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ABSTRACT

The aim of this study was to use species distribution models (SDMs) to estimate the effects of environmental
variables on the habitat suitability of Syzygium caryophyllatum (L.) Alston. SDMs help to identify suitable habitats
for the development of threatened plant populations to prevent extinctions, especially in the face of the global
environmental change. In the present study three different modelling algorithms were used to predict the habitat
suitability of an endangered plant species S. caryophyllatum towards developing conservation strategies. The
BIOCLIM, GARP (GARP with the best subsets-new open modeller implementation) and MaxEnt algorithms were
run using the Open Modeller Desktop version 1.1.0 software. Jackknife test was used to evaluate the importance of
the environmental variables for predictive modelling. Bioclim and GARP models were more accurate with
statistically significant AUC (area under the receiver operating characteristic curve) values of 0.99 and 0.97
compared to MaxEnt model which showed the AUC value of 0.91. This approach could be promising in predicting
the potential habitat suitability of endangered plant species S. caryophyllatum with minimum number of occurrence
points and thus, it can be used as an effective tool for species restoration and conservation planning.

Keywords: Modelling algorithms, S. caryophyllatum, AUC, Bioclim, MaxEnt, GARP.

INTRODUCTION

Species distribution models (SDMs) or ecologicalhei models (ENM) that use environmental factorsethamn

historical collections are increasingly being use@nalyze species distributions and also to ptdde presence or
absence of species in unrecorded areas [1-3]. Tieslels establish relationships between occurreatspecies
and biophysical and environmental conditions indtugly area. SDMs have been used to predict patigrsuitable

areas for the conservation of endangered and naeeies [4-8] for the identification of suitable esit for

reintroduction or restoration [9,10] and for asB®gpspotential effects of future climate change qredes

distributions as well as on local species diver§lty,12]. It is also used to enable the analysishefimpacts of
climate change on species, it is essential to ifyahe relative importance of climate relativedther descriptors of
the environment [13,14].

The ecological niche models have also been usedl wide range of applications such as in locatinmg @nd

threatened species habitats [15,16] predictingsfinead of crop pests [17] and in estimating thparse of species
to global climate change [18]. Recent works in tfiédd deals with methodological challenges spect best

ENM-based predictions of suitable areas and ideatibn of conservation priorities[19,20].
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The Western Ghats comprises the major portion ef\Western Ghats and Sri Lanka Hotspot, one of 8bajl
biodiversity hotspots for conservation and oneheffive on the Indian subcontinent. The area isaextlinarily rich

in biodiversity. Although the total area is lesarnt6 percent of the land area of India, the WedBdrats contains
more than 30 percent of fauna and flora found hdnLike other hotspots, the Western Ghats hdagtagroportion

of endemic species. The Western Ghats contains rausienedicinal plants and important genetic resssistich as
the wild relatives of grains, fruits and spicesatidition to rich biodiversity, the Western Ghat$ome to diverse
social, religious, and linguistic groups. The hightural diversity of rituals, customs, and lifdsty has led to the
establishment of several religious institutionst teaongly influence public opinion and the polticdecision-

making process. Conservation challenges lie in gingathese heterogeneous social groups and inghlviam in

community efforts aimed at biodiversity conservatémd consolidation of fragmented habitats in thisot.

Syzygium caryophyllatum (L.) Alston., commonly known as Wild black plum,nzedium sized tropical evergreen
tree belongs to the family Myrtaceae. The vernacankme of this plant is Jangli jamun in Hindi, Katfara,
Kanipazham or Jnarapazham in Malayalam, Kunta @eraKannadaS.caryophyllatum is native to India and Sri
Lanka; in India the distribution mainly occur inethforests of Western Ghats. Tree grows along margin
of evergreen forests or in open formations from towhigher elevations. Fruits are edible, sweet astdngent in
taste and they are useful in stomatitis and intaktlisorder. The seeds and bark were dried andeitsction was
used for the treatment of Diabetes mellitus [2The leaf and bark extracts of this plant are welbwn for its
antibacterial and antioxidant efficacy [22] . Tiilpeeoples were considering this plant as a boonatdire and its
fruits and seeds were consumed by Paniya tribahuamity of Waynad district, Kerala [23].

Based on the previous reports the extended disimibwf this plant species is reported in Kalakadndanthurai
Tiger Reserve (KMTR) forest located in the Southéfastern Ghats in the Tirunelveli district of Tariadu,
South India [24] and Annamalai hills that form b&tWestern Ghats-Sri Lanka biodiversity hotspoi§ [Based on
the threat perception due to its habitat loss amdan activities natural populations of this speaieson the decline
mode. Due to these pressures this species hasliseghunder the endangered category of IUCN Restl. Oihe
ecological conditions necessary for the survivahisg species can greatly help in conservationa@enThe aim of
this study was to predict suitable habitat distitnu for threatened tree speci8gzygium caryophyllatum using
known presence observations with three differendetiing algorithms (BIOCLIM, GARP and MaxEnt). To
identify the environmental factors associated witbaryophyllatum habitat distribution and to predict suitable
habitat for reintroduction and future conservaidihis species.

MATERIALS AND METHODS

Species occurrence data for Ecological niche modelling

The occurrence points & caryophyllatum were identified based on the field surveys in\fiestern Ghats region
of Tamilnadu, Kerala, Maharastra and Karnatakastaf India and also from the secondary data deliefrom the
literature survey. Thirty two occurrence pointsSfcaryophyllatum were used in the present study. The primary
presence only data was used for modelling theilligton of this endangered species.

Environmental data

The environmental variables were nineteen bioclienedriables used for all the three modelling aildpns (Table
1). These bioclimatic variables were derived frdra monthly temperature and rainfall values in otdegenerate
more biologically significant variables. The bigoltic variables represent, annual trends (e.g. naaual
temperature, annual precipitation), seasonality. @nnual range in temperature and precipitation) extreme or
limiting environmental factors (e.g. temperaturetioé coldest and warmest month, precipitation of ared dry
quarters). These variables were obtained from ¢jiphaterpolated datasets (source: http://www.wolileh.org)

which are presumed to be relevant to plant exigt¢b2, 26, 27]. Analyses were conducted at thellkmn pixels
spatial resolution of the environmental data sets.

Model development

Three different modelling algorithms were usedhia present study following the Open Modeller Degktersion
1.1.0 (downloaded from http://openmodeller.sourmgdmet) software. BIOCLIM, GARP (GARP with the bes
subsets — new open modeller implementation) andBviaglgorithms were run using the above softwag32].
BIOCLIM is one of the earlier modelling techniquelsased on climatic envelop theory. For each given
environmental variable the algorithm finds the meamd standard deviation (assuming normal distrioti
associated with the occurrence points. Each variabbk its own envelope represented by the intgkal CO*
StDev, M + C* StDev], where 'M' is the mean; 'C®'the cut off input parameter; and 'StDeV’ is thendard
deviation. Besides the envelope, each environmewatgble has additional upper and lower limitsetakrom the
maximum and minimum values related to the set ofirence points [28].
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Table 1 Bioclimatic variables used in the model delopment

Variables Details

Biol Annual mean temperature (° C)

Bio2 Mean diurnal temperature range [mean of nigrithax temp—min temp)
Bio3 Isothermality (Bio2/Bio7) (x100)

Bio4 Temperature seasonality (standard deviationx100) (°
Bio 5 Maximum temperature of warmest month (° C)

Bio 6 Minimum temperature of coldest month(° C)

Bio7 Temperature annual range (P5-P6) (° C)

Bio8 Mean temperature of wettest quarter (° C)

Bio9 Mean temperature of driest quarter (° C)

Biol0 Mean temperature of warmest quarter (° C)

Bioll Mean temperature of coldest quarter (° C)

Biol2 Annual precipitation (mm)

Bio 13 Precipitation of the wettest month (mm)

Bio 14 Precipitation of the driest month (mm)

Biol5 Precipitation seasonality (coefficient ofiasion) (mm)
Biol6 Precipitation of wettest quarter (mm)

Biol7 Precipitation of driest quarter (mm)

Biol8 Precipitation of warmest quarter (mm)

Bio19 Precipitation of coldest quarter (mm)

GARP (genetic algorithm for rule set prediction)as ecological niche modelling method based on reetie
algorithm. This modelling approach predicts thaahle environmental conditions under which the gseshould
be able to maintain populations. For input, GARBEsua set of point localities where the species@nk to occur
and a set of geographical layers that might litmét $pecie’s capabilities to survive. This moded isndom set of
mathematical rules which can be read as limitingrenmental conditions [31].

The maximum entropy (MaxEnt) approach estimatesrget probability distribution of the species byding the
probability distribution of maximum entropy (i.¢hat is most spread out or closest to uniform wétference to a
set of environmental variables). Default valuesdifferent parameters, maximum iterations = 500,veogence
threshold = 0.00001 and 50% of data points werd asea random test percentage in the present Rad0].

Model validation

A receiver operating characteristics (ROC) plot w@nerated by incorporating the sensitivity valutg, true
positive fraction against the false positive frantifor all available probability thresholds to meees prediction
accuracy of the models output [32-34]. The serigftivalues were calculated using confusion matAxcurve
which maximizes sensitivity against low false piositfraction values is considered as good modelkiwhias
evaluated by using the area under the curve (AlBZdss-validated AUC values were summarized to jptese
overall model performance by taking mean AUC valaésll model accuracies. The range of AUC is fror@
t01.0. A model providing excellent prediction hasAJC higher than 0.9, a fair model has an AUC lestw 0.7
and 0.9 and a model with AUC below 0.7 is considgreor (Swets 1988). Thiackknife procedure was used to
assess the importance and percentage of contnibotibioclimatic variables. The final potential sjes distribution
maps had a range of values from 0 to 1 which wegeouped into three classes of potential habitats ¥igh
potential’ (>0.6), ‘medium potential’ (0.2-0.4) atholw potential’ (<0.2).

RESULTS AND DISCUSSION

The prediction of suitable habitats for conservatiof the endangered tree specigs caryophyllatum was
successfully predicted by three species distrilbutimdels (BIOCLIM, GARP and MaxEnt). Model outpueried
with the modelling techniques used in the presamtys(Figure 1 a, b & c). SDMs outputs revealed,thaxEnt
predicted largest area (75.95%) under potentidtiligion compared to BIOCLIM (1.73%) and GARP (G%2).
Both GARP and MaxEnt showed a wide range of distidm from low to high probability area in India eteas,
BIOCLIM output is restricted to Western ghats regioof India. The AUC values for the current patEnt
distribution ofS. caryophyllatum were high indicating good predictive model perfarmoe. BIOCLIM and GARP
models showed a good performance with AUC value3.@9 and 0.97 compared with MaxEnt AUC value 6f10.
(Table 2).
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Figure 1 Predicted suitable habitats forS. caryophyllatum a) BioClim b) GARP c¢) MaxEnt
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Table 2 Comparative account of various model output

Parameters Bioclim GARP MaxEnt
Accuracy (%) 100 96.7742 100
AUC Values 0.99 0.97 0.91
Omission error 0 0.0322581 0
Commision error 0 0 0
Threshold 50 % 20 % 30.598%
% of cells predicted present1.73229 %| 5.26753 %| 75.9551%

The jacknife test of variable importance in MaxHbass identified the precipitation of coldest qualiginclimatic
variable 19) as the most important environmentaiate contributed to the model development (FigereOther
variables like Isothermality (bioclimatic varial3¢, Temperature seasonality (bioclimatic variad)leTemperature
annual range (bioclimatic variable 7), Annual ppétation (bioclimatic variable 12), Precipitatiof driest quarter
(bioclimatic variable 17), Annual mean temperat(b®climatic variable 1) and Mean diurnal temperattange
(bioclimatic variable 2) also have considerabledmive values with regard to distribution &fcaryophyllatum
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(Figure. 3). Considering the permutation importaray 9 variables out of 19 contributed to the mlodutput.

Among the 9 variables, temperature seasonality 4pi®4 %) had maximum influence on habitat suligbimodel

followed by annual precipitation (bio 12) (3.5%)daprecipitation of driest quarter (bio 17) (1.8 %A)I three

variables together contributed to 99.3% of the ataon (Table. 3). Potential distribution maps shearious

possibilities for conservation and management isféhdangered tree species. Both MaxEnt and GARP $fzown
a wider range of distribution from medium to higlolpability in South-west and north-east statesndfd and also
showed high probability in some areas of Sri Larikés an another native region 8f caryophyllatum whereas,
Bioclim distribution is restricted as high probadtyilareas in and around the occurrence pointssadiisting natural
populations.

Table 3 Analysis of percent contribution and permuation importance of Bioclimatic variables to MaxEntmodel

Variables | Percentage contribution | Permutation importance
Bio 19 49.5 1.3
Bio 3 17.1 0.1
Bio 4 9.5 94
Bio 7 7.5 0.2
Bio 12 5.3 3.5
Bio 17 35 1.8
Bio 1 34 0.6
Bio 2 1.4 0
Bio 6 0.8 0.1
Bio 18 0.7 0
Bio 15 0.6 0.3
biol6 0.5 0

Figure 2 The Jackknife test for evaluation of relave importance of environmental variables forS. caryophyllatum
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The major role of SDM is to estimate the probapitif occurrence of a given species based on obdgmasence
and (or absence locations) as well as environmentklimatic covariates. A common applicationto$ tmethod is
to predict species ranges with climate data asiqierd. Several studies were done successfullypaedict suitable
distribution habitats for many threatened plantcggee using different modelling algorithms liketemisia sieberi
andArtemisia aucheri, Justicia adhatoda ,Coscinium fenestratum, Tapirus pinchaque andMonotropa uniflora [35-
39]. Ray et al. (2011) [40] reported the predictilistribution modelling of a rare Himalayan medadirplant
Berberis aristata using the three algorithms used in the presentystiéliso in the previous studies, distribution map
of suitable habitat for conservation dépeta septemcrenata [41] and an endangered tr€anacomyricca moniticola
[10] using MaxEnt algorithm with low omission erneas predicted.

Distribution data on threatened species often Hawerecords and are geographically close togetmaking it
difficult to model their appropriate habitat diswition using commonly used modelling approachesse such
data provide limited information for determiningethelationships between the species and their @mvients [10].
Maximum entropy (Maxent) models present good reseNen for small sample size [42]. Maxent is a ivailtate
approach to study the geographic distribution ecgs on a large scale using only presence dake aipecies [30].
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Figure 3 Response curves of the variables that mostntributed to explain the potential distribution of S.caryophyllatum (Isothermality
(Bio 3), Temperature seasonality (Bio 4), Temperate annual range (Bio 7), Annual precipitation (Bio12), precipitation of the driest
quarter (Biol7) and precipitation of the coldest qarter (Bio19)
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The presence points of the species were consideyeabpropriate places for their occurrence. Thentisé data
layers were imported for this model and then diasifanalysis was performed by Maxent softwarentp potential
habitat of distribution pattern of threatened andangered plant species. Maxent has several sttoargcteristics,
it needs only species occurrence data and envirotanéactors; it can examine factor importance bgyvef a
jackknife procedure and also facilitates modelriptetation [30,43].
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Geographical data of threatened species provideddugee of species threats, their distributiong] habitat

requirements of species. It will also be usefuidientifying potentially sensitive or uniquely frégjiecosystems. A
threatened species is the one with narrow hakatage, low climate tolerance; specialised adaptatgpiring an

outside agency for pollination, poor dispersaltsgees, few seeds per fruit and poor viability eéds [44]. The
conservation status of a species can best be gmeklny synthesising information on each of its kngaepulations,
viewed together with any information on changes historical range and evidence of vulnerability o i
characteristic habitat. Mapping by such intringattires of the land as natural regions and phyegptwg areas is
the best way of presenting plant distributions d&@ecies and habitat relationship modelling withcjse locality

data on microclimate, topography and soil in asgar with site-specific location data of concernaga helps in
understanding the interrelationships and contrélbiatic and abiotic factors on species distribatipattern [45].

Natural populations o$. caryophyllatum have always been small, but our modelling distidsuprediction results
showed potential habitat greater than the areshefarctual distribution. These results give an imsigto the

availability of areas suitable for the species’amgration, possibly througdx vitro conservation planning.

CONCLUSION

Our results of potential habitat distribution mdps S. caryophyllatum may help to discover new populations,
identify top-priority study sites or set priorities to restats natural habitat for more effective conservation.
Moreover the effective conservation planning isessary for this tree species for its further exiséein the natural
forests.
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