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Abstract

This study aimed to find out the roles of altitude, slope aspect, and soil factors in species
richness in the Narapani-Masina landscape, Arghakhanchi, Nepal. We surveyed forest plant
communities by sampling 192 statistically representative 10 x 10 m sample plots from 64 sites
representing all 100 elevation bands of 4 slope aspects (East, South, West and North) of the
landscape. We considered the species present in all plots of each 100 m contour elevation of
four aspects as species richness of that elevation band. We collected the soil sample from
10x10x10 cm plot of 10 cm below the ground level at four corners of plant sampled plots to
estimate the soil nutrients in a laboratory. We estimated the correlation, regression, Tukey
Post -Hoc test, PerMANOVA, and CCA to show the relationship between environment and
response variables. We found a significant negative relationship between species richness and
altitude and soil nitrogen. The elevation showed a unimodal structure with species richness.
The slope aspect showed a significant effect on species composition, but not on species
richness. This study concludes that the increasing trend of soil N, P, and K with altitude

showed a negative relation with species richness.

Key Words: Elevational band, CCA, PerMANOVA, RRI, Soil nutrient

Introduction

Global patterns of species ranges and richness are the product of many interacting factors
such as environmental conditions, competition, geographical area, and historical/evolutionary
development (Criddle et al 2003). Elevation and latitude are well-known broad-scale factors
affecting species richness (Hawkins et al 2003). The climatic factors (temperature, potential
evapotranspiration, length of the growing season, humidity, air pressure, ultraviolet radiation,
moisture index, and rainfall) vary with elevation (Funnell and Parish 2001; Chang-Ming et al
2005) and exert a strong controlling influence on the distribution in all biomes (Miao and
Jianmeng 2015).

Rahbek (1995, 1997) showed the three types of response of species richness to altitude
(monotonic decline, hump-shaped, and monotonic incline). Globally, more than half of the

studies on elevational diversity pattern show unimodal responses (Hakwins et al 2003), which
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may be explained by altitude (Zhou et al 2019), area (Lomolino 2000; Lee et al 2013), mid
domain effect (Sanders 2002; McCain 2004), mountain-mass effect (Flenly 1994), rainfall
(Rosenzweig 1992), resource diversity (Gentry 1988; Hrivnak et al 2014), productivity
(Sanders et al 2007), temperature (Pounds et al 2006; Vinka et al 2010), competition (Bryant
et al 2008) and environmental heterogeneity (Gerstner and Kreft 2014). In the Himalayas,
with high altitudinal gradients and extreme slopes, climatic zones may change rapidly and this
is reflected by noticeable changes in the community structures even at a small distance
(Chawla et al 2008; Sinha et al 2018). Patterns of altitudinal species richness are indicative of
broad-scale diversity mechanisms, which are affected by water and temperature (Chang-Ming
et al 2005; Grytnes and McCain; 2007). Altitude and aspect have effects on B-diversity
(Gallardo et al 2009) or may function as limiting factors on plant species or ecosystem
properties and processes in the mountains (Xiang et al 2017).

The observed elevational trends for species varies among groups of organisms and from
one area to another. Regional and local patterns in plant species richness differ concerning
resource availability (Cornwell and Grubb 2003). Nutrient availability plays a variable role in
germination or seedling establishment and species dominance according to species
composition along an altitudinal gradient (Wenk and Dawson 2007). High water availability
usually leads to higher species richness, but higher nutrient availability usually leads to lower
species richness (Palpurina et al 2016). There is an inverse correlation between nutrient
resorption efficiency of plants and soil nutrients content (Zhigiang et al 2018). On the other
hand, forests are generally species-rich in high nutrient sites (Peet and Christensen 1988). All
plants and animals require nitrogen to make proteins in their body. Phosphorus is needed to
make phosphate compounds, and potassium plays an activation role in photosynthesis, CO,
uptake, and the opening and closing of stomata. Available soil nitrogen is the most limiting
factor for plant growth and plays a role in increasing the diversity of plants (Fisher et al 2013).
Soil pH shows influences on biogeochemical processes like trace element mobility,
nitrification and denitrification (Neina 2019) and it indicates soil condition and the expected
direction of many soil processes. Most of the plant nutrients are more available at slightly
acidic to slightly alkaline soil - pH 6.5 to 7.5 (Khadka et al 2016). Other environmental
factors: precipitation (Palpurina et al 2016), temperature, energy flow (Rosenzweig 1995),

latitude, altitude, and depth gradients (Rohde 1992) have a co-operating role with respect to
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the effect of nutrients on species diversity. The interaction between water and energy provides
a good explanation (over 60%) for globally extensive plant and animal diversity gradients
(Hawkins et al 2003).

The presence of species in a small area depends mainly on a suitable local niche but the
distribution of species over larger geographical areas on depends on climatic conditions
(Rahbek 2005). Local diversity bears a noticeable dependence upon regional diversity
(Ricklefs 1987). Minor changes in microclimatic environment variables like slope, aspect and
soil nutrients with altitude may create unusual modifications of the local diversity. The
temperature shows negative correlation with species of large distribution range but positive
relation with species of small distribution range (Pan et al., 2016). The contribution of many
smaller landscapes or mountains to biodiversity conservation is not well known. The small
areas also may help to add to global biodiversity conservation through matrix habitat
improvement, connectivity, and preservation of localized ecosystems (Baldwin and Fouch
2018). The numerous studies based on altitudinal gradients have not focused on slope aspects.
In the study of Maren et al (2015), the aspect (north and south) was found to be a main
ecological driver in altitudinal species richness. There are less studies about species richness
with relation to slope aspects in Nepalese Himalayas. This study is based on the hypothesis
that the slope aspect brings significant differences in altitudinal species richness patterns.

The specific objectives of this study are: (1) quantify vascular plant species diversity

(2) discuss the role of altitude, slope aspect, and soil factors in species richness and

species composition.

Material and methods

Study area

The study site: Narapani-Masina landscape (approximately 27°45°- 27°57 N and 82°45°-
83°18°E), is centered in the south part in Arghakhanchi district, west Nepal and extending
between about 210 to 2200 m asl (personnel field visit). This landscape extends from the east
border (Palpa district) to Jhimruk and Rapti rivers (west border) an extends for approximately

62 km east-west and 39 km north-south. The north face of this hill (aerial distance 4.8 km) is
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steeper than the south face (aerial distance about 17.5 km). This hill lies at Mahabharat range
and occupies the total area of Sitganga municipality and Panena rural municipality and 2

wards of each Sandhikharka and Bhumikasthan municipalities of Arghakhanchi district.
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Figure 1. Map of Arghakhanchi district with sampling spots.

According to the climatic records of station: Khanchikot, which is located on this area,
average annual temperature and annual rainfall of the area are 14.9°C and 1627.7 mm (DHM,
2017) respectively. The south part of this hill is hot and warm and dominated with Shorea-
Syzygium forest. The east and north faces are moist and covered by Shorea forest, Schima-
Castonopsis forest, and Pinus forest, while the west face is covered by Shorea-Diploknema
forest, Pinus forest, and Quercus-Xylosma forest (personnel observation). Most of the forest
of Arghakhanchi district lies in the southern part of this hill. The region of the hill above than
1200 m is steeper and moister. Narapani (tourist area and former headquarter of Arghakhanchi
district) and a famous Hindu temple - Supa Deuali are located at 1700 and 1380 m

respectively of this landscape.

Sampling design and plant collection
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The overall altitudinal range of the Narapani-Masina landscape (200-2200) was divided
into 20, 100 m wide elevation bands. The field was visited and sampled by a plot of 10 x 10 m
at each 100 m elevation band in October-November 2018. Based on the availability of
different forest types the number of sample plot laid varied from 2 to 3 in each elevation band.

The distance between the two sample plots varied from 100 to 150 m.

‘ Narapani-Masina landscape
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Figure 2. Outline of sampling design for primary data collection

Voucher specimens were collected, properly dried and kept in herbarium sheets. In
addition to GPS data, other micro-ecological characters were also recorded for each herbarium
specimen. All herbarium specimens were identified with the help of relevant taxonomic
literature (Polunin and Stainton 1984, DPR 2010, 2011, 2012, 2015; Fraser-Jenkins et al 2015;
Rajbhandary et al 2017; Fraser-Jenkins and Kandel 2019). Some species were also identified
with the help of consulting experts and compared to specimens deposited at KATH and
TUCH. All these identified herbarium specimens were submitted in the TUCH.

Each plot was divided into four subplots and the presence/absence of all rooted species of
vascular plants (Pteridophytes, gymnosperms, and angiosperms) was enumerated. The
presence of a species among four subplots within a plot was finally recorded as 1. All species

that occurred inside the sampled plots were identified with the help of field guides such as



150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

Mager and Burrow (2007). At least one sample of each plant specimen was collected as a

voucher specimen in order to verify the identification
Environmental variables

Environmental factors (Relative Radiation Index, altitude, aspect, soil pH, nitrogen,
phosphorus, and potassium) are considered as explanatory variables in this study. The
coordinates (longitude and latitude), aspect, and altitude of each plot location were also
measured using GPS (eTrex). Similarly, the slope of the sampled plots was measured using a
clinometer.

Soil composition effects on the distribution of plants because they are dependent on the
soil to survive. About 1 kg soil sample was collected from 15 cm below the surface at 4
corners of each sampling plot.

The soil nutrients (pH, Nitrogen, Phosphorus, and Potassium) were estimated following
the chemical analysis method by Jones (1991) in Soil, Water, and Air Testing Laboratories
(SWAT), Kathmandu, Nepal.

Statistical analysis

The relative radiation index (RRI) can be used as a measure for comparison of the
distribution of direct solar radiation throughout a specific studied area (Mammassis et al
2012).

The relative radiation index (RRI) was calculated by using the formula given by Oke
(1987).

RRI = Cos (180° — Q). Sinp. Sin® + Cosp. Cos®.
Where Q is an aspect, B is the slope, and © is the latitude of each plot. It gives a relative

value of how much solar radiation a particular spot receives at noon at the equinoxes. Its value

ranges from +1 to —1.
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The total species of all sampled plots of each 100 m elevational band was considered as
species richness of that spot. The diversity indices (Shannon Wiener diversity and Simpson
diversity) were estimated by using “diversity” function through the vegan package (Oksanen
et al 2019).

Species diversity is the aggregate form of species richness and evenness. Hurlbert (1971)

proposed the formula to calculate the evenness by using the Shannon-Weiner index:

E= H
~ log(S)

Where, E = Evenness of species, H = Shannon-Wienner Index and S = Species richness

The slope aspect is a qualitative environmental variable. So, dummy data of aspects
(denoting by 1 for a particular aspect and 0 for others in the column of each aspect) was
applied for correlation purposes. The correlation of species richness with environmental
variables was determined through Pearson correlation (Kassambara 2018). We applied a
generalized linear model (GLM) to express the relations of environmental variables with
species richness of different aspects and in total (Hastie and Pregibon 1993). The quasi-
poisson family of error distributions was applied to remove over dispersion.

Similarly, the effect of 4 aspects (east, west, north, and south) on species richness was test
ed by ANOVA using Tukey Post-Hoc test (Quick 2011). The effect of aspects on species rich
ness was confirmed by the application of a generalized linear mixed model (GLMM) (Berridg
e and Crouchley 2011) in R version 4.0.2.

We tested relationships of altitude and aspects with vegetation community composition b
y Permutational multivariate analysis of variance (PerMANOVA) by function Adonis (Anders
on 2001) on the Bray-Curtis distance matrix.

We started the ordination to show the environment species relation by applying DCA in R
vegan. The length of the gradient of the DCA axis | for total data set was more than 2.5
standard deviation units, suggested that (according to Leps and Smilauer 2003) unimodal
ordination methods (e.g. CCA) were preferable.

We tested the usefulness of CCA through the variance inflation factor (VIF) before CCA.
Canonical Correspondence Analysis (CCA) is used to analyze species environmental



210  composition. CCA is a direct gradient analysis that displays the variation of vegetation
211 concerning the included environmental factors by using environmental data to order samples
212 (Kent 2011). We included only the species of high species score to make the CCA plot. The
213 species score (stand score) represent the centroid of the species or the mode of the unimodal
214  species response curve. All these analyses were done in R (R Core Team 2020).
215
216  Results
217
218  Vascular plant species diversity
219
220 We found a total of 460 vascular plant species representing 112 families and 331 genera
221 in the Narapani-Masina landscape. There was great variation in species richness as well as life
222 form richness between the four aspects of the study area. South and north aspect had the
223 highest (369) and the lowest (316) species richness, respectively (Table 1). As for diversity
224  indices, the average Shannon-Winner index and Simpson index values ranged between 3.78-
225  3.88 and 0.97- 0.98 respectively. The value of both diversity indices is higher in east and west
226 aspects.
227
228 Table 1. Species richness of different aspects of different plant life-forms
S. | Aspects | Species richness Shannon | Evenness | Simpson | Altitudina
Wiener (E) index range (m)
index (D)
(H")
Herbs | Climbers | Ferns | Shrubs | Trees | Total
1 | East 155 |21 28 67 76 347 |3.86+0.35 | 1.52 0.98+0.01 | 700-1850
2 | South [168 |20 31 71 79 369 |3.78+0.46 | 1.47 0.97+0.02 | 200-2200
3 | West 153 |20 27 74 74 348 |3.88+0.55 | 1.53 0.98+0.02 | 500-2000
4 | North |152 |15 23 65 61 316 |3.78+0.42 | 1.50 0.97+0.01 | 800-2200
Grand total | 207 | 26 40 93 94 460
229



230  The correlation between explanatory and response variables
231
232 Pearson correlation analysis was used to show the correlation between environmental

233 variables and species richness (Table 2). There were significant positive relations of altitude
234 with soil nitrogen (r =0.61), phosphorus (r =0.26) and Potassium (r =0.4). On the other hand,
235  species richness showed a significant negative correlation with soil nitrogen (r= -0.29) and
altitude (r = -0.31).

237 In the case of aspects, soil pH showed significant negative relations with the east and west

236

238  sides. RRI showed a statistically positive correlation in the west but negative in the south

239  aspects. Similarly, nutrients N, P, K also showed positive in one aspect and negative in other

240  aspects (Table 2).
241
242  Table 2. Correlations among Species richness and environmental variables.
Species
Variables | richness | altitude RRI pH N P K
Species
richness |1
altitude | -0.31** 1
RRI -0.15 0.17 1
pH -0.05 -0.21 -0.06 1
N -0.29** 0.61*** | -0.01 -0.05 1
P -0.12 0.26* -0.09 -0.19 0.22* 1
K -0.09 0.4*** 0.19 -0.4 0.02 0.33** 1
South -0.05 -0.13 -0.46*** | 0.34** 0.2 -0.13 -0.58***
East 0 -0.03 0.04 -0.32** | 0.09 -0.23* 0.27**
North -0.08 0.09 0.2 0.18 -0.1 0.16 0.28**
West 0.14 0.08 0.26* -0.23* -0.21* |0.21* 0.1
243  Statistically significant (p value): *** < 0.001, ** <0.01, * < 0.05
244
245  Relation between environmental variables and species richness
246
247 The relations of all environmental variables except aspect on species richness was

248  regressed using GLM. Species richness increased with altitude at first and at more or less mid
249  altitudinal range, the richness started to decrease with increasing altitude. This gives a

10
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unimodal structure in total and all aspects even though the R? values vary (Figure 3 and
Appendix 1). This model had best fit in the north aspect (R=0.64 & p < 0.05).

Other explanatory variables RRI, soil pH, nitrogen (N), Phosphorus (P), and Potassium
(K) showed linear relationships with altitudinal species richness, except the unimodal
structure of Phosphorus in the north aspect (R?=0.58) and total species (Appendix 1). Soil pH,

N and P showed stronger correlations with species richness in north than other aspects.
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Aspects
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Figure 3. Plant Species distribution against altitude in 4 aspects (E-East, N-North, S- South
and W-west)

The regression analysis of altitude on environmental factors (pH, N, P, and K) showed

variable and insignificant effects.

11
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Figure 4. The Post-Hoc Analysis with Tukey’s Test

The slope aspect is the qualitative variable. The Tukey Post-Hoc Test showed that the
aspects showed no significant effect on species richness and altitudinal nitrogen content
(Figure 4). But, the effect of aspects on RRI, pH, P and K distribution was statistically
significant (p < 0.05).

The relation of species distance matrix with environmental variables

The environmental factors showed different effects on species richness and vegetation
community composition. The distance-based tests of multivariate dispersions of species of the
community showed that altitude (R?=0.073 & P = 0.001) and aspects (R*=0.046 & p = 0.003)
had significant relations (Table 3) with species composition. Similarly, the soil P (R?=0.014 &
p=0.046) and K (R?=0.026 & p=0.001) also showed significant relationships with species

composition.

12
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Table 3. Results of model test of PerMANOVA analysis between environmental variables
and vegetation community composition in Narapani-Masina landscape, West Nepal. (R?

shows each variable’s share of the total variation in the data set).

Parameter | Df Fvalue | R? | Pr (>F)
Alt 1 7.12 0.07 0.001
Aspect 3 1.52 0.05 0.003
RRI 1 1.21 0.01 0.132
pH 1 1.02 0.01 0.439
N 1 1.01 0.01 0.441
P 1 1.37 0.02 0.046
1

K 2.52 0.03 0.001

Residuals | 25 026 |

*Bold type face indicates statistically significant (p < 0.05)

Species environment composition

The relation between species composition and environmental variables analyzed by
ordinate methods DCA and CCA showed that every species has different relationships with
explanatory variables. The DCA result of species richness showed the axis length of
DCA1lwas 3.23 and a decreasing trend of axis length towards DCA2 and DCAS3 (Table 4). It
indicated that the CCA ordination method is suitable to show the relation of species-

environment composition (Smilauer 2003).

Table 4. The table of DCA of species composition Table 5. Value of CCAL and
CCA2

DCAl | DCA2 | DCA3 | DCA4 CCAl | CCA2
Eigen value | 0.35 0.18 0.18 0.16 Eigenvalue |0.32 |0.16
Decorana 1435 | 0.2 017 |0.16 Proportion | 57 10,14
value explained
Axis length | 3.23 3.04 2.37 3.32

The test of goodness of CCA through the variance inflation factor (VIF) showed that

there was no multicollinearity among the environmental variables (Table 5).

13
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The CCA analysis showed that the constrained variables consisted 18 % (Inertia value
1.476) out of the total Inertia value (8.284). It showed that constraints (environmental
variables) explain only 18 % of the causes of the vegetation distribution. There was a
significant relationship between species richness and environment variables in CCA (p <
0.05). The first two axes of CCA explained 27 and 14 % (total 41 %) variation in species
richness. The eigenvalues of these axes 1 and 2 accounted for 0.32 and 0.16, respectively
(Table 5).

The altitude (canonical correlation r = 0.99), nitrogen, (canonical r = 0.51), and
phosphorus (canonical r = 0.24) variables were most correlated with CCA axis 1. Similarly,
other variables: pH (canonical r = - 0.30), potassium (canonical r = 0.56), RRI (canonical r =

0.39) and south, west and north aspects were most correlated with axis 2 of CCA (Table 6).

Table 6. CCA Biplot scores of species composition against environmental variables and

variance inflation factor (Vif. CCA)

Variables CCAl CCA2 Vif. CCA
Aspect North | 0.07 0.35 2.09
Aspect South | -0.24 -0.96 2.97
Aspect West | 0.14 0.28 2.39
Alt 0.99 -0.05 2.09
RRI 0.15 0.39 1.45
pH -0.19 -0.30 1.47
N 0.51 -0.27 2.01
P 0.24 -0.08 1.47
K 0.39 0.56 2.30

The CCA ordination shows the distribution of the species based on their weighted
average of the present in 192 sampling sites. According to the weighted average of species
present in each of the sites, their direct relation to environmental variables is determined for
each site. The soil nitrogen and phosphorus showed a positive relation with altitude. Similarly,
the soil pH showed a positive response mainly in the south aspect and negative with K and
RRI as well as west and north aspects. South aspects showed a strong effect as altitude in
species distribution.

The species score represents the centroid of the species, or the mode of the unimodal
species response curve (ter Braak 1987). The species Zanthoxylum armatum (CCA species

14
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score: 0.85), Macaranga pastulosa (0.90), Melastoma malabathricum (0.27), Asperagus
racemosus (0.20), Saccharum spontaneous (0.14), Pyrus pashia (0.23) showed high frequency
at high nitrogen-containing sites. Similarly, dominancy of the species Fragaria nubicola
(0.51), Centella asitica (0.18), Reinwardtia indica, (0.20), Bauhinia purpurea (0.02),
Semecarpus anacardium (0.19) on sites of a high content of phosphorus indicated that they
were phosphorus loving species. The species Albizia lebbeck (0.79), Berberis aristata
(1.74), Berberis asiatica (0.98), Dendrobium longicornu (1.25), Drynaria propingqua
(0.91), Prunus ceraoides (0.99), Selinum wallichianum (1.23), Quercus semicarpifolia
(1.44), Geranium nepalense (1.08), Oleandra wallichii (0.81), Myrica indica (0.72) showed
positive relation with altitude because they were present at high altitude (Figure 5 A and B).
The species Berlaria cristata (0.04), Imperata cylindrica (0.02), Xylosma longifolium
(0.19), Digitaria ciliaris (-0.11) show the maximum abundance towards the direction of the
highest content of potassium. The species scores indicated that these were potassium loving
species. Similarly, Innula cappa (-0.07), Euphorbia hirta (-0.11), Brachiaria villosa (-
0.10), Gnapalium affine (-0.16), etc. were dominantly present at sites of high RRI value.
Some species showed strong negative relation with nitrogen, phosphorus, and potassium but
exposed a positive relationship with pH. Evolvulus numularia (-0.08), Setaria parvifilium (-
0.21), Ageratum conyzoides (-0.04), Achyranthus aspera (-0.20), Cynoglossum zeylanicum (-
0.41), Terminali tomentosa (-0.43), Desmodium elengens (-0.24), Indigofera atropurpurea (-
0.25) were more abundant in the high pH containing sites mainly in south aspect (Figure 5 A

and B). This suggests that these are pH loving species.

15
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Figure 5. Canonical correspondence analyses (CCA) plot showing the effect of significant
environmental variables on the species richness of (A) Herbs & (B) combined form of
Climber, Ferns, Shrubs & Trees.

Discussion

Species Richness and diversity indices

Biodiversity is a natural resource, which closely links to the economic well-being of any
country or any region. Narapani-Masina landscape is small but rich in biodiversity (460
vascular species). The possible reasons may be large variation in topography, aspect and
climate within the area. Panthi and Chaudhari (2002) listed 500 species of angiosperms from
the Arghakhanchi district. The present results suggest that further detailed exploration of this
biodiversity-rich area is necessary for documentation and conservation purposes.

We found the values of Shannon-Winner and Simpson indices higher in the forest of east
and west aspects. Diversity is the aggregate form of species richness and evenness and high
diversity indices indicate the characteristic of more diverse communities. If the species are
uniformly distributed, then the diversity value would be high (Southwood and Lineacre 2015).

The species richness and altitudinal range of the south face is more in comparison to other
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aspects. Generally, the north slope aspect of hills in Nepal is moist, and the south is drier,
which results in higher species richness in the north slope aspect than the south in Manang
valley (Panthi et al 2007). According to Aulander et al. (2003), south-facing slopes may
receive six times the amount of solar radiation of north-facing slopes in the northern
hemisphere. The growth rate of plants in the south-facing slope aspect may be less than the
North aspect due to high solar radiation and less moisture. It is also supported by Maren et al.
(2015) because water plays a deterministic role in the composition, structure, and density of
plant communities (Kutiel and Lavee 1999). We found a high value of species richness and
diversity indices at the east and west faces which may be due to the presence of sufficient both
moisture and solar radiation. It confirms that water and solar radiation play a leading role in
species richness and species distribution in different aspects of any landscape or all continents
or countries. The species diversity is less in south aspect even there is high species richness,
and the diversity is higher in east and west aspects due to their comparatively high evenness

of species.

Correlation among the variables

According to the results of the correlation analyses, altitude shows a significant positive
correlation with soil total nitrogen, phosphorus, and potassium. Qasba et al (2017) also
reported that available N, P, and K showed a significantly positive relation with altitude.
According to Anicet al (2010), the soil nutrients also showed a significant negative
correlation with elevation in the Andes (1970 to 3330 m), Central Chile. Similarly, there is a
negative correlation of pH with soil total nitrogen, available phosphorus (P,Os), and
extractable potassium (K,0) (Khadka et al 2016). The elevation and other climatic factors are
responsible for controlling the carbon, nitrogen, and other minerals concentration (Shedayi et
al 2016). The above- and belowground stocks of the total nitrogen increase significantly with
elevation. The decrease in soil temperature (1°C) with the altitude showed a significant
inverse relationship of nitrogen stocks (decrease rate of 1 Mg-ha—1) in soil temperature
(Vieira et al 2011). This increasing soil water content and lowering soil temperature help to
decreases in soil N mineralization and nitrification rates which ultimately makes the high

content of soil nitrogen due to the low rate of litter decomposition (Zhang et al 2012; Maren et
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al 2015). The farmland was also found nearer to the forest in some parts of the study area
where some portion of chemical fertilizer may reach the forest. These reasons support the

positive relation of soil nitrogen, phosphorus, and potassium with the altitude of this research.

Species richness showed negative correlations with all environmental variables but
significant with only altitude and nitrogen. Similarly, species richness showed a negative
relationship with elevation (Bhandari and Zhang 2019) and Phosphorus (Riesch et al 2018).
High availability of P favors a few competitive species that results in the exclusion of low
productive species which lose out in the competition for light (Hautier et al 2009). The
nutrient content of soil (C, N, P, K, etc.) varies with the topographic aspect and altitude with
vegetation (Bangroo et al 2017).

All four aspects of the hill showed variable responses with respect to environmental
factors. The south slope aspect has a significant negative, but the west slope aspect has a
positive correlation with RRI. Similarly, the east and west aspects show statistically negative,
but the south slope aspect shows a positive relationship with soil pH. Soil pH shows minor
changes through the elevation gradient (Saeed et al 2014).

Effect of environmental variables on species richness

Altitude functions as the main decisive factor of ecosystem properties and processes in
the mountains (He et al 2016) and altitude variations determines slope and aspects on land.
The model result of regression showed that altitude had a significant effect, but the slope
aspect has no significant influence on species richness. The studied altitudinal ranges varied
between the four slope aspects. Each altitudinal range showed a significant unimodal richness
pattern, but the peak of maximum richness differed between them. However, the unimodal
nature of species against elevation was stronger in north and west than in other slope aspects.
Many researchers (Rohde 1992; Bhattarai and Vetaas 2003; Bhattarai et al 2004; Grau et al
2007) reported that altitude showed a unimodal effect on species richness. The elevation
having maximum species richness depended on altitudinal range, plant taxa etc. (Grau et al
2007). Generally, a right skewed altitudinal species richness pattern shows negative

correlations and a left skewed pattern shows positive. When the gradient is shorter, a hump-
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shaped pattern of longer elevational gradients would change to a monotonic decreasing
(Nogue“s-Bravo et al 2008) or linearly increasing trend (Greatness and Vetaas 2002) or with
increasing spatial scale of extent, the richness pattern changes from a monotonic to a hump-
shaped pattern (Manish et al 2017). Most of the unimodal relationship between species richness
and altitude are right skewed. The right skewed pattern in north and east aspect and left skewed
pattern in west aspect suggest that no particular type of skewness present in the unimodal pattern in
this study. There is evidence of a unimodal pattern in many regions at smaller spatial scales
such as landscape and local gradients (Ooman and Shanker 2005). The hard- boundary effect
(Colwell and Lees 2000), which results less area on top of the hills (Hua 2004) and
overlapping of species of both lower and higher elevation range declares the unimodal nature
is generally fit to describe the relationship between species richness and elevation well.

RRI score is an aggregate of latitude, slope, and aspect of any mountainous area. Spatial
variation in slope and aspect function as determinants of vegetation pattern, species
distribution, and ecosystem processes in many mountainous environments (Bennie et al 2008).
RRI showed no linear relations with species in all aspects. The microclimatic conditions on
the slope of an area vary dramatically, which may affect the biology of organisms at all levels.
The distinct climate conditions and soil nutrients through the altitude gradient of slopes can
influence the above-ground biomass and species richness (Bhandary and Zhang 2019).

The soil variables like pH, N, and K showed non-significant, linear relations with species
richness in all aspects and total landscape. But, soil P showed a significant unimodal
relationship with species richness in the north slope aspect but non-significant linear
structures in other slope aspects. The soil nutrients are related to nutrient cycling through leaf
litter fall and decomposition (Hicks and Frank 1984), and the litter decomposition has resulted
from soil moisture, soil temperature, soil micro-organisms, and other factors. The nutrients
reach the soil from the air through physical or biochemical processes or were present in the
rocks. So, the slope aspect has no direct role in mineral distribution.

Litter fall regulates the accumulation of soil organic matter, the input of the nutrients,
nutrient replacement, maintenance of biodiversity and other ecosystem functions in natural
vegetation (Giewta 2020). Generally, dry litter decomposes more slowly in dry areas than in
moist areas. At suitable moisture conditions, increasing temperature results in an exponential

increase in decomposition rates (Salahab and Scholes 2010). The south aspect is drier than the
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north slope aspect in Nepalese Himalaya. The moisture and suitable temperature of the
northern slope aspect helps in continuous leaf litter decomposition, which results in high
nutrients content on the soil. Plant available soil K, P and N are not limiting the productivity
at south with respect to north-oriented slopes, because soil available water functions as the
primarily limiting factor for plant productivity (Gong et al 2008). Generally, north-facing
slopes are connected with higher biomass, coverage and height, and species diversity than
south facing slopes (Yang et al 2020). We can say that altitude is the main factor affecting
species richness. But, aspect indirectly affects species richness by creating a dry or moist

environment and altering the rate of leaf litter decomposition.

Environment Species Composition

The result of Permutational multivariate analysis (PerMANOVA) suggested that altitude,
aspect, phosphorus, and potassium showed a significant relationship with species
composition. Anderson (2006) stated that distance-based tests are robust and useful for
detecting real differences in the species spread.

The survival of plant species generally depends on nutrient requirements. Different plant
groups may show different responses to nutrient availability (Ellenberg 1988; Johnson and
Leopold 1994). Species scores are expressive forms of the united effect of all projecting
variables represented by the controlled axes. The first eigenvalue of CCA is equal to the
maximized dispersion of species scores along the first CCA axis (Ter Braak 1986). In the
CCA diagram, altitude, soil N, and P are correlated with the first axis and show positive
relation to each other. The canonical correlation r- value shows the effects of variables on
species distribution in the following order: altitude > N >P. The high score bearing
species: like: Zanthoxylum armatum, Macaranga pastulosa, etc. are present in sites higher in
N and also show positive responses to altitude. Similarly, species like Fragaria nubicola and
Centella asiatica, which have medium scores, are found at the sites having a high content of
phosphorus. This result shows that soil nitrogen is more strongly correlated to altitude than
phosphorus. Soil moisture is the main cause of the nitrogen effect in soil (Gornish and Miller
2015). The moisture generally increases with elevation in Nepal. The high nitrogen content

makes the soil more acidic in combination with high moisture (Deutsch et al 2010; Ying et
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al 2012). This may a cause of the decreasing trend of species richness toward higher
elevations. Vegetation composition are affected by nutrient limitation, which is governed by
low soil temperatures and influenced by soil moisture conditions in Himalayan region
(Drollinger et al 2017). The plants require (on a mass basis) about ten times more N than P to
promote balanced plant growth (Aerts and Chapin 2013).

The canonical correlation value of potassium (r =0.56) and pH (r = -0.30) shows that they
have negative scores on the CCA 2 axis. The moderately positives score bearing species
like; Barleria cristata, Imperata cylindrica, show high dominancy at high potassium-
containing sites. The negative score bearing species on CCA2 are: Evolvulus numularia,
Setaria parviflora, shows positive response with pH and are present at high pH sites. The
linearly decreasing pattern of pH and the increasing patterns of nitrogen content against
altitude shows that the high altitude sites have high N content and low pH value. Inouye et
al (1987) also found a negative relationship between soil nitrogen and species richness.
Crawley et al (2005) experimentally proved that species richness increases sharply with
increasing pH (6-7) but decreases along with the addition of phosphorus and potassium. The
presence of more nitrogen in soil may be the main cause of the loss of plant biodiversity in
terrestrial ecosystems (Dise 2011). Similarly, the species Inula cappa and Gnaphalium
affine have negative scores on CCA2 and are present at the high RRI score bearing area.

The comparative test of aspect on species richness by ANOVA and species composition
by PerMANOVA shows that slope aspect has a significant effect on species distribution, not
on species richness. The CCA also describes the relation of slope aspects with species and
other environmental variables. The south slope aspect shows a strong role in species
distribution than other slope aspects. The species: Euphorbia hirta, Justicia adhatoda,
Diospyrus spp, Cyanotis vaga, Mallotus philippensis have high dominancy in the south slope
aspect. Other North and west aspects show a negative relationship with pH and a positive with
RRI and potassium. The south slope aspect has a positive relation with only soil pH, which is
also proved by the negative correlation of species richness with altitude and Nitrogen content.
The topographical factors (elevation and aspect) affect mountain forests through their direct
influence on radiation and moisture (Maren et al 2015)

The accurate estimation of soil nutrients helps to understand the interaction of

biogeochemical cycles with the global climate (Shaw et al 2008). Changes in climatic
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conditions (temperature and precipitation) along altitudinal gradients can influence nutrient
content (Fisher et al 2013). The wild plants get nitrogen content from the soil nutrients via the
nitrogen fixation and nitrification processes.

Some species are present at N, P, and K rich sites at high altitudes, and some are present
at high pH value at low elevations. The nutrients (N & P) absorption efficiency of plants
depends on latitude, mean annual temperature (MAT), and mean annual precipitation (MAP)
(Yuan and Chen 2008). This study shows that the nutrient requirement of plants varies
according to species, plant age, habitat, and soil type, but a few species have a positive

response towards a high concentration of nutrients.

Conclusions

The Narapani-Masina landscape is inhabited by at least 460 vascular plant species, and
there is a considerable variation in slope aspect wise species richness and nutrient contents.
The species richness showed a unimodal pattern against altitude, but the slope aspect did not
have a significant impact on species richness and diversity indices. The increasing trend of
soil N, P, and K with altitude showed negative relations with species richness. CCA analysis
gave ordination axes that were strongly correlated to environmental variables: elevation, soil
N, K, and south aspect and related to the pattern of species distribution. The plant species that
are present in the high concentrations of nitrogen, phosphorus, and potassium in the soil also
show positive responses to altitude. On the other hand, the species which are present in soil
with high pH (especially at the south aspect) showed a negative relation with elevation. In
mountainous regions, both altitude and slope aspects show effects on species composition

rather than species richness through the changes in edaphic and climatic factors.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal

relationships that could have appeared to influence the work reported in this paper.

22



551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581

Acknowledgment

Our sincere thank goes to Prof. Dr. Ram Kailash Prasad Yadav, Chairman of Central
Department of Botany, Tribhuvan University, Nepal, who helped us with official and
technical work. We acknowledge Mr. Subhas Khatri and Mr. Dhanaraj Kandel Senior officer
and Scientist, National Herbarium, Godawari, who provided laboratory facilities for plant
identification.

References

Aerts R, Chapin FS. 2013. The Mineral Nutrition of Wild Plants Revisited: A Re-evaluation
of Processes and Patterns. Advances in Ecological Research 30 (67). ISBN 0-12- 013930-
8.

Auslandera M, Nevob E, Inbar, M. 2013. The effects of slope orientation on plant growth,
developmental instability, and susceptibility to herbivores. Journal of Arid Environments
55: 405-416. DOI: 10.1016/S0140-1963(02)00281-1

Bangroo SA, Najar GR, Rasool A. 2017. Effect of altitude and aspect on soil carbon and
nitrogen stock in the Himalayan Mawer forest range. Catena 158: 63-68.

Berridge DM, Crouchley R. 2011. Multivariate Generalized Linear Mixed Models Using
R, CRC Press. Pp. 304.

Bhandari J, Zhang Y. 2019. Effect of altitude and soil properties on biomass and plant
richness in the grasslands of Tibet, China, and Manang District, Nepal. Ecosphere.
https://doi.org/10.1002/ecs2.2915

Bhattarai KR, Vetaas OR. 2003. Variation in plant species richness of different life-forms
along a sub-tropical gradient in the Himalaya, east Nepal. Global Ecology &
Biogeography 12:327-340.

Bhattarai KR, Vetaas OR, Grytnes JA. 2004. Fern species richness along a central Himalayan
elevation gradient, Nepal. Journal of Biogeography 31:398-400.

23



582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612

Boldwin RF, Fouch NT. 2018. Understanding the biodiversity contribution of small protected
areas presents many challenges. Land 7(123): 1-12. DOI: 10.3390/ land 7040123

Bryant JA, Lamanna C, Morlon H, Kerkhoff AJ, Enquist BJ, Green JL. 2008. Microbes on
mountainsides: Contrasting elevational patterns of bacterial and plant diversity, PNAS,
12(105) (Supplement 1): 11505- 1511. https://doi.org/ 10.1073/ pnas. 0801920105

Chang-Ming Z, Wei-Lie C, Zi-Qiang T, Zong-Qiang X. 2005. Altitudinal Pattern of Plant
Species Diversity in Shennongjia Mountains, Central China. Journal of Integrative Plant
Biology 47 (12): 1431—1449. http://www.chineseplantscience.com

Chowla A, Subramanium RK, Singh KN, Brij Lal. 2008. Plant species diversity along an
altitudinal gradient of Bhabha Valley in Western Himalaya. Journal of Mountain
Science 5 (2):157-177. DOI: 10.1007/s11629-008-0079-y

Colwell RK, Lees DC. 2000. The mid-domain effect: geometric constrains on the geography
of species richness. Trends in Ecology and Evolution 15: 70-76. DOI:10.1016/S0169-
5347(99)01767-x

Cornwell WK, Grubb PJ. 2003. Regional and local patterns in plant species richness with
respect to resource availability. Oikos 100:417-428.

Crawley MJ, Johnston AE, Silvertown J, Dodd M, de Mazancourt C, Heard MS, Henman DF,
Edwards GR. 2005. Determinants of species richness in the Park Grass experiment.
American Naturalist 165(2): 179-192. http://dx.doi.org/ DOI:10.1086/427270;
http://www.jstor.org/stable/10.1086/427270

Criddle RS, Church JN, Smith BN, Hansen LD. 2003. Fundamental Causes of the Global
Patterns of Species Range and Richness. Russian Journal of Plant Physiology 50: 192-
199.

DHM 2017. Observed Climate Trend Analysis of Nepal (1971-2014). Ministry of Population
and Environment, Department of Hydrology and Meteorology, Government of Nepal,
Pp.87.

Dise NB. 2011. Nitrogen as a threat to European terrestrial biodiversity. In Sutton MA,
Howard CM, Erisman JW, Billen G, Bleeker A, Grennfelt P, Grinsven HV, & Grissett B
(Editors). The European Nitrogen Assessment. Published by Cambridge University Press.

Deutsch ES, Bork EW, Willms WD. 2010. Separation of grassland litter and ecosite influence

on seasonal soil moisture and plant growth dynamics. Plant Ecology 209:135-145.

24



613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643

Drollinger S, muller M, Kobl T, Schwab N, Bohner J, Schickhoff U, Scholten T.2017.
Decreasng nutrient concentrations in soils and trees with increasing elevation across a tree
line ecotone in Rolwaling Himal, Nepal. Journal of Mountain Science 14,843-858.

Ellenberg HH. 1988. Vegetation Ecology of Central Europe. Cambridge University Press.4th
edition, Pp. 731.

Fisher JB, Malhi Y, Torres IC, Metcalf DB, van de Weg MJ, Meir P, Silva-Espejo JE, Huasco
WH. 2013. Nutrient limitation in rainforests and cloud forests along a 3,000-m elevation
gradient in the Peruvian Andes. Oecologia. doi.org /10.1007/s00442-012-2522-6.

Flenley JR. 1994. Cloud forest, the Massenerhebung effect, and ultraviolet insolation. In
Hamilton LS, Juvik JO, Scatena EN. (Editors). Tropical montane cloud forests. Ecologcal
studies 110: 150-155. Spring-er-Verlag, New York, New York, USA.

Fraser-Jenkins CR, Kandel DR, Pariyar S. 2015. Ferns and Fern-allies of Nepal. Ministry of
Forests and Soil Conservation, Department of Plant Resources, National Herbarium and
Plant Resources, Godwari. pp. 492.

Funnell D, Parish R. 2001. Mountain Environment and Communities. Routledge, London,
U.K.

https://doi.org/10.4324/9780203992067

Gallardo-Cruz JA, Perez-Garcia EA, Meave JA. 2009. B- Diversity and vegetation structure as
influenced by slope aspect and altitude in seasonally dry tropical landscape. Landscape
Ecology 24: 473-482. DO1.10.1007/s10980-009-9332-1

Gentry A. 1988. Changes in plant community diversity and floristic composition on
environmental and geographic gradients. Annals of the Missouri Botanical Garden 75:1-
34.

Gerstner K, Kreft H. 2014. Environmental heterogeneity as a universal driver of species
richness across taxa, biomes and spatial scales. Ecology Letters Pp. 1-16.

Giweta M. 2020. Role of litter production and its decomposition, and factors affecting the
processes in a tropical forest ecosystem: a review. Journal of Ecology and
Environment 44: 11. https://doi.org/10.1186/s41610-020-0151-2

Gong X, Brueckb H, Gieseb KM, Zhanga L, Sattelmachery B, Lin S. 2008. Slope aspect has
effects on productivity and species composition of hilly grassland in the Xilin River Basin,

Inner Mongolia, China. Journal of Arid Environments 72, 483-493

25



644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664

665
666

667
668
669
670
671
672
673

Gornish ES, Miller TE. 2015. Plant Community Responses to Simultaneous Changes in
Temperature, Nitrogen Availability, and Invasion. PLOS/ONE. https://doi.org/ 10.1371/
journal. pone. 0123715https://www.researchgat

Grau O, Grytnes J-A, Birks HIB, 2007. A Comparison of Altitudinal Species Richness Patterns
of Bryophytes with Other Plant Groups in Nepal, Central Himalaya. Journal of
Biogeography 34 (11): 1907-1915. https://www.jstor.org/stable/4640656

Grytnes JA, McCain CM. 2007. Elevational Trends in Biodiversity. In: Simon, A.L, editor.
Encyclopedia of Biodiversity. New York: Elsevier. pp. 1-8.

Grytness JA, Vetaas OR. 2002. Species richness and altitude: A comparison between null models
and interpolated plant species richness along the Himalaya altitudinal gradient, Nepal. The
American Naturalist 159(3),294-304.

Gurung VL. 1984. Ferns of Nepal. In Majupuria TC (Editor). Nepal Natures Paradise. pp.
198-211.

Hakwins BA, Field R, Cornell HV, Currie DJ, Guégan JF, Kaufman DM, Kerr JT, Mittelbach
GG, Oberdorff T, O’Brien EM., Porter EE, Turner JRG. 2003. Energy, water, and broad-
scale geographic patterns of species richness. Ecology 84: 3105-3117.

Hastie TJ, Pregibon D. 1993. Generalized linear models. In: Chambers JM, Hastie TJ
(Editors), Statistical models. Chapman & Hall, London. Pp.195-247.

Hurlberts H. 1971. The nonconcept of species diversity: a critique and alternative parameters.
Ecology 52: 577-586.

Holand SM. 2019. Non-metric multidimensional scaling (NMS). Data analysis in Geoscience.
Department of Geology, University of Georgia, Athens, GA 30602-2501.

Hrivndk R, Gémory D, Slezak M, Ujhéaz, K, Hedl R, Jareuska B, Ujhazyova M. 2014.
Species Richness Pattern along Altitudinal Gradient in Central European Beech Forests.
Folia Geobotanica 49: 425-449. DOI: 10.1007/s12224-013-9174-0

Hua Y. 2004. Distribution of plant species richness along elevation gradient in Hubei
Province, China (Report). International Institute for Earth Science, Nanjing University,
Nanjing, China.

Inouye RS, Huntly NJ, Tilman D, Tester JR, Stillwell, Zinnel KC. 1987. Old field succession
on a Minnesota sand Plain. Ecology 68(1): 12-26.

26



674

675
676

677

678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704

Jones JB. 1991. Kjeldahl method for nitrogen determination. Micro-Macro Publishing Inc.,
Athens, GA, USA.

Kassambara A. 2018. Clustering Distance Measures, (Chapter 3). Practical Guide to Cluster
Analysis in R, pp. 8-14. www.sthda.com/wiki/data-visualization.

Kent M. 2011. Vegetation Description and Data Analysis: A Practical Approach,
Environmental Geoscience. 2nd Edition, Pp.428. ISBN: 978-0-471-49093-7.

Khadka D, Lamichhane S, Thapa B. 2016. Assessment of Relationship between Soil pH and
Macronutrients, Western Nepal. Journal of Chemical, Biological and Physical Sciences 6
(2): 303-311. www.jcbsc.org; E- ISSN: 2249 —-1929.

Kutiel P, Lavee H. 1999. Effect of slope aspect on soil and vegetation properties along an
aridity transect. Israel Journal of Plant Science 47: 169-178. https://doi.org/10.1080
/07929978 .1999.10676770

Lee C, Chun J,Um T, Cho H. 2013. Altitudinal patterns and determinants of plant species richness
on the Baekdudaegan Mountains, South Korea: common versus rare species. Journal of
Ecology and Environment 36(3): 193-204. https://doi.org/10.5141/ecoenv.2013.193

Lomolino M, Rosenzweig, ML, 1996. Species Diversity in Space and Time. Journal of
Wildlife Management 60(4):971. DOI: 10.2307/3802400

Lomolino MV. 2000. Ecology’s most general, yet protean pattern: the species-area
relationship. Journal of Biogeography 27: 17-26. https://onlinelibrary.wiley.com/doi/abs/
10.1046/j.1365-2699.2000. 00377.x

Lomolino, MV. 2001. Elevation gradients of species-density: historical and prospective
views. Global Ecology & Biogeography 10:3-13 Blackwell Science, Ltd.

McCain CM. 2004. The mid-domain effect applied to elevational gradients: species of small

mammals in Costa Rica. Journal of Biogeography 31: 19-31.

Mager S, Burrow G. 2007. Botanical field guide. Aracaria Biodynamic Farm, Mullumbimby,
Australia, Pp. 8.

Mamassis N, Efstratiadis A, Apostolidou 1G. 2012. In Kundzewicz, ZW editor. Topography-
adjusted solar radiation indices and their importance in hydrology. Hydrological Science
Journal 57 (4):756-775. DOI: 10.1080/02626667.2012.670703

Manish K, Pandit MK, Telwala Y, Nautiya DC, Koh LP, Tiwari S. 2017. Elevational plant

species richness patterns and their drivers across non-endemics, endemics and growth

27


https://www.researchgate.net/profile/Mark_Lomolino
https://www.researchgate.net/journal/0022-541X_Journal_of_Wildlife_Management
https://www.researchgate.net/journal/0022-541X_Journal_of_Wildlife_Management
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.2307%2F3802400

705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734

forms in the Eastern Himalaya. Journal of Plant Research. DOI 10.1007/s10265-017-
0946-0

Maren IE, Karki S, Prajapati C, Yadav RK, Shrestha BB. 2015. Facing north or south: Does
slope aspect impact forest stand characteristics and soil properties in a semiarid trans-
Himalayan valley? Journal of Arid Environments 121: 112-123. Www.elsevier. com
/locate/ jaridenv.

McGlynn TP, Weiser MD, Dunn RR. 2010. More individuals but fewer species: testing ‘the
more individual hypothesis’ in diverse tropical fauna. Biology Letters 6:490-493. Doi:
10.1096/rsbl.2010.0103

Miao L, Jianmeng F. 2015. Biogeographical interpretation of elevational patterns of genus
diversity of seed plants in Nepal. Plos/One, 10(10): https://doi.org/10.1371/journal.
pone.0140992

Neina D. 2019. The Role of Soil pH in Plant Nutrition and Soil Remediation. Applied and
Environmental Soil Science. Hindawi. Pp. 9. https://doi.org/ 10.1155 / 2019/ 5794869

Nogue’s-Bravo D, Arau’jo MB, Romdal T, Rahbek, C. 2008. Scale effects and human impact
on the elevational species richness gradients. Nature 453(7192):216-220.
doi:10.1038/nature06812

Oke TR. 1987. Boundary layer climates, 2" edition. Taylor & Francis e-Library, 2002 Pp.
435.

Oommen MA, Shanker K. 2005. Elevational species richness patterns emerge from multiple
local mechanisms in Himalaya woody plants. Ecology 86(11): 3039-3047.

Oksanen J, Blanchet FG, Friendly M, Kindt R., Legendre P, McGlinn D, Minchin PR, O'Hara
RB, Simpson GL, Solymos P, Stevens MHH, Szoecs E. 2019. Community Ecology
Package Version 2.5-6. Package ‘vegan’. Pp.296.

Palpurina S, Wagner V, Wehrden H, Hajek M, Horsak M, Brinker A, Holzel N, Wesche K,
Kamp J, Hajkova P. 2016. The relationship between plant species richness and soil pH
vanishes with increasing aridity across Eurasian dry grasslands. Global Ecology and
Biogeography. https://doi.org/10.1111/geb.12549

Panthi MP, Chaudhary RP. 2002. Angiospermic flora of Arghakhanchi district and adjoining
areas, west Nepal. Natural History Museum, TU, Kathmandu, Nepal. 21,7-21.

28



735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764

Panthi MP, Chaudhary RP, Vetaas OR. 2007. Plant species richness and composition in a
trans-Himalayan inner valley of Manang district, central Nepal. Himalayan Journal of
Sciences, 4(6), 57-64. DOI: https://doi.org/10.3126/hjs.v4i6.983

Peet RK, Christensen NL. 1988. Changes in species diversity during secondary forest
succession on the North Carolina Piedmont. In During HJ, Werger MJA, Willems HJ,
editors. Diversity and pattern in plant communities. pp.233-245.

Polunin O, Stainton A. 1984. Flowers of Himalaya. Oxford University Press. Pp.580.

Pounds JA, Martin RB, Luis AC, Jamie AC, Michael PLF, Pru NF, Enrique La M, Karen LM,
Andrés M, Robert P, Santiago R, Ron G, Arturo S, Christopher JS, Bruce EY. 2006.
"Widespread Amphibian Extinctions from Epidemic Disease Driven by Global Warming."
Nature 439 (7073):161-67.

Rahbek C. 1995. The Elevational Gradient of Species Richness: A Uniform Pattern?
Ecography 18 (2): 200-205.

Rehbek C. 1997. The relationship among area, elevation and regional species richness in Neo-
tropical birds. American Naturalist 149: 875-902.

Rahbek C. 2005. The role of spatial scale and the perception of large-scale species-richness
patterns. Ecology Letters 8:224-239.

Rajbhandari KR, Rai SK, Bhatta GD, Chhetri R, Khatri S. 2017. Flowering plants of Nepal:
an introduction. Department of Plant Resources, Ministry of Forests and Soil
Conservation, government of Nepal, Pp. 432.

R version 4.0.2 (2020-06-22) -- "Taking Off Again" Copyright (C) 2020. The R Foundation fo
r Statistical Computing Platform: x86_64-w64-mingw32/x64 (64-bit)

Ricklefs RE. 1987. Community Diversity: Relative Roles of Local and Regional Processes. Sc
ience 235 (4785): 167-171. doi: 10.1126/science.235.4785.167

Shedayi AA, Xu M, Naseer I, Khan B. 2016. Altitudinal gradients of soil and vegetation
carbon and nitrogen in a high altitude nature reserve of Karakoram ranges. SpringerPlus
5:320
doi 10.1186/s40064-016-1935-9

Sinha S, Badola HK, Chhetri B, Kailash S, Gaira KS, Lepcha J, Dhyani PP. 2018. Effect of alt

itude and climate in shaping the forest compositions of Singalila National Park in Khangc

29



765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793

hendzonga Landscape, Eastern Himalaya, India. Journal of Asia-Pacific Biodiversity 11(2
): 267-275. https://doi.org/10.1016/j.japb.2018.01

Southwood TRE, Lineacre FRS. 2015. Ecological Methods. 3™ Edition. p 594

http://www.blackwell-science.com/ southwood.

Vieira SA, Alves LF, Duarte-Neto PJ, Martins SC, Veiga LG, Scaranello MA, Picollo MC,
Camargo PB, do Carmo JB, Neto ES, Santos FAM, Joly CA, Martinelli LA. 2011. Stocks
of carbon and nitrogen and partitioning between above- and belowground pools in the
Brazilian Coastal Atlantic Forest elevation range. Ecology and Evolution 1(3): 421-434.
doi: 10.1002/ece3.41

Vinka A, Hinojosa LF, Diaz-Forester J, Bustamante E, Fuente LM, Casale JF, Harpe JP,

Montenegro G, Ginocchio R. 2010. Influence of Soil Chemical Variables and Altitude
on the Distribution of High-alpine Plants: The Case of the Andes of Central Chile. Arctic,
Antarctic, and Alpine Research 42(2):152-163. DOI: 10.1657/1938-4246-42.2.152

Wright 1J, Westoby M. 2003. Nutrient concentration, resorption and lifespan: leaf traits of
Australian sclerophyll species. Functional Ecology 17:10-19. doi: 10.1046/].1365-
2435.2003. 00694.x

Xiang X., Huayong, Z, Dongjie, Z, Wang, T, Hai, H, Athen, M. 2017. Altitudinal patterns of
plant species richness in the Honghe region of China. Pakistan Journal of Botany 49(3):
1039-1048.

Xue, R, Yang Q, Miao F, Wang X, Shen Y. 2018. Slope aspect influences plant biomass, soil
properties and microbial composition in alpine meadow on the Qinghai-Tibetan plateau.
Journal of Soil Science and Plant Nutrition 18 (1). http://dx.doi.org/10.4067/S0718-
95162018005000101

Yang J, El- Kassaby YA and Guan W 2020. The effect of slope aspect on vegetation
attributes in a mountainous dry valley, Southwest China. Scientific Reports 10:16465.
https://doi.org/10.1038/s41598-020-73496-0

Ying F, Fen X, Linghao L. 2012. Long-term nitrogen addition leads to loss of species richness
due to litter accumulation and soil acidification in a temperate steppe. PLoS/One 7(10):
e47369.

30



794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809

Yuan ZY, Chen HYH. 2008. Global- scale patterns of nutrient resorption associated with
latitude, temperature and precipitation. Global Ecology & Biogeography. https://doi.org/
10.1111/j.1466-8238.2008. 00425.x

Zhang S, Chen D, Sun D, Wang X, Smith J L, Du G. 2012. Impacts of altitude and position on
the rates of soil nitrogen mineralization and nitrification in alpine meadows on the eastern
Qinghai-Tibetan Plateau, China. Biology and Fertility of Soils 48(4): 393-400.

Zhigiang W, Zhexuan F, Qi Z, Mingcheng W, Jinzhi an, Heng H, Karl JN. 2018. Global Data
Analysis Shows That Soil Nutrient Levels Dominate Foliar Nutrient Resorption Efficiency
in Herbaceous Species. Frontiers in Plant Science.
https://doi.org/10.3389/fpls.2018.01431, https:// www. frontiers in. org/journals/373

Zhou Y, Ochola AC, Njogu AW, Boru BH, Mwachala G, Guangwan H, Xin H, Wang Q.
2019. The species richness pattern of vascular plants along a tropical elevational gradient
and the test of elevational Rapoport's rule depend on different life- forms and
phytogeographic affinities. Ecology & Evolution 9(8): 4495-4503.
https://dx.doi.org/10.1002%2Fece3.5027

31


https://doi.org/10.3389/fpls.2018.01431

810
811
812

813
814

Appendix 1. The impact of aspect wise environmental parameters on species richness

obtained by generalized linear model (GLM) (p < 0.05).

South East North West Aggregate
Mode Mode Mode Mode
| R || R’ | R> |Model [R* |l R?
0.3
Altitude 2 2 2 046 |2 0.64 |2 059 |2 0.67
0.0
RRI 1 9 1 036 |1 01 |1 002 |1 0.02
<
0.0 < 0.00 <
pH 1 4 1 0.001 |1 0.08 |1 1 1 0.001
0.1
Nitrogen 1 2 1 011 |1 0.26 |1 002 |1 0.09
Phosphoru 0.0 0.00
S 1 5 1 014 |2 058 |1 5 2 0.1
0.0
Potassium | 1 4 1 0.003 |1 0.03 |1 002 |1 0.005
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