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Abstract:Endemismcentresarethecradleofrichbiodiversityaroundtheglobe.Surprisingly, a 
significant proportion of protected areas are not concordant with 
endemichotspots.NilgiriBiosphereReserveisthelargestcontinuousprotectedareaintheWeste
rnGhats. Due to the high endemism and species richness, it is a hotspot for rich flora 
andfauna.ItconstitutesapriorityprotectedareanetworksuchasNationalPark,Tigerreserve,Wil
dlife sanctuary, and Reserve Forest. The research sought to investigate the 
regionalhotspot inside the Nilgiri Biosphere Reserve, evaluate the dichotomy of regional 
endemiccentresanddelineatedpriorityprotectedareanetworks,andassesstherelationshipbetw
eenoverall biodiversity-rich surrogates and avifaunal richness in the region. This study 
alsoinvestigatedtherelationshipbetweenenvironmentalpredictorsandendemisms.Thebiodiv
ersity measuring matrix and ecological niche modelling, as well as the citizenscience 
database, were employed in the study. The Maxent technique was applied toestimate the 
potential distribution of a species by integrating macro environment andcovariates from a 
variety of open-source platform. Four Centres of Endemism have beenfound in the 
southern part of the Nilgiri Biosphere Reserve, however the majority ofpriority protected 
areas are in the northern block. Analysis suggests that the regionalendemism centres are 
congruent with the vascular plant richness. However, endemismcentressupportspecies-
richsurrogatesexceptattheedgeoftheforestboundary.Ecological predictors and the 
biodiversity measurement matrix have been identified ashaving a significant link. 
Isolating a hotspot within a hotspot has a generic implication onthe fast biodiversity 
contracting scenario, because a similar pattern could be studied 
andobservedinotherbiodiversityhotspotsallacrosstheplanet.Asaresultofthegapanalysis,the 
research recommends a higher degree of protection existing reserves should receiveand 
assimilatetheadjacentecologicallysensitiveregion. 

 
Keywords:BiodiversityHotspot,ConservationPriority,NilgiriBiosphere
Reserve,RegionalEndemismCentres,Species-richsurrogates 
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1. Introduction 
 

 
Climatechangeandhuman-inducedbiodiversitylosshavewitnessedanexponential 
rise in the past few decades, and therefore the deplorable 
situationdemandsacceleratedconservationefforts(Dasetal.,2006;Gauchereletal.,20
16;Noroozi et al., 2019). Various researchers (Linder, 2001; Das et al., 2006; 
Smithet al., 2008; Kougioumoutzis et al., 2021), have emphasised the need to 
protectendemicspecies-
richsurrogatesandbiodiversityhotspotasitservesasarefugeinsustainingbiodiversity(
Gauchereletal.,2016;Noroozietal.,2019).Anthropogenic-driven climate change, 
in sync with forest encroachment, are,expediting the process of biodiversity loss 
(Newbold, 2018; Hidasi-Neto et al.,2019; Bolpagni, 2021), therefore elevating 
the risk of species extinction (Urban,2015; Gray, 2019) and decreased ecosystem 
services (Grodsky & 
Hernandez,2020).Toaddresstherapidlydecliningtrend,ConservationofBiologicalD
iversity (CBD) developed an innovative strategy such as the ‘Aichi 
target’,whichaimstopreserveaportionofthebiodiversity-
richclustersuchasbiodiversityhotspots(CBD, 2021a). 

 
 

In the past, prioritisation efforts in India have focused on conserving ‘flagship 
species’such as top predators under the ‘Project Tiger’ and large Carnivores under 
‘ProjectElephant’ (Sankhala, 1978; Venkataraman et al., 2002), thereby snubbing the 
surrogatesthat host a range of endemic taxa (Das et al., 2006,). This predominant practice 
of‘emergencyroomconservation’(Scottetal.,1987)isineffectiveinprotectingspecies-
richsurrogates(CBD,2021b).Itistimetooptimiseresourceallocationandadoptanefficacious 
conservation scheme (Lamoreux et al., 2006; Arponen, 2012; Reece & Noss,2014). The 
existing research on conservation modelling is too coarse (Crisp et al., 2001;Das et al., 
2006; Gaucherel et al., 2016). Thus, fine-scale endemic zonation at a local orregional 
scale, such as ‘hotspot within hotspot’ is essential (Murray-Smith et al., 
2009;Cañadasetal.,2014).Identifyingtheregionalbiodiversityhotspot,i.e.,hotspotwithintheh
otspot (Cañadas et al., 2014) and endemic centres, i.e., areas of high native taxa 
relativeto the adjoining region, could be the potential solution. It is decisive to aim at 
conservingregional hotspots in the Anthropocene era, serving as the last resort for fast 
plummetingbiodiversity. Protecting the remaining biodiversity must be expedited (Reid, 
1998; Myersetal.,2000;Mittermeieretal.,2005;Brooks etal., 2006). 

 

 
TheCenterofEndemismisabiogeographiclocationwithahighnumberofnativespeciesin 
comparison to the surrounding landscape (Crisp et al., 2001; Linder, 2001), which 
aidsinconservationpriorities(Crosby,1994;Ceballosetal.,1998;Myersetal.,2000;Norooziet 
al., 2019). Identifying the 'centre of endemism' within biodiversity hotspots is 
anappropriatestrategyforaccomplishingthesegoals(Mittermeieretal.,2005;Ormeetal., 
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2005). Overgrazing, forest fires, encroachment, timber extraction, and the replacement 
ofnaturally occurring woody species with monoculture plantations are all common in 
theforest's buffer zone (Kodandapani et al., 2008; Baskaran et al., 2012). Severe 
ecologicaldisturbancesengulfedasignificantproportionoftheoriginalWGandNBRnaturalha
bitat(Satishetal.,2014). 

 

 
The NBR reserve forest area in the southern block is under such ecological 
disturbances(Das et al., 2006). The possibility of minimising such interference and 
conserving theremaining biodiversity surrogates is to narrow the scope of interest to the 
most criticalecological landscape, i.e., hotspot-within hotspot (Cañadas et al., 2014; 
Noroozi et al.,2019). Hotspot endemic species have a narrow geographical niche (Wulff 
et al., 2013)confinedtoparticularbiogeographicregions. Therefore, identifyingthose 
clusters iscritical to effective management. Range-restricted species are more sensitive to 
climatechange and anthropogenic interference (Gaston, 1998; Kougioumoutzis et al., 
2021). Insynergy with land-use change, anthropogenic-driven climate change has caused 
immensepressure on biodiversity-rich resources (Newbold, 2018). Therefore, it is high 
time toidentify the priority conservation gap in the biodiversity hotspot (Noroozi et al., 
2019).Citizen science data repositories in a digital platform such as the Global 
biodiversityinformation facility, iNaturalist, eBird, India biodiversity information portal, 
or publishedoccurrence records are valuable sources for exploring biogeography research 
using GIS(Varelaetal.,2015).UsingGIStoidentifyendemismpatternsisascale-
dependentprocess(Crispetal.,2001);biodiversitymeasurementmatricessuchasspeciesrichne
ss,weightedendemism, and centred weighted endemism use grid cells to identify gaps and 
prioritisetheprotected areanetwork(Kier andBarthlott,2001).(Myers,1988; 
Scottetal.,1993). 

 

 
Intheglobalarena,researchonendemicbiogeographyhasbeenconductedoncoarse-scale(Crisp 
et al., 2001; Linder, 2001; Goodman & Benstead, 2005; Pascual et al., 
2011;Kougioumoutzis et al., 2021). Advancements in frontier biogeography and 
macroecologyhave attempted to address the Wallacean shortfall in India (Das et al., 
2006; Shrestha etal., 2021; Srinivasulu et al., 2021; Jins et al., 2022). Significant 
research has previouslybeen conducted in tropical hotspots such as the Western Ghats to 
identify regions withhigh conservation values (Gadgil & Meher-Homji, 1986; Ullas 
Karanth, 1994; Daniels etal., 1991; Joshi et al., 2017). Later, Ramesh et al. (1997b) and 
Prasad et al. (1998) usedGIS to identify biodiversity hotspots. The conservative 
technique lacks SDM algorithm-based analysis, but modern GIS-based time-series gap 
analysis is scalable (Das et al.,2006). SDM-based methods in prioritising sites are 
species-specific (Sen et al., 2016;Sumangala et al., 2017); few adopted the surrogate-
based SDM approach in the WesternGhats (Prasad et al., 1998; Gaucherel et al., 2016; 
Srinivasulu et al., 2021). Nevertheless,none of the studies addressed the regional hotspot 
within biodiversity hotspot at a finescale. 

Journal of Vibration Engineering(1004-4523) || Volume 24 Issue 10 2024 || www.jove.science

Page No: 3



 

 

Hence,thisstudyaimstoisolatetheendemichotspotwithinthebiodiversityhotspot,usingacomb
inationofecologicalnichemodellingandbiodiversitymeasurementmatricesby(i)Identifyingt
heregionalbiodiversityhotspotatafine-
scalebasedonendemismcentresandspeciesrichnessmatrix,(ii)Assessingwhethertheendemic
centresconcomitantlysupportbiodiversity-rich surrogates and avian richness, and (iii) 
Identifying the 
environmentalfactorsresponsiblefordeterminingtheregionalendemichotspot. 

 
2. MaterialsandMethods 

 
2.1 StudyArea 

 
Nilgiri Biosphere Reserve (NBR) (10.83°-12.16° N and 76°-77.15° E) is a biodiversity-
rich protected area in the Western Ghats – a globally recognised biodiversity 
hotspotestablished under the UNESCO Man and Biosphere programme (Satish et al., 
2016),which makes it ideal for our regional endemism investigations. NBR is one of 
India'searliest (1986) and largest continuously protected biosphere reserves, spread over 
5520km2. The protected area network (PAN) such as Bandipur National Park (NP), 
RajivGandhi National Park (or Nagarhole NP), Mukurthy National Park (NP), Silent 
ValleyNational Park (NP), Wayanad Wildlife Sanctuary (WLS), and Mudumalai 
National 
Park(NP),whichareclearlydelineatedperSatishetal.(2014).Figure1depictsSathyamangalam
WLS(11.60°Nand76.08°E),KarimphuzaWLS,whichwasNewAmarambalam reserve forest 
(11.26°N and 76.45°E) (Owen, 2013), Booluvampatti range(10.94 °N and 76.65°E), 
Vavul mala range (11.45°N and 11.15°E), and other ReserveForest (RF).TheNBRis 
locatedattheconfluenceofthreesouthernIndianstates:Karnataka, Kerala, and Tamil 
Nadu.The hill's altitude ranges vary between 300 and 
2637masl(Krishnamoorthyetal.,2013).Satishetal.(2014)classifiedtheNBRvegetationandla
nduseintothefollowingclasses:Wet-evergreen,Semi-
evergreen,Moistdeciduous,Drydeciduous, Riverine Forest, Shola, Savannah, Scrubland, 
Grassland, Wetland, Plantationareas,Agriculture,Barrenlandandsettlements. 
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Fig.1 StudyareamapofNilgiriBiosphereReserve,WesternGhats,India
 

2.2 PrevalenceRecordsandTaxonAssortment

 

StudyareamapofNilgiriBiosphereReserve,WesternGhats,India 

andTaxonAssortment 
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The biodiversity prevalence data were collated from various sources such as the 
GlobalBiodiversity Information Facility (GBIF), India’s Biodiversity Information Portal 
(IBIP),and Atlas of Endemic Tracheophytes (Ramesh & Pascal, 1997a). Filtering was 
applied 
inGBIFtocollecttheavailablebiodiversitydatasetofphylasuchasTracheophyte,Chordata,Art
hropoda, Basidiomycota, and Mollusca. Georeferencing was done using QGIS 3.14 
toextracttheprevalencerecords.Thegeoreferencingresidualvalueof<0.001wasconsidered 
asithaslowuncertainty andhighaccuracy(Onigaetal.,2017). 

 
2.3 EnvironmentalVariablesandCovariates 

 
Environmental variables constitute 19 bioclimatic variables obtained from 
worldclim2.0(Hijmans et al., 2005). Topographical variables such as slope and aspect 
were 
derivedusingadigitalelevationmodel(DEM)fromDatabasin(https://databasin.org/datasets/)
. Theassociatedcovariates,suchastheNormalisedDifference Vegetation Index (NDVI), 
were obtained from the Indian Space ResearchOrganization (ISRO)
 Bhuvan portal (https://bhuvan-
app3.nrsc.gov.in/data/download/index.php),landsoilfromSoilgridsdatabase(https://soilgri
ds.org/),Potentio-evapotranspiration(PET),andaridityobtainedfromCGIAR-
CSIPortal(https://cgiarcsi.community/category/data/).Theacquiredenvironmental 
variables and covariates are resampled to a consistent resolution of 30 arcsec (1 km) 
using the resampling tool in ArcGIS 10.3. Annual mean temperature, meandiurnal range, 
isothermality, temperature seasonality, annual precipitation, driest 
monthprecipitation,temperatureseasonality,seasonalvariationsinprecipitation,precipitation
inthe warmest and coldest quarters, slope, aspect, potential Evapotranspiration, aridity, 
andthe vegetation index (NDVI) are among the significant predictors that did not suffer 
fromcollinearityproblems(Pearsoncorrelation coefficient,r <0.7) (Dormannetal.,2013). 

 
2.4 SamplingArtefacts 

 
Occurrence localities were obtained from open-access portals and published databases. 
Itis obvious to have sampling bias (Beck et al., 2014; Rocha‐Ortega et al., 2021). 
Twomethodshavebeenusedtoeliminatesamplingartefacts,includingtheroadmapeffectandpr
evalence cluster: (i) data curation by selecting prevalence records with low 
uncertaintyand(ii)geographicthinningofoccurrencelocalitiesusingtherarefyingtoolinArcGI
S 
10.3.(Boria etal.,2014). 

 
2.5 SpeciesDistributionModellingandValidation 
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Open-source Maximum Entropy (Maxent
 3.4.1)(https://biodiversityinformatics.amnh.org/open_source/max
ent/)algorithmwasconsidered for modelling the potential distribution of the species 
(Phillips et al., 2006).Maxent algorithm was preferred because it requires presence-only 
data, and training data(<5 points) is sufficient to simulate the model (Phillips et al., 2006; 
Van Proosdij et al.,2016). The environmental predictors were of various raster formats 
such as .img or .tiff;therefore, variables were converted into maxent supported (.ascii) 
format using the rasterconversion tool in sdmtoolbox2.0 (Brown et al., 2017). Data were 
partitioned into 30 %random test data and 70 % training data (Araújo et al., 2005); 
Multiple replications 
(10times)andtheiterationdefaultvalueof500wasincrementedto5000toreduceuncertaintyand 
provide sufficient time for convergence (Young et al., 2011). The maxent 
defaultReceiving operating characteristics (ROC)/Area Under Curve (AUC) value above 
0.95wasconsideredforBiodiversitymeasurement. 

 
2.6 BiodiversityMeasurements 

 
Themodellingoutputwaschangedintoabinaryrasterusingthe"reclassifytobinary"toolwith a 
threshold value of 0.5 because the maxent raw outcome could not be utilized 
forBiodiversity measurement. Biodiversity matrix such as species richness (SR), 
weightedendemism (WE), and corrected weighted endemism (CWE) was used. The 
binary rasterwas cropped to a specific study area and was fed into the ‘biodiverse 
measurement tool’executed in ArcGIS 10.3 (Crisp et al., 2001; Laffan et al., 2003; 
Kougioumoutzis et al.,2021). Modelling the potential suitability requires a minimum 
number of occurrence 
data(VanProosdijetal.,2016),speciesthatlackasufficientnumberofprevalencedatasetsforthe 
modelbuildingwereseparatelyfedaspointvectors. 

 
The biodiversity matrix was obtained using the following 

equations,SpeciesRichness(SR)=N, 

WeightedEndemism(WE)=∑1/G, 
 

Correctedweighted endemism(CWE)=WE/N, 
 

G is the total number of grid cells that hold particular endemic species, and N is the 
totalnumberofspeciesinagridcell. 

 
SpeciesrichnessforBiodiversityDatasetisrepresentedasSRbiodiv,endemicspeciesdatasetas 
SRend and Avian dataset as SRaves. Similarly, WE and CWE for endemic plants 
datasetsare designedasWEendandCWEend,respectively. 

 
 

2.7 SpeciesRichnessAssociationwithEnvironmentalParameters 
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Speciesrichnessmodeloutputwasextractedusinga‘pointsamplingtool’inQuantumGIS(QGIS
). The numerical data extract was correlated with Ecological input variables 
usingthePearsonCorrelationcoefficient(r)inRstudio.Ecologicalcovariatescomprisetopogra
phicalvariablessuchasslope,surfaceelevation,andaspectsratio;andenvironmentalvariabless
uchasNormalizedDifferenceVegetationIndex(NDVI),Potential Evapotranspiration (PET), 
Aridity, Landcover, and Soil. The association 
wasfurtherverifiedusingmultivariateregressionto ascertain thevalidity of the relationship. 

 
3. Results 

 
TheanalysisfocusedmainlyontheNBR,theWesternGhats'largestcontinuousprotectedbiosph
ere reserve. The sampling grid presented 2417 hexagonal polygons of ~2.25 kmdiameter, 
out of which 456 dummy grids with zero value lie on the boundary of the studyarea—
eliminationofdummygridsandretentionof1961gridsampleswithuniquevalues.Modeloutputi
ncluded recordsof 1007speciesand244family-leveltaxa. 

 
3.1 BiodiversitySpeciesRichness 

 
The species diversity was estimated using a biodiversity assessment method, and 
theanalyseddataaredisplayedinFigure2.Observationsindicatethatthebiodiversityspeciesric
hness (SRbiodiv) ranges from 636 to 1007. The species diversity Raster output 
wasdividedintosevenclassesbasedonnaturalbreaks(Jenks)toclassifypixelsbasedonspatialco
ngruency (Singh et al., 2019). The lowest to maximum species richness in green to 
redspectralrangedisplaysthelowesttohighestspeciesrichness. 
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Fig. 2 Biodiversityspeciesrichness(SR

 

Biodiversityspeciesrichness(SRbiodiv)inNilgiriBiosphereReserve(NBR) 
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Fig. 3 presents the species richness of endemic vascular plant distribution in NBR, 
whererichness was grouped into low (green), moderate (yellow), and high (red) richness 
gridcells. It was observed that high SRend concentrated in and around endemic zones at 
fourcentres, such as Vavul Mala, Karimphuza WLS, Silent valley NP, and the 
Booluvampattirange. In contrast, Mudumalai NP, Bandipur NP, Wayanad II WLS, 
SathyamangalamWLS, Nagarhole, and Wayanad I WLS hold low vascular plant 
richness. It was alsoobserved that the high-richness grid cells are prevalent in the 
southern compartment,whereasnorthernsectionshaverelativelylow-richnessgridcells. 
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Fig.3 Speciesrichness(SRend)ofendemicvascularplantinNilgiriBiosphereReserve 
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Fig.4presentstheavianrichness(SRaves)inNilgiriBiosphereReser
ss were evenly distributed all over the biosphere. Karimphuza WLS, Silent 
valleyNP,andBoolvampattirangeofferedhighrichness(SR
ments.MudumalaiNP,WaynadIIWLS,lowerBandiporeNP,andSathyamangalamNPpresent
ed avian-rich zonesin thenorthern chamber of NBR.

 

Fig.4:Richnessofavianspecies(SRaves)intheNilgiriBiosphereReserve

)inNilgiriBiosphereReserve.Highandmoderaterichne
ss were evenly distributed all over the biosphere. Karimphuza WLS, Silent 

NP,andBoolvampattirangeofferedhighrichness(SRaves)clustersinthesoutherncompart
ments.MudumalaiNP,WaynadIIWLS,lowerBandiporeNP,andSathyamangalamNPpresent

rich zonesin thenorthern chamber of NBR. 

Fig.4:Richnessofavianspecies(SRaves)intheNilgiriBiosphereReserve 
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Moderate avian richness was observed in Nagarhole NP, upper Bandipur NP, 
upperSathyamangalam NP, and upper Boolvampatti range in the reserve forests area. 
North-Easternedgesof NagarholeNP,Bandipur NP,andwestern flankspresentlow richness. 

 
3.2 RegionalEndemismCentres 

 
This research effectively identified the ‘regional endemism centres’ which support 
highspeciesrichness.Cañadasetal.(2014)acknowledgedthisprocessasprioritising‘hotspots-
within-hotspot’; this is the efficacious and cost-effective conservation and 
managementmethod. Regional endemism centres in Nilgiri Biosphere Reserves are 
determined usingbiodiversity measurement matrices such as Weighted endemism 
(WEend) and CenteredWeightedendemism(CWEend). 

 
The analytical results of weighted endemism are illustrated in Figure 5. Utilizing 
thedatasetofendemicplantspecies,WEendwasdetermined.Wefoundthatendemictracheophyte
s had a weighted endemism (WEend) value that ranges from a minimum of0.1163 to a 
maximum of 0.2125. The corrected weighted endemism (CWE) value, on theother hand, 
ranges from a minimum of 0.443 x 10-3 to a maximum of 0.449 x 10-3. Wewere able to 
divide the CWEendin the studyregion into three distinct ranges: low,moderate, 
andhighbyexamining thelocationsof thenaturalJenks(breaks)(Fig. 6). 

 
Nagarhole National Park, Bandipore National Park, Waynad I, and II National 
Park,MudumalaiNationalPark,andSathyamangalamWildlifeSanctuarywereallfoundtohave
poor endemism grid cells in the Northern Compartment. Three PAs—Silent Valley 
NP,Mukurthy NP, and Karimphuza WLS—and the remaining reserve forests make up 
thesoutherncompartment'shigh-endemicgridcell.Therestofthehigh-endemicgridcellsarein 
reserve forests. It was observed that the Silent Valley NP and Karimphuza 
WLSexceptionally host the highest number of such endemic-rich grid cells. Additionally, 
twomoreCentreslieattheforestboundary'sedge,suchastheVavulmalaandBooluvampattirang
es. 

Journal of Vibration Engineering(1004-4523) || Volume 24 Issue 10 2024 || www.jove.science

Page No: 13



 

 

 

 
 

Fig.5 WeightedEndemism(WEend)inNilgiriBiosphereReserve 
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Fig.6 CenteredWeightedEndemism(CWE)inNilgiriBiosphereReserve 
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In consistent with the results of WEend, the highest values of the Centered 
weightedendemism (CWEend) grid were found in four different centres in the southern 
half of 
theNBR,facingsouthwest.Inthenortherncompartment,theCWEendgridwasmostlymoderate 
and low, but there were a few high CWEend grid cells in Waynad II WLS and atthe 
bottom of Mudumalai NP. Protected areas such as Nagarhole NP (Rajiv Gandhi 
NP),BandiporeNP,andWaynadIWLSpresentedlow-
endemicvascularplantgrids.ModerateCWEendgridsarepresentin western 
MudumalaiNP,Sathyamangalam WLS(Fig. 6). 

 
3.3 EndemismandRichnessAssociation 

 
To assess the association of endemism and richness, the Pearson correlation was 
analysedand presented in Table 1. From the analysis, it was found that WEendwas 
perfectlycorrelated with SRend (r=1.0). SRbiodiv and SRaves shows high (r = 0.87) and low (r 
= 0.36)correlation withsignificancep-value<0.001. 

 
Table1Pearsoncorrelationamongbiodiversitymeasurementmatrix 

 
 WEend SRend SRbiod SRaves 

WEend 1    

SRend 1*** 1   

SRbiod 0.87*** 0.87*** 1  

SRaves 0.36*** 0.36*** 0.73*** 1 

***=p<0.001 
 

3.4 EndemismandEcologicalVariableAssociation 
 

PearsoncorrelationofWEendwithenvironmentalvariablesarepresentedinFig.7.Ecological 
significant variables such as Isothermality (bio 03), Annual Precipitation (bio12), Aridity, 
and Vegetation Index (NDVI) are positively correlated. At the same 
time,AnnualMeanTemperature(bio01),MeanDiurnalrange(bio02),TemperatureSeasonalit
y(bio 04),andPotential-evapotranspiration(PET)arenegativelycorrelated. 
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Fig. 7Environmental variables contribution in determining the endemism 
(WEend)withsignificantpvalue<0.001 exceptlanduseandlandcover(LULC). 

 
On further regression analysis (Table 2), endemism (WEend) was found to be 
significantlyassociated with all variablesexcept Annual Mean Temperature (bio 01) and 
NDVI.Amongstthesignificantecologicalvariables,endemismappearedtoincreasewithincrea
singSlope,Potentio-evaporation(PET),Soiltypes,PrecipitationofColdestQuarter(bio 19), 
Precipitation of Warmest Quarter (bio 18), Precipitation Seasonality (bio 
15),Precipitation of Driest Month (bio 14), Annual Precipitation (bio 12), Isothermality 
(bio03) and Elevation. Contrarily, it was shown that endemism declined in the context 
ofgrowing landcover, aspect, temperature seasonality (bio 04), mean diurnal range (bio 
02),andaridity. 

 
Table2Multivariateregressionanalysisofendemism(Y)withenvironmentalvariables(

X) 
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Variables Coefficient S.E P- 
value 

Slope 0.03562000 0.00756900 *** 

Potentio-evaporation 0.00002202 0.00001024 * 

LULC -0.00003739 0.00000463 *** 

Soil 0.00004919 0.00002087 * 

Aspect -0.00001139 0.00000199 *** 

NDVI -0.00000946 0.00002011  

PrecipitationofColdestQuarter(bio19 0.00000145 0.00000062 * 

PrecipitationofWarmestQuarter(bio18) 0.00002841 0.00000408 *** 

PrecipitationSeasonality(bio15) 0.00016090 0.00004101 *** 

PrecipitationofDriestMonth(bio14) 0.00153300 0.00016890 *** 

AnnualPrecipitation(bio12) 0.00000966 0.00000136 *** 

TemperatureSeasonality(bio04) -0.00048330 0.00004102 *** 

Isothermality(bio 03) 0.00089370 0.00023620 *** 

MeanDiurnalRange(bio02) -0.00915500 0.00081510 *** 

AnnualMean Temperature(bio01) -0.00064130 0.00045730  

Elevation 0.00001589 0.00000307 *** 

Aridity -0.00000211 0.00000015 *** 

Modelfitnessdetails    

MultipleR-squared:0.8719, 
 

AdjustedR-squared:0.8707 
 

F-value=750.9 
 

PofF-statistics=*** 

Signif.codes:0‘***<0.001‘**’<0.01‘*’<0.05 
 

4. Discussion 
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WesternGhats(WGs),oneoftherichestbiodiversityhotspotsintheTropicalregionoftheEarth, 
have an uneven endemism pattern (Gaucherel et al., 2016; Bose et al., 2016). Similarerratic 
trends of species richness (Fig. 2, 3, and 4), and endemism centres (Fig. 5 and 6)were 
detected within the NBR. All three biodiversity measurement matrices, such asWEend, 
CWEend, and SRend, indicated the same set of regional endemism centres in NBR.Four 
endemism centres are identified in NBR: Silent Valley National Park, 
KarimpuzhaWLS,VavulMala,andtheBoolvampattirange. 

 
4.1 Species-richSurrogatesandEndemismCentres 

 
Integrating the overall biodiversity species-rich surrogate map with the overlay 
elevationstudyareamap(Fig.1)revealedthatRapoport'srulewasfollowed,i.e.,locationswithmi
d-altitudesandvariedterrainmaintainedahighspeciesrichness.Noroozietal.(2019)statedthat 
thecomplexescarpment withruggedtopographyandintricate 
mountainmassifpromotesendemism,acharacteristicofNilgiriBiosphere Reserve. 

 
Strips of low richness zones were observed in the lower Sathyamangalam WLS, 
patchesin the eastern boundary of Nagarhole, Bandipore in the northern block, and other 
reserveforests in the southern block. This could be attributed to the fact that as per NBR 
vegetationclassification by Satish et al. (2014), the poor richness in the low elevational 
topographycollideswith 
Drydeciduousvegetation,plantation,andscrubland.Theselowerplanesareeasily accessible 
to anthropogenic factors and prone to biodiversity erosion (Lo Seen 
etal.,2010).Udhagamandalam(alsoknownasOoty;11.41°Nand76.70°E),apopulartouristdest
ination, flourished in the southern and northern block confluence. Its rapid expansionof 
buildups and decline in vegetation have negatively impacted biodiversity (Satish et 
al.,2014). The narrow corridor connecting the northern and southern blocks presented 
lowrichness in the eastern and intermediate richness in the western boundary. It is 
attributedto elevation as the west edge ascends to the Udhagamandalam mountainous 
region (Fig.2). 

 
MukurthyNPwasfoundtoaccommodateintermediatetracheophytesrichness.Thiscouldbe 
due to its vegetation, predominantly a mosaic of shola forest grassland (Robin 
&Nandini,2012).PriorityProtectedareanetworks(PANs)suchasNagarholeNP,BandiporeNP
, Madumalai WLS, and Wayanad WLS I and II were observed to have low 
endemicvascular plant richness. The high-priority protected area networks lie in the rain 
shadowand moist deciduous regions (Satish et al., 2016). Daniels (1992) reported the 
presence ofendemic angiosperm at an altitude above 1700 m asl. A similar pattern of 
continuousendemic vascular plants is visible in Silent Valley from mid-range to higher 
elevation.Noroozi et al. (2019) stated in their Irano-Anatolian hotspot study that poor 
accessibilityinthehigherelevationalterrainsisthepotentialreasonforconservedendemictrache
ophytesrichness.Wetevergreenandsemi-evergreenforestsinthehighermountainsof the 
study area align with high endemic vascular plant richness. Vavulmala 
range,Karimphuzha WLS, Silent Valley NP, and Boolvampatti range are aligned in the 
samewestern descendingmountainslopes(Fig.3). 
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Avian richness indicates robust ecological health (Gregory & Van Strien, 2010). NBR-
protected area networks and dense vegetation have served well in retaining the rich 
avianfauna (Fig. 4). Wet evergreen, Semi-evergreen, moist deciduous, and dry deciduous 
hosthigh avian richness. Scrubland, barren land, and plantation zone presented poor 
richness.Anedgeeffectperturbationisvisibleinallitsouterboundaries.Dasetal.(2006)reported
that dense settlement and significant anthropogenic disturbances on the outside edge 
ofprotected area networks could be the reason for sparse avifauna on the outer 
boundary,especially in the protruding strip lands of Vavul mala, Nagarhole, and 
Bandipur's 
easternedges.Satishetal.(2014)reportedadrasticreductionintheNaturalForestinthesouthern
NBR due to extensive agro-plantation, which could have led to poor avian richness in 
thedry and rain shadow region. Previous studies have presented spatial similarities 
betweentaxa such as avians and mammals, particularly in tropical areas such as Kerala 
(Prasad 
etal.,1998).Atthefinescale,aviansurrogatesemergedincongruentwithvascularendemismbuth
ighlycongruentlywithoverallbiodiversityrichness,includingmammaliansurrogates. Since 
biodiversity richness constitutes the combined dataset of 
Tracheophyte,Chordata,Arthropoda,Basidiomycota,andMollusca.Disproportionatedataset
availabilityin the citizen science sphere pushed us to run a combined model for 
biodiversity speciesrichness. 

 
Weighted endemism (WEend) results from altitude-driven isolation and peninsular 
effect(Kougioumoutzisetal.,2021).Inthepreviousstudies,highmountainsintheNBRregions,e
speciallywetevergreenandsemi-
evergreenforestsidentifiedasaregionofhighvascularendemism (Das et al., 2006; Satish et 
al., 2014; Gaucherel et al., 2016). Specifically, theendemic vascular plants are 
concentrated on the western slope of the Nilgiri massif (Fig.5),arain-
fedareathatcaterstowetevergreenandsemi-evergreenforests(Vijayakumaretal., 2016). 
Altitudinally, these hotspot lies in mid-elevation to high elevation rangingbetween1500-
2200masl.Daniels(1992)reportedasimilarpresenceofendemicangiospermabove1700masl.
Highisolatedmountainsmassifsupportsendemismandcanact as a climate refugia for many 
species (Bose et al., 2016; Aradhya et al., 2017), also acradle 
forrichbiodiversity(Steinbaueretal., 2016). 

 
Priority protection classifications such as National Park and Wildlife refuge offered 
anadditional layer of protection, and as a result, the Silent Valley is recognized as a 
virginforest (Singh et al., 1984). Recently, Karimpuzha WLS added to the beads of 
highprotection status, which was earlier called the new Amarambalam reserve. Delayed 
thepromotionofslacklyprotectedreserveforeststoWLShaserodedmuchofthediversityinthere
gion.VavulmalaandBoolvampattireserveforestsareexamplesofsuchbiodiversityerosion. 
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Centredweighted endemism (CWEend) is an effective index for detecting 
endemismcentresandbiodiversityhotspots.Betadiversityisalsocalledahighgradientofchange
intheproximityofendemiccentres(Noroozietal.,2019).Centredweightedendemism(Fig.6)ha
splayedasupportiveroleinsubstantiatingthebiodiversitymeasurementofWeightedendemism 
(WEend). Although the WEend, CWEend, and SRend of vascular plant species 
arestronglycorrelated(Table.1),eachbiodiversitymeasurementindexmustbeconsideredtodra
wastronginferenceontheregionalhotspot(Noroozietal.,2019).Thefractionalvalueof 
WEendand CWEendreported in this research of fine-scale grid cells and potentialpresence 
due to fundamental niche modelling of the species. Slender spatial vascularrichness 
(SRend) (Fig. 3), compared to WEend and CWEend, results from the edge effect. 
Aclusterofendemictracheophyteswasfoundtobealignedinandaroundthewetevergreenand 
semi-evergreen forests. Das et al. (2006) asserted similar findings that vascularendemism 
is confined in an area rich in evergreen and semi-evergreen forests. The 
wetforesttypescoincidentlylieintherain-
fedwesternslopeswithhightopographicheterogeneity. Other vegetation types, such as dry 
deciduous, shola, savanna, and scrub,supportpoorornilvascular plants'endemism(Fig.5& 
6). 

 
The spatial distribution of Avian richness is clustered around endemic hotspots (Fig. 5. 
&6) but is also abundant in the forest with higher vegetation cover (Satish et al., 
2014).Therefore, this could explain the low correlation (r= 0.36) in the observed 
endemicvascular-rich region. Adjacent to mountain regions on the western flanks is the 
presenceof anthropogenic buildups (Das et al., 2006) and plantations (Satish et al., 2014), 
whichcould be the potential reason for biodiversity contraction. Centred weighted 
endemismhighlights the possibility of continuity in regional hotspots in historical time 
(Fig. 6). Incontrast, WE and SR show fragmentation into four distinct centres. A narrow 
strip ofconnected landmass between Vavul mala and Karimpuzha could have acted as a 
corridorforspeciesmobility.But,duetotheanthropogenicsettlementonallitsthreesides(Daset
al.,2016),muchoftheVavulmalaspeciesrichnessiseroded. 

 
High endemism has been observed in the southern block of NBR due to 
topographicalheterogeneity in conjunction with stable microclimate, historical, 
ecological, and 
lesserhomogenizationofspeciesinthepast(Cañadasetal.,2014;Kougioumoutzisetal.,2021).(
Fig. 5 & 6). Mountainous terrain may hinder or promote species dispersal depending 
onthe ease of connectivity (Flantua et al., 2020). Kougioumoutzis et al. (2021), explain 
thisphenomenon through two hypotheses: (i) Mountain geobiodiversity hypothesis 
(MGH),Mountainupliftplaysasignificantroleinenhancingspeciationandnoblemicrohabitatf
orrefugia(López-
Vinyallongaetal.,2015;Steinbaueretal.,2016).(ii)Flickeringconnectivityhypothesis(FCH)e
xplainsasimilarphenomenonwherespeciesnichediversification occurs due to species 
dispersal ability and landscape connectivity (Flantuaetal.,2020). 

 
4.2 Ecologicalandclimatevariablesinshapingspeciesrichnessandendemismcentres 
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Several studies in the past have revealed a concrete relationship between 
endemism,speciesrichness,andenvironmentalvariables(Crispetal.,2001;Linder,2001;Koug
ioumoutzis et al., 2021). Fotheringham et al. (2003) stated that endemism and climatedata 
havelocalisedcorrelations. Eventhougha correlationexists betweenweightedendemism 
(WEend), Species richness (SRend) of endemic vascular plants (Table 1), eachindex has its 
significance (Table 2). Anthropogenic-driven climate change conditions andspecies 
richness may be coincidental as speciation is a function of bioclimatic, bioticinteraction 
andcompetition intheconfined geographicalspace(Whittaker etal., 2001). 

 
Annual mean temperature (Bio 01) and Annual precipitation (Bio 12) are the 
criticaldeterminantsinvascularendemism.Temperaturevariation,exceptTemperatureseason
ality,wasobservedto affectvascularendemismnegatively.The precipitationderivatives such 
as precipitation seasonality (Bio 15), Precipitation of the driest month(Bio 14), warmest 
(Bio 18), and coldest (Bio 19) quarters affect the endemism positively.The vegetation 
covariates such as NDVI have a far greater correlation than landcover indetermining the 
richness and endemism of the region. However, the regression analysissuggests that the 
contribution of landcover is significant as compared to the 
vegetationindex.Satishetal.(2014)NBRclassificationsuggestsadrasticdeclineingreennessin
thelastthreedecades,partlyduetobiodiversityerosionandclimatechange.However,theweteve
rgreenandsemi-
evergreenlandcoverclassessignificantlycontributemoretodeterminingvascularendemism.N
ationalParkswithgreateraridityandlowervegetation,suchasNagarhole,Bandipur,andSathya
mangalam,presentedlowendemism.Theeasternflanks' aridity region in the northern 
compartment and partly in the southern chamber haspoorornoendemism(Fig05&06). 

 
The diurnal range (Bio 02) and temperature seasonality (Bio 04) negatively affect 
thevascular plant. The greater the range in day-to-night temperature, the lesser the 
vascular'stolerance capacity to cope with climate variation (O’Donnell & Ignizio, 2012). 
Whereasthediurnalrange-
dependentisothermality(Bio03),whichincorporatestheannualvariationintemperature,deter
minestheariditypattern,thearidpartwillhavenoendemism, whereasthe 
wetpartwillbearhighendemicvascularplants. 

 
Topographicalelevationandslopehavearoleindeterminingtheendemismpatternasthistopogr
aphyvariabilityinsulatesthemountainrangefrominvasion,retainingtheneovascular diversity 
(Fjeldsaå & Lovett, 1997; Gaucherel et al., 2016). More than landuse and landcover 
(LULC), the vegetation variables are correlated with endemism.Edaphic factors such as 
soil humus have a minor role, but the other bioclimatic andenvironmental variables have 
dominated the variable contribution in the ecological nichemodelling. 
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Temperaturefluctuation,i.e.,Diurnalrange(bio2),andtemperaturechangeovertheyear,as 
well as mean input temperature (bio 1), affect endemism significantly (Table 
2).However,Crispetal.(2001)reportedlittleorinsignificantrelationshipbetweenendemisman
dtemperaturevariablesuponmultivariateregressionanalysisontheAustralianlandscape. They 
further cited that the roadmap effect in the database, particularly in aremote location, is 
the reason for it. The potential-evapotranspiration is a 
precipitationassociatevariable;hence,PETisinverselyproportionaltoaridityanddirectlyprop
ortionalto annual Precipitation. The significant adjusted R square (0.8707) substantiates 
thevariableimportanceinthemodelbuilding. 

 
4.3 RecommendationforConservationandManagementofHotspots-within-Hotspot 

 
Based on the ecological gap analysis, four regional centres of endemism are detected 
inthe Nilgiri biosphere reserve. Due to their close proximity and high level of 
protectionunder the protected area networks (PAN), two centres, Karimpuzha WLS and 
Silent ValleyNP, are still intact (Fig. 8). In contrast, the territory around the fence, 
including the 
VavulmalaandBoolvampattiarea,wasravagedbyanthropogenicdisturbances.Duetocontinuit
ybreaks,thefragmentedcentresareisolated,reducinggeneflowandbiodiversityerosion.There
commendationwouldbetoprioritisethestretchofendemiczonesbasedonweighted endemism 
(WEend) and centred weighted endemism (CWEend) and restore thedegraded regional 
hotspot with neo-native vascular plant species. The restoration of 
habitatwillbalanceandrevampecosystemservices.Traditionalknowledgeisthekeytoconserva
tionandbiodiversitymeasurement;henceitsprofoundwisdomshouldbeintegrated 
intothemanagementeffort(Noroozi etal.,2019). 
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Fig.8 Demarcated‘centerofendemism’forprioritisinginNilgiriBiosphereReserve

 

Demarcated‘centerofendemism’forprioritisinginNilgiriBiosphereReserve 
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5. Conclusion, 
 

Ecological data analysis of NBR,suggests an apparent dichotomy between 
endemicspecies-
richsurrogatesandpriorityPANs;theyarenotconcomitant.Thepriorityendemism centres 
were successfully identified by combining ecoinformatics 
techniquessuchasspeciesdistributionmodellingusingtheMaxentalgorithmandbiodiversitym
easuring matrix. Four regional endemism centres within the NBR study area, such 
asVavul mala, Boolvampatti range, Silent Valley NP, and New Amarambalam WLS, 
arepresent in the southern block. Whereas, high priority PANs such as Nagarhole 
NP/TR,BandipurNP/TR,WayanadIandIIWLS,MudumalaiNP,andSathyamangalamTRinth
enorthern block. The significant portions of the endemism grids lie in the slackly 
protectedreserve forest, such as the Vavul mala and Boolvampatti range, which are 
subjected tosevere biodiversity erosion and demand special attention. Spatial analysis 
suggests lowcongruency among taxa, such as vascular endemism and avian richness. Yet, 
at 
endemichotspots,patternsofglobalbiodiversitysurrogatescoincide,asdemonstratedbystatisti
calcorrelation and regression analysis. Further, restoration of eroded regional centers 
withneo-nativespeciesandupgrading thehotspotto higherpriority statusisrecommended. 

 
ListofAbbreviations 

 
AUC AreaUnder Curve 

 
Bio4 TemperatureSeasonality 

 
Bio5 Maximumtemperatureofthewarmestmonth 

 
Bio7 Temperature annualrange 

 
CBD ConservationofBiologicalDiversity 
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ResearchCGIAR-CSI CGIAR Consortium for 

SpatialInformation 
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NDVI NormalizedDifferenceVegetationIndex 
 

NP NationalPark 
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PET Potentio-evapotranspiration 
 

QGIS Quantum Geographical Information 

SystemRF ReserveForest 

ROC Receivingoperatingcharacteristics 
 

SR SpeciesRichness 
 

SRaves Species Richness of Avian 
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WE WeightedEndemism 
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WLS WildlifeSanctuary 
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