU X. Local environmental, geo-
climatic and spatial factors interact to drive community
distributions and diversity patterns of stream benthic
algae, macroinvertebrates and fishes in a large basin,
northeast china. Ecological Indicators, 117, 106673, 2020.
WEIGELT A., MOMMER L., ANDRACZEK K.,
IVERSEN C.M., BERGMANN J.,, BRUELHEIDE H.,
FAN Y., FRESCHET G.T., GUERRERO-RAMIREZ N.R.,
KATTGE J. An integrated framework of plant form and
function: The belowground perspective. New Phytologist,
232 (1), 42, 2021.

TAO Z., GE Q., WANG H., DAI J. The important role
of soil moisture in controlling autumn phenology of
herbaceous plants in the inner mongolian steppe. Land
Degradation & Development, 32 (13), 3698, 2021.
BIRBEN U. The effectiveness of protected areas in
biodiversity conservation: the case of Turkey. Cerne, 25 (4),
424, 2019.

TAVSANOGLU C. Anadolu Bozkir Ekosistemleri
Uzerinde Isleyen Miidahale Rejimleri. Kebikec: Insan
Bilimleri Icin Kaynak Arastirmali Dergisi, 43, 259, 2017.
ZANG Z., ZENG Y., WANG D., SHI F., DONG Y., LIU
N., LIANG Y. Species-Abundance Distribution Patterns
of Plant Communities in the Gurbantiinggiit Desert,
China. Sustainability, 14, 12957, 2022.

FRAC M., HANNULA S.E., BELKA M., JEDRYCZKA
M. Fungal biodiversity and their role in soil
health. Frontiers in Microbiology, 9, 707, 2018.

64.

65.

66.

67.

68.

69.

70.

ZHANG Z., HAUTIER Y., BAO T., YANG J,, QING H.,
LIU Z., WANG M., LI T., YAN M., ZHANG G. Species
richness and asynchrony maintain the stability of primary
productivity against seasonal climatic variability. Frontiers
in Plant Science, 13, 1014049, 2022.

ZHANG W., HUANG D., WANG R., LIU J, DU N.
Altitudinal patterns of species diversity and phylogenetic
diversity across temperate mountain forests of northern
China. Plos one, 11 (7), 1, 2016.

MSEDDI K., ALGHAMDI A., ABDELGADIR M.,
SHARAWY S., CHAIEB M., MILLER T. Phytodiversity
distribution in relation to altitudinal gradient in
Salma Mountains-Saudi Arabia. Global Ecology and
Conservation, 27 (2), 67, 2021.

AHMAD A., SAEED A., GULSHAN A. WALI S,
HADI F.,, ULLAH S., SHER A., RIZWAN M., RAFIQ
M. Prediction of soil seed bank of piedmont and alluvial
environments of Dera Ghazi Khan, Punjab, Pakistan.
Brazilian Journal of Biology, 84 (2), 234, 2021.

SUN Z., ZHANG W.,, LIU Y., DING C., ZHU W. The
changes of phyllosphere fungal communities among three
different Populus spp. Microorganisms, 11, 2479, 2023.
WANG X., ELLWOOD M.D.F., Al D., ZHANG R.,
WANG G. Species abundance distributions as a proxy for
the niche—neutrality continuum. Journal of Plant Ecology,
11 (3), 445, 2018.

AHMAD A., SAEED A., GULSHAN A.B., YOUSAF W.,
ZAFAR 1. Envisaging natural vegetation in contrasting
environments (piedmont and alluvial) of Dera Ghazi Khan,
Pakistan. Pakistan Journal of Botany, 55 (6), 2231, 2023.



