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A B S T R A C T   

Well known at landscape regions, the environmental change will influence the mountain ecosystem around the 
globe. The impacts of climate change on animal-specific interaction remain inadequately reported. For the 
assessment of mountain biological systems, environmental models assume a significant job in recognizing and 
monitoring critical habitat under the potential future climatic conditions. Our paper, utilizing the Representative 
Concentration Pathways (RCPs-2050), the future global warming climatic scenarios, explores the trend of range 
shifts of Himalayan pheasants in the Eastern Himalayas based on an ensemble technique. The prediction model 
demonstrated that the core zone habitat of the Himalayan pheasants would have shifted towards higher altitude 
and latitude gradients with the greenhouse gaseous intensification. Under the extreme future climatic scenario, 
the species may reach towards Sky Island of the Himalayan regions. Therefore, a legitimate policy is essential to 
implement on time for the mitigation of the greenhouse gaseous emission. The outcome of this article illuminated 
that the present protected areas (PAs) of the Eastern Himalayas appeared to be inadequate regarding conser-
vation measures of Himalayan Pheasants due to the current range may go rapidly beyond the protected zones. 
The shifting of the range of the Himalayan pheasants under future climatic scenarios will offer an indication for 
conservation directives to formulate appropriate strategies for habitat management of the threatened animals of 
the Himalayan ecosystem before the door of annihilation.   

1. Introduction 

Environmental changes are affecting both the ecology of species and 
their habitat around the world. Himalayan ecosystems prevalently 
manifest such progressions, experiencing uncertainty on temperatures, 
precipitation, winds, water reservoirs and snows (Bajracharya et al., 
2008; Rowan et al., 2015; Singh et al., 2016). The scenario is prevalent 
in Himalaya, where temperature assuming plays a vital recitalist. The 
temperature is rising at a pace usually exceeding 0.01 ◦C annually with 
unusual periodic contrasts where winters depict maximum warming 
rates and summers showing the lowest still relatively show cooling, the 
highest warming rates experienced in the zones exceeding 4000 m asl 
(Sharma et al., 2009). However, these examples are commonly well 
understood at the landscape scale but remain inadequate at the local 
scales. The present rate of climate change is so grave that even the 
toughest measures to counteract it’s all adverse impacts would be 
inadequate (IPCC, 2014). The response of the organism to ongoing 

environmental changes differs from species to species; the prediction of 
this response is undecided because of the complexity of driving forces 
and species interaction (Palmer et al., 2015). Secluded mountain eco-
systems remained poorly or not at all studied for the endemic species in 
the Eastern Himalayas due to tough topography, severe climatic con-
dition and geopolitical disturbances (Chhetri and Badola, 2017). 
Climate-driven habitat shifting and distribution of endemic bird species 
in the Himalayan ecosystem are not well known (Singh et al., 2020). 
Most of the Himalayan birds’ species have narrow range along the ele-
vational gradients (Acharya et al., 2011; Chhetri et al., 2017). Galli-
formes with 25% of its species declared as threatened with global 
extinction (IUCN, 2015), concerning conservation effort (Pandit et al., 
2007) and expansion of protected areas in the Himalayas (Venter et al., 
2014; Dunn et al., 2016). Even, the populations of Himalayan pheasants 
are highly fragmented and declining by the years pass which may lead 
them to the verge of extinction in the wild (IUCN, 2015; Dunn et al., 
2016; Chhetri et al., 2018). 
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In mountain regions, ecological models help to acquire knowledge 
on how the animals get affected by the changing climate (Subba et al., 
2018). Ecological model demonstrations like SDMs (Species Distribution 
Models) play a crucial role in conservation simulation. Nowadays, SDM 
is used to restore different vulnerable taxa from being locally extinct in 
their native regions (Yang et al., 2013; Fois et al., 2016). Data generated 
through SDM would clear several doubts relating ecology and conser-
vation management (O’Neill, 2019). For the endangered or threatened 
species having with declining populations, researchers generally used 
SDM (Kumar and Stohlgren, 2009). Recently, MaxEnt modelling 
extensively applied to explore the climate change impacts on the or-
ganism based on geospatial kits because it helps conservation directives 
for monitoring species movements (Hu et al., 2015). The Representative 
Concentration Pathways (RCPs) are widely accessible in the present 
scenario for taking into account possible future greenhouse gaseous 
scenarios. The four subsets of RCPs (+2.6, +4.5, +6.0, and + 8.5, watt/ 
m2) are available under radioactive forcing of values, estimations of the 
year 2100 based on pre-industrial qualities (IPCC, 2014). 

In this article, the advanced model used to illuminate how the 
understudied Himalayan Pheasants respond to various subsets of RCPs, 
as future climatic scenarios. These species, endemic to Himalaya with 
their ecological services like biological indicators of forest quality, play a 
crucial job in the food chain in the Himalayan ecosystem (Fuller and 
Garson, 2000). As most of the Himalayan Pheasants found in high alti-
tudinal gradients are extremely hard to examine because of inaccessible 
topography and unbearable climatic setting in the Himalayas, hitherto, 
considered data deficient (Chhetri et al., 2017). Considering the signif-
icance of the species, the particular objectives are a framework to; (i) 
understand the potential distributional maps of the pheasants in Eastern 
Himalaya in present and future scenario, (ii) quantify the dynamic 
change in the potential habitat of the pheasants concerning global 
warming scenarios of RCPs, (iii) shifting in the centroid of the habitat of 
the species concerning global warming scenarios of RCPs, (iv) feasibility 
of the present protected areas (PAs) for pheasants’ conservation effec-
tive measure, now and in future climatic circumstances, and (v) recog-
nize the suitable hotspot zones of the species. 

2. Materials and methods 

2.1. Studied species 

Contiguous with the Biodiversity Hotspot of Himalaya, Sikkim state 
falls within the transboundary region of Bhutan, China (Tibetan 
Autonomous Region), and Nepal. This landscape has endowed with 
avian diversity, including Galliformes (Sathyakumar et al., 2010). Our 
paper targeted the three Pheasants of the Himalayan region for the 
study, viz. Ithaginis cruentus (Blood Pheasant), Lophophorus impejanus 
(Himalayan Monal) and Lophura leucomelanos (Kalij Pheasant). We 
selected three Himalayan pheasants as the model species for Eastern 
Himalaya because they represent major potential range of the altitudinal 
gradients in the Himalayas and offer broader perspective of climate 
change impacts in Eastern Himalaya. Selected Himalayan pheasants are 
found in three altitudinal range of Eastern Himalaya, Lower (Kalij 
Pheasant), Middle (Blood Pheasant) and Upper (Himalayan Monal). 

2.2. Surveying species localities 

The essential geo-reference point of the species was collected from 
the Himalayas of Sikkim and Darjeeling as primary data by line-transect 
(adopted by Acharya et al., 2011). We also reviewed available literature 
(Lelliott, 1981; Poudyal, 2008, 2014; Brooks et al., 2019) and the Global 
Biodiversity Information Facility (GBIF) database (www.gbif.org), as 
adopted by Wang et al. 2014 and Mota-Vargas and Octavio 2016. The 
secondary data checked against a set of occurrences point locations map 
of the species within the GALLIFORM: Eurasian Database v.10 Boakes 
et al., 2010), the IUCN distribution map of the species (BirdLife 

International, 2012) and a geographical grid point location map of the 
species from ‘The Status of Nepal Birds’ (Inskipp et al., 2016) [Similar 
approach followed by Chhetri et al. 2018]. The geo-reference point 
excluded from the sets if inaccuracy >500 m for the species (Friggens 
et al., 2015). We developed a data set based on our field investigations 
and available secondary records of the target species knowledge. We 
collected 133-point locations for Ithaginis cruentus, 106-point locations 
for Lophophorus impejanus and 75-point locations for Lophura leucome-
lanos, which indicate the geo-reference of the current species distribu-
tion in the Eastern Himalayas (Supplementary file (S1)). 

2.3. Ecological distribution modelling 

2.3.1. Model 
MaxEnt (version 3.2.4) utilized for delineating species ranges. As an 

artificial intelligence (AI) and a machine learning program, MaxEnt 
helps developing feasible geographic distribution models based on 
species’ occurrence record and variables usable in prediction map (Elith 
et al., 2011). 

2.3.2. Environmental parameter 
For the current distribution of the Himalayan Pheasant, we used 

different environmental parameters, viz. climatic parameter (19 cli-
matic variables, assessed by www.worldclim.org), physical parameter (3 
variables, assessed by www.modis.gsfc.nasa.gov/), biophysical param-
eter (3 variables, accessed by www.modis.gsfc.nasa.gov/), mosaic 
landscape parameter (1 variable, accessed by www.diva-gis.org/gdata), 
and Topography parameter (3 variables, assessed by www.worldclim. 
org). The 19 climatic variables are Bio-1 (Annual mean temperature), 
Bio-2 (Mean diurnal range (mean of monthly (max temp - min temp), 
Bio-3 (Isothermality (P2/P7) (*100)), Bio-4 (Temperature seasonality 
(standard deviation *100)), Bio-5 (Max temperature of warmest month), 
Bio-6 (Min temperature of coldest month), Bio-7 (Temperature annual 
range (P5–P6)), Bio-8 (Mean temperature of wettest quarter), Bio-9 
(Mean temperature of driest quarter), Bio-10 (Mean temperature of 
warmest quarter), Bio-11 (Mean temperature of coldest quarter), Bio-12 
(Annual precipitation), Bio-13 (Precipitation of wettest month), Bio-14 
(Precipitation of driest month), Bio-15 (Precipitation seasonality (coef-
ficient of variation)), Bio-16 (Precipitation of wettest quarter), Bio-17 
(Precipitation of driest quarter), Bio-18 (Precipitation of warmest 
quarter) and Bio-19 (Precipitation of coldest quarter). 

2.3.3. Future climatic parameter 
To project future species distribution, we used AR5-2050 scenarios 

(the novel set of Representative Concentration Pathways) of future cli-
matic models; Source: www.ccafs-climate.org/data) [adopted by Subba 
et al. 2018]. We practiced three general circulation models (GCMs) 
under RCP scenarios, viz. Miroc-esm (developed by JAMSTEC, Japan), 
Hadgem2-AO (developed by KMA, South Korea) and Gfdlcm3 (devel-
oped by GFDL, USA). These general circulation models were an 
ensemble by utilizing RCP − 2050 for understanding climate change 
effects on the pheasant. Following a comparable strategy of Molloy et al. 
(2017), we used a group of no less than three diverse models build on 
their mean values to minimize the bias. 

2.3.4. Calibrating the model 
For prediction the existing distribution of the species we selected the 

potential environmental predictors by PCA (Principal Component Anal-
ysis; using SPSS version 21). To examine the independence among the 
variables and minimize autocorrelation amongst them, we applied the 
Principal Component Analysis (PCA); and orthogonal or their indepen-
dence of each other denotes by the principal components of variables 
(adopted by Cruz-Cardenas et al., 2014). The variables of which loading 
value was less than +/− 0.7 at the 95% confidence level considered as 
non-correlated and hence included [Supplementary file (S2)]. We uti-
lized the MaxEnt Jackknife valuation and regularization model for 

B. Chhetri et al.                                                                                                                                                                                                                                 

http://www.gbif.org
http://www.worldclim.org
http://www.modis.gsfc.nasa.gov/
http://www.worldclim.org
http://www.worldclim.org


Ecological Indicators 123 (2021) 107368

3

validating the model. The regularization multiplier point fixed at 0.10 for 
avoiding over-fitting (adopted by O’Neill, 2019). The background points 
fixed at 1000 for the model. We ran three sets of replicates in the software 
by applying 10-percentile threshold regulation and allocated 80% data in 
training and 20% in testing (Chhetri and Badola, 2017). 

2.3.5. Execution of MaxEnt 
To examine the model’s accuracy, we applied AUC (Area Under 

Curve) . AUC value of 1 denotes to an accurate model based on threshold 
level for the model performance; AUC values ranging 0.5 to 1.0 denotes 
different predictive accuracies, viz. excellent at > 0.90, good at 0.70 to 
0.90, and uninformative at < 0.70 (Swets, 1988). Five classes of po-
tential distribution areas drawn from the final output map, which we 
reclassified within 0 to 1 threshold values are, (i) < 0.10 (Very-low 
potential class, (ii) 0.10 to 0.30 (low-potential class), (iii) 0.30 to 0.50 
(moderate-potential class), (iv) 0.50 to 0.70 (high-potential class), and 
(v) > 0.70 (very high-potential class). As the very-low potential class 
covered the highest area, we excluded it as suitable habitat of the species 
(Sarma et al., 2015). 

2.3.6. Dynamic changes in habitat 
We compared the future habitat with those of the present habitat 

distribution model of the species by determining potential changes in 
them which based the binary suitable and non-suitable habitat charts of 
probability threshold (adopted by Jimenez-Valverde and Lobo, 2007). 
We used a GIS-toolkit based on python software, Species Distribution 
Model for quantifying dynamic alterations in the pheasants’ habitats, 
which in the future scenario may turn into, (1) unsuitable, (2) suitable 
and (3) remained unchanged (Abdelaal et al., 2019). Concerning the 
present climate variables, we validated these projections against the 
existing distribution of Pheasants. 

2.3.7. Core distributional shifts 
We used Python-based GIS toolkit to observe the shifting in the core 

distribution of habitats of Himalayan Pheasants. However, to study the 
suitable area of these Pheasants in its changing trend by using SDM tool- 
box, we quantified such changes considering centroids of the future and 
the existing potential habitat for comparison (adopted by Hu et al., 2015). 

2.4. Hotspot assessment 

The Kriging model predicts hotspot zones of the species using Z 
values based on occurrence points of the species and its elevation value; 
while employing semi-variogram modelling, it lucidly assimilates the 
spatial dependence amongst neighbouring occurrences (Miller et al., 
2007). We used a statistically strong geostatistical approach Kriging, 
which predicts interpolated driven values of the samples, using 
weightage techniques (Childs, 2004). Studies elsewhere have employed 
the Kriging technique application (Ali et al., 2018). Kriging provides an 
estimate of an unsampled point based on the weighted average of 
observed neighboring points within a specific area and the model will be 
fitted when the Root-Mean-Square Standardized value is nearby 1 
(Followed by similar approach of Ouabo et al. 2020). Within an array of 
0 to 1 threshold, we categorized the final prediction map of hotspot zone 
of the Kriging model into five potentially discernible areas, viz. < 0.10 
(very low class), 0.10 to 0.30 (low class), 0.30 to 0.50 (moderate class), 
0.50 to 0.70 (high class) and > 0.70 (very high class). The very low 
threshold class excluded from the result because it covered the 
maximum area in the model (adopted by Sarma et al. (2015)). 

2.5. Assessment of conservation effort of protected zones 

The predictability distribution of present and future maps super-
imposed onto the PAs helped quantify the conservation effort of the 
present protected areas (PAs) in Eastern Himalaya for the pheasants 
(assessed from http://protectedplanet.net). We superimposed the 

predicted suitable habitat maps (KMZ format) of the pheasant onto the 
satellite imageries procured from Google Earth (downloaded from www. 
google.com/earth) to assess the actual habitats of the species. 

3. Results 

3.1. Habitat suitability of Himalayan Pheasants 

The MaxEnt displayed “excellent” predictive performance revealing 
the strong predictive result of the probability distribution. The regula-
rization multiplier chose at 0.1 because of its ideal for the model 
sensitivity and area under the curve (AUC) against other multipliers. The 
AUC values quantified 0.98 (±0.01), 0.96 (±0.01) and 0.87 (±0.01) 
using 10-percentile threshold rule for the Ithaginis cruentus, Lophophorus 
impejanus and Lophura leucomelanos, respectively. Among the contribu-
tions as environmental parameters as predictors, the physical predictor 
of the species, 41.10% was the maximum contributor to the model for 
the Ithaginis cruentus followed by 39.70% (Lophura leucomelanos), and 
32.70% (Lophophorus impejanus). Similarly, the topography predictor 
indicated the highest effort to the model for the Ithaginis cruentus (5.6%) 
followed by Lophophorus impejanus (4.50%) and Lophura leucomelanos 
(3.10%). The biophysical predictor contributed 17% to the model for 
Lophura leucomelanos followed by 15.70% and 8.50% for Lophophorus 
impejanus and Ithaginis cruentus, respectively. The maximum values of 
the climatic predictor contributed to the models of Lophophorus impe-
janus (46.50%) and Ithaginis cruentus (44.20%) and Lophura leucomelanos 
(37.20%), respectively. The Lophura leucomelanos model exhibited, 
2.80% as the highest percentage of the mosaic landscape followed by 
Lophophorus impejanus (0.40%) and Ithaginis cruentus (0.00%). Table 1 
shows the contributions of every variable within various parameters of 
the MaxEnt model of the Himalayan Pheasants. The highest contribution 
of the variable of the model for Blood Pheasant was Blue reflectance, 
19.9% from the Physical parameter followed by Bio-3, 16.2 (Climate), 
Normalized Difference Vegetation Index, 5.5% (Bio-physical), and 
Altitude, 2.8% (Topography). For the Himalayan Monal, the highest 
contribution of the variable was Solar azimuth angle, 16.6% (physical 
parameter) followed by Bio-3, 15.3% (Climate), Vegetation Index, 9.3% 
(Bio-physical) and Slope, 2% (Topography). Similarly, the highest 
contribution of the variable of Physical parameter was Solar azimuth 
angle, 22.4% followed by Bio-4, 10.5% (Climate), Enhanced vegetation 
index, 8.7 (Bio-physical) and Aspect, 1.2% (Topography). 

3.2. Quantification of suitable area (present and future) of the pheasants 

The present geographical ranges of the Himalayan Pheasants as po-
tential habitats indicated by the MaxEnt model extend from the lower 
region in the sub-tropical forest to the snow-capped alpine meadows, 
including thick undergrowth shrubberies and rhododendrons scrubs of 
the Himalaya (Fig. 1A, 2B and 3C). 

The total area of the Eastern Himalayas is 524,190 sq.km. Based on the 
four potential threshold categories, the high and very high categories of 
Lophura leucomelanos covered maximum areas (5900 sq.km & 13,613 sq. 
km respectively) over Ithaginis cruentus (3087 sq.km and 13,522 sq.km, 
respectively) and Lophophorus impejanus (2449 sq.km and 1304 sq.km, 
respectively). However, the low and moderate categories of Lophura leu-
comelanos covered the maximum region (3267 sq.km & 9869 sq.km, 
respectively), followed by Lophophorus impejanus (17534 sq.km and 5621 
sq.km, respectively) and Ithaginis cruentus (14634 sq.km, and 5587 sq.km, 
respectively) [Fig. 4A]. For future potential habitat under the threshold 
class in RCP2.6, the very high category of Ithaginis cruentus quantified as 
the maximum region found in the Eastern Himalayas over Lophura leu-
comelanos and Lophophorus impejanus. In RCP4.5, the very high category 
for Ithaginis cruentus quantified the maximum region over Lophophorus 
impejanus and Lophura leucomelanos. Similarly, under RCP6.0, the very 
high category of Ithaginis cruentus quantified the largest region over 
Lophura leucomelanos and Lophophorus impejanus. Again, based on RCP 
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8.5, the very high category for Ithaginis cruentus quantified the maximum 
region cover followed by Lophura leucomelanos and Lophophorus impeja-
nus. Similarly, the study quantified the details of the expected future 
habitat of the species under the subset of RCP-2050 [Fig. 4B]. 

3.3. Dynamic change of potential habitat of Himalayan Pheasants 

For the upcoming global warming scenarios of RCP-2050, the study 
observed the predicted range changes (sq. km) for the pheasant in 
respect to the current potential habitat in the Eastern Himalayas. The 
dynamic change model based on suitable, unsuitable and unchanged of 
the potential habitat region, the Lophophorus impejanus and Lophura 
leucomelanos may be diminishing for their overall potential habitat 
under the global warming scenarios RCP-2050. However, the potential 
habitat of Ithaginis cruentus may be expanding in most of the conditions 
of RCP-2050, except for the RCP4.5. The highest total potential habitat 
of Ithaginis cruentus may be expanding by 0.53% in RCP8.5. Conversely, 
the maximum suitable region of Lophura leucomelanos may be dimin-
ishing by 1.84% under RCP2.6 over Lophophorus impejanus (1.56%, 
RCP8.5), Lophura leucomelanos (1.06%, RCP4.5) and Ithaginis cruentus 
(0.1%, RCP4.5) [Table2]. 

3.4. Centroid shifts of Himalayan Pheasants 

The current central axis (centroid) of core distributional habitat of 
Ithaginis cruentus indicated at 91̊.22E and 27.77 N extent to the region of 
Bhutan. The current central axis of the suitable habitat of Ithaginis 
cruentus may be shifting at 89.81E and 27.78 N position (western 
Bhutan) under RCP 2.6, for RCP 4.5, shifting at 90.64E and 27.76 N 
position (western Bhutan), for RCP6.0, shifting at 91.12E and 27.66 N 
position (south-west Bhutan) and for RCP8.5, shifting at 91.73E and 
27.70 N (eastern Bhutan), see Fig. 1B. The current central axis for the 
suitable habitat of the Lophophorus impejanus indicated at 88.53E and 

27.89 N in Sikkim. The current central axis of the suitable habitat of the 
Lophophorus impejanus may be shifting at 86.61E and 27.97 N position 
(western Sikkim) under RCP 2.6, for RCP 4.5, shifting at 88.57E and 
27.97 N position (Sikkim), for RCP6.0, shifting at 88.19E and 27.88 N 
position (western Nepal), and for RCP8.0, shifting at 91.25E and 27.86 N 
position (north-east India); see Fig. 2B. The current central axis for the 
potential habitat of Lophura leucomelanos indicated at 88.07E and 27.48 
N position (Sikkim). The current central axis of the suitable habitat of 
Lophura leucomelanos shifted at 88.06E and 27.48 N position (north-west 
Sikkim) under RCP 2.6, for RCP4.5, shifting at 88.56E and 27.33 N 
position (eastern Sikkim), for RCP6.0, shifting at 88.71E and 27.06 N 
(eastern Sikkim), and for RCP8.0, shifting to at 88.56E and 27.34 N 
position (Darjeeling, West Bengal); see Fig. 3B. 

3.5. Hotspot zones of Himalayan pheasants 

Hotspot zones of the species are identified in the Eastern Himalayas 
using Kriging model. The kriging model illuminated for prediction of the 
hotspots area of the pheasants showed significant result. The Root-Mean- 
Square Standardized value (0.90) was nearby 1 and the values of Root 
–Mean-Square and Average Standard Error is closed (see details in Sup-
plementary File, S3). The area of the hotspot zones of the species quan-
tified with help of the predictability of threshold category. Out of the total 
area, the low-class hotspot zone (8293.79 sq. km) of the species covered 
the maximum region followed by moderate class (11462.38 sq. km), high 
class (25140.58 sq.km), and very high class (5423.43 sq.km) [Fig. 5]. 

4. Discussion 

4.1. Species conservation 

Himalayan Pheasants are endemic bird species; their populaces are 
dropping (IUCN, 2018), may be further boosted by anthropogenic 

Table 1 
Environmental parameters contribution to the model of the Himalayan pheasants.  

Parameter Variable Blood pheasant Himalayan monal Kalij pheasant 

Percent 
contribution 

Permutation 
importance 

Percent 
contribution 

Permutation 
importance 

Percent 
contribution 

Permutation 
importance 

Physical 1. Red Reflectance 7.5 0.2 2.5 0 6.3 0 
2. Blue Reflectance 19.9 37 13.6 22.7 11 9.8 
3. Solar Azimuth Angle 14.1 1 16.6 9.4 22.4 14.8 
Sub total 41.5 38.2 32.7 32.1 39.7 24.6  

Topography 1. Altitude 2.8 0 1.6 2.3 1.1 0 
2. Slope 0.1 0 2 0 0.8 0 
3. Aspect 2.7 4 0.9 0 1.2 1.2 
Sub total 5.6 4 4.5 2.3 3.1 1.2  

Biophysical 1. NDVI (Normalized Difference 
Vegetation Index) 

5.5 1.5 3.2 0.3 4.2 0 

2. EVI (Enhanced Vegetation 
Index) 

1.2 0 3.2 3.4 8.7 2.5 

3. VI (Vegetation Index) 1.8 0 9.3 1.1 4.1 14.8 
Sub-total 8.5 1.5 15.7 4.8 17 17.3  

Climate Bio-2 2.1 9.6 0.5 0 4.1 0 
Bio-3 16.2 40.7 15.3 35.8 0 0 
Bio-4 0 0 11.5 22.2 10.5 24.7 
Bio-5 X X X X 3 27.2 
Bio-7 4 0 4.9 0 9.6 0 
Bio-9 11.5 3.7 X X X X 
Bio-11 6.6 0 7.9 0 X X 
Bio-14 2.3 2.3 1 0 1.6 0 
Bio-15 0.7 0 2.6 2.8 4.3 4.9 
Bio-17 0 0 0.7 0 1.7 0 
Bio-19 0.8 0 2.1 0 2.4 0 
Sub total 44.2 56.3 46.5 60.8 37.2 56.8  

Mosaic 
landscape 

1. LCLU (Land use and land 
cover) 

0 0 0.4 0 2.8 0 

aAbove tabularizes the potential predictors recognized through the principal component analysis (PCA) and ’X’ depicts the absentee of the predictor in the model. 
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pressure and environmental changes. However, the temperature is 
playing a crucial role in the Himalayas; subsequently, many species will 
experience a shift in their extent (Subba et al., 2018), extend the range 
(Shrestha et al., 2014), and species may compress their extent (Hu et al., 

2015). The temperature could be a dynamic force for declining the 
populace or range shift of the species with the intensification of green-
house gaseous. These impacts will have affected the ecological services 
of the pheasants in Himalaya; in the light of the facts that the species 

Fig. 1. A. Spatial distribution modelling of Ithaginis cruentus in the Eastern Himalayas. B. The central axis shifts of the species in core distribution range based on 
climatic scenario RCP-2050. [Central axis denotes the centre point based on current climatic scenario and lines show the central axis within RCPs-2050 (2.6, 4.5, 6.0 
and 8.5 global warming scenarios, respectively; grey colour indicates regions with protected areas]. C–F. The dynamic changes of the future suitable habitat based on 
various global warming scenarios RCP-2050 (C- 2.6, D-4.5, E.-6.0, and F-8.0, respectively). 

Table 2 
Quantified dynamic conversions in the potential suitability pheasants’ habitat in Eastern Himalaya based on the various subset climatic scenarios RCP-2050 model.   

Area (sq. km) Proportion of area (%) 

Model Future Loss Gain Unchanged Total Loss Gain Unchanged Total 

Blood Pheasant RCP 2.6 10774.50 3680.08 5622.59 1471.82 1942.51 0.70 1.08 0.28 0.38 
RCP 4.5 8242.84 3607.51 3090.93 1544.40 − 516.58 0.69 0.59 0.29 − 0.1 
RCP 6.0 9726.40 3578.70 4574.49 1573.21 995.79 0.68 0.87 0.30 0.19 
RCP 8.5 10966.62 3013.02 5814.71 2138.90 2801.69 0.58 1.11 0.41 0.53  

Himalayan Monal RCP 2.6 18421.78 8972.88 4683.36 4765.54 − 4289.52 1.71 0.89 0.91 − 0.82 
RCP 4.5 18737.71 8460.58 4999.28 5277.85 − 3461.30 1.61 0.95 1.01 − 0.66 
RCP 6.0 19563.81 8235.37 5825.38 5503.05 − 2409.99 1.57 1.11 1.05 − 0.46 
RCP 8.5 16090.78 10752.09 2352.35 2986.33 − 8399.74 2.05 0.49 0.57 − 1.56  

Kalij Pheasant RCP 2.6 16267.95 11988.03 2381.17 1898.75 − 9606.86 2.29 0.45 0.36 − 1.84 
RCP 4.5 17850.77 9543.90 3963.99 4342.89 − 5579.91 1.82 0.76 0.83 − 1.06 
RCP 6.0 17808.08 10583.45 3921.30 3303.33 − 6662.15 2.02 0.75 0.63 − 1.27 
RCP 8.5 17754.72 10500.20 3867.93 3386.58 − 6632.27 2.00 0.74 0.65 − 1.26  
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play an imperative role in the food chain and act as an ecological indi-
cator of the forest quality (Fuller and Garson, 2000). Although climate- 
driven modification of the biogeochemical cycle progressively noted, 
this may shift the net primary productivity and community structure of 
the forest (Weiskittel et al., 2011). The dynamic change of the forest 
composition influences the critical habitat of animals (Chhetri et al., 
2017). The most crucial parameter of the Blood Pheasant for contribu-
tion in the present model was climate (44.2%) followed by Physical 
(41.5%), Bio-physical (8.5) and Topography (5.6%). Similarly, the 
model of the Himalayan Monal demonstrated that Climate parameter 
was crucial (46.5%) followed by Physical (32.7%), Bio-physical (15.7%) 
and Topography (4.5%). For the Kalij Pheasant, again the contribution 
of Climate parameter (37.2%) in the model was highest followed by 
Physical (22.4%), Bio-physical (17%) and Topography (3.1%). The 
advance technique of modelling was applied to understand numerous 
biological-based queries to execute effectual measures in managing the 
conservation of the Himalayan Pheasants in response to changing trends 
in climate. The Bio-3, Bio-4, Bio-7, and Bio-9 of the climate predictors 
were the crucial factors in the projection models that may be the main 
impetuses for the range shift of the species in the Himalayas. The highest 
variable of the Climate parameter, under the model of Blood Pheasant, 

was Bio-3 followed by Bio-9 and Bio-11 so on. Similarly, the highest 
contribution of the variable, for the model of Himalayan Monal was Bio- 
3 followed by Bio-4 and Bio-11 so on. However, Bio-4 was the highest 
contribution for the model of Kalij Pheasant followed by Bio-7 and Bio- 
15 so on. 

4.2. Model utility 

Because of rough topography and harsh climatic condition in the 
Himalayan ecosystem, researchers often face many difficulties for its 
access. Using the MaxEnt model, this research predicts important areas 
of pheasants’ distribution, displayed in the prediction map, which 
marked within ‘very high-potential threshold’ class, could provide 
essential indications for further scientific investigations, as one of the 
solid recommendations. Yet, geographical level shifts of the extent of 
species, as affected by climate change in latitudinal migration of animals 
have been noticed prominently in the Himalayas (Subba et al., 2018). 
The AR5 report of the IPCC informed that the average warming of 
earth’s surface would have raised 0.5 ◦C− 1.3 ◦C from the year 
1951–2010 (Stocker et al., 2013). The Himalaya has been noted data 
inadequate region; absence of long-term monitoring sites and the dearth 

Fig. 2. A. Spatial distribution modelling of Lophophorus impejanus in the Eastern Himalayas. B. The central axis shifts of the species in core distribution range based 
on climatic scenario RCP-2050. [Central axis denotes the centre point based on current climatic scenario and lines show the central axis within RCPs-2050 (2.6, 4.5, 
6.0 and 8.5 global warming scenarios, respectively; grey colour indicates regions with protected areas]. C–F. The dynamic changes of the future suitable habitat based 
on various global warming scenarios RCP-2050 (C-2.6, D-4.5, E-6.0, and F-8.0, respectively). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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of precise systematic data assortment may hinder the conservation di-
rectives for adopting suitable strategies to mitigate climate change. For 
better understanding the pattern of species distribution and trend in 
range shifting of the targeted species in native habitats and its ecological 
status, including prioritization for suitable habitats, the analysis by 
MaxEnt modelling will serve as a greatly efficient tool. Sometimes, due 
to lack of sufficient information and ground truth assessment which may 
be the model projection overfitting, spatial prioritization turned to be 
deceiving (La Marca et al., 2019). Usually, planning for conservation is 
performed without employing SDMs (Tulloch et al., 2016). Whereas, in 
best possible planning to appraise management decisions, several SDM 
projections might be holding title data. Ultimately, proofs on the func-
tioning of the model should be made based on decision making. To 
ascertain the leading reasons why a particular species is dwindling and 
informing and applying responses of management to such intimidations, 
in certain cases, thorough studies on their autecology are done (La 
Marca et al., 2019). The current investigation, based on a modelling 
approach, predicts the potential habitat of Himalayan pheasants spans 
within diverse absorption of the greenhouse gas emission scenario, viz. 
RCP 2050; 2.6, 4.5, 6.0 and 8.5, respectively. As a result, Himalayan 
Pheasants may be significantly impacted by future climatic conditions 

with the amplification of greenhouse gases. The most of the expected 
extension of the potential habitat of the pheasants found in high alti-
tudinal and latitudinal gradients and lost in low altitudinal and lat-
itudinal gradients of the Himalayas based on RCP-2050 climate 
scenarios model. In the extreme case, it may reach to Sky Island, until a 
candid policy is applied efficiently to minimize the gaseous release from 
greenhouse effects. The populations of a particular species get trans-
formed for genetic connectivity due to alterations in its distribution 
patterns (Allentoft and O’Brien, 2010). The global climate change 
further enhances this alteration, leading embarking to a sixth mass 
extinction of species, being one of the chief contributors in creating the 
utmost outbreak (Barnosky et al., 2011). Moreover, the IPCC summary 
details for the year 2018 strongly suggest the benefits to the people and 
the natural ecosystems would be achieved by the global temperatures 
when reduces from 2 ◦C or more to 1.5 ◦C (IPCC, 2018). Besides, the 
temperature rise of 0.30 ◦C to 1.7 ◦C (minimum) and of 2.6 ◦C to 4.8 ◦C 
(maximum) projected towards ending the present century (Stocker 
et al., 2013). Worldwide, the present rate of climate change and 
anthropogenic pressure may further impact on vulnerable species for 
their sustenance in the Himalayas (Abdelaal et al., 2019). 

Fig. 3. A. Spatial distribution modelling of Lophura leucomelanos in the Eastern Himalayas. B. The central axis shifts of the species in core distribution range based on 
climatic scenario RCP-2050. [Central axis denotes the centre point based on current climatic scenario and lines show the central axis within RCPs-2050 (2.6 4.5, 6.0 
and 8.5 global warming scenarios respectively; grey colour indicates regions with protected areas]. C–F. The dynamic changes of the future suitable habitat based on 
various global warming scenarios RCP-2050 (C- 2.6, D-4.5, E − 6.0, and F-8.0, respectively). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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4.3. Protected area extension 

Strategizing and ranking of conservation distinctly hypothesize, 
based on species data, which species correspondingly differ from one 
another under the evaluation of long-lasting continuance of species or 
safeguarding richer habitats (Kosman et al., 2019). The mountain spe-
cies give a new chance for investigating how species cope up and 
respond to environmental changes in the scene, for understanding how 
the changes influence the development of species will be challenging 
(Nathan et al., 2008). This data will open-up additional opportunity for 
understanding how animals move on, comparatively with each other, 
and quantify the degree of the overall affectability of the animals based 
on the effect of climate change. In the global scale, protected areas 
crucially act to realize biodiversity targets, many endemic bird species of 
Himalaya seemed to have their suitable habitats, beside the present 
protected areas (Dunn et al., 2016). The Himalayan Pheasants project 
similar results; under the projection models, suitable habitats also 
identified beyond the present protected areas of the Eastern Himalayas. 
Management for conservation should prefer to focus on those predicted 
habitats, which are confronting with the dangers of biodiversity loss or 
under the excessive effect of climate change (Ricketts et al., 2005). 
However, as advance thinking in deciphering scientific knowledge into 
the application, the MaxEnt and Kriging techniques as preliminary gears 
notably help to evaluate areas of promising hotspots and acquaint 
policy-makers for useful approaches (Kanankege et al., 2018; O’Neill, 
2019). For the Himalayas, in the perspective of conserving Himalayan 
Galliformes, government policies to manage protected areas are 
convincingly questioned, as such area network insufficiently achieved 
targets of Aichi and CBD aimed at Galliformes (Dunn et al., 2016). 
Effective back up is needed in the protected areas (PAs) to prevent the 
extinction of species. As expected that the present distribution range of 
species may rapidly be relocating away from protected areas, it would be 
indispensable that the planning on conservation considers above 
changes on priority. Our outcomes demonstrated that, currently, the 
protected zones in the Eastern Himalayas are not showing any indication 
of the sufficiently effective measure of the PAs to address the predicted 
distribution of pheasants’ exceedingly suitable habitats under the 

Fig. 4. (A) Quantification of the current potential habitat of the species 
dependent on each threshold class in the Eastern Himalaya. (B) Quantification 
of the future potential habitat of the species dependent on each subset of the 
RCP-2050 model. 

Fig. 5. Geographical distribution of hotspots zones utilizing the Kriging model of the species in the Eastern Himalaya. The red zone is the highest probability 
presence of the species compared to other zones. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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current and upcoming prediction mapping. Perhaps, further precise 
predictions in the future could be possible from using advanced and 
improved multifaceted scenario climate change models (Knutti and 
Sedláček, 2013). 

4.4. Threats to the species 

Hitherto, Himalayan Pheasants, under threat for long by predomi-
nant chasing for food and quills by humans, are facing their populace 
decline (IUCN, 2018). The majority of Himalayan Pheasants inhabit 
high altitudes of the mountain ecosystem, which make it difficult to 
access them due to sloppy undulating terrain and harsh climatic con-
ditions. It has generally been the biggest reason for their very inade-
quately attained management and researches addressing conservation 
(Chhetri et al., 2017). Regardless, many promising approaches and 
lawful arrangements are available on changing climate all over the 
world. Still, the Himalayas are continuing facing numerous daunting 
challenges like habitat fragmentation, unsustainable extraction of bio- 
resources, hunting and poaching, invasive species, and unregulated 
tourism, making the Himalayan biodiversity vulnerable. 

4.5. Policy recommendations 

Considering climate change in the future, and as a response to sup-
port the conservation directives, we offer some appropriate strategies for 
the management of Himalayan Pheasants in the Himalayas, as given 
below:  

(a) It is vital to develop or revise appropriate government policies 
and effective field conservation management plans for the 
introduction and translocation of threatened and sensitive 
pheasants in newly predicted areas of this study now and in up-
coming time, thus accentuating their conservation. 

(b) Under the future climate change scenario, significantly vulner-
able areas of Himalayan pheasants for prospective threats need 
implementation of effective and continuous monitoring.  

(c) Because of changing climate now and in future, develop and 
expand additional protected areas under predicted distribution 
based exceedingly appropriate habitat zones across the trans-
boundary regions, to conserve threatened and endemic Himala-
yan pheasants and associated fauna/flora, before they fall to 
extinction. 

5. Conclusion 

With global greenhouse gaseous escalation, the prospective habitats 
of Himalayan Pheasants will progressively be moving to high altitude 
and latitude regions and abandoning lower altitude and latitude along 
with shrinking their range. Overall, while realizing such projected 
shifting of habitats due to climate change, as a threat, the species could 
be considered as a suitable indicator for climate change. This research 
work will address the conservation directives to formulate the conva-
lesced approaches for effective conservation measures and better habitat 
management for the Himalayan Pheasants and other related threatened 
taxa, susceptible to changing climate in the Himalayas. 
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