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Abstract: The Ghodaghodi Lake Complex is a Ramsar site, Nepal'’s first bird sanctuary, and has
significant ecological and economic values. The lake complex is in the western part of the lowland of
the Terai region. Numerous studies indicate a relation between the normalized difference vegetation
index (NDVI), land use, and land cover with plant diversity. However, the association between
terrestrial plant diversity and NDVI in the Ghodaghodi Lake Complex is unknown but has important
implications due to potential land use changes. We aimed to understand the relationship between
plant diversity and NDVI in the Ghodaghodi Lake Complex. We performed a vegetation survey using
a simple random sampling methodology. Shannon-Wiener’s diversity index (H’) was calculated
from the field data, and Landsat images were used to compare land use and land cover changes and
calculate NDVI values for 2000 and 2022. The image classification shows that forest cover in April
and December 2000 was 71.1% and 58.5%, respectively, and was the dominant land cover in the study
area. In contrast, agriculture occupied 18.8% and 27.3% in April and December 2000, respectively,
and was the primary land use. Forests covered the most land in April (64.8%) and December (65.3%)
of 2022. Likewise, agriculture was a widespread land use. We found a significant correlation (r = 0.80,
p < 0.05) between the NDVI and plant species diversity, as the NDVI explained 65% of plant species
diversity. There was a decrease in forest cover from 2000 to 2022. The strong correlation between the
NDVI and vegetation species diversity shows that the NDVI can be a substitute for plant diversity.
Our findings show that increased NDVI corresponds to increased plant species diversity and that the
lake complex had more plant diversity in 2022 than in 2000, despite a decrease in forested lands.

Keywords: correlation; Ghodaghodi Lake; land cover; land dynamic; land use; NDVI; Ramsar site;
Shannon'’s diversity index

1. Introduction

Land use and cover are often used interchangeably, but their meanings differ [1]. Land
use refers to human activities of how it is worked upon and managed, such as residential,
industrial zones, or agriculture. In contrast, land cover is a physical characteristic of
Earth’s surface, such as forests, agriculture, wetlands, or lakes, solely created by human
activities [2]. Land use and land cover change (LULCC) analyses focus on how the land
has been used, what types of changes are predicted in the future, and the various driving
forces and processes behind these changes [3]. The main driver of LULCC is anthropogenic
activities, such as socio-economic activities. Due to rapid human settlement, the land
use/cover effect has become an emerging issue worldwide. LULCC responds to social and
ecological processes in the landscape.

Vegetation species diversity measures the health of plant communities and ecosystems
and influences other biotic communities [4-8] and ecological processes [9-13]. Anthro-
pogenic activities and land use affect plant diversity [14,15]. Therefore, LULCC is essential
in assessing plant diversity. Land use and land cover are correlated; thus, a change in one
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factor affects the other [2]. LULCC impacts biodiversity, water and radiation budgets, trace
gas emissions, and other climatic processes [16]. LULCC affects the local, regional, and
global climate.

Vegetation species diversity and spectral information from the image are essential in
assessing biodiversity. The biodiversity assessment is based on the spectral resolution of
the data [17]. Landsat, the remote sensing system, analyzes spectral information collected
from visible, near-infrared, and the middle region related to plant properties [18]. Near-
infrared and red bands are used for estimating tree diversity [19-21]. Plant diversity and
normalized difference vegetation index (NDVI) are also strongly correlated in the savannah
biomes [22]. NDVI is sensitive to critical environmental factors, such as rainfall, that affect
biodiversity [23]. The NDVI analyzes energy in an ecosystem as primary productivity that
defines spectral patterns in plant diversity [20,24]. NDVI measures the energy entering the
ecosystem through primary productivity [25]. Because of this relationship between primary
productivity and NDVI, the NDVI predicts a change in species richness [19]. Gould [19]
studied that this change in the NDVI corresponds with a change in species richness in
the arctic landscape of Canada. A positive correlation between the NDVI and vegetation
species diversity was presented by Gould [19] and Levin et al. [25]. However, a study in
Argentina indicated a poor relationship between the NDVI and secondary productivity [26].

Historical spatial attribute data allow for assessing changes in plant species diversity
over time [27]. Walter [28] presented a positive correlation between plant species richness
and NDVI in California, USA. Zhang et al. found that the NDVI and net primary pro-
ductivity (NPP) are correlated. Because of this relationship between the NDVI and NPP
and NPP and species richness, researchers showed a connection between the NDVI and
species richness [29]. Wang et al. [30] studied a positive correlation between the NDVI
and plant diversity in grasslands. Similar results were found by Madonsela et al. [22] in
savannahs, Pouteau et al. [31] in rainforests, and Levin et al. [25] in mountainous regions.
NDVI explained up to 87% variation in species diversity for a particular vegetation type,
landscape, or region [32]. The normalized difference vegetation index (NDVI) ranges from
—1 to 1. The negative value represents the surface covered with clouds and water, the
positive value is vegetation, and zero shows bare land [33]. An area rich in vegetation
reflects a higher NDVI, while the negative value of NDVI represents no vegetation [34].
The NDVI is less sensitive to soil differences, so it is less sensitive to solar elevation. Still, it
is susceptible to green vegetation [35].

Due to plant diversity’s role in promoting the biodiversity of other taxa and the
ecosystem services they provide [4,6,7,11,13], we thought it prudent to study plant diversity
in the Ghodaghodi Lake Complex due to potential perturbations on site. The study’s
general objective is to show the effect of LULCC on plant diversity in the Ghodaghodi
Lake Complex, Nepal. The study’s goals are to (1) assess the LULCC, (2) show the relation
between the NDVI and vegetation species diversity, and (3) assess the terrestrial plant
biodiversity in the Ghodaghodi Lake Complex. We assume that there is a linear relationship
between the NDVI and plant diversity.

2. Materials and Methods
2.1. Study Area

The Ghodaghodi Lake Complex (GLC) lies in the Kailali district of the Sudur Pashchim
Province of Nepal (Figure 1). It is in the southwestern part of Terai, having spatial extents
between latitude 28°41'17” N and longitude 80°56'47" E, and the elevation is 205 m (about
672.57 ft). The wetlands cover approximately 2500 ha [36]. The Ramsar site comprises
14 large and small lakes and ponds separated by a hillock [37]. On the lower slope of Siwa-
lik, the lake complex is surrounded by tropical deciduous forests [38]. Ghodaghodi (138 ha),
Nakharodi (70 ha), and Baishawa (10 ha) are the major lakes of the complex [37]. The GLC
is a Ramsar site, a key biodiversity area, and Nepal’s first bird sanctuary. It supports a sig-
nificant population of fishing cats (Prionailurus viverrinus) (vulnerable), mugger crocodiles
(Crocodylus palustris) (vulnerable), a national biodiversity indicator species, Cotton Pygmy
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Goose (least concern), 319 birds, and 29 fish species [39]. The Basanta forest corridor enables
wildlife movement from Siwalik to the Western Terai Complex: Bardia and Suklaphanta
National Parks and Dudhwa Tiger Reserve [38]. The GLC provides suitable habitat for
the red-crowned roofed turtle (Kachuga kachuga) (critically endangered), tiger (Panthera
tigris tigris) (endangered), three-striped roof turtle (Kachuga dhongoka), smooth-coated otter
(Lutrogale perspicillata) (vulnerable), common otter (Lutralutra), swamp deer (Cervus du-
vaucelii), lesser adjutant stork (Leptoptilos javanicus), orchid (Aerideso dorata) (endangered),
lotus (Nelumbo nucifera) (threatened), and wild rice (Hygroryza aristata) (threatened) [40].
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Figure 1. Location of Ghodaghodi Lake Complex (GLC) in the map of Nepal and its land use.

Tharus are the indigenous and dominant people. The site received an annual rainfall
of 1385 mm (about 4.54 feet) with an average monthly maximum temperature ranging
from 18.8 degrees Celsius to 34.6 degrees and a minimum temperature ranging from 5.5
to 22.9 degrees Celsius in Tikapur (District Profile, 2021, unpublished report). The Chure
Rural Municipality borders the Ghodaghodi Lake Complex in the north, Bardagoriya Rural
Municipality in the east, Gauriganga Municipality in the west, and Vajani Municipality in
the south (Division Forest Office, Pahalmanpur, Kailali, 2022, unpublished report). Ward
numbers 1, 4, and 8 are immediate to the Ghodaghodi Lake area, with 39 settlements, of
which 14 are in Ward 1, 13 are in Ward 4, and 12 are in Ward 8 (Divisional Forest Office,
Pahalmanpur, Kailali, 2022). Tharu have been the significant inhabitants of the area for over
two centuries [41]. Migrants from the mountainous region might create massive pressure
on wetland resources, causing deforestation, encroachment in and around wetlands, and
uncontrolled fishing and illegal hunting. Changes in demographic conditions affect the
traditional use of resources. According to the Division Forest Office, Pahalmanpur, Kailali,
“The lake complex is surrounded by 11 community forests and two main rivers, Doda to
the east and Kauwa to the west”.
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2.2. Data Collection

Sample plots were established through simple random sampling in the study area.
The boundary points of GLC were obtained from the Division Forest Office, Pahalman-
pur, Kailali. The GLC was overlain with an 850 m x 850 m grid, resulting in 722,500 m?2
plots. Thirty-one random sampling points were selected. At each sampling point, we set
up four plots: a 12.61 m radius circular plot for tree species (diameter at breast height
(DBH) > 30 cm), 5.64 m for pole species (DBH = 10-29.9 cm), 2.82 m (DBH < 10 cm
(3.94 in), height > 1 m) for saplings, and 1.78 m (30 cm (11.81 in) < height < 1 m) for
short saplings [42]. After the plots were set up, each plot’s total number of species was
recorded (i.e., species richness and number of species per plot). Secondary data were
collected from related sources, articles, and Landsat 7 (ETM+) and 9 (OLI2/TIRS2). Landsat
7 (ETM+) capturing on 1 April 2000 and 29 December 2000, and Landsat 9 (OLI2/TIRS2
images (path 144 and row 40)) capturing on 30 April 2022 and 24 November 2022, were
downloaded from the USGS (https:/ /earthexplorer.usgs.gov/) accessed on 15 August 2022.
Each Landsat image represents the cold and hot seasons in the study area. These Landsat
images were radiometrically and geometrically corrected. These images were processed
using ERDAS Imagine 2015 and ArcGIS 10.8.

2.3. Image Processing

ERDAS Imagine 2015 software combined multiple images into one image to have the
same degree of extent [43]. It also resampled bands with different spatial resolutions into
target spatial resolutions. After stacking the layer, the image was subset from Landsat
images using the area of interest file (AOI) with a defined study area by applying the sub-set
tool in ERDAS Imagine 2015. The Landsat 7 (ETM+) image (2000) has a scanned line error.
We removed the error by overlapping images and using the focal analysis tool in ERDAS
Imagine 2015. Image improvement was conducted to improve the quality, information
content of original data, and visual interpretation of different objects or features in the scene.
ERDAS Imagine 2015 image enhancement tools, such as General Contrast, Radiometric
Correction, and Noise Correction, were used. Various indices have been developed to
extract features of interest from satellite imagery for better classifications [44].

Following supervised classification based on maximum likelihood, five land use—
land cover classes were identified in the GLC (i.e., forest, agricultural land, water body,
settlement, and bare land). Training samples (i.e., area of interest (AOI)) were provided
based on field knowledge [45]. Accuracy assessment plays a significant role in image
classification. It compares the classified image to ground truth data [46]. The ground
truth points were calculated from the field. The classification was evaluated using Kappa
accuracy on a scale between 0 and 1, where 1 stands for complete agreement [47].

observed accuracy — chance agreements

K =K"=
appa 1 — chance agreements

)

N Z%:l Xii — Xiog (Kip x Xi)

Kappa = K" =
N? = 21 (Xis % X44)

@

where

r = number of rows in the error matrix;

Xji = the number of observations in row i and column i (on the same diagonal);
Xj1 = total observations in row i;

sumX_y; = total observations in column i;

N = total number of observations included in the matrix.
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The change assessment was calculated for 2000 and 2022. The data on land classifica-
tion class changes were assessed by calculating the percentage in the respective years, and
the annual change rate was calculated using the following formula [48].

1/n
Annual change rate = [(a) — 1] x 100 3)

where

a = base year data;
b = end-year data;
n = number of years.

NDVlIis commonly used to distinguish vegetation from other features. It measures the
amount and vigor of green foliage in an area of land and is a standardized way to measure
healthy vegetation [49]. It is a dimensionless index [50]. NDVI is sensitive to visible and
near-infrared light reflected by vegetation. The green plant reflects near-infrared and green
light because of chlorophyll, while red and blue light are absorbed. Landsat has bands with
NIR and red. NDVI measures the difference between near-infrared and red light because
near-infrared is strongly reflected by vegetation, while red light is absorbed. So, a high
NDVI value corresponds to dense vegetation.

The NDVTI is calculated as follows:

(NIR — RED)

NDVI= iR+ ReD)

4)

where RED and NIR reflect red and near-infrared bands, respectively [51].

2.4. Statistical Analysis

Shannon-Wiener'’s Diversity Index (H’) was calculated for the 31 sampling plots. We
used H’ as it accounts for species richness and evenness and is not affected by sample
size [52,53]. A t-test was performed between the NDVI of 2000 and 2022. A simple linear
regression test was also performed between the NDVI and plant diversity. We considered
tests to be significant at p = 0.05.

H' = — Y (pilnpi) (5)

1

Lr-

where

H’ = Shannon-Wiener’s Diversity Index;

pi = proportion of individuals in the ith species, i.e., (ni/N);
ni = importance value index of the species;

N = importance value index of all of the species.

3. Results
3.1. Comparing the NDVI of 2000 and 2022 of the Lake Complex

We found vast differences in the NDVI between 2000 and 2022 (Figure 2). We found
that the NDVI was higher in 2022 (mean = 0.47, SE = 0.0084, SD = 0.0467) than in 2000
(mean = 0.37, SE = 0.0144, SD = 0.0804) (p < 0.00001). The NDVI of 31 sampling plots was
compared, which showed that in 2000, Plot 12 had the lowest NDVI (0.11), and Plot 15 had
the highest NDVI (0.51), while in 2022, Plot 12 had an NDVI of 0.45 and plant diversity of
2.52 and Plot 15 had an NDVI of 0.56 and plant diversity of 3.1. This relation shows that an
increase in the NDVI corresponds with an increase in plant diversity. The NDVI showed a
stronger indication of plant diversity in 2022 than in 2000. In 2022, the NDVI ranged from
0.58 to 0.37.
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Figure 2. Comparing normalized difference vegetation index (NDVI) between 2000 and 2022 in
Ghodaghodi Lake Complex, Nepal.

3.2. Land Use and Land Cover Change in the Ghodaghodi Lake Complex

Landsat 7 (ETM+) and Landsat 9 (OLI 2/TIRS 2) images were used for the land use—
land cover classification. The Landsat images showed major changes in the forest and
agricultural land in the GLC (Tables 1-3). The image classification of April 2000 showed
that about 71.05% of the land was covered by forest, the main land cover in the study area,
while agriculture occupied 18.81% (Figures 3 and 4). Water bodies, settlements, and bare
ground occupied 3.57%, 2.02%, and 4.55%, respectively. In December, about 54.48% of the
land was covered by forest; agriculture, water, settlements, and bare land occupied 27.28%,
9.37%, 1.78%, and 7.19%, respectively. Similarly, the image classification of April 2022
shows that forest cover was the dominant land cover (64.76%) (Figures 3 and 5). Likewise,
agriculture was still the primary land use covering 19.17%, while water bodies, settlements,
and barren land covered around 5.75%, 9.01%, and 1.24%, respectively. In November, about
65.3% of the land was covered by forests; agriculture, water, settlements, and bare ground
occupied 18.6%, 5%, 6.9%, and 4.2%, respectively.

Table 1. The change in land use and land cover (LULC) in Ghodaghodi Lake Complex, Nepal,
between April and December 2000.

LULC 2000 (April) LULC 2000 (December)
Site LULC Classes
Area (ha) Area (%) Area (ha) Area (%)
1 Forest 1646.78 71.05 1262.53 54.48
2 Agricultural land 435.99 18.81 632.21 27.28
3 Water bodies 82.72 3.57 214.80 9.27
4 Settlement 46.72 2.02 41.24 1.78
5 Bare land 105.53 455 166.62 7.19

Grand total 2317.74 100 2317.39 100
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Table 2. Land use and land cover (LULC) change in Ghodaghodi Lake Complex, Nepal, between

April and November 2022.
LULC 2022 (April) LULC 2022 (November)
Site LULC Classes

Area (ha) Area (%) Area (ha) Area (%)

1 Forest 1500.85 64.762 1513.14 65.29

2 Agricultural land 444.28 19.171 431.36 18.61

3 Water bodies 133.31 5.752 116.74 5.04

4 Settlement 210.36 9.077 159.95 6.90

5 Bare land 28.69 1.238 96.53 4.16

Grand total 2317.48 100 2317.72 100

Table 3. Current land use and land cover (LULC) change in Ghodaghodi Lake Complex, Nepal,
between 2000 (April) and 2022 (April).

LULC 2000 LULC 2022
Site LULC Classes
Area (ha) Area (%) Area (ha) Area (%)
1 Forest 1646.78 71.05 1500.85 64.762
2 Agricultural land 435.99 18.81 444.28 19.171
3 Water bodies 82.72 3.57 133.31 5.752
4 Settlement 46.72 2.02 210.36 9.077
5 Bare land 105.53 455 28.69 1.238
Grand total 2317.74 100 2317.48 100
Status of LULC
2000
1647
1600
= 1200
-}
N’
<
D
=
< 800
400
0

Forest Agriculture ~ Water bodies ~ Settlements Bare land
Land Use-Land Cover Classes

m2000 =2022

Figure 3. Histogram of land use and land cover (LULC) change in Ghodaghodi Lake Complex (GLC),
Nepal, 2000 (April) and 2022 (April).
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Figure 4. Classified land use and land cover (LULC) map of Ghodaghodi Lake Complex, Nepal,
2000 data. (a) LULC map in April, (b) LULC map in December.
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Figure 5. Classified land use and land cover (LULC) map of Ghodaghodi Lake Complex, Nepal,
2022 data. (a) LULC map in April, (b) LULC map in November.

Forest cover changed into other land uses and cover from 2000 to 2022 (Table 3). While
water bodies were changed into forests of 33 ha, similarly, settlements were converted into
forest areas of 10 ha (Figures 6 and 7). In contrast, forest cover was transformed into water



Forests 2023, 14, 529 9 of 15

bodies, settlements, forests, bare land, and agricultural land of 49 ha, 99 ha, 1357 ha, 7 ha,
and 133 ha, respectively (Figure 7). Barren land was converted into forests of 23 ha, and
agricultural land was changed into forests of 78 ha (Figure 7).
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Figure 6. Change detection of land use and land cover (LULC) change in Ghodaghodi Lake Complex,
Nepal, between 2000 (April) and 2022 (April).
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Figure 7. Histogram showing changes in land use cover between 2000 and 2022 in the Ghodaghodi
Lake Complex, Nepal.
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3.3. Accuracy Assessment of the Classified Map of 2000 and 2022

Accuracy assessment is integral to any classification project. It compares the classified
image to another source considered to be accurate or ground truth data [46]. One hundred
and fifty ground truth points (fifty from each class) were collected from different land
use-land cover classes. The classification was evaluated using Kappa accuracy. Accuracy
was 88.67% and 90.67% for the classified map of 2000 (Tables 4 and 5) and 86.00% and
89.33% for 2022 (Tables 6 and 7).

Table 4. Accuracy Assessment of Classified Map of April 2000.

Class Name Water Body  Bare Land Forest Settlement  Agricultural Land TU UA
Water Body 28 1 1 0 0 30 93.33
Bare Land 0 27 0 0 3 30 90
Forest 0 0 28 0 2 30 93.33
Settlement 0 0 1 26 3 30 86.67
Agricultural 2 2 2 0 24 30 80
Land
TP 30 30 32 26 32 150
PA 93.33 90 87.5 100 75 Kappa =0.858 ~ OA=88.67

TU: total user, TP: total producer, UA: users’ accuracy, PA: producers’ accuracy, OA: overall accuracy.

Table 5. Accuracy Assessment of Classified Map of December 2000.

Class Name Water Body  Bare Land Forest Settlement  Agricultural Land TU UA
Water Body 26 0 3 1 0 30 86.67
Bare Land 0 26 2 0 2 30 86.67
Forest 0 0 30 0 0 30 100
Settlement 0 1 1 25 3 30 83.33
Agricultural 0 0 1 0 29 30 96.67
Land
TP 26 27 37 26 34 150
PA 100 96.29 81.08 96.15 85.29 Kappa =0.883  OA=90.67

TU: total user, TP: total producer, UA: users’ accuracy, PA: producers’ accuracy, OA: overall accuracy.

Table 6. Accuracy Assessment of Classified Map of April 2022.

Class Name Water Body  Bare Land Forest Settlement  Agricultural Land TA UA
Water Bod 24 2 3 0 1 30 80
Bare Lan 1 21 1 4 3 30 70
Forest 0 0 30 0 0 30 100
Settlement 1 2 0 24 3 30 80
Agricultural 0 0 0 0 30 30 100
Land
TP 26 25 34 28 37 150
PA 92.3 84 88.23 85.71 81.08 Kappa=0.825  OA=86.00

TU: total user, TP: total producer, UA: users’ accuracy, PA: producers’ accuracy, OA: overall accuracy.

Table 7. Accuracy Assessment of Classified Map of November 2022.

Class Name Water Body  Bare Land Forest Settlement  Agricultural Land TU UA
Water Bod 25 2 3 0 0 30 83.33
Bare Lan 0 28 0 0 2 30 93.33
Forest 0 0 30 0 0 30 100
Setﬂement 0 0 0 23 7 30 76.67
Agricultural 0 0 1 1 28 30 93.33
Land
TP 25 30 34 24 37 150
PA 100 93.33 88.23 95.83 75.67 Kappa=0867  OA=89.33

TU: total user, TP: total producer, UA: users” accuracy, PA: producers’ accuracy, OA: overall accuracy.

3.4. Diversity Dynamic Depicted Using Remote Sensing

Shannon’s Diversity Index was calculated from the field data. The diversity index
ranged from 2.07 to 3.05 (Table 8). Similarly, Plot 15 and Plot 6 have the highest and lowest
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diversity index of 3.05 and 2.07, respectively (Table 8). A regression test was performed
between Shannon’s Diversity Index and NDVI. We found that plant species diversity
depends on NDVI (r = 0.80, p < 0.001). NDVI explained about 65% (r?> = 0.6522) of the
variety in plant species (Figure 8).

Table 8. Shannon’s Diversity Index Calculated from sample plots.

Sample Plots Shannon’s Diversity Index
Plot 1 2.90
Plot 2 2.77
Plot 3 2.58
Plot 4 2.74
Plot 5 2.69
Plot 6 2.07
Plot 7 2.93
Plot 8 3.03
Plot 9 2.75
Plot 10 2.70
Plot 11 2.68
Plot 12 2.52
Plot 13 2.49
Plot 14 2.94
Plot 15 3.05
Plot 16 2.48
Plot 17 2.65
Plot 18 2.34
Plot 19 2.88
Plot 20 2.89
Plot 21 2.52
Plot 22 2.83
Plot 23 2.71
Plot 24 2.53
Plot 25 2.77
Plot 26 2.80
Plot 27 2.55
Plot 28 2.74
Plot 29 2.33
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diversity index (H’) for vegetation in Ghodaghodi Lake Complex, Nepal.
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4. Discussion

The results present the change in land cover over the past 22 years. The forest cover
decreased by 6.29% over 22 years. Similarly, the agricultural area increased by 0.36%, water
bodies increased by 2.18%, settlements increased by 7.06%, and bare land decreased by
3.31%. Although there was a decrease in forest cover, water bodies, primarily impound-
ments and dugouts, grew.

Khanal [54] found that forest cover decreased by 75%, 70%, 65%, and 64% in 1977,
1990, 1999, and 2008, respectively, in three village development committees (VDCs) of the
lake complex (i.e., Darakh, Sadapani, and Ramshikharjhala). The loss in forest cover in
the VDC lake complex was highest between 1990 and 1999 [54]. Anthropogenic activities,
such as continuous grazing, deforestation, roads, encroachment, and illegal forest prod-
uct extraction, were the significant causes of forest cover loss [55,56]. Others have also
indicated the role of road construction on forest loss [54]. However, forest loss associated
with roads is only part of the story. Roads influence vegetative communities [57], fish and
wildlife assemblages [58-61], soil chemistry [62], stream sedimentation [63], stream mor-
phology [64], water quality [65], and benthic macroinvertebrates [63,65]. Khanal [54] found
that southern parts suffer more shrinkage of forest cover than northern parts. This notable
change in northern forest cover was due to the natural disaster of floods and landslides [54].
The southern plain is dominated by the highly productive Sal (Shorea robusta) forests and
has a higher population density than the northern part. Continuous grazing, illicit tree
cutting, and encroachment result in more forest cover loss [54]. Forest cover loss was the
most intensive between 1990 and 1999 because of the construction of roads [54]. However,
the intensity of deforestation was low but still sustained. The active involvement of local
communities, ethnic groups, community forest user groups, and youth groups helped to
conserve the lake area.

Similarly, the relationship between plant diversity and NDVI was also assessed. We
found a strong correlation between the NDVI and plant diversity from this relationship.
Chapungu et al. [27] found that the NDVI explained about 62% of the vegetation index. Our
results support previous research suggesting that the NDVI can substitute for vegetative
species diversity [19,25,27]. Chapungu et al. [27] used the NDVI as a proxy for plant di-
versity to cover the absence of long-term historical data on plant diversity. Wang et al. [66]
presented the linear relationship of NDVI with biomass but a log relationship with vegeta-
tion percentage cover. In the case of sparse canopies (crown cover below 60%), the NDVI
is more sensitive, while the NDVTI is less sensitive to dense canopies (crown cover above
60%) [66]. Mahananda et al. [67] modeled three categories of forest (i.e., evergreen forest,
semi-evergreen forest, and deciduous forest) based on the relation between the NDVI and
plant species diversity. Around 2000, heavy road expansion resulted in a significant loss
in forest cover [54], affecting the NDVI and likely biota [57,60,61,63] and environmental
quality [62-65]. However, in 2022, because of the active involvement of local communities
in forest conservation and protection, the NDVI improved. Gould [19] and Levin et al. [25]
also present a positive correlation between the NDVI and species richness. Here, the NDVI
and plant species diversity correspond with each other.

5. Conclusions

The land use and land cover change map showed less forest area in 2022 than in 2000.
There was an increase in water bodies, and most bare lands were converted to forests.
The major change in forest cover might be due to various road construction activities,
migrants from the surrounding hills, various illegal activities, and factors such as climate
change, forest fires, and landslides. Although there has been a decrease in forest cover,
the lake complex has more plant diversity than in 2000. This change might be due to the
involvement of local people in community forest management. The lake complex was
declared a Ramsar site in 2003, bringing international attention to the conservation of
wetlands. Remote sensing attributes play an essential role in assessing plant diversity. The
strong correlation between the NDVI and vegetation species diversity shows that the NDVI



Forests 2023, 14, 529 13 of 15

and plant diversity are surrogates for each other. From this relationship, we conclude that
an increase in plant diversity corresponds to a rise in the NDVI and vice versa.
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