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ABSBTRACT

The diversity of ecosystems in Khangchendzonga Biosphere Reserve
(KBR) waz surveyed and ecosystem types were identified based on
dominant vegetation. Six major ecosystem types were studied and
characterized; these were related to altitudinal gradient, Species
diversity in each identified ecosystem type was investigated. Study
reveals that the species diversity and richness g:?;:"ki"terrfm of the different
vegetation component vary with ecos system types; there is a negative
correlation between species diversity and altitude for woody
components (trees and shrubs), while the herbaceous cm'xmon.ems are
not significantly correlated. The forest eso‘%y stems hold more plant
diversity than other ecosystems, the highest being the riverine forest.
Among life forms, herbs are most abundant in all ecosystems; 93%
in alpine meadow, 89% in ”Hbtl(}pluﬂ grassland and 67% in scrub
vesptation. However, forest ecosystems have greater equitability in Hife
form distribution than other ecosystems. Species donsity 18 correlyted
with the community structure of the ecosystem. Maximum herbacecus
density is seen in the subtropdcal grasstand and the alpine meadow.

Koy words: Sikkim Himaluyas, KOR, cvosysiem diversity, species diversity,

coRmuniiy sieneiire.
Tntroduction

Ecosystem diversity denotes the diversity of habitats, communi-
ties and ecological processes within the biosphere. Studies of
ecosystem diversity are carried out at different scales, from one
ecosystern to an entire region containing several different
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ecosystems. Regions containing a great variety of ecosystems are
rich in biodiversity. The enormous range of terrestrial and aquatic
environments on earth has been classified into a number of
eCosysiems.

Plants have been used extensively in terrestrial ecological
classification systems because they dominate the structure of
those communities and are much easier to sample than animals.
de Candolle (1874) proposed a classification of plant communi-
ties based on life forms because he believed that life forms were
determined by climate. More complicated schemes of describing
life-forms of plants and characterizing plant communities by the
relative dominance of plants with different life-forms and shapes
were developed by Raunkaler (1934) and Halle ef al. (1978).
Holdvidge's (1967) devised life zone system, using climatic
variables, to predict the naturally occurring climax community.

Great variety of environments found in Himalayas has
created diverse ecosystem types rich in species and genetic
diversity. As a result, the region is one of the richest zones in bio-
logical diversity in the world. The Khangchendzonga Biosphere
Reserve (KBR), with a total area of 1784 sg. km in the core and
825.92 sq. kun in the buffer zone 15 a representative of Eastern Hi-
malayan region (5ingh, 2000). The Biosphere reserve which is lo-
cated in the Sikkim Himalayas is one of the richest areas of
biodiversity in the Himalayan range, being home to about 140
endemic plant species spread over 41 families (Sharma et al., 2001),
in addition fo the outstanding levels of species diversity and
endemism, the eco-region also plays an important role in main-
taining altitudinal connectivity between the habitat types that
make up the larger Himalayan ecosystem. The topography, the
altitudinal variation and the pealks along with the forest wilder-
ness in the biosphere reserve have enriched the KBR with
biodiversity. Several workers have studied the pattern of species
richness at landscape level (Roy and Behera, 2005). An attempt
has been made in the present study to identify and characterize
the diversity of ecosystem types in the KBR and to assess the
plant species diversity in these ecosystems using geographical and
phytosociological data collected through extensive inventory and
intensive study.
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Study Sites and Methodology
Study sites

The study was conducted in West Sikkim district. The district
characteristically represents all the ecosystem types of the XBR
owing to its location. The KBR is located at 27°15" N to 27°57'N
latitude and 88°02"E to 88°40"E longitude. The elevation ranges
from 1500 m to over 4500 m in the high alpine mountains of
Dzongrt and Yambung. West Sikkim covers both the buffer and
core zones of KBR. The core zone encompasses the higher altitude
of temperate and alpine forests. The buffer zone is located in the
lower Himalayan belt from subtropical extending to the temper-
ate region. Agricultural activities, human settlements and other
land-use, particularly in the buffer zone, increase the landscape
heterogeneity into natural and various man-impacted ecosystems.
The sampling was done in the north-west and south-west parts
of the district, from the subiropical upto the alpine zones of Dzongri
and Yambung, respectively. The whole area was inventorized
and the ecosystem types were identified based on dominant
vegetation.

Methodology

The community characteristics of the identitied ecosystems were
stuclied. Thirty 10 m x 10 m quadrats were laid randomly for trees,
5 m x5 m quadrats for shrubs and 1T m x 1 m quadrats for herba-
ceous component. The numbers for each vegetation components
were determined by species-area curve. Quantitative characters
such as frequency, density, abundance and IVl were determined
tollowing Misra (1968) and Muller-Dombois and Ellenberg (1974).
The vegetation components were further assigned to six life
forms viz., trees, scrubs, shrubs, lianas, herbs and epiphytes. For
epiphytes, only species composition was studied in all the
ccosystems.

Species richness, diversity, equitability and concentration of
dominance were also analysed in each ecosystem type, using stan-
dard ecological indices such as Shannon-Weiner (1963) diversity
mndex, Beta-diversity index (Whittaker, 1972), evenness index
Plietou, 1969) and dominance index (Simpson, 1949). Major
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terrestrial ecosystem types were identified along the altitudinal
gradient in the KBR and shown in Table 1.

Resulls %
Ecosystem diversity
Fhe landscape is composed of two major types of ecosystems

(1) grasslands, and (ii) forests. The former is represented by
the subtropical grassland and alpine meadow, while the latter
comprises the forests and alpine scrub ecosystem. In all, six major
terrestrial ecosystem types could be identified in the Himalayan
terrain of KBR (Table 2). The diverse ecosystem types have
originated due to complexity of landscape structure and wide
altitudinal variation. The buffer zone comprises the subtropical
riverine forest and grassland ecosystems. The subtropical forests
of KBR are typically riverine that stretch along the rivers and
tributaries in KBR. The temperate forests occupy the mid-altitude
in the buffer zone, which gradually merges into the alpine forests
in the core zone, The alpine scrubs are located below the tree-
line upto an altitude of 4000 m. The alpine meadows are widely
distributed between tree line and snow line habitats. Among the
grasslands, the alpme meadow represents the natural grassland
cCosystem.

lable 1. List of terrestrial ecosystem types identified along the
altitudinal gradient

Altitudinal  Altitudinal - Ecosystem Formation Type
done R N
subtropical  1500-2000  Subtropical Natural (River-side/
Riverine Foresis Catchinent forest formation)
Grassland Man-induced (Jhum land
ete.); pasture land
Temperate’  2000-3500  Temperate Broad- Natural
leaved Forest and
Temperate Moist Man-induced
Pasture land
Alpine 3500-4500  Alpine Forest, Natural
Meadows and Natural and induced

Rhododendron Scrub Natural and induced
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ey

hve distribution of gc OSystens i the KBR 15 strongly corre-
ated with altitude, which tollows the general altitudinal pattern
of ecosystem Eaﬁmwzmw (Richerson and Lum, 1980). Kaul and
Haridasan (1987) have related the distripution of various forest
types with altitudinal variation in Avunacnal Pradesh. They
classified various forest types into six altitudinal zones. Elevation
gracients produce diverse climate and soil differentiation, pro-
moting the diversific ation of plant species (Brown, 2001; Lomolino,
2007

»r,xg,

Species vichiess and taxonomic diversify

Among the forest ecosystems, the most prevalent typxﬁ,zl floral
elements of the subtropical forest are low altituce species Alnus
nepalensis, Exbucklandia populnea, Engelhardtia spicata, Ficus nemoralis
and Rhus javanica. The important species of the temperate forest
are Betula sp., Lithecarpus sp., Magnolia campbellii, i\;f{)(&‘Odéﬁ?fd?O}Z
arboreum, K. falconeri, Litsaea elongata and others. The alpine forest
is characterized by the predominance of Abies densa, interspersed
w} Ffswﬁ dumosa and scrub, such as species of Rhododendron
and funiperus. Man-impacted open forest ecosystem in the
mmmmw} region is Jm«‘ﬂy the herbaceous vegetation with
widespread Poaceae members. In the alpine region the scrub
vegetation is dominated by Cassiope fastigiata and various
Rhododendrons such as Riododendron campanulaium, R. setosun,
K. anthopogon, R. lepidotun:, and R thomsonii, Herbs component
meiudes ”}m mutla calderana, Primula primuling, Primula sikkinensis,
funcus sp., and Gaultheria trichophylla. Rosa sericea dominates among
H’f snrubs. Alpine meadow is characterized by the prevalence of
high alfitude herbs such as Pri wm sp., Agrostis himalayana,
“ﬁﬁm“‘fz ts [obatus, Corydalis juncea, Poll WU}HN?Eg)’”ﬂnﬁm*i, Saxifragua
parnassifolia, Senccio divers jO[Z‘E’m /ifzm:r/m!za} sp., and Gaultheria
vyroloides including various threatene d med icinal plants such as
Fritillaria cirrhosa, Megacodon ﬂsz"y ophorus, Aconitum sp., Rhewn sp.,
Gentiana sp., Arisaema griffithii and Bergenia purpurascens. Present
observation does not agree with the report of Roy and Behera (2005)
who reported a decline in the number of medicinal plants with
increase in elevation.
The species richness was highest in the subtropical forest
with 218 species and lowest in the alpine scrub with 24 species. In

,««}-,.a
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general, species richness decreased with increasing altitude. Taxo-
nOmic diversity y in terms of genera and family also followed the
simlar trend (Fig. 1).

Shannon's dwmmty index for trees and shrubs was highest in
the wub%mpzmi riverine forest; it decreased steeply in case of higher
altitude ecosystems. The diversity value for tree species ranged
from 3.54 t0 0.63 and for sh m%:'z} from 3.25 t0 1.08. In case of h@z‘ham
ceous species, the decrease was not so pronounced (H = 3.75 to
2.52) (Table 3). On the wm&i@f the forest ecosystems haa greater
plant diversity; the highest being in the riverine forest. Diversity
is often correlated with habitat heterogeneity and complexity
at local and regional scales (Wiebe and Martin, 1998, Ric klefs
and Lovette, 1%9 Boone and Krohn, 2000). Such complexity of
habitat is largely a function of microclimatic factors that varies
with mp@gmphy and altitude. The temperature and soil moisture
regimes being favoured in the riverine region, they supported high
species d%v&fmi?y than g@ipiﬂ@ scrubs, which had only limited num-
ber of species. The major cause for decline in species richness in
alpine ecosystem could be due to ecophysiciogical constraing, such
as low temperature and short season (Kdmer, 1998).

The relative diversity of plants measured as beta-diversity
vanges from 0.580 of riverine forest to 0.40 of the alpine scrub.

200 -

STAFSTG TF AF ﬁ‘-"e f%ﬁ‘i STRESTEG TF ﬁ?* L5 &f‘%

Fig. 1. Taxonomic diversity in different ecosystem types (STRF = bSubtropical
Riverine Forests (STRF = Subtropical Riverine Forests, 5TG = Subtropical
Grasstand, TF = Temperate Broad-leaved Forest, AF = Alpine Forest, A5 = Alpine
Scrub, AM = Alpine Meadow).
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Similarly lower evenness index of riverine forest indicates high
heterogeneity of species dwwhutzw in the ecosystem (Tabie:ﬁ 3).

Among life forms herbs were abundant in all ecosystems,
compuising 95% i alpine meadow, c&‘){ CRIY subtmptml wmwlmd
and 67% in scrub vegetation. However, the life-form a:imi.mbx,a.tmﬂ
was more equitable in the forest ecosystems (Fig. 2). Bhattarai ef
al. (2004) have reported significant relationship of woody life-forms
(trees, scrubs, shrubs and woody climbers) in the mmmumtv with
climatic variables.

The distribution of plant species in Raunkiaer’s fwmwmy
classes on one hand shows similarity among subtropical forest,
temperate forest and alpine meadows, and on the other hand
exhibited dissimilarity among a»:»ubtmg;mai grassland, alpine
f{)ws&t and alpine scrub. Frequency class-A was dominant in

subtropical riverine forest, tropical forest and alpine meadows.
Hw fyu‘i;mgp;;cai grassland and the alpine scrub share some
similarity with relatively high percentage of class-C and D.
However, inall the ecosystems studied the lowest percentage was
obfained infrequency class-IJ, and class-E remained unrepresented
in all the ecosystems (Fig. 3).

Table 3. Species nchness, diversity index and evenness index of Major
terrestrial ecos sy stems

TR P AT YOI T AT A 8D LA R i o e, A 4 i L i g B T P e R A S A e Ry R g AN Ty Y AT s €38 = g T AP A i, S -

LY
gs: ig ?i gjf" Lﬁ 0
& 9 o = &) L e 00 ps
oRs 2 g 7 b o < < <
ﬁpgﬁgeg '} i é% %?’f 1&}9 ‘;73 }z‘% F"',f)
richness
Shannon's  Trees/Scrup 3.540 3.147 1.542 1.539 0.6%6
Diversity  Shrubs 3248 1.294 1539 1.081 0
Index lerbs 3.756 2.952 3481 3.353 2.518 3.574
Lianas
leta- . 0.580 {.0&6 0.267 0.141 0.040 .138
diwmity
Evenness.  Trees/scrup 0.887 0.916 0792 0912 0918
Index Shrubs 0,899 U.604 0.740 .984 -
}:n tb% 0 WE O .f*)() U 868 U 9{}2 . 93{} 0,844

Sl RF -::::szz’wmlX\zwmmmzmm STG xmbam;} cal Qrawz‘md TF =Temperate
Broad-leaved Forest, AF =Alpine Forest, A5 = Alpine Scrub, AM = Alpine
Meadow,
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Fig. 3. Distribution of plant species in Raunkiaer’s frequency classes in the different
ecosystem types in KBR (5TRE = Subtropical Riverine Torests, 5TG = Subtropical
Grassland, T1 = Temperate Broad-leaved Forest, AF = Alpine Forest, AS = Alpine

Scrub, AM = Alpine Meadow).
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Density and dowminance

lree aensity was %'Uig?iw:ﬁ m the subtropreal forest with YUU trees
per ha followed by temperate forest with 536 trees per ha and
lowest in alpine forest with 324 trees s per ha Herbaceous density
was highest in the alpine meadow with 8,498,332 plants per ha
followed by wrﬂwgmu and tur‘ﬁg}w{mﬁ forest with 834,400 plants
ver ha and . ﬂ’? 1660 plants per ha, respectively. Shrub density was
also highest (5627 pz@m per ha) in :sug}@,f{}pzmi forest followed by
the E’gmsssﬂa“\;«:% (4112 plants per ha), temperate forest (2720 plants
per ha), alpine forest (707 plants per | m} alpine scrub (300 pﬁafm
per ha) and least by &Ep}li{i’ zw«rﬁdda}w (253 plants ha) (Fig. 4). Den-
sity of primitive taxa was high in all the ecosystems (Appendix 1).
[t is obvious from these findings that with increase in altitude
the density of plants decreased except tor the herbs, which often
mncreased,

The donunance index for herbs was low ranging from 0.03 to
0.10; the highest being in the alpine meadow. The dominance in-
dex for the shrubs was higher than the herbs; the highest value
was obtained in the alpine ecosystems (scrub and meadow), which
was dominated by ??;em;% serices, Dominance index for trees was
nighest incthe alpine forest (0. .215%)%

The dominance distribution amonyg the spacies of the given
growth form varied widely in fﬁ;zﬁ@mz%é ecosystems. While it was
most equitable among, the herbaceous species in all ecosystems,
it was most inequitable among trees/shrubs in subtropical
grassland, alpine scrub, alpine f@mm alpine meadows and tem-
perate forest. The most ”*m,m@bia d zi»;i ibution of dominance among
the tree s r:)rzw es was noticed in subtropical riverine forest and
(e ﬁu*"‘ﬁww fores St w t )

isCcussIon

Several terrestrial ecosystems were wWdentified botn in the core
and buffer zones of the KBR, but detailed study could be made only
in the selected ones. The major ecosystem types described above
were identified chiefly on the basis of vegetation characteristics
and elevation. The species richness and diversity of ditferent
vegetation com §, onent varied in different ecosystem types, show-
ing strong influence of altitude and other related environmental
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Fig. 4 Density and dominance distribution pattern of different wrowth forms

i different ecosystem types in KBR. (5TRE = Subitropical Riverine Forests,

STG = bubtropical (Sz*au;*-“lmui 1F = ”i“@n_‘ygf)@j_rs te Broad-leaved Forest, AF = Alpine
Forest, A5 = Alpine Sorub, AM = Alpine Meadow),

variables, A e’"’ﬁi%*}:if‘E”s‘:.“éfkfifsil‘ég;;; trend i spedies richness with albitude has
been reported by several workers such as Yoda (1967) and Qé& Edr‘zm
and Birks (1999). Grytnes and ‘wfitaa‘izs; (Z '}{)2) reported a gradual
decline of species diversity with altitude, this is also seen in the
present ¢ mdv ‘or trees and shy u% , but herbs exhibited a different
pattern of diversity, which more or less supports Rahbek’s (1995)
finding of mid-altitude g:%—*akm species diversity. While species rich-
ness was affected by altitude, species de&*:z.mﬁy espuecially of herbs

1

was affected more by the community struchure Le. cose or open
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nature of the community. Maximum herbaceous density was in the
subtropical grassland and the alpine meadow. To sum it all, the KBR
being a region of diverse topography and elevation, has a variety
ot ecosystems each having a distinct vegetation type, supporting
rich plant diversity but diverse phytoscciological characteristics.
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