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ABSTRACT

A research study was conducted in the Garhwal region of the lesser Himalaya to explore the impact of topographical
aspects on vegetation species diversity. The research was conducted for two years, from January 2021 to December
2022. Randomly placed sampling plots of 20 x 20 m were used for trees and 5 x 5m for shrubs in different slope
directions (E, NE, N, NW, W, SW, S, SE) for vegetation analysis. The study revealed the presence of 28 tree
species and 17 shrub species. The north-western slope aspect had the highest diversity of tree species (H'=2.14),
while the south-western slope aspect had the highest number of shrub species (H’=2.06). The CD values for
trees in the south-western slope aspect (0.41) and shrubs in the northern slope aspect (0.23) were the highest.
The study found that an area’s topographical aspects significantly impact plants’ diversity and spatial distribution.
For trees, the north-western slope aspect had the highest evenness value (0.86) and the western slope aspect had
the highest species richness (2.92). On the other hand, for shrubs, the northern slope aspect had the highest
evenness value (0.96), and the north-eastern slope aspect had the highest species richness (2.18). In conclusion,
the north-western slope aspect was more diverse for trees, while the south-western slope aspect was more diverse

for shrubs.

Key words: Diversity; Distribution; Evenness; Lesser Himalaya; Richness; Topographical aspect.

INTRODUCTION

The Garhwal region is an integral part of the Western
Himalaya in Uttarakhand, comprising several types
of forests that change with altitude. Other factors like
topography, slope inclination, slope aspect, and soil
type also determine the forest’s composition as the
altitude increases (Shank and Noorie 1950, Holland
and Steyn 1975, Sharma et al. 2009). Depending on
the slope and aspect of a site, insolation periods at
different elevations vary, creating a diverse range of
microclimates across various landscapes. Recent
research suggests that the middle of soil nutrient
gradients typically has the highest species diversity
(Song et al. 2008). Some argue it evolved in the most
fertile locations (Gentry 1988). However, several
studies have shown that as altitude increases, species
diversity decreases (Hao et al. 2002). On the other
hand, others have discovered that areas with
reasonable elevation occupied the most excellent
species variety due to optimal hydrothermal
conditions (Li et al. 2002). In hilly terrain, slope
aspect and slope position significantly influence plant
variety but little on plant assemblage (Zeng et al.
2014). The slope and altitude factors greatly

influence the temperature regime of each location
(Yang et al. 2020). Additionally, the two distinct
topographical aspects shift the patterns and
orientation of vegetation structure and composition
(Chmura 2008).

The phytosociological study aims to describe and
comprehend the features and functions of vegetation.
It provides information on the makeup of trees,
shrubs, herbs, and climbers (Rawat and Chandra
2014). Although studies on the diversity of vegetation
and forest composition have been conducted in
various parts of the Himalaya, there is a need for
more analysis of plant compositions and diversity in
the Lesser Himalayan region of Garhwal Himalaya.
Therefore, we have analyzed the hypothesis that
topographical aspects impact plant compositions and
diversity along the altitudinal gradient.

MATERIALS AND METHODS

Study area

The study was conducted in the Garhwal region
between Lansdowne (29°50°03.11"”"N and
78°41°38.38"E) the highest point, and Kotdwar
(29°44°00.03"” N and 78°31°55.53" E) the lowest
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Figure 1. Map of study site
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Figure2. Meteorological data of study site

point, along the Kho river (Fig. 1). This area is
located in the Lesser Himalayan range, which is the
outermost range of the Himalaya. The study area is
between two well-known protected regions of
Uttarakhand, the Corbett National Park and the Rajaji
Tiger Reserve, home to various flora and fauna. The
altitude of the study area ranges from 350 to 1550 m
amsl. The mean annual temperature of the study area
ranges from 18°C in January to 39°C in June (Fig.
2). The annual average rainfall is 218 cm, with 90%
concentrated during the monsoon season and the
relative humidity varies between 54 and 63%
(Anonymous 2016).

With varying altitudinal zones and climatic
variations, tree and shrub species also vary; most
species are deciduous. The lower altitudinal zones-I
(350-650 m) have dominant shrub species such as
Lantana camara, Murraya koenigii, Clerodendrum
infortunatum, and Glycosmis pentaphylla associated
with tree species of Adina cordifolia, Tectona
grandis, Cassia fistula, Wrightia tinctoria, Bombax
ceiba and Schleichera oleosa. However, the middle
to higher altitudinal zones-II, IIL, IV (650-1550 m)
are dominated by Eupatorium adenophorum, Rhus
parviflora, Maesa montana, Inula capa, Berberis
aristata and Rubus ellipticus with the Shorea robusta,
Pinus roxburghii, Myrica esculenta, Quercus
leucotrichophora and Rhododendron arboreum tree

species. Some shrub species were common across
the study area, such as Lantana camara and
Eupatorium adenophorum.

Methodology

To ensure a comprehensive analysis of the vegetation
in the area, the sampling was conducted across
different altitudinal zones and topographic aspects
(E, NE, N, NW, W, SW, S, and SE) along with
altitudinal gradients. Given the steep slopes and
varying landscapes, 40 quadrats of 20 x 20 m for
trees and 5 x 5 m for shrubs were randomly laid out
to cover the sampling area. The identified tree and
shrub species were listed, and quantitative analysis
was done. To determine the frequency, relative
frequency, relative density, relative dominance,
importance value index (IVI), and basal area, the
standard procedures presented by Curtis and
Mclntosh (1950) were used. Species diversity (H’)
was calculated using Shannon and Wiener’s method
(Shannon and Wiener 1963), while Simpson’s index
(Simpson 1949) was used to determine the
concentration of dominance (CD). Species richness
was determined by Margalef’s index (MA) (Margalef
1958), and the evenness index (J) was calculated
using Pielou’s formula (Pielou 1966). Additionally,
correlation analysis was performed using the PAST
software package version 4.0.
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RESULTS AND DISCUSSION
The study examined the composition and structure =58 a2gs¥sa 8
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oftrees and shrubs in different topographical aspects. 2. Cceoco o
. o . <
In the present study we enumerated, 438 individual Ile|l2E 33222 3
trees belonging to 28 species and 24 families and 2 e cococs o
X L. . i @D || < < © A O AN <
474 individual shrubs belonging to 17 species and cw 2gw o e
13 families and analyzed quantitatively. zlsd =358 &%
£l |22 =8%s8% =%
. .. . . £ SS S—=Smd — -
Vegetation association with altitude and slope ]
¢ 2= S8R SR
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The study examined the composition and structure I d¥ega de 2S¢ S
oftrees and shrubs in different topographical aspects. 2l |2 ccoo co oo o
. . 2.2 2333 $% 37§ g
Tables 1 and 2 present phytosociological data of the Nl ae-o -c = <
. . . =
trees and shrubs in each altitudinal zone and 2 |=|8 2ses SRS S
topographical aspect, respectively. Shorea robusta, &3 I5 =8 = =
commonly known as Sal, exhibits a broad altitudinal zjg@ dm == R
distribution ranging from 350 to 1250 m, HRER: ce = S g
encompassing all topographical aspects of the lesser § ss ss == s °
Himalayan region (Fig. 3a). It attains highest 2l e me & wa
. : . =T — =
dominance in the South-western aspect at elevations Zlz S Yad aa
between 350 and 650 m, with an impressive i ~|E55888 &%
dominance ratio (IVI) of 165.87. Its dominance Sl.lsgssse ==
gradually extends to the Western and North-western Ee o = %
. . . <l B3 A H A
aspects, reaching prominence in the Northern (IVI zl=e & @ &
143.1) and North-eastern (IVI 134) within the same = | E|a ] 8 § Q
. . . ) —_ =
altitudinal range. However, Sal’s dominance :‘% =1 -
. o . . —_— =]
diminishes above 650-950 m in the western and 5 [Z[=|®F § S ]
North-eastern aspects. Mallotus philippensis is z | l-|2 82TTE Son 2
. . . . = | 515 Sty @S <
identified as an associated species of Shorearobusta, 2 | £|=|~ oo s Moo= -
. . . . . (=3 S oo oo [ S
displaying an altitudinal range of 350-950 m asl, with ;o ; < S22 423 S
. . S
higher IVI values in the Northern (IVI 28.2) and = | 2l=|s 28339s 288 S
Western (IVI 26.21) aspects within the 350-650 m 5.;
altitudinal distribution (Fig. 3¢). The distribution of < ~|5% 8 a2 ES s
. .. . « S - . & 3 i
Pinus roxburghii spans an altitudinal range of 350- E === ¢ §=% @ =38
. . . . (== (=3 S o (=3 [ ]
1250 m (Fig. 3b), with dominance in the Eastern (IVI ’g g algs & T2 = ez
136.4) and South-eastern (IVI 136.9) aspects above -é Sleles g =8 = 2298
the 950-1250 m altitudinal range. Concurrently, Acer =
oblongum (IVI 81.17) demonstrates a notable 2 9 o .
.. . . . 2] Q Q S
association with the Northern aspect within the 650- 5 v 8.8 5235, § 288, 8 § 2
T < Q S 3 O
950 m elevation range. = zl525:255£8S2¢858¢25¢2
o =~ E|IEES2EESESELSSE8EgE
Among shrub species, itis observed that Murraya &% ElgSE<4325<EE433824<S
koenigii and Lantana camara exhibit a random 2 E .
distribution across the entire area, spanning altitudes § £s25 _ 2
. e <€ E s <
from 350 to 1250 m and all topographical aspects =3 =8 £873 o2 g, & E
. . H5H.E © ] S ® =8 s >
(Figs. 3e, f). The highest IVI value for Murraya = z|EE ‘§§ Ssfgs 5 Z52Eg2
TR . . . 1] = ) = i=] =8 S
koenigii is in the altitudinal range of 650-950 m, o 2125 2 E SSER 58 g8 3 SE8e
. . 2>8 5358 = © = 2E o
specifically in the Northern aspect (100.96), followed % ElE8 ¢ § S é 2888w % g8:28
) = o c = = =
= 2135553583835 228:2838¢
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Figure 3. Elevation wise dominance of tree and shrub species

by the North-western aspect (83.47). In contrast, the
lowest IVI value is in the Eastern aspect (11.07)
within the 950-1250 m altitudinal range. Lantana
camara, a shrub associated with Murraya koenigii,
exhibits its highest IVI value in the Western aspect
(83.57) within the 650-950 m, while the lowest value
(20.59) is observed in the 950-1250 m altitudinal
range, specifically in the Eastern aspect. Within the
upper altitudinal zone, Rhus parviflora is found to
coexist with the dominant shrubs Lantana camara
and Murraya koenigii, occupying an altitudinal range
of 650-1250 m and varying slope aspects (Fig. 3c).
Rhus parviflora is notably absent from the Western,
North-western, and Northern aspects, exhibiting
dominance in the Southern aspect (IVI 96.8) within
the 650-950 m altitudinal range and extending toward
the South-east (IVI 19.71) and South-western aspects
(IVI 69.51). Other shrub species, including
Eupatorium adenophorum, Colebrookea
oppositifolia, Clerodendrum infortunatum, and
Maesa montana, demonstrate a widespread
distribution across multiple topographical aspects.
The study found that tree density ranged from 210
to 310 individuals ha' (Table 1), with the highest
density found in the Northern aspect and the lowest
in the Western aspect, followed by the North-western,
Southern, and South-eastern aspects. Meanwhile,
shrub density (Table 2) ranged from 8.8 to 13.6

individuals 25 m in the southern and southwestern
areas. Rawat and Rawat (2010) and Pala et al. (2011)
reported similar density of 193 to 324 individuals ha'!
for trees and a density of 12.8 individuals 25 m for the
shrub layer in the forest of Garhwal Himalaya. The
Shannon and Wiener (H”), Margalef’s (Ma), Pielou
(j), and Simpson diversity (CD) indices for vegetation
varied significantly among the aspects (p<0.05). The
present study recorded highest tree diversity (Table
3) in the North-western aspect (H’= 2.14, D= 0.14,
CD= 0.10, J= 0.86), and richness in the Western
aspect (Ma=2.92). In contrast, lowest tree diversity
was found in the South-western aspect (H’= 0.90,
Ma=0.98). Singh et al. (2016) also reported similar
values of (1.27 - 1.86) tree diversity.

Maximum diversity of shrubs was in the south-
western aspect (H’=2.06, Ma=2.13, D= 0.14), and
the lowest in the northern aspect (H’= 1.55, Ma=
0.95, D= 0.21). Zeng et al. (2014) revealed that
Shannon-Weiner (H’) and Margalef (Ma) indices in
the southern slopes were substantially higher (1.44
and 1.06) than those in the northern slope. Similarly,
Bhat et al. (2020) reported diversity values of 2.09-
3.37 for trees and 2.62-4.20 for shrubs in the Western
Himalaya, while Pokhriyal et al. (2009) reported
diversity values of 0.74-0.77 for trees and 0.67-0.76
for shrubs for the forests of Garhwal Himalaya.
Akash et al. (2018) reported the diversity of shrubs
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is (H’) 1.89 in the subtropical moist deciduous forest
- of the Rajaji Tiger Reserve as also reported by Malik
& et al. (2015). The value of species diversity (H’) in
%) . .
= various forest types varies between 1.22 to 2.46 for
E ERS8LA X LB K| shrubs(Semwaletal. 2010). These minor variations
z —e o —o — © @ — < | indiversity values could be attributed to the protected
status and broader geographic characteristics such
£ as altitude, aspect, and fertile soil. Verma et al. (2004)
= revealed that species diversity is governed by long-
5 — <t O WV Al — D~ D~ — = . . o
2 S RS R >~ — — — oo | term factors, particularly community stability and
x —eoe —e — © © A 2| evolutionary time because the variety of micro- and
A macro-climate influences diversification among
; various communities. This study reported the higher
= evenness (J) values for shrubs (0.83- 0.96) which is
) SIS S — — — 9| similar to those reported by (Akash et al. 2018) and
N S O O OO AN o oo .
(Uniyal et al. 2010).
=
5 . o
. § DA " o — oo Domman'ce-dlveljsny curve
Sz DR e X = = @ | The dominance-diversity curve for shrub and tree
o NS Sac —S S = . - .
= layers is presented in Figures 4 and 5 which shows
s 2z geometric series pattern. As per Whittaker (1965),
gl = the log-normal series illustrates the partitioning of
2 § <+ <+ & — © o © ~ e — | realized niche space over various species and is the
> RISt X ZZ = 2| outcomeof the evolution of speciﬁc‘species diversity
along the niche parameters. Additionally, Raturi
g (2012) reported that the dominance-diversity curve
;:: for all forest types’ tree and shrub layers was similar
s 2383 na QR K| tothe geometric series based on an importance value
42 —ee—=s — S S S S| index (IVI).
z
_;.’ Relationship between variables and topographical
5| RSR8% | emoxg| bk
Z, —_e S - — S S i o| Pearson’s correlation test for tree species distribution
among different topographical aspects indicated that
g diversity (H”) had a significantly strong positive
b N~ — en o o — en | correlation with species richness (r=0.924; p<0.01),
H4 —nen D~ 0 — — O\ 00 . . .
= oo - o — o & — o | Simpson index of dominance (r = 0.950; p<0.01),
while it had a strong negative correlation with
g g Simpson’s index (r = -0.950; p<0.01) and
= = Concentration dominance (r = -0.947; p<0.01).
§ —‘é’ —‘é’ Additionally, species dominance showed a strong
'—'é " " negative correlation with the Simpson index (r = -
] % a % a 1.000; p<0.01), Concentration dominance (r = -
‘é § vt § vt 0.817; p<0.05), and significant positive correlation
o o5 Ko 95 & =| with Richness (r = 0.781; p<0.05) (Table 4).
2 s e wnd S g wuiB|l : NP
A S 23 S22 2 Similarly, for shrub species distribution among
fg wn 2 % é o B = % é @ | different topographical aspects, diversity (H’) had a
% § § £ N S § E § £ N S § significant strong positive correlation with species
= FEZRRnOKM@M | v O @I richness (r=0.925; p<0.01), Simpson dominance (r
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Table 4. Relationship among the variables along with topographical slope aspect for tree layer

Shannon_H Simpson CD Evenness Richness Dominance
Shannon_H 1
Simpson -.909** (0.002) 1
CD -.933**%(0.001) .815*(0.014) 1
Evenness -0.531M(0.176) 0.184™5(0.662) 0.651™5(0.081) 1
Richness 925%%(0.001) -0.701 (0.053)  -.875*%* (0.004) -.772* (0.025) 1
Dominance 921%%(0.001)  -.987** (0) -.866%* (0.005) -0.243 (0.562) .711* (0.048) 1

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-
tailed).

Table 5. Relationship among the variables along with topographical slope aspect for shrub layer

Shannon_H Simpson CDh Evenness Richness Dominance
Shannon_H 1
Simpson -.950** (0) 1
CD -.947%% (0) 817*%(0.013) 1
Evenness -0.292%5(0.482) 0.522™5(0.185) 0.047M5(0.913) 1
Richness .924%%(0.001)  -.781* (0.022)  -.960** (0) -0.105 (0.804) 1
Dominance  .950%** (0) -1.000** (0) -.817*(0.013)  -0.522 (0.185) .781* (0.022) 1

*Correlation is significant at the 0.05 level (2-tailed), **Correlation is significant at the 0.01 level (2-
tailed).

200 -
——FE ——-NE

150 F 2\ &N e NW

*,

8 N —#—W —e—SW

>100 \\\\1\ ——8§ SE

0 - F—FON

1 2 3 4 5. 6 1 8 9 10 11 12
Sp eCIES SEqUEeNce

Figure 4. Dominance-diversity curve of tree species in different slope aspects

120 -
100 1 4 ——E —=a-NE
801 AN\ ——N < NW
= 60 i“x:_& — —#—W e SW
- N —SE
40 - -
20 - N——
0 T T T T T T T T < T "
1 2 3 4 5 6 7 8 9 10
Species sequence

Figure 5. Dominance-diversity curve of shrub species in different slope aspects



476

Shah et al. : Effect of slope aspect on vegetation distribution in Himalaya Int. J. Ecol. Env. Sci.

=1.0 0.5 O 0.5 1.0 1.5 2.0 2.5 S 3.5 4.0 - 5
2 - o8
5 'Il-::--_ul- - -
Fhw T -1 0.4
— _j- e T
% e S T _.'h" P " ) -4 0.2
e ;_.-_ '.':Tﬁ:'.‘.:‘f:':—“' s i “‘“W*:;_mﬁ::-ﬂh
=3 e s et i i e S—— o
T PN, L B
) — 1
b W e et i — - 0.2
- (£] e — ]
\ e T 4 .04
=5 - WSk ;":n.-.........-.. i
- o8
0 5 10
PC 1 (684.96%)
Figure 6. Principal component analysis (PCA) biplot for tree species
-0.5 0.0 0.5 1.0 1.8
3 - T b T - v T
| L s - o6
= g -1 0.4
== 1
= g o - 0.2
(=] =
LS o P 0.0
> e it SRS —— ="
E 3 --..1.-....1‘#1&?;_.";%:“?&' i W arfa TRy b g r—||.|f1l- —
- =y = - -0.4
. P, FOUERg=. J:
-4 : . r
-2 =] = 3

PC 1 ¢41.83%%)

Figure 7. Principal component analysis (PCA) biplot for shrub species

= 0.921; p<0.01), while it had a strong negative
correlation with Simpson’s index (r=-0.909; p<0.01)
and Concentration dominance (r = -0.933; p<0.01).
In addition, species dominance is strongly negatively
correlated with the Simpson index (r = -0.987;
p<0.01), Concentration dominance (r = -0.866;
p<0.01), and positively significant with Richness (r
=0.711; p<0.05) (Table 5).

Principal component analysis

The tree PCA plot (Fig. 6) revealed that the northern,
north-western, north-eastern, and south-western
slope aspects formed cluster I, while, the southern,
south-eastern, eastern, and western slope aspects
formed the cluster II. Species distributions such as

Shorea robusta, Lannea coromandelica, Schleichera
oleosa, Toona ciliate, and Holoptelea integrifolia
were present in cluster I. Similarly, the PCA plot for
shrubs (Fig. 7) showed that the northern, western,
north-western, and south-eastern slope aspects
formed cluster I, while the north-eastern, eastern,
south-western, and southern slope aspects formed
cluster II. Murraya koenigii and Lantana camara
showed strong affinity with cluster I, and Eupatorium
adenophorum, Rhus parviflora, and Maesa montana
showed strong affinity with cluster I1. Both cluster I
and II of trees showed strong affinity with cluster I
and II of shrubs, respectively.

Shorea robusta and Pinus roxburghii were the
dominant trees. At the same time, Murraya koenigii
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and Lantana camara were the most dominant shrubs
in the majority of the topographical aspects, followed
by Rhus parviflora. The diversity of vegetation was
not evenly distributed across different slope aspects.
Tree species diversity was more in the north-western
aspect (H’= 2.14) and western aspect (H’= 2.11),
followed by north-eastern aspect (H’= 1.27) and
northern aspect (H’= 1.15) as also reported by
Sharma et al. (2010) for tree diversity (1.81) in the
northern aspect. The higher diversity of shrubs was
reported in the south-western aspect (H’= 2.06),
followed by the north-eastern aspect (H’= 1.99),
while the northern aspect (H’= 1.55) reported the
lowest diversity. The southern aspect exhibited
higher shrub species diversity, as also reported by
Zeng et al. (2014). The direction of a slope plays a
significant role in determining the diversity of plant
species that can grow in an area. This is because
different slopes receive varying amounts of sunlight,
warmth, moisture, and soil nutrients, creating unique
environmental conditions that support diverse plant
communities.

South-facing slope aspects receive maximum
sunlight and are usually warmer and drier than other
slope aspects Cantlon (1953). These conditions make
them ideal for plant species adapted to hot, dry
conditions. In particular, south-facing slopes support
predominantly shrub species, although some tree
species may also survive in these conditions. The
southern slope aspect is also known for its rich
diversity of plant species, which makes it an essential
area for conservation efforts. On the other hand,
north-facing slopes receive the minimum sunlight
and are usually colder and moist than other slope
aspects Searcy et al. (2003). These environmental
conditions support plant species adapted to more
moist conditions. In particular, most trees grow well
on north-facing slopes and have a rich diversity of
plant species.

East-facing slopes receive morning sun and are
more-cooler in the afternoon, while west-facing
slopes receive midday sun and are warmer in the
afternoon. These environmental conditions create
microclimates that support unique plant communities
Singh (2018). For instance, east-facing slopes may
be cooler and moister, keeping plant species adapted
to these conditions, while west-facing slopes may
be warmer and drier, supporting plant species adapted

to hot and dry conditions Zeng et al. (2014).
Understanding the impact of topographical aspects
on plant communities is essential for developing
sustainable ecosystems that support diverse plant
species and promote a healthy environment.

CONCLUSIONS

The study concludes that the variance in species
variety along altitudinal gradients is an essential area
of ecological research. The factors that affect the
species’ structure and composition include history,
habitat heterogeneity, biotic interaction, productivity,
and climate. With the altitudinal rise, species
structure and composition are affected due to
altitudinal co-factors such as topography, aspect,
slope inclination, and soil. We can develop
conservation strategies that protect unique plant
communities and encourage biodiversity by
considering the specific environmental conditions
that different slope aspects provide.
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