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Abstract 

Vanda wightii Rchb .f. , endemic to India and Sri Lanka and known to occur in 8 localities in Kerala , Karnataka and Tamil Nadu is an 

endangered orchid as notified by the Government of India . Preliminary survey based on climatic similarity followed by ecological niche 

modelling using Maxent software revealed extended distribution of the species over a distance of 405 kms, from ldukki district of Kerala to 

Dakshina Kannada district of Karnataka. Field surveys conducted in area revealed distribution of the species at 30-870 m altitudes in 31 

distinct localities at 1 km spatial resolution. New populations were discovered in ldukki, Malappuram, and Kasargod Districts of Kerala in 

addition to re-locating already known localities in Palakkad , Kannur, and Dakshina Kannada Districts . Precipitation during October­

December, one of the climatic factors used for modelling, contributed 72 .5% to the Maxent model and emerged as the most effective 

predictive variable . The model revealed distribution of the species mostly in inhabited areas or disturbed forests except those located in 

ldukki Wild Life sanctuary . The potential habitat distribution map provided here can help to discover new populations , identify top-priority 

survey sites , or to select translocation sites in protected areas close to natural populations (if in inhabited areas) for effective conservation 

of V. wightii. 

Introduction 

VANDA WIGHT/I Rchb.f. (Fig. 1) reported from India 

and Sri-Lanka is one among the 40 species of Vandas 

distributed in the Inda-Malayan region (Limansela et 

al., 2002). It is originally described by Reichenbach 

( 1864) based on Robert Wight's collection from 

Vaulyar and Palghatcherry (1849) and Thwaite's 

collection from Sri Lanka (Sathish Kumar et al., 2006). 

It is supposed to be extinct as it has not been re­

sighted in the wild ever since Wight's collection 

(Limansela et al., 2002). Later during 2000-02 

period, the species was re-collected from Belthangady 

and Subramanya in Dakshina Kannada district of 

Karnataka; Nidiyanga in Kannur and Melattur near 

Palakkad district of Kerala (Sathish Kumar et al., 

2006). The species is described to be as distributed in 

narrow pockets with restricted numbers and later 

under section 38 of the Biological Diversity Act 2002, 

the Central Government notified that V. wightii is on 

the verge of extinction and prohibited/regulated 

collection along with other 25 plant species from 

Western Ghats (Ministry on Environment and Forests, 

Government of India, 2009). The ministry also called 

for studies on all aspects of the notified species for 

holistic understanding and propagation of the species 

for the purpose of in situ and ex situ conservation and 

rehabilitation. 

The present study was framed to understand potential 

distribution of the species in localities other than that 

described earlier and the type localities as well as re-
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located sites. In such cases, plant distribution 

modelling/ecological niche modelling is known to have 

significant relevance as proved useful in several 

plant/animal species in predicting potential distributions 

based on a few occurrence records (Papes and Gaubert 

2007;Siqueira et al., 2009) and finding out new 

populations. There are several modelling algorithms in 

use and maxent model (Philip et al., 2006) is reported 

to have more accuracy of prediction with small 

samples and narrow distribution (Aguirre-Gutierrez et 

al., 2013; Papes and Gaubert 2007). The purpose of 

this paper was to document our experience with 

Fig .1. Vanda wightii, on its natural host 



rnbining ecological niche models (Maxen~). a
nd 

co d d. of dd1t1onal new field surveys towar s 1scovery a 
populations of Vanda wightii. 

Materials and Methods 

The methodology include field survey, gathering of 
geo-referenced occurrence points, ecological niche 
modelling using freely available Maxent software 
version 3.1 (http.//www.cs .princeton.edu/ 
~ schapire/maxent/), confirmation of occurrence in 
more localities and preparation of a predictive model 
using all the 1 km spatial occurrence records. Even 
though 9 occurrence points (Table. 1) are mentioned 
in the literature, none of them were gee-referenced. 
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Fig.2 . Known occurrence records of V. wightii marked on NE 
monsoon map of Kerala . (Climatic map data source: CESS, 
1 984) ; arrows indicate the regions of climatic similarity 
searched for V. wightii 

Also, most of the reported localities are now major 
cities (Mangalapuram, Coimbatore, Belthangady, 
Palakkad) and or broader areas of diverse habitats 
(Ceylon). Thus, finding the most appropriate geo­
referenced occurrence point from literary citing is 
difficult . Moreover, with the available records, typical 
ec olog ical niche modelling approaches is 
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Fig. 3 . Predicted potential su itable habitat for V. wightii in India 

and Sri Lanka 

inapplicable, as they require at least minimal sample 
sizes to function appropriately (Wisz et al. , 2008) . As 
a consequence, we used a very simple measure of 
climatic similarity and known host ranges to prioriti ze 
initial field efforts . 

Study Area 

The study area was init ially confined to middle land 
in Western Ghats region of Keral a as the reported 
localities were at 60-80 m alt itudinal ranges. This 
region presents marginal se aso n a l i ty o f 
temperatures, w ith coldest months averaging 22 C, 
and warmest months 34-C. Kerala as a whole 
receives an average 300 cm annual precipitation 
and exhibits significant variat ion 

.,._,,_:. ... ,~ :. 
.3t .-.,'l..,_:,t 
j --,._~ 
a-•'-~ :>: .,..,,_:-. 
]_,.._,_ 
ii -•~:-. 

I :::: 
~ --:,, s __ ,.. 

~ -!"I, __ ... 

Fig. 4 . Results of jackknife evaluations of relative 1mpo,un•.c 
predictor variables for V . w1ght11 Ma.x.ent model fSec Table , · 
def inition of variables). 
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Table. 1. Distribution of V. wightii. 

Loc alit y State /Country Cit ati on/co ll ec ti on 

Vau lyar = Kera la, India 184 9 

Wa layar 

Pa lghatcherry = Kern l.:i , India 1849 

Pa lakkad 

Cey lon S,i L;rnka Prior to 1864 

Co1 111b;i t o1e T111111I N11du , lnd,i:l 1849 

N1d 1yang;i Ker .ila , Indi a 200 1,2002 

Be lt l1ang11dy I\M nat <1k11 , India 2003 

Subrnma11v11 K.JmMaka , lnc11;:i 20 00 

Mel3 ttur Keral;:i , India 2006 

Ma11g3 lapura111 Kamat .Jka , India 2006 

$ (, ,, c P 1S~1h,sh t-.. 1111,,•H ,:,r 111. 2006 J 

between seasons and regions. Northern regions receive 

higher prec ipita t ion du ring SouthWest monsoon and 

Southern region receive higher during NorthEast 

season. Winters are generally dry, and summers rainy, 

part icularly in the middle land . The region is mainly 

inhabited land with occasional and highly fragmented 

deciduous forests. 

Field Survey based on Climatic Similarity 

To fin d out sufficient geo-referenced occurrence 

points, the five reported localities in Kerala are marked 

on different climatic resource maps of Kerala (CESS, 

1984) /. e., annual precipitation, South West monsoon 

prec ipita t ion, NorthEast (NE) monsoon precipitation 

and annual mean temperature. Incidentally, most of 

the occurrence records in Kerala fell into the low rain 

tall (30-50 cm) area of NE monsoon precipitation. Three 

loca li ties reported are in Dakshina Kannada district 

rece iving av erage 26.4cm precipitation during 

October-December. Therefore, the reported localities 

in Kerala (Palakkad, Walayar, Melattur, Nidiyanga) and 

random locations in t he said precipitation zones are 

surveyed t o record geographical co-ordinates of 

occ urrence points. This includes inhabited land and 

forest segments in the districts of ldukki (ldukki and 

Chinnar wild life sanctuary), Palakkad, Malappuram , 

Kannur, Kasaragod and Dakshina Kannada . Searching 

for the species in the inhabited land is much difficult 

and thus, age old host trees (Alston/a scholaris, 

Artocarpus integrifolia, Ficus bengalensis, Mangifera 

indica,, Strychnos-nux-vomica, Tamarindus indicus, 

Terminalia paniculta), along highways in the latter 

districts were observed for the potential presence of 

V. wightti: 

Environmental Variables 

Fourteen bioclimatic variables (Table 2; Mean diurnal 

range, lsothermality, Temperature Seasonality, 

Minimum Temperature of Coldest Period, Temperature 

Table 2. Selected environmental variables and their per cent contribution in Ma xent model for V. wightii in India and Sri Lanka . 

Environmental variable 

Prec ipitat ion of coldest quarter (bio 1 9 28) 

Precipitation of warmest quarter (bio 18 _ 28) 

An11ual Precipitation (biol 2 28) 

' -

Precipita t ion of driest period (bio 14 28) 

lsothermal ity (Annual mean temperature /Temperature 

Annual Ra nge) - 100 (b io3_28) 

Temperature annual range (Max Temperature of Warmest Period -

M in Temperat ure of Coldest Period) (bio7 _28) 

Precipitat ion of w ettest period (bio 1 3 _ 28) 

Precipi tation of driest quarter (bio17 _28) 

Tempera ture seasonali t y (Coefficient of Variation) (bio4 _ 28) 

Min temperature of coldest period (bio6 _ 28) 

Mean temperature of coldest quarter (bio 11 _ 28) 

Prec ipitation of wettest quarter (bio16_28) 

Mean temperature of wettest quarter (bio8 28) 

Mean diurnal range (max temp - min temp) (monthly average) (bio2 28) 
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Per cent 

contribution 

72 .5 

7.4 

6 .6 

3 .4 

2. 6 

2 . 2 

2 . 1 

1 . 3 

1. 2 

0 .8 

0 .2 

0 . 1 

0 . 1 

0 

Permuation 

importance 

0 .4 

20 .7 

0.6 

0.6 

0 .0 

1 . 2 

3 .3 

0 .3 

71. 9 

0.1 

0 . 1 

0 . 1 

0 .6 

0 
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f Wettest Quarter, 
A nual Range, Mean Temperature o I 

n t c Id t Quarter Annua Mean Temperature o O es ' . d 
. ·t t · f Wettest Per10 , Precipitation Precipi a ion ° 

' . • p · · t" of Wettest Precipitation of Driest Period, rec1p1ta ion . . . n 
Quarter, Precipitation of Driest Quarter, Precipitatio 

of Warmest Quarter and Precipitation of Coldest 

Quarter) biologically more mean ingful to define eco­

physiological tolerances of a species (Gra_ham and 

Hijmans, 2006 ; Murienne et al., 2009) obtained from 

WorldClim dataset (Hijmans et al., 2005; http:// 

www. worldclim. orgl bioclim . htm) are used as 

environmental variables for modelling studies. The 

envi ronmental variables confined to zone 28 at 30 are 

s - 1 KM spatial resolution (bio28 _30s) were 

downloaded to use as environmental layers. 

Modelling Procedure 

We used maximum entropy distribution or Maxent 
modelling method which has been found to perform 
best among many different modelling methods and 

may remain effective despite small sample sizes 
(Agu irre-Gutierrez et al., 2013; Benito et al., 2009, 

Hernandez et al. , 2006; Papes and Gaubert, 2007; 

Pearson et al. , 2007; Su nil Kumar and Stohlgren 
2009 ; W isz et al., 2008). Maxent is a maximum 

entropy based machine learning program that estimates 

the probability distribution for a species occurrence 
based on environmental constraints (Phillips et al. , 
2004; 2006). It requires only species presence data 
(not absence) and environmental variable (continuous 
or categorical) layers for the study area. We used the 

freely available Maxent software, version 3.1 , which 
generates an estimate of probability of presence of 
t he species that varies from O to 1 , where O being the 
lowest and 1 the highest probability. The 31 
occurrence records gathered during our preliminary 
search and 14 environmental predictors were used in 

Maxent to model potential habitat distribution for V. 
wightti. We used auto features and maintained other 
settings as default (Phillips et al. , 2004), but trying a 

repl icated modelling procedure with 5 replications. 

After running the analysis and obtaining prediction as 

grd file, Diva -Gis was used to edit the species 

di stribution map such that administrative layers and 

occurrence points were merged w ith the prediction 
map. 

Results 

Survey Based on Climatic Sirmlarity 

Th e reported localities of Vanda wightti marked on 

climatic maps revealed a significant coincidence of 

receiving low precipitation (30-60 cm) during NorthEast 

monsoon season in Kerala (Fig . 2) . Four points outside 

Kerala (Mangalapuram , Coimbatore, Belthangady and 
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) very close to Kera la and also rer 
S bramanya are A.!1' 

u . during the latter season . Searc--
20-40 cm rains . . . ,, 1r 

l·t · and sim ilar cl 1mat1 c zones In ldu1..1.. 
re orted loca 1 ,es o k · .. ._ 

P d d·strict of Kerala and a sh1na Kannad 
d Kasarago I h a 

an . f Karnataka enabled us to gat er about 141 
district o . 1 · t 

Points of which, 3 po1n s w ere separated 
occurrence ' A l h 

era' kilometers (Table 3). so, t e altitude 
by one to sev 34 87 

· hr ·· habitats ranged from - 1 m above of V. wig 11 · 
·A f ccurrence po ints in Sul11a , Palakkad and msl. ew o . . . . 

ld "kk . districts were identified after prepari ng a pilot 
. 
1 

.'b t· model created using about 1 5 occurrence d1stn u I0n , . . . 

d thered based on preliminary search In areas recor s ga . . 
of climatic similarity and also reported localit ies 

(Mangalapuram and Coimbatore excluded) . 

Modelling Studies 

Modelling studies revealed potent_ial d i~_tribut '.on (31 .56 

to 47.52% probabil ity) of V. w1ght11 in a distance of 

over 405 km extending from ldukki district of Kerala 

to Dakshina Kannada district of Karn at aka (Fig 3). 

Climatic condition (15. 77 -31 . 56 % probability) also 

seems to be good to support V. wightii survival in 

Pathanamthitta district of Kerala and Uduppi dist rict 

of Karnataka . Besides, Central province in Sr i Lanka 

also appears to possess su itable habitats for V. wight1i: 

All the occurrence records fell in th e predicted areas; 

16 in the 4 7 . 52 64-100% probable area, 13 in the 

47 .5-64% probable area and only 2 in the less suitable 

areas (0-47 .5% probabil ity). The m ajor environmental 

var iables contr ibut ing to t he Maxent model (Table 3) 

are precip itation in the coldest q u arte r (b io 19; 

72 .5% ), precipitat ion in the warmest quarter (bio 18; 

7 .4%) and annual prec ipi ta tion (bio 12 ; 6 .6 % ). 

However, internal jackkni fe test revea led (F ig. 4) bio 

4 (Temperature seasonal ity (Coeffic ien t o f Variation) 

and bio 7 (Temperature annu a l r a n ge = M ax 

Temperature of warmest period - Min temperat ure o f 

coldest period) also possessed h igh t raining gain equal 

to precip itation. Mean omission on test data w as also 

very close to predicted om ission . 

Discussion 

Distribution dat a on threa t ene d and endangered 

s~~cies are often sparse and c lustered mak ing ,r 
d1ff1cult to model their sui table habitat distribution using 

commonly used modell ing approaches (Sunil Kumar and 

Stohlgren,_ 2009). Particularl y, in such cases of sparse: 

data , environmen t al m atch ing approach has been 

applied to trace potential occurrences in o ther localic1e~ 

(Siqu~ira et al., 2009) as a pre requisite to gatht:r 

suff1c1ent dat a for mode ling . II. w igh r,i is a similar 

species ~av ing sparse data to find out porencw 

presence 1n other loca li t ies throug h mod el ing scucJ11; , 

However, search based on c lima t ic s1mdarrry enoblt d 
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Tab le 3 . Geo-reference points ( - 1 KM spatia l data ) or Vc1nda wig/111i occurrence in Kera la and Karnat aka 

Popu lation Lat itude Longi tude Go ographical area District Al t itude (rn) 

9 .753 2 1 1 76 .98 285 ldukkl WL S lclukki 790 

2 9 .7 63 739 77 .00232 lclukki WLS lclukki 819 

3 9 . 77 4 333 76 .99353 lclukki W LS lclukki 814 

4 9 .82 700 3 77 .0 1376 lclukki IL lclukki 850 

5 9 . 7 80394 77 .06 1 2 Ayyappankovil RS lclukki 871 

G 9 .77537 2 77 .0 7055 Ay yappankov il RS lclukk i 8 70 

7 9 . 74 2 683 77 .02 11 5 A yyappankovil RS lclukki 768 

s 9 .7 56842 7 6 .9 8 2 1 2 ldu kki WLS ldukki 8 10 

9 10 .8 134 76 .798 5 7 W alayar IL' Pala kkad 176 

10 10 .952 1 2 76 .40689 Kottoppadam IL Palakka d 95 

1 1 10 .992 67 76 .40973 Kottoppadam IL Pala kk ad 94 

12 1 1 .0248 76 .32975 A la nallur IL Palakkad 70 

13 10. 99415 76 .40357 Kot t oppadam IL Pala kkad 95 

14 11 .02283 76 .336 Palakkuzhy IL Pala kkad 79 

1 5 10 .99527 76 .40118 Kottoppadam IL Palakkad 95 

1 6 11 .07522 76 .26647 M elattur IL 2 Malappuram 60 

1 7 11 .2 6552 76 .20888 Vadapuram FF M alappuram 34 

18 12 .02377 75 .52562 Srikantapuram IL Kannur 28 

1 9 1 2. 06847 75.51473 Srikanta puram IL2 Kannu r 11 7 

20 12.068 75 .50135 Srikantapuram IL Kannur 109 

21 12 . 54825 75.16505 Karaduk ka FF Kasaragod 183 

22 12 . 53663 75 . 16028 Karadukk a FF Kasaragod 178 

23 12 . 53662 75 . 15915 Karadukka FF Kasaragod 17 4 

24 12 .53242 75 . 1 59 2 8 Karadukka FF Kasaragod 1 81 

25 1 2. 53043 75.2 1662 Bandad ka RS Kasaragod 11 4 

26 12 . 53535 75.2035 Bandadka RS Ka sa ragod 221 

2 7 12 . 52468 75 .20712 Bandadka RS Kasaragod 203 

28 12 .53535 75 .2035 Bandadka RS Kasar agod 20 2 

29 12 .55158 75 .34815 Sulli a IL Dakshina Ka nnada 92 

30 1 2. 98543 75 .27697 Belthang adi 3 Dakshina Ka nnada -80 

3 1 1 2 .6706 5 75 .60648 Su brama ny a3 Da kshina Kannada -80 

Recollect io n from type loca lity' , other known localit ies 2 or known loc al ity 3 bu t not surveyed at present. WLS-Wi ld Li fe Sanctuary; 

RS- reserve forest ; FF- f:orest Fragment ; IL-Inhabi t ed land (trees in t emple, along highw ays o r p rivate land ). 

to find addit ional populations and thus to gather 

su fficient geo-referenced records. Despite the study 

d id not i nclude herbar i um preparation and 

documentation, live collection of samples from all the 
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localities maintained at JNTBGRI f lowered in 2-3 

consecutive years to confirm thei r identi t y. V. wightii 

is an epiphytic orchid, inhabit ing on Ficus religiosa as 

host at 60 -80 m altitudes as per the repor ts 



J . ORCHID SOC. INDIA (DECEMBER 30_ 

/Satheeshkumar et al., 2006). Nevertheless, the 

present study revealed their distribution at altitudes 

extending to 870m inhabiting on diverse hosts common 

to deciduous forests, like Dalberg ia latifolia, Ficus 

bengalensis, Mang if era indica, Stereospermum colat's, 

Strychnos nux-vom ica, Te c to na grandis, and 

populations of V wightii noticed in sanctuary, 

fragmented forests and inhabited lands in the present 

stud y ind icate tha t the species remained unknown 

probably due to misidentification rather than sincere 

efforts to trace them. The species is much similar to 

Vanda tessellata, once common to lower altitudes of 

Western Ghats. Therefore, earlier flora workers 

probably treated them as V tessellata as those 

co llected f rom Vadapuram, Nilambur (Sivarajan and 

Mathew , 1997). The sample we collected from the 

latter locality is nothing but V. wight1i'. Eventually, we 

could not locate any V. tesssellata from Nilambur. The 

herbar ium documented by earlier flora workers 

(Sivarajan and Mathew, 1997) is in fact, needed to 

veri fy for f inal conclusion . Although Ceylon is one of 

the type locality of V. w1ghtli (Satheeshkumar et al. , 

2006) we could not assign a probable gee-reference 

point for the locality as there is no report after the 

original collection . Now, it is evident from the created 

model , that the central province in Sri Lanka possess 

su itable habitat for V. wightii. But due to habitat 

destruction and fragmentation, spreading of the 

species to presently available forest land in Sri Lanka 

had not happened as observed in Kerala and Karnataka. 

Thus the species is supposed to be extinct in Sri Lanka. 

The results of the potential distribution model for V. 

wightii (Fig. 3) suggest that this species can grow in 

regions of Central province of Sri Lanka to Uduppi 

district of Karnataka in India. Their higher probabilities 

of occurrence are in the deciduous forests in 

Malappuram, Kannur and Kasaragod districts of Kerala 

and Dakshina Kannada District of Karnataka. The 

model has a good predictability, with AUC = O. 997 . The 

results of relative contributions of the environmental 

variables show that precipitation in the coldest quarter 

is the variables with highest per cent contribution 

(72 .5), while temperature seasonality showed highest 

permutation importance (71 .9) to the Maxent model. 

Preci_pit~tion of warmest quarter show higher 

contribution (7 .4) as well as permutation importance 

(20. 7_) to the model. Moreover, highest training gain 

acquired by the environmental variables as 

tempe~at~re seasonality, temperature annual range and 

precIpItatIon coldest quarter as evidenced in jackknife 

test suggest that the latter three can be considered 

as predictor variables and that this species may 

present higher occurrence probabilities in habitats 

where the precipitation in coldest quarter (October-

20 

December) is between 30-60 cm and little variation · in 
temperature throughout the year. However, the most 

appropriate predictor variable could not be identified 

in the Maxent model as results of percent contribution 

permutation importance and training gain are no~ 

matching. This problem of inefficiency is addressed 

earlier and proved that Maxent model is not good 

enough to select predictive environmental variable 

(Aguirre-Gutierrez et al. , 2013) even though is the most 

efficient modelling tool with small sample (Aguirre­

Gutierrez et al., 2013; Moraes et al., 2014; Sunil 

Kumar and Stohlgren, 2009). 

Present studies indicate that the habitat distribution 

patterns for threatened and endangered plant species 

such as V. w1ght1ican be modelled using a small number 

of occurrence records and environmental variables 

using Maxent. The study provides the first predicted 

potential habitat distribution map for a plant species 

in Kerala, India. The potential habitat distribution map 

for V. w1ghtii can help to discover new populations, 

identify top-priority survey sites, or to select 

translocation sites in protected areas close to natural 

populations (wherever it is in inhabited areas) for more 

effective conservation. 
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