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Abstract

The liverwort diversity in Gujarat has been mostly neglected by biodiversity
researchers across the state and more than 75% of the districts have never been
investigated for their bryo-diversity. A detailed study was conducted during 2013-2015
covering 75 locations spread over 31 of the 33 district of the state to understand the
diversity and distribution of liverworts in the state. The liverwort diversity in the state
now stands at 22 species of which 16 species were located in the current study. Genus
Riccia has the maximum diversity in the state. Cyathodium cavernarum Kunze. was the
most widely distributed species being located in 17 out of the 31 districts studied.
Taxilejeunea ghatensis, Riccia crystallina and R. cavernosa are new records to the state.
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Introduction

Liverworts constitute one of the three major groups
of bryophytes. They are estimated to be around 391
genera and 5000 species (Stotler et al., 2009). They
are found in a large variety of habitats ranging
from rock crevices, old walls, bark of trees to road
cuts. Like other group of bryophytes the
gametophyte is the independent and dominant
phase of the life cycle while the sporophyte is
subsidiary and dependent on the gametophyte for
its nutritional needs. 675 species in 121 genera of
liverworts have been described from different
parts of India (Dandotiya et al., 2011). According to
Singh (2001) the eastern Himalayas harbor about 64
percent of the liverworts while the Western Ghats
and the Western Himalayas have about 33 and 28
percent of reported liverwort taxa of the country.
The western part of the country which includes
Gujarat, Maharashtra and Rajasthan has received
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little attention from bryologists partially due its
arid climate (Afroz et. al., 2011, Lavate et al,, 2015).

In Gujarat till 2000, only 22 species of
bryophytes which included 11 species of liverworts
had been reported from different parts of the state
(Anon. 1996). Chavan (1937a, 1937b) pioneered
bryophyte research in the state. He along with his
co-workers (Chavan and Mahabale, 1945) reported
19 species of bryophytes from different locations of
Gujarat including Abu and Mahabaleshwar which
were earlier part of the presidency of Bombay. Out
of the 19 species reported by them 9 were
liverworts including Plagiochasma appendiculatum,
Asterella angusta, Riccia discolor, R. cruciata, R.
gangetica, R. melanospora, Cyathodium barodae, C.
tuberosum and  Fossombronia  himalayensis.
Another contribution to the bryophyte flora of the
state was made by Patel in 1977. While working on
the algal diversity of different parts of Gujarat, he
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Fig. 1 Distribution of liverworts in different districts of Gujarat

made a discovery of the genus Riella in the state
and reported the presence of Riella affinis and R.
cossoniana (Patel 1977a; Patel, 1977b). The major
contribution to the liverwort flora of the state was
made by Chaudhary et al. (2006). Their work,
published in the form of a book ‘Bryophyte flora of
Gujarat - (India)’ was the culmination of a survey
undertaken from 1999 to 2004. They reported 13
species of liverworts including Lejeunea aloba,
Targionia hypophylla, Plagiochasma rupestre, P.
microcephalum, P. intermedium, Riccia grollei, R.
billardieri and R. gangetica for the first time from
Gujarat. Their work had however, covered only 10
districts of the state and several districts like Surat,
Narmada, Aravalli and Vadodara which had a
good forest cover were not investigated. Chauhan
(2009) indicated that there was a huge gap in
information on the diversity and distribution of
bryophytes in the state. To fill the gap, present
study was conducted between 2013 and 2015.

Materials & Methods

The study incorporated detailed field studies as
well as lab analysis. A total of 75 localities spread
over 31 out of the 33 districts of the state were
visited. A total of 90 days of field work was
conducted during the two year study. They were
visited during monsoon (July-Sept) and post
monsoon (Oct-Jan).
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The Study area

The state of Gujarat is situated on the western
coast of India between 22°07' N and 24°43' N
latitude and 68°10' E and 74°29' E longitude (Anon,
2011a). It is bounded by the Arabian Sea on the
west, Pakistan on the Northwest, Rajasthan on the
North and Northeast, Madhya Pradesh to the East
and Maharashtra to the South. It has a coastline of
about 1650 km, land area of 196,024 sq. km. and
population of 60,383,628 which accounts for
approximately 5 percent of total population of
India (Anon, 2011b). The state is located on the
tropic of cancer and shows sub-tropical type of
climate. Ecologically, Gujarat is gifted with a
diversity of natural ecosystems ranging from
desert, semi-arid, mangroves, coral-reefs and
forests with dry deciduous, moist deciduous and
evergreen trees. The major forests in Gujarat are
concentrated along the eastern tribal belt of the
state.

Collection strategy and sample collection

Random sampling strategy was employed for the
collection of the samples from the different sites.
All the liverworts encountered during the field
visit were sampled. Wherever possible the
samples with the sporophyte were collected. The
geographic coordinates of the site were collected
using a Garmin E-trex10 GPS receiver.

% Horizon e-Publishing Group



126

Plant Science Today (2016) 3(2): 124-128

Table 1. Distribution of liverworts in Gujarat according to the past and present studies

Number of Districts showing distribution
of the species.

Sr. No. Species Family Only from Past di-stribuFion Only from
past confirmed in current
studies current study
study

1. Rectolejeunea aloba (Sande Lac.) Stephani.  Lejeuneaceae - 3 1
2. *Taxilejeunea ghatensis Verma & S.C. Srivast. Lejeuneaceae - - 1
3. Fossombronia himalayensis Kash. Fossombroniaceae - 1 1
4. *Marchantia sp. Marchantiaceae - - 1
5. Targionia hypophylia L. Targioniaceae 2 1 -

6. Cyathodium cavernarum Kunze. Cyathodiaceae 1 3 14
7. Cyathodium tuberosum Kash. Cyathodiaceae 1 - 2
8. Asterella angusta (Steph.) Kachroo Aytoniaceae - 2 1
9. Plagiochasma rupestre (Forst.) Steph. Aytoniaceae 1 - 1
10. Plagiochasma appendiculatum Lehm. et. Aytoniaceae 3 - -

Lindenb.

11. Plagiochasma microcephalum (Steph.) Steph. Aytoniaceae 1 - 2
12. Plagiochasma intermedium Lindenb. & Gott. Aytoniaceae - 1 -
13. Riccia discolor Lehm. & Lindenb. Ricciaceae 1 1 1
14. Riccia grollei Udar Ricciaceae 1 - -
15. Riccia billardieri Mont. et Nees. Ricciaceae 3 5 6
16. Riccia gangetica Ahmad. Ricciaceae 1 1 2
17. *Riccia cavernosa Hoffm. Ricciaceae - - 4
18. *Riccia crystallina L. Ricciaceae - - 1
19. Riccia cruciata Kash. Ricciaceae 1 - -
20. Riccia melanospora Kash. Ricciaceae 1 - -
21. Riella cossoniana Trab. Riellaceae 1 - -
22. Riella affinis Howe and Underw. Riellaceae 1 - -

Note: Family names are according to Stotler et. al. (2009)
* New records for the state.

Photographs of the samples in their natural habitat
were taken. The samples were collected in brown
paper bags, labeled and air dried for further
analysis and voucher preparation. The collection
method given by Glime (2013) was followed with
minor modifications. More than 145 samples were
collected during the study.

Laboratory analysis and identification

The micro-morphological and anatomical features
of the plants were observed under Leica SD6
stereo binocular microscope and the photographs
of the relevant parts were taken with the help of a
3.2 MP Tucsen camera. Preliminary identification
of the plants was carried out using available
standard literature (Bapna and Kachroo, 2000a;
2000b; Kashyap, 1929; 1932; Singh, 2014). The
samples were then taken to the National Botanical
Research Institute (N.B.R.I), Lucknow where the
identity was confirmed after consultation with
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experts. The Vouchers were deposited in the
herbarium of Maharaja Sayajirao University of
Baroda (BARO).

Results and Discussion

A total of 18 species of liverworts were collected
out of which 15 were identified till the species
level while one was identified till the genus level
only, thus a sum of 16 taxa were identified. Two
specimens could not be identified due to the lack
of sexual as well as asexual reproductive
structures. Table 1 lists all the 22 species that have
been reported in the past as well as in the present
study. The table provides information on the
number of districts from which the species are
known only from the past study, only from the
current study and the number districts where past
distribution has been confirmed in the current
study. Taxilejeunea ghatensis, Riccia crystallina and
R. cavernosa are new records for the state.
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Fig. 2:- Liverwort species found in Gujarat A. Asterella angusta (Steph.) Kachroo.; B. Cyathodium cavernarum Kunze.; C.
Fossombronia himalayensis Kash.; D. Rectolejeunea aloba (Sanda Lac.) Stephani.; E. Plagiochasma appendiculatum Lehm.
et Lindenb.; F. Riccia billardieri Mont. et Nees.; G. Riccia gangetica Ahmad.; H. Targionia hypophylla L .

Marchantia with gemma cup was also collected
during the study but due to absence of sexual
reproductive features the exact species could not
be identified. Riccia was the most abundant genus
with 5 species; however, three earlier reported
species of Riccia could not be collected during the
current study. The most commonly found
liverwort was Cyathodium cavernarum which was
observed in 17 of the 33 districts that were
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surveyed. On the other hand Taxilejeunea
ghatensis, Targionia hypophylla, Plagiochasma
rupestre, P. intermedium and Riccia crystallina
were found in one district only. Fig. 1 depicts a few
of the liverworts that were found during the study.

The distribution of liverworts across the
state has been depicted in fig. 2. The paper reports
the distribution of liverworts in 20 districts for the
first time. Eleven districts show the presence of
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only single species of liverwort while 4 districts
show the presence of two species of liverworts.
Most parts of Saurashtra and Kachchh show low
liverwort diversity. These areas are characterized
by low rainfall. Girnar Hills in Junagadh district is
however the highest point in Gujarat characterized
by high liverwort diversity due to high moisture
during the rainy season. Dangs and Panchmahal
district with 10 species of liverworts has the
highest diversity in the state. In addition to
Junagadh, Valsad and Vadodara districts also
report the presence of seven species of liverworts.
The eastern tribal belt of Gujarat shows moderate
to high diversity of liverworts.

Six earlier reported species could not be
located in the current study. Two species of Riella
have been reported from Nal Sarovar and Lake
Kanewal. However, both these locations could not
be investigated in detail due to high level of water.
Further significant changes have occurred in both
the localities, and as a result the localities are
facing severe anthropogenic influence. Similarly,
few other species, earlier reported from Pavagadh
in Panchmahal district and Saputara district, could
not be collected. Both of these locations have seen
huge development in the past several years and
are important sites for religious pilgrimage and
tourists respectively. More than 3 lakh visitors visit
each of these locations every year and though
these sites were surveyed several times all the
species could not be found. In several of the
districts only a few sites have been visited during
the study and hence, there are possibilities that
some bryophytes may have been overlooked
during the study. This highlights the need for
sustained bryophyte studies in the state.
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