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Impatiens parasitica Bedd. is an epiphytic balsam, endemic to the southern Western Ghats
region of India. Maximum entropy distribution modelling (MaxEnt) was used for predicting
the potential habitat suitability for this species. The Area Under the receiver operating
characteristics Curve (AUC) value for training and test (0.95 and 0.817) is higher than 0.8,
hence the model can be accepted. Jackknife test illustrates that temperature seasonality is
the most contributed variable and Terrain Ruggedness Index (TRI) is the least contributed
variable. The model predicted high suitability in the evergreen and semi-evergreen forests of
the southern Western Ghats.

INTRODUCTION

Western Ghats are globally recognized due to the immense
diversity of flora and fauna. Even though it covers only a few
parts of the country, the Western Ghats are home to nearly 30%
of the biodiversity (Ramachandra & Suja, 2006). The present
condition of these unique mountain ranges is disastrous due
to various anthropogenic factors. Deforestation, rampant stone
quarrying and huge constructions in the fragile regions make
this area more prone to frequent landslides. The changing
monsoon pattern in India has a direct connection to the
destruction of the Western Ghats. Due to the ever-increasing
human population, vast areas are being converted to agricultural
lands (Ajin et al., 2022).
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Developments in the field of ecological niche modelling address
many issues related to conservation biology. The systematic
conservation planning and management of biodiversity
requires information on the spatial distribution of species.
Conventional methods used for obtaining this information
were costly and time-consuming. Ecological niche modelling
is a good alternative to this conventional method. The
Maximum entropy (MaxEnt) (Phillips, Anderson & Schapire,
2006) model is a general-purpose environmental model for
predicting the potential distribution of species. This algorithm
requires presence only (or occurrence) data and environmental
information such as climate, topography, soil, etc. for predicting
the potential distribution of a species. The results obtained
are very accurate and can be used to determine the possible
range of distribution.

The genus Impatiens commonly known as “Jewel weeds” are
plants bearing beautiful flowers that belong to the family
Balsaminaceae. This genus is mainly distributed in the tropical
and subtropical regions of the old world as well as in the
Northern temperate regions (Grey-Wilson, 1980). In India,
the genus is represented by 326 taxa, includes 302 species
plus 24 subspecies/varieties (Prabhukumar et al., 2022). More
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than 106 species of Impatiens are endemic to the Western
Ghats, and nearly 90 taxa are endangered (Bhaskar, 2012).
The genus Impatiens in south India is classified into seven
informal sections by Bhaskar (2012). Section “Epiphyticae” is
one among them and it is endemic to southern Western
Ghats. So far seven species belonging to this section have
been identified from different regions of Western Ghats. The
flowers of this section are very rigid and fleshy, and remain
fresh for a long time unlike the other species. Impatiens
parasitica Bedd. (Figure 1) is one of the species that belong
to section “Epiphyticae”. 'This species was described by
Beddome in 1859 based on collections from the Anamalai
hills of Western Ghats. This species is found between an
altitude of 1500-2000 m in moss-covered trees and is strictly
endemic to the southern Western Ghats. The species is
famous for its beautiful flowers and has a high potential
as a garden plant. Limited information is available about the
current distribution pattern of this species and it is essential
for further in-situ and ex-situ conservation. Threat status of
this species is not studied yet and the results of this study
are useful for threat assessment.

MATERIALS AND METHODS
Study area

The Western Ghats is a continuing chain of mountain
ranges that extend between Gujarat and the Kanyakumari
district of Tamil Nadu in the Indian peninsula. The
mountain chain possesses a varied range of habitats and is
recognized for its biodiversity richness and endemism
(Myers et al., 2000). Palghat gap is about 22 km long
natural pass that separates the Western Ghats in two parts.
The vegetation in the high altitude of these mountain
chains especially of southern Western Ghat is weird with
the shola grassland complex (Ramachandra & Suja, 2006).

Figure 1. Impatiens parasitica Bedd.

The sholas are unique primitive montane short stunted
semi-evergreen vegetations considered as living fossil (Jose,
2012). The present study was conducted in the southern parts
of Western Ghats, as the literature indicates the strict
endemism of I. parasitica in the southern Western Ghats.

Species occurrence data and Environmental Variables

Distribution data of I. parasitica was obtained from both
primary and secondary sources. Eight non-overlapping
occurrence points were collected from the field during 2019-
2021. The occurrence points are obtained from different
locations in Nelliyampathy, and Idukki district including
Munnar, Pettimudi, Vellathuval, Kadalar and Wagmon. Seven
occurrence points were obtained by retrieving data and
information from the Global Biodiversity Information Facility
(GBIE https://www.gbif.org). A total of 15 non-overlapping
occurrence points were used in this study.

Environmental variables used for the study were obtained
from the WorldClim dataset (www.worldclim.org). Nineteen
bioclimatic variables (Hijmans et al., 2005) with a spatial
resolution of 30 seconds were downloaded. Topographic
variables such as slope, elevation, aspect, and terrain
ruggedness index (TRI) were generated using the Digital
Terrain Model (DTM) of Shuttle Radar Topographic Mission
(SRTM) with 90 m resolution. These are computed with the
help of QGIS algorithm and DTM images were downloaded
from the www.srtm.usgs.gov website. A total of 23 predictor
variables were used for the model building (Table 1). Multi
co-linearity among the variables was checked by calculating
Pearson’s correlation (r) and the variables having a coeflicient
value of >+0.7 were highly correlated and hence excluded
(Table 2). Four bioclimatic variables and four topographic
variables were used for creating the final model and they
are: Isothermality (Bio3), Temperature seasonality (Bio4),
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Table 1. Environmental variables are used for the model building Precipitation of warmest quarter (Biol8), Precipitation of
Code Environmental variables Unit coldest quarter (Bio 19), slope, elevation, aspect, and TRI.
Biol Annual mean temperature °C
Bio2 Mean diurnal range (mean of monthly max. °C Spatial modelling

and min. temp.)
Bio3 Tsothermality ((Bio2/Bio7) x 100) _ Maximum Entropy Modelling implemented in the software
Biod Temperature seasonality CofV MaxEnt was used to predict the potential distribution. It

(standard deviation x 100) predicts the environmental niche of a species by finding a
Bio5 Maximum temperature of warmest month °C probability distribution of a species occurrence that is based
Bio6 Minimum temperature of coldest month °C on a distribution of maximum entropy (regarding a set of
Bio7 Temperature annual range (Bio5-Bio6) °C environmental variables) (Philips, Anderson & Schapire,
Bio8 Mean temperature of wettest quarter °C 2006). This model works well, even with a small number of
Bio9 Mean temperature of driest quarter °C occurrence points. The number of iterations used was 500
Biol0 Mean temperature of warmest quarter °C with a convergence threshold of 0.00001 and a maximum of
Eizg r;iﬁ:fgi::;:;f;fCOldESt quarter r;fn 10,000 background points, algorithm parameters were set to
Biol3 Precibitation of wettest beriod om auto features (Phillips & Dudik, 2008) and all other

10 p p .

Biola Precipitation of driest period m parameters were set at default settings. 59% of the data were
Biol5 Precipitation seasonality (CV) CofV selected for training and the rest for testing. To evaluate the
Biol6 Precipitation of wettest quarter mm model’s goodness-of-fit, Area Under the receiving operator
Biol7 Precipitation of driest quarter mm characteristics Curve (AUC) was used. The value of AUC
Biol8 Precipitation of warmest quarter mm ranges from 0 to 1 and based on this value, models were
Biol9 Precipitation of coldest quarter mm classified into 5 groups: Excellent (0.9), Good (0.8<0.9),
TRI Terrain Ruggedness Index m Bad (0.6<0.7), Invalid (0.5<0.6) (Hoffman et al., 2008). To
elevation  Elevation m compute the percentage of variable importance, Jackknife
aspect Aspect 0 procedure was used.
slope Slope o

Table 2. Multi - collinearity test using Pearson correlation coefficients (r) among environmental variables

=
5

— N 0 < n o > © N S = 2 2 S = 2 = 2 a § g |~ g
e el e I 12 [ 2 |2 12 12 2 |2 [2 | |8 [ |2 |2 |= |& [B |2
=] =] =] =] /M =] /M =] =] =] =] [=2] =] =] =] /M =2} /M /M E ] = |

Biol 1

Bio2 -0.61 1

Bio3 0.12 0.04 1

Bio4 0.26 0.23 -0.58 1

Bio5 0.99 -0.54 0.04 0.35 1

Bio6 0.99 -0.67 0.14 0.19 0.97 1

Bio7 -0.61 0.87 -0.44 049 -0.5 -0.67 1

Bio8 099 -0.63 0.16 0.21 0.97 0.98 -0.64 1

Bio9 0.99 -0.62 0.09 025 099 099 -0.6 0.98 1

Biol0 099 -0.6 0.07 03 099 099 -0.57 098 0.99 1

Bioll 099 -0.65 0.13 0.2 098 0.99 -0.64 098 0.99 0.99 1

Biol2 0.38 -0.53 -0.23 -0.07 038 041 -0.36 0.33 043 039 043 1

Biol3 045 -049 -036 0.13 047 047 -026 038 0.5 047 049 097 1

Biold  -044 024 0.56 -0.46 -0.51 -0.42 -0.05 -0.36 -0.49 -0.48 -0.46 -0.77 -0.87 1

Biol5 046 -043 -045 022 05 047 -0.16 04 052 049 0.5 091 097 -094 1

Biol6 043 -0.51 -0.34 0.07 044 045 -029 0.36 048 045 047 098 099 -0.86 096 1

Biol7  -035 0.1 066 -0.59 -0.43 -0.31 -0.23 -0.28 -0.39 -0.39 -0.35 -0.65 -0.77 0.97 -0.86 -0.75 1

Biol8 045 -0.5 0.58 -042 037 049 -0.73 049 046 043 049 046 033 0 02 034 015 1

Bio19 0.58 -0.38 -025 048 0.6 0.57 -022 0.54 0.66 0.6 0.57 062 071 -0.59 0.64 0.66 -0.56 041 1

aspect  -0.13 0.05 -024 0.04 -0.13 -0.14 0.14 -0.15 -0.13 -0.12 -0.13 022 0.17 -0.11 0.11 0.2 -0.16 -0.04 0.13 1
slope 0 035 -0.01 021 0.04 -0.03 0.33 -0.05 0.02 0.01 0.004 031 0.33 -046 0.35 0.34 -045 0.02 0.15 -0.04 1
TRI 028 015 -02 0.04 -0.25 -027 024 -0.33 -0.25 -0.27 -0.26 0.38 037 -0.33 032 0.38 -029 -001 01 0 064 1

elevation -0.98 0.63 -0.049 -0.27 -0.98 -0.98 0.58 -0.98 -0.99 -0.99 -0.98 -0.45 -0.52 0.51 -0.54 -0.5 0.42 -0.48 -0.62 0.09 -0.01 0.24 1
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Figure 2. Receiver operating characteristic (ROC) curve for I. parasitica

Jackknife of regularlzed tralmng gam for 1. parasmca

4 Withoutvariable =
With only variable ®
| with all variables ®

aspect[”

Environmental Variable

elevation|”

slope[”

— s
1 —
|
|

TRIF ——— T
T ———
I
|

00 01 02 03 04 05 06 07 08 09 10 11 12 13
regularized training gain

Figure 3. The Jackknife test for evaluating the relative importance of
environmental factors for I. parasitica

RESULTS

The best model included 3 bioclimatic variables (Iso-
thermality, Temperature Seasonality, and Precipitation of
Coldest Quarter) and 2 topographic factors (Elevation and
TRI). All the variables used here are continuous. The AUC
value for training is 0.95 and for the test is 0.817 which is
higher than 0.8, hence the model can be accepted and it
justifies the construction of the final model based on the
points available (Figure 2). Jackknife test illustrates that

Table 3. Relative contributions of the environmental variables to the
Maxent model

Variable Percent contribution Permutation importance
Temperature 62.2 73
seasonality (Bio4)

Elevation 16.4 5.7
Isothermality (Bio3) 16.3 0
Precipitation of 4.7 20.6
coldest quarter

(Bio 19)

TRI 0.3 0.8
Precipitation of 0 0
warmest quarter

(Bio18)

Aspect 0 0
Slope 0 0

temperature seasonality is the most contributed variable and
TRI is the least contributed variable (Figure 3; Table 3). The
response curves (Figure 4) illustrate the change in occurrence
probability values of I. parasitica with respect to key climatic
and topographic variables. The habitat suitability increases
with increasing elevation, precipitation of the warmest
quarter, and isothermality. At the same time, habitat suitability
decreases with increasing temperature seasonality, and
precipitation of coldest quarter; aspect, slope and TRI show
steady trend in habitat suitability.

After the visual inspection of the MaxEnt map (Figure 5), it is
clear that the species under study prefer evergreen and semi-
evergreen forests in the southern Western Ghats. According
to the model they are mainly distributed in forest having
elevations from 800 m to 1500 m. Forest areas like Neyyar
Wildlife Sanctuary and Agasthymalai Biosphere Reserve of
Trivandrum district, Kerala, Konni reserve forest and Ranni
reserve forest of Pathanmthitta district (Kerala), Idukki
Wildlife Sanctuary and Eravikulam National Park of Idukki
district (Kerala), Nelliyampathy reserve forest of Palakkad
district (Kerala), Silent valley National Park Palakkad (Kerala),
Sholayar reserve forest Thrissur, (Kerala), New Amarambalam
Wildlife Sanctuary Malappuram (Kerala), Wayanad Wildlife
Sanctuary, Wayanad (Kerala) and Malabar Wildlife Sanctuary,
Kozhikode (Kerala) show high suitability. Certain parts of
the Northern Western Ghats such as Mollem National Park
(Goa), Cotigao National Park (Goa) and Anshi National
Park (Karnataka) show moderate suitability to the species.

DISCUSSION

Impatiens parasitica is commonly found in higher altitudes
with thick canopy and humid conditions. This is the first
attempt to study the potential distribution of an Impatiens
species in the Western Ghats. The model predicts a profound
and almost continuous distribution in the southern parts of
the Palghat gap and limited distribution in the northern part.
High suitability was expected in different regions of Nilgiris
also. According to the literature available the species is
distributed at an elevation of 1500-2000 meter, but the model
predicts suitable at an elevation from 800 m to 1500 m. The
habitat suitability largely depends on temperature seasonality
and areas with lower values show higher suitability. This
trend is common among species that prefer stable climatic
conditions for their survival. The regions with higher elevations
usually have a stable climate. This might be the reason that
I parasitica prefers higher altitude regions of the Western
Ghats.

According to the model developed by MaxEnt, most of the
suitable habitat of I parasitica is the evergreen and semi-
evergreen forest of Western Ghats contradicting the natural
distribution in shola forests. Most of the regions are protected
areas; hence threats due to direct anthropogenic activities
are least likely to occur. At the same time, various natural
calamities taking place in this region are a constant threat to
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Figure 5. Prediction of potential distribution of I. parasitica

the species. The torrential rainfall that occurred in the south-
west monsoon of 2018 triggered 4728 landslides (Hao et al.,
2020). In the following year, a huge number of cataclysmic
landslides occurred in different regions of the Western
Ghats. This may result in the habitat destruction of endemic
species like I. parasitica which adversely affect their survival.

CONCLUSION

Ecological Niche Modelling is a highly acceptable tool for
predicting the suitable habitat of endemic species using a
small number of sample records. The result obtained for
I parasitica is highly useful for designing conservation
measures and for identifying the new populations of this
plant. The changing climate pattern and frequent natural
calamities taking place in the Western Ghats emphasize the
importance of studies like this.
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Additional data for identifying potential distribution of Impatiens jerdoniae
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Additional data for identifying potential distribution of Impatiens parasitica
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Additional data for identifying potential distribution of Impatiens viridiflora

Occurrence points
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