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An organism occurs in a characteristic, limited range of habitats and within this 
range they are found to be most abundant indicating their specific environmental 
optimum (Körner 2003). The distribution of organisms is strongly influenced by 
factors such as elevation, precipitation, moisture, temperature, and nutrients in the 
substratum (Huang 2010). In last 50 years though considerable attention has been 
accorded in documenting the taxonomic diversity of lichens in India, investigations 
of their community ecology have only recently begun, and those so far undertaken, 
except some instances (Rai et  al. 2011, 2012) have not explored the distribution 
ecology of terricolous lichens as a functional group (Negi 2000; Negi and Upreti 
2000; Pinokiyo et al. 2008). With increase in understanding on soil crust lichens, 
their functional role in maintenance of physical stability, hydrology, and nutrient 
pool of soil crust is well recognized worldwide (Elbert et al. 2012). The investigati-
ons on Indian terricolous lichens were initiated at lichenology laboratory of CSIR-
National Botanical Research Institute (NBRI), as an assessment of their diversity in 
Western Himalaya and their role in soil stabilization in alpine habitats (Rai 2012). 
The study revealed a substantial diversity of terricolous lichens and found that soil 
lichens play a very crucial role in the stabilization of soil crust, soil respiration, 
amelioration of soil temperature, and growth of soil microflora. In the course of 
study, various patterns and factors of terricolous lichen diversity were observed 
and the need for a publication dealing with these aspects was realized, leading to 
conceptualization of this volume.

The Vol. 1 of Terricolous Lichens in India, in five chapters discusses licheno-
logy in India with special reference to terricolous lichens (Chap. 1); comparative 
assessment of biological soil crusts (BSC) development in India with global pat-
terns (Chap. 2); altitudinal patterns of soil crust lichens in India using generalized 
additive models ( GAM; Chap.  3); role of novel molecular clades of Asterochlo-
ris in geographical distribution patterns of Cladonia—a dominant soil crust lichen 
(Chap. 4) and photobiont diversity of soil lichens along substrate ecology and alti-
tudinal gradients in Himalayas (Chap. 5). The volume enumerates various patterns 
and factors of terricolous lichen diversity in India, as a prelude to Vol. 2 which deals 
with the taxonomy of Indian soil crust lichens. The book should be of interest to the 
specialists and also intends to generate interest among ecologists, biologists, natu-

Preface



vi

ralists, teachers, students, protected area managers, policy makers, and conservation 
agencies. We hope that this book will widen the overall understanding of Indian li-
chens and specifically the terricolous lichens, both for native as well as international 
workers and would serve as foundation of many more taxonomic as well as applied 
researches in Indian lichens.

References

Elbert W, Weber B, Burrows S, Steinkamp J, Büdel B, Andreae MO, Pöschl U (2012) Contribution 
of cryptogamic covers to the global cycles of carbon and nitrogen. Nat Geosci 5:459–462

Huang M (2010) Altitudinal patterns of Stereocaulon (Lichenized Ascomycota) in China. Acta 
Oecol 36:173–178

Körner C (2003) Alpine plant life—functional plant ecology of high mountain ecosystems, 2nd 
edn. Springer, Heidelberg, p 344

Negi HR (2000) On the patterns of abundance and diversity of macrolichens of Chopta–Tungnath 
in Garhwal Himalaya. J Biosci 25:367–378

Negi HR, Upreti DK (2000) Species diversity and relative abundance of lichens in Rumbak cat-
chment of Hemis National Park in Ladakh. Curr Sci 78:1105–1112

Pinokiyo A, Singh KP, Singh JS (2008) Diversity and distribution of lichens in relation to altitude 
within a protected biodiversity hot spot, north-east India. Lichenologist 40:47–62

Rai H (2012) Studies on diversity of terricolous lichens of Garhwal Himalaya with special refe-
rence to their role in soil stability. PhD Thesis. H.N.B Garhwal University. Srinagar (Garhwal), 
Uttarakhand, India

Rai H, Khare R, Gupta RK, Upreti DK (2011) Terricolous lichens as indicator of anthropogenic 
disturbances in a high altitude grassland in Garhwal (Western Himalaya), India. Bot Oriental 
8:16–23

Rai H, Upreti DK, Gupta RK (2012) Diversity and distribution of terricolous lichens as indicator 
of habitat heterogeneity and grazing induced trampling in a temperate-alpine shrub and mea-
dow. Biodivers Conserv 21:97–113

CSIR-NBRI, Lucknow, U.P. India
July 2013

Himanshu Rai
Dalip Kumar Upreti

Preface



vii

Acknowledgements

We are thankful to Dr. Roger Rosentreter (BLM, Idaho, U.S.A), Dr. Jayne Belnap 
(Moab, Utah, U.S.A), and Dr. Christoph Scheidegger (Swiss Federal Research Insti-
tute, WSL, Birmensdorf) for their continuous support and advice during the realiza-
tion of this publication. We are also thankful to Dr. Pradeep K. Divakar (Department 
of Plant Biology II, College of Pharmacy, Complutense University, Madrid, Spain) 
for his time to time help with literature pertaining to various soil lichen genera. We 
are thankful to Dr. G. P. Sinha (Scientist, Central regional circle, Allahabad) for the 
crucial help with lichen samples of Sikkim. Further, we are grateful to all our contri-
butors for the cooperation they extended throughout the project. Finally, we would 
like to thank the editorial team of Springer—Eric Stannard, Daniel Dominguez, and 
Andy Kwan for their patience and understanding during this project.



ix

Contents

1 � Lichenological Studies in India with Reference  
to Terricolous Lichens..................................................................................  1
Himanshu Rai, Roshni Khare and Dalip Kumar Upreti

2 � Distribution Ecology of Soil Crust Lichens in India:  
A Comparative Assessment with Global Patterns....................................  21
Roger Rosentreter, Himanshu Rai and Dalip Kumar Upreti

3 � Terricolous Lichens in Himalayas: Patterns of Species 
Richness Along Elevation Gradient...........................................................  33
Chitra Bahadur Baniya, Himanshu Rai and Dalip Kumar Upreti

4 � Photobiont Diversity in Indian Cladonia Lichens, with 
Special Emphasis on the Geographical Patterns.....................................  53
Tereza Řídká, Ondřej Peksa, Himanshu Rai,  
Dalip Kumar Upreti and Pavel Škaloud

5 � Photobiont Diversity of Soil Crust Lichens Along Substrate 
Ecology and Altitudinal Gradients in Himalayas: A Case 
Study from Garhwal Himalaya.................................................................  73
Voytsekhovich Anna, Dymytrova Lyudmyla, Himanshu Rai  
and Dalip Kumar Upreti

Glossary.............................................................................................................  89

Index...................................................................................................................  97



xi

Contributors

Voytsekhovich Anna  Department of Lichenology and Bryology, M.H. Kholodny 
Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine

Chitra Bahadur Baniya  Central Department of Botany, Tribhuvan University, 
Kirtipur, Kathmandu, Nepal 

Roshni Khare  Lichenology laboratory, Plant Diversity, Systematics and Herbar-
ium Division, CSIR-National Botanical Research Institute, Lucknow, Uttar Pradesh, 
INDIA

Dymytrova Lyudmyla  Department of Lichenology and Bryology, M.H. Kholodny 
Institute of Botany, National Academy of Sciences of Ukraine, Kyiv, Ukraine

Ondřej Peksa  The West Bohemian Museum in Pilsen, Plzeň, Czech Republic

Himanshu Rai  Lichenology laboratory, Plant Diversity, Systematics and Herbar-
ium Division, CSIR-National Botanical Research Institute, Lucknow, Uttar Pradesh, 
INDIA

Tereza Řídká  Department of Botany, Faculty of Science, Charles University, 
Prague, Czech Republic

Roger Rosentreter  Idaho Bureau of Land Management, Boise, ID, USA 

Pavel Škaloud  Department of Botany, Faculty of Science, Charles University, 
Prague, Czech Republic

Dalip Kumar Upreti  Lichenology laboratory, Plant Diversity, Systematics and 
Herbarium Division, CSIR-National Botanical Research Institute, Lucknow, Uttar 
Pradesh, INDIA



1

Chapter 1
Lichenological Studies in India  
with Reference to Terricolous Lichens

Himanshu Rai, Roshni Khare and Dalip Kumar Upreti

H. Rai () · R. Khare · D. K. Upreti
Lichenology laboratory, Plant Diversity, Systematics and Herbarium Division  
CSIR-National Botanical Research Institute,  
Rana Pratap Marg, Lucknow  
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e-mail: himanshurai08@yahoo.com

1  Introduction

Lichens, a mutualistic association of a dominant fungus (mycobiont) and a green 
(phycobiont) and/or blue-green algae (cyanobiont), are by far known as one of the 
most successful symbionts in nature (Galloway 1992). At times, strictly regarded 
as an ecological instead of a systematic group, lichens have developed a special-
ized mode of nutrition, where an algal/blue-green algal partner is the sole source 
of carbohydrate for the fugal partner, which envelops their photosynthetic partner 
forming a discreet thallus (Hawksworth 1988). Thus lichen thallus is a relatively 
stable and well-balanced symbiotic system with both heterotrophic and autotro-
phic components and can be aptly regarded as a self-contained miniature ecosystem 
(Farrar 1976; Seaward 1988). About one-fifth of all known extant fungal species 
form obligate mutualistic symbiotic associations with green algae and/or cyano-
bacteria. Presently, the consensus of known lichenized taxa amounts to 13,500 
(Hawksworth et al. 1983; Hawksworth and Hill 1984; Hawksworth 1991) revised 
from the earlier estimates of between 15,000 and 20,000 (Galloway 1992), consti-
tuting about 23 genera of green and 15 genera of blue-green algae (Purvis 2000).

Of all known lichenized fungi, 98 % are ascomycetes, 1.6 % deuteromycetes, and 
0.4 % basidiomycetes (Honegger 2008). Nearly 40 genera of algae and cyanobac-
teria have been reported as photobionts in lichens (Tschermak-Woess 1988; Büdel 
1992; Friedl and Büdel 2008; Honegger 2009). About 85 % of lichen-forming fungi 
associate with green algae (often referred to as chlorolichens; Ahmadjian 1993), 
about 10 % with cyanobacteria (cyanolichens; Ahmadjian 1993), and about 4 %, 
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