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Abstract

Lichens are known to be more sensitive indicators of ecosystem functioning and disturbances than any other
cryptogams and vascular plant communities. Himalayan habitats, despite their stressed climates, harbor some
of the unique biodiversity of the region, vital for overall ecosystem functioning and stability. Lichens, due to
their desiccation tolerance, are able to survive in high altitude habitats and evolved into diverse categories and
functional groups. Present study examines the terricolous lichen community in Chopta-Tungnath temperate-
alpine grassland of Garhwal Himalaya, in order to identify potential elements (species/growth form) as indicator
of anthropogenic disturbances. Terricolous lichens were sampled from twelve sites distributed in three stratified
macrohabitats, along increasing altitudinal gradient. A total of twenty soil lichen species belonging to ten
genera, six families and four morphological groups (i.e. leprose, foliose, dimorphic and fruticose) were identified.
Terricolous lichen diversity was negatively correlated (r = 0.70; p<0.05) with altitude. Among the four growth
forms, fruticose growth form was indicator of grazing disturbance, distinguishing low grazed high altitude (3400-
4001 m asl) areas with highly grazed low altitude (2700-3000 m asl) to mid altitude (3000-3400 m asl) areas.
Terricolous lichen diversity in the study area was found constrained by vascular plants at lower altitudes, human-
related impacts (tourism and livestock grazing induced trampling) at mid-altitudes and habitat characteristics

(low soil cover) at higher altitudes.

Key-words: anthropogenic impact, Garhwal Himalaya, grazing, lichens diversity.

Introduction

Lichens, a symbiotic amalgamation between a fungus
(mycobiont) and an alga (phycobiont) or cyanobacteria
(cyanobiont), are among the most significant indicators of
ecosystem functioning as they are more sensitive towards
habitat alteration and climate change than other cryptogams
and vascular plant forms (Wolseley et al. 1994; Herk et al.
2002, Bokhorst et al. 2007; Saipunkaew et al. 2007). Soil
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inhabiting terricolous lichens are good indicator of ecosystem
functioning (Will-Wolf et al. 2002) and their requirement of
greater environmental stability make them highly sensitive
indicators of overall ecosystem functioning and various
environmental disturbances (Grabherr 1982; Eldridge and
Tozer 1997; Scutari et al. 2004; Lalley and Viles 2005; Lalley
et al. 2006).

India is a rich centre of lichen biodiversity, harboring
nearly 15% of total global lichen flora (Singh and Sinha 1997;
Upreti 1998). Terricolous lichens constitute about 9% of total
lichen species recorded from India and their distribution ranges
from temperate (1500-3000 m asl) to alpine (>3000 m asl)
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Figure 1. Location map of the study area.

habitats of the Himalayas. Major distribution of terricolous
lichens in Himalaya is confined to alpine pastures locally
known as Bugyals. There have been various monographic,
revisionary and floristic studies on lichens for last five decades
(Awasthi 1988, 1991, 2007; Upreti and Bidel 1990; Upreti
and Negi 1998). However, community level investigations
have recently begun but there is still lack of consideration of
terricolous lichens as an indicator group (Negi and Gadgil
1996; Negi 2000 a, b; Negi and Upreti 2000; Pinokiyo et al.
2008). Grazing, tourism and unconstrained forest management
are affecting the overall biodiversity of the Himalayan habitats.
The main threats applicable to biodiversity, in general, are
also true for lichens e.g., habitat degradation, fragmentation
and loss, over exploitation, species invasions and climate
change (Scheidegger and Werth 2009). Lichen population in
the Indian Himalayas is threatened by uncontrolled livestock
grazing, over exploitation and habitat destruction.

There are some sporadic studies on climate change and
grazing pressures in Indian Himalayan temperate and alpine
habitats, but they lack any reference of lichens (Nautiyal et
al. 2004). In the present study, distribution of terricolous
lichens in a temperate-alpine habitat of Garhwal Himalayas
is analysed along an altitudinal gradient to assess their indicator
capability for habitat disturbances.
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Materials and Methods

STUDY AREA

Chopta-Tungnath lies between 30°28’39"- 30°29°51" N
latitude and 79°12°9" to 79°13°21" E longitude in the Garhwal
Himalayas of Rudraprayag district, Uttarakhand (Figure 1).
The area is famous for the holy shrine of Tungnath, situated
at the top of the ridge dividing Mandakini and Alaknanda
rivers (Figure 1).

The shrine and associated alpine grassland lies about 2
km below the Chandrashila Peak (4,001 m asl). The landscape
is typically mountainous, with moderate to steep slopes (30-
60°) and elevation ranging from 2700 m to 4001 m asl. The
topography of the area comprises of ridges of exposed rocks
and patches of flat alpine grassland. The crust of the area is
made up of crystalline and metamorphic weathering bedrock
with sedimentary deposits formed during the Paleozoic. Soils
in the area are of coarse textured loam or sandy loam at lower
altitudes and sandy at higher altitudes, well drained and acidic
(pH 4.0-5.5) (Sundriyal 1992).

Climate of the area is characterised by heavy frost,
blizzards and hailstorm most of the months of the year.
Precipitation occurs in the form of snow, hail, heavy rains
and showers during the year. The snowfall occurs from
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Figure 2. Pluviothermic diagram showing wet and dry months
at Tungnath (redrawn from Nautiyal et al. 2001).
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Figure 3. Terrain map of the study area showing the location
of sampling sites. Contour interval is 200 mt. Map prepared
using Google maps India 2010 (refer Table 1 for abbreviations).

November to April. Snowmelt occurs during April and May,
providing an abundance of soil water prior to the monsoon period.
Maximum rainfall is recorded in July-August (Figure 2) (Nautiyal
et al. 2001). The maximum monthly temperature in the area
varies from 19°C to 37°C in the months of May to October,
while the minimum temperature as low as —15°C is recorded at
the alpine grasslands during the months of December to February
(Negi 2000 a). The higher plant vegetation of the study area is
broadly classified as temperate mixed oak and coniferous forests
through subalpine forest to alpine scrub or grassland along the
altitude gradient (Gadgil and Meher-Homji 1990).

The land use by the local human population is mainly
confined to semipastoral mode of agriculture based mainly on
livestock grazing, agriculture, and forest produce (fodder and
fuel) collection from the oak-rhododendron woodlands. In
addition, land around the Tungnath shrine and at Chopta is
occupied for religious purpose during the pilgrimage season.
Livestock grazing activities peaks during summer (May-
October). About 4000-5000 sheep and goats, 50-70 buffalos
and 30-40 horses and mules reach in the alpine pastures each
year exerting heavy grazing pressure (Nautiyal et al. 2004).

FIELD METHODS AND DATA RECORDING

Sampling of terricolous lichens was done along the bridle path
from Chopta to Chandrashila summit and in the alpine flat
pastures in between, employing the stratified random sampling
method (Greig-Smith 1983; Krebs 1989). The landscape was
stratified into three macro-habitats, based on dominant
vegetation along the elevation gradient (Table 1): (i) Oak-
Rhododendron mixed forest (ORMF, altitudinal range 2700-
3000 m asl); (ii) Rhododendron-rich middle altitude subalpine
forest (RMSF, altitudinal range 3000-3400 m asl); (iii) Higher
altitude alpine grassland (HAGL, altitudinal range 3400-4001
m asl) (Table 1). These macro-habitats were further delimited
by gradients of geomorphology and anthropogenic
disturbances (Table 1).

A total of twelve sites were selected from three macro-
habitats (Table 1, Figure 3). As the study area is subjected to
frequent trampling by grazing livestock, native human
population and tourists’ movement, site selection was
constrained by the availability of lichen-rich patches in the
landscape.

Narrow frequency grid of 10 cm x 50 cm, divided into
five sampling units of 10 cm x 10 cm each was used for lichen
sampling (Scheidegger et al. 2002). Three such grids were laid
at each of the sampling sites, thus total fifteen 10 cm x 10 cm
sampling units were laid at each sampling site. Elevation was
measured with a GPS (Garmin GPS 76S).

Collected lichen samples were examined and identified
at Lichenology Laboratory, National Botanical Research
Institute, Lucknow, Uttar Pradesh, India. Lichens were
identified at the species level using a stereomicroscope and
light microscope morpho-anatomically, using relevant keys
and monographs (Ahti 2000; Awasthi 2007; Saag et al. 2009)
and chemically with the help of spot tests, UV light and
standardized thin-layer chromatography (Elix et al. 1993;
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Table 1. Stratification of Chopta-Tungnath landscape based on dominant vegetation along the elevation gradient.

Macro-habitat Altitude range Sites Grazing Characteristic vegetation Geomorphic features Anthropogenic
(m asl) Pressure disturbances
(Tr)
Oak- 2700-3000 C1, 0 Dominate vegetation of Temperate Base camp for
Rhododendron Quercus semecarpifolia topography with steep  tourist; with
mixed forest forming the upper increase in altitude; about 20-30
(ORMF) vegetational strata forest floor covered human
C2 1 followed by with litter; rich in soil settlements;
Rhododendron spp. cover; flat pastureland  open grass land
forming the lower story less than of mid- area; initiation of
3 0 of vegetational strata. altitudes. grazing pressure.
Rhododendron 3000-3400 T1 4 Dominate vegetation of Subalpine topography En route 2-5
rich middle Rhododendron arboreum  with increasing rock human
altitude and Rhododendron cover; moderate rise settlements and
subalpine forest T2 5 campanulatum, along in slope; less litter on about 6-8 human
(RMSF) with isolated stands of floor; adequate soil settlements at
T3 8 Quercus semecarpifolia cover and flat plains the Tungnath
and few Abies pindrow for flourished growth shrine; maximum
and 7axus baccatatrees. of grassland concentration of
T4 7 vegetation resultingin  grazing livestock;
highest concentration maximum
of flat pasturelands. trampling due to
T5 3 grazing and
tourist’
movement
Higher altitude 3400-4001 Cd1 2 Dominate vegetation of Open alpine grassland Human
alpine grassland herb species of Anemone,  with massive exposed settlements
(HAGL) Potentilla, Aster, boulders; land-slide absent; grazing
cd2 1 Geranium, Meconopsis, dominant area with pressure
Primulaand very scarce soil cover. minimum due to
Polemonium, and absence of flat
scattered pockets of pasturelands;
Cd3 0 shrubs of Rhododendron trampling due to
anthopogonand tourists’
Ccda 0 Juniperus species. movement

Orange et al. 2001). Specimens were deposited at the lichen
herbarium (LWG), National Botanical Research Institute
(NBRI), Lucknow, Uttar Pradesh, India. Data regarding to
lichen species richness at all collection sites of three macro-
habitats and their growth form diversity were documented
carefully. Livestock grazing was considered as the parameter
of anthropogenic disturbance and number of heard recorded
at each sampling site was taken as its measure (Table 1).

DATA ANALYSIS

Terricolous lichen assemblage was quantitatively analysed
for frequency, species richness (number of species) and growth
form diversity in each site (Curtis and Mclntosh 1950;
Pinokiyo et al. 2008; Rai et al 2011). Pearson’s correlation

coefficients were calculated between altitude, species richness
and growth form diversity of terricolous lichen community
using SPSS version 17 (known as Predictive Analytics
Software, PASW).

Results

AVERAGE COMMUNITY STRUCTURE AND PATTERNS

Terricolous lichen assemblages recorded from the twelve sites
in the Chopta-Tungnath landscape consisted of total 20
species belonging to ten genera and five families (Table 2).
Terricolous lichens were found in 57 out of the 180 sampling
units laid (Table 2). There were substantial differences in
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species constitution and abundance between various sites
(Table 2). Among the three macro-habitats, the sites in lower
altitude (ORMF , 2700-3000 m asl) macro-habitat harbored
the larger number of species than the sites in mid- (RMSF,
3000-3400 m asl) and high altitude (HAGL, >3400 m asl)
macro-habitats (Table 2, Figure 4). Cladoniaceae and
Stereocaulaceae were the dominant families, followed by
Parmeliaceae, Pysciaceae and Ramalinaceae (Table 2). Four
growth forms: leprose, foliose, fruticose and dimorphic
(squamules as primary thallus bearing erect fruticose body as
secondary thallus) were encountered in the terricolous lichen
community of the landscape (Table 2).

Terricolous lichen species showed restricted distribution.
Majority of sampling units consisted of single lichen species
per unit. Only three species, Cladonia coccifera, Cladonia
pyxidata and Stereocaulon foliolosum occurred in five sites;
whereas twelve species (60%) were confined to single site
(Table 2). Cladonia scabriuscula was recorded exclusively
from one site, in high altitude macrohabitat (HAGL).

CORRELATION ANALYSIS

There was significant negative relationship between
terricolous lichen species richness and altitude (r = —-0.700;
p< 0.05), indicating a gradual decrease in terricolous lichen
species richness with increasing altitude (Table 3). Species
richness of leprose (r = —0.585; p< 0.05) and fruticose (r = —
0.808; p< 0.01) growth forms were also found negatively
correlated with altitude (Table 3). Anthropogenic disturbance,
recorded as number of livestock heard at each sampling sites
(Table 1), was significantly correlated with richness of
dimorphic growth forms (r = —-0.641; p< 0.05), but with
richness of other growth forms the relationship was not
significant (Table 3).

Discussion

High altitude ecosystems and associated vegetation are usually
considered as fragile and sensitive to human impacts (Grabherr
1982). Although soil is the major substrate for terricolous
lichen growth in the Chopta-Tungnath, the landscape harbors
fewer lichen species than the rock and wood relevés (Negi
2000a). This disparity can be attributed to the instability of
the terrestrial niche due to anthropogenic pressures, like
livestock grazing (Motiejdnaité and Fautynowicz 2005). The
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Figure 4. Soil lichen species richness (number of species) of all
sites, arranged according to macrohabitats (refer Table 1 for
abbreviations).

gradual decrease of terricolous lichen species richness in the
study area is determined both by grazing pressure, which
initiates from lower altitude macro-habitat (ORMF, 2700-
3000 m asl) and maximizes in mid-altitude macro-habitat
(RMSF, 3000-3400 m asl) and by decreasing soil cover, which
becomes limiting factor at higher (HAGL, >3400 m) altitudes.
The terricolous lichen assemblages of Chopta-Tungnath are
highly influenced by altitudinal gradient as reflected by
correlation analysis. Among the growth forms recorded,
leprose and fruticose growth forms showed negative
relationship with altitude and were indicative of habitat
heterogeneity. Dimorphic growth form, due to their negative
relationship with grazing pressure (number of livestock heard),
emerged as indicator of grazing-induced trampling as also
reported by Grabherr (1982).

The temperate alpine meadows of Garhwal Himalaya
harbor most of the open grasslands which are subjected to
high grazing pressures. Terricolous lichens in this study proved
an appropriate bioindicators of grasslands in the region. The
study differentiates leprose and fruticose growth forms as
indicator of habitat heterogeneity, and dimorphic growth
forms as indicator of grazing pressure.

These findings validate the role of terricolous lichens as
indicators of habitat conditions in Himalayan grasslands, and
can be used to calibrate various anthropogenic pressures.
Alpine grasslands of the region are key component for the
sustainable existence of livestock. Management practices must

© 2011 Central Department of Botany, Tribhuvan University, Botanica Orientalis - Journal of Plant Science (2011) 8: 16-23



22 H.Raietal./ Terricolous lichens in Garhwal Himalaya

Table 3. Pearson’s correlation coefficients for selected variables
(significant correlations are tagged).

Alt SPN Lp Fo Dm Fr
Alt 1
SPN  -0.700* 1
Lp -0.585* 0.554 1
Fo -0.251 0.086  0.369 1
Dm -0.025 0.001  0.182 -0.107 1
Fr -0.808**  0.535 0.661*  0.344 -0.166 1
Tr 0.269 -0.214  0.151  -0.302  -0.641*  -0.35

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Variatbles: Alt = altitude, SPN = total number of species of terricolous
lichens, Lp = species richness of leprose growth form, Fo = species
richness of foliose growth form, Dm = species richness of dimorphic
growth form, Fr = species richness of fruticose growth forms, Tr =
number of livestock heard recorded at each sampling site.

be focused to reduce the grazing pressures on these grasslands
and on their sustainable utilization. Though the finding pre-
sented here are from a relatively small area, the study points
towards representative, region-specific monitoring importance
of terricolous lichens for the development of appropriate
conservation and management strategies for alpine grasslands.
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