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Yellow-throated bulbul (YTB), Pycnonotus xantho-
laemus is an endemic and threatened bird of the  
Deccan Peninsula which is found in discontinuous 
populations. We used MaxEnt algorithm to generate 
environmental niche models for further surveys. We 
compared the models for current and future scenarios 
to assess change in the extent of suitable habitat in  
response to climate change. We used 102 verified 
presence locations and six environmental variables: 
four climatic, one topographical and one vegetation 
layer to generate the final model. Topographic rug-
gedness index and precipitation of wettest month were 
the major predictors of suitable habitat. The predicted 
distribution amounting to 7% of the Deccan Peninsula 
was highly fragmented. Only 13.5% of the predicted 
habitat fell within the Protected Areas. Models pre-
dicted 6.5%–42% loss of habitat in different climate 
change scenarios, with a marginal gain in the western 
slopes of southern Western Ghats. Microclimatic fea-
tures of the habitat may help determine the geographic 
distribution of YTB. This could serve as a non-
traditional flagship species to highlight conservation 
of rocky outcrops in the Deccan Peninsula. 
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YELLOW-THROATED bulbul, Pycnonotus xantholaemus 

(hereafter YTB) is one among 93 threatened birds from 

India1,2. It is a passerine, endemic to scrub forests and dry 

deciduous forests of the Eastern Ghats, inland hillocks of 

the Deccan Peninsula and eastern slopes of the southern 

Western Ghats. It is restricted to scrub forests on hills 

with exposed rocky outcrops, and therefore, patchily dis-

tributed in the Deccan Peninsula3,4. YTB occurrences can 

be broadly assigned to three habitats, as described in 

Subramanya et al.4: (a) dry deciduous scrub and southern 

thorn forests – such areas are characterized by sparse 

trees and scrub vegetation growing amidst large rocky 

outcrops – a majority of the records are from this habitat; 

(b) dry deciduous and mixed forest – this habitat has 

higher canopy cover than the dry deciduous scrub forest 

and (c) riparian and semi-evergreen forests – such habi-

tats are moist with perennial streams or cascades. Almost 

all the information on its distribution and ecology comes 

from opportunistic sightings and locality records5. It is 

classified as ‘vulnerable’ in the IUCN Redlist based on 

the restricted distribution and ongoing habitat loss1. 

 Rocky outcrops that occur in the YTB habitat are  

referred to as granitic gneisses, charnockite series, 

khondalite series and granites6. Quarrying in the habitat 

for granite slabs and construction aggregate is a quintes-

sential threat to the species. India is the leading exporter 

of granite and quarrying for granite is expected to expand  

in the region7. The geographic distribution of YTB is  

restricted to the southern states of India which hold 25% 

of the country’s granite reserves8. The IUCN recom-

mends lobbying against large-scale granite quarrying and 

raising awareness among masses as conservation 

measures for this species1. However, without scientific 

data on the geographic distribution and habitat associa-

tions of the YTB, these recommendations are muted. 

 Since knowledge about geographical distribution and 

habitat use forms the basis for successful conservation of 

rare species9, ecologists have relied upon environmental 

niche modelling (ENM) to develop conservation strate-

gies10–12. ENM relates presence locations with a suite of 

environmental variables and predicts the fundamental 

ecological niche of a species13–15. The ‘presence-only’ 

ENM approach is useful for modelling the potential dis-

tribution of rare and elusive species, wherein ascertaining 

‘absence’ in any location is tedious. 

 While non-climatic threats (e.g. anthropogenic pres-

sure) and intrinsic threats (e.g. discontinuous population 

and low density) are predicted to negatively impact long-

term survival of YTB1, the possible impact of climatic 

threats to the species is unexplored. The effects of  

climate change on endemic species are of particular  

concern, because they are restricted in distribution and
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Figure 1. Environmental niche model for yellow-throated bulbul (YTB). The area shaded in green represents the  
predicted habitats of YTB. The lines demarcate the state boundaries. Black dots represent the occurrence records used to 
generate the model. The boxes represent: (a) northern Western Ghats, (b) northern Eastern Ghats, and (c) southern West-
ern Ghats showing prominent hill ranges. (Inset) Map of India showing the Eastern and Western Ghats; the shaded region 
is the background area used for the model. (YTB by A.J.). 

 

 

might have highly specific habitat requirements that  

reduce their capability to adapt to climatic change16,17. 

The Intergovernmental Panel on Climate Change (IPCC) 

predicts rise in mean annual temperature of 2–4C for 

most of India by the end of this century, increased precip-

itation and fewer rainy days leading to extreme rainfall 

events18. 

 There is surmounting evidence that climate change 

would adversely affect the distribution of species and 

their niches, and the timing of their life events such as  

reproduction, though the impact of climate change will 

vary depending on the local topography19–21. Unlike  

climatic data projections in the current scenario, where 

the model can be tested using independent data, climatic 

projections for a future scenario cannot be evaluated for 

their robustness since occurrence records are not availa-

ble for the future22. Despite these shortcomings, predic-

tive models can be used to assess the impact of climate 

change and could contribute towards conservation  

policy23,24. 

 In this study, we modelled the geographic distribution 

of YTB in the Deccan Peninsula. Our objectives were to: 

(a) identify potential sites for the species and ascertain 

the extent of overlap of the predicted distribution of YTB 

with existing Protected Areas (PAs) in the Deccan Penin-

sula region, and (b) forecast the possible impact of  

climate change on the potential habitat distribution  

of YTB. 

Materials and methods 

Background area 

The ENM predictions and performance are sensitive to 

the background geographic area selected25. This back-

ground must account for the ability of the species to  

disperse and availability of suitable habitat26. In this 

study, the Deccan Peninsula (72–86E and 8–20N) 

was chosen as the background geographic area for model-

ling distribution of the YTB. It has three prominent geo-

graphical features – the Deccan plateau which is hemmed 

between two mountain ranges, viz. the Eastern Ghats  

and the Western Ghats (Figure 1). The latter is a  

near-continuous 1600 km hill range running north–south
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Table 1. List of predictor variables used for generating environmental niche modelling, with their per cent contribution and permutation  

 importance in the niche model 

 

Variable 

Per cent contribution/ 

permutation importance 

Maximum  

value 

Minimum 

value 

Mean  

value 

Standard  

deviation 

TRI – topographic ruggedness index (derived from digital  

 elevation map) 

63.5/68.8 38.65 1.00 15.49 6.61 

Bio13 – precipitation of wettest month (mm) 21.1/16.0 418 114 183.35 52.14 

Bio4 – temperature seasonality (SD  100) 10.8/7.8 3179 1195 2111.30 505.86 

Bio10 – mean temperature of warmest quarter (C  10) 2.3/3.2 318 219 279.02 19.55 

Bio6 – minimum temperature of coldest month (C  10) 1.2/3.5 198 124 163.52 17.71 

COV–NDVI – coefficient of variation of NDVI layers,  

 January 2011–2019 

1.1/ 0.7 0.30 0.07 0.17 0.05 

 

 

parallel to the west coast of the Deccan Peninsula. The 

Eastern Ghats is a discontinuous range of mountains  

running along the east coast of the Deccan Peninsula27. 

Several scattered inland hillocks and rock formations  

are found across the Deccan plateau. Both the Eastern 

Ghats and the Deccan plateau are located on the leeward 

side of the Western Ghats. They receive annual  

rainfall ranging from 200 to 1000 mm (https://en.climate-

data.org/asia/india). 

Occurrence records 

We obtained permits to conduct field studies from the 

State Forest Departments of Telangana, Andhra Pradesh, 

Karnataka and Tamil Nadu. During the field surveys  

between 2015 and 2018, we recorded YTB in 28 different 

locations. We collected first-hand information on their 

habitat, behaviour, ecology and recorded habitat features 

such as elevation, vegetation, presence of water bodies, 

rocky outcrops and anthropogenic pressure. We collated 

202 occurrence records based on our field visits and re-

ported locations (various published literature, eBird28 

records and personal communications; Supplementary 

Table 1). All the occurrence records compiled from sec-

ondary sources were screened and included in the study 

after verifying the records. Each of the records was  

projected using Google Earth™ and the location was  

selected if any one of the following criteria was met: (i) 

the species was reported by multiple and independent ob-

servers from the same location; (ii) a photograph of the 

species was available from the location or detailed field 

observations were recorded by the observer, and (iii)  

topography and vegetation of the location matched the 

description of YTB habitat. This was done to exclude 

eBird records from improbable locations such as city cen-

tres and water bodies. In case of any ambiguity, we con-

tacted the observers and sought more information about 

the location before it was included the study. The eBird 

records are based on observations made by birdwatchers, 

and they have a strong bias towards accessible areas and 

tourist destinations. Such sampling bias leads to over-

representation of environmental conditions prevailing in 

regions with high sample density29,30. In order to address 

this sampling bias, we performed spatial thinning in 

ArcGIS 10.3. A grid spaced by 2 km was overlaid on the 

locations, and only one location within a 2  2 km cell 

was randomly selected. Although data were not available 

on home-range size of this species, we chose a conserva-

tive approach with the threshold of 2 km  2 km to ensure 

spatial independence of the occurrence records and to  

account for the homogeneity of the habitat. We used a  

final set of 102 presence points for generating ENM  

(Supplementary Table 1). 

Environmental variables 

The most widely used climatic dataset for ENM is the 

WorldClim global data layers which are based on an  

interpolation of average monthly climate data from 

weather stations for the period 1950 to 2000 (ref. 31). We 

obtained bioclimatic (WorldClim dataset v2.1, 1 sq. km 

resolution), topographic (digital elevation map, DEM32) 

and vegetation layers (normalized difference vegetation 

index (NDVI) layers, 1 sq. km resolution) from on-line 

sources (Table 1). The bioclimatic variables represent  

annual trends (e.g. mean annual temperature), seasonality 

(e.g. annual range in temperature) and extreme or limiting 

environmental factors (e.g. temperature of the coldest and 

warmest month)31. DEM represents topographic features 

of the landscape. NDVI is a measure of the amount and 

vigour of vegetation on the land surface. 

 During field surveys, we observed mesic patches in the 

YTB habitat, created by water seeping through the rock 

crevices. The region surrounding these mesic patches 

supported a rich assembly of vegetation, many of which 

were food plants of YTB, e.g. Ficus amplissima, Ficus 

microcarpa, Ficus mollis, Erythroxylum monogynum, 

Premna tomentosa (pers. obs.). These mesic patches 

could be an important feature of YTB habitat, since they 

provide a perennial source of food and water in an other-

wise dry landscape. To test this hypothesis, we created a 

raster layer of coefficient of variation of NDVI (CoV–

NDVI) to capture the ‘evergreeness’ of these mesic 

patches and used this as a predictor variable in ENM. We 

https://en.climate-data.org/asia/india
https://en.climate-data.org/asia/india
https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
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obtained fortnightly NDVI layers from Bhuvan (Geo-

Platform of Indian Space Research Organisation; bhuvan. 

nrsc.gov.in) for the years 2011 to 2019. Layers for each 

month were pooled and averaged across the years. Mean 

and standard deviation of 12 such monthly layers were 

used to create CoV–NDVI using raster calculator in Arc-

GIS 10.3. A low value for CoV–NDVI would suggest less 

intra-annual change in green cover while relatively dry 

areas without perennial water source would show a high 

value of CoV–NDVI. We used only the CoV–NDVI layer 

for further analysis and not the individual NDVI layers.  

 During exploratory data analyses, the preliminary 

models had a large weightage for elevation, and they did 

not predict YTB distribution in some prominent locations 

at low elevations. However, they predicted distribution in 

high elevation plateau areas, where there were no reports 

of YTB. This prompted us to create a layer of topograph-

ic ruggedness index (TRI). This index is a measure of the 

difference in the elevation between adjacent cells in a 

DEM. A TRI layer was created by calculating the differ-

ence in the elevation between a cell and eight neighbour-

ing cells. Eight values obtained were squared to remove 

the sign and square root of the mean value was used33. 

We created TRI layer in ArcMap 10.3 and used it for fur-

ther analyses, and excluded the DEM layer. 

 The layers were clipped for the background area and 

resolution of each layer was adjusted to 1 sq. km (30 s) in 

ArcGIS 10.3. Out of the 19 bioclimatic variables, we 

eliminated layers that were correlated to each other (Pear-

son’s r > 0.75) to avoid multicollinearity34,35. Further, 

layers that contributed less than 2% to the preliminary 

model were also removed and the performance of the  

resulting model with reduced number of variables was 

measured using area under the curve (AUC), true skill 

statistics (TSS) and Akaike’s information criterion (AIC) 

scores (Supplementary Table 2). For the final analysis, 

we used four bioclimatic variables, one topographic vari-

able and one vegetation variable (Table 1). The layers 

were chosen considering the ecology of the species and to 

reflect features of its habitat. Since YTB mostly occurs in 

rugged and relatively dry terrain, we expect the model to 

predict positive association of logistic output (probability 

of presence) with TRI, and negative association with 

CoV–NDVI and precipitation. 

Modelling procedure and evaluation 

We implemented ENM in MaxEnt v3.3.3, a widely  

employed modelling approach using ‘presence-only’  

data34,36. It has been used to forecast species distribution 

for current scenarios, under climate change scenarios and 

influence conservation policies14,22,34. MaxEnt was set to 

pick at random 70% of occurrence records for model 

training, and the remaining 30% occurrence records for 

model testing and 10,000 random points (pseudo-

absences) from the background area. Feature classes and 

regularization multiplier were kept as default37. A set of 

20 replicates of the model was run using bootstrap  

method, and the maximum number of iterations was set at 

5000. We used logistic format as the output type. MaxEnt 

generates a continuous map of habitat suitability. We 

converted suitability values ranging from 0 to 1 into  

binary values 0 (not suitable), and 1 (suitable) using 

‘maximum test sensitivity plus specificity logistic threshold 

value’, as it is known to perform better than other  

threshold values38. 

 We evaluated the efficiency of the model using AUC 

of the receiver operating characteristic (ROC) plot, TSS39 

and AIC40. AUC measures the ability of the model to dis-

tinguish between the presence records, and the random 

background points. The AUC values range from 0.5 (not 

different from a randomly selected predictive distribu-

tion) to 1 (with perfect predictive ability). TSS is defined 

as one minus the sum of sensitivity and specificity (sensi-

tivity is the proportion of correctly predicted presences, 

and specificity is the proportion of correctly predicted  

absences). It ranges from –1 to 1. A value of one indi-

cates perfect agreement. AIC is based on the principle of 

parsimony by including a penalty for the number of  

parameters and attempts to select a good approximate 

model40. We used ENMtools v1.3 (ref. 41) to estimate 

AIC score of the models. 

 We overlaid the shapefiles of PAs over the predicted 

distribution of YTB to compare the extent of predicted 

distribution falling within PA network. Shapefiles of PAs 

were created manually in ArcGIS 10.3 using georefer-

enced PA maps as template (available from the database 

of Environmental Information System, ENVIS – Centre 

on Wildlife and Protected Areas; wiienvis.nic.in/). 

Climate change scenarios 

To understand the impact of climate change on the  

species distribution model of YTB, the model based on 

five predictor variables, with the exception of CoV–

NDVI was projected in 2050 and 2070 climate change 

scenarios. We obtained bioclimatic data (WorldClim  

dataset v2.1 (ref. 31), 1 sq. km resolution) for the years 

2050 and 2070. We used the CMIP5 (Coupled Model  

Inter comparison Project, Phase 5) climate projections 

from global climate models (GCMs – CCSM4) under all 

four possible representative concentration pathway (RCP) 

scenarios. RCP scenarios (RCP 2.6, RCP 4.5, RCP 6.0 

and RCP 8.5) represent modelled greenhouse gas concen-

tration trajectories till 2100. RCP 2.6 is the most optimistic 

(mitigation) scenario, RCP 4.5 and RCP 6.0 are stabiliza-

tion scenarios, while RCP 8.5 represents very high base-

line emission scenarios42. We converted suitability values 

ranging from 0 to 1 into binary values 0 (not suitable)  

and 1 (suitable) using ‘maximum test sensitivity plus

https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
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Figure 2. Response curves of variables used for ecological modelling for YTB. Mean response curve  of 20 replicates is presented. Refer to Table 
1 for description of the variables. 

 

 
Table 2. Relative change in extent of suitable habitat (%) with respect to current  

  distribution for various climate change scenarios in 2050 and 2070 

 

Scenario 

Threshold  

value 

Total predicted  

suitable habitat (sq. km) 

Percentage of  

area gained 

Percentage  

of area lost 

2050 RCP 2.6 0.124 70,395 1.60  6.51 

2050 RCP 4.5 0.132 65,540 2.88 12.95 

2050 RCP 6.0 0.135 61,594 0.94 18.19 

2050 RCP 8.5 0.135 53,975 1.00 28.31 

2070 RCP 2.6 0.119 66,853 1.53 11.21 

2070 RCP 4.5 0.155 62,679 3.43 16.75 

2070 RCP 6.0 0.142 56,191 1.13 25.37 

2070 RCP 8.5 0.128 43,511 1.10 42.21 

 

 

specificity logistic threshold’ value. We subtracted binary 

map (each cell has a value either 0 or 1) of future scenar-

ios from the current scenario to measure change in the ex-

tent of predicted distribution. In the resulting raster, a 

value of 0 would mean no change (both future and cur-

rent layer have the same value in overlapping cells). A 

value of 1 suggests the area will change into suitable  

habitat in the future (future layer has a higher value than 

the current layer). A value of –1 suggests that the area 

will change into unsuitable habitat in the future (future 

layer has a value less than the current layer). 

Results 

Importance of the environmental variables 

TRI was the single-most important predictor variable,  

followed by precipitation of wettest period (Bio13) based 

on jackknife test and permutation importance of the  

environmental variables (Table 1). TRI, Bio13 and Bio4 

(temperature seasonality) together explained 95% of vari-

ation in the model. As expected, species response curves 

for Bio4, mean temperature of warmest quarter (Bio10),
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Table 3. Predicted locations for surveys of yellow-throated bulbul 

Location District, state 

Chakrageri Forest and Gokak Range Forest Belgaum, Karnataka 

Kondapalli Reserve Forest Krishna, Andhra Pradesh 

Kondaveedu Fort Guntur, Andhra Pradesh 

Northern Eastern Ghats East Godavari and Vishakhapatnam, Andhra Pradesh;  

 Gajapati and Ganjam, Odisha 

Eastern slopes of the Southern Western Ghats Tirunelveli, Tamil Nadu 

 

CoV–NDVI and Bio13 showed a negative relationship 

with probability of YTB occurrence, while it showed posi-

tive relationship with TRI and Bio6 (minimum tempera-

ture of coldest month; Figure 2). 

Current potential distribution 

The best-fit model (AIC score = 2324.731) based on six 

variables had good predictive performance and scored mean 

test AUC 0.971  0.01 and mean TSS 0.882  0.03 (Supp- 

lementary Table 2). The binary map (threshold = 0.147) 

predicted an area of 75,298 sq. km as the suitable habitat. 

Predicted distribution was highly fragmented, with over 

80% of fragments having area <5 sq. km. Some large and 

contiguous patches of suitable habitats were predicted 

along the Eastern Ghats and Western Ghats, while small 

and isolated habitat patches were predicted on the inland 

hillocks. In addition to localities in and around known ar-

eas of occurrences, the model predicted suitable habitats 

outside the known limits of distribution of the species in 

three geographic regions (Figure 1 a–c). Out of the  

total predicted area, 2.7% (2036 sq. km) was in the north-

ern Western Ghats (Figure 1 a), 12.4% (9401 sq. km) is  

in the northern Eastern Ghats (Figure 1  b), and 4.3% 

(3265 sq. km) in the southern Western Ghats (Figure 1  c). 

Only 13.5% (10,236 sq. km, Supplementary Table 1) of 

the total predicted habitat fell within the PA. 

Future potential distribution 

The model predicted a decline in the extent of suitable 

habitat in all possible future scenarios. Minimum  

predicted decline was 6.5% for 2050, RCP 2.6 scenario 

and maximum predicted decline was 42% for 2070, RCP 

8.5 scenario (Table 2). The model predicted a decline in 

suitable habitat across the Eastern Ghats and inland  

hillocks with marginal gain in the extent of suitable habi-

tat in the southern Western Ghats under all the climate 

change scenarios (Supplementary Figure 1). 

Discussion 

Potential YTB habitat 

Suitable areas for YTB were predicted in the northern 

Western Ghats (Figure 1 a), though there were no records 

of the species from this region, and the nearest record 

was 300 km south of this area. Prediction of suitable are-

as in the northern Eastern Ghats (Figure 1  b) suggests that 

field surveys are required in this region to confirm pres-

ence of the species3,43. So far there has been only  

one record of YTB from this region44. The model also 

predicted suitable areas in the southern Western Ghats 

(Agathyamalai Hills), and YTB has been recorded from 

Cardamom Hills and Palani Hills (Figure 1  c). With few 

eBird records from all these regions, these could be less 

explored areas by bird-watchers. Due to rarity of the  

species, and the lack of birding effort in these areas, there 

might be unreported populations. Open rocky outcrops in 

the scrub forests and cascades that occur at <1000 m  

elevation in these areas are potential sites for future field 

surveys (Table 3). 

 Terrain properties such as aspect and ruggedness are 

known to influence moisture and temperature regime at a 

small spatial scale (<1 km), thus creating a microclimate 

distinct from the rest of the region45,46. Such rocky  

outcrop ecosystems are known to have distinct vegetation 

and fauna in comparison to the surrounding environ-

ment47. Fine-scale microhabitat selection in such rocky 

outcrops has been reported in many diverse taxa47–49. 

 Our model suggests that topography and perennial me-

sic patches have a positive relation with the logistic out-

put (probability of YTB presence) and negative relation 

with temperature seasonality. The scale used in the pre-

sent study was too coarse to make any conclusive com-

ment on the microhabitat selection by YTB. A fine-scale 

study would be more appropriate to estimate the  

influence of microclimate on YTB distribution. 

Current conservation status of YTB habitat 

The overlap between predicted area and PAs was in the 

Eastern Ghats (Papikonda Hills, Nallamalai Hills, Se-

shachalam Hills) and the Western Ghats (Billigirirangan 

Hills, Anaimalai Hills, Palani Hills, Cardamom Hills, 

Agasthyamalai Hills; Figure 3). These hill ranges overlap 

with 70% of the predicted YTB distribution. However, 

only 13.5% of YTB habitat fell within the large PAs in 

the Eastern Ghats and the Western Ghats (Figure 2). The 

inland hillocks had the remainder 30% of the predicted 

distribution of YTB, and this area is largely unprotected. 

Inland hillocks represent significant portion of known

https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1815-suppl.pdf
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Figure 3. Map of Peninsular India showing overlap between predicted habitats of YTB and Protected Areas (PAs).  
Predicted extent of suitable habitat is shown in green. Dark lines demarcate the extent of PAs, while red triangles show 
the location of prominent hill ranges in the region. 

 

YTB locations, but they are scattered and excluded from 

PA cover. Such isolated and small habitat patches face 

higher probability of local extinction50 and hence, such 

areas must be brought under the PA network. A network 

of small conservation areas would be a suitable conserva-

tion strategy for species such as YTB that occupy  

multiple discrete sites51. 

Impact of potential climate change on YTB  
habitat 

The model predicts a decline in the extent of suitable are-

as across the current of YTB range in future. Due to cli-

mate change, there could be more net loss (6%–42%) in 

suitable gain (1%–3.5%) for YTB across all climate 

change scenarios. At present, the species is reported from 

the eastern slopes of the Western Ghats at elevation rang-

ing from 200 to 900 m amsl. Above this elevation the  

vegetation transitions into the evergreen type, which is 

unsuitable for YTB. Under the climate change scenarios, 

the western slopes that presently receive high rainfall 

would progressively get warm and dry52. This might  

provide new habitats for the species beyond its present 

distribution limits in the Western Ghats. It must be noted 

that both intrinsic (life-history traits and behaviour) and 

extrinsic (climate-change driven threats and anthropogen-

ic pressure) factors determine the response of species to 

climate change53. YTB is a behaviourally timid spe-

cies3,54, and climate-change driven range shifts might ex-

pose it to competition from sympatric red-vented bulbul, 

Pycnonotus cafer and white-browed bulbul, Pycnonotus 

luteolus. The present model does not take into considera-

tion shift in phenology of YTB food plants and altered 

temporal concordance with YTB reproduction. More in-

depth assessment of climate change impact on various 

taxa such as plants, insects and birds in the region would 

help in devising mitigation strategies. Long-term moni-

toring programme of such species will be key to enhanc-

ing our understanding of the climate change impact55. 

Conservation of YTB and its habitat 

The habitat occupied by YTB does not receive the desired 

levels of protection due to absence of any charismatic 
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species in these landscapes56. Inland hillocks constitute 

one-third of the predicted suitable habitat, but roughly 

90% of occurrence records are from inland hillocks. This 

is due to the ease of access to inland hillocks for bird-

watchers. The observations contributed by the birding 

community are an invaluable resource for understanding 

the distribution and abundance of YTB and it could help 

in monitoring of its populations. 

 Since flagship species inspire conservation actions  

and secure habitats57,58, YTB should be considered as a 

‘non-traditional’ flagship species for protection of rocky 

outcrops in the Deccan Peninsula of India59. 
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