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Introduction 

The genus Riccia L. (Marchantiales (Order) Ricciaceae (Family))  was 

discovered in 1729 and later formally recognised in 1753 in Species 

Plantarum (1). It represents the largest and most diverse genus of 

complex thalloid liverworts. Globally, it comprises about 152 species, of 

which 36 species (constituting 24 %) are reported from India (2, 3). In 

India liverworts diversity constitutes 854 species, 17 subspecies, 135 

genera and 56 families (4). Within this, Riccia is represented by at least 39 

taxa, including species such as Riccia billardieri Mont. & Nees., Riccia 

cavernosa Hoffm, Riccia crystallina L., Riccia discolor Lehm. & Lindenb., 

Riccia fluitans L., Riccia frostii Aust., Riccia gangetica Ahmad ex 

L.Söderstr, Riccia grollei Udar, Riccia huebeneriana Lindenb.,                                      

Riccia melanospora Kashyap. and Riccia stricta (Gottsche, Lindenb. & 

Nees) Perold. (3). In Gujarat, 26 species of liverworts have been reported 

(5–7).  

 Members of Ricciaceae are morphologically distinct,  are 
characterised by dorsiventrally flattened, strap-shaped gametophytic 

thalli that exhibit dichotomous (Y shaped) branching, either 

symmetrical or asymmetrical (8). The thalli are anatomically 

differentiated into upper photosynthetic region and a lower storage 

zone and may possess simple pores like other thalloid liverworts. 

Unique reproductive features of Riccia include the absence of seta and 

foot, cleistocarpus sporophytes lacking elaters and capsules 

embedded within the gametophytic tissue. The sporophytes are 

typically produced singly and show anacrogynous development, 

devoid of protective structures such as the pseudoperianth (9). 

 In Gujarat, nine species of Riccia have been documented, 

namely, R. billardieri, R. discolor, R. gangetica, R. crystallina,                                

R. cavernosa, R. grollei, Riccia cruciate Kashyap., R. melanospora and 

Riccia okahandjana S.W. Arnell. (6, 7, 10). These species exhibit a 

wide ecological range, colonising diverse substrates such as rock 

crevices, tree bark, decaying wood, wall surfaces and disturbed soils 

(11). In eastern central Gujarat comprising five districts, viz Dahod, 

Panchmahal, Narmada, Vadodara and Chhotaudepur, four species 

of Riccia have been reported. Studies have shown that in Junagadh 

district of Gujarat, where the current study area is located, 

researchers have documented two species of Riccia (5). Liverworts 

remain among the least explored plant groups due to their minute 

thalloid structure and taxonomic complexity (12). Despite the 

recognised ecological importance of liverworts, particularly 

members of the genus Riccia, their diversity and distribution in      

semi-arid region of western India, in Gujarat, especially the 

Saurashtra peninsula, is characterised by heterogeneous 

microhabitats influenced by seasonal rainfall and varied soil 

conditions; however, bryological investigations in this region have 

been largely limited to sporadic reports and checklist-based studies. 

The lack of detailed ecological and distributional data creates a 
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Abstract  

The plant genus Riccia L. comprises a highly diverse group of complex thalloid liverworts and accounts for a substantial share of bryophyte 
diversity. However, the literature indicates that Riccia liverworts are widely distributed but little is known about Riccia species from semi-arid 

environments of western India. In this context, this study aims at contributing to the national knowledge repository by carrying out detailed 

investigation of diversity, habitat preferences, spatial patterns and altitudinal variations of Riccia species in the Girnar Wildlife Sanctuary, 

Gujarat. Surveys were carried out at sixteen selected locations using a systematic sampling design and covered all sampling sites during the 
monsoon seasons of 2022 and 2023. The diversity of Riccia in the study area comprises five species, such as Riccia billardieri Mont. & Nees., 

Riccia cavernosa Hoffm., Riccia discolor Lehm. & Lindenb., Riccia gangetica Ahmad ex L. Söderstr., A. Hagborg & von Konrat. and                                

Riccia grollei Udar. Among these recorded species, R. cavernosa, R. discolor and R. grollei are reported for the first time from the study area. 

Rupicolous, terricolous and saxicolous habitat types are highly dominant, indicating Riccia diversity and importance of soil-based and 
lithophilous environments for Riccia colonisation. Riccia species richness was found at lower altitudinal slopes (100–400 m) followed by a 

decline at mid-altitudinal slopes and then a slight increase at higher altitudinal slopes. This study highlights the Bryofloristic significance of 

Girnar Wildlife Sanctuary and emphasises the role of microhabitat heterogeneity and altitudinal gradients which indicating Riccia diversity. 

These findings contribute valuable baseline data for bryophyte conservation and future ecological assessment in semi-arid regions of India.   
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significant knowledge gap in understanding species occurrence, 

habitat specificity and their response to semi-arid climatic 

conditions.  

 

Materials and Methods 

Study area  

Girnar Wildlife Sanctuary is situated in the Gujarat, western India, 

between latitude 21°25’ N to 21° 35” and 70°30’ E to 70°40’ E (Fig. 1). It 

falls within the Gujarat-Rajputana biotic province Zone 4B of the 

semi-arid biogeographic zone (13). The forest type of the study area 

is classified as Southern Tropical Dry Deciduous Forest, subtype        

VII-A/C1 (14). The study area possesses high flowering plant diversity, 

with 537 vascular plant species recorded (15). Topographically, the 

Girnar hill varies altitudinal range from about 82 m above mean sea 

level (AMSL) to 1119 m at the peak of Goraknath, which is the highest 

point of Girnar Wildlife Sanctuary. The varied physiography results in 

diverse microhabitats viz steep escarpments that are sparsely 

vegetated, while valleys, riverbeds and reservoir beds that harbour 

distinct ecological communities, also has a network of rivers viz 

Hiran, Saraswati, Datardi, Shingoda, Macchundi, Ghodavadi and 

Raval rivers. 

 Comprehensive field investigations were undertaken at 

sixteen strategically selected locations within Girnar Wildlife 

Sanctuary to assess the diversity of thalloid liverworts, with particular 

emphasis on the genus Riccia (Fig. 1). Site selection was based on the 

representation of major topographic and climatic gradients across 

the sanctuary, which includes heterogeneous mountainous and flat  

terrain types. Field surveys were conducted during  two monsoonal 

phases: July–September 2022 and July–September 2023. All field 

work was done under official permit from Gujarat Forest Department   

(Letter No.: WLP/RTC/28/C/433-434/2022-23) under the provisions of 

the Indian Wildlife (Protection) Act 1972. 

 The study area covered in the area of Sanctuary was 

systematically surveyed using a grid-based sampling approach, the 

region was divided into 1 km2 grids to ensure uniform spatial 

coverage and minimise sampling bias using global positioning 

system (GPS) mapping techniques (Garmin etrex 10). With the help of 

quantum geographic information system (QGIS), random sampling 

points were created in the area. A total of 50 random sampling points 

were created in that area across different altitudinal ranges and 

habitat types, covering micro-habitats such as wet rocks, tree trunks, 

open soils, resting soils, etc. At each sampling point, detailed surveys 

were conducted for the presence of Riccia species. Riccia colonies 

were systematically collected using scalpel in paper bags to carry 

from field to laboratory, along with ecological metadata collection on 

the sampling site. Geographic coordinates were noted for each 

collection site to facilitate spatial analysis of distribution patterns. 

Identification of species are done by morphological and anatomical 

characteristics and using standard bryophyte floras. Species diversity 

was quantified using PAST software to assess species dominance and 

richness. Altitudinal distribution patterns were analysed by grouping 

sampling locations into elevation classes and examining species 

occurrence across there gradients. This methodological framework 

enables comprehensive sampling across the sanctuary’s varied 

microclimatic zones and terrain types supporting a robust 

assessment of Riccia diversity and habitat specificity.  

 

Fig. 1. Map of study area (Girnar Wildlife Sanctuary) with selected sampling sites (S1: Sevadas; S2: Nakhali; S3: Joganiya; S4: Indreshwar;         
S5: Jambudi; S6: Jinabava madhi; S7: Paturan; S8: Marvela; S9: Nalpani; S10: Kala Gadba; S11: Bordevi; S12: Ramnath; S13: Khodiyar;              

S14: Datar; S15: Navnath; S16: Kashmiri bapu).  
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Results and Discussion 

The present findings gain strong support when viewed in the context 

of earlier bryological studies conducted in Gujarat and the 

Saurashtra region. Previous documentation of Riccia species from 

Gujarat is relatively limited. Earlier reports from the state recorded 

four species, out of which only R. billardieri was known from the 

Saurashtra region. Similarly, the bryophyte survey reports from 

Junagadh district reported a total of 21 bryophyte species, with only 

two Riccia species, namely R. billardieri and R. gangetica, which 

represents a low representation of the genus in earlier accounts (6). 

 Further studies reported the occurrence of two Riccia 

species from the Saurashtra peninsula (10). Against this background, 

the present study significantly expands the known diversity of Riccia 

within Girnar Wildlife Sanctuary by documenting five species, 

including R. cavernosa, R. discolor, R. grollei, as new records for the 

region. However, this species is recorded from Central Gujarat (5). 

Recently one more addition of R. okahandjana from the Girnar 

Wildlife Sanctuary was reported (7). These results are consistent with 

those from other less explored parts of the country, where increased 

and intensive research activities have led to a new discovery of 

bryophytes (16). In addition to taxonomic description, the study 

highlights their microhabitat preferences and altitudinal distribution 

pattern of Riccia species. From biogeographical perspective, the 

occurrence of these species in the study area suggests that the lower 

to mid-elevation zones of semi-arid landscape can serve as 

important refugia for liverwort diversity.  

Habitat preference  

Terricolous, saxicolous, rupicolous, corticolous and psammophilous 
are five distinct habitat types for occurrence of Riccia species in the 

study area reflects the high degree of habitat heterogeneity and 

micro-environmental diversity within the sanctuary (Fig. 2). Habitat 

preference of Riccia species revealed a strong dominance of 

terricolous habitat accounting for 78 % of the total observation, 

followed by saxicolous habitats (16.8 %), Corticolous (1.6 %), 

psamocolous (1.6 %) and rupicolous (1.1 %). Such habitats provide 

suitable microclimatic conditions including moisture retention, 

shaded niches and favourable substrate texture, which are critical for 

establishment of thalloid liverworts. Riccia billardieri showed a 

marked affinity towards the terricolous substrate (81.3 %), with 

moderate occurrence on rocks (saxicolous habitat) (16.5 %) with 

minimal occurrence with corticolous and rupicolous condition. 

Riccia discolor was predominantly terricolous (91.2 %), with limited 

occurrence on rocks (7 %), R. gangetica exhibited a relatively broader 

distribution, occurring in both terricolous (48.1 %) and saxicolous 

(44.4 %) habitat, with minor presence on other habitats.                           

Riccia cavernosa was exclusively recorded from sandy habitat near 

riverbank and watery areas with psammophilous habitats (100 %), 

indicating strong substrate specificity, whereas R. grollei was 

restricted to terricolous habitats (100 %). 

 The dominance of terrestrial Riccia taxa corroborates earlier 

observations that terrestrial liverworts commonly colonise 

specialised habitats such as moist soil surface, soil covered rocks, 

shaded or exposed rocky substrates and extremely wet rock surface 

(17). Habitat partitioning observed in the present study appears to 

be governed by niche segregation, where individual species occupy 

specific substrata based on microhabitat characteristics such as 

moisture availability, light exposure and substrate stability. Similar 

pattern of substratum-based segregation has been reported in 

bryophyte communities from other regions of Indian subcontinent 

(18, 19). 

Species dominance and spatial distribution  

Quantification showed that species dominance and distribution 

patterns varied significantly in the sanctuary. Riccia billardieri was 

recorded to be the dominant species in terms of distribution, 

recorded in 15 out of the 16 sites, denoting a wide ecological 

amplitude with its high adaptability to a wide range of environmental 

conditions. On the other hand, R. cavernosa showed a narrow 

ecological amplitude given its limited distribution, recorded in only 

two sites, suggesting strong specificity to a particular microhabitat, 

specifically a moist rupicolous environment. The present record of      

R. billardieri, R. cavernosa, R. discolor and R. gangetica align with 

earlier reports from monsoon tropical regions of Northern Territory, 

Australia (20) and West Bengal (21). The occurrence of R. billardieri,     R. 

discolor, and R. gangetica has also been documented from the Terai 

region of Uttar Pradesh, India (22), further supporting the wide 

distribution of these species across diverse geographical regions of 

the country. This overlap suggests a broader distributional range and 

highlights the ecological flexibility of these species across diverse 

habitats in India and beyond the Indian subcontinent. 

 

Fig. 2. Percentage distribution of Riccia species across different habitat types in study area.  
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 This site-wise variability with regard to species composition 

further underlines the heterogeneity associated with habitats of 

Bryophytes at Girnar Wildlife Sanctuary site. Site S1 harboured all five 

species of Riccia, reflecting favourable conditions for substrates, 

moisture and microclimatic stability, while at many other sites, their 

number was reduced due to unfavourable conditions. 

Altitudinal distribution and species richness pattern   

The altitudinal range of Riccia species found in the sanctuary extends 

through a broad ecological range from lowland plains to                             

high-altitude habitats, indicating the great ecological amplitude of 

the genus (Table 1). Higher species richness was found to occur at 

lower altitudes (100–400 m), as warm and humid environments, 

which prevail in the range, favour the development of thalloid 

liverworts. Riccia cavernosa had restricted altitudinal range, showing 

minimal ecological adaptability (Supplementary Fig. 1), while the 

wide altitudinal range of R. discolor and R. billardieri indicates their 

high ecological plasticity (Supplementary Fig. 2 and 3). The bimodal 

distribution of species like R. gangetica and R. grollei indicates the 

ability of these species to tolerate contrasting ecological conditions, 

which were present at lower as well as at high altitudes 

(Supplementary Fig. 4 and 5).  

 The pattern that is followed in this case i.e., richness in lower 

elevations, followed by a decrease at mid-elevations may reflect 

transitional environmental conditions and then an increase at higher 

elevations appear to provide favourable microhabitats for               

Riccia species as a result of some species present that are tolerant, 

has been established in previous studies that showed that species 

richness in bryophytes does not always vary in a linear fashion with 

elevations. The graphical representation clearly illustrates this 

pattern of species richness across altitudinal gradients (Fig. 3). 

Thalloid liverworts dominate lower elevations while leafy liverworts 

dominate higher elevations as elevation increases. This is because of 

factors like temperature, moisture and light. 

 Also, several research works have emphasised that species 

richness patterns, along with elevational gradients, are controlled by 

many factors, not just elevation itself. It is considered that bryophyte 

species richness may be positively correlated with woody plant 

diversity, which enhances microhabitat heterogeneity and moisture 

retention. Similarly, temperature and climatic factors play important 

roles in shaping plant community structure at higher elevations (23). 

Also, resource availability and physiological constraints as key 

determinants of local species richness. The high species richness 

recorded in the lower to mid-elevational sites in the present study 

may, therefore, be related to the presence of optimum temperature 

and moisture regimes, along with a diversity of soil characteristics 

and biotic interactions (24). The occurrence of R. cavernosa,                    

R. billardieri, R. gangetica and R. discolor is also consistent with global 

taxonomic reviews of the family, which report these species from 

diverse regions worldwide, highlighting their broad geographical 

range and ecological adaptability (25).  

 

Conclusion  

Girnar Wildlife Sanctuary stands out as a hotspot for Riccia species in 

Saurashtra. The study found six different species, including new 

regional records, which means Riccia’s range in western India has 

expanded. Interestingly these plants aren’t just scattered randomly, 

but they seem to pick their spots based on soil type, substrate, 

humidity and sunlight (partial or direct). Most Riccia species stick to 

lower and mid-elevation areas. These zones are where liverwort 

diversity thrives. The small changes in climate and soil from one 

patch to another does matter. All these points to a need for detailed, 

site-by-site bryophyte surveys to understand changes in regional 

diversity. Research on population changes over time, measure the 

specifics of their environments and molecular tools to clear up any 

confusion in Riccia’s taxonomy should be done.  

 

Species Low altitude Moderate altitude High altitude 

Riccia cavernosa √   √ 

Riccia discolor √ √ √ 

Riccia gangetica √   √ 

Riccia billardieri √ √ √ 

Riccia grollei √ √ √ 

Table 1. Altitudinal distribution of Riccia species in Girnar Wildlife 
Sanctuary  

Low altitude (< 400 m); moderate altitude (401–700 m); high altitude 
(above 700 m).  

 

Fig. 3. Species richness of Riccia across different altitudinal zones.  
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