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The present communication reports 39 lichen species from Guijarat state, belonging to 23 genera
and 13 families. The lichens were collected mostly from 10 coastal districts of the state. A total of
21 species are new additions to the lichen mycota of Gujarat while 11 partially identified species
are expected to be new to science. The paper emphasizes the uniqueness of coastal habitats in terms

of interesting lichen mycota.
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Introduction

The lichens are a group of terrestrial
autotrophs which have an ability to grow on
any stable substratum in any geographical
region. The symbiotic association between a
fungus and alga or cyanobacteria makes lichen
a unique organism in several ways and they are
among the organisms that can inhabit the
harshest environments on earth (Kappen 1973).
The extreme habitats also include rocky sea
shores that are less suitable for other plants.
The lichens are distributed throughout the
world with an estimate of around 20000
species. India is a mega diversity country and
represented by 2350 species of lichens with
their rich diversity in Himalayas and Western
Ghats. Several states and ecologically
interesting sites in the country are either
unexplored or under explored for the study of

lichen diversity. Gujarat state is one such state
where the current study is concentrated.

Guijarat state (Fig. 1) is situated on the
western coast of India between co-ordinates
20°2' N — 24°41' N latitude and 68°08' E —
74°23"' E longitude. Geographically Gujarat is a
large state with an area of 196,204 km? which
is 5.96% of the country’s total geographical
area. Natural ecosystem of Gujarat ranges from
wetlands, grasslands and deciduous forests to
deserts. Climate of the state is moderate with
mean temperature ranging from 25° to 27.5°C
and the average annual rainfall ranging from
800 to 1000 mm. Gujarat has many distinct
biogeographic zones reflecting a wide range of
ecological diversity. Several of the ecosystems
have been represented in the Protected Areas
where in situ conservation of species is being
attempted. There are about 25 Protected Areas
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in the state covering an area of 16,902.41 km?,
which accounts for 8.6% of the state’s
geographical area. The total floristic and faunal
species in Gujarat includes 7048 species,
including 4320 species of plants and 2728
species of animals representing terrestrial,
freshwater and marine habitats
(http://www.vigyanprasar.gov.in/radioserials/in
dian_flora.pdf). It is evident that the lichens do
not make their appearance in the biodiversity
checklist of the state. From Guijarat, Singh &
Sinha (2010) documented only two species of
lichens (Peltula euploca (Ach.) Poelt, and
Roccella montagnei Bél.). Nayaka et al. (2010)
reported five species of lichens from Gujarat of
which Dirina paradoxa subsp. africana,
Opegrapha arabica and O. varians are new
records for India. Later on the specimens
belonging to D. paradoxa subsp. africana were
described as a new species Dirina indica
Upreti & Nayaka in Tehler et al. (2013). So far,
only 7 lichen species were recorded from
Guijarat.

Gujarat State

Fig. 1 — Map showing different districts of
Gujarat state from where lichen representations
are available.

The main reason for under taking
lichenological studies in Gujarat state is not
only under exploration of the area. What makes
Gujarat an interesting region is its long
coastline of 1324 km? which has the second
largest block of tidal forests after Sundarbans
in terms of coverage area. The coastline
shelters diverse ecosystems such as mangroves,
coral reefs, estuaries and mudflats. From the

studies carried out elsewhere it is clear that the
coastal areas, especially mangroves have a rich
and unique lichen mycota. Nakanishi (1964)
studied epiphytic community growing on a
mangrove tree Kandelia candel and described
several interesting lichens and bryophytes.
Stevens (1979) surveyed mangroves along
nearly 4000 km coastline of eastern Australia
and documented the distribution of 105
macrolichens that indicated the replacement of
species within different genera with change in
latitude. Remolina et al. (2000) reported
interesting species of Peltigera from mangrove
swamps of Colombian Caribbean coast. Gilbert
(2001) studied the lichen mycota associated
with twenty saline lagoons in England and
observed that sites that were modified by the
activity of man often held richer assemblages
than ones in a more natural condition.
Kathiresan and Qasim (2005) discussed in brief
about the occurrence of lichens in mangrove
forest of the world. Benatti & Marcelli (2007)
updated the list of lichens in southern Brazil
and Itanhaém River mangrove and reported 81
lichen genera which illustrate the lichen
richness in mangroves vegetation of tropical
belt. According to Savillo (2009) lichens
favourably grow on mangrove trees in inland
streams compared to those growing near the
river mouths and open seas. Trees in bays or in
island partly surrounded by islets were seen to

harbor  lichen growth. Sonina (2012)
investigated the diversity of lichens and their
morphological adaptations in White and

Barents Seas coast of Russian Arctic and
documented 91 and 39 species respectively.
From the southwestern coast of South Korea
Zhang et al. (2012) recorded 12 species of
lichens, among them 10 are crustose lichens
and two are macrolichens. Sodamuk &
Mongkolsuk (2012) collected lichen specimens
from 11 dominant trees in mangrove forest in
Trat province of Thailand and identified 82
species which included twenty new records for
the country and eighteen supposedly new to
science.

In India very few studies on coastal and
mangrove lichens are available. Mohan &
Hariharan (1999) studied the distribution
pattern of lichens in Pichavaram mangrove
forest in Tamil Nadu and reported 10 species.
Similar to studies of Gilbert (2001), in
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Pichavaram mangroves the sites exposed to
heavy anthropogenic disturbances favoured
luxuriant growth of lichens. While surveying
the coastal areas of Goa Nayaka et al. (2006)
recorded 23 lichen species on coconut and
areca nut trees. Jagadeesh Ram (2006) while
studying the lichens of  Sundarbans
encountered a total of 165 lichen species with 8
new discoveries, 27 new records and 28
endemic taxa, which is a clear evidence for
lichen richness in growing in mangrove forests.
Sethy et al. (2012) studied the lichens growing
on mangrove plants in Andaman Islands and
reported twenty-nine species which included
14 are new records to the region and five were
new records to India. Logesh et al. (2012)
studied the lichen flora of Pichavaram and
Muthupet mangroves of Southeast Coast of
India and enumerated 21 species belonging to
14 genera and 10 families.

Another strong reason for taking up
lichen study in Gujarat is the sensitivity of its
coastal habitats for anthropogenic activities.
Coastal environment plays a vital role in
nation’s economy by virtue of the resources,
productive habitats and rich biodiversity. The
coastal areas are assuming greater importance
in recent years, owing to increasing human
population, urbanization and accelerated
developmental activities, which are putting
tremendous pressure on the fragile coastal
environment (Singh 2006). The coastal areas
are also the place where natural disasters are
experienced. The super cyclones had caused
massive destruction along the coast of Gujarat
in 1998 and its impact felt several kilometers
inland. In addition with new policy of
economic liberalization and encouragement of
privatization, the Government of Gujarat has
been evolving an ambitious plan for the
development of its vast coastal zone for new
ports, harbours, jetties, industries etc. This may
result into high environmental burden on the
coastal wetlands of the state. The lichens are
very sensitive to microclimatic changes, air
pollution and they are ones to vanish first from
the disturb habitat. Therefore, owing to their
unique diversity in coastal habitats the aim of
the present study is to survey and document the
lichens of Gujarat state before they vanish
unnoticeably from nature due to anthropogenic
disturbance.

Materials & Methods

The present study was initiated with
literature survey and scanning herbarium of
CSIR — National Botanical Research Institute
(LWG) for specimens collected earlier by
researcher from Gujarat. It resulted in 90
specimens either completely or partially
identified. The specimens belonged to
Banaskantha, Kutch, Jamnagar and Mehsana
districts. Fresh collection of lichens was made
from coastal and mangrove forests in Bharuch,
Bhavnagar, Junagadh, Navsari, Surat and
Valsad districts (Fig. 1, Table 1).

The external morphology of the thallus
was observed under a stereo-zoom microscope,
Leica S8APO. Thin hand-cut sections of
apothecia and thallus were mounted in plain
water, cotton blue, 5% KOH and iodine
solution and observed under a compound
microscope Leica DM500. For chemical spot
tests, the usual reagents K (5% potassium
hydroxide), C (aqueous solution of Calcium
hypochlorite), and Pd (para-phenylenediamine)
were used. Thin Layer Chromatography was
performed in solvent system C following
Orange et al. (2001). The specimens were
identified up to their species level and
authenticated following literatures of Awasthi
(1991, 2007), Egea & Torrente (1993), Ertz &
Diederich (2007), Ertz (2009), Joshi (2009),
Nayaka (2004), Sparrius (2004), Tehler (1983,
1993), Upreti & Singh (1999) and Upreti et al.
(2010). The nomenclature and classification
was updated following Lumbsch & Huhndorf
(2007). The identified specimens are preserved
in herbarium of CSIR-National Botanical
Research Institute, Lucknow (LWG).

Results and discussion

The list of lichens earlier reported from
Gujarat is provided in Table 2 along with
relevant literature. The lichen samples already
available at the herbarium LWG served as an
important base for our present study. Most of
these specimens were partially identified. The
identification of all specimens earlier deposited
at LWG and as well as fresh collection
revealed the occurrence of 39 taxa of belonging
to 23 genera and 13 families. Out of the total
21 species were new records to lichen mycota
of Gujarat while 11 were expected to be new to
science (Table 3).
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Table 1 Details of sites from where the lichens were freshly collected.

District  Taluk Locality Latitude Longitude Altitude Vegetation
(m)
Navsari  Jalalpore Dandi beach N 20°53'13.2" E 072°47'49.7" 7 Prosopis juliflora
Navsari ~ Jalalpore Dandi, near N 20°55'02.1" E 072°49'26.6" 13 Salvadora persica,
GotadiyaKhadi Bridge Prosopis juliflora and
Avicennia sp.
Valsad Valsad  Tithal port N 20°32' 14.9" E 072°53'13.6" 5.5  Prosopis juliflora
Surat Choryasi Dumas, near Hazira N 21°04'46.2" E 072°42'28.3" 12.3  Prosopis juliflora and
Avicennia sp.
Surat Choryasi Dumas, near Hazira N 21°05'40.5" E 072°42'11.6" 23.6  Azadirachta indica
Surat Olpad Dandi village N21°19'28.9" E 072°37'13.7" 3 Sacred grove with
Prosopis juliflora
Bharuch  Jambusar Islampur village N 21°58'10.5" E 072°38'24.9" 5 Prosopis juliflora
Bhavnagar Ghogha  Ghogha village N 21°40'22.9" E 072°17' 07.4" 3.2 Prosopis juliflora and
Avicennia sp.
Bhavnagar Talaja Alang village N 21°25'41.5" E072°11'43.8" 20 Ficus benghalensis
Bhavnagar Talaja Alang village N21°25'15.9" E072°11'27.4" 11.4  Mangifera indica and
Azadirachta indica
Bhavnagar Talaja Gopnath road, 5 Km N 21°13'06.0" E 072°03' 56.1" 17  Cocos nucifera and
before GopnathMahadeo Mangifera indica
Temple
Bhavnagar Talaja Jhanjmer N 21°11'03.5" E 072°04'39.4" 31 Coastal rocks
Bhavnagar Mahuva Bhavani Temple, near N 21°03'56.3" E 071°48'26.0" 65  Prosopis juliflora
Bhavani beach
Bhavnagar Mahuva Katpur, near Bhavani N 21°02'47.1" E071°47'51.8" 5 Prosopis juliflora
beach
Bhavnagar Mahuva 5 Km before Katpur N 21°04'43.7" E 071°46'33.5" 13 Cocos nucifera
Junagadh Kodinar 5 Km from Kodinar, near N 20°44'21.1" E 070°42' 12.9" 7 Prosopis juliflora
GangnathMahadeo
Temple
Junagadh Kodinar 4 Km from Kodinar, road N 20°46'41.5" E 070°43'26.4" 8 Cocos nucifera
side area
Junagadh Kodinar 6 Km from Sarkhadi N 20°41'48.0" E 070°49'59.2" 3 Coastal rocks
village
Junagadh Veraval Veraval N 20°54'37.0" E 070°21'10.1" 5 Coastal rocks
Junagadh Veraval Veraval N 20°55'03.4" E 070°20'33.3" 8 Prosopis juliflora trees
The uniqueness of lichen mycota in interesting lichens, belonging to genera
coastal areas of Gujarat lies in the dominance Arthonia, Arthothelium, Heppia,

of crustose lichens represented by 26 species
with maximum occurrence of Roccellacean
members (11 species) (Fig. 2). Within the
family Roccellaceae Opegrapha was more
conspicuous with five taxa. Though there were
few species of Roccellaceae in other mangrove
studies carried out elsewhere in the world or
India (Jagadeesh Ram 2006, Logesh et al.
2012), but such a dominance of Roccellacean
members were not observed. Detailed report on
lichens of mangroves in Andaman Islands
completely lacked the family Roccellaceae
(Sethy et al. 2012). Another uniqueness of
lichen mycota in Gujarat is occurrence of many

Lempholemma, Opegrapha, Pertusaria, Porina
and Rinodina may be new to science. There
detailed study is still in progress in consultation
of type specimens and world experts.

The other conspicuous lichen families in
Gujarat are Arthoniaceae and Physciaceae
represented by six and five species
respectively. All the remaining families in the
mycota are represented by one to two species.
The region also has a good number of
squamulose lichens with eight species while
foliose, fruticose and leprose forms are poorly
represented. Roccella belangeriana and R.
montagnei are the two common fruticose
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Fig 2 — Graph showing the diversity of species within families represented in Gujarat state.

Table 2 List of lichens earlier recorded from Gujarat state.

Lichen taxa References

1 Cresponea flava (Vain.) Egea and Torrente Nayaka et al.(2011)

2 Dirina indica Upreti & Nayaka (earlier reported as — D. Tehler et al. (2013)
paradoxa subsp. africana (Fée) Tehler in Nayaka et al.(2011))

3 Enterographa pallidella (Nyl.) Redinger Nayaka et al.(2011)

4 Opegrapha arabica (Mill. Arg.) Vain. Nayaka et al.(2011)

5 O. varians (Mull. Arg.) Vain. Nayaka et al.(2011)

6 Peltula euploca (Ach.) Poelt Singh & Sinha (2010)

7 Roccella montagnei Bél. Singh & Sinha (2010)

species in Gujarat, while Lepraria lobificansis
the only leprose taxa. All the three species of
foliose lichens were belonging to family
Physciaceae and to genus Dirinaria and
Hyperphyscia. The lichen mycota also
represented of six cyanolichens, which have
specialized physiology requiring more quantity
of liquid water (not water vapous) for
photosynthesis metabolic activity (Lange et al.
2001). Their adaptation and physiology in dry
arid habitats of Gujarat is a subject for
investigation. Among the 10 districts
Banaskanata and Mehsana are inland localities
without any connection of sea while others are
located at coast of Arabian Sea. The district
Jamnagar represents maximum number of 17
species of lichens while Bhavnagar and
Junagadh districts included 15 and 8 species
respectively (Table 3). In Jamnagar district
maximum numbers of lichen specimens were

collected from Marine National Park, which is
the first national marine park of India. Among
the mangrove and mangrove associated plants
Avicennia marina, Ceriops tagal, Rhizophora
mucronata and Salvadora persica growing in
Gulf of Kutch attached to Jamnagar and Kutch
districts harboured luxuriant growth of lichens,
where as in the districts located around the
Gulf of Khambhat (Bharuch, Bhavnagar,
Navsari, Surat, Valsad) the major mangrove
vegetation consisted of Avicennia did not host
any lichens. The substratum for the growth of
lichens at Gulf of Khambhat and inland
included rocks, Azadirachta indica, Cocos
nucifera, Ficus benghalensis, Mangifera
indica, Phoenix sp., Prosopis juliflora and
Salvadora persica. The mangrove associated
tree Salvadora persica being a common host in
coast of Gujarat harboured maximum growth
of 11 lichen species, while Prosopis juliflora a
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Table 3 List of lichens and their distribution in different districts of Gujarat (Note: Cr = Crustose,
FI = Foliose, Sq = Squamulose, L = Leprose, Fr = Fruticose).

Districts of Gujarat

S, . . § S .
No. Lichen sp. Family L £ _ g 5 £ o a

€ % 5 & g & § 5 3
2 8 & S = ¢ T 2 8 v s
e 5 £ 8 2EE &g 53
O oo mn » =22 &6 >

1 Amandinea punctata (Hoffm.) Coppins & Physciaceae Cr + +

Scheid.

2 Arthonia sp. Arthoniaceae Cr +

3 A. antillarum (Fée) Nyl. Arthoniaceae Cr +

4 A cinnabarina (DC) Wallr. Arthoniaceae Cr +

5 A. dispersula Nyl. Arthoniaceae Cr + o+ + + o+

6 A. medusula (Pers.) Nyl. Arthoniaceae Cr + + 0+ + + o+

7 Arthothelium sp. Arthoniaceae Cr +

8 Bactrospora sp. Roccellaceae Cr +

9 Caloplaca cupulifera (Vain.) Zahlbr. Teloschistaceae  Cr +

10 C.squamosa (de Lesd.) Zahlbr. Teloschistaceae  Sq +

11  Cresponea flava (Vain.) Egea and Torrente Roccellaceae Cr +

12  Dirina indica Upreti & Nayaka Roccellaceae Cr +

13  Dirinaria confluens (Fr.) D.D. Awasthi Physciaceae Fl +

14 D. consimilis (Stirt.) D.D. Awasthi Physciaceae Fl +

15 Enterographa pallidella (Nyl.) Redinger  Roccellaceae Cr +

16  Graphis sp. Graphidaceae Cr +

17  G. striatula (Ach.) Spreng. Graphidaceae Cr +

18 Heppia sp. Heppiaceae Sq +

19  Hyperphyscia isidiata Moberg Physciaceae Fl +

20 Lecanora achroa Nyl. in Cromb. Lecanoraceae Cr +

21 L. interjecta Mull. Arg. Lecanoraceae Cr +

22 Lempholemma sp. Lichinaceae Sq + +

23 Lepraria lobificans Nyl. Stereocaulaceae L + +

24 Opegrapha sp.1 Roccellaceae Cr +

25  Opegrapha sp.2 Roccellaceae Cr +

26 0. arabica (Mull. Arg.) Vain. Roccellaceae Cr +

27  O.varians (Mdll. Arg.) Vain. Roccellaceae Cr +

28 0. vulgata Ach. Roccellaceae Cr + +

29  Peltula euploca (Ach.) Poelt Peltulaceae Sq + + +

30 P. placodizans (Zahlbr.) Wetmore Peltulaceae Sq +

31 Pertusaria sp.1 Pertusariaceae ~ Cr +

32  Pertusaria sp.2 Pertusariaceae Cr +

33 Phylliscum indicum Upreti Lichinaceae Sq + + +

34 P. testudineum Henssen Lichinaceae Sq +

35 Porina sp. Porinaceae Cr +

36  Rinodina sp. Physciaceae Cr +

37 Roccella belangeriana D.D. Awasthi Roccellaceae Fr +

38 R. montagnei Bél. em. D.D. Awasthi Roccellaceae Fr +

39  Sulcopyrenula staurospora (Tuck. ex H.  Pyrenulaceae Cr +

Willey) H. Harada

dominant small tree distributed throughout the
state hosted seven species. This also indicates
the hostility of the substratum for the growth of
lichens. The coastal rocks also supported
luxuriantly growth of lichens as 16 species
recorded from it; most of them are squamulose

forms including Heppia, Lempholemma sp.,
Peltula euploca, P. placodizans, Phylliscum
indicum and P. testudineum. The rocks,
especially at Zanjmer taluka of Bhavnagar
district supported some interesting lichens
including possibly new species of Heppia and
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Pertusaria. Among all the lichen species
recorded from Gujarat Arthonia dispersula and
A. medusula found to be the most common and
widely distributed species.

Conclusion

The current study being first report of
lichens from Gujarat state will be very helpful
as baseline for future studies in the state. The
lichens being sensitive to microclimatic
condition can be used as biomonitors keeping
in view of anthropogenic disturbances in the
state. The present study opens some of the
interesting areas such as ecological difference
governing the distribution of lichen in Gulfs of
Kutch and Khambhat. The physiological
responses and adaptation of cyanolichens in the
coastal areas would be another interesting area
for the future study. The current study
encourages us to continue further study on
lichens in remaining districts of Gujarat which
would certainly reveal the complete picture of
lichen diversity in the state.
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