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Abstract: Understanding species’ ecological niches and distribution patterns is crucial for biodiversity conservation and management, 
particularly in ecologically sensitive regions. We used an NDVI-based ecological niche modeling (ENM) approach for Begonia species for 
this purpose, where we achieved high predictive accuracy (AUC: 0.82–0.97). Niche breadth analysis revealed a positive correlation (r = 
0.747, p = 0.003) between broader niche breadth and larger predicted distribution areas, aligning with the notion that better-performing 
models tend to capture either highly specialized (narrow-breadth) or ecologically flexible (broad-breadth) niches. Models for Begonia 
picta, B. panchtharensis, B. sikkimensis, and B. xanthina were classified as fair (0.8 < AUC < 0.9), and exhibited broader niche breadth, with 
ranges extending from the western Himalaya to the eastern Himalaya, encompassing Nepal, Bhutan, and China. In contrast, B. satrapis, B. 
gemmipara, and B. nepalensis showed very good model performance (AUC > 0.95) but had the narrowest niche breadth (0.102–0.195), 
suggesting specialized habitat requirements and restricted distributions. Given their limited ecological flexibility and smaller suitable 
areas, these species warrant immediate conservation attention to mitigate extinction risks. 

Keywords: Conservation, Darjeeling, diversity, endemic, ENM, MaxEnt, NDVI, niche overlap, niche breadth, northeastern India.
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INTRODUCTION

For centuries, ecologists and biologists have been 
fascinated on why species vary greatly in the extent of 
its distribution. Some species have a narrow distribution 
range, whilst some closely related species have a broader 
distribution, ranging from the continental to the global 
scale (Willis 1922). It is widely believed that narrowly 
distributed species have specialized environmental 
requirements while the widely distributed species have 
broader environmental tolerance. Therefore, a positive 
correlation between environmental niche breadth and 
range size is widely accepted in macro ecological studies 
(Gaston 2000; Gaston & Spicer 2001; Slatyer et al. 2013). 
However, it is difficult to conclude the above hypothesis 
because the environmental niche of a species is usually 
defined by the set of occurrence records. Hence, a larger 
number of presence locality data are likely to have a 
wider distribution range, unlike species having a lesser 
number of occurrence records (Burgman 1989; Gaston 
& Blackburn 2000; Gregory & Gaston 2000; Gaston & 
Spicer 2001). Therefore, the species-rich genus Begonia 
in Sikkim Himalaya was chosen as the model plant to 
answer this question.

Begonia L. is the sixth largest genus of flowering 
plants and provides several important ecosystem 
services. For instance, they help stabilize soil in humid 
understory environments, support local invertebrates, 
and contribute to microhabitat maintenance in forested 
areas. Some Begonias also hold ornamental and 
economic value, being used in horticulture for their 
diverse foliage, and showy flowers. In certain regions, 
they have recognized medicinal uses, underscoring 
their cultural and economic importance. Consequently, 
conserving Begonias will not only preserve the essential 
ecological interactions but also safeguard potential 
benefits for local communities. 

Being one of the largest genera of flowering plants, 
they provide an excellent opportunity to study the 
processes underlying the theory of rapid radiation. A 
sufficient amount of occurrence data is required to 
develop a robust distribution model and to test the 
above mentioned theory (Moonlight 2017). However, 
the unavailability of geo-referenced occurrence data in 
herbaria and other online sources such as GBIF (Global 
Biodiversity Information Facility) limits the use of such 
techniques. At present, there is a growing need to 
estimate the species distribution range for theoretical 
as well as applied reasons, e.g., understanding 
species geography to its conservation. Limited species 
occurrence data pose enormous challenge to the 

researchers. Moreover, quantifying the environmental 
factors which contribute the most to the distribution of 
species becomes even more complicated and challenging 
(Guisan & Thuiller 2005; Colwell & Rangel 2009). The 
factors that govern the distribution of species are biotic 
factors, abiotic factors (soil and topography), species 
interaction, competition, predators, and parasites 
(Gaston 2003). In practice, the species distribution 
model is developed using only the occurrence data, and 
abiotic variables. Recently several studies have indicated 
the importance of biotic interaction in shaping the 
spatial distribution of species (Gotelli et al. 2010; Sunday 
et al. 2011). The factors such as biotic interaction and 
dispersal are usually ignored, and their effect considered 
negligible at broader geographical scale or spatial scales 
(Soberón 2007; Colwell & Rangel 2009; Gotzenberger et 
al. 2012; Araújo et al. 2014). Thus, abiotic factors, such 
as bioclimatic variables, NDVI, slope, and aspect are 
often used in predicting, and identifying the suitable 
habitat of species (Pradhan et al. 2020). The selection 
of predictor variables is fundamental before modelling, 
yet the choice of input variables is still debatable (Synes 
& Osborne 2011). The ecologically relevant variables 
are capable of generating robust models and vice versa. 
For example, the soil type variables might be good 
predictor variables for plants whilst temperature, and 
forest fragmentation related variables might be a good 
choice for animals. The use of NDVI contributes to the 
modelling process by providing information about the 
phenological status, canopy cover, and the water content 
variation (Amaral et al. 2007). In addition to capturing 
phenological status and canopy cover, NDVI also 
provides insights into spatial variation in plant health & 
productivity, reflecting factors such as vegetation stress, 
and soil nutrient availability. Consequently, NDVI data 
can be used as a proxy for detecting water deficits, 
drought stress, or nutrient limitations, all of which are 
critical for understanding Begonia establishment, and 
persistence. Thus, this study aimed to (1) predict the 
suitable habitat of Begonia species in Sikkim Himalaya, 
and (2) define the ecological niche of Begonia species 
and quantify the similarities between them using ENM 
techniques. The ENMs constructed were compared 
to assess the similarities of the ecological niche of the 
Begonia species, and to know if they share the same 
ecological niche or not.
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MATERIALS AND METHODS

Study area
The district of Darjeeling shares a continuous 

geological and physiographic landscape with Sikkim, 
rendering the two regions inseparable in these respects 
(Basu 2013). The region lies adjacent to Nepal in the 
east, China in the north, and Bhutan in the west, making 
it a geopolitically, and biogeographically significant 
segment of the Eastern Himalaya. The physical features 
of Darjeeling and Sikkim are very similar, separated by 
rivers Teesta, and Rungit which act as a natural boundary 
dividing the two geographically consonant regions 
(Figure 1). Therefore, the state of Sikkim along with 
Darjeeling together constitutes the Sikkim Himalaya. 
The two regions from herein will be referred to as 
Sikkim Himalayas (Rai et al. 2000). The region lies amid 
the eastern Himalayan regions, roofed by a snow clad-
mountain in the north, and planes in the south. It is 
bordered by countries such as Nepal in the east, China 
in the north, and Bhutan in the west, and is tectonically 
one of the most active areas of the Himalaya. 

Collection of occurrence record
The primary occurrence data or the presence data 

(i.e., geographic coordinate/Latitude and Longitude) for 
13 species of Begonia (viz., B. satrapis, B. gemmipara, B. 
josephii, B. picta, B. xanthina, B. cathcartii, B. flaviflora, 
B. megaptera, B. nepalensis, B. palmata, B. sikkimensis, 
B. panchtharensis, B. roxburghii) were collected from 
the hills of Darjeeling and Sikkim Himalaya using Garmin 
GPS (Global Positioning System). The occurrence data 
were collected with an accuracy of 3–10 m. 

The geographic coordinate was collected in the 
form of Degree Minute Second (DMS) which was later 
converted to decimal degrees (DD) using the formula:

DD = D + M/60 + S/3600
The converted presence data was later rearranged in 

Microsoft Excel in the following order, i.e., species name, 
longitude, latitude, and then saved in CSV (comma 
delimited) format, and was later used for modelling. 

Predictor Variables
The model was developed using normalized 

difference vegetative index (NDVI)  raster data for 
January to December obtained from GLCF (Global 
Land Cover Facility) (University of Maryland, USA). The 
NDVI is a numerical indicator that quantifies vegetation 
by measuring the difference between near-infrared 
(which vegetation strongly reflects) and red light (which 
vegetation absorbs), and is given by the formula: 

NDVI = (NIR-RED) / (NIR+RED)
Where; NIR = near-infrared and
RED = Red light
The 12 NDVI variables were first subjected to 

correlated tests (r>0.9) using ENM Tools 1.3 software 
(Warren et al. 2010). Thus, out of 12 NDVI variables, 10 
were used to model the distribution of Begonia in Sikkim 
Himalaya along with altitude (Table 1). Although NDVI 
data for August and September were initially considered, 
both months showed high correlation (r>0.9) with July 
NDVI, risking over fitting if included simultaneously. 
Following best practices to reduce multicollinearity, we 
retained July NDVI as representative of the monsoon 
peak and excluded August and September. This approach 
helps ensure model parsimony and avoids redundant 
variables.

Ecological Niche Modelling
MaxEnt v.3.3. 3k Software (Phillips & Dudík 2008) 

was used to model the distribution of Begonia species in 
Sikkim Himalaya. MaxEnt modelling was used because it 
has a high accuracy rate and performs better with small 
size (Elith et al. 2006). The 10 percentile training presence 
logistic threshold was used, with 20 replicates run, and 
maximum of 5,000 iterations for each species. All other 
settings were kept default as it has been calibrated with 
a wide range of species (Phillips & Dudík 2008). From 
20 replicated runs for each species, the average, and 
maximum, minimum, median, and standard deviation 
was obtained. Each Begonia species were modelled 
individually using a set of NDVI variables.

Using Niche Toolbox (http://shiny.conabio.gob.
mx:3838/nichetoolb2/) binary maps were obtained 
and suitable areas for each species of Begonia were 
calculated using 10 percentile training presence logistic 
threshold cut off values. 

Niche Overlap
ENM Tools software was used to examine the degree 

of niche overlap between Begonia species. Schoener’s D 
and Hellinger’s I metrics were used to estimate the niche 
overlap between the species.

Schoener’s D is given by the formula:

Where pX,i and pY,I are the normalized suitability scores 
for species X and Y in grid cell i, similarly Hellinger’s I is 
given by the formula:

http://shiny.conabio.gob.mx:3838/nichetoolb2/
http://shiny.conabio.gob.mx:3838/nichetoolb2/
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The niche similarity measures are obtained after 
comparing the predicted suitable habitat calculated for 
each grid cell from a model developed through MaxEnt. 
The niche overlap values ranges vary from 0–1. The 
value 0 indicates no overlap and the value of 1 indicates 
a complete overlap of niches. If only two ENM outputs of 
two species are loaded in ENM Tools, single values of D 
and I will be produced and if more than two populations 
of different species are loaded pair wise D and I values 
will be produced in simple Microsoft excel file (Warren 
et al. 2010).

Niche Breadth
Niche breadth was also assessed using the same set 

of output predicted distribution models for each species 
(Phillips et al. 2006; Warren et al. 2010). 

Model evaluation and Performance
The model developed for each species was classified 

and evaluated based on “area under the curve” or AUC 
values. The model was further graded as: poor (AUC < 
0.8), fair (0.8 < AUC < 0.9), good (0.9 < AUC < 0.95), and 
very good (0.95 < AUC < 1.0) following Thuiller et al. 
(2005). 

RESULTS

Occurrence record
A total of 108 occurrence records or geographic 

coordinates (B. gemmipara = 8, B. josephii = 12, B. 
satrapis = 10, B. picta = 12, B. nepalensis = 4, B. palmata = 
14, B. panchtharensis = 5, B. sikkimensis = 8, B. cathcartii 
= 7, B. megaptera = 5, B. xanthina = 5, B. flaviflora = 5, B. 
roxburghii = 13) were collected from Sikkim Himalayas. 

Figure 1. Land use land cover in Sikkim and Darjeeling of northeastern India. Data source for land use land cover: Roy et al. (2016),
https://daac.ornl.gov/VEGETATION/guides/Decadal_LULC_India.html).

https://daac.ornl.gov/VEGETATION/guides/Decadal_LULC_India.html
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The individual occurrence data were then correlated 
with the set of NDVI variables. 

Predicted habitat distribution
ENM was computed individually for each Begonia 

species. The model developed for 13 species of Begonia 
are presented in Figure 2. The 10 percentile training 
presence logistic threshold values for each species of 
Begonia are also provided in table 4. Using the threshold 
values of individuals Begonia species suitable habitat 
was calculated. Therefore based on NDVI dataset, B. 
panchtharensis had the maximum area predicted to 
be suitable (~4306.88 km2), followed by B. sikkimensis 
(~3,804.62 km2), B. picta (~3,785.4 km2), B. cathcartii 
(~2,480.01 km2), B. xanthina (~1,905.8 km2), B. josephii 
(~1,833.28 km2), B. flaviflora (~1,634.74 km2), B. 
megaptera (~1,412.58 km2), B. satrapis (~1,274.37 km2), 
B. gemmipara (~1,131.25 km2), B. palmata (~783.446 
km2), B. roxburghii (~766.19 km2), B. nepalensis (~60.36 
km2).

Model evaluation and validation
Our model performance showed high accuracy 

and demonstrated high predictive ability based on 
AUC scores. The mean AUC; ranged from 0.82 in B. 
panchtharensis and B. sikkimensis to 0.97 in B. satrapis 
(Table 4).

Contributing variables and Environmental constraints 
for Begonia species

The different NDVI variables used to model the 
distribution of Begonia species in Sikkim Himalaya 
showed a varying degree of contribution to each species 

model developed. The NDVI for July contributed the 
most in B. cathcartii (68.7 %) followed by B. sikkimensis 
(62.6 %), B. josephii (50.5 %), B. flaviflora (48.5 %), and B. 
gemmipara (47.6 %). The NDVI for November contributed 
the most in the case of B. picta (32.3 %), B. palmate (37.3 
%), B. megaptera (56.8 %), and B. roxburghii (29.6 %). 
The NDVI for May, January, and March each contributed 
the most in B. satrapis (63.6 %), B. nepalensis (24.5 
%), and B. xanthina (53.1 %) respectively to the final 
predictive model (Figure 3; Table 3). Considering the 
permutation importance, the NDVI for July contributed 
the most in B. gemmipara (71.9 %), B. josephii (39.5 %), 
B. catcarthii (60.6 %) and B. flaviflora (67.7 %). The NDVI 
for November contributed the most in B. picta (72.7 
%), B. palmata (40.3 %), and B. megaptera (53.3 %), B. 
xanthina (33.6 %). The NDVI for January, May, October, 
and December contributed the most in B. nepalensis 
(30.3 %), B. satrapis (72.1 %), B. sikkimensis (43.0 %), 
and B. panchtharensis (53.3 %), and altitude contributed 
the most in B. roxburghii (35.0 %) (Table 3).

Niche overlap
The niche overlap test resulted in significantly 

different levels of overlaps in Begonia species. The 
Hellinger’s I niche overlap values were highest between 
B. picta,  B. sikkimensis, and B. megaptera (overlap 
value = 0.96) indicating the high level to niche overlap 
whereas the lowest level of niche overlap was estimated 
between B. satrapis, and B. flaviflora (overlap value = 
0.35) (Table 2).

Similarly, the Schoener’s D niche overlap values 
were highest between B. picta, B. sikkimensis, and B. 
megaptera (overlap value = 0.81) indicating the high 

Table 1. Correlation analysis for the 12 NDVI layers to check multicollinearity using ENM Tools 1.3 (Warren et al. 2010).

Predictor 
variables

eu1 
(Jan)

eu2 
(Feb)

eu3 
(Mar)

eu4
(Apr)

eu5
(May)

eu6
(Jun)

eu7
(Jul)

eu8
(Aug)

eu9
(Sep)

eu10
(Oct)

eu11
(Nov)

eu12
(Dec)

Alt -0.56 -0.77 -0.24 -0.53 -0.57 -0.16 -0.76 -0.75 -0.61 -0.10 -0.53 -0.51

eu1 (Jan) 0.57 0.15 0.45 0.35 0.07 0.58 0.61 0.60 0.13 0.46 0.45

eu2 (Feb) 0.12 0.54 0.60 0.22 0.62 0.58 0.46 0.23 0.54 0.54

eu3 (Mar) 0.03 -0.01 -0.16 0.18 0.22 0.22 -0.15 0.09 0.04

eu4 (Apr) 0.67 0.56 0.69 0.67 0.60 0.59 0.69 0.75

eu5 (May) 0.47 0.58 0.54 0.43 0.45 0.63 0.65

eu6 (Jun) 0.39 0.35 0.29 0.73 0.51 0.59

eu7 (Jul) 0.96 0.88 0.37 0.75 0.71

eu8 (Aug) 0.92 0.35 0.74 0.69

eu9 (Sep) 0.33 0.71 0.63

eu10 (Oct) 0.56 0.72

eu11 (Nov) 0.75
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Figure 2. Predicted distribution map based on NDVI variables: a—B. satrapis | b—B. josephii | c—B. picta | d—B. palmata | e—B. xanthina | 
f—B. flaviflora | g—B. panchtharensis | h—B. sikkimensis | i—B. megaptera | j—B. cathcartii | k—B. nepalensis | l—B. gemmipara | m—B. 
roxburghii.
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level to niche overlap whereas a low level of niche 
overlap was estimated between B. satrapis, and B. 
flaviflora (0.12) (Table 2).

Niche Breadth
The niche breadth analysis resulted in narrower 

niches in some Begonia species. Begonia panchtharensis 
had the highest niche breadth value (NBV) of 0.642, 
indicating broader niches compared to other related 

species of Begonia, which also presented the broadest 
distribution of suitable habitat. Similarly, the niche 
breadth for B. sikkimensis (NBV = 0.412) and B. picta 
(NBV = 0.384) were also high with broader distribution of 
suitable habitat compared to other species of Begonia. 
The lowest niche breadth value was estimated in B. 
satrapis (NBV = 0.102) indicating a very narrow niche. 
Species like B. nepalensis (NBV = 0.110) and B. palmata 
(NBV = 0.180) also showed low niche breadth with a 

Figure 3. Results of jackknife test for variables importance in Begonia species using NDVI variable. a—B. satrapis  |  b—B. josephii | c—B. 
picta | d—B. palmata | e—B. xanthina | f—B. flaviflora | g—B. panchtharensis | h—B. sikkimensis | i—B. megaptera | j—B. cathcartii | k—B. 
nepalensis | l—B. gemmipara | m—B. roxburghii.
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narrow distribution of suitable habitat (Table 4).

Relationship between predicted suitable habitat and 
niche breadth 

A strong positive correlation (r = 0.747, p = 0.003) 
was observed between predicted suitable habitat and 
niche breadth indicating that the species with higher 
predicted area retains broader niche breadth and vice 
versa (Figure 4).

DISCUSSION

Niche characterization in Begonia species
The distribution of Begonia species is correlated 

with NDVI based on niche modeling. The importance 
of NDVI variables contributing to the final predictive 
model varied across species. The model developed for B. 
gemmipara, B. josephii, B. sikkimensis, B. cathcartii, and 
B. flaviflora showed the highest contribution by NDVI for 
July. Species like B. picta, B. palmata, B. megaptera, and 
B. roxburghii, usually flowers late after the monsoon, and 
thereby NDVI for November might have been the most 
important predictor variables affecting the distribution 
of species. Interestingly NDVI for November contributed 
the most in predicted the distribution of B. nepalensis. 
The month of November might have contributed the 
most in B. nepalensis as the species flowers late during 
dry season i.e. December–January. Amongst all the 13 
species of Begonia, B. satrapis is considered Critically 
Endangered and is endemic to Sikkim and Darjeeling 
District of West Bengal (Adhikari et al. 2018). Due to 
narrow geographic range having restricted distribution, 
such taxa are more sensitive to habitat disturbance 
leading to extinction (Peterson & Watson 1998). The 
distribution of B. satrapis is strictly affected by NDVI for 
May, when the species begins to regenerate from the 
tuber. 

Table 2. Summary of niche overlap values based on NDVI dataset [Schoener’s D (above diagonal) and Hellinger’s I (below diagonal)].

            Schoener’s D

Hellinger’s I

B. gem
m

ipara

B. josephii

B. satrapis

B. picta

B. nepalensis

B. palm
ata

B. 
panchtharensis

B. sikkim
ensis

B. cathcartii

B. m
egaptera

B. xanthina

B. flaviflora

B. roxburghii

B. gemmipara 0.65 0.25 0.50 0.24 0.33 0.49 0.63 0.69 0.38 0.45 0.68 0.32

B. josephii 0.89 0.22 0.55 0.27 0.46 0.49 0.68 0.76 0.46 0.43 0.68 0.37

B. satrapis 0.53 0.49 0.43 0.55 0.38 0.32 0.37 0.20 0.43 0.34 0.12 0.28

B. picta 0.81 0.81 0.73 0.44 0.67 0.57 0.81 0.49 0.81 0.70 0.48 0.66

B. nepalensis 0.50 0.52 0.81 0.73 0.39 0.31 0.39 0.21 0.44 0.34 0.18 0.33

B. palmata 0.61 0.71 0.68 0.91 0.68 0.37 0.56 0.35 0.75 0.52 0.32 0.67

B. panchtharensis 0.79 0.75 0.63 0.85 0.59 0.67 0.64 0.49 0.48 0.65 0.53 0.40

B. sikkimensis 0.89 0.89 0.68 0.96 0.68 0.82 0.88 0.64 0.67 0.63 0.60 0.54

B. cathcartii 0.93 0.95 0.46 0.77 0.45 0.62 0.76 0.88 0.39 0.40 0.75 0.31

B. megaptera 0.67 0.69 0.74 0.96 0.73 0.95 0.79 0.89 0.65 0.65 0.37 0.70

B. xanthina 0.76 0.71 0.66 0.91 0.88 0.88 0.88 0.87 0.68 0.88 0.43 0.55

B. flaviflora 0.90 0.90 0.35 0.77 0.41 0.60 0.82 0.87 0.93 0.65 0.75 0.34

B. roxburghii 0.60 0.62 0.57 0.90 0.61 0.91 0.67 0.81 0.57 0.92 0.80 0.63

Note: Species are grouped by sections. Highest and lowest overlap values are in bold

Figure 4. Correlation between predicted suitable area and niche 
breadth of Begonia species using NDVI variables.
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Niche overlap and Niche Breadth
It is often assumed that closely related species 

are morphologically and physiologically alike, and 
have similar environmental requirements, i.e., niche 
retention (Futuyma & Mitter 1996; Webb 2000; Violle 
et al. 2011).  The niche overlap test for Begonia species 
resulted in great variability in niche overlap values 
between morphologically similar species. The low niche 
overlaps values between species of section Diploclinium, 
viz., B. satrapis and B. josephii might have resulted due 
to competitive interaction leading to niche partitioning 
(Hardin 1960). Moreover, the highest niche overlap 
values between species of section Diploclinium, viz., 
B. picta and Platycentrum, viz., B. sikkimensis and B. 
megaptera support the ‘limiting similarity hypothesis’ 
(MacArthur & Levins 1967) which posits that competitive 

Table 3. Average contribution of input NDVI variables to model output for each species of Begonia distributed in Sikkim Himalaya.

Taxon 

Variables

B. gem
m

ipara

B. josephii

B. satrapis

B. picta

B. nepalensis

B. palm
ata

B. panchtharensis

B. sikkim
ensis

B. cathcartii

B. m
egaptera

B. xanthina

B. flaviflora

B. roxburghii

Percentage contribution

Eu1 (Jan) 0 0.9 12.5 0.3 24.5 0 1.3 0.8 0 0.3 0.1 0 0.1 

Eu2 (Feb) 14.1 3.8 1.2 0 0.9 30.9 6.0 0 0.3 21.2 0 4.2 5.3 

Eu3 (Mar) 19.2 0 1.0 5.0 2.0 4.0 1.2 0 0 0 53.1 4.3 18.2 

Eu4 (Apr) 11.3 4.7 3.2 0 10.8 0.2 0.1 0.8 0.5 0.3 1.3 2.0 2.6 

Eu5 (May) 0 4.6 63.6 0 18.2 1.8 0 0 0.2 0 0.5 31.6 12.3 

Eu6 (Jun) 0.1 0 1.1 0 3.5 1.2 0.7 0 0.2 1.1 4.1 0.1 0.6 

Eu7 (Jul) 47.6 50.5 0 12.5 0 0.6 37.2 62.6 68.7 0.4 0.1 48.5 0 

Eu10 (Oct) 1.6 23.2 0.7 28.2 9.6 24.1 2.4 26.9 9.3 12.1 9.6 4.4 12.0 

Eu11 (Nov) 2.2 0 6.2 32.3 10.2 37.3 0 8.2 0 56.8 22.6 1.5 29.6 

Eu12 (Dec) 0 0 7.0 0 2.5 0 45.9 0 0 0.2 1.1 0 0.1 

Altitude 0 0 3.5 21.5 17.9 0.1 5.1 0.6 20.8 7.5 7.5 3.3 19.2 

Permutation importance	

Eu1 (Jan) 0 0.9 4.5 0.2 30.3 0 5.7 0 0 1.3 0 0.2 0

Eu2 (Feb) 7.2 8.4 0.3  0.3 0.6 23.7 7.9  0 0 0  0 2.7 0

Eu3 (Mar) 6.2 0 0.1 2.2 0.3 1.5 0  0 0  0 17.6 0.6 7.5

Eu4 (Apr) 2.4 1.8 1.6  0 2.3 0 0.3 4.7 0.2 0.4 2.9 5.1 5.1

Eu5 (May) 0 1.4 72.1  0 17.0 0.1 0  0 0  0 2 7.3 19.5

Eu6 (Jun) 0.7 0 0.2  0 2.9 3.4 2.7  0.1 0.7 3.4 12.3 1 1.7

Eu7 (Jul) 71.9 39.5 0 6.2 0 3.1 25.8 41.8 60.6 1.9 0 67.7 0

Eu10 (Oct) 1.5 27.7 0.6 9.4 6.4 27.4 0.1 43.0 9.9 15.9 5.9 10.4 5.5

Eu11 (Nov) 0.8  0.1 14.8 72.7 18.5 40.3  0 9.7  0 67.3 33.6 0 25.6

Eu12 (Dec) 0  0 5.8  0 0.4 0 53.3  0  0 2.2 11.7  0 0.1

Altitude 9.2 20.2 0 8.9 21.3 0.6 4.0 0.6 28.5 7.5 14 4.9 35.0

exclusion among closely related species leads to the 
frequent coexistence of more distantly related species 
within ecological communities.

The results of niche breadth analysis support the idea 
that better-performing models are associated with more 
specialized and narrow niche breadth and vice-versa 
(Fuchs et al. 2018). The model developed for Begonia 
species viz. B. picta, B. panchtharensis, B. sikkimensis, 
and B. xanthina were considered fair (0.8 < AUC < 0.9), 
with higher niche breadth indicating more ecological 
flexibility compared to other species of Begonia. These 
species in addition to having broader niche breadth 
have larger distribution areas, ranging from Western 
Himalaya to entire Eastern Himalaya, covering countries 
like Nepal, Bhutan, and China (Rajbhandari et al. 2010; 
Rana 2016; Camfield & Hughes 2018; Hughes et al. 
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Table 4. Niche breadth values and predicted suitable area (10 percentile 
training presence logistic threshold value).

Species AUC Niche 
breadth

Threshold value/
Area (km2)

1 B. gemmipara 0.93 0.195 0.304/1131.25

2 B. josephii 0.94 0.225 0.384/1833.27

3 B. picta 0.89 0.384 0.396/3785.40

4 B. satrapis 0.97 0.102 0.133/1274.37

5 B. flaviflora 0.91 0.231 0.416/1634.74

6 B. cathcartii 0.91 0.206 0.283/2480.00

7 B. megaptera 0.91 0.329 0.521/1412.57

8 B. nepalensis 0.89 0.110 0.605/60.36

9 B. palmata 0.95 0.180 0.469/783.44

10 B. panchtharensis 0.82 0.642 0.333/4306.88

11 B. sikkimensis 0.82 0.412 0.445/3804.61

12 B. xanthina 0.84 0.565 0.449/1905.79

13 B. roxburghii 0.94 0.191 0.448/766.19

2018; Pradhan et al. 2019). Thus, these species have 
wider climatic tolerance with larger variation within and 
amongst the population and sometimes even recognized 
at a variety level (Camfield & Hughes 2018). In addition 
to having a wider niche breadth, these species also have 
a wider predicted distribution area compared to other 
species. A case apart in B. xanthina with broader niche 
breadth and smaller area (~1905 km2) predicted to be 
suitable. However, the model developed for B. satrapis, 
B. gemmipara, and B. nepalensis were considered a very 
good performing model with the lowest niche breadth 
(ranging 0.102–0.195) indicating lesser ecological 
flexibility. Such species with smaller niche breadth 
have lesser tolerance to climatic variation preferring 
homogenous environmental conditions (Kassen 2002; 
Dennis et al. 2011). The study thus displays a positive 
correlation between species’ niche breadth and suitable 
predicted area, except in the case of B. xanthina the 
results were otherwise. Niche breadth of most species 
was consistent with their geographic distributions, 
as narrowly distributed species have smaller niche 
breadth and broader distributed species have wider 
niche breadth (Gaston 1993; Kunin & Gatson 1997). The 
narrow distribution range of B. satrapis, B. gemmipara, 
and B. nepalensis might be primarily due to narrow 
niche breadth. The study is in line with the study on the 
Mexican genus of globular cacti and numerous other 
similar studies (Zhu et al. 2016; Mosco 2017). Therefore, 

such rare species with narrow niche breadth have a 
higher probability of extinction (Futuyma & Moreno 
1988; McKinney 1997) and thus require immediate 
conservation initiatives to conserve the existing extant 
population.

CONCLUSION

The predictive distribution model for Begonia 
species, like B. picta, B. panchtharensis, B. sikkimensis, 
and B. xanthina, showed wider niche breadths, 
indicating greater ecological flexibility. In addition 
to their broader niche breadths, these species have 
larger distribution areas that range from the western 
to eastern Himalaya. In contrast, the models for B. 
satrapis, B. gemmipara, and B. nepalensis demonstrated 
very strong performance with narrower niche breadths, 
indicating less ecological flexibility. As a result, these 
species require immediate attention, as their smaller 
suitable habitats and narrow niche breadths make them 
more vulnerable to extinction.
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