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Abstract
Background: The insular nature and unique geographical set up of Andaman and Nicobar Islands has led to the
evolution of variety of rare and distinct flora with high endemism. Despite several efforts to document the floristic
richness of the islands, there are no efforts to understand the spatial patterns in the taxonomic and phylogenetic
diversity, and thence to arrive at the biogeographic origin and evolutionary history of the vegetation of this Island
archipelago.
Methods: We used a fine scale spatial distribution and abundance data of woody plants documented from 841
grids along with their phylogenetic data and estimated metrics of taxonomic and phylogenetic similarity to identify
taxonomically and phylogenetically distinct woody plant ‘phytoregions’ within Andaman and Nicobar Islands. We
then arrived at the spatial patterns of the taxonomic richness and diversity and, of phylogenetic diversity across the
entire Archipelago.
Results: We found that taxonomic richness and diversity of woody flora is high in Andaman and low in Nicobar
Islands, whereas Nicobar Islands have a more phylogenetically diverse woody flora compared to Andaman.
We identified three distinct woody plant ‘phytoregions’ within Andaman and Nicobar Islands. The three
identified ‘phytoregions’ broadly match with the geographically isolated Island groups such as Andaman, Car
Nicobar and Great Nicobar Islands; these ‘phytoregions’ also highlight the existence of two broadly distinct
biogeographic zones of woody plants within the Islands.
Conclusion: Our analysis provides new insights into the spatial patterns of diversity of woody flora in Andaman and
Nicobar Islands. We show that (i) both taxonomic and evolutionary affinities identify distinct ‘phytoregions’ closely
segregated across the geographic distribution of the major islands of the archipelago, and (ii) there are two distinct
biogeographic zones, i.e. Andaman flora most closely allied with flora of South western Burma and Nicobar more
related with the flora of Malayan peninsula and Sumatra.
Keywords: Biogeographic zones, Phytoregions, Cluster analysis, Evolutionary distinctiveness, Phylogenetic beta
diversity, Andaman and Nicobar Islands, Woody flora
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Background
The Andaman and Nicobar Islands are the string of
oceanic Islands stretching from southwestern Burma
to northwestern Sumatra, traditionally treated as an
insular subdivision of the Indian Subregion (Oates
and Blanford 1889–1898; Ali and Ripley 1968–1974;
Champion and Seth 1968; Mani 1974). Geologically,
the Andaman and Nicobar Island chain is believed to
have been originated during Tertiary, when Indian
plate collided with the southern edge of Asia and that
the Andamanese/Nicobarese chain is part of the physical boundary, of Tertiary age, separating the ancient
Gondwanan India from southeast Asia (Ali and Ripley
1983). The insular nature, unique geographical set up
and physical Isolation between Islands have contributed to the evolution of rich biological diversity in
the region, with a variety of rare and unique flora
that are highly endemic to the region (Nayar 1996).
The Island region is well surveyed for both flora (Kurz
1870; Parkinson 1923; Thothathri 1965; Lal 1990;
Elkunchwar et al. 1997; Padalia et al. 2004; Tripathi et al.
1994; Rajkumar and Parthasarathy 2008) and fauna (Ball
1873; Abdulali 1981; Abdulali and Grubh 1970; Tikader
1984), but with little attention to unravel the biogeographic and evolutionary history of the biota (Ripley and
Beehler 1989). The geographical proximity of Andaman
Islands to Myanmar and of Nicobar Islands to Sumatra
and Indonesia, have prompted some biogeographers to
believe that the biotic assemblages of Islands bears
close affinities with those of the respective mainlands
(Mani 1974; Balakrishnan and Ellis 1996). In other
words, it is believed that biota of Andaman is derived
from Myanmar and that of Nicobar Islands from
Indonesia and Sumatra (Mani 1974; Balakrishnan and
Ellis 1996). However, this view has been contested by
some (Ripley and Beehler 1989) and such disagreement may stem from the differences in the taxonomic
group that a specific study relies on. For example, the
biogeographic studies are mostly based on bird distribution. But birds are highly migratory and can easily
cross the oceanic barriers rendering them less ideal
system to arrive at the biogeographic affinities. Clearly
resolving the biogeographic patterns and affinities of
Andaman and Nicobar Islands requires data from a
vast set of species and a fine scale data on their distribution. In this paper we present the results of one
such study on plants.
Floristically, Andaman and Nicobar Islands are among
the most diverse regions within Indian subcontinent and
in Indo-Burma and Sundaland biodiversity hotspot.
There are over 2300 recorded vascular plant species
(Arisdason and Lakshminarasimhan 2013) of which over
1400 are woody species (Kurz 1870; Parkinson 1923;
Thothathri 1965). Woody plants, especially trees,
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represent one of the most distinguishing features of
the vegetation in the region and they have been often
used to describe the structure and composition of forest communities (Prasad et al. 2007; Padalia et al.
2004; Tripathi et al. 1994; Rajkumar and Parthasarathy 2008; Prasad et al. 2009). Within the Island region, woody plant richness is unevenly distributed,
increasing from south to north, likely reflecting the
seasonal variation in the rainfall (Ellis 1987). Locally
however, woody plant richness is influenced by additional environmental variables such as forest type,
topography and edaphic heterogeneity (Prasad et al.
2007; Prasad et al. 2009; Padalia and Roy 2010).
Most of floral studies of this area are restricted to a
few patches of the archipelago; and there are hardly any
efforts to map the spatial pattern of plant richness
(Padalia et al. 2004; Tripathi et al. 1994; Prasad et al.
2007; Rajkumar and Parthasarathy 2008; Prasad et al.
2009). Owing to the sedentary nature, and difficulties of
most plants to cross the vast saltwater barrier, the spatial
distribution of woody plant across entire Island region
can provide a valuable insight in to the biogeographic
and biotic affinity of the Andaman and Nicobar Islands.
Phylogenetic analysis along with spatial distribution
of taxa, serves as an effective tool to identify biogeographic groups in a region and thence to trace the
evolutionary source of these groups (Graham and
Fine 2008; Holt et al. 2012). In this paper, we have
used fine scale spatial distribution and abundance
data of woody plants documented from 841 grids
(3.125 km × 3.125 km) spread across entire Island region (Fig. 1) and phylogenetic hypotheses for recorded native woody plants (Additional file 1: Figure
S1) to: 1) describe spatial pattern of richness, taxonomic and phylogenetic diversity 2) test whether
there is significant variation in taxonomic composition and phylogenetic similarity of woody flora
among Island regions and 3) test for the existence of
distinct ‘phytoregions’ within Island region using
taxonomic and phylogenetic similarity of native
woody plants.

Methods
Study area description

The Andaman and Nicobar Islands are a group of
572 Oceanic Islands extending from 6° to 14° North
latitudes and from 92° to 94° East longitudes. Situated
in the junction of Bay of Bengal and Indian Ocean on
one side and South China Sea and the Pacific Ocean
on the other side, these Islands are part of an archipelago spread along 1120 km North to South. The
major portion of this Archipelago constitutes five
main islands, four in Andaman (North, South, Middle
and Little Andaman) and one in the Nicobar (Great
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Fig. 1 Map of the study sites (Andaman and Nicobar Islands) showing the sampled locations of woody vegetation in the transects located in
3.125 km × 3.125 km grid cells

Nicobar) covering a total area of 8239 km2. The
northernmost Island (North Andaman) lies 285 km
south west from mainland of Myanmar. At the southernmost point, great Nicobar lies 189 km northwest
of the Sumatra coast. Further, a deep oceanic trench
more than 1000 fathoms run between the Nicobar
and Sumatra extending up to Narcondam.
Andaman and Nicobar Islands are among the major
biodiversity eco-regions (Indo-Burma and Sundaland
hotspot) in the world (Wikramanayake et al. 2002;
Krupnick and Kress 2003). Like other archipelago,

these tropical Islands are characterized by high endemicity and species diversity (Prasad et al. 2007).
The Islands have a tropical humid climate with little
seasonal variation in temperature (Mani 1974) and
ranges from 21 °C (minimum in December) to 32 °C
(maximum in May). The islands receive rainfall from
both south-west (SW) and north-east (NE) monsoon
winds, the former is from May to September and the
latter is from October to December with the average
annual rainfall ranging from 300 to 3500 mm (Ellis
1987). The mean relative humidity is rather high and
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usually remains between 66% and 85% throughout the
year. Topography is undulating, with hill ranges and
narrow valleys. Soils are mostly acidic, poor in organic carbon and nitrogen (Devaraj 2001). According
to Champion and Seth (1968), the vegetation of
Andaman and Nicobar Islands is classified into six
types: of these three are of evergreen types (Giant
Andaman evergreen, Andaman Tropical Evergreen
and Andaman hilltop evergreen) and others are
Andaman moist deciduous forest, Semi-evergreen forest, Littoral forest and Mangrove forest.
Woody vegetation sampling

The entire Andaman and Nicobar archipelago was divided into 1042 grids of approximately 10 km2 (3.125
km × 3.125 km) area. Among them, some grids falling in
the urban area, well established settlements and plantations were discarded. Further, some of the grids in
Jarawa tribal sanctuary could not be studied as the entry
to this habitat is strictly restricted in order to protect
this dwindling tribe from impending health problems
that may arise due to contact with the outside world.
Thus, a total of 841 grids were studied (Fig. 1). Belt transect(s) totaling a length of 1000 m (and 10 m wide) were
laid in each of these 841 grids; the numbers (1–4) and
the placement of the transects were decided on the basis
of the spatial heterogeneity as observed from the NDVI
value cumulated over a year (Ganeshaiah 2012). In each
transect, all plants with > 10 cm DBH (diameter at breast
height) were enumerated. Entire data was compiled into
a database.
All specimens collected during the field studies
were identified using local floras such as A Forest
Flora of Andaman Islands (Parkinson 1923), Flora of
Andaman and Nicobar Islands (Hajra et al. 1999),
Flora of Great Nicobar Islands (Sinha et al. 1999),
Flora
Malesiana
(http://portal.cybertaxonomy.org/
flora-malesiana/node/1) and a number of research papers published based on materials from these Islands.
Further, the identifications were confirmed in consulting herbaria such as The Central National Herbarium
(CNH) (CAL), Andaman and Nicobar regional center,
PortBlair Herbarium (PBL) and virtual herbaria of
Royal Botanic Gardens Kew (K) and Naturalis
Biodiversity Center (National Herbarium Nederland)
(L). We made 3–5 duplicates of all collections and
sets are deposited in herbaria of CAL, PBL, Sri
Krishnadevaraya University (SKU), Andhra Pradesh
and University of Agricultural Sciences, Bengaluru
(UASB). Although two of the co-authors (M Sanjappa
and C Murugan) have worked on the flora of these
Islands and could identify majority of the species in
the field, but every species mentioned is backed by
voucher specimens. The herbarium acronyms given
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are as per “Index Herbariorum”- a international database maintained by the New York Botanical Garden,
USA.
To further compare the taxonomic composition of
woody flora from Islands with that of mainland Asia, we
developed a woody species list of mainland Asian regions which possibly acted as a source species pool that
bound Island regions: (1) Southern India/Sri Lanka, (2)
Southwestern Burma, (3) the Malay Peninsula (inclusive
of Malaysia, peninsular Burma and Southern Thailand),
and (4) Sumatra (Additional file 1: Figure S2) (Ripley
and Beehler 1989). These four source areas are roughly
equivalent biogeographic entities, and thus useful for
purposes of comparison (Graves & Gotelli 1983). We
complied species lists for these four source areas
from multiple sources including published literature,
online databases and floras (Additional file 1: Table
S1). We also compared the taxonomic composition of
woody flora within Island region, by dividing entire
Island into eight different zones (each consisting of
cluster of Islands) which consisted of six zones from
Andaman Islands (two zones each from northern,
middle and southern part of Andaman Islands) and
two zones from Nicobar Islands (Additional file 1:
Table S2). Then for each zone, we specifically developed species occurrence and abundance list for overall taxa as well as endemic taxa and did pairwise
comparison of number of taxa shared between each
Island zones (Additional file 1: Table S2).
Generation of phylogenetic hypothesis

We constructed a phylogeny for 696 woody plant species of Andaman and Nicobar Islands by adopting the
following procedure: First, we grafted the species
names of the 696 woody plants onto a backbone of
the super tree published by Zanne et al. (2014) and
matched the names. Among the 696 species, 301
(44%) were present in Zanne et al. (2014) super tree.
The remaining 395 (56%) species were included in
the phylogeny either as basal polytomies within the
genus (Culmsee and Leuschner 2013; Hawkins et al.
2014) or placed randomly within the clade of their
sister taxa by referring to molecular systematic literature (Brunbjerg et al. 2014). We used match.phylo.data function in PICANTE (Kembel et al. 2010) and
drop.tip function in PHYTOOLS (Revell 2012) to
match and prune the mega phylogeny of Zanne et al.
(2014) to the focal species list of Andaman and
Nicobar Islands. By following the above procedure,
we generated 101 phylogenetic topologies for woody
plant species of Andaman and Nicobar Islands, which
includes one maximum clade credibility tree and 100
bootstrap set of time-scaled MLE trees obtained using
mega phylogeny of Zanne et al. (2014) (http://
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datadryad.org/resource/doi:10.5061/dryad.63q27.2/3.1).
The phylogeny showing the relationships of 696
woody plant species of Andaman and Nicobar Islands
is given in Additional file 1: Figure S1.
To account for phylogenetic and branch length uncertainties, all phylogenetic diversity and clustering analyses
were repeated across the 101 phylogenetic trees.
Computing taxonomic and phylogenetic diversity

We first computed the basic taxonomic diversity measures such as species richness, Simpson and Shannon’s
diversity Index for each grid and for each Island zone.
We also computed the following phylogenetic diversity
metrics for each grid and for each Island zone.
Standardized effect size of phylogenetic diversity
(PDSES): We first calculated Faith’s PD for each grid as
the summed length of unique branches leading to
species of the grid in the phylogeny excluding the root.
Because PD is strongly correlated with species richness (Forest et al. 2007; Fritz and Rahbek 2012), we
calculated deviation of PD from a global null expectation (PDrandom) as the mean value of PD over 1,000
trees generated by randomly reshuffling the species at
the tree tips (phylogeny pool null model). Then, we
used the following formula to calculate the PDSES.
PDSES ¼ ðPD ‐ PDrandom Þ=sd of PDrandom

ð1Þ

Standardized effect size of mean pairwise phylogenetic distance (MPDSES) among species in each grid
was calculated using following formula.
MPDSES ¼ ðMPD ‐ MPDrandom Þ=sd of MPDrandom
ð2Þ
The null model used for both phylogenetic diversity
measure was abundance weighed. The negative values of
PDSES and MPDSES indicate phylogenetic clustering
(lower than expected phylogenetic diversity) whereas
positive values indicate overdispersion (higher than
expected phylogenetic diversity). All taxonomic and
phylogenetic diversity measures were calculated using
following packages: APE (Paradis et al. 2004), PICANTE
(Kembel et al. 2010), VEGAN (Oksanen et al. 2015) and
PHYLOMEASURES (Tsirogiannis and Sandel 2016).
The taxonomic and phylogenetic diversity indices were
mapped on to grids and processed using ArcMap 10.0
(ESRI (Environmental Systems Resource Institute) 2010).
Beta diversity metrics and delineating clusters or floristic
regions

To delineate the taxonomically and phylogenetically distinct floristic regions, we conducted cluster analyses on
pair-wise matrices of taxonomic and phylogenetic beta
diversity (hereafter “β” and “pβ”). Beta diversity (β)

represents the composition dissimilarity of species found
between two communities (i.e. variation of the species
composition of assemblages), which can be the outcome
of two different phenomena: spatial species turnover and
the nestedness of assemblages (Baselga 2010). On the
other hand, phylobetadiversity (pβ) represents the variation in the phylogenetic composition of assemblages,
which is a measurement related to evolutionary time. pβ
can also be partitioned into two components related to
lineage turnover and the phylogenetic nestedness of assemblages (Leprieur et al. 2012). Therefore, the selection
of the dissimilarity measure used to quantify the differences between assemblages (beta diversity (β)) can be
crucial, because different dissimilarity indices account
for the two phenomena in different ways.
Thus, following Baselga (2010) we used two dissimilarity measures Simpson index (sim) and Sørensen index
(sor), which accounts for both turnover and nestedness
components in calculation of beta diversity (β). Hereafter, we refer βsim and βsor for taxonomic component
of Simpson and Sørensen beta diversity and pβsim and
pβsor for phylogenetic component of Simpson and
Sørensen beta diversity. The βsim metric is preferable to
other beta diversity metrics because it is insensitive to
differences in species richness among assemblages
(Lennon et al. 2001), thus provide an unbiased estimation of compositional turnover among grid cells (Kreft
and Jetz 2010). The βsor metric is also preferable, because this metric is influenced by diversity gradients,
which are very relevant to study the spatial pattern of diversity (Jønsson and Holt 2015). The phylogenetic beta
diversity (pβsim and pβsor) were calculated similar to
taxonomic beta diversity (βsim and βsor), where the proportion of shared phylogenetic branch lengths of the
phylogenetic tree between cells are substituted for species (Graham and Fine 2008). Both βsim and βsor values
range from 0 (when species composition is identical between grid cells), to a maximum value of 1 (when there
are no shared taxa). Finally, we generated pairwise distance matrices of taxonomic (βsim and βsor) phylogenetic beta diversity (pβsim and pβsor) between all grid
cells at the 3.125 km × 3.125 km scale and subjected
these beta diversity matrices to further cluster analyses.
In order to choose a best clustering algorithm, which
can identify best number of spatial clusters or floristic
regions, we performed eight hierarchical clustering algorithms on the βsim, βsor, pβsim and pβsor matrices: single linkage, complete linkage, unweighted pair-group
method using arithmetic averages (UPGMA), unweighted pair-group method using centroids (UPGMC),
weighted pair-group method using arithmetic averages
(WPGMA), weighted pair-group method using centroids
(WPGMC), Ward’s minimum variance and DIANA’s divisive hierarchical method.
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The validity of clustering results was evaluated
using the cophenetic correlation coefficient (Sokal and
Rohlf 1962), which defines the relationship between
the terminals of a dendrogram with the original distance matrix for all cluster methods and has a value
between 0 (poor correlation) and 1. High co-phenetic
values indicate strong support for the placement of
the cluster whereas low values indicate weak support.
This therefore represents a direct measure of how
much of the original information is retained in the
dendrogram (Kreft and Jetz 2010).
Determining optimum number of clusters is always a
challenging issue (Milligan and Cooper 1985; Heikinheimo
et al. 2007; Escalante et al. 2013). Here, we used three different methods to determine optimum number of clusters
and to identify distinct floristic regions: Elbow method,
Average Silhouette method and Gap statistic method.
Finally, we delimited clusters (or floristic regions)
using a scatter plot (cluster plot), non-metric multidimensional scaling (NMDS) ordination and hierarchical
dendrogram of dissimilarity on the βsim, βsor, pβsim
and pβsor matrix. All analyses were conducted in R (R
Core Team 2013), using the R-libraries APE (Paradis et
al. 2004), PICANTE ((Kembel et al. 2010), BETAPART
(Baselga and Orme 2012), VEGAN (Oksanen et al. 2015),
CLUSTER (Maechler et al. 2013) and NBCLUST (Charrad
et al. 2014). Geographical data and maps were processed
in ArcMap 10.0 (ESRI (Environmental Systems Resource
Institute) 2010).
Characterizing the cluster features

We characterized the clusters based on their association
with the ten most dominant and rare families. The ten
dominant and ten rare families were chosen based on
their frequency of occurrence in grid cells; the families
present in more than 50% of grid cells were categorized
as dominant and those present in < 15% of grid cells
were categorized as rare families. Then, we computed
the Chi-Square values as a surrogate of contribution of
each family to the delimited clusters (floristic regions).
We also evaluated the differences in various taxonomic and phylogenetic diversity measures among
delimited clusters or floristic regions based on pβsim
using one-way ANOVA. TukeyHD test was used to determine if the mean difference in various taxonomic and
phylogenetic diversity measures between specific pairs of
delimited clusters (floristic regions) are statistically significant. The ANOVA test assumes that, the data are
normally distributed and the variance across groups are
homogeneous. We checked for normality of data and
homogeneity of variance among clusters using residuals
versus fits plot and Levene’s test.
All statistical analyses were conducted using the following R packages: VEGAN (Oksanen et al. 2015), CAR
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(Fox et al. 2012), CORRPLOT (Wei and Simko 2017)
and VCD (Meyer et al. 2014).

Results
The composition, endemism and affinities of island
woody flora

We recorded 696 woody plant species in Andaman and
Nicobar Islands during our extensive field survey. Of
which, 66 (9.5%) taxa are endemic to the Island region. 58
(86%) of 66 endemic taxa occur in Andaman, whereas
only 28 (42%) endemic taxa occur in Nicobar Island. Of
the 66 endemic woody taxa, 38 (58%) taxa exclusively
occur in Andaman, 9 (14%) taxa exclusively occur in
Nicobar and 19 (29%) taxa are shared between Islands.
We found considerably high difference in woody flora
shared between Andaman and Nicobar Islands (Additional
file 1: Table S2). Only 163 of the 275 (59%) species of
Nicobarese woody plants also occur in Andaman. By comparison, the number of taxa shared was higher among
zones within Island than among the zones in two different
Island (Additional file 1: Table S2). The zones (Nicobar 1
and 2) in Nicobar Island shared only 35% to 56% of their
woody flora with six Island zones in Andaman (Additional
file 1: Table S2). Further, the Island zones in Andaman had
higher species richness than Island zones in Nicobar
(Additional file 1: Table S2). However, the endemic species
richness did not differ much among Island zones
(Additional file 1: Table S2).
Further, to test our hypothesis that the Andaman and
Nicobar constitute a phytogeographically different unit
of woody flora, we compared the relationship of woody
flora from the two islands to the four postulated source
regions (Additional file 1: Figure S2). A Chi-square test
comparing the relative affinities of woody flora from
these two islands with those of south-western Burma,
Sumatra, South India and Malayan peninsula, showed us
relatively significant difference (df = 3, χ2 = 6.444, P >
0.092), indicating the Andamanese and Nicobarese
woody flora are subsets of a different phytogeographic
unit. Of the 584 woody taxa recorded in Andaman
Island, 375 species (64%) also occur in South western
Burma, while the other source areas share between
43% to 51% of the island woody flora (Additional file
1: Figure S2). In comparison, of the 275 woody taxa
recorded in Nicobar, 185 species (65%) occur in
Malayan peninsula, 165 species (58%) are shared with
Sumatra, while the other source areas share between
40% to 53% of island woody flora (Additional file 1:
Figure S2). Then, the woody flora of Andaman Island is
most closely allied with source woody flora of South
western Burma and Nicobarese woody flora is most
closely allied with source woody flora of Malayan
peninsula and Sumatra (Additional file 1: Figure S2).
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A number of studies have stated that the biota of the
Andaman and Nicobar Islands substantially differ from
each other (Elwes 1873; Ball 1873; Wallace 1876; Blanford 1901; Mani 1974). This pattern is highly evident for
the island woody flora (Additional file 1: Figure S2).
Spatial pattern of taxonomic and phylogenetic diversity
of woody flora in islands

The spatial distribution pattern of woody plant richness at all taxonomic levels (family, genus and species) did not show the expected trend of increasing
richness from north towards equator. In fact, the
Andaman Islands in the north, especially the mid part
of Andaman area (12° to 13° N) showed high diversity
of families, genera and species (Fig. 2a to c); Lowest
richness at all these taxonomic levels was seen at and
around the Car-Nicobar Islands (8° to 11° N). The
great Nicobar island group at the southernmost tip
(6° to 7.5° N) also showed a few patches of relatively
high taxonomic richness (Fig. 2a to c). This disjunct
pattern of richness at the north and south was more
evident with the taxonomic diversity estimates. The
Shannon and Simpson taxonomic diversity indices
showed high diversity in the entire Andaman Islands
in the north (10° to 14° N) and in the Nicobar
Islands in the south (6° to 7.5° N), but poor diversity
in the middle of Archipelago (8° to 11° N, Fig. 3a and
b). This pattern was also reflected in the phylogenetic
diversity, though southern part of the archipelago was
phylogenetically more diverse (Fig. 3c and d) from
6.58° to 9° N. The taxonomic and phylogenetic similarity of the woody flora however, showed decreasing
trend from south to north (Figs. 4a to b). The woody
flora in Andaman Islands were both taxonomically
and phylogenetically distinct (less similar) compare to
woody flora in Nicobar Islands (Fig. 4a to b) (see
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Additional file 1: Figure. S5C to S5D for the comparable distribution of phylogenetic similarity of woody
flora across geographic space of Andaman and
Nicobar Islands using Sorenson dissimilarity index).
Among eight zones in Bay Island, the two zones
(Nicobar 1 and 2) in Nicobar had lower species richness and taxonomic diversity compare to six Island
zones in Andaman (Additional file 1: Table S3). The
phylogenetic diversity showed contrasting trend to
that of taxonomic diversity (Additional file 1: Table
S3). The Island zones in North Andaman and
Nicobar had higher phylogenetic diversity compared
to Island zones in middle and south Andaman
(Additional file 1: Table S3).
Of the eight alternative clustering algorithms, UPGMA
(unweighted pair-group method using arithmetic averages) was chosen as the best clustering algorithm to
delineate clusters or floristic regions using original distance matrix of both taxonomic (βsim and βsor) and
phylogenetic (pβsim and pβsor) beta diversity ((βsim and
βsor: cophenetic r = 0.775 and 0.700), (pβsim and pβsor:
cophenetic r = 0.689 and 0.750); Additional file 1: Table
S4). The ‘Elbow’ method and ‘Average Silhouette’ method
identified 3 optimal clusters for βsim and βsor and 3 and
2 optimal clusters respectively for pβsim and pβsor (see
Additional file 1: Figures S3 to S5). They were used to
delineate taxonomically and phylogenetically distinct floral
regions in Andaman and Nicobar Islands.
The phylogenetic clustering using Simpson Dissimilarity index thus indicated three distinct vegetation groups
that showed a clear spatial segregation across the archipelago (Fig. 5b). Vegetation type of cluster 1 that occurred in 466 grids (4713 km2) was distributed mostly in
the Andaman group in the north (10° to 14° N), while
that associated with cluster 3 was distinctly restricted to
160 grids (1617 km2) in the Nicobar group in the south

Fig. 2 Map showing the woody vegetation richness pattern across different taxonomic level per transect in the Andaman and Nicobar Islands. a
Family richness, b Genus richness, c Species richness
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Fig. 3 Map showing the taxonomic and phylogenetic diversity pattern of woody vegetation per transect in the Andaman and Nicobar Islands. a
Taxonomic Simpson diversity, b Shannon diversity index, c Faith’s phylogenetic diversity and d Mean phylogenetic diversity (MPD)

(6.5° to 8° N) in; vegetation type of cluster 2 occurring in 180 grids (1820 km2) was spread out in the
islands between these two major areas in the central
part of the archipelago (Fig. 5b). Taxonomic clusters
also reflected a similar but not so spatially distinct
separation; vegetation of Andaman Islands in the
north appears distinct from that of Nicabar islands in
the south, though the boundaries were not so clear as
in phylogenetic clustering (Fig. 5a) (see Additional file
1: Figures S6A to S6B for the comparable distribution
of clusters using Sorenson dissimilarity index).

We further explored taxonomic and phylogenetic
relationships among woody flora of Andaman and
Nicobar Islands using NMDS ordination (Fig. 5c and
f ) and a hierarchical dendrogram (Additional file 1:
Fig. 5b and e). The NMDS ordination indicates clear
separation between cluster 1 and cluster 3 for phylogenetic clusters (Fig. 5f ), whereas the separation
among three clusters were not clear for taxonomic
clusters (Fig. 5c). Similarly, hierarchical dendrogram
indicates clear separation between cluster 1 and cluster 3 for phylogenetic clusters (Fig. 5e), whereas clear
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Fig. 4 Map showing the taxonomic and phylogenetic similarity of woody flora in Andaman and Nicobar Islands. a Taxonomic Simpson dissimilarity
index and b Phylogenetic Simpson dissimilarity index

separation among all three clusters (cluster 1, 2 and
3) for taxonomic clusters (Fig. 5b).
We then characterized the features of these clusters
on the basis of their taxonomic richness, taxonomic and
phylogenetic diversity and family composition:
a) Richness, taxonomic and phylogenetic diversity:
We also investigated difference in taxonomic and
phylogenetic diversity among three delimited
phylogenetic clusters and found that both
taxonomic and phylogenetic diversity measures
differed significantly among all three phylogenetic
clusters (Additional file 1: Table S5 and Additional
file 1: Figures S7A to S7F). Mainly, cluster 2 had
significantly higher species richness and taxonomic
diversity compare to other clusters (cluster 1 and 3)
(Additional file 1: Figures S7A to S7C), whereas
cluster 3 had significantly higher phylogenetic
diversity compare to cluster 1 and cluster 2
(Additional file 1: Figures S7E to S7F).
b) Family composition: Among the ten dominant
families: Meliaceae contributed significantly to all
three clusters by representing 52% to 55% of total
species and Fabaceae and Myristicaceae contributed
only to cluster 3 by representing 18% to 71% of
total species in the family (Additional file 1: Figs. 6a
to b and Additional file 1: Table S6). Whereas
among rare families, Gentianaceae contributed the
most to cluster 3 followed by Lauraceae,
Melastomataceae Putranjivaceae, Nyctaginaceae and

Asparagaceae by representing 0 to 100% of total
species present in the families and only
Gentianaceae and Nyctaginaceae contributed to the
cluster 2 by representing 33.3% to 100% of total
species present in the families respectively
(Additional file 1: Fig. 6c to d and Additional file 1:
Table S6) (also see Additional file 1: Figures S8 to
S10 for the comparable contribution of dominant
and rare families to taxonomic and phylogenetic
clusters using Sorenson dissimilarity index)

Discussion
We used fine scale spatial distribution and abundance data
of woody plant species from 841 grids (3.125 km × 3.125
km) and their phylogenetic relatedness to unravel the
spatial pattern of taxonomic and phylogenetic diversity of
woody flora in Andaman and Nicobar Islands, a 550 km
long archipelago well known for its rich, unique and diverse flora (Kurz 1870; Parkinson 1923; Thothathri 1965).
We found contrasting patterns for richness, taxonomic
and phylogenetic diversity of woody flora in Andaman
and Nicobar Islands. The Andaman Islands had higher
family, genus and species richness and high taxonomic diversity of woody flora compare to Nicobar Islands. We observed opposite trend for phylogenetic diversity, with
Nicobar Islands having a higher phylogenetic diversity
compared to Andaman Islands. The expected latitudinal
pattern of increasing diversity along North-South gradient,
(now shown by several workers in several taxa) is surprisingly not seen in Andaman and Nicobar Islands (Cook
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Fig. 5 Relationship among taxonomically and phylogenetically distinct floral regions for the woody flora of Andaman and Nicobar Islands
presented as a Map a) and d), a circular dendrogram of dissimilarity as delimited by UPGMA hierarchical clustering of taxonomic (βsim) and
phylogenetic beta diversity (pβsim) in 3.125x3.125 km grid cells b) and e), and NMDS ordination plot for taxonomic (βsim) and phylogenetic beta
diversity (pβsim) c) and f). Note: Grid cells cluster into 3 taxonomically and phylogenetically distinct floral regions based upon “Elbow” and
“Silhoutte” method in b) and e)

1969; Owen and Owen 1974; Santelices 1980; Cushman et
al. 1993; Pyron and Burbrink 2009; Rivadeneira et al. 2011;
Valdovinos et al. 2003; Abrahamczyk et al. 2014; Duchêne
and Cardillo 2015; Morinière et al. 2016). Rather the diversity showed a disjunct pattern of high richness in the
north (Andaman Islands) and in the south (Nicobar
Islands) but with poor diversity in central part of archipelago. There could be two reasons for this spatial pattern:
1) Unusual distribution of climatic variables in the
archipelago: For example, the Andaman Islands on
an average receive high rainfall and show little
variation in precipitation seasonality compared to
Nicobar Islands (Ellis 1987). However, our results
also suggest that, many climatic variables related to
precipitation show increasing trend from North to
South showing peak in mid latitude at 12o to 12.5o
N, whereas temperature shows weak decreasing
trend (results not shown). Thus, the climatic

variables can only partly explain the disjunct and
contrasting spatial pattern of richness and diversity.
Though, multiple studies from tropical region have
shown that, species richness, taxonomic and
phylogenetic diversity patterns are strongly
correlated with climatic variables such as
precipitation, temperature etc. (Ramesh et al. 2010;
Joseph et al. 2012; González-Caro et al. 2014), we
did not find such effect of climatic variables in
shaping the diversity pattern in Andaman and
Nicobar woody flora.
2) Different vegetation assemblages along archipelago:
We found that the vegetation of the North and
South constitute two separate assemblages with the
central part of the Archipelago having an
intermediate type between these two (Fig. 5). Such
diverse vegetation composition could have
disturbed the expected latitudinal gradient of
diversity. In support of this, there was a clear
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Fig. 6 Bargraph showing contribution of ten dominant and rare families to each of the three taxonomic and phylogenetically distinct cluster as
delimited by UPGMA hierarchical clustering of taxonomic and phylogenetic beta diversity (pβsim) in 3.18 km × 3.18 km grid cells in Andaman and
Nicobar Islands: a and c contribution of dominant and rare families to taxonomic cluster; b and d contribution of dominant and rare families to
phylogenetic cluster

difference in the richness and diversity of these
clusters (see Additional file 1: Figure S7). Further,
the observed pattern of richness and diversity
(taxonomic and phylogenetic) of woody flora
among Andaman and Nicobar Islands might also be
explained by other factors such as habitat
heterogeneity (Murali et al. 2003), area of the
Islands (Diamond 1970; Mayr and Diamond 1976;
Heaney 1986), historical biogeography of flora
(Ricklefs and Schluter 1993; Ricklefs 2004) and
speciation and extinction processes (Hubbell and
Foster 1986). However, future studies incorporating
these factors may further reveal their importance
on spatial assembly and diversity pattern of flora in
Andaman and Nicobar Islands.
The three identified Phyto-regions are spatially
segregated and match with three major geographically
separated island clusters such as Andaman (North), Car

Nicobar (central part) and Great Nicobar Islands
(South). While two major clusters occupied the extreme
parts of archipelago, Cluster 1 in North (Andamans) and
Cluster 3 in the South (Nicobar) and Cluster 2 which
seems to be composed of the species from the major
clusters occupying the mid zone of archipelago and
hence could represent a confluence of the two Phyto regions from either end of the archipelago. The comparison of woody flora of Island and four possible mainland
source regions support the affinity of Andamanese
woody flora with south-western Burma and affinity of
Nicobarese woody flora with Malayan peninsula and
Sumatra. Results suggest that the woody flora colonized
island regions at least from two main route- south-western Burma and Malayan peninsula. The Island woody
flora that occur in two main possible source regions include 425 (61%) species for Burma, 369 (53%) species
for Malayan peninsula, 321 (46%) species for south
India, and 311 species (44.7%) for Sumatra. The
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importance of different source regions to colonization of
woody flora in Andaman and Nicobar islands is also
supported by distinct taxonomic composition of these
islands. Only 163 of the 275 (59%) Nicobarese woody
species also occur in Andaman. The importance of
Burma, Malayan peninsula and Sumatra for colonization
of woody flora in different parts of Bay Island such as
Andaman and Nicobar are supported by their higher
affinity of woody flora with respective Island regions.
Andaman shared their higher number of taxa (64%) with
south-western Burma and Nicobar shared their higher
number of woody taxa with Malayan peninsula (65%)
followed by Sumatra (58%). Thus, it appears possible
that the flora of North part (Andamans) is derived from
Myanmar while that of the South (NB) is derived from
Sumatra region as it has been proposed earlier (Elwes
1873; Balakrishnan and Ellis 1996). The mid part woody
flora might have evolved as a result of confluence of
these two regions. However, the long physical gap (100
gap ocean) above the Car-Nicobar Islands may have restricted a complete merger of the vegetation over time.
A strong association of certain families with the three
clusters (Fig. 6 and see Additional file 1: Figure S9) also
supports the taxonomic and evolutionary distinctiveness
of three identified Phyto-regions within Andaman and
Nicobar Islands. Thus, it is likely that the spatial assembly, taxonomic and evolutionary diversity of woody flora
in Andaman and Nicobar Islands may be better explained by multiple factors.
Though, previous studies have made an effort to
document the richness and diversity of woody flora in
Andaman and Nicobar Islands, they are all restricted locally to either part of Andaman or Nicobar Islands (Lal
1990; Elkunchwar et al. 1997; Padalia et al. 2004;
Tripathi et al. 1994; Rajkumar and Parthasarathy 2008;
Prasad et al. 2009). However, our study represents the
first effort to document the spatial distribution pattern
of richness and diversity of woody flora across entire
Andaman and Nicobar Islands by documenting distribution and abundance of woody flora at very fine scale following grid sampling method (841 grids of size 3.18
km × 3.18 km). Moreover, our study also for the first
time estimated the spatial pattern of woody plant phylogenic diversity in the region. Woody plants represent the
important distinguishing feature of vegetation types in
Andaman and Nicobar Islands. They are well represented by both angiosperm and gymnosperm plant families and occur across a diverse range of habitat types
including Mangrove forest and Littoral forest.
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