
Ecology of Satyr Tragopan in ~-p, Darjee/ing 

CHAPTER2 

MATERIAL AND METHODS 

2.1 STUDY AREA 

Khaling, S. /998 

2.1.1 Location: The SinghalilaNational Park(27°!3' 15" N- 27°1' 46" N; 88°1' 

52" E- 88 °7' 5" E) is located at the extreme north-western part of the Darjeeling 

district in the state of West Bengal in eastern India. The National Park derives its 

name from the Singhalila spur, whic~ descends from Mount Kanchanjunga 

(8335 m) and runs southwards for about 100 km to the northern fringe of the 

Gangetic plains. The eastern side (Sikkim) of the Singhalila spur is the valley of 

the Teesta River and the western side (Nepal) is the valley of the Tamur River, 

one of the tributaries of the Kosi River. Physiographically the hill ranges on 

either side of the Singhalila range are similar. The National Park occupies an area 

of 108.77 km2 (core zone= 78.60 km 2
, buffer zone 30.17 km2

) with an altitudinal 

zone of 2600 m -3650m (Fig. 2.1 ). 

The Forest (Conservation) Act of 1988 recommends that ideally 60% of land area 

in the hills should be under forest cover. However the forest cover of the entire 

Himalayan belt falls far short of this target and averages only 21.78% (Anon 

1991). The forest cover of the Darjeeling Hills comprises only 35.2% (Anon 

1991) and therefore the Singhalila forests form a very important part of the 

already depleting forest cover of the region. 
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Fig 2.1 Location of Singhalila National Park, Darjeeling, India and intensive study 
area (shaded portion) :--I 31 
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Fig. 2.2 Map of Singhalila National Park, Darjeeling, India showing core and 
buffer zones and various settlements 

According to Chaudhari ( 1992) the subalpine man made grasslands of Singhalila 

range merge beyond Singhalila peak in Sikkim, while the temperate forests are 
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contiguous with the subtropical forests of the lower altitudes and the Sal forests 

of the foothills. 

2.1.2 Boundaries: In the north the Singhalila National Park is bounded by the 

Rongbong khola (khola = stream or rivulet) from Sikkim while at the south

western part the Indo-Nepal border is identified by an unmetalled road running all 

along the Park border from Tumling (southern most tip) right up to Phalut 

(northern most tip). The core zone is separated from the buffer zone by another 

unmetalled road, which runs along the eastern border of the National Park. (Fig. 

2.2). 

2.1.3 Geomorphology: Singhalila area belongs to that part of the Himalaya which 

was subject to large scale tectonic movements in recent geological periods. Thus 

the rocks of this area are very folded, faulted and consistently lie in inverted 

succession. The rock formation belongs to the Darjeeling gneiss and Daling stage 

schists of Archaean age (Chaudhari 1992). In the Darjeeling region the Daling 

schists are of the Pre-Cambrian age while the Darjeel.ing gneiss is regarded as the 

granitised representative of the same formations (Rau 1974 ). Typical successions 

of Sillimanite-Kyamite-Garnet metamorphic zones of the gneisses are also seen 

here. The Darjeeling gneiss has metamorphosed into mica schist or a variety 

intermediate between the two - a feldspar mica schist or gneiss schist. The gneiss 

is generally composed of translucent, colourless and grey quartz, dark brown 

feldspar and silvery mica. The overlying Darjeeling gneiss has d~finite character 

with much mica schist (Anon 1992). 
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Due to the heterogeneity of rocks and high rainfall the SNP soil formation is rapid 

except in those areas which have steep slopes. Most of the hills here lie on 

Darjeeling gneiss, which generally produce still red loam or sometimes pure 

sandy or still red clay. The soils throughout the SNP hills are deficient in lime. 

2.1.4 Distribution of water sources: The slopes of SNP are criss crossed by a 

number of streams and rivulets, which drain, into larger rivers in the valleys. The 

main rivers of the Park are the little Rangit and Rammam which drain water from 

the National Park. Smaller streams like the Rithu khola, Singpratap, Devithan, 

Gurdum drain water from the main catchment area of the National Park. 

2.1.5 Biogeography: The Singhalila National Park has been placed under the bio

unit Central Himalaya (2C) according to the Biogeographical classification of 

India by Rodgers and Panwar (1989). In the past this region had always been 

categorised as a part of the eastern Himalaya (Mani 1974, Ali and Ripley 1978, 

Negi 1985, Anon 1991). According to Chaudhari (1992) SNP lies at the 

confluence of the Ethiopian, Palearctic, Mediterranean and Indo-Malayan floral 

and faunal realms. 

2.1.6 Singhalila forest types: Gamble (1875) and Cowan and Cowan (1929) were 

the pioneers in listing the plants of Darjeeling hills and classifying the forest 

types accordingly. I have however followed the classification according to 

Champion and Seth ( 1968) 
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2.1.6.1 Wet temperate forests: Commonly known as the upper hill forests by 

Cowan and Cowan (1929) the forest composition varies with altitude, aspect, 

rainfall, and biotic and edaphic factors. Evergreen oak forests are found in the 

2500-2800 m, which consist predominantly of Quercus pachyphylla along with 

Q. lame!losa and Quercus lineara on the lower slopes. Besides oak, the forest 

consists of other species like Machilus odoratissima, Acer campbellii, A1eliosoma 

dilleniaefolia, Castanopsis tribuloides, Magnolia campbellii and Sorbus 

cuspidata. The middle canopy layer is formed by Acer hookeri, Nessajavanica, 

Pieris ovalifolia, Corytusferox, Cinnamomeum obtusifolium, Daphniphyllum 

himalayensis, Rhododendron arboreum, R. cinnamomeum, R. griffithianum, R. 

jatconeri and Schleffera impressa. The understorey layer is predominantly formed 

of Arundinaria mating along with species like Strobitanthes sp., Viburnum 

erubescens, Viburnum nervosum, and Daphne cannabina. 

2.1.6.2 Moist temperate forests: This corresponds to the oak hemlock forests of 

Cowan and Cowan (1929) found from 2850 m- 3600 m. Here the forests consists 

of Quercus pachyphylla, Betula uti/is, Sorb us cuspidata, Castanopsis tribuloides, 

Rhododendron spp with groups of hemlock (Tsuga brunniona). Litsaea etongata, 

L. sericea, Endospermum chinense, Osmantlzus suavis, Eurya acuminata and 

Symplocos theifotia form the middle storey. There is a very dense growth of 

Arundinaria mating, Tlzamnocatamus aristata and A. racemosa over a large extent 

known as temperate bamboo brakes. These are found in large fire swept areas of 

the Park as a sera! type vegetation (Champion and Seth 1968) from where other 

tree species have been exterminated. Daphne cannabina, Berberis aristata, and 

Pipthantlzus nepal ens is are the other species known to occur with the ringal 
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species understorey. Good hemlock stands are found in the slopes of south-eastern 

part oftlie National Park, which finally give way to the fir forests above 2900 m. 

2.1.6.3 Subalpine forests: This forest type consists of Silver fir (Abies densa), 

Betula uti/is and various species of Rhododendron like Rhododendron 

campanulatum, R. barbatum, R. cinabarinum, R. grande, R. hodgsoni, and R. 

thomsonii. In the lower altitudes the silver fir is mixed with birch and 

rhododendron but on the spurs and ridges pure silver fir stands are found. The 

silver fir forests appear from about 3000 m up to 3650 m after which trees are 

rarely seen and regeneration is not adequate. Along the main ridge of the Park at 

3500 - 3650 m there are man made alpine pastures which have bushes of Berberis 

sp, Rosa sericea, Glautheria griffithiana and Cotoneaster sp. Trees of Juniperus 

pseudosabina have been reported from these forests but are not found any longer. 

Gopal and Meher-Homji (1983) divided the temperate forests of India into three 

types based on differences in rainfall during the growing season (period with 

more than 13° C temperature). These are montane wet temperate forests, montane 

moist temperate forest and Himalayan dry temperate forest. The forests of 

Singhalila National Park according to their classification fall under the montane 

wet temperate forests under the subdivision Northern wet temperate forests. At 

1800 m-3000 m these forests are dominated by evergreen species in stands up to 

25 m height. Epiphytes, ferns, mosses and aroids are abundant in these forests due 

to heavy rainfall. 
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According to Kanai (1966) the Rhododendron forests mark the timberline at a 

height of 4000 m and the region up to 5000 m is occupied by alpine meadows of 

prostrate Juniperus squata, Androsace sp., Arenaria sp., Cassiope sp., Saussurea 

sp. and others. Rhododendron sp. was reported to be abundant at the top of Mount 

Singhalila ( 4000 m). 

2.1. 7 Climate: Climatically the Singhalila National Park is considered to fall in 

temperate to subalpine zone as moist temperate conditions prevail throughout the 

year (Anon. 1992). The annual mean temperature in summer in the temperate zone 

varies from 7 o C to 17 o C and 1 o C to 10 o C in winter. In the subalpine zone the 

mean summer temperature is below 7 a C and the mean winter temperature is 

below 1 o C. Moist and foggy atmospheric conditions prevail throughout the year 

with an annual rainfall of 350 em and the relative humidity readings vary from 
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Fig. 2.3 Mean maximum (thick line) and minimum (broken line) temperature 
recorded in Singhalila National Park (1994-1996) 
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83% to 96%. Moderate storms which are accompanied by hail occur in April and 

May. There is regular snowfall in winter all over the Park and in areas above 

3300 m the snow may not thaw up to March (Anon 1992). Snowfall may occur as 

early as in October and as late as in April in the higher reaches of the Park. Frost 

is also fairly common in all areas of the Park during this season. During the 

period of 1994 June to October 1996 the mean temperature varied from 0.5"C to 

18"C (Fig. 2.3). Conditions were wet throughout the year, the Relative Humidity 

records varied from 70.80% to 96.70% (Fig. 2.4). As the area belongs to a high 

precipitation region the rainfall varied from 155 mm- 7500 mm. (Fig. 2.5). 
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Fig. 2.4 Mean monthly Relative Humidity(%) recordings of Singhalila 
National Park, (1994-1996). 
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Fig. 2.5 Mean monthly rainfall (mm) recorded at Singhalila National Park 
(1994-1996) 

2.1.8 Fauna: Some of the interesting mammal fauna of the Singhalila National 

Park which I saw or obtained evidences of are the Himalayan Black bear 

(Selenarctos thibetanus), Red Panda (Ailurus fulgens), Barking deer (Muntiacus 

muntjak), Wild boar (Sus scrofa), Serow (Capricornis sumatraensis), Himalayan 

yellow throated marten (Martis jlavigula), wild dog (Cuon a/pinus), common 

leopard (Panthera pardus), Himalayan mouse hare or pika ( Ochotona roylei), 

Chinese pangolin (Manis pentadactyl a) and Great eastern Horseshoe bat 

(Rhinolophus luctus) . Besides, some species of small cats are believed to occur in 

the Park. The Singhalila National Park and adjoining areas are considered to be 

amongst the richest avifauna! zones of the world from where ;550 species of birds 

have been reported. Some of the prominent ones are Slenderbilled Scimitar 

Babbler (Xiphirhynchus superciliaris), Goldenbreasted fulvetta (Alcippe 

chrysalis), Brown Parrotbill (Paradoxornis unicolor), Fire tailed myzornis, 
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(Myzorms pyrrhoura), various sunbirds, flycatchers, finches, warblers, babblers, 

raptors, laughing thrushes, chats, forktails, pipits, nuthatches, tree creepers, tits, 

yuhinas, bulbuls, etc. 

I recorded a total of 175 species of birds in the Singhalila National Park during 

my study. Among galliformes, besides the Satyr Tragopan, the other species 

known to occur in the Park are Black backed Kaleej Pheasant (Lophura 

leucomelana melanota), Blood Pheasant (Ithaginis cruentus), Hill Partridge 

(Arborophila torqueola) and Redbreasted Partridge (Arborophila mandellii). 

Besides these, I also saw the all black Kaleej Pheasant, which I suspect, might 

have been the L. I. moffott i. Reports from the local people indicated that the 

Himalayan Mona! (Lophophorus impejanus) was also present" in the National Park 

but this is probably from the Singhalila Peak ( 4000 m) area, which lies adjacent to 

the nonhern end of the SNP. Besides these the National Park is rich in amphibian, 

reptilian, lepidopteran and coleopteran diversity. 

2.1.9 Flora: The main forest types of the SNP have already been mentioned 

above. The large number of species of Rhododendron makes the area a typical 

eastern Himalayan zone. I could list at least 14 species of Rhododendron from the 

Park area following the descriptions of Cowan and Cowan (1929). These include 

Rhododendron arboreum, R. cinnamomeum, R. griffithianum, R. campanulatum, 

R. falconeri, R. cinnabar inurn, R. thomsonii, R. barbatum, R. triflorum, R. 

lepidotum, R. lindleyi, R. edgeworthhii, R. aucklandi, and R. grande. The family 

Magnoliaceae which is endemic to the eastern Himalaya occurs in the Singhalila 

National Park and is represented by Magnolia campbellii and Mglobosa. Besides 

\ 
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there is a large variety of shrubs, bushes, climbers and creepers in the SNP. There 

is a rich variety of flowering plants in the SNP, some of which are ?rimula spp., 

Iris hookeri, Aconitumferox, A. heterophyllum, Arisaemia spp., Rheum australe, 

Fragaria spp., Potentilla spp., Meconopsis spp., Geranium spp., Impatiens 

sulcata, Viola spp., Anemone spp., Rosa spp., Saxiphraga spp., Senecio spp., 

Calamintha spp., Viburnum erubescens, V. nervosum., Piptanthus nepalensis, 

Schizandra grandiflora, Holboellia latifolia, Actinidia, strigosa, Rubus 

nepalensis, Mahonia sikkimensis, Aster spp., Valeriana sp., Pleone praecox, P. 

humilis etc. In Singhalila National Park most of the tree species are covered with 

moss and have many species of epiphytic ferns and orchids. The area is also 

known to have a large variety of mushrooms, lichens and bryophytes. 

2.1.10 Threats: Like most other protected areas in India the presence of human 

settlements in the vicinity of SNP is the main cause of all forms of threat 

observed in the NP. The western boundary of Singhalila National Park falls on the 

International border with Nepal and is identified by a 42 km unmetalled road 

running along this border. This road is marked all along its course by human 

settlements and cattle stations in the Nepalese territory. Larger villages are not 

too far away from the Park boundary. Apart from this the buffer zone of the 

National Park is marked all along the eastern side by human settlements on the 

Indian territory. The main human related activities that may be potential causes of 

threats to the Park area were grazing and browsing by yak, firewood collection 

and hoarding, forest produce collection and hoarding, poaching for recreation and 

sale of animal parts, minor construction work and indirect pressures of tourism. 

The galliform fauna was most vulnerable to habitat destruction and poaching. It 
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seemed to be relatively easy to snare galliformes and the size of the game being 

relatively small it escaped the notice of the Park authorities fairly easily. 

2.2 GENERAL METHODOLOGY 

In this section I have touched mainly upon the design of the study and certain 

methods that were adopted. More specific details of methods used are given at the 

beginning of each chapter. 

I divided the study period into four seasons viz. the pre-monsoon season from 

March to May, monsoon season from June to August, post-monsoon season from 

September to November and winter season from December to February. Review 

o[ the available information about the Satyr Tragopan in the Singhalila National 

Park through various sources indicated that its local distribution, abundance and 

general habitat requirements were poorly known. Two reconnaissance surveys 

were conducted to initiate intensive studies on the Satyr Tragopan. Based on the 

findings of these two investigations I conducted extensive surveys and covered all 

the beats (administrative unit of a range) of the I 08.77 km2 National Park on foot. 

During these extensive surveys I used the existing network of forest pathsftrails of 

varying lengths which passed through different habitat/forest types to search for 

evidences of the Satyr Tragopan. Based on these extensive surveys I delineated an 

intensive study area which comprised of Gairibans, Kalpokhari and parts of 

Sandakphu as these areas provided maximum concentration of Satyr evidences 

(Fig: 2.6).For systematic monitoring the intensive study area of approximately 25 

km2 was stratified into three altitude zones of 2600-2900 m (zone 1), 2900-3200 

m (zone 2) and 3200- >3600m (zone 3). Four permanent transects/ trails were 
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marked out in each altitude zone which were monitored on a monthly basis 

ensuring that equal weight~ was given to each in terms of observer effort. Of 

w-4d 
these twelve trails eight were 3 km long, three were 1. 8 km and one .Gf 2 km long. 

Sites with evidences of target species were temporarily marked for carrying out 

vegetation sampling studies. 
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Fig 2.6 Singhalila National Park showing the 
intensive study area (shaded portion) 

Indirect evidences like droppings and feathers they were also collected. To ensure 

that the records were not repeated these indirect evidences were completely 
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cleared. All animal details were recorded as mentioned in the extensive 

monitoring section while the monitoring the permanent trails. 

2.2.1. Dawn call counts: I also used 3 of the I 2 trails for dawn call counts. While 

selecting trails care was taken to ensurMan types of areas could be 

represented. Due to limited calling period of the bird I m9nitored only three trails 

covering an altitude range from 2600-3100 m. Each trail was replicated for three 

successive mornings each month for three years. The permanently marked points 

in each trail were used in all the three years of observation. Data thus obtained 

were used to study the distribution, relative density and also the calling behaviour 

of the Satyr Tragopan. 

2.2.2. Habitat studies: The 12 permanently marked trails were monitored 

systematically to produce data on habitat use. Each of the 12 trails was walked 

once every three weeks (1 week/trail). Monitorings were timed so that effort was 

equally distributed. This scheme of work was continued for all 12 months of the 

year including seasons of inclement weather (monsoon and winter) 

2.2.3. Food and feeding ecology studies: The diet of the Satyr Tragopan was 

studied by the faecal analysis. All the droppings of Satyr Tragopan that were 

fo'und during regular trail monitoring as well as outside these were collected in 

plastic packets. From there they were transferred to paper trays for air or oven 

drying depending on the season of collection. The droppings were then labelled 

and sealed in new polythene packets and stored in an air tight container with 

camphor and a desiccating agent like silica gel. Later in the laboratory the 
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preserved droppings were pooled across seasons and analysed to study the diet of 

the species. All the places from where droppings were collected were temporarily 

marked for carrying out vegetation sampling studies. 

2.2.6 Threat studies: Threats to the Satyr Tragopan in the Singhalila National 

Park were studied by assigning intensity categories to various kinds of threats 

recorded during habitat studies. 

2.2. 7 Analyses: Univariate and multivariate statistical tests were used to analyse 

data following Sokal and Rohlf (1995), Zar ( 1984 ), Snecdor and Cocharan (1967) 

and Siegel (1957). For multivariate analysis, data variables were appropriately 

transformed (arcsine, lognormal, logratio) to normalise the data. All analysis was 

carried out manually and by the software package SPSS 7.5 for Windows (Norusis 

1990). Details of analysis have been described in more details in the methods 

section of each chapter. 
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