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STUDY AREA

The present study thesmall Himal ayan state of India (Sikkim) wastaken for the collection of field data,
after analysisthecollected field datawas correl ated with satellite product of the samearea.

3.1. The Himalayan State of Sikkim

Sikkim, asmall Himalayan state of India, with total areaof 7096 kn? liesin geographical coordinates
between 27° 002 462t0 28°072 482N latitudes and 88° 002 582 to 88° 552 252 E longitudes. The
location of Skkimstatein Indiaisshownin Figure 3.1.

Fig. 3.1. Location map of Sikkim
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Itislocated north of the Darjeeling-hillsof West Bengal, and sharesinternational border with
Nepal inthewest, Chinain the north and north east and Bhutan in the east. The stateis extending
approximately 114 km from north to south and 64 km from east to west. The entire part of it is
interlaced with jungleclad ridgesand deep ravines created through major mountain peaksand theriver
valleys and extremely dense forests (Champion & Seth, 1968). Sikkim is also referred as the “Abode of
snow” by Ridey, (1894) and it isalso known aslandform of resplendent floral and faunal aggregation.
Thestateispredominantly mountainousvirtualy with no plainland. Thealtitudes Sikkim above mean
sealeve (amd) variesbetween 284 m (at Mdlli) to 8598m (summit of Mt. Kanchandzonga). Withinthe
75km along the el evation one can crossthetropical to snowlineareainthe statefigure 3.2.
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Fig. 3.2. Profilealong thedtitude of Sikkimwiththedistancein Kilometers

The highest mountain Mt. Khangchendzonga (8598 m) adornsthe state with itsbeautiful snow
covered mountainrange. Sikkim Himalayaisthe drainage basin of mighty rivers Tistaand Rangit. The
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variationindtitudefrom south to northwithinashort distance hasresulted intoo much of micro-climatic
variations. Skkim canbedividedinto threebotanicad zonesviz, tropicd, temperateand dpine, depending
on theelevation and characteristics of the vegetation. Thefoothillsof Sikkim are covered with forests
consisting of the speciesof Shorea, Haldina, Dalbergia, Dillenia, Artocarpus, Ficus, Bauhinia, Litses;
Lagerstroemia, Terminaliaetc. In the lower hill ranges (600 — 1500 m) the forests chiefly include the
species of Schima, Syzygium, Duabanga, Engelhardtia, Ficus, Castanopsis, Pandanus, Cyathea,
Magnolia, Quercus, Saurauia, Photinia, Juglans, Leucosceptrum, etc. (ISRO, 1994).

Thetemperate vegetation comprises of forestsdominating with the speciesof Alnus, Acer, Betula,
Magnolia, Rhododendron, Larix, Berberis, Salix, Cotoneaster, Vaccinium, Daphne, Sorbus, Rubus
and the herbaceous species of Aconitum, Anemone, Potentilla etc. Abies densa, Larix griffithiana,
Tsuga dumosa, Picea spinulosa and Taxuswallichiana var. chinensisrepresentsthe coniferousbeltin
the altitudinal range of 2700 — 3900 m. The Rhoddendron-Conifer forests comprise of the several species
of Rhododendron, Daphine, Betula etc. mark thetimberlineat thedtitude of 4000 m. Thedpinevegetation
which occursabove4500 mand upto alimit of 5500 m isconfined to moorlands of coarsemeadowswith
many stunted and dwarf shrubby species of Rhododendron, prostrate plants of Juniper us squamata,
and cushion-like herbaceous species of Arenaria, Androsace, Aconitum, Cassiope, Saxifraga, Primula,
Pinguicula, Sedum, Rheum, Saussurea, Gentiana, Kobresia, Carex etc. (ISRO, 1994).

3.2. Distribution of Forest Vegetation vis-a-vis Elevation
Based ondltitude, thevegetation of Sikkimisclassified intofollowing categories.

3.2.1. Low Hill Forests (tropical to sub-tropical, up to 900 m): From the base (244 m) to 900 m,
semi-evergreen broad-leaved forests with trees, 24 — 36 m high are the main vegetation structure. The
rainfdl isheavy, even upto 500 cmannualy. Epiphyteslikeorchids, aroidsetc. areabundantly represented.
Theundergrowthisluxuriant and varied. Shorearobugtaisvery common, covering largetractsespecidly
aongtheTistaand Rangit rivers. Schimawallichii, Bauhinia purpurea, Toona ciliata, Sereospermum
tetragonum, Bombax ceiba, Dillenia pentagyna, Lagerstroemia parviflora, Serculia villosa,
Terminaliamyriocarpa, Terminaliatomentosa and Albiza spp. are prominent components of these
forests. Similarly, other treesoccas ondly met withincludes Garuga pinnata, Aglaia spectabilis, Amoora
rohituka, Chukrasiatabularis, Evodia meliifolia, Ailanthusintegrifolia subsp. calycina, Duabanga
grandiflora, Tetramelesnudiflora, Celtistetrandra, Castanopsisindica, Syzygiumformosum and
Magnolia champaca together with laurels like Ocotea lancifolia, Phoebe hainesiana, Phoebe
attenuata, Litsea monopetala and Cinnamomum bejolghota. Several species of Artocar pus such
as Artocarpus integer and Artocar pus chama together with Bischofia javanica also occur. Large
planted trees of Ficus elastica are often seen along the banks of theriver Tista, alongside Pakyong
road, and near Dickchu. Occasionally interspersed in theforest are Ficus semi cordata and Pandanus
furcatus Tree-fernsare not uncommoninthelow-land forestsof Sikkim (ISRO, 1994; Hgra& Verma
1996).

3.2.2. Middle Hill Forests (subtropical, 750 — 1500 m): Thesearelargely dominating with many
evergreen species. The trees are usually 20 — 30 m height in this zone. Epiphytes and climbers occur
inlarge numbers. The undergrowth isnot usually dense and consi sts of numerous herbaceous and
shrubby species. Castanopsis tribuloides, Castanopsis indica, Schima wallichii, and Phoebe
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hainesiana are the commonest tree species between 750 m and 1200 m. Magnolia champaca and
Sereospermumtetragonummay a so seenin thisregion. Other prominent componentsof theforests
of thisregion are Drimycar pusracemosus, Juglansregia, Engel hardtia spicata, Soondias mombin,
Exbuckiandia populnea, Magnolia cathcartii, Magnolia hodgsonii, Saurauia napaulensis, Ficus
auriculata, Ficus semicordata, Betula alnoides, Alnus nepalensis, Terminalia spp., Macaranga
sp., Litsea monopetal a, Ocotea lancifolia, Phoebe attenuata, and members of Meliaceae. Large
evergreen trees of Quercus glauca, Lithocarpus el egans, Quercus serrata and Quercus griffithii
grow in dense formations between 1200 and 1600 m or above. Bamboos may al so be found near
human settlementsin thesehills. It will not be out of placeto mention that Cryptomeriajaponicais
being extensively cultivated inthiszoneand that is creating problemswith the surviva of local species.
It coverslarge areas and forms dense forests in areas between 1200 m and 2400 m. The ground
vegetation underneath theseforestsisvery little dueto lack of sunlight and unsuitable substratum.
Only afew fernsare known to grow in the periphery these forests (ISRO, 1994; Hajra & Verma
1996).

3.2.3. Upper Hill forests (Wet temperate, 1500 — 2700 m):

Theforestsare evergreen with medium-sized trees, rarely over 24 m height. There areanumber of
deciduoustree species but thoseform only asmall proportion. Oaksand laurelsform large patches
in otherwise mixed forests. The oaks have branched spreading crowns and are abundantly covered
with mossesand other epiphytes. Theforestsare extremely thick and the requisite amount of moisture
isavailablefor the ground growing aswell as epi phytic vegetation. The shelter of trees provided
shade and preventsrapid air movementsto aconsiderable extent. Thisresultsin aprolific growth of
small herbs, shrubs and ferns ontheforest floor. Woody climbers are frequent but not conspicuous.
Severd dtitudina zonesmay bedistinguished by the preponderance of certain speciessuch aslaurels
between 1800 and 2100 m, Quercus lamellosa between 2100 and 2400 m and Lithocarpus
pachyphyllus between 2400 and 2700 m, though freely overlapping. Magnolia cathcartii, Magnolia
campbellii, Machilus edulis, Lithocar pusfenestratus and Castanopsis hystrix are quite common
in all the forests up to 2100 m. Between 2100 and 2400 m of altitudes Quercus lamellosa,
Castanopsistribuloides, Acer campbdllii, Magnolia doltsopa and Magnolia cathcartii are dominant
species. Quercuslineata, Betula alnoides and Sympl ocoslucida are a so frequently met with former
being quite prominent species. The oaks constitute the greater part of the trees of top canopy and
Lauraceaeisusually relegated to the second storey, though numerically predominant. Laurelslike
Machilus gammieana, Machilusgamblei, Machilusedulis, Litsea sericea, Litseaelongata, Litsea
kingii, Neolitsea zeylanica and Cinnamomum be ol ghota Sweet are not uncommon. Alnusnepalensis
growsmainly along water coursesand isthechief colonizer of new landdip areas. Magnolia doltsopa
isonewell known timber tree of thiszone (ISRO, 1994; Hajra& Verma1996).

Still higher up, between 2400 m and 2700 m or so Quercus lamellosa, Lithocarpus
pachyphyllus, Castanopsistribuloides, Acer campbellii, Magnolia campbellii, Symplocoslucida
and Taxus wallichiana are the prominent elements of these forests. Above 2700 m in this zone
Lithocar pus pachyphyllus occursin pureformations. Under the shade of these trees Rhododendron
griffithianumfindsafavourable place. Dwarf bamboos, Arundinaria spp. arecommon asundergrowth
at higher atitudes (ISRO, 1994; Hajra& Verma1996).
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3.2.4. Rhododendron-Conifer Zone (cold temperate or sub-alpine, 2700 — 3600 m):

Theforests of thiszone are al so evergreen, mainly composed of Rhododendrons and conifers.
Quite often Lithocar pus pachyphyllus and Quercus lineata formations are extendi ng above 2700
m altitude and Acer campbellii, Acer caudatum, Betula utilis and Magnolia campbellii may
also bemet with though very infrequently. As one proceeds higher up, thereisagradua replacement
of oaks by Rhododendron arboreum, Rhododendron campanulatum, Rhododendron grande
and other species of the genus. Betula utilisisoccasionally found in the high level Rhododendron
forestsat the head of Lachen valley near or above Yumaysamdong (3300 m). Taxuswallichiana.
grows in the forests as one proceeds above Lachung. At about 2700m — 3000 m in northen valley,
Tsuga dumosa grows in abundance and isthe dominant tree. It also grows at Tsokha, West Sikkim.
Picea spinulosa grows abundantly on al the hillsaround Lachen intermixed with Tsuga dumosa
but are not extended above 3000 m. The bamboo, Thamnocalamus spathiflorus forms dense
undergrowthin silver-fir forests, especially wherefire has destroyed the tree canopy. Abiesdensa
also occurs almost in pure formations between Karponang and Chhangu (East Sikkim), and
Yumaysamdong to Thangu (North Sikkim) extending upto 3600 m or alittle above. Few trees of
Salix disperma are al so seen growing near Thangu along the streams. Rhododendron arboreum
forms scrub on steeper slopes at about 3000 m. Abovethetree-line, the vegetation isasort of
mosai ¢ of Rhododendron campanulatum, Rhododendron wightii, Rhododendron thomsonii,
Rhododendron cinnabarinum and Rhododendron deci piens scrubs on slopes near Tsomgo (3900
m) and near Thangu (4000 m). Rhododendron anthopogon, Rhododendron setosum and
Rhododendron barbatum may al so be occasionally met with in such formations. Grasslands are
frequent at 2700 m altitude and above. Some species of Arisaema may be found in open places.
Various species of Aconitum grows abundantly on the forest-floor underneath Rhododendrons at
high altitudes especially around Thangu (ISRO, 1994; Hajra & Verma 1996).

3.3. Occurrence and distribution of forest types
Theforested vegetation of Sikkim, whichislocated entirdy within the Eastern Hima aya, iswithwide
range of variations. The detailsof forest typesin Sikkim are presented below in Table 3.1.

Table 3.1. Detail sof forest typesfound in Sikkim, Eastern Himalaya, India[ Adapted from: Grierson &
Long, 1983; Champion & Seth, 1968].

Forest type as .
S(’) per Grierson & Characteristic species ?ll:;ug(i Chfn(iﬁcs):ltépgjtshp(ig 68)
: Long (1983)

Shorea robusta
Terminalia myriocarpa

1 Sal (Shorea Schima wallichii 300- | 3C/Ci | East Himalayan sal

robusta) forest Phyllanthus emblica 900 a forests
Mallotus philippensis
Bombax ceiba
L . Pinus roxburghii . L

2 g}‘l{)ﬂgﬁl I()P ;2?; Woodfordia fruticosa 5380_ 9/Cyp grrgstalsayan chir pine

Phoenix acaulis
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S. Forest type as | Characteristic species | Altitud Forest type as per
No. | per Grierson & erange | Champion & Seth (1968)
Long (1983)
3 | Subtropica Terminalia myriocarpa | 300— | 3C/Cg, | East Himaayan
forest Tectona grandis 900 moist deciduous
Duabanga grandiflora forest
Tetrameles nudiflora
Dillenia pentagyna
Ailanthus integrifolia
4 | Warm broad- Schima wallichii 900- |8B/C; |East Himalayan
leaved forest Engelhardtia spicata 1700 sub-tropical wet
Macaranga nepalensis hill forest
Castanopsisindica
Choerospondias
axillaris
Ostodes paniculata
5 | Alder forest Alnus nepalensis 1500- | 12/1S; | Alder forest
2000
6 | Evergreen Oak | Castonopsis sp., 1700 - | 11B/C; | East Himalayan
forest Quercus sp., 2800 wet temperate
Magnolia sp., forests
Juglansregia
Symplocos sp.,
Acer campbelii
7 | Dwarf bamboo | Arundinaria maling 2600 - | 12/DS; | Montane bamboo
thicket Thamnocalamus 3100 brakes
spathiflorus
8 | Mixed conifer | Tsuga dumosa 2700 - | 12/C3, | East Himaayan
forest Lithocarpus 3100 moist temperate
pachyphyllus forest
Larix griffithii
Picea smithiana
9 | Conifer forest Abies densa 2800 - | 13/Cg, | East Himalayan
Tsuga dumosa 3700 |14/C, |drytemperate
Sorbus macrophylla coniferous forest,
Prunus cornuta Larch forest, East
Himalayan sub-
alpine forests
10 |Alpinethicket | Rhododendron spp., 3500 - | 15/C; | Birch/Rhododendr
Betula utilis, 4500 on scrub
Acer spp.,
Juniperus sp.
11 | Alpine scrub Juniperus sp., 4000 - | 15/C,, | Dwarf
Rhododendron spp., 5500 | 16/C,;, | Rhododendron
Caragana sp., 16/E; | scrub, Dry apine
Ephedra gerardiana scrub, Dwarf

Juniper scrub
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3.3.1 Forest Type Distribution as per Champion and Seth (1968)

Champion & Seth (1968) characterized theforests of Sikkim also and the forests of east district of
Sikkimweredivided asunder:

3.3.1.1. Tropical Semi-Evergreen Forests-3C/C1 (300 — 900 m):

Thevegetation of tropica semi-evergreen zone, located between 300 - 900 m dtitudes, consisting of
mainly tropical dry deciduousto semi-evergreen specieswith Shorea robusta asadominant species.
Sal ismainly found upto Tistavalley. Some of the common tree speciesare Terminalia myriocar pa,
Dalbergia sissoo, Albizzia lucida, Haldina cordifolia, Callicar pa arborea and Anogeissuslatifolia
with certain bamboo species as undergrowth. In the East division, thisforest typeisrestricted to the
low elevation areas of Singtam Range, Rongli Range and Pakyong Range. Thisforest typeisalso
found in Amba Reserved forest (RF), Pacheykhani RF, Bhasme RF, Dhanuke RF, Burdang RF,
Ralep RF, Khamdong RF, Tinek RF, Burung RF, Song RF Salingay RF, Tumlabong RF, Linku RF,
Dikling RFKhani RF, Sitey RF, and Tarpin RF.

3.3.1.2. Sub-Tropical Mixed Broad Leaved Hill Forests-8B/C1 (900 — 1800 m):

Some tall evergreen species like Schima wallichii Choisy, Alnus nepalensis, Prunus cerasoides,
Engel hardtia spicata var. integra are associ ated with other treesincluding speciesof Macaranga,
Castanopsis, Syzygium, Sapiumetc, area so seeninthisaltitude zone. Thisforest typeismostly found
intreeclad areas (areaoutsideforest). Intheforest areasit isfound restricted in areaslike Karthok RF
and Sumin RF of Singtam and Pakyong Range.

3.3.1.3. Upper Hill-Himalayan Wet Temperate Forests-11B/C1 (1800 — 2400 m):

Thisisatransitional zone between sub-tropical mixed broad |eaved to sub-temperate zone with
species ranging from Machilus, Alnus, Quercus and Symplocos. The evergreen tree dominates
thisregion and the undergrowth ismainly of speciesof bamboos. Thisisthemost broadly distributed
forest typeinthe Sikkim state and is occupying about 221.19 km? of forest land, which isnearly
half of thetotal forest areaof 512 km? (WPR, 2013). Thisforest typeisfound in 43 compartments
in Gangtok Block, Pangthang Block, Pathing Block, Rangpo Block, Pakyong Block, Kyongnosia
Block, Assam Block and Rongli Block.

3.3.1.4. Sub-alpine Forests (2400 — 3000 m):

Thetypicd temperateforestscongstsof speciesof Abiesand Pinusmixed with Picea, Tsugaand Juniperus
covering broad areasintermixed with species of Quercus, Rhododendron, Machilusand Betula. This
forest typeisdistributed in Zuluk areaand Kyongnodaareaof East digtrict of Sikkim.

3.3.1.5. Moist Alpine Forests (2700 — 3700 m):

TheMoist dpineforest zone mainly consists of Rhododendron speciesintermixed with temperate
evergreen speciesof plants. Theforest cover becomes sparse asaltitudeincreasesand often restricted
togroovesof thehills. Thisforest typeismainly foundin KyongnoslaBlock and Phadamchen Rangein

East Skkim.
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3.3.1.6. Dry Alpine Forests (3700 — 4500 m):

Thevegetation of dry alpinevegetationis practically of scattered scrubs, often barren. Most of the
species are of stunted thorny scrubs because of unfavorable conditions of alesser amount of soil
cover and severefrost. The speciesof Juniperus, Berberisand Salix are commonly availableinthis
region. Theforest typewasdivided into two zones. OneisAlpine barren (without vegetative cover)
and Alpinescrub (with bushes). Thisforest typeisfoundin Tsomgu, Kupup, and Gnathang of East
district Skkim.

3.4. Location of East District

East district Sikkim liesat the south-eastern part of Sikkim. Geographical coordinate of thedistrictis
27°08°2.88" N t0 27°25°32.28" N latitudes and 88°26°26" E to 88°54°25" E longitudes (Figure 3.3).
Theadministrativejurisdiction of the East district of Sikkim spreadsover ageographical areaof 954
km?. Thetotd areacomprisesof 512.09 km? of reserved forest, 63.29 km? of Khasmal and Gorucharan
forest land. A total areaof 378.62 km? isunder non-forestry areaswhich includeAgricultural land,
roads and urban areas, etc.

Thewholetract isvery mountainousand consists of seriesof ridgesand valleys. The general
topography of thedistrict ishighly undulating. Slopesranged from moderately steep to very steep. Due
to theabrupt rise of mountainsand ridgesform the drainage channel swhi ch often flow through deep
gorges, thereis conspicuous absence of flat land withinthes operangeof 1%to 15 %. Thetract dealt
with is drained by river Tista, Rangpo Chhu, Ratey Chhu and Reshi Khola (‘chhu’ & ‘khola’ = river).
Theriver Tistaand Rangpo Chhu arethe main riverswhich have anumber of perennial and seasonal
tributaries. Thefamous Tsomgo and Mememcho lakes arethe main sources of Rangpo Chuintheup-
stream. Thedetailed of forest rangeof East district SkkimisinTable 3.2,

Table 3.2. Detailed of Forest Range of East Sikkim (Source: FEW&MD, 2010)

Administrative unit Forest Range Area (ha)
Gangtok 10408.97

Kyongnoda 17980.97

East District Pakyong 6452.09
Pathing 3422.10

Phadamchen 15733.12

Rongli 12641.50

Singtam 13873.72

Tumin 5650.96

Ranipool 9236.66

Total 95400 ha
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Fig. 3.3. Forest Rangemap of East Sikkim

East district of Sikkim sharesthe border with Bhutan, Chinaand the state West Bengal. The
border between Chinaand Bhutan has several passeswhich had been used asthetraderoutesinthe
past. Important passesare Chola, Yak La, Nathula, Jelep La, Dong Chul La, and Batang Lalyingwith
Chinaborder and Dokala, Kephyak La, and Pangolakhawith Bhutan border. In 2006 Nathulapass has
been reopened for thetrade rel ated activitieswith China
Recently, East district of Sikkim hasbeen divided into four subdivisionsviz,

I. Gangtok sub-division with Gangtok Range, and Ranipool Range.

ii. Pakyong Sub-division with Pakyong Range and Pathing Range

ii. Rongli Sub-divisonwith Rongli Range, Phadamchen Range; and

Iv. Rangpo sub-divisionwith Singtam Range and Rangpo forest block

Theareaof thereserved forest (RF) after excluding the RF of the protected areasis 301.33 km?.
Asper therecordsavailablefrom the Land Revenue Department, Government of Sikkim, thedivision
hasnineforestsrangeand fifteenforest blocks(Fig.3.3). The concept of compartmentdization of reserved
blocksinto separate compartments hasbeeninitiated recently. Thereareatota of 90 compartmentsin

thedivision. Theaverage areaof each compartment isapproximately 335 ha.

The human population of thedistrict is 2, 45,040 s(DESM & E, 2013) with diverse climate,
topography andrich biodiversity. East district of Sikkimis bounded by river Tistainwest, river Dichu
and Rathechu in North, river Reshi and Rangpo with Darjedling district of West Bengal in South and
Chola rangein the north-east and Bhutan in south-east.
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3.4.1. Protected areas in East District: Sikkim holds 31% of the geographical area under the
Protected Area Network (PAs), much higher than country’s national average. In the east district of
Sikkim, anetwork of protected areais pervasive. Therearethree PAslocated within the boundary of
East digtrict and are Fembong Lho Wil dlife Sanctuary, Kyongnos e Al pine Sanctuary and Pangol akha
Wildlife Sanctuary (Lepcha& Das2012).

In East district of Sikkim elevation varies between 340 m at Rangpo to about 4649 m near
Nathula. Thelower part of the district hasthetropical and sub-tropical evergreen forest (Rangpo,
Singtam) followed by temperateforest andinthe higher eevationthesub-apineand dpinein (Gnathang,
Nathula, Kupup and Chhangu). Thelandscape of the sub-a pineand alpineregion being hilly terrain,
rocks, covered with scrubsto thick forestsin different areas, which ultimately turnsout to be practicaly
unfavorablefor human settlements.

Thevegetation of tropical and sub-tropical region of East district isconsisting of the species of
Shorea, Haldina, Dalbergia, Dillenia, Artocarpus, Ficus, Bauhinia, Litsea; Lagerstroemia,
Terminalia, etc. In the lower hill ranges (600 — 1500 m) the forests chiefly include the species of
Schima, Syzygium, Duabanga, Engelhardtia, Ficus, Castanopsis, Pandanus, Cyathea, Magnolia;
Quercus, Saurauia, Photinia, Juglans, Leucosceptrum etc . The temperate vegetation comprises
forests consisting of the species of Alnus, Acer, Betula, Magnolia, Rhododendron, Larix, Berberis,
Salix, Cotoneaster, Vaccinium, Daphne, Sorbus, Rubus and the herbaceous species of Aconitum,
Anemone, Potentilla, etc. Abiesdensa, Larix griffithii, Tsuga dumosa, Picea spinulosa and Taxus
wal lichiana represent the coniferous belt.

Thevegetation of thedpineregion of East district Skkimiscompletely unusud. Abies, Salix, and
Rhododendron scrubs are the most dominating type of vegetati on supported by several minute spiny
short herbs. Devoid of the predictableextremdy harsh climate, it still supportsalargenumber of animas
including birds, mammals, fishes, etc. Perhapsit isalso not wrongto say that it appearsto bethehome
of someof theendemic animal speciesof Sikkim particularly of Skkim Sag, Blue sheep, etc. Some
notable placesthosefall under the region are Tsomgo lake, Kupup, Kyongnosla, Nathula, Memen
Chho, Nathang, Padamchen, etc. Assuch, Tsomgo, Memen Chho, Bidang Chho, Lampokhkri etc. are
some of thelakesthose contribute substantially in terms of sustai ning wildlifeand promoting tourism.
Most importantly, two important sanctuaries of Sikkim, namely KyonglashaAlpine Sanctuary (31 Km?)
and PangolakhaWildlife Sanctuary (128 Km?) arelocated in thisregion. Someof theimportant nurseries
of apinemedicinal plants are being devel oped in the nearby areas of these sanctuariesby the Forest
Department, Government of Sikkim for ex-situ conservation of rare and endangered medicinal and
other valuable plant species. Notable speciesunder the conservation processincludes Aconitumferox,
Bergenia ciliata, Neopicrorhiza scrophulariiflora, Nardostachys jatamansi, Snopodophyllum
hexandrum, Panax pseudo-ginseng, etc.

Asesawhere, floristic componentsrepresenting hereisentirely diversefrom theonethat appear
intemperateandtropical regions. It upholdsamajority of highly va uable economica plantsincluding
medicind and aromatic, dyeyielding, timber yielding etc. Different speciesof Rhododendrons, known
for their medicina and aesthetic va ues, arethemgjor floristic components of thisregion. Interestingly,
rareorchidsof somegenerae.g. Orchis, Soiranthes, Habenaria etc. areaso nicely represented inthe
vegetation.
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Thedpineregion of East district of Skkimincluding theplaceslikeNathula, Jdepla, BabaMandir,
Men-men Chho and Tsomgo lake havebeenaready beenidentified asimportant tourist hubsby the
government of Sikkim. Apart from these, thereopening of thetrade center at Sherathang near Nathula
between Indiaand Chinafurther enrichestheimportanceof thearea.

Alpineand sub-apineregionsof East district of Sikkim coversanimportant Strategicinternational
border with Chinaand kingdom of Bhutan. Assuch, themgjor areas of thisregion have been occupied
for thenationa army and for their camps, etc. However, anegligible number of the highlandersinduding
Sherpas, Bhutias, Tibetansand othersintheform of laborers, supplier etc. partidly inhabit the area.

3.5. Plant diversity in the Sikkim Himalaya

Sikkim Himalayanregionischaracterized by arich flord diversty (Hgra& Verma1996). Thisregionis
richinflora diversity, housing many endemic e ementsand large number of speciesthosehave become
rare, threatened or endangered (Pandey, 1991; Bhujel, 1996). Sikkim Himalayais characterized by the
rich forest cover and great drainageregion of therivers Tistaand Rangit which constitutesthe hills of
Sikkim and Darjeeling district of West Bengal inthe Eastern Himalaya. Theareathuscoverssevera
ecological zonesviz., subtropical, temperate, sub-a pineand apine. Insuchasmall areasharp climatic
differencesin different ecologica zoneshavepromoted arichflora(Rai et al., 2000). Sikkim Himadaya
together with Darjeding hills of West Benga has 577 species of trees, which comecloseto 20 species/
km2. Thetimber trees, fodder trees, fuel-wood trees, Drug/dye/fiber trees, other plants consisting the
young formation of Sikkim Himalayan system.

Skkimisasorichinmedicind and aromatic plant diversity, withwel | over 500 speciesof medicind
plants, many of them are reported to beendemic in Sikkim Himalaya (Lepcha2011) Medicina and
aromatic plants make up thelargest economi ¢ resource being tapped inthe Himalayan region (Sharma
& Sharma, 2010).

The Sikkim Himalayaisasynonym to Himalayan flora bounty and hasthedistinction of being
recognized as one of the “Hotspots” in the Hindu Kush Himalaya for its high biological diversity
(Arrawatia& Tambe 2011). It harbors 4000 species of flowering plants comprising of 38 species of
Rhododendron, 450 speciesof Orchids, 9 Conifer speciesand 300 species of pteridophytes. With
only 0.2% of total landmass of Indiait harbors morethan 26 % of thetotal flowering plantsof the
country. Thissignifiesthevast floral diversity of the state. The luxuriant forest cover al so supports
widevariety of non timber forest produces such as bamboos, canes, wild ediblefruitsand aromatic
plants. The stateisarepository of potential medicina plants. Sikkim Himaayaisinhabited by three
maor ethnic communitiesNepali, Lepchaand Bhutiaeach having distinct cultura heritageand excellent
knowledge of the plant wedth in their environment. Initialy, the Bhutiacommunities settled mostly in
high mountainsin a pineand sub a pine betsin north, the Lepchasrestricted their settlement in dense
forestsin temperate and sub temperate forests of Dzongu, North Sikkim where asthe majority of
Nepaleselivedintemperate and subtropica belts. These ethnic groupslived in perfect harmony with
nature worshipping high mountains, forests, riversand lakes astheir guardian deitiesto sustain their
livelihood and protect themsd vesfrom famine, diseaseand other natura caamities. They madejudicious
use of theforestsresources and forest producefor their basic necessitiesviz., food, fuel, fodder and
timber (Verma, 2009)
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3.5.1. Endangered plants

The flora of Sikkim in the last10—15 yearswere under great pressure due to biotic factors, mostly
anthropogenic, likevariousdevelopmenta projectsviz., construction activities, heavy deforestation by
burning, tree-felling and clearing land for the preparation of agricultura fields. Landdides, forest fires,
climatechange, etc. ared so partidly dueto anthropogenic activitiesand areincreasing quitefast that is
easily visible. Theseactivities have destroyed many rich diversity centres. They led to environmental
degradation duetowhich alarge number of preciousrare plantshave beenlost or endangered withina
very short spell of time. Theseinclude: Acer sikkimense, Pimpinellatongloensis, Pimpinellawallichii,
Pternopetalum radiatum, Tibetoseris depressa, Arenaria thangoensis, Dendrobium treutleri,
Cymbidium eburneum, Cymbidium hookerianum, Cymbidium whiteae, Cymbidium elegans,
Cypripedium himalaicum, Tipularia cunninghamii, Diplomeris hirsuta, Paphiopedilumvenustum,
Zeuxine pulchra, Aconitum ferox, Cotoneaster simonsii, Picrorhiza kurrooa, Acronema
pseudotenera, Angelica bulbigena, Ceropegia hookeri, Ceropegia lucida, Codonopsis affinis,
Rhopal ocnemiss phalloides, Carex sahnii, LIoydia himalensi s, Neottia acuminata, Calanthe al pina,
Ophiorrhiza lurida, Nardostachys jatamansi, Dennstaedtia elwesii, Hymenophyllum levingel,
Panax pseudoginseng, Calamus nambariensis, Livistona jenkinsiana, Begoniatenuifolia, Begonia
satrapis, B. sanctata, Lagerstroemia minuticarpa, Cyclogramma squamaestipes Tagawa,
Oreopteris elwesii, Christiopteris tricuspis, Rhynchospora rugosa subsp. brownii etc. (Hara &
Verma1996).

3.5.1.1. Number and status of endangered plants

Thelists of some of endangered and endemi c flowering plantsof the areahasbeen providedin Table
3.3.

Table 3.3. Endangered and endemi c flowering plants known to grow inthe East district of Sikkim
(Source: FE& WLMD; WPR. 2013)

Species Family Altitude (m) | Habit
Anemone demissa Ranunculaceae | 3200-4600 Herb
Clematis ander sonii Ranunculaceae | - Herb
Ranunculus brotherusii var. tanguticus Ranunculaceae | 3000-4300 Herb
Ranunculus sikkimensis Ranunculaceae | ca43800 Herb
Arenaria thangoensis Caryophyllaceae | ca4500 Herb
Sellaria decumbens var. acicularis Caryophyllaceae | Above 3300 | Herb
Uvaria lurida var. sikkimensis Annonaceae Upto 800 Climber
Berberis concinna Berberidaceae 3350-3950 Shrub
Berberis umbellata Berberidaceae 2000-3500 Shrub
Snopodophyllum sikkimensis Berberidaceae 3000-3500 Herb
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Species Family Altitude (m) | Habit
Mahonia napaulensis Berberidaceae ca 2500 Shrub
Corydalis cavei Papaveraceae 2700-4300 Herb
Corydalis changuensis Papaveraceae 3660-3900 Herb
Draba humillima Brassicaceae 4500-5000 Herb
Draba stenobotrys Brassicaceae 4000-5000 Herb
Solms-laubachia platycarpa Brassicaceae 2000-3000 Herb
Viola placida Violaceae 2500-3000 Herb
Hypericum monanthemum subsp. filicaule | Hypericaceae 3500-4000 Herb
Hypericumwilliamsii Hypericaceae Shrub
Sabia campanulata var. kingiana Sabiaceae 800-1600 Climber
Astragalus zemuensis Fabaceae ca 3600 Herb
Brachycaul os simplicifolius Rosaceae ca4575 Herb
Cotoneaster sikkimensis Rosaceae Shrub
Potentilla saundersiana var. subpinnata Rosaceae 4000-4900 Herb
Spiraea subrotundifolia Rosaceae 3000-4300 Shrub
Saxifraga coarctata Saxifragaceae ca4570 Herb
Saxifraga melanocentra Saxifragaceae ca 4400 Herb
Saxifraga pulvinaria Saxifragaceae 4250-4570 Herb
Saxifraga inconspicua Saxifragaceae 4265-5000 Herb
Saxifraga umbel lulata Saxifragaceae 3600-5300 Herb
Epilobium gouldii Onagraceae 3600-4300 Herb
Trichosanthes cucumerina Cucurbitaceae Up to 2500 Climber
Begonia satrapis Begoniaceae ca 3600 Herb
Acronema nemaefolia Apiaceae ca 3600 Herb
Acronema pseudotenera Apiaceae 3000-4000 Herb
Pimpinella sikkimensis Apiaceae 1000-2600 Herb
Acronema hookeri Apiaceae 2600-3600 Herb
Pimpinella tongloensis Apiaceae - Herb
Pternopelalurn radiatum Apiaceae ca 3600 Herb
Pleurospermopsis sikkimensis Apiaceae 4300-5300 Herb
Angelica nubigena Apiaceae ca 3800 Herb
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3.5.2. Endemic plants

Endemicscongtituteanother important e ement of biol ogicaly interesting plants. Being confined to narrow
and restricted ecological niches, they arequite proneto extinction dueto prevailing adverse biotic and/
or naturd factors. Sikkim as such has comparatively |ess number of endemics because many of them
rangefrom Nepal to Bhutan. It isestimated that thetotal number of endemicstruly confinedto Sikkim
may be 2% of thetotal number intheflora dements. Theseindude Calamagrogtisdebilis, Calamagrogtis
tripilifera, Catabrosa aquatica, Cyathopus sikkimensis, Drepanostachyum intermedium, Poa
gammieana, Trisetumflavescens, Carex sahnii, Rhynchospora rugosa subsp. brownii, Dendrobium
treutleri, Anaphalis cavel, Anaphalis hookeri, Anaphalis subumbellata, Artemisia thellungiana,
Blumea sikkimensis, Cremanthodium decai snei, Cremanthodi um pal matum, Youngia stebbinsiana,
Gentiana glabriuscula, Gentiana recurvata subsp. prainii, Gentiana pluviarum, Gentiana
recurvata, |nula macrosperma, Jaeschkea microsperma, Ligularia dux, Ligulariahookeri, Ligularia
pachycarpa, Saussurea fastuosa, Saussurea laneana, Saussurea nimborum, Saussurea obscura,
Saussurea pantlingiana, Svertiaramosa, Swertiarex, etc. (Hara& Verma1996)

To conservethe depleting resources of thisregion, several attempts have been madein therecent
past by the Government of Sikkim. KanchanjangaNational Park, Fambonglo Wildlife Sanctuary,
KyonglasaWildlife Sanctuary and K abi Sacred Groove are good exampleswhere severa endangered
taxahave been conserved. A few botanica gardensviz. Jawaharlal Nehru Botanica Garden, Saramsa
Botanica Gardenin East digtrict of Sikkimwhereinexist and insist conservation of many species. But,
at present, the main emphasisisto rel ocate or recollect the threatened taxaand attempts should be
madefor their in situ conservation. However, in some cases the hel p of advancetechnologiesviz.,
tissue culture, cryopreservation etc. can beused with advantage. In additiontothis, theareasof diversity
centreslike Pangol akhaWildlife Sanctuary, KyonglasaAlpine Sanctuary etc. should be brought under
full protectionwith highleve of restrictionfor thevisitors(Lepcha& Das2012).

3.5.3. Medicinal plants

Sikkim Himalayan regionisthe abode of alarge variety of medicinal plants. Prezwal skiatangutica,
Nardostachysjatamansi, Picrorrhiza kurrooa, Aconitum|uridum, Snopodophyllum hexandrum,
Dactylorhiza hatagirea, Taxus wallichiana, Ephedra gerardiana and Lycopodium clavatum
congtitutethemost important medicina plantsof thea pinezone. Several medicind plantslike Dichroa
febrifuga, Houttuynia cordata, Artemisia vulgaris, Rubia cordifolia, Panax pseudoginseng,
Dioscroea deltoidea, Digitalis purpurea, Bergenia ciliata are quite common in temperate and sub-
temperatezones.

Tropica zoneisasoquiterichinthemedicina florawherein plantsviz. Chilocostus speciosus,
Vitex negundo, Solanumviarum, Cissampel os pariera, WWoodfordia fruticosa, Oroxylumindicum,
Alstonia scholaris, Abroma augusta and to some extent Rauvolfia serpentina, Terminalia chebula,
Holarrhena pubescens etc. grow in good number (Hajra& Verma1996).

3.6. Elevation

Elevationisoneof theimportant parameter of thisstudy. Theelevation of East district Skkimisranging
from 340 m at Rangpo to about 4649 m near Nathula. Aspect and dopeare other important parameters
of this study, during our study we see the vegetation types on different slope and aspect, most of the
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study areacovered in between 10°to 45° dope, over 60° dopeisvery lesswithinthestudy areaNRIS,
2006.

3.7. Soil

Soil isanother important parameter to study the vegetation. Theorganic materid of thesoil haspowerful
effectsonitsdevel opment, fertility and moistureavailability. Soil istheouter skinsof theearthweredll
living and nonliving thingsexist to support thebiologica € ements. Soil isclassified indifferent classes,
texture and typesas per requirement. In the present study we used the soil data produced by the Soil
Survey of IndiaNRIS, 2006.

3.8. Climate

Temperatureand rainfal arethemaj or factorsto study the vegetation of thestudy area. In Sikkim Indian
Meteorological Department (IMD) have only two Meteorol ogica Stationsin Sikkim, viz. Gangtok and
Tadong. Recently Indian Space Research Organization (ISRO) ingta led 18 Automatic Weather Stations
(AWS) indifferent parts of Sikkim. And, in the present study, both, IMD and ISRO-AWS datahas
been used.

3.9. Drainage System

Therearetwo mgjor river systemsinthe state of Sikkim. They are Tistaand Rangit. The Singdilaand
the CholaRanges of Eastern Hima ayadeterminethe boundary of thetwo rivers. The 98 percent of the
dateisdrained by Tista, Rangit and their tributariesand sub-tributaries. As per Geologica Survey of India
(GS, 2012), ontheeastern S deof Tistavalley water contributed by Rilli, Rongpo, Rani Chhuand Dickchu
aregpectacular. The Rongpo Chhu, thebiggest eastern tributary issymmetric barring asmdl part congtricted
towards north which emanatesfrom Memenchho Lakein the Rongli Sub-division. The other eastern
tributariesaresymmetric. Thelengthsof theeagterntributariesaresmaller compared tothewesterntributaries
Thedrainage patternin Tistaand Rangpo Chhuismostly amixtureof trellisand sub-dendritic and sub-
pardld. However, inthe northern part directiond trellistype drainage patternisobserved. Theimportant
riversand streamsflowing through East digtrict of Skkimisgivenbeow in Table3.4. Additionaly, presence
of 77 wetlands has been reported from the East district. Thewetlands have been identified and mapped

through satelliteremote sensing. Thelistsof important wetlandsarein Table 3.5.
Table 3.4. Important riversof East district of Sikkim (Source: NRIS, 2006)

Name of the River/Stream Name of the River/Stream | Name of the River/Stream
Rongli Khola Hante Khola Taksam Chu

Sukdang Khola Khari Khola Yali Chu

Chhuba Khola Khali Khola Leh Khola

Chhungi Khola Chunabhatti Khola Ramitey/Mendu Khola
Sawa Khola Simana Khola Aksu Khola

Rishi Khola Kue Khola Rangchang Khola

Lingtam Khola Rangpo Khola Di-Chu
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Name of the River/Stream Name of the River/Stream | Name of the River/Stream
Rankey Chhu Sage Chu River Tista

Navey Chhu Malten Chu Rora Chu

Nathang Chhu Chhange Chu Reshi Khola

Byu Chhu Sanu Chhange Tsang Rang Chu/Kai Khola
Lungze Chhu Rong Chu Re Chu

Jaldhakariver (Di-Chhu) Richu Khola ChubaKhola

Danak khola Ralong Khola Samdong Chu

Pache Khola Kali Khola Ratey-Chu

Dikling Khola Khani Khola Lay Khola

Rangdu Khola Sang Khola Gop Chu

Martam Khola PaglaKhola Buthang Khola

Aho Khola Namphe Khola Setei Khola

Andheri Khola Richu Khola Thekabong Khola, etc.

Thelakesaretheimportant water bodiesand arethemajor sources of drinking water for al the
living beings existing under an ecosystem. As of now Sikkim has 534 wetlands and 104 rivers.

They have been mapped at 1:50K scal e including the smaller water bodies occupying lessthan
2.25ha, with total areaof 7477 ha(Sharmaet, al., 2010; NWA 2011; Panigrahy et, al., 2012).
Thereare 77 wetlands with the total areaof 905 hain the East district (Figure 3.4). The wetland
serves as source of water for thewild animalsand human beings. Most of these high atitude lakes
are often being snow fed and remain snow covered during winter. However, some lakestend to
remain snow covered almost round theyear. The dimensions of theselakesvary from afew meters
to around hundred metersinlength, but most of these lakes appear to be shallow and deep aswell.
These are permanent water bodiesand it seemsto have formed through the continuous process of
so-called “glaciations”. Although all these lakes have their own specific names, some are devoid
of, especially those, which are situated in isolated region. The lakes are pronounced as Pokhri or
Jeel in Nepali, Chhoka or Tso or Chona in Bhutia; Chho or Dah by Lepchas. (Verma, 2009)

Some of the fascinating lakes of the East district in the al pine region are Tsomgo Chho,
Bidang Chho, Men-men Chho etc. The congenial climate, rich biodiversity, blooming flowers,
panoramic view of mountainsand valeys, pristinelakes and forests contribute the growth of tourism
in the state. It has been estimated that approximately 3 — 4 lakh tourists have visited this area in the
recent past. The simulation based on thetrend of touristsvisited in past are expected to bejump up
from 7.6 — 10.4 lakhs of tourists would visits Sikkim during the year 2017 (Joshi & Dhyani, 2009).
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Therefore, they have been considered asan important contributor for the tourism sector in Sikkim,
Theseresourceful lakeswill certainly play acrucia rolefor such steady risein theinflow of tourists
that may havedirect or indirect impact on the economic growth of the state aswell. The drainage/
stream map of east district of Sikkimisin Figure 3.5.

Table: 3.5. Listsof important |akesin East district Sikkim (Source NWA 2011)

Name of the Lake Name of the Lake

Aritar lake Jelep Chho Bitang Chho
Chumpo Chho (Jor Pokhari) Nampo Chho Lam Pokhari
Chhokhya Chho Men-men Chho Tsomgo Chho
Chham Chho Namnang Chho Rathechhungu Chho
Nangpo Chho Sherathang Kupuk Chho

Laba Chho Syebiruka Chho

Three Sister Chho
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Fig.3.4. Wetlandsin East Sikkim
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Fig. 3.5. Drainage/stream map of east district indicatesvery dense network

3.10. Communication network

Road isthe most common and widespread among the modes of transportation. Roadsarethe arteries
of acountry and are most essentia for progress. Roadsof Sikkim arebasically classified asnational
highways, state highways, district roads (mgjor and minor) and villageroads ontheir dimensionsand
functiond status. Mgor roads of east district Sikkim aongwith NH-10 are shownin Figure 3.6.

Sikkimisoneof thehilly statesof the country under North East Region. Thereisonly oneNationd
Highway linking the statewith the other partsof India. NH- 10, along thebank of the River Tista, isthe
gateway totherest of theworldfor Sikkim facilitating movement of goodsand services. Thus, it may be
considered asthelifeline of the state. The other important categories of roadsin Sikkim are Border
roads, State highways, district roadsetc. Therefore, in Sikkim theroads affairsare beinglooked after
by different organizationslike Border Roads Organization, State PWD (Roads and Bridges), Rural
Management and Devel opment Department, etc. A part of theNH-10fa lswithin East district, between
Rangpo and Gangtok, while Jawaharla Nehru road connectsthe capital city Gangtok with Nathulaon

the Sino-Indian international boarder (Verma, 2009).

3.11. Socio-economic status

Sikkim, earlier aprotectorate of Indiawith amonarchy government cameinto existence as 22™ state of
Indiaintheyear 1975. The population of the stateisonly 6, 07,688 as per the 2011census (DESM& E
2013). Sikkim beingvery richin cultura heritage, many communities, culturesand customsof different
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Fig. 3.6. Road network in east district of Sikkim showslessdensity

huesinterminglefredly herein State, where mgjority (68 %) are Hindus, 28 % of the popul ation are
Buddhistsandrest 4 % areothers. In Sikkim, the predominant communitiesare Nepalis, Lepchasand
Bhutias. Inspiteof many externd influences, Sikkim has proved to beresilient accepting the benefits of
progresswhileretainingther ethnicidentity (Vermaet al., 2009).

The socioeconomic conditionsof aplace mostly depend upon thelivelihood pattern and economic
scenario of the region, which mostly comesfrom employment, agricultureaswell asthe business sector,
whichall areattributing to the soci o-economic condition any region. Agricultureisthemost important
aspect of livelihood and hedthy livelihood comesfrom hedlthy agricultura productivity. Many studies
have confirmed that major crops of Sikkim now-a-daysarein great threat and crop productivity is
continuoudly going down during thelast three decades. Drasticlossin productivity of many cropsinthe
recent timesarecreating mgor problemfor thefarmersin Sikkim.

At the sametime, productivity of the some cropsviz., paddy, maize, ginger, potatoes have been
declining as compared to the previousdecadesin the state. On the other hand, green vegetableswhich
grow inthewinter months are now-a-days susceptibleto variouskinds of pestsand diseases. At present,
the decreasing production in the agriculture sector isthekey concernin Sikkim.

The present study in Sikkim Himalaya covers the elevation range of 500 — 3300 m, that is from
thetropical forests(upto 900 m) to temperate conifer forests (above 2800 m) of East district (Champion
& Seth, 1968). The Eastern Himalayan Mountain arepart of IUCN recognized HimalayaBiodiversity
Hotspot (Daset. al .,2013). With dtitudinal range from the foot hills of the Himalaya, plainsto the
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Mount Everest, the climatic condition of theseregionistropica hot to cold which causewidedistribution
of veritiesof animalsand vegetation types. In Sikkim within the 75 km distance one can crossthefoot
hillsof Himaayas (284 m) to 8598m (Mt. Kanchandzonga) (Figure 3.2). Withinthisvery smal extend
of the geographical aread | vegetation zone started from tropica to cold a pi ne meadows can be accessed
eadly. So, thisisanided regionto study the speciesrichnessa ong the e evation gradient.

We studied thediversity pattern of trees, shrubs, herbsand epiphytesalong an el evation gradient
in East digtrict of Sikkim Himalayain India. Theam of the present study wasto determinethe species
richness and to analyze species composition of plant aswell asthedistribution pattern of life-forms
aongthedltitudind gradientinthe SkkimHimalayas.

3.12. Fauna

Theforestsof East Sikkim isoneof thereservoir for the numerousfaunal speciesincluding mammals,
birds, butterflies, beetles, snakesetc. Thisdistrict also supportsalarge number of species, which have
been enlisted for highly vulnerable and volatile mammalian species. Thelndian Bison, Takin, Serow,
Gord, Barking Deer, Himdayan Langur, Red Panda, Leopard Cat, LargeIndian Civet, etc. and Pheasant,
Tragopan and flock of partridgesaswel | aslarge numbersof migratory birdslike duckswerereported

fromthearea(Lachungpa, et al.,2011).

Interestingly, the study areahas a so recorded one of the noted establishmentsfor the migratory
routeof tiger, through the NeoraValley Nationa Park in West Bengd , whichissituated in the southeast
part of East didtrict. Therecord reved sthat thetigershave used thisbelt of forest for morethan hundred
yearsago. The Red (Barking) deer in eastern Sikkim through the display of trophiesand hunting
records. Thedeer isidentified as a sub-species of Cervuse ephus, either C. elephus subsp. wallichi
with the probable synonym C. elephus subsp. affinis. However, too little is been known about it
probably now extinctin Sikkim (Dolan & Killmar, 1988), considered it “almost as a mythical animal”.
However, R.F. Peacock in the ‘Larger Deer of British India’ (JBNHS 43(3): 1942) quotes a note from
Col. EM. Bailey for their gppearance and di stribution in between Chumbi Valey and Bhutan. According
tohim, occasiona anthropogenic interferencein theforestsof Chumbi region (TAR) might have been
drivingthoserare species of Deer back into Bhutan through the Pangol akhaforest which he once noted
inthe summer of 1921 at above Lingmotang in the Chumbi Valley. Red Panda, Musk deer and Bhara
(blue sheep) areamong the highly endangered animalsvery rarely sighted during thelast decade.





