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Terricolous Lichens in Himalayas: Patterns
of Species Richness Along Elevation Gradient
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1 Introduction

Lichens are the primary colonizers of the home planet along with non-lichenized
fungi, algae, bacteria, cyanobacteria, and mosses. Diverse morphological growth
forms and tolerant physiology provide lichens an edge over other cryptogams, ena-
bling them to colonize nearly all of the terrestrial habitats of our planet. Terricolous
lichens (highly sensitive) are important subsets of lichen community, as they highly
sensitive to climatic, topographic, and anthropogenic factors (Will-Wolf et al. 2002).
Terricolous lichens along with cyanobacteria, algae, microfungi, and bryophytes (in
different proportions) sometimes constitute an intimate functional entity referred to
as biological soil crusts (BSCs) (Belnap et al. 2001a). The biological soil crust is
the heterogeneous material that forms after colonization, nutrient enrichment, and
stabilization of the soil lichens (Eldridge 1996). BSCs impart spatial and temporal
patterns at different scales determining biological diversity that begins from harsh
to congenial environments of any stages of succession. Terricolous lichen diversity
in BSCs is closely associated with habitat characteristics, and therefore indicates the
health of ecosystem (Pellant et al. 2001).
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2 Terricolous Lichens: Role in Ecosystem Services

Terricolous lichens by virtue of their requirement of greater environmental stability
are highly sensitive indicators of the overall ecosystem functioning and various envi-
ronmental disturbances (Eldridge and Tozer 1997; Grabherr 1982; Scutari et al. 2004;
Lalley and Viles 2005; Motiejlinaité and Wiesuaw 2005; Lalley et al. 2006a; Clair et al.
2007; Raietal. 2011, 2012). The ecological and geomorphic importance of terricolous
lichen communities are related to the soil crust they inhabit. Terricolous lichens are
known to be sources of nitrogen and carbon fixation (Beymer Klopatek 1992; Evans
and Belnap 1999; Harper and Belnap 2001), vital soil stabilizers (Belnap and Gillette
1998; Eldridge 1998; Eldridge and Leys 2003), and providers of habitat and food
sources for other organisms (Zaady and Bouskila 2002; Lalley et al. 2006b), and are
known to influence growth of associated cryptogamic soil vegetation (Lawrey 1977,
Gardner and Mueller 1981; Sedia and Ehrenfeld 2005; Escurado et al. 2007; Lawrey
2009; Favero-Longo and Piervittori 2010). Terricolous lichen-dominated BSCs are an
indicator of physical, physiological, and chemical impacts after grazing, trampling,
climate change, and pollution (Belnap and Eldridge 2001; Belnap et al. 2001a, b).

3 Terricolous Lichens in the Himalayas

Himalayan habitats show diversity both in climate and habitat conditions, where
they are more moist in the eastern Himalayan alpine shrubs and meadows, which
act as a transit into drier central Tibetan plateau alpine steppe of central Tibet in
the north. The stressed climate (i.e., higher environmental lapse rate, high wind
velocity, high UV radiation, low atmospheric pressure, and low precipitation), and
the delimiting nutrient and exposure regime of Himalayas, support relatively simple
ecosystems, characterized by limited trophic levels and relatively, very few plant
growth forms and species (Rai et al. 2010). Despite these constrains, alpine habitats
of the Himalayas harbor some of the unique biodiversities of the region, which are
vital for the overall ecosystem functioning and stability. Himalayan habitats are rich
in lichen biodiversity, which constitute a substantial amount of cryptogamic ground
vegetation (Upreti 1998). Major distribution of Terricolous lichens in the Himalayas
ranges from temperate (1,500-3,000 m) to alpine (>3,000 m) habitats (Baniya et al.
2010; Rai et al. 2011). Altitudinal distribution patterns of terricolous lichens of the
Himalayan region are addressed in few region-specific lichenological investigati-
ons (Pinokiyo et al. 2008; Baniya et al. 2010; Huang 2010; Rai et al. 2012).

4 Objectives

The present work has been undertaken to elucidate an elevational richness pattern of
the Himalayan terricolous lichens with reference to (i) mid-dominance peak of terri-
colous lichen diversity along the gradient; (ii) dominant terricolous lichen families
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that follow a similar richness pattern, and (iii) probable determining factors to ex-
plain each of these patterns.

5 Materials and Methods

5.1 Study Area

The Himalayas are the youngest fragile mountains of Cenozoic origin. Present vege-
tation is believed to be the Pleistocene formation established after Miocene orogeny
(Singh and Singh 1987). The Himalayas arch the massive Indian subcontinent inclu-
ding Nepal, India, Burma, Bhutan, and Sri Lanka, which leaves the Tibetan plateau
on the backside. The Himalayan range is about 2,500 km long and passes all the way
from Burma in the east to Afghanistan in the west. The Himalayas lie between 84°E
and 84°W longitude (Singh and Singh 1987). It is the confluent of Austro-Poly-
nesian, Malayo-Burman, Sino-Tibetan, Euro-Mediterranean, and African elements.
These topographies with environment are believed to be suitable to all these flora
and fauna since ancient history. Soil lichens collected, described, deposited, and pu-
blished mainly from the Himalayan region of India and Nepal are considered here.

The Himalayas comprise the longest and a continuous bioclimatic region of the
world. The elevation of the landscape varies from the sea level to the world’s highest
peak, i.e., the Mount Everest, 8,848 m above sea level, within a short horizontal distan-
ce. Diverse topographies also harbor diverse vegetation typical of hot, wet tropics to ni-
val zones of the world. Hot and humid climates are characteristic features of landscapes
toward lower altitudes that slowly decrease with increasing altitude. Thus, temperature
and precipitation are two major gradients. Similarly, intensity of precipitation varies
differently along the Himalayas. Monsoon is the main source of rainfall that begins
from the Bay of Bengal and ends in the western Himalayas. The eastern Himalayas,
nearer to the Bay of Bengal, receive more rainfall during summer (May to September).
The intensity slowly decreases toward the western Himalayas. Terricolous lichens from
the Himalayas have witnessed and are indicators of these changes since prehistory.

5.2 Data Source

The main data source for this study is 4 Compendium of the Macrolichens from
India, Nepal and Sri Lanka (Awasthi 2007), the checklist of Nepalese lichens (Shar-
ma 1995; Baniya et al. 2010). Along with the above-mentioned sources, data of
Cladonia of India and Nepal were supplemented by analysing about 700 specimens
lodged in lichen herbarium of the Council of Scientific and Industrial Research
(CSIR)-National Botanical Research Institute (LWG). The distribution pattern of
soil lichens of Nepal was crosschecked using data from Baniya et al. (2010).

The altitudinal ranges of the Himalayan soil lichens (100—6,000 m) were interpo-
lated after dividing them into 60 bands of 100 m each, and a complete data matrix
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for all soil lichen species was assembled. Presence of a species indicates that the
species occurs in, or has been collected in the past from, that altitudinal band and
the absence means either that species does not occur or has previously not been
collected from that altitude (Baniya et al. 2010).

A species is assumed to be present at all possible 100-m bands between its upper
and lower altitudinal limits as recorded in the dataset. For example, a terricolous li-
chen Baeomyces pachypus that has elevational occurrences between 1800 to 3600 m
in the literature falls between the 1,800- and 3,600-m bands throughout the subcon-
tinent (Baniya et al. 2010). Endemic soil lichen species are encountered at a specific
landscape or in a country that counts for all the Himalayas. The lichen species listed
in the compendium or literature without any altitude reference were discarded. Such
soil lichen species were around 30 in number.

Thus, the species richness that applies here is an estimate of the total number
of soil lichen species and/or their family occurring at each 100-m altitudinal band
throughout the Himalayas. This corresponds to macroscale study, which is closer to
gamma diversity as mentioned by Whittaker (1972).

5.3 Data Analysis

Considering total lichen species richness, patterns related to, six dominant families
as response variables and their elevations as a predictor variable were extracted
by applying a cubic smooth spline (s) with the framework of generalized additive
models (GAM) (Hastie and Tibshirani 1990; Heegaard 2004; Baniya et al. 2010).
GAM, which is one of the most conservative, local regression methods has been
used in this study, without priori. Response variables variables are counts; thus,
the variance changes with the mean. Over dispersion in the dataset was corrected
through an application of quasi-Poisson family of error, which has a logarithmic
link function (Crawley 2006). Normal distribution in the error was tested after the
basic Q—Q (quantile—quantity) diagnostic plots against residuals. The change in de-
viance follows the F-distribution. R 2.13.1 was used to analyse the data and smoot-
hers (R Development Core Team 2011). The models were fitted with the library
GAM (Hastie and Tibshirani 1990).

6 Results

6.1 General Pattern of Species Richness

A total of 212! terricolous/soil lichen species, 1.06% of the total lichens repor-
ted from India alone, were found recorded from the Himalayas with altitudinal

! The data takes into account representative terricolous specimens lodged in CSIR-NBRI, liche-
nological herbarium-LWG.
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distribution range. These terricolous lichens species belonged to 24 families and 54
genera. Their altitudes ranged from 100 to 6,000 m above sea level. Cladoniaceae
was the dominant family with 53 species, followed by Parmeliaceae with 49 spe-
cies (Table 3.1).

Total soil lichen species richness showed statistically significant unimodal re-
lation with altitude. The highest number of soil lichen species (89) occurred at
2,400 m (Fig. 3.1; Table 3.2). The soil lichen species richness was found increasing
from sea level (100 m) to 2,400 m and declining afterward.

6.2 Mid-Richness Peak of Dominant Families

The most dominant soil lichen families also showed unimodal responses to eleva-
tion at different altitudes of their highest richness (Fig. 3.2; Table 3.2). For instance,
Cladoniaceae with 53 species showed unimodal relation of the highest richness (38
species) at 2,700-2,800 m (Fig. 3.2a; Table 3.2). Parmeliaceae with 49 species sho-
wed unimodal response with the highest richness (17 species) at 2,100 m (Fig. 3.2b;
Table 3.2). Peltigeraceae (18 species) humped at 2,800 m by 9 species (Fig. 3.2c;
Table 3.2), Physciaceae (17 species) humped at 1,700-1,800 m by 10 species
(Fig. 3.2d; Table 3.2), Collemataceae (12 species) humped at 1,200—1,300 m by 6
species (Fig. 3.2¢e; Table 3.2), and Stereocaulaceae (12 species) humped at 3,500—
3,600 m by 7 species (Fig. 3.2f; Table 3.2).

The study has found that 2,400 m is the most preferential altitude for soil lichens
among 60 altitudinal bands. At this midaltitude (2,400 m) soil lichen species may
be supported by all habitats, microenvironments, edaphic factors, and biogeography
as well and vice versa.

7 Discussion

A quantitative analysis of the terricolous lichen community from the Himalayas
has revealed that they are significantly greater in number and wider in distribution.
These terricolous lichen communities are found distributed at all altitudes from 100
to 6,000 m. Moreover, 2,400 m altitude was the most preferable altitude and has
abundant number of terricolous lichen species (Fig. 3.1). Not all lichen families be-
have the same in terms of appearance of maximum number of species with altitude.
Terricolous lichens followed the general trend of elevational declining unimodal
species richness pattern at larger spatial scales but differed with elevation of maxi-
mum richness. The fundamental reasons explaining for this pattern may share with
the general pattern of other species richness but the specific cause would be specific
to the terricolous lichen only.
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Fig. 3.1 Altitudinal richness pattern of soil lichens. The fitted regression line represents the statis-
tically significant (P<0.001) smooth spline (s) after using GAM with approximately 4 degrees of
freedom. The vertical line in the space represents the highest richness

Table 3.2 Regression analysis results modelled after different terricolous lichen species richness
as well as their six dominant families as response variables and their elevation as predictor variable.
The quasi-Poisson family of error fitted in the GAM model after the cubic smooth spline (s) with
approximately 4 degrees of freedom and the total degrees of freedom in this observation are 59

Response Resid. df Res.dev D’ Deviance F Pr(>F)
variables

Total soil lichens 55 57 0.966 1622 448 <0.0001
Cladoniaceae 55 38 0.958 856.7 461.87 <0.0001
Parmeliaceae 55 33.59 0.903 311.67 163.54 <0.0001
Peltigeraceae 55 18.33 0.940 285.5 304.37 <0.0001
Physciaceae 55 40.11 0.864 255 103.72 <0.0001
Collemataceae 55 39.86 0.794 153.78 60.68 <0.0001
Stereocaulaceae 55 13 0.936 190.19 247.07 <0.0001

Resid. df Residual degree of freedom, Res. dev Residual Deviance, D’ Regression coefficient of
determination, F' Fisher value of determination, Pr the Probability

The elevation for the highest richness of soil lichens represents the temperate
forest zone within the Himalayas. Temperate vegetation occurred at 2,400 m altitu-
de dominated by deciduous tree species such as Schima-Castanopsis, laurels, oaks
(Quercus spp.) and evergreen species such as blue pine (Pinus wallichiana). The
larger vascular species may provide shade and has relatively higher humidity due
to their closed canopy. The climate of this zone is characterized by moderate tem-
perature throughout the whole year and relatively higher precipitation and evapo-
transpiration than elsewhere. The climatic conditions in the Himalayan temperate
habitats help to maintain greater heterogeneity among microhabitats and enough
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soil moisture which supports good growth of vascular plants and soil lichens. Thus
higher soil lichen distribution is expected in these temperate habitats, nurtured by
moderate regimes of temperature, precipitation and solar radiation. This view is well
supported by development and distribution of soil lichen communities favoured by
occurrence of vascular plants in the Great Basin, western USA (Clair et al. 1993).
But it differed from the findings of Baniya et al. (2010) and Rai et al. (2011, 2012),
which recorded the highest richness from 3,000-3,400 m. These differences may be
the result of higher zooanthropogenic perturbations at lower altitudes (<2,400 m)
and consequent shifting of soil lichens to mid-elevations (i.e., 3,000-3,400 m).

Diversity of microhabitats in the form of “doons” and valleys and alpine pas-
tures—Bugyals along with a thinning treeline between the altitudinal ranges of
2,000-3,000 m provide ideal conditions for soil lichen communities to develop and
flourish. Maximum Bugyals in the Himalayas are situated at average altitude of
2,900-3,400 m, where due to thinning out of treeline, there is least competition with
angiospermic vegetation and the harsh climatic regimes (low pressure, high wind
velocity, subzero atmospheric temperature, and soil acidity) further increase the
probability of soil lichens to colonise, as Himalayan soil lichen species are tolerant
to climate extremes (Scheidegger and Clerc 2002). Beside these, majority of Hi-
malayan habitats are now a part of protected area networks, which along with other
plant diversity also help soil lichens to colonise and expand.

The number of soil lichens (212) is much higher than earlier studies such as 48 spe-
cies found in arid and semiarid Australia (Eldridge 1996), 28 species in the northern
Namib Desert (Lalley and Viles 2005), 31 species from the southern Namib Desert
(Jurgens and Niebel-Lohmann, 1995), 34 species from intermountains of western
United States (Clair et al. 1993), 45 species in the Nepal Himalayas (Baniya et al.
2010), and 20 species in Chopta-Tungnath tract in the Garhwal Himalaya (Rai et al.
2011, 2012). The higher species count of soil lichens in Himalayan habitats is due
to low competition from other ground vegetation above treeline (>3000 m), toleran-
ce of specific fruticose/dimorphic terricolous lichens (e.g., Stereocaulon, Cladonia)
to grazing induced trampling and harsh climatic conditions, sufficient hydration of
soils throughout the year, tolerance to acidic pH of soil and efficient utilisation of
soil macrohabitats (Grabherr 1982; Baniya et al. 2010; Rai et al. 2012; Rai 2012).
Change in landuse patterns, anthropogenic pressures, livestock grazing and ground
soil cover along with altitudinal gradients are also major factors influencing the
terricolous lichen diversity in Himalayas (Rai et al. 2011, 2012).

Anthropogenic pressures, after the increase in human population, is the main con-
trolling driver of nature and its biodiversity on Earth (Ellis and Ramankutty 2008;
Ellis 2011). Major concentration of human population can generally be expected at
planes or flat areas between the undulating topography of the Himalayas. Dense hu-
man population is mostly found in and around the tropical and subtropical range of
the Himalayas (i.e., foothills) and less at or above 3,000 m. The anthropogenic pres-
sure arising by commercial aspects of human society has been a major contributor
of overall depletion of lichen diversity in Himalayas (Upreti et al. 2005). Many ter-
ricolous lichen species (i.e., Peltigera, Thamnolia, Cladonia, Staereocaulon) have
been exploited as supplementary foods and medicine by different ethnic groups as
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well as other animals (Saklani and Upreti 1992; Upreti and Negi 1996; Negi 2003;
Upreti et al. 2005; Wang et al. 2001).

8 Conclusion

Elevation is the main driver of biological diversity which acts as a composite factor
to the anthropogenic pressures, historical location, and higher plant biodiversity.
The terricolous lichen diversity in the Himalayas is modulated by natural factors,
e.g., climate, topography, soil chemistry, comparative soil cover along altitude, sui-
table micro habitats, decrease competition; other ground vegetation are also highly
guided by zooanthropogenic pressure, e.g., livestock grazing, commercial/ethnic
exploitation, tourism etc. Mid-elevation range of 1,200-3,600 m in temperate habi-
tats of the Himalayas are best suitable for soil lichen to make sustainable communi-
ties and can be the most suitable thrust area for research in the future.
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