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    PREFACE




    


    


    


    


    


  




  

    Bryophytes are the foremost green plants to effectively inhabit land 470–551 million years ago (mya) from algal intimates. Conventionally, the word “bryophytes” has been used to explain a paraphyletic assembly of three phyla, Bryophyta (mosses), Marchantiophyta (liverworts), and Anthocerotophyta (hornworts) and their relations have long been a cause of arguments among researchers. Being the first land plants and one of the pioneers along with lichens, they have always fascinated botanists, and consequently the research on this group of miniature plants is global. This book is conceptualized to provide recent trends in bryology to the scientific community worldwide. The study of bryophytes is a basic in land plant evolution, and the most recent progress in molecular and computational biology has permitted for a precise depiction of land colonization and the succeeding evolution. Ecologically, bryophytes are very important and serve as water reservoirs along with their active participation in extremely important biogeochemical cycles, particularly the carbon cycle. Furthermore, there has been an increasing concern for the conservation of bryophytes.




    The aim of this book is to present an all-inclusive text concerning current research set-up of bryology to bryologists.




    This book is a collection of chapters written by renowned bryologists from Brazil, Pakistan and India who reported findings on diverse aspects of bryology, which include, diversity, conservation through tissue culture, pollution monitoring, bioinformatics, molecular bryology, etc.




    The text has been written in a simple graspable language and is profusely illustrated with self-explanatory diagrams.




    Suggestions and healthy criticisms will be of much help and value to me and shall be incorporated in the future attempts.
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    The book titled: ‘Contemporary Research on Bryophytes’ is edited by Dr Afroz Alam, who received his initial training in bryological research at the Department of Botany, University of Lucknow, Lucknow - an internationally acclaimed and foremost centre of research in the field of plant sciences in India for nearly eight decades. This book is an extremely remarkable effort for compilation of the diverse aspects of bryology to 12 articles contributed by Indian as well as overseas bryologists specially from Brazil and Pakistan, covering the current status of bryological research in these countries. The areas covered are related to contributions to the conservation of endangered bryophytes through tissue culture, the present status of Antarctic bryology, application of molecular approaches and bioinformatics to study bryophytes besides, morphology, taxonomy and bryodiversity. It provides information on both the modern aspects of research in bryology and also the classical aspect which is commendable on the part of the contributors. I hope that the book will benefit the researchers and serve as a reference resource in the specialisation of plant sciences, an area of research not so popularly known in this part of the world.
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    INTRODUCTION




    


    


    


    


    


  




  

    The aim of the book is to provide information regarding recent trends in bryology in India and abroad. Bryophytes are the first land plants and are quite fascinating in their overall diversity. Due to the lack of recent relevant research on their mesmerizing diversity and evolutionary history, there is a need to know the advancement in this branch of plant sciences. All through its history, bryological study has contributed considerably to the field of plant sciences, for instance, the discovery of sex chromosomes in plants. The study of bryophytes is fundamental in land plant evolution, and the latest progress in molecular phylogenetics and genomics has permitted for an exact depiction of land immigration and succeeding progression to emerge. Ecologically, bryophytes are important for the participation in biogeochemical cycles, in particular carbon cycle. Furthermore, there has been an escalating apprehension for the conservation biology of bryophytes.




    This book intends to put forward an all-inclusive text regarding the current research scenario of bryology to those interested in finding out the fundamentals of the bryophytes.




    This book is a compilation of chapters on reported findings related to various aspects of bryology like, conservation, diversity, tissue culture, bio-monitoring, computational bryology, molecular bryology, etc.




    The purpose of the book is to provide botanists and bryologists with basic updated and recent information that will be valuable in their quest to investigate, develop, and apply to their research work. An attempt has been made to explain the current advances made across the diverse aspects of bryophytes at a level that would be helpful to beginners in the field.
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      Abstract




      The present work was undertaken to study the growth pattern of Drummondia stricta (Mitt.) Müll. Hal. in six different culture media with a combination of auxin and cytokinins, using spores as explants in aseptic cultures. In Drummondia, there is a tendency of multicellular spore formation and spore germination is precocious and endosporic. It has been observed that plant growth was the most satisfactory in the ½ Knop’s + 0.1 mg/L IAA + 0.1 mg/L Kinetin followed by ½ Knop’s, 0.1 mg/L IAA + 0.1 mg/L BAP. However, no growth was observed in case of ½ KNOP’s and Hoagland media.
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      INTRODUCTION




      Genus Drummondia belongs to the family Orthotrichaceae characterized by creeping plants with numerous erect branches. Capsule erect, ovate, exserted with reduced peristome of 16 teeth and spores multicellular, rectangular to polygonal (Plate 1). Vitt [1] described six species and one variety of Drummondia from World. In India 4 species of Drummondia were reported by Chopra [2]. Earlier some research work related to the germination of bryophyte spores, their stages of development, physical factors, nutritional requirements and effects of auxin and antiauxin has been carried out by various workers [3-10]. In bryophytes there are two types of spore germination (1) Endosporic and (2) Exosporic. In endosporic germination, the protonema develop inside the stretched spore wall and the spore protoplast divides within the spore wall forming a multicellular structure while in exosporic germination, swollen protoplast ruptures the spore wall and protonema develops outside. Endosporic germination occurs in some epiphytic and saxicolous species [11]. The aims of the present study were (1) to describe the




      spore germination morphology, detailing the phases of in vitro protonema development of D. stricta, and (2) To evaluate the growth of plant in different culture media.
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Fig (1))


      A-K: Drummondia stricta, A. Plant habit, B-C. Leaves, D. Leaf apical cells, E. Leaf median cells, F. Leaf basal cells, G. Capsule, H. SEM of Spores, I-J. SEM of single spore, K. A portion of spore (enlarged view).

    




    

      MATERIALS AND METHODS




      The plants of D. stricta were obtained from Govind Wildlife Sanctuary, Uttarkashi, Uttarakhand. The specimens have been deposited in the Bryophyte Herbarium of CSIR-National Botanical Research Institute, Lucknow (LWG), India. Specimens examined: India, western Himalaya, Uttarakhand, Uttarkashi, Obra Jeri (alt. ca 2768 m), Epiphytic, 16.10.2016, leg., Dayanidhi Gupta, 306366A (LWG).




      The capsules were surface sterilized with 0.5% sodium hypochlorite solution for 2 minutes, and washed repeatedly with sterile double distilled water. The capsules were ruptured and spores were inoculated in different media. The pH of the media was maintained at 5.8 pH before autoclaving. The media was autoclaved at 15 psi for 15 minutes.




      The experiment was carried out in a laboratory under controlled temperature (20-23oC) and provided with illumination of 2400-2500 lux as well as alternate light and dark period of 16 h and 8 h, respectively with the help of a combination of fluorescent tubes.




      In order to observe the influence of different mineral nutrients and hormone concentration on the development of this species, the following combinations were used. All the hormone concentrations were prepared in ½ Knop's macronutrient.




      (A) 0.1 mg/L IBA + 0.2 mg/L BAP + ½ Knop’s




      (B) 0.2 mg/L IBA + 0.2 mg/L BAP + ½ Knop’s




      (C) 0.1 mg/L 2,4 D + 0.1 mg/L Kinetin + ½ Knop’s




      (D) 0.1 mg/L IAA + 0.1 mg/L BAP + ½ Knop’s




      (E) Hoagland




      (F) ½ Knop’s


    




    

      RESULTS AND DISCUSSION




      

        Germination Stages and Development




        The spores of D. stricta are multicellular with bright green colour with an average size of spores ranging around 80-120 µm long and 60-80 µm wide. In the first week of the analysis, there was development of multicellular protonema enclosed within the spore wall that expanded without rupturing, like a typical endosporic germination. Germination was observed in A, B, C and D media while in the case of Hoagland and ½ Knop’s media only spores were swollen but no further growth occurred. Observation on the development of protonema and sporeling in the second week revealed that in A, B, C and D media massive protonema developed from spores except for Hoagland and ½ Knop’s media. During the fourth week spores and protonema became brown in colour in A, B, C, and D media while in the Hoagland and ½ Knop’s media dead spores were observed (Table 1, Plate 2). The differentiation processes in mosses are clearly dependent on the amount of auxin and cytokinin [12]. In the present experiment cytokinin and auxin accumulation at higher concentrations in the spores inhibited the protonemal growth in A and B media. There are various reports about the effect of auxin and cytokinin on bryophytes, 2, 4 D and 6 Benzyl Amino Purine are usually effective for callus inducement [9, 13, 14]. During the fourth week, leafy buds were observed along the protonema in D media. During the sixth week, leafy bud developed from protonema in C media. Brownish rhizoids also developed from the base of the plants in C and D media. The number of young buds developed more in D media as compared to C media. The plant growth was found best in the case of D media (Table 1, Plate 3). Cvetic et al [15] reported the Auxin IAA favoured budding and the cytokinin 6 Benzyl Amino purine restrained gametophores growth. Both hormones could accelerate protonemal aging in long culture media.




        

          Table 1 Observations on comparative protonemal morphogenesis and growth pattern of D. stricta in different culture media.




          

            

              

                	Days



                	Culture Media

              




              

                	



                	
½ Knop’s 0.1 mg/L IBA+ 0.2 mg/L BAP


                (A)




                	
½ Knop’s 0.2 mg/L IBA+0.2 mg/L BAP


                (B)




                	
½ Knop’s 0.1 mg/L 2,4D+0.1 mg/L Kinetin


                (C)




                	
½ Knop’s 0.1 mg/L IAA +0.1 mg/L BAP


                (D)




                	Hoagland



                	½ Knop’s

              


            



            

              

                	(6th day)



                	73.93% spores germinated,


                Spores swollen and growth of protonema started



                	97.68% spores germinated,


                Spore swollen and growth of protonema started



                	98.10% spores germinated,


                Spore swollen and growth of protonema started



                	92.67% spores germinated,


                Spore swollen and growth of protonema started



                	Spores swollen, and no growth of protonema



                	Spores swollen, and no growth of protonema

              




              

                	(15th day)



                	Protonema developed in stretched exospores



                	Protonema developed in stretched exospores



                	Protonema developed in stretched exospores



                	Protonema developed in stretched exospores



                	no growth of protonema



                	no growth of protonema

              




              

                	(30th day)



                	Protonema become brown in color



                	Protonema become brown in color



                	Protonema become brown in color


                No growth of caulonema



                	Protonema become brown in color


                No growth of caulonema, leafy bud developed from protonema



                	Death of Spores



                	Death of Spores

              




              

                	(45th day)



                	No further growth



                	No further growth



                	leafy bud developed from protonema, 0.1 mm in size



                	Plants 3-4 leaf stage, about 0.30 mm in size



                	-



                	-

              




              

                	(68th day)



                	Death of Protonema



                	Death of protonema



                	Plants about 1 mm in size, dense brown rhizoids developed at the base of the plant.



                	Plants about 0.4 to 0.6 mm in size, dense brown rhizoids developed at the base of the plant.



                	-



                	-
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Plate (2))


        In-vitro growth and multiplication of Drummondia stricta, A-F: Growth of spores in different media after 6 days, A. In medium A, B. In medium B, C. In medium C, D. In medium D, E. In Hoagland medium, F. In ½ Knop’s medium; G-L: Growth of Spores in different media after 15 days, G. In medium A, H. In medium B, I. In medium C, J. In medium D, K. In Hoagland medium, L. In ½ Knop’s medium.
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Plate (3))


        In-vitro growth and multiplication of D. stricta. Protonema development in different media after 30 days, A-F: A. In medium A, B. In medium B, C. In medium C, D. In medium D, E. In Hoagland medium F. In ½ Knop’s medium; G-J: Protonema and leafy bud development in different media after 45 days, G. In medium A, H. In medium B, I. In medium C, J. In medium D; K-L: Leafy gametophores development after 68 days, K. In medium C, L. In medium D.
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      Abstract




      Bryophytes constitute one of the most prominent groups among terrestrial vegetation in South Shetlands Islands of Antarctica. The present study is focused on the bryoflora which exists in association with other life forms in the studied regions. Though, the taxonomy of the Antarctic bryophytes has received much attention in recent years but their associations, especially with lichens and fungi/algae are somewhat neglected by earlier explorers. However, these associations are very crucial for plant succession in the area like Antarctica. A checklist of bryophytes has been provided along with their associated forms with short discussion on the associations to signify the importance of these tiny plants.
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      INTRODUCTION




      Antarctica (Plate 1; Fig. 1) was the last continent discovered around 1820 as one of the most fascinating region on the earth with characteristic flora and fauna. At present this remote area of our planet is one of the most drastically changing zones. Climate change is another concern which directly affecting the Antarctic ecosystem in a negative way, affecting the overall quality and quantity of Antarctic species.




      Floristic research on Antarctic has received much attention in recent years, especially in context to the influence of climate change and ozone layer depletion on the flora. However, the major research was invariably related to the taxonomy of various plant groups through basic surveys.




      The main area of study for bryologists in Antarctica has been the South Shetland Islands (Plate 1; Fig. 2), an archipelago of at least 8 larger islands and dozens of




      smaller, where most of the scientific bases are installed and doing research. However, regarding bryophytes, most of the information has been generated in surveys of these islands that resulted in several checklists of Antarctic bryoflora.
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Plate 1)


      Figure 1. General view of Antarctica; Figure 2. General view of the South Shetland Islands – Elephant Island (Bryorich region).



      Ecologically the bryophytes of the Antarctic constitute one of the main components of ecosystem among all the terrestrial organisms present on this continent (Plate 2; Fig. 3). They have important relations with several organisms, being able to be associated with lichens, fungi, algae, higher plants, invertebrates and terrestrial vertebrates. The varied associations denote the importance of these tiny organisms of plant kingdom for the ecology of the studied area.
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Plate 2)


      Figure 3: Luxuriant growth of terrestrial bryophytes; Figure 4: Sparse growth of bryophytes along with Marchantia; Figure 5: Growth of Cephaloziella in isolated patches; Figure 6: Patch of Pleurocarpous moss Brachythecium; Figures 7 & 8: Patch of acrocarpic moss.



      In present work an attempt has been made to collect all inclusive information regarding those bryophytes only that are living with associations of other groups, especially lichens, fungi and algae. A table is provided containing bryophytes their life forms and associates forms.




      

        Prevalent Bryophytes




        Among the bryophytes, mosses (Bryopsida) are the most prevalent that occupy major terrestrial areas including bare rocks. At places few patches of liverworts (Marchantiophyta) are also found. Genus Marchantia, a thalloid liverwort also found but without any main association. Leafy liverworts come next to the mosses and have better frequency than the thalloid liverworts. Among the leafy liverworts, Cephaloziella varians was found associated with a mycorrhizal fungus Rhizoscyphus ericae (ericoid symbiosis) throughout Antarctica [1]. Occurrence of Cephaloziella varians explains the importance of fungal association that allows such fragile species to conquer this extreme environment (Plate 2: Figs. 4, 5). It also reflects an interdependence of the associated species and, if one species is threatened, the other will also be threatened [2].




        The vitality of these associations is further strengthened by one of the oldest fossil records in the form of Schizolepidella gracilis Halle, member of Marchantiophyta (Jungermanniales) which was found in the Antarctic Peninsula along with lichens from the Jurassic remains [3], a period when Antarctica was assumed as a tropical continent.




        Till date, about 112 species, with 55 genera under 17 families have been reported to Antarctica [1, 4]. These species have been categorized in two main growth forms: the pleurocarpic (Plate 2: Fig. 6), where the stalk of the plant is prostrate, forming continuous carpets and acrocarpic (Plate 2: Fig. 7, 8), where plants grow upright, erect, forming tufts or smaller cushions. Remarkably, among all species of bryophytes, the moss Sanionia uncinata with its characteristic curved leaves, shows highest occurrence and biomass at all accessible localities as a carpet forming taxa.




        It is an interesting point that due to extremely low temperature environment of Antarctica, the bryophytes can stay viable for many years, e.g., in 2014, a survey showed that the moss Chorisodontium acyphyllum (Plate 3: Fig. 9) remained alive after held frozen for over 1500 years. To further confirm that, a 1.4-meter-thick turf was sectioned 20-by-20 cm (layer per layer) and placed to germinate under ideal conditions. In 3-8 weeks all restarted the growth. The deepest layer was radiocarbon dated and estimated between years 1533 and 1697 [5].




        
[image: ]


Plate 3)


        Figure 9: Association of terrestrial bryophytes with lichens; Figure 10: Cushion forming bryophytes; Figure 11: Different zones of an elevated landscape (A - nitrophobous community; B- nitrophilous community; C-halophyte community; Figure 12: Growth of Pohlia cruda and Bartramia patens under nitrogen limiting environment, e.g.; Figures 13: Patchs of Bryum pallescens.



        The most available substratum in Antarctica are rocks on which moss taxa viz., Andreaea (Plate 3: Fig. 10) and Schistidium, species that are found in association with crustose lichens exclusively as saxicolous forms [3].




        Since the study areas are islands therefore halophytic associations are also existing and such bryophytes prefer to colonize in areas closest to the sea or at least receiving splashes of saltwater waves. The species Muelleriella crassifolia P. Dusén requires at least some contact with sea salt to develop. Eventually this species was observed with lichen genus Verrucaria, another halophytic species [6] (Plate 3: Fig. 11).




        Associations can be observed with the native phanerogams of the continent and among mosses and lichenized fungi and Marchantiophyta. There is also some preference for nutrient availability, especially for the presence or proximity to nesting, resting or birding sites. These species are called ornitocoprophilous or nitrophilous and they grow many times in slopes bathed by the excrements of the animals that occur above. Moss taxa, such as Synchitria magellanica and Henediella heimii (Plate 3: Fig. 9) prefer to grow in association of native phanerogams along with lichenized fungi [7].




        Another group of bryophytes is ornithopophobic or nitrophobic, represented by those species that prefer to grow in nitrogen limiting environment, e.g. Pohlia cruda and Bartramia patens (Plate 3: Fig. 12). These taxa were found associated with lichens that can provide support in this limiting environmental restrain.


      




      

        Major Associations of Bryophytes




        The all inclusive associations most commonly found in the South Shetland Islands of Antarctica can be categorized as following [8]:




        

          Association with Fruticose Lichens




          This association consists basically of lichens such as Usnea aurantiacoatra, Cladonia spp., Stereocaulon glabrum and Sphaerophorus globosus and mosses viz., Sanionia spp., and Polytrichastrum alpinum. Further, this association can alternate with others in a gradual way, including in cases where the saxicolous lichens are more represented, when Usnea aurantiacoatra is the most found (Table 1).


        




        

          Association Between Carpet Forming Mosses and Lichens




          This community is formed between the moss Sanionia spp. having the highest biomass in the study area. The carpets were found infested with lichens viz., Stereocaulon glabrum, Sphaerophorus globosus and Psoroma hypnorum, Ochrolechia frigida and Cladonia spp. (Table 1), etc.


        




        

          Association of Bryophytes with Muscicolous Lichens




          This association may be the most expressive in the ice-free areas of some islands. About 29 species were found in this association. Though, the moss taxa Sanionia spp. is mostly found associated with muscicolous lichens but other bryophytes are also reported in this type of association depending on the drainage of the terrain. Bryophytes usually colonized by crustose, foliose and fruticose lichens, viz., Cladonia spp., Ochrolechia frigida, Psoroma hypnorum, Sphaerophorus globosus and Stereocaulon glabrum [9] (Table 1).




          

            Table 1 Diversity of most common Bryophytes in South Shetland in Antarctica and their associations in which the species is found and associated species in each association.




            

              

                

                  	Sl. No.



                  	Name of the Bryophyte



                  	Associations in which the Species are Found



                  	Associated Species

                


              



              

                

                  	1.



                  	
Andreaea depressinervis Card.



                  	Saxicolous



                  	
Verrucaria spp. [lichenized (lichen-forming) fungi]


                  Cladonia metacorallifera Asahina (Lichen)

                




                

                  	



                  	Turf forming



                  	
Buellia anisomera Vain. (lichen)


                  Buellia latemarginata Darb. (lichen)

                




                

                  	Carpet forming



                  	
Cladonia borealis S. Stenroos


                  Himantormia lugubris (Hue) Cordeiro IM

                




                

                  	Muscicolous



                  	
Cladonia rangiferina (L.) Weber ex F.H. Wigg.


                  Cladonia metacorallifera Asahina

                




                

                  	2.



                  	
Andreaea gainii Card.



                  	Saxicolous



                  	
Lecidea sp. (crustose lichen)

                




                

                  	



                  	Carpet forming



                  	
Rhizocarpon polycarpum (Hepp) Th. Fr.


                  Sphaerophorus globosus (Huds.) Vain.


                  Rhizoplaca aspidophora (Vain.) Redon

                




                

                  	Muscicolous



                  	
Rhizoplaca aspidophora (Vain.) Redon


                  Cladonia borealis S. Stenroos

                




                

                  	Crustose



                  	
Acarospora macrocyclos Vain.

                




                

                  	3.



                  	
Andreaea regularis Muell.



                  	saxicolous



                  	
Acarospora macrocyclos Vain. (lichen)


                  Rhizoplaca melanophthalma (Ram.) Leuckert &Poelt (lichen)

                




                

                  	



                  	Turf forming



                  	
Stereocaulon glabrum (Müll. Arg.) Vain


                  Rhizoplaca aspidomorpha (Vain.) Radeon

                




                

                  	Carpet forming



                  	
Verrucaria sp. Schrad


                  Psoroma hypnorum (Vahl) Gray


                  Prasiola crispa(Lightfoot) Kützing (terrestrial green algae)

                




                

                  	Muscicolous



                  	
Psoroma hypnorum (Vahl) Gray


                  Stereocaulon glabrum (Müll. Arg.) Vain

                




                

                  	Crustose



                  	
Turgidosculum complicatulum (Nyl.) Kohlm. & E. Kohlm. (fungus)


                  Ochrolechia frigida (Sw.) Lynge

                




                

                  	4.



                  	
Bartramia patens Brid.



                  	Turf forming



                  	
Prasiola crispa (Lightfoot) Kützing (algae)


                  Poroma hypnorum (Vahl) Gray (lichen)

                




                

                  	



                  	Muscicolous



                  	
Caloplaca athallina Darb.


                  Cladonia furcata (Huds.) Schrad.

                




                

                  	Carpet forming



                  	
Pannaria hookeri (Borrer) Nyl.


                  Psoroma cinnamomeum Malme

                




                

                  	Crustose



                  	
Buellia latemarginata Darb.

                




                

                  	5.



                  	
Brachythecium austrosalebrosum (Müll. Hal.) Kindb



                  	Carpet forming



                  	
Caloplaca athallina Darb

                




                

                  	6.



                  	
Bryum argenteum Hedw.



                  	Turf forming



                  	
Cladonia rangiferina (L.) Weber ex F.H. Wigg. (lichen)


                  Lecidea sciatrapha Hue (lichen)

                




                

                  	



                  	Carpet forming



                  	
Acarospora macrocyclos Vain.


                  Usnea antarctica Du Rietz

                




                

                  	7.



                  	
Bryum dichotomum Hedw.



                  	Carpet forming



                  	
Haematomma erythromma (Nyl.) Zahlbr.

                




                

                  	8.



                  	
Bryum nivale Müll. Hal



                  	Carpet forming



                  	
Huea austroshetlanica (Zahlbr.) C.W. Dodge

                




                

                  	9.



                  	
Bryum niveum Herzog



                  	Carpet forming



                  	
Cladonia rangiferina (L.) Weber ex F.H. Wigg


                  Cladonia metacorallifera Asahina

                




                

                  	10.



                  	
Bryum pallescens Schleich. ex Schwägr. (Plate 3: Fig. 13)



                  	Carpet forming



                  	
Microglaena antarctica IM Lamb

                




                

                  	11.



                  	
Bryum pseudotriquetrum (Hedw.) P.Gaertn., E. Meyer & Scherb.



                  	Crustose



                  	
Bacidia tuberculata Darb.


                  Usnea aurantiacoatra (Jacq.) Bory

                




                

                  	12.



                  	
Bryum pseudotriquetrum (Hedw.) Schwaegr.



                  	Carpet forming



                  	
Bacidia tuberculata Darb.


                  Buellia russa (Hue) Darb.

                




                

                  	13.



                  	
Cephallozia sp. (Dumort.) Dumort.



                  	Saxicolous



                  	
Ochrolechia parella (L.) A. Massal.


                  Parmelia saxatilis (L.) Ach.

                




                

                  	14.



                  	
Ceratodon grossiretis Cardot



                  	Carpet forming



                  	
Lecanora skottsbergii Darb.

                




                

                  	15.



                  	
Ceratodon purpureus (Hedw.) Brid.



                  	Turf forming



                  	
Psoroma cinnamomeum Malme (lichenized fungi)


                  Usnea aurantiacoatra (Jacq.) Bory (lichen)

                




                

                  	



                  	Saxicolous



                  	
Psoroma cinammomeum Malme.


                  Rhizocarpon geographicum (L.) DC.

                




                

                  	Crustose



                  	
Caloplaca regalis (Vain.) Zahlbr.


                  Xanthoria candelaria (L.) Th. Fr.

                




                

                  	16.



                  	
Chorisodontium oxyphyllum (Hook f. et. Wills.) Broth.



                  	Turf forming



                  	
Rhizocarpon geographicum (L.) DC. (lichen)


                  Rhizocarpon polycarpum (Hepp) Th. Fr. (lichen)

                




                

                  	17.



                  	
Dicranoweisia grimmiacea (Müll. Hal.) Broth.



                  	Saxicolous



                  	
Rhizocarpon polycarpum (Hepp) Th. Pe

                




                

                  	18.



                  	
Hennediella antarctica (Angstr.) Ochyra &Matteri



                  	Crustose



                  	
Haematomma erythromma (Nyl.) Zahlbr.


                  Pannaria hookeri (Borrer) Nyl.

                




                

                  	19.



                  	
Hennediella heimii (Hedw.) Zand. (Heim's pottia moss)



                  	Carpet forming



                  	
Stereocaulon glabrum (Müll. Arg.) Vain.


                  Cystocoleus niger (Huds.) Har.

                




                

                  	



                  	Muscicolous



                  	
Microglaena antarctica IM Lamb


                  Prasiola crispa (Lightfoot) Kützing (alga)

                




                

                  	Turf forming



                  	
Verrucaria sp. (lichenized fungi)

                




                

                  	20.



                  	
Himantormia lugubris (Hue) Cordeiro IM



                  	Cushion forming



                  	
Leptogium puberulum Hue

                




                

                  	



                  	Muscicolous



                  	
Acarospora macrocyclos Vain.


                  Psoroma cinnamomeum Malme

                




                

                  	21.



                  	
Pohlia cruda (Hedw.) Lindb.



                  	Turf forming



                  	
Cystocoleus niger (Huds.) Har. (fungi)

                




                

                  	



                  	Carpet forming



                  	
Buellia anisomera Vain.


                  Buellia racovitzae CW Rodeio
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